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SUMMARY

Military problems are, in one important aspect, economic problems
in the efficient allocation and use of resources. In this connection it should
be recognized that economics is not exclusively concerned with financial
or industrial activities, and it does not refer to scrimping, i.c., to reducing
expenditures no matter how important are the things to be bought,
Rather, economics is concerned with allocating resources — choosing doc-
trines, equipment, techniques, and so on —so as to get the most out of
available resources. To economize in this sense may imply spending less
on some things and more on others. But economizing always means try-
ing to make the most efficient use of the resources available. A major
purpose of this report is to show the usefulness of this way of looking
at military problems.

We consider the economic problems of defense at each of three rather
gross levels: the quantity of national resources available, now and in the
future; the proportion of these resources allocated to national security
purposes; and the efficiency with which the resources so allocated are
used by the defense departments. At each level there are many alternative
policies from which officials must choose. We urge the explicit considera-
tion of these alternatives in terms of economic criteria, and we attempt
to indicate, in varying degrees of detail, how to do this.

THE BACKGROUND: DEPENSE AGAINST WHAT?

The revolution in military technology — the development of the H-
bomb, the ballistic missile, the nuclear-powered submarine, etc.-—has
dramatically changed the threat that nations face and the spectrum of
alternative policies that they should consider. A war calling for prolonged
mobilization has become the least likely kind of war. Peripheral conflicts
of widely varying nature, continued cold war, and thermonuclear exchange
have become the more probable threats,

Economic strength is as important as ever, but the translation of that
strength into military power, the proportion of economic strength so
translated, and the efficiency of the forces in being have become of criti-
cal importance —as opposed to some theoretical maximum potential
that could be converted to munitions production after the outbreak
of war.

RESOQURCE LIMITATIONS

In Part 1 we consider the quantity of national rescurces available
and the proportion to be allocated to national security purposes.
In the very short run (say, in a military situation in which a com-
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mander must use the specific forces at his disposal), resource constraints
are properly viewed as quantities of specific inputs. In the longer run, in
decisions affecting the situation several years hence, the main resource
limitations are best viewed as general monetary constraints, and costs
are usually best measured as doliar costs.

In the long run, the effective consiraint on the nation’s aclivities,
inciuding defense, can be regarded as the nation’s capacity to produce,
as measured by gross national product (GNP) in constant dollars. Only
for sudden and drastic changes in the level and composition of such ac-
tivities would it be either helpful or necessary to think in terms of specific
resource constraints.

GNP in the United States is likely to increase a great deal over the
coming decades, offering considerable freedom of choice in determining
the amounts to be devoted to national security (and to the other cate-
gories of expenditure). Moreover, national policies, including military
planning itself, can affect the growth of the nation’s resources.

DIVERTING GNP T(O DEFENSE: HOW PBIG A DEFENSE BUDGET?

Drawing up the deiense budget is a tremendous fask that must be
performed under difficult circumstances. We cannot expect to identify
or achieve “optimal” solutions. Nonetheless, looking at the problem in
the right way can «fd in reaching better decisions. In formulating defense
budgets we should not be “need- or doctrine-firsters” — those who insist
upon discovering what we “need” regardless of what we have to give up,
Nor should we be “budget-firsters” — those who insist upon discovering
what we can give up regardless of how much we value defense activities.
Instead we should he deliberate choosers, changing our budgets and re-
shaping our forces as long as a change appears to gain more than it costs,

To facilitate doing this, we should probably think in terms of “pro-
grams” — Le., combinations of activities that produce distinguishable
products or missions — rather than in terms of “objects of expenditure.”
TFor example, we might work toward budgeting for three broad programs:
deterrence or fighting of all-out war, deterrence or fighting of limited
wars, and research and development. Systematic analysis could provide
improved indicators of the capabilities purchased, at least in the first
two programs. The costs of increments in these programs could then be
compared with the extra capabilities obtained. Such exhibits would not
make hudget decisions easy, But they would help to sort out the major
implications of alternative hudgets.

INDIRECT EFFECTS OF DEFENSE SPENDING

Defense spending has a number of side effects over and above the
direct costs and gains. A large defense budget, like any other large
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expenditure, affects the task of maintzaining economic stability, increasing
the likelihood of inflation and decreasing the probability of deflation.
A large and fluctuating defense budget could aggravate considerably the
difficulty of stabilizing the economy. To minimize the ill effects of pro-
longed cold-war programs (even if expanded considerably), we need
mainly improved monetary-fiscal policies that would damp price and in-
come fluctuations.

Large defense expenditures, like any large government program, may
have other indirect costs, e.g., impairment of incentives, if the tax struc-
ture is poorly designed, and of the functioning of competition. But they
may also produce significant indirect benefits, such as increases in the
stock of capital and technological advances that become valuable in the
private economy.

THE ECONOMIC STRENGTIIS OF THE MAJOR POWERS

As of 196c, the United States is well ahead of other nations in economic
strength, Over the next decade and a half, tremendous growth can occur
in many countries, The United States and the USSR will dominate the
picture, though in absolute terms GNP in West Germany, the United
Kingdom, France, and Japan can become very impressive (and China may
develop rather startling strength).

Despite the difficulties in making international comparisons, it does
seem that Russia is likely to grow faster than the United States, mainly
because the USSR invests heavily in industrial growth, while the United
States puts resources wherever they earn the highest rate of return
in terms of comsumers’ wants. Moreover, the USSR may gain even
more rapidly as far as national security budgets are concerned, because
Russia may have fewer political difficulties in diverting resources to
defense than do consumer-oriented democracies. Tn shaping their policies,
the Western nations should recognize these potential developments.

EFFICIENCY IN MILITARY DECISIONS

In Part II we assume that the amount of the nation’s resources to be
devoted to military use has been determined, and we consider how to use
these resources efficiently to buy national security.

A firm grasp of the principles of efficiency is vitally important hoth
to straight thinking about defense choices and to quantitative analysis of
them. The technical concept of “efficient positions” is especially useful,
because it can help us to identify improvements even if we cannot find
optimal solutions. It is helpful to keep in mind the elements of an eco-
nomic analysis — the objective or objectives, the alternative systems or
means of accomplishing these objectives, the costs or things that must
be given up in order to obtain and operate each of the systems, a descrip-
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tion of the relationships between the alternative systems and their ac-
complishments, and finally a criterion by which to choose the preferred
system.

There are many misconceptions about efficiency — that the way to
efficiency is simply to determine “requirements” or “needs”; that the
correct approach is to set priorities; that economy necessarily implies
a small defense budget, cheap equipment, or both; or that dollar costs
do not matter when we consider something as important as national se-
curity.

It is necessary to break up the problem of providing national security
into problems at different levels. Economic principles, whether used in
reaching judgments about policies or in guantitative analyses, can con-
tribute to efiiciency at various levels. But there are special problems at
cach level and also for different kinds of military decisions.

AN ILLUSTRATIVE APPLICATION OF ECONOMIC ANALYSIS

To illustrate the potentialities and limitations of quantitative eco-
nomic analysis, we apply some of these techniques to a real problem of
military choice, that of choosing an intercontinental military air-transport
fleet, The calculations in this chapter should make clearer what is meant
hy efficiency and by the elements of an analysis. They also provide a
specific background for subsequent discussions of general points about
methods of analysis.

THE CRITERION PROBLEM

Choosing an appropriate criterion or test of preferredness is a crucial
element of economic analysis. Using an inappropriate criterion is equiva-
lent to answering the wrong question, Lower-level criteria can easily be
inconsistent with higher-level goals.

Some common criterion errors include trying to maximize gain while
minimizing cost; using exchange rates or ratios and thus overlooking the
absolute size of gain or cost; fixing the assumed objective or budget un-
critically ; choosing a criterion that neglects spillover effects; and adopt-
ing fallacious concepts of cost or objectives.

In general terms, the criterion should be the maximization of gain-
minus-cost if the two are commensurable (e.g., if both can be measured
in dollars) or, if they are not, the maximization of gain for a given cost
or the achievement of given objectives at minimum cost. Devising a test
for the best military air-transport fleet or the best deterrent force brings
out some of the subtle complexities of criterion selection.

INCOMMENSURABLES, UNCERTAINTY, AND THE ENEMY

Incommensurables are costs (such as lives lost and dollars expended)
or gains (such as capabilities of destroying urban targets and military
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targets) that cannot be expressed in the same units. When the costs or
gains are of this sort, the analyst may be able to indicate a set of im-
provements, even if he cannot point to the optimal position. He may be
able to calculate tradeoffs or break-even points (the conditions under
which two policies are equally attractive}. He may be able to invent a
system that will be the best of a specific list of alternatives in nearly all
respects. He can at least exhibit and discuss the significance of the in-
commensurable gains or costs.

There are several categories of uncertainty — uncertainties about
planning and cost factors, about the strategic context, about technological
developments, and about the enemy and his reactions, as well as chance
elements in recurring events. In analyzing alternative policies we should
try to reveal the major uncertainties rather than to conceal them; avoid
reliance on oversimplified assumptions about the risk preferences of the
decision-maker (e.g., that he wishes to maximize expected value) ; explore
the possihilities of designing systems for contingencies and ways of hedg-
ing or buying insurance against bad outcomes; consider “buying” infor-
mation to reduce the uncertainties; and give careful consideration to the
possible responses of the enemy.

PROBLEMS ASSOCIATED WITH TIME

Since the effects of alternative systems actually occur at various fu-
ture dates, we must somehow compare costs and gains that occur at
different points in time. To do this, we have to discount the more distant
costs and gains, much as an investor may discount future interest receipts
to determine the present value of a4 bond. We should do this because
resources available today are worth more than the same resources
later on.

It should be emphasized, however, that sophisticated discounting pro-
cedures do not insure us against erroneous projections of the undiscounted
amounts. It is usually easier to make large mistakes by estimating future
gains wrongly than by discounting them improperly. One complication is
that the gains from our policies depend in part on the enemy’s capa-
bilities, so that expected changes in his capabilities can give a peculiar
time-pattern to our gains., Another is that defense (and some other gov-
ernment) agencies have built-in tendencies to undervalue future outputs.

As a practical matter we have to abstract from some of the complexi-
ties of discounting and adopt practical dodges. Several of these are sug-
gested and discussed.

INSTITUTIONAL ARRANGEMENTS TO PROMOTE EFFICIENCY

Another way to promote economic efficiency is to seck improved insti-
tutional arrangements for reaching military decisions. We can learn some-
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thing from the functioning of institutions in the private economy. We
may be able to simulate markets within the government to some extent,
increase our reliance on the private market economy, devise better con-
tractual agreements, improve budgeting and accounting techniques, use
operations research groups more effectively, and provide for more de-
centralization and heightened incentives within the defense departments.

MILITARY RESEARCH AND DEVELOPMENT

Part III takes up special defense problems and applications, looking
at them as economic problems of choice.

In shaping policies for military research and development, it is help-
ful to classify these efforts as weapon systems development, major com-
ponent development, exploratory development, and basic research. These
different types of activity call for different management policies.

In managing research and development, we have too often failed to
appreciale the pervasiveness and significance of uncertainty. We have
tended to err on the side of having too little “duplication,” too kttle
competition, too early and too detailed specification of requirements for
advanced systems, premature commitment of large funds, too much cen-
tralization of decision-making, and too little emphasis on early stages of
research and development.

The economic analysis of weapon systems (illustrated earlier by the
analysis of air-transport fleets) can be helpful, but must be used with
care, in reaching research and development decisions, Such analyses can
indicate the potential worth of developments (in uses we can conceive at
present) if they prove successful. In addition the cost of further develop-
mental steps can be estimated. Also the process of making the analysis
may suggest new ways of testing components and new sequences of
“breadboard” models — in short, new ways of buying additional infor-
mation,

OTHER SPECIAL DEFENSE PROBLEMS

Military logistics i$ a vast enterprise costing many billions of dollars
annually. There are many ways of carrving out these activities — various
combinations of spares, buffer stocks, depot repair, data processing, main-
tenance procedures, procurement practices, and so on.

The range of alternative policies is aiso wide in defense missions that
involve afliances. The broad choices include alternative allocations of
tasks among allies so as to realize economics of specialization in forces,
in production, or both; various arrangements for burden sharing; and
adjustments of domestic policies in the light of the constraints and op-
portunities presented by alliances, Finding efficient solutions is compli-
cated by the fact that allies have divergent national interests.
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Waging economic warfare (here including the use of military and
economic aid) and searching for ways to achieve weapon controls also
present numerous possible courses of action to choose from and, in addi-
tion, an urgent need for the invention of new promising proposals. Perti-
nent possibilities include developing a military posture that gives both
greater security at present and a better basis for reaching agreements
based on mutual advantage, and devising acceptable nteans of inspection
for violations of agreements.

Other special choices that confront us are steps to provide a moebili-
zation base, civil defenses, and a recuperation base. A springboard for
“World War 1T mohilization” appears to have little payofi, though a hase
for certain other kinds of mobilization (e.g., rapid expansion of the
defense budget and improvement of our military posture, or rapid mobil-
ization to fight peripheral conflicts) may have great value.

Civil defense and a recuperation base take on importance as insurance
against catastrophe in case deterrence should fail. At present, additional
research and development pertaining to these matters is especially im-
portant in view of the uncertainties about the cost and effectiveness of
alternative ways of providing civil defenses and a recuperation base.

Perhaps the most crucial problem at present is that of shaping forces
and policies for the deterrence mission. The balance of terror is actually
a delicate one. To reduce the chances of a catastrophic war, we must re-
main alert, not relaxed. And unless we really wish to adopt a high-risk
strategy, we should try to avoid capabililies that are vulnerable or pro-
vocative. But deterrence of direct thermonuclear attack, while vital, is
not encugh. We need an ability to fight and survive if deterrence fails.
We need also the ability to counter lesser threats, Moreover, we urgently
need to devise ways of reducing the chances of war breaking out acci-
dentally and to search, critically and warily, for weapon-control measures
that can contribute to stability.

In all of these special prohlems the choices can profitably be viewed,
within limits, as economic problems,
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1. DEFENSE AS AN ECOMOMIC PROBLEM

N ational security! depends upon many factors, which writers on the
subject classify in different ways. Fmportant among them are the morale
of a couniry’s soldiers, the number and ingenuity of its sclentists, the
character and skill of its political and military leaders, its geographic
position relative to other countries, and even — in this nuclear age — the
prevailing winds that blow across its expanses.
But national security also depends upon economic factors, which are
variously interpreted and defined. Most speakers and writers who stress
the impertance of economic factors are referring to the economic strength
of the nation, as contrasted with ite military forces. They allege that the
United States exerted a decisive influence in the later stages of World
Wars I and IT through its superior economic strength, Russia, it has been
said, is more fearful of “Detroit” than of either the Strategic Air Com-
mand or the Divisions of NATQ,
Other experts use the concept of economic factors more narrowly, to
refer to the constraints on military forces imposed by the budget — the
necessity to limit costs, Thus, Professor Kissinger? contrasts “doctrinal,”
“technological,” and “fiscal” influences on our military strategy and con-
cludes that the fiscal, s well as the technological, has been tco influential
at the expense of military doctrine. Similarly Mr, Hanson Baldwin com-
plains that “In the Western World -— though not in Russia -— costs are a
more decisive factor in shaping defense than is military logic.” 3
In this book we will be concerned with economics in its most general
sense. Economics is not exclusively concerned, as the above interpretations
imply, with certain types of activities (industrial) rather than others
{military), or with the traditional points of view of budgeteers and comp-
trollers* Being truly economical dees not mean scrimping — reducing
expenditures no matter how important the things to be bought. Nor does
'In most of this volume, the terms “defense” and “national sccurity” will be used
interchangeably. Wherever defense is used in a narrower sense, e.g,, defense as opposed to
offense, we believe the context will make this clear.
*Henry A. Kissinger, “Strategy and Organization,” Fereign Affairs, April 1959, pp.
g— .

3”“ i()Ai‘ms and the Atom —1,” New York Times, Mav 14, 1089, p. 21.
*Problems of climinating redundant overhead costs, preventing the padding of ex-

pense accounts, restricting the use of chauffeur-driven cars to top officials, etc, while
important, are relatively narrow management problems, and not our concern in this book.
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it mean implementing some stated doctrine regardless of cost, Rather
economics is concerned with allocaling resources — choosing doctrines and
techniques — so as to get the most out of availahle resources. To econ-
omize in this sense may imply spending less on some things and more on
others. But always economics or economizing means trying to make the
most efficient use of the resources available in all activities in any circum-
stances.

In our view the problem of combining limited quantities of missiles,
crews, bases, and maintenance facilities to “produce” a strategic air force
that will maximize deterrence of enemy attack is just as much a problem
in economics (although in some respects a harder one) as the problem of
combining limited quantities of coke, iron ore, scrap, blast furnaces, and
mill facilities to produce steel in such a way as to maximize profits. In
both cases there is an objective, there are budgetary and other resource
constraints, and there is a challenge to economize.

Economy and efficiency are two ways of looking at the same charac-
teristic of an operation. If a manufacturer or a military commander has
a fixed budget (or other fixed resources) and attempts to maximize his
production or the attainment of his objective, we say that he has the
problem of using his resources efficiently. But if his production goal or
other objective is fixed, his problem is to economize on his use of re-
sources, that is, to minimize his costs, These problems may sound like
different problems; in fact they are logically equivalent. For any level of
either budget or objective, the choices that maximize the attainment of
an objective for a given budget are the same choices that minimize the
cost of attaining that objective® If the Bessemer process is the most
economical method of producing steel from the one point of view, it is
the most efficient from the other. If Missile X is the system that provides
maximum deterrence with a $10 billion SAC budget, it is alzo the missile
which most economically achieves that level of deterrence. In other words,
there is no conflict of interest hetween the budgeteer who is supposed ta
be interested in economizing and the military commander who is supposed
to be interested in efficiency — except in the determination of the size
of the budget or the magnitude of the objective to be achieved. They
should be able to agree on all the “subsequent” decisions.

For this reason it is misleading to imply, as do Kissinger and Baldwin
in the articles just quoted, that economic or cost factors are necessarily
in conflict with strategic, doctrinzl, and technological considerations, and
must somehow be reconciled with them, with not too much weight being
assigned the economic. There is a conflict between defense and other goods

®This peint is elaborated upon in Chapter 7 and in the Appendix on “The Simple
Mathematics of Maximization" at the end of the book.
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in deciding on the size of the military budget.® Economizing involves de-
ciding how much of other things to sacrifice in the interests of military
strength. But in all decisions on how to spend the military budget — on
what kinds of equipment and forces, to implement what kind of strategy
— there is no such conflict, Strategy, techneology, and economy are not
three independent “considerations” to be assigned appropriate weights,
but interdependent clements of the same problem. Strategies are ways of
using budgets or resources to achieve military objectives. Technology de-
fines the possible strategies, The economic problem is to choose that
strategy, including equipment and everything else necessary to imple-
ment it, which is most efficient (maximizes the attainment of the objective
with the given resources) or economical (minimizes the cost of achieving
the given ohjective} — the strategy which is most efficient also being the
most econonical,

Strategy and cost are as interdependent as the front and rear sights
of a rifle. One cannot assign relative weights to the importance of the
positions of the ifront and rear sights. It does not make sense to ask the
correct position of the rear sight except in relation to the front sight and
the target. Similarly one cannot economize except in choosing strategies
(or tactics or methods) to achieve objectives. The job of economizing,
which some would delegaie to budgeteers and compirollers, cannot be
distinguished from the whole task of making military decisions.

ECONOMIZING AT DIFFERENT LEVELS

The problem of national security might in theory be regarded as one
big economic problem. The nation has certzin resources — now and pros-
pectively in the future --- which are conventionally classified by economists
as various sorts of land, labor, and capital. These resources can be used
to satisfy many objectives of the nation and its individual citizens —
national security, a high standard of living, social security, a rapid rate
of economic growtlh, and so on. These are, of course, competing objectives,
In general, the more resources the nation devotes to national security, the
less it will have for social security and vice versa. We could (as some
economists have done)? conceive of a “social welfare [unction” which we
would attempt to maximize by an appropriate allocation of the nation's
resources among the various activities satisfying these objectives.

In fact, for reasons which will become familiar as we proceed but
are in any event obvious, this kind of approach to the problem of national

® Sce Chapter 4.

7 See Kenneth J. Arrow, Social Choice and Individual Values, John Wiley and Sons,
New York, 1951, and A. Bergson (Burk), “A Reformulation of Certain Aspects of
Wellare Economics,” Querterly Journal of Ecomomics, February 1938, pp. 310-334.
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security is completely impractical and sterile. We have to break economic
problems, like so many others, into manageable pieces before we can make
a good beginning at finding solutions, And in fact, in the United States
and all other countries, governments and departments of defense are
organized to deal with appropriate parts of the grand problem at many
difierent levels.

As a beginning let us consider economic problems at each of three
rather gross levels. National security, from the point of view of an
economist, may be said to depend on three things: {1) the quantity of
national resources available, now and in the future; {2} the proportion
of these resources allocated to national security purposes; and (3) the
efficiency with which the resources so allocated are used.

Several parts of the government — including, for example, the Council
of Economic Advisers and the Joint Congressional Committee on the
Economic Report — are concerned with problems at the first and “highest”
of these levels. Of course the quantity of resources existing in the present
cannot be influenced by economic policy; but their full and productive
employment can be, and so can their rate of growth, and therefore the
quantity of resources that will be available in the future. Present re-
sources are the consequence of past economic policies.

Problems at the second level are the special responsibility of the
Bureau of the Budget and the Appropriations Committees of Congress,
although all executive departments are deeply involved, and every Con-
gressman is interested. We decide the proportion of national rescurces
to be devoted to defense when we vote a national security budget. In effect
we are then choosing between more defense and more of other things.
President Eisenhower has expressed this choice vividly:

The cost of one modern heavy bomber is this: a modern brick school in mere
than 3o cities.

It is two clectric power plants, cach serving a town of 60,000 population.
It is two fine, fully equipped hospitals.
It is some 50 miles of concrete highway.8

Problems at the third level — the efficient use of the resources al-
located for defense — are primarily and in the first instance internal
problems of the defense departments and agencies, although for reasons
that we will have to examine, the President, other departments, and the
Congress are concerned with the solutions to some of them. The problems
consist in choosing efficiently, or economically, among the alternative
methods of achieving military tasks or objectives. These alternative

*“The Chance for Peace,” an address reprinted in The Department of State Bulletin,
April 27, 1953, p. foo.



DEFENSE AS AN ECONOMIC PROBLEM 5

methods may be different strategies, different tactics, various forces, or
different weapons.

It is not apparent to many who are unfamiliar with military problems
how wide the range of choice really is. There is typically an infinity of
ways to carry out a military mission, some much more efficient, or
economical, than others. Consider the range of choice in the following
three examples, taken from three different levels of decision-making
within the departments of the government concerned with defense:

a. The provision of some measure of protection to the United States
economy and populatien against atomic attack, The broad “pure” alterna-
tives include: (1) widespread dispersal of industry and population before
attack; (2} shelters and underground construction; {3) fighter and
missile defenses; (4) full reliance on an atomic striking force for deter-
rence or in some circumstances, to destroy the enemy striking force on
the ground, There are, of course, many ways of implementing each broad
alternative, as well as many “mixes” or combinations of the pure alterna-
tives.

h. Extension of the range of bomber aircraft, Broad alternatives in-
clude the use of: (1) operating bases farther forward, fixed or floating;
(2) air refueling; (3) staging bases forward for ground refueling; (4)
larger aircraft with greater fuel capacily. If there is time enough for a
development program, additional alternatives would include the use of:
(5) high energy fuels, chemical or nuclear; (6) lighter structural ma-
terials; (7) boundary layer control; and many others.

c. The design of a new machine gun. There are many possible per-
formance characteristics: range, accuracy, lethality of bullet, durability,
reliability — some of which may have high military worth, some little.
Each has its cost in money, development time, and production time; each
its “trade-off” against other characteristics.

This factoring of the big economic problem into many subproblems at
different levels has some disadvantages, which we will consider at ap-
propriate places, But it makes hoth the analytical and the decision-making
problems fractable, an advantage not to be lightly discarded. The sergeant
in the New Vorker cartoon understands the point well when he shouts:
“I'm telling vou for the last time, Harwick. It's none of your business
how much it costs the taxpayers. Your job is to fire that gun.”®

THE ORGANIZATION OF THE BOOK
The purpose of this book is not to solve military-economic problems
at the various levels, We shall point out that certain policies stated in
general terms, such as the protection of our deterrent forces, are ex-

® Cartoon by Alan Dunn in The New Vorker War Album [no datel, originally in
The New Vorker, Augyst 23, 1041,
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tremely important, but we will not, except in hypothetical examples,
compare specific alternatives and indicate preferred strategies and weapon
systems. This is the continuing task of responsible decision-makers and
the analysts who advise and assist them. It can never be done once and for
all because good solutions change with circumstances, and circumstances
change constantly. Our main purpose is more modest: It is to help
decision-makers, their advisers, and interested citizens in general, by
showing how economic analysis — ranging from just straight thinking
about alternative courses of action to systematic quantitative comparisons
—can contribute to the selection of preferred (efficient, economical)
policies and actions,

Part T (Chapters 3 to 6) is concerned with problems at a relatively
high level, choices affecting the resources available for defense. Chapters
3 and 4 are directly concerned with the determination of the defense
budget — what the constraints are, and how we should choose the size
of the budget. Chapter g takes up the indirect effects of defense pro-
grams, considerations that bear upon the determination of the budget
or of other policies affected by the national security effort. Chapter 6
attempts to measure and compare the economic strengths for war of the
major powers.

Part IT (Chapters 7 through 12) is concerned with problems at lower
levels — the problems of efficient choice within the departments responsi-
ble for defense'®-— and with methods of analyzing various alternatives.
Our primary concern, stressed in Chapters 7 and g, is with straight think-
ing about military problems, especially the design of analyses and the
use of appropriate economic criteria to aid in choosing preferred policies.
Chapter 8, an application of economic analysis to a military problem, is
intended to illustrate many of these points. Chapters 1o and 11 consider
the complications associated with “incommensurables,” uncertainty, the
enemy, and time, Chapter 12 inquires whether better institutional arrange-
ments can promote efficiency, or economy, in the military, either as an
alternative to analysis or as a reinforcement of it.

Part II1 takes up some special problems and applications, looking at
them as economic problems of choice. Tncluded in this Part are discussions
of research and development, logistics, alliances, economic warfare, dis-
armament, mobilization, civil defense, and recuperation in the event that
an atomic exchange should occur. The concluding chapter presents major
considerations that should be weighed in analyzing what is perhaps the
most critical problem of all — that of shaping policies for deterrence.

* Not, strictly speaking, within the Department of Defense. A number of agencies
outside the Department of Defense, including the Naticnal Security Council, the Office
of Civil and Defense Mobilization, the Atomic Energy Commission, ctc,, as well as parts

of the Bureau of the Budget, the Treasury, and the Departments of State and Commerce,
make or participate in military decisions at these levels.
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SOME ESSENTIAL BACKGROUND

First, however, we must take a careful Iook at the kinds of threats
that a nation’s defenses are required to meet. The urgency of a fresh
evaluation of alternative military strategies is greatly heightened by
the revolutionary weapon developments of the past decade, by drastic
changes in the nature of the wars against which we must guard. Chapter
2, therefore, discusses recent crucial changes in military technology
and missions, which form the background of the problems to be studied
in the remainder of the book.

2. THE BACKGROUND: DEFENSE
AGAINST WHAT?

During the last decade or so the development and accumulation of
nuclear weapons — first by the United States, then by the USSR and
finally by other nations — have revolutionized the problems of national
security, No comparable technological revolution in weapons has ever
before occurred in history. The analogy of gunpowder is frequently sug-
gested, but the substitution of gunpowder took place gradually over a
period of centurics ; and, like the weapons it replaced, gunpowder was used
almost exclusively in a circumscribed area known as the battlefield. Nu-
clear weapons, a few years after their invention, have made it feasible —
indeed, cheap and easy — to destroy economies and populations. They
will not necessarily be used for this purpose; but the fact that they can be
so used profoundly influences the character of the security that is attain-
able, as well as the policies by which we must seek it. Today, or next year,
or within ten years, any one of several nations can unilaterally destroy
the major cities of the others, and the latter, if they are prepared and
respond quickly, can make the destruction mutual. In these circumstances,
problems which once dominated our thinking about defense become unim-
portant. And while other problems assume new importance, we have
scarcely had time to learn what they are, let alone how to think about
them.

Because the weapons environment critically influences choice of policy,
this chapter will first describe and project the weapon developments
themselves, and then attempt to trace their implications for the kinds of
war that our policies should be designed to prepare for or prevent. At this
point we shall be concerned with the technological possibilities in the
absence of any agreement to disarm or adopt significant limitations on
the use of weapons,
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WEAPON DEVELOPMENTS

Enough is known concerning the development and production of nu-
clear weapons and the means of delivering them — hoth here and in the
USSR -— for a general consideration of medium- and long-term policies.
For this purpose we can collapse the next decade or so to the present point
in time. Exact estimates of present or near-future capabilities of both the
United States and the USSR in terms of thermonuclear weapons and
carriers are not here required. The significant {acts are plain enough to
informed public opinion throughout the world. T hey may be summarized
as follows:

1. The number of urban centers which account for most of the eco-
nomic strength of a major military power like the United States or Russia
is small — certainly not more than a few hundred. Fifty-four United
States metropolitan areas contain sixty per cent of the nation’s manufac-
turing industry. Their population of well over 65,000,000, while only forty
per cent of the national total, includes a much larger proportion of the
nation’s highly skilled technical, scientific, and managerial personnel. The
170 metropolitan areas listed by the Census Bureau contain seventy-five
per cent of manufacturing industry and fifty-five per cent of the nation’s
population.! The concentration of industry in Russian urban centers ap-
pears to be roughly the same as in the United States, although the centers
themselves tend to be more compact and therefore easier targets. While
the total Russian population is less concentrated than that of the United
States (almost half live on farms), the concentration of industrial and
skilled labor and management is at least as great. Britain, Germany, and
other industrial countries present even fewer targets.

The elimination of fewer than zco metropolitan areas in either the
United States or the USSR (still fewer elsewhere) would thereiore, as
a direct effect, reduce industrial capital by 75 per cent and the most
valuable human resources by about as much. This, in itself, would de-
mote a first-class power to third class, but to the direct effects must he
added indirect ones. Because of the interdependence in a modern indus-
trial economy, the productivity of the surviving unbalanced economic
resources would be reduced, perhaps disastrously. Radioactive fallout
would be likely to inflict serious casualties on populations outside the
target cities.

2. How many bombs would be required to “eliminate” a metropoli-

* The metropolitan area concept as defined by the Census Bureau is, unfortunately, not
a perfectly satisfactory measure of urbanization — because its definition is primarily on
a county unit basis. The figures above include, therefore, some capital and population
which may be sufficiently far from presumed city targets as not to be vulnerable to the
direct effects of urban bombing, except fallout. On the other hand, the arbitrary legal
boundaries of cities are much too restricted and even less satisfactory for our purpases.
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tan area? It depends, of course, upon the size and shape of the area and
the size of the bomb as well as upon other factors. But we were told by
the Chairman of the Atomic Energy Commission after one test in the
Pacific that a thermonuclear explosion could destroy any city on earth.?
We know that very much smaller bombs will destroy small cities, as
the first primitive zo kiloton atomic bomb destroyed Hiroshima, a city
of 250,000, killing a third of its population; that thermonuclear weapons
have been made in the multi-megaton “yield” range; and that the area
of destruction from blast increases as the two-thirds power of the yield
(thus, a ten megaton homb would devastate an area approximately sixty
times as great as that devastated by a twenty kiloton bomb). We have
also been told that the area of intense radicactive fallout from the Bikini
shot was 7,0cc square miles — that is, an area fifteen times the size of
Los Angeles or approximately equal to the total land area of New Jersey.

About the long-term radiation hazards from such fission products as
strontium-go and cesium-137 we know less. The dangers resulting from
a large-scale attack would be significant, though they may not affect the
number of weapons that “rational” attackers would be willing to dispatch.

In any event, we are clearly entering a one-bomb-to-one-large-city
era, which means usually one, perhaps occasionally two or three, bombs
per metropolitan area. Barring large-scale passive defenses, total bomb-
on-target requirements to destroy urban concentrations in the United
States appear to be in the low hundreds, even allowing some to be as-
signed 1o economic targets outside cities, A larger number of bombs
would have to be dispatched if delivered by missiles with low accuracy or
reliability. Against a very effective air defense the number dispatched
might have to be several times the number required on target — but we
are told that no completely effective air defense is in existence and, as we
shall see, it is questionable how effective air defense can be made against
surprise attack.

3. Nuclear weapons of the same kind or in their small, light, “tactical”
guise’ may revolutionize war on the ground and at sea as drastically as
the strategic air war. Less is evident about “requirements” for nuclear
weapons against military targets: the number needed to destroy some
highly dispersed and “hardened” military forces could be very large.
What is evident is (1) that tactical forces armed with even moderate
numbers of nuclear weapons and the means of delivering them can
easily and quickly defeat forces which do not possess them; (2) that

*New York Times, April 1, 1934. Mr. Strauss was not using “destroy” in a literal
physical sense, and he was undoubtedly implicitly assuming no large-scale expensive
passive defensc measures to reduce vulnerahility,

*The largest “strategic” thermonuclear weapons may be even more effective against
some military targets, eg, by making huge arcas uninhabitable for long periods.
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both the United States and Russia can use such weapons, and (3) that
ground, naval, or tactical air forces that have not adapted their deploy-
ment and taclics to the new weapons will be hopelessly vulnerable to
nuclear attack.

4. While Russia’s weapon technology and nuclear stockpile may still
lag behind ours, it would be rash indeed to expect any such lags to widen.
As to technology, the Russians have obviously made tremendous progress
fn rocket engines and missiles, and quite possibly have more first-rate
scientists working on their programs than the United States has in its
programs. As to nuclear stockpiles, increases in production rates on both
sides depend mainly on a willingness to invest in additional productive
capacity. No one believes any longer that a shortage of some crucial
specific resource 1ike uranium ore will conveniently (for us) inhibit
Soviet production. The Soviet Union is compelled by the strongest of
motives to match or surpass the United States programs, and has not
hesitated in the past to undertake very large investment programs (for
example, in steel) to meet security objectives.

Several implications of these weapon developments for the relative
strengths of offense and defense have become fairly clear. These implica-
tions may he summarized in the following way.

1. The game is loaded against the defense when small-scale (by World
War II standards) sudden attacks can cauvse catastrophic and perhaps
irreparable damage,

2. Responsible officials of the Air Force and of the North American
Air Defense Command have told us repeatedly that a leak-proof defense
is not now attainable. Under scme, not too unlikely, circumstances of
surprise attack, we could fare very badly.*

While air defenses can undoubtedly he vastly improved over the next
few years, the offense is likely to improve concomitanily, Ballistic
missiles present formidable problems for air defense,

3. The superiority of the offense does not necessarily imply that
either side can eliminate the enemy’s ability to retaliate in force; still
less that either side can guarantee such elimination. A strategic bombing
force is much easier to protect by active and passive measures and by
mobility and concealment than are economic and population targets.
Such developments as nuclear-powered submarines armed with Polaris
and train-mobile Minuteman missiles are offensive weapons with revo-
lutionary implications. Moreover, the development of thermonuclear
weapons, by greatly reducing the number of bombs on target required
to cause massive damage to economic and population targets, has enhanced

*We could of course do much better against a small attacking force if we had adequate
warning than we could in less favorable circumstances.
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the retaliatory capability of whatever portion of one’s striking force
manages to escape surprise enemy attack., Unless the attacker is ex-
tremely successful, he may fail to prevent effective retaliation.

4. Similar considerations apply to tactical engagements, on the ground
and at sea. Nuclear weapons and modern delivery systems give an
attacker the ability to compress a devastating attack in space and time.
Again we appear to have made much greater progress in offensive missiles
than in missile defenses. And here, as in the strategic war, it is hard
for the attacker to insure against effective counterattack.

That the superiority of the offense will persist is, of course, not
certain, Judgments about the future rarely are. The revolution in military
technology which began with the atomic bomb is a continuing, even
perhaps an accelerating, one and will certainly take unexpected, un-
predictable turns. And the fact that the odds favor the offense by no
means implies that attempts to provide any defense are a foolish
waste of resources. On the contrary, some kinds of defense measures are
essential and integral components of a strategy of deterrence. But the
prospects are poor that we will ever again be able to rely on such defenses
to prevent great destruction if deterrence fails and an attack is launched.

IMPLICATIONS FOR KIND OF WAR

The weapon developments that have been described could conceivably
influence the character of warfare in either of two directions, neither of
which can be ignored in our plans, They could increase the violence of
war, or they could limit it.

ALL-0UT THERMONUCLEAR WAR AND LIMITED LOCAL CONFLICTS

Most obviously, these developments could make war “total” to a degree
never before experienced. An all-out thermonuclear war involving nations
like the United States and the Soviet Union could easily destroy either or
both, at least as powers of any consequence, in a matter of days or perhaps
even hours.

There is increasing recognition, however, that the dangers implicit in
participation in all-out thermonuclear war may result in a stalemate. In
the words of Sir Winston Churchill, a “balance of terror” may replace the
balance of power. Nations may become too fearful and cautious to use
or even threaten to use their ultimate weapons, except for direct self-
protection. This would mean, assuming no change in the objectives of
Russia or Red China, a continuation of the cold war, with the Russians
and Chinese attempting to win uncommitted areas by political and eco-
nomic warfare, by subversion, and by limited, local military aggression.
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To avoid piecemeal surrender, we might determine to engage in defensive
or counter-military actions also limited in character.’

These military actions, or limited, local wars, may flare up as a
result — indeed as an extension — of international negotiation, of internal
revolution, or of pawn moves by major powers to test or exploit a weak-
ness. They are the late twentieth century “balance of terror” counterpart
of the limited-scale, limited-ohjectives wars of the “balance of power”
century between Waterloo and World War I. We have seen many of
these limited wars in recent years: the contest in the Formosa Straits,
the Indo-China War, the Korean War (small only in comparison with
World War TI), the Greek-Albanian-Yugoslav conflicts, the Chinese
Civil War, the Indonesian revolutions, the Suez invasion, the Iebanon
crisis, and others. While some of these were not of primary concern
to the major powers, most of them were. Challenges {or opportunities)
like Greece, Korea, and Suez will continue to present thermselves. The
recent history of restraint in the use of nuclear weapons® of attempts
to confine these conflicts, of negotiated armistices, of ability to swallow
frustration where the outcome was completely adverse (as for us in
Indo-China and for the USSR in Greece) —all these are significant
indications that the war of limited scale and limited objectives is here to
stay.

But so is the danger of thermonuclear war, despite its recognized
suicidal threat.” There are many ways in which all-out war could be
triggered by accident or misunderstanding. Either side may resort to a
thermonuclear strike to protect some presumed vital interest {for example,
on our side, Western Europe), or in frustration or desperation (for
example, if the cold war appears to be going hopelessly against it),
gambling upon the very great advantages accruing from a surprise first
strike. Finally, the very fearsomeness of the threat is an invitation to a
calculating, ruthless power to remove it by force if any happy circum-
stance presents itself —as, for example, the temporary impotence or
vulnerability of the opposing strategic air force; or his own temporary
invulnerability resulting from, say, a breakthrough in air defense tech-
nology. Moreover, in considering the prospects of some power initiating
thermonuclear war, we cannot confine ourselves to the Soviet Unien

SSee Henry A. Kissinger, Nuclear Weapons and Foreign Policy, Harper and Bros,
New York, 157, Chapter g and passim, for an extreme but persuasive statement of this
argument.

“We would by no means rule out the use of tactical atomic weapons in local wars;
in fact, there have been numerous authoritative statements that the U.S. will so use
them. But past restraint must be explained in part by the fear that their use would make
it more difficult to limit the scale and objectives of the conflict.

TOn the delicate nature of the balance of terror, sce Chapter 8, “Choosing Policies
for Deterrence.”
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and the United States. Within the next ten to twenty years (not too
long a period for the weighing of some military economic policies) several
nations in addition to the United States and the USSR are likely to
acquire a substantial thermonuclear capability. Quite apart from specifi-
cally military atomic programs, the widespread use of reactors for
power will result in stocks of nuclear materials that may find their way
into weapons.

It appears then that in our national security planning we must con-
sider at least two kinds of war — all-out thermonuclear war on the one
hand, and limited, local actions of a holding or counteroffensive character
on the other.

The relative probabilities of these two kinds of war occurring will
depend in part on the policies we pursue, If we prepare to deal with only
one, we invite defeat, indeed destruction, by the other. The number of
kinds of war which we must consider cannot, therefore, be reduced below
two.

WAR CALLING FOR PROLONGED MOBILIZATION

Does the number have to be increased to three? Is there a third kind
of war, besides total and local wars, for which we must prepare? It has
sometimes been suggested that a third possibility is a large-scale and long
war, like World War II, in which strategic bombing of cities is either
withheld or, if attempted, is ineffective on botk sides.?® Let us czll this
the World War IT type war, although it might differ from World War 11
in such important military aspecis as the widespread use of atomic
weapons against military targets.

The question whether this World War IT type of war is likely enough
or dangerous enough to justify extensive preparations is, as will be seen,
a crucial one for economic mobilization policy. We will simply state our
views, because to defend them would carry the discussion far beyond
its intended scope.

The contingency that strategic bomhing would be attempted but
ineffective on both sides seems to be extremely unlikely, for reasons
already explained.

Mutual withholding of strategic attacks on cities for fear of retaliation
is a somewhat more serious possibility — but only if the withholding is
combined with quite limited war objectives: If the apparent winner
presses on for anything like “unconditional surrender,” the apparent loser
would convert the limited war to a total one. But a limited objectives war
would be unlikely to be large-scale and long, like World War II. Mutual

®1f ineffective on only one side, the strategic bombing would be decisive and the
war short.
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withholding plus limited objectives define what is essentially a local ac-
tion.?

1§ a war of this kind did occur, we would have time to mobilize our
industrial potential and ought to “win” eventually, just as we did in
World War I and World War IT, even if we were relatively unprepared at
its beginning.'®

Tn short, as of 1959, this kind of war appears to be the least likely (of
the three) and least important in our preparations. It might become most
important if atomic disarmament is achieved. But this has not looked
very promising, and eifectively controlled atomic disarmament (the only
kind that United States policy has contemplated) may no longer be
feasible unless completely new ideas for inspection and enforcement are
conceived and accepted.t!

Some British writers have suggested that the contestants might fight
a lengthy “broken-back war” to a conclusion on the ground affer success-
ful strategic bomhing on both sides. This would be Phase 11 of an all-out
thermonuclear war. We should not completely ignore it in our planning,
yet it is ohviously not too important if Phase I is completely successful on
both sides, or if one side falls substantially shorter of complete success
than the other,

IMPLICATIONS FOR THE IMPORTANCE
OF ECONOMIC STRENGTH

DECLINING IMPORTANCE OF ECONOMIC WAR POTENTIAL
IN ITS CONVENTIONAL SENSE

The term “economic war potential” has usually meant the maximum
fully mobilized capability of an economy to supply the men and materials
required to fight a war. There are two objections to this concept. The first
is its vagueness. What constitutes a “maximum’ diversion of resources to
war depends importantly upon (a) political and morale factors which in
all countries fluctuate with circumstances, and (b) the time allowed for
conversion to war production: the Jonger the mobilization period, the
greater the peak war owtput. There is no single number or simple set of
numbers which can represent “the” economic war potential of a nation.

Second, and more important, recent and prospeclive technological

® There are other difficulties associated with mutual withholding of city bombing
in any war transcending a local action. There may be no practicable way to delimit the
restriction: we know that many “strictly military™ targeis are separated from large
centers of population by less than the lethal radius of large bombs.

°This is almost a reductio ad absurdum. Russia would not allow us to win complete
victory while she possessed a nuclear stockpile,

1 See Eugene Rzhinowitch, “Living with H-Bombs,” Bulletin of the Atomic Scientists,
Vol. X1, No. 1, January 1955, pp. s-3.
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developments associated with nuclear weapons have greatly reduced the
significance of economic war potential in the sense of maximum fully
mobilized capacity for war production. Before the development of nuclear
weapons and the means of delivering them on distant targets, the military
power of the United States could be fairly well measured by its economic
potential. Geography afforded us the time we needed, if pressed, to trans-
late most of our potential into power.!2 Because we were the wealthiest
nation in the world with the largest steel and machinery industries, we
were also the most powerful militarily.

The development of nuclear and especially of thermonuclear weapons
represents 4 momentous turning point in the cost of acquiring military
capabilities. Destructive power has now become so cheap that wars can
he won or economies destroyed before there is time for mobilization.

In an all-out thermonuclear war the superior economic war potential
of the United States is important only to the extemt that it has been
effectively diverted to security purposes before war sterts. This is true
for all our forces, offensive or defensive. It is particularly and most
obviously true for our strategic air offensive forces and air defense. For
preparedness for full thermonuclear war the United States must learn to
rely on forces in heing — not as cadres about which much larger, newly
mobilized forces will be organized, but as ¢ke important forces.

Economic war potential also appears to be less than decisive in fighting
local wars (Viet Minh could defeat France in the jungles of Northern
Indo-China), and of even less importance, as potential, in countering as-
saults by infiliration, subversion, civil war, and astute diplomacy. In
limited wars, too, forces in being seem likely to play a crucial role, useful
reserves being mainly those that can be mobilized promptly. Once hostil-
ities have begun, industrial potential cannot be brought to bear soon
enough. Even in World War II, the industrial potential of the aliies did
not save France or count for much in the first two or three years. More
recently, in the Korean War, industrial potential was not the force that
saved the port of Pusan or shaped the course of the conflict. In all such ac-
tions — limited in objectives, means, and scope — full industrial mobiliza-
tion is not approached, and economic war potential never comes into play.

In consequence the significance of economic war potential in its usual
meaning has been degraded. The nation which can maintain the most
formidable forces in being is not necessarily the wealthiest. In peacetime
the proportion of national resources that can be diverted to national
security purposes is by no means constant among nations. Both in peace-

¥ HEven before the development of nuclear weapons, geography proved an inadequate
defense for European countries against Blitzkricg tactics based on aircraft and tanks.

*8See C. J. Hitch, Americe’s Economic Strengih, Oxford University Press, London,
1941, pp. 60-73, g5-110,
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time and in fighting limited wars, countries with less economic war
potential may support larger military budgets and forces. Russia, for
example, a much poorer country than the United States, has supported a
larger peacetime military program,

This situation is a particularly dangerous one for the United States.
Shielded by geography, we have traditionally (before the Korean War)
maintained very small forces in peacetime, and have regarded them as
cadres rather than as integrated fighting units in a state of readiness.
There is a strong tendency for nations (like individuals) to persist in
policies which have becn successful long after the external conditions
essential to success have vanished, especially when they are pleasant and
cheap like this one. The TUnited States will probably maintain a sub-
stantial industrial lead over possible enemies for many years, but if we
rely upon it as mobilization potential as we did before World War 11, we
will be inviting irrevocable disaster.

THE IMPORTANCE OF ECONOMIC STRENGTH BEFORE THE OUTBREAK OF WAR

Without doubt, then, “the nostalgic idea that our industrial power is
our greatest military asset could ruin our military planning.” * This does
not mean, however, that economic strength will be any less important in
the pursuit of national objectives In the future than in the past. Military
power is derived from economic strength, and foreign policy is based on
both. Economic strength that is used for national security purposes in time
is the embodiment of military power. Using it in time demands a new
approach to national security problems — which to some extent we have
already made.

The essential contribution of economic strength is that it enables us
to do more of the numerous things which are desirable from the point of
view of national security, but which, in their fullness, not even the
wealthiest nation can afford.

What are these desirable things in a thermonuclear era — that is,
things that have positive payoffs and that we would like to have if
resources were unlimited?

1. Preparations for and deterrence of thermonuclear war. These would
inctude strategic air forces, warning networks, active air defenses, and
passive defenses of various kinds including perhaps dispersal, shelters,
and large-scale stockpiling of both weapons and industrial commodities.
It appears desirable not only to do all these things but to do them in
style —to confront the Soviet Union with a variety of strategic air
threats, each absolutely invulnerable to any conceivable weapon which

*Thomas K. Finletter, Power and Policy, Harcourt, Brace and Company, New York,
1954, D. 236.
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might be used against it; to erect a continental air defense system
embodying all the latest and most expensive equipment of which any
scientist has dreamed; and to buy enough passive defense of all kinds
to insure our survival if by any chance an enemy attack still gets through,

2. Preparations for local and limited wars also appear desirable: chal-
lenges to fight such wars are almost certain to occur, and it would be
comforting to be able to accept such challenges, or to make counterchal-
lenges, if we want to. Sometimes it iz argued that limited wars can be
handled without ground forces or tactical air power simply by threatening
massive retaliation against any and all provocations. Ii this were true,
conventional military forces would be superfluous. The trouble is that
the enemy might not believe our threat to launch a thermonuclear
attack in the event of minor provocations.’® Moreover, he might he
correct in disbelieving, for we are probably not willing to use H-bombs
to cope with minor aggressions - partly to avoid inhumane destruction,
partly to retain allies, but mostly to escape the H-bombs that could in
turn descend on us, Consequently, without conventional forces, we
might have nothing with which to counter local aggressions and be wide
open to “nibbling” tactics by the enemy. The net result might also be
a heightened probability of thermonuclear war.

Preparation in style also seems desirable. Local, limited wars have
taken many forms and have occurred in many places in recent history;
future possibilities are even more numerous. We might have to fight
in Southeast Asia, the Middle East, or the Balkans, with or without
atomic bombs, with native help of varying qualities. We should like to
have heavy matériel stocks pre-pesitioned and, in addition, a large
capacity for moving men and matériel rapidly by sea and by air to the
theater of action. To back up our ready forces for such wars it would
be desirable to have trained reserves and facilities for quickly expanding
the production of matériel.

3. It would be desirable too (if resources were unkimited) to prepare
to fight a World War II type of war. Even though this sort of conflict
geems unlikely, it might conceivably occur. Preparations would call for
ready forces to fight a holding action (these might do double duty for local
wars), and measures to enlarge the mobilization base and to increase its
security and the speed with which it can be converted. The accumulation
of raw material stockpiles from overseas sources would be desirable, for
example, in addition to securing the sea lanes. Construction of new

“[or a discussion of these issues, see Bernard Brodie, “Unlimited Weapons and
Limited War,” The Reporter, November 18, 1954, pp. 16-21; and William Kaufmann,
“Limited Warfare,” in W. Kaufmann {ed.), Military Policy ond National Security,
Princeton University Press, Princeton, N.J., 1956, pp. 10236,
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capacity in indusirtes that might “bottleneck” the expansion of war
production, support of multiple sources of supply by expensive splitting
of procurement contracts, and the training and maintenance of large
reserve forces might be undertaken.

4. Cutfing across all these areas, it would clearly be desirable to
support a very large research and development effort. We are in an era
in which a single technological mutation (as in the past, the development
of radar and the atomic bomhb) can far outweigh in military importance
our substantial resource advantage. There are conceivable future muta-
tions of equal importance —invulnerable long-range ballistic missiles,
perhaps a high-confidence defense against nuclear weapons. Research
and development is most obviously desirable in the context of thermonu-
clear wars: here certain kinds of technological siippage could break
the stalemate, blunt deterrence, and place us at the mercy of the
Kremlin. But it is also possible to conceive of developments which
would, for example, greatly improve the capability of the United States
to fight small engagements in out-of-the-way places. Development is
cheap only by contrast with the procurement and maintenance of ready
forces. If we tried to develop everything interesting (and possibly signifi-
cant and therefore “desirable”), we could use all the potential as well ag
all the actual scientific and engineering resources of the country.

5. Finally, there are substantial opportunities to use economic strength
in the cold war itself.l® Economic warfare, whether waged against our
enemies or for our friends, can be expensive. It is widely believed that
the Marshall Plan saved Western Europe from collapsing into chaos
and perhaps Communism between 1047 and 19s5e, but at a cost of about
10 billion dellars. The United States is now spending roughly a billion
dollars a year on economic aid to friendly and neutral countries; and the
Soviet Union is lending over half a billion dollars annually, partly to its
satellites and partly to other countries. Britain and Western Europe
propose to spend many billions of dollars “uneconomically” on nuclear
power plants to reduce their economic dependence on Middle Eastern
oil, which is vulnerable both te Arab nationalism and to Soviet power.
Economic strength permits a nation to wage the cold war more effectively,
to reduce its vulnerability to hostile moves, and to improve its position
and power by extending its influence,

These, then, are the desirable things — the things it would be nice
to do from the point of view of national security. In the aggregate they
far exceed our economic capabilities, so that hard choices must be made,
But the greater our economic strength, the more desirable things we can

" These oppottunities will be discussed in Chapter 16.
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do, and the better we can do them, We cannot prepare for all kinds of
wars, but maybe we can prepare for more than one. We cannot develop
every technological idea of promise, but maybe with three times Russia’s
economic strength we can develop enough more than she to keep ahead
in the race for technological leadership. We cannot buy perfect protec-
tion against thermonuclear attack by any combination of active and
passive defenses, but perhaps we can afford enough defense to reduce
Russian confidence of complete success to the point where she is deterred
from striking. Perhaps on top of all this, we can afford a positive economic
foreign policy which will preserve our alliances and increase our influence
on developments in the uncommitted parts of the world.

At the least, the possession of greater economic strength enables us to
do more of these things than we otherwise could do. But it does so if,
and only if, we use the strength now, during the cold war, before a hot
war starts. For that reason the term “economic war potential” will not
be used in the present study. The timely translation of economic strength
into military power, the proportion of that strength so translated, and
the efficiency of the forces in being, have become of critical importance
—as opposed to some theoretical maximum potential which could be
translated into military force at some later date, While the traditional
concept of the mobilization hase is not yet fully obsolete and may even
justify a limited expenditure of budget, it is no longer the shield of the
Republic.



PART 1. THE RESOURCES AVAILABLE
FOR DEFENSE



3. RESOURCE LIMITATIONS

As noted earlier, Part I is devoted to problems of choice at compara-
tively high levels, choices among policies that affect (1) the resources
at the nation’s disposal and (z) the proportion of resources allocated
to national defense, Qur national security depends first of all upon these
choices, for they determine the volume of resources available for defense.

Resource limitations are our starting point because in all problems
of choice we strive to get the most out of what we have. To put it another
way, we try to use the resources that are available to us so as to maxi-
mize what economists call “utility.” Resources are always limited in
comparison with our wants, always constraining our action. (If they
did not, we could do everything, and there would be no problem of
choosing preferred courses of action.) As a consequence, resource limita-
tions are often called constraints. We try to achieve the most desirable
outcome that is possible in view of these constraints,

We should therefore inquire into the nature of resource limitations
as a preliminary step in selecting courses of action. In this chapter we
shall discuss specific versus general resource constraints, the total re-
sources that are at the nation’s disposal, and policies that would influence
those resources in the future, In subsequent chapters of Part I, we shall
discuss how to choose the size of the defense budget and the major
considerations bearing on that choice.

SPECIFIC VERSUS GENERAL CONSTRAINTS

How should constraints be expressed if they are to be most meaningful
in appraising a nation’s strength and in choosing the scale of the defense
effort? What are the effective limitations on what we can do? Sometimes
constraints are expressed as the projected supplies of specific items such
as laborers in each skill and age bracket, tons of bauxite and mica,
board feet of lumber, or kilowatt-hours of electricity. The supplies of
individual items like these will be called “specific constraints.” Some-
timeg, however, resource limitations are expressed as projected amounts
of money that can be spent, putting a limit on the total effort but not on
quantities of specific resources that can be employed. Such an over-all
limitation will be called a “general constraint.” In which form should
constraints be expressed in different circumstances? In which form do
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they more accurately reflect the real limitations imposed by the physical
world ?

DIFFERENT CONSTRAINTS IN DIFFERENT PROBLEMS

In some problems, the constraints unquestionably ought to be ex-
pressed as definite quantities of specific products. Consider, for example,
the decisions of a task force commander in a naval engagement. He
must try to get the most from the particular items that are at his
disposal — destroyers that are now in the force, man hours available for
maintenance and operations, ammunition on hand, and so on. It is beside
the point that, by allocating money in a budget differently, he could
have equipped a task force with another aircraft carrier at a sacrifice
of so many destroyers. The option of shifting basic resources from the
production of one item to the production of another is hardly open at
this stage of the game. Hence, in this situation, it is not a budget that
constrains the actions of the commander. Limited stocks of specific jitems
genuinely gre the constraints, and they should be expressed in that
fashion.

In other problems, however, the supplies of specific resources are not
fixed, and the use of specific constraints is wrong. Consider the problems
of the Navy in choosing next year’s purchases of equipment. Of course,
there will be some specific constraints — the physical impossibility, for
example, of suddenly procuring an extraordinarily large quantity of some
newly developed fuel or of completing an extra super carrier before a
certain date. But one principal constraint will be the budget. Within the
limits of this budget, it will be physically possible to acquire varying
amounts of many items — more training and less electronic gear, more
ammunition and less manpower. In these circumstances, it #s chiefly the
budget that constrains: the Navy’s supplies of many items are not fixed,
and it would be wrong to choose policies as if they were.

Let us turn from the problems of naval planning for next year to
problems of national policy over, say, the next decade. At first glance,
the supplies of many basic resources may appear to be fixed. Manpower
seems to be limited to its present size plus annual growth., Ore and
petroleum reserves can hardly be manufactured. There is only so much
coal to be mired. The acreage of each type of soil is already set. And
yet, upon more careful inspection, one sees that the supplies of these
resources that will be available in future periods are not really fixed.
Medical programs and education can affect the total supply of labor.
Through retraining, one kind of manpower can acquire a different skill.
More intensive mining can recover a larger proportion of given ore
reserves. A shift of resources can yield more metals at the expense of
textiles or more titanium and less copper. The use of fertilizers, irrigation,
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drainage, tractors — these and many other innovations can alter the
inventory of land, both in total and in composition.

Thus except in the very short run, the nation can usually get more
of one item — even of many so-called basic resources, as far as future
supplies are concerned — by sacrificing something else. The more distant
the future to which the problem pertains, the less applicable are specific
constraints. Where time and technology permit adjustments, the nation
is not constrained by fixed supplies of individual resources, and thinking
in terms of specific constraints is misleading. The real constraints, the
truly “basic” resources, are exceedingly complex and difficult to measure,
involving the state of the technological art, stocks of ingenuity and
knowledge, institutional arrangements, and incentives as well as the
total supplies of capital and people. Probably the most satisfactory way
to represent these constraints is by means of some aggregate dollar
amount of output that is at the nation’s disposal each year. Such an
amount, say national income or gross national product (GNP)?! is a
general constiraint similar to a budget. It is a rough indicator of the
aggregate output that is available annually, an indicator having no
implication that the nation must work with specific quantities of
individual items.

General monetary constraints are not put forward as perfect indicators
of resource limitations even in the long run. Frequently some specific
constraints will be operative as well as the general one (as in the case
of the Navy’s super carrier). Sometimes, too, specific limitations are
imposed by decree of higher authority, ¥or instance, the branches of the
service, in planning ahead, face not only the general constraint of their
budgets but also the specific constraint of a manpower ceiling set by
Congress. Strictly speaking, in problems of national policy as in most
others, there is usually a combination of specific and general constraints,

MONEY COS8TS WHEN GENERAL CONSTRAINTS APPLY

Only by counting the costs that constitute the real constraint can we
determine the policies that achieve a specified task at minimum cost.
If the stock of magnesium is the real constraint (and the only one),
we should be intercsted in the cost of alternative actions in terms of
magnesium, If several individual inputs are limited, we should be in-
terested in the cost of alternative policies in terms of those inputs, If
there is a general monetary constraint but specific inputs are not fixed, we
should consider cost in dollars?

* Gross naticnal product will be discussed in more detail in the next section of this
chapier.

?Only by counting costs in these terms can we determine the policies that achieve
the most with the given constraints, that is, with the available resources.
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To some people, dollars do not appear to reflect real resource cost,
and their use has little appeal. Let us examine the justification for paying
attention to monetary expense. What, in a fundamental sense, is the
“cost” of a course of action? It is whatever must be given up in order
to adopt that course, that is, whatever could otherwise be kept or
obtained ? If we examine the problem of planning future programs from
the standpoint of the Defense Department, it seems fairly obvious that
money costs are pertinent. The Department faces a budgetary constraint.
For the most part it does not face a limitation on particular weapons or
supplies but can buy more of them by paying their prices. What does
the Department give up in order to implement one course of action? The
answer is money — or, to go one step farther, the alternative weapons or
supplies that could otherwise be purchased. The Department could sub-
stitute one item for another by paying the price of the one instead of
paying the price of the other. Dollar costs do reflect what must be given
up in order to adopt a particular policy. They reflect real sacrifices by
the Department because the prices of different items show the rates at
which they can be substituted for each other.

This is not to say that money costs perfectly represent resources
sacrificed by the Defense Department. The prices of goods to be bought
in the future are uncertain. One course of action may itself drive up the
price of particular weapons or materials, and it is not possible to predict
these effects with complete accuracy. The characteristics and cost of
some items will change as technology advances. The quantity of some
exceptional items may literally be fixed, or ncarly fixed, even if we are
looking several years ahead. Nenetheless, imperfect as it is, the money
cost of a future program usually shows the sacrifice that would be re-
quired of the Department better than other measures of cost. While
dollars do not precisely measure the real sacrifices, costs in terms of
metals and manpower would be grossly misleading. Saying that airplanes
cost s¢ much aluminum and ships so much steel plate does not tell us
how one may he exchanged for the other. Saying that each costs so many
dollars acdheres more closely to the facts, namely, that the services can,
in making future plans, trade one for the other.

But even if dollars reflect resource costs fairly well from the view-
point of the Defense Department, do they do so from the standpoint of
the nation? If the economy is a reasonably competitive one, the answer
is Yes. The reason is that market prices in & competitive economy
reflect not only the approximate rate at which the Defense Department
can exchange one item for another but also the approximate rate at

*That is, the cost is the sacrificed alternative opportunity. Hence, economists refer
to thesc sacrificed alternatives as the “opportunify costs” of a course of action.
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which the whole economy can substitute one article or material for
another. Suppose that the price of a bomber is $r,000,000 and that of
a destroyer $20,000,000. How can zo bombers possibly entail the same
resource cost as a destroyer? In other words, how can the construction
of 20 bombers use up materials and manpower that could otherwise
have produced one destroyer? Aircraft construction requires different
metals, engineers with different skills, and different facilities from those
required in shipbuilding. Obviously the set of inputs needed in the one
case cannot be directly substituted for the other set of inputs. The
specialist in aerodynamics cannot be put to work promptly and effectively
on the design of destroyers. The labor force that might be used to build
bombers in the Southwest cannot be shifted en masse to shipyards in
Philadelphia.

Nonetheless, 20 bombers can use resources that would otherwise
make it possible for the economy to produce one more destroyer. It is
indirect substitution that makes this possible. If the bombers are ordered,
the contractor must recruit the necessary laborers, build any newly
required facilities, and buy the materials. In order to attract these
resources, he will have to pay about what they could earn in their
next-best use. These amounts or prices, in a competitive economy, cot-
respond to the value of the output that the resources could otherwise
produce. The sum of these amounts — the cost of the bombers-—1is
therefore the value of civilian, or other, outputs that must be sacrificed.

As the recruitment of laborers and the purchase of materials takes
place, a chain reaction is set off. The firms that begin to lose the Jaborers
and materials try to replace them, The prices of aluminum, aeronautical
engineers, and other resources used in aircraft production may rise
somewhat relative to the prices of other inputs. Consumers of these
scarcer resources shift to substitutes. Some workers learn that good
jobs are available in aircraft plants and transier to them, leaving
vacancies in their former occupations, which in turn are attractive
opportunities to still other workers. As a result of this process, the
resources for the bombers are in effect released from myriad industries
— perhaps coal-mining in 1llinois, hair cutting in New Jersey, shrimp
fishing in Louisiana — industries that are far removed from aircraft
production.

Now suppose the destrover is to be constructed instead of the air-
planes. Imagine that we have a table model of the economy with figures
to represent the various resources, and let us transfer the resources by
hand. We do not move the men and materials directly from the aircraft
industry to the shipyards. Instead we move them back to their next-best
uses in the economy. The materials and men that would have replaced
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them in those uses are moved back in turn to their next-best uses.
Simultaneously, we transfer resources into the production of destroyers,
drawing them from other kinds of shipbuilding and related parts of
the economy and setting off another sequence of shifts and substitutions.

If it is hard to take these roundabout substitutions seriously, remem-
ber that they happen constantly in real life. In any particular year some
industries (for example, electranics or plastics) expand, and others (say,
railroads or movies) decline. The growing industries, as a rule, take over
iew of the inputs once employed by the declining industries. Relative
prices, reflecting the substitution possibilities among goods and services,
lead firms to shift resources much more efficiently than transferring them
directly from declining industries to expanding ones.*

As a consequence, money costs of future defense activities approxi-
mate the real alternatives that are foregone — the real sacrifices that
are entailed — when one activity or weapon system is selected. This
will be true for those problems in which a general monetary constraint
is proper, that is, for problems pertaining to dates sufficiently in the future
to permit the production and procurement of varying quantities of
weapons and matériel,

GNP AS THE CONSTRAINT ON THE NATION'S ACTIVITIES

So far we have discussed the constraints and costs that are appro-
priate to defense problems or even problems in general. What about
the problem at hand, that of assessing the nation’s strength and deciding
how much should be diverted to defense? By and large, in dealing with
this problem, a general limitation on our efforts, such as GNP, is more
nearly accurate and more useful than specific constraints. This problem
is not how best to conduct a naval engagement with given weapons —
not how to assess the power of a retaliatory attack that could be launched
immediately. Instead the problem is how to gauge the strength that is
the source of our defense effort and how to determine the share that
should go to national security. These questions pertain to the planning of
deiense policies in future years, not to the planning of tactics for today’s
mission, There is time for a great deal of adjustment, and the constraint
is more appropriately described as a general monetary one. It is more
nearly correct to say that a projected $560-billion GNP (1957 dollars) will
constrain our defense effort in 1965 than to say that 250,000 short-tons
of magnesium, 150 billion ton-miles of transport, and 8 million long
tons of sulfur will limit our program.

* A more complete and rigorous discussion of these points can be found in most text-
books on the principles of economics, e.g., Paul Samuelson, Economics, 3d ed., New York,
McGraw-Hill Book Co., 1955, pp. 17-21, 34-37, 40-50, 475-525.
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Moreover, even if particular resources were limited, a list of specific
constraints would not be as manageable and meaningful as GNP in
debating the above questions. Judgment as well as analysis must play
an important rele in assessing the nation’s strength and deciding upon
the share to be devoted to defense. These are questions that must be
considered and debated at the highest levels— by the voters, by the
administration in power, by the Congress. An electronic computer could
take a large number of specific constraints and show a variety of com-
binations of output that could he produced. (It is scarcely possible,
however, for a computer to show all of the combinations of output that
could be produced with limitations of particular resources. Moreover,
it is doubtful that such a tremendous mass of data would help anyone to
reach better decisions about the national security budget.)® But the
selection of the “correct” combination of defense and nondelense outputs
depends greatly upon the unarticulated preferences of Congressmen and
voters.

That being the case, the resource limitations must be described in
terms that the human mind can comprehend, Tt would be difficult, indeed
impossible, for people to debate policy in the following manner: “In
1965 our strength will consist of goo thousand short tons of fluorspar,
8o million man-years of labor, 15 thousand flasks of mercury (and so on).
As the future situation looks to us now, the United States should plan
on devoting 20 thousand tons of fluorspar, 20 million man-years of
labor, and 2 thousand flasks of mercury to defense.” It would surely be
more meaningful to hear: “In 1965 our GNP will be 560 billion dollars.
As the situation seems to shape up, the United States might plan on
devoting 10 or 12 per cent of its GNP or roughly 65 to 70 billion dollars
to national defense,” For in the end, obligational authority and appro-
priations will be expressed in dollars, not in commodities. The debate
about the scale of the military effort will take place mainly in terms of
budgets {and the capabilities various budgets will buy), not in terms of
commodities (and the weapons they can produce). Accordingly, as an
aid in this debate, the constraint on the nation’s activities — our economic
strength — is most meaningful if it is expressed as a general monetary
limitation.

Statements by government officials show that the debate usually does
proceed in terms of a general monetary constraint, not only in appraising
over-all strength but also specifically in deciding how many resources

® This is n#ot to say that electronic computers are unable to help us find useful answers
to lower level problems of choice. On the contrary, they can help in many instances —
as will be stressed in Part II. For in many lower level problems, a suitable criterion can
be made explicit, and caleulations can point fo the preferable courses of action.
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should be devoted to defense.® Right after the 1955 Geneva conierence,
former Secretary of Defense Wilson was reported as saying that “he was
considering whether more might not be spent on defense in the future
if the national product and income continued to expand prosperously.
To maintain the current level of defense spending in the face of a continu-
ally expanding economy, he suggested, would be tantamount to a cut-
back.” 7 Thinking about defense expenditures in relation to GNP is not
new. For example, President Truman in his 1952 Economic Report to the
Congress stated, “Our total output [GNP], measured in 1951 prices, was
more than go billion dollars higher than in 1939, and more than oo
billion above 1g29. . . . The growth of production during the last few
years now enables us to carry the security program without undue i
pairment of the rest of the economy.” ®

For other problems, to be sure, other means of describing resource
constrainis are more pertinent. Suppose the problem is to select policies
for industrial mobilization, as in World War II, rather than to choose
the scale of the defense effort for cold or limited war. In that case,
specific limitations are of the greatest significance. Thus, the program-
ming of production in World War IT depended upon the projected sup-
plies of critical materials, skilled labor, and fabricated components {small
electric motors, for example)® Because they were primarily concerned
with the problems of industrial mobilization, previous books on the
cconomics of defense have usually emphasized these limitations on indi-
vidual resources® But, as stressed earlier, the crucial problem in the
nuclear era is not planning how best to mobilize our reserve strength.
Instead the most urgent questions have to do with the planning of our
forces in being for deterrence and limited conflicts. One of these questions
is how much of our strength should be turned into forces in being. And
for the purpose of attacking this question, we should think mainly in
terms of a general monetary constraint.

%Gee, for example, Study of Airpower, Hearings Before the Subcommittee on the
Air Force of the Committee on Armed Services, U.S. Senate, 84th Congress, 2d Session,
Part XXII, US. Government Printing Office, Washington, D.C.,, 1936, pp. 1668-72.

? New Vork Times, November 17, 1955, p- I,

$The Economic Repovi of the President, together with a Report to the President,
The Annual Economic Review, by the Council of Economic Advisers, Washington, D.C,,
1952, p. 2.

*Yee D). Novick, M. Anshen, and W. C. Truppner, Warime Production Controls,
Columbia University Press, New York, 1949.

@ ¥ ., George A, Lincoln, Economics of National Security, 2nd ed., Prentice-Hall, Inc,,
New York, 1054; J. Blackman, A. Basch, 8. Fabricant, M. Gainshrugh, and E. Stein,
War and Defense Economics, Rinchart & Co. Inc, New York, 1952; Economic Mobiliza-
tion and Stabilization, L. V. Chandler and D. H. Wallace (eds.), Henry Holt and Co.,
New Vork, 1051; S. E. Harris, The Economiics of Mobilization and Inflation, W. W.
Norton & Co. Inc.,, New York, 1g51.
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THE MEANING OF gNpl!

Gross national product, or GNP, is simply the dollar value of a nation’s
final output over a period of one year — about 344c billion in 1957 in
the United States (1957 dollars). Tt is the total volume of goods and
services, valued at market prices, that is at the nation’s disposal over
the period. Unlike net national income, GNP represents the whole of
the nation’s output, no portion being already set aside to allow for de-
preciation. Therefore any consumption, replacement of wornout or
obsolete equipment, additions to the stock of capital, military outlays, or
other government expenditures must come from GNP.12 Of course, this
measure is a proper constraint only if we are speaking of full-emplovment
GNP. If only half the nation’s resources are employed, GNP will be
relatively small, but in those circumstances it is not a true indicator of
the nation’s capacity to produce. A larger defense program, or more of
any program, can then be produced without sacrificing other things —
simply by getting idle resources back to work. Thus the constraint
referred to here is GNP at a high level of employment.

GNP is not the same thing as the total wealth of the nation — the
value of its land, buildings, and equipment. The total wealth of the
United States has been estimated to be about 8oo billion dollars {as of
1948 and in 1948 prices).'® Tf the value of people as producers was
counted among the country’s assets, the figure would be much higher,
But an estimate of the country’s wealth is not directly pertinent to the
problem of planning the national defenses. The assets of an individual or
firm can be sold or “cashed in,” and the proceeds can be devoted to any
purpose that is chosen, Not so with the assets of the whole nation, They
cannot be lquidated in order to get resources for defense or for any
other purpose. The resources that can be devoted to national security
are essentially the outputs that can be obtained each vear from the stock
of capital and supply of labor. Those are the outputs that make up GNP.
If all of GNP is consumed, the capital stock is slowly depleted. If part of
it is invested, capital may be maintained or augmented. But GNP is the
amount that is at our disposal over a yeat’s time.

2For a full description of the concepts and methods used by the U.S, Government
in measuring gross national product, see National Income Supplement fto the Survey
of Current Business, prepared in the Office of Business Economics of the U.S. Department
of Commerce, U.5. Government Printing Office, Washington, D.C,, 1054, pp. 25-158.

¥For our present purpose, this statement is sufficiently accurate, It is not 100 per
cent correct, for a mation could consume more than GNP for a time by drawing on
inventories or on foreign halances, credits, or gifts.

¥ Raymond Goldsmith, “A Perpetual Inventory of National Wealth,” Studies in
Income and Wealth, Vol. 14, Nalional Bureau of Economic Research, New York [no
datel, p. 18.
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If each year’s GNP is expressed in current prices, it will reflect
changes in the general price level, that is, inflation or deflation. If it is
expressed in terms of a constant price level, GNI is an index of the
physical volume of final output. When talking about past years, it is
often proper to refer to GNP in current dollars, since past defense budgets
too are ordinarily in current dollars. When considering future national-
security policies, however, there is no reason to introduce the capricious
effects of changes in the general price level. Qur concern is either with
the relationship between the defense budget and GNP or with physical
output in “constant” dollars. In discussing future GNP and future
budgets, we should think of the amounts in constant dollars.1#

Tt should be noted that GNP includes government expenditures for
goods and services as though this amount measured accurately the value
of the government’s final product. Two major objections to this procedure
are widely recognized: (1) This is not a satisfying measurement of the
value of government output. The government’s services may be worth
either more or less than their cost. (2) Part of the government’s output,
for exainple, statistical services, may be regarded as intermediate products
— that is, as ingredients of private output whose value is already counted.
Why, then, do our national income accounts continue to use expenditures
to represent the final product in government? The answer is simply
that this procedure, rough as it is, appears to be better than the practica-
ble alternatives.

There are other difficulties with the concept and measurement of
GNP.*% There are questions particularly about the extent to which such
measurements can reflect ultimate national well-being. But these diffi-
culties need not detain us. Even if it does not measure total satisfaction
or weliare accurately, full-emplovment GNP appears to be a useful index
of physical production possibilities — a useful indicator of the flow from
which resources for national defense must be diverted.

There is another aspect of GNP that should be kept in mind. Earlier
it was pointed out that unique outputs of specific items cannot properly
be regarded as fixed constraints, GNP as observed and measured, even

*Whether to use GNP wvalued at market prices or by an “adjusted facter cost
standard” depends partly upon the precise problem that is being considered. See Abram
Bergson, Soviet National Income and Product in 1037, Columbia University Press, New
York, 1953, pp. 42-54. For the United States (where indirect business taxes are small
compared to their amount in, say, the USSR) it probably makes little diffevence
which of the two is used. Unless otherwise specified, we will refer in this study to GNP
valued at market prices.

* Examples are the difficulties in handiing non-marketed outputs and changes in the
guality of products. For discussions of these and other points, see A Critigue of the
United States Income and Product Accounts, Studies in Income and Wealth, Vol. 22,
A Report of the National Bureau of Economic Research, Princeton University Press,
Princeton, N.J., 1958.
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with full employment, is not absolutely invariant either. Later in this
chapter, methods of stimulating the growth of GNP will be mentioned.
But quite apart from long-term growth, there is a certain amount of
short-run resiliency — of quick expansion that can be achieved by taking
up the slack. For example, at the outbreak of the Korean conflict, the
nation was experiencing what one might call normal full employment.
Yet in 1031 the 20-billion-dollar increase in annual defense expenditures
was accompanied by a zc¢-billion-dollar increase in real national income,
an amount of growth almost triple the amount that could ordinarily be
expected. As a consequence, instead of the drastic price-level inflation
anticipated by many persons, there was a sharp increase in real produc-
tion — the military services using more output without reducing the
nation’s consumption or investment — and only a modest inflation. Part
of this increment in output was no doubt illusory — attributable to flaws
in the measurements, But not zll of it. How did the increase in the de-
fense budget produce this effect? Presumably by offering larger lures,
causing people to work harder and longer, attracting additional persons
into the lahor force, bringing more rapid application of technological
improvements, and altering the composition of output. Thus, projected
full-employment GNP is not an absolutely inflexible limitation on out-
put.’® Nevertheless, it is a good approximate indicator of the over-all
constraint on the nation’s activities.

It should be noted too that while GNP is a useful index of resource
limitations, it is no simple matter to divert GNP from consumption to
defense, or investment. On the counfrary, it is a difficelt thing to do,
particularly in a free democratic scciety. J. K. Galbraith has pointed
this out very forcefully in his book, The Afluent Society™ Most of
the growth of the Unifed States, for instance, stems from increases in
consumption and from private investment designed to meet consumers’
demands. Interdependence makes it technically difficult for us to give up
the use of certain items (even the family’s second car) that may appear
to be irills; and our emphasis on consumption makes it psychologically
difficult for us to sacrifice such items.

Consequently, according to Galbraith, the “minimum” standard of
living is always the existing one, and no Administration or Congress
that is interested in being reelected is likely to propose any substantial

*For an attempt to allow for the extra capacity that would come to light if ex-
panded defense spending caused the naticn to produce under pressure, see Gerhard Colm
and Manuel Helzner, “General Economic Feasibility of National Security Programs,”
Naztional Planning Association, March 20, 1957, published in Federgl Expenditure Policy
fer Economic Growth and Stability, Hearings before the Subcommittee on Fiscal Policy
of the Joint Economic Committee, 85th Congress, 1st Scssion, U.S. Government Printing
Office, Washington, D.C., 1958, pp. 350-360.

“J. K. Galbraith, The Afluent Society, Houghton Mifflin Company, Boston, 1958,
pp. 161-180 (Chapter XII on “The Iilusion of National Security’).
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reduction in that standard of living. In this connection, it may be signifi-
cant that the United States devoted mainly “slack” or growth to World
War IT and the Korean conflict; in neither instance was the absolute
level of consumption (as usually measured) reduced.

We must therefore avoid identifying GNP, or even expected growth of
GNP, with economic strength for the cold war. It is an illusion to think
that the United States can twist a faucet and convert its mighty GNP
into deterrent capability without a change in popular value-judgments.
It takes both GNP and willingness to make sacrifices to yield resources
for national defense.

DETERMINANTS OF GNP

As mentioned earlier, the truly basic resources include not only the
supplies of capital and people but also institutional arrangements, in-
centives, and the state of the technological art. Such factors are the
underlying determinants that one may consider when trying to estimate
future GNP or to figure out policies that can increase it. The principal
determinants are summarized in the following list.’®

A. Tnitial Stock of Basic Resources and Their Use
1. Manpower
a. Labor
b. Number of hours in the work-week
c. Level of employment
d. Extent of skill and training
2. Stock of capital equipment
. State of the art and knowledge
4. Degree of efficiency in the use of resources
a. Allocation of resources among uses
b. Methods of organization to make use of our knowledge
c. Incentives to produce
B. Growth
1. Increase in manpower
a. Increases in the labor force
b. Changes in the work-week
c. Changes in the level of employment
d. Improvement in skills and training
2. Growth of capital stock

(4N}

¥ For other lists of growth determinants and discussions of them, see M. Abramovitz,
“Economics of Growth,” in 4 Swrvey of Contemporary Econmomics, Vol. II, Richard D.
Irwin, Inc, Homewood, IIl, 1652, especially pp. 132-244; W. Arthur Lewis, The Theory
ef Economic Growth, George Allen & Unwin, Ltd.,, London, 1953; Capital Formation
and Economic Growth, A Conference of the Universities-National Bureau Commitiee for
Economic Research, Princeton University Press, Princeton, N.J., 1955: W. W. Rostow,
The Process of Economic Growth, The Clarendon Press, Oxford, rgs3.
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3. Advances in the state of the art
a. Amount of resources devoted to research and education
b. Incentives to explore new ideas
4. Efficiency in taking advantage of innovations
a, Incentives to introduce innovations
b. Mechanism for reshuffling resources in response to innova-
tions,

Most of these itenis and their relation to the nation’s potential output
are self-explanatory. Thus, the pertinence of manpower, capital equip-
ment {for example, machines, buildings, and other structures), and the
state of the art {for example, knowledge of hybrid corn or transisiors) is
probably clear. The role of efficiency in the use of these resources, how-
ever, may need to he clarified. Without suitable incentives and a reason-
able allecation of its resources, a nation can fall short of getting maximum
output from its manpower, capital, and “laboratory knowledge.” If
monopoly, governmental restrictions, tax structures, or other “institutions”
impair incentives or discourage resources from moving to their best uses,
the potential GNP of the nation will not be fulfilled.

Such factors can also operate to promote or retard long-run growth
of GNP. The institutional framework undoubtedly has much to do
with advances in the state of the art. Tn one environment, inventiveness
flourishes; in another, it languishes. Moreover, even after new ideas are
conceived, the institutional framework influences the rate at which inno-
vations are made and diffused and the speed with which resources are
subsequently reshuffled.!® Tf monopolistic restrictions, financial organiza-
tion, or government policies tend to shelter the status quo, known
technological improvements may not spread rapidly, and resources may
not shift quickly to what now become their best uses.

One wonders, naturally enough, about the quantitative significance of
these various factors. Are some of them, such as incentives and institu-
tional framework, merely high-sounding abstractions that actually exert
little influence on the growth of GNI'? Does it turn out, upon close in-
spection, that the rise of GNP is accounted for almost solely by the
increase in capital equipment and the labor force? Or does it turn out that
the other factors do play a major part in economic growth?

Recent studies have begun to shed light on the answers to these
questions, These studies indicate that the rise of GNP in the United

¥ The effects of institutions on the growih of knuwledge, the application of new
ideas, and the reshuffling of resources have attracted a good deal of attention in recent
years. Yor provocative discussions, see W. Arthur Lewis, pp. 1-200; Vale Brozen,
“Business Leadership and Technological Change,” American Juuwrnal of Economics and
Sociology, Vol. 14, pp. 13-30; and Yale Brozen, “Invention, Innovation, and Imitation,”
American Economic Review, Papers and Proceedings, XLI, May 1951, pp. 239-237.
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States has far outstripped the growth in the quantitics of capital and
labor 2 More specifically, they suggest that half or more of the increase
in national product must be attributed to rising productivity of the inputs,
One researcher concludes that “Of the historic increase in GNP, about
half represented the effect of increased resources, and half, the effect of
increased efficiency of resource use.” ** According to another inquiry, an
index of factor inputs {capital and labor combined) quadrupled hetween
the decade of 1869—78 and that of 1944—53, while over the same period
net national product grew to 13 times its original size.?? Such results
indicate that new ideas and their efficient and widespread application may
be of overriding importance to growth,

This conclusion apparently applies with as much force to *under-
developed” countries as it does to the United States:

The per capita output of the United States rose at a rate of about 1.9 per cent
per year (compounded} of which only about one-tenth is ascribed to the rise in
the stock of tangible capital, according to Fabricant2® The rest of this remarkable
economic growth may be represented as coming from increases in output per
unit of input of labor and of such capital.

Such fragmentary data as there are for Latin-American countries indicate the
same pattern. In Mexico, for example, the relatively large crop producing sector
increased its output 60 per cent from 1g25-29 to 1945-49, using, however, only
27 per cent moere input; thus output per unit of aggregate input rose by 26 per
cent. Farm production in Brazil was 55 per cent larger in 1945-49 than in 1925-29.
The input index rose only 30 per cent; and, accordingly, output per unit of aggre-
gate input increased 20 per cent.?#

Such data do not show just what influence is exerted on economic
growth by each factor, but they do suggest that, to achieve rapid growth,

M M. Abramovitz, “Resource and Output Trends in the United States since 1870,"
American Economic Review, Papers and Proceedings, XILVI, May 1956, pp. 5-23,
reprinted by the National Bureau of Economic Research as Occasional Paper No. 52;
John W. Kendrick, “Productivity Trends: Capital and Labor,” Review of Economics and
Statistics, XXXVIII, August 1956, pp. 248-25%, reprinted by the National Bureau as Oc-
casicnal Paper No. 53; Jacob Schmookler, “The Changing Efficiency of the American
Eeconomy: 1869-1938," Review of Ecomomics and Steiistics, XXXIV, August 1952,
pp. 214-231.

# Schmookler, p. 224.

# Abramovitz, p. 8.

®Solomon Fabricant, “Economic Progress and Economic Change” {(a part of the
34th Annual Report of the National Bureau of Economic Research, May, 1954). Tangible
capital here consists of structures, including housing, equipment, inventories and net
foreign assets, but excluding consumer equipment, military assets and land and subsoil
assets [footnote from passage quoted].

® (Clarence A. Moore, “Agricultural Development in Mexico,” Jowrnal of Farm
Economics, February, 1955; Clarence A. Moore, “Agricultural Development in Brazil”
{unpublished TALA paper, No. 54-044, September 29, 1954, University of Chicago)
Lfootnote of T. W. Schultz, author of the passage quoted]; Theodore W, Schultz, “Latin-
American Economic Policy Lessons,” American Economic Review, Papers and Proceedings,
XLVI, May 1556, pp. 430—43T.
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an economy needs more than a growing supply of tools and labor. It
needs education and investment in human beings, research, and an
environment in which inventiveness is stimulated, and a framework in
which the reshuffling of resources is permitted. Both new discoveries and
untrammeled adjustment afterward seem to be important to rapid growth.
On the one hand, inventiong cannot be applied unless they are discovered,
and, on the other hand, the fruits of inventions cannot be harvested un-
less they are widely applied and resources are efficiently reallocated. Con-
sider the effects of a single imnovation — atomic power. Suppose that
atomic power made the cost of electricity 24 mills per kilowatt hour less
than it would otherwise be. It has been estimated that our national in-
come would be increased by no more than g of 1 per cent.®® Even this
growth could occur only if there was considerable readjustment in the
economy. And only if “trigger effects” (the impacts of further innovations
that emerge as firms try to take advantage of atomic power)®® were intro-
duced — only then could the projected increase in national income be-
come very impressive. Without the trigger effects, most great inventions
— the printing press, the railroad, the internal combustion engine —
would surely have made only modest contributions to total production.
Hence, not only institutions that stimulate research and inventiveness
but also those that facilitate full adjustment by the economy are influen-
tial factors in economic growth.

GNP, PAST AND FUTURE

So much for the meaning of GNP and its determinants. How has this
index to the nation’s strength read in recent years? How do recent read-
ings compare with those of earlier years? What are the prospects that lie
ahead?

In 1937, GNP amounted to $z40 billion. Of this final output of $440
billion, $284 billion or 65 per cent was devoted to personal consumption,
$65 billion or 15 per cent to gross private domestic investment, and $47
billion or 11 per cent to natiomal security. (The remainder was net
foreign investment and other government purchases of goods and serv-
ices.)

Compare these figures with the corresponding amounts for earlier
vears. In 1953, when United States expenditures on the Korean conflict
were at their peak, we produced a gross national product of $399 billion
and devoted $6o billion or r5 per cent to natjonal security programs.

% Herbert A, Simon, “The Effects of Atomic Power on National or Regional Econ-
omies,” Chapter XIIT in Sum H. Schurr and Jacob Marschak, Fconomic Aspects of
Atomic Power, Princeton University Press, Princeton, N.J., 1g50. For the assumptions
that guided the preparation of these exploratory estimales, see that volume and

particularly Chapter XIII.
M Ibid., pp. 232-234.
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In 1929, GNP was only $197 billion, and national security expenditures
were less than one per cent 27

As for future years, the President’s Materials Policy Commission has
estimated that GND can rise at a rate of about 3 per cent per year, at
least for the next few decades.*® In making the projections, the Com-
mission’s stafi tried to take into consideration the determinants of GNP
that were discussed above. Looking at 1975 (really “a shorthand means
of denoting ‘sometime in the 1970’8’ "), the Commission assumed a labor
force of 82 million poeple. This figure rested on an estimate that there
would be 146 million people 14 years of age and over, with the lzbor force
constituting, as at present, 56 per cent of that number. Qf this supply
of laborers, 4 million were expected to be in the military service, 71
million in agriculture, and 2} million unemployed. Another assumption
was that the average work week would decline 15 per cent by the middle
70’s. Finally, with our institutional arrangements, the probable growth
of the capital stock, and advances in technology, it was believed that
productivity (average output per man-hour) would rise at a rate of 2}
per cent per year. The resulting rate of growth would yield a GNP of
$700 billion — over so per cent greater than that of 1957 — by the middle
1970°s.

Figure 1 shows the past and projected growth of GNP, and the past
allocations to national security, consumption, and private domestic in-
vestment. National security cutlays, it might be noted, include the pro-
grams for atomic energy, stockpiling, and Mutual Defense Assistance,
as well as the strictly military programs, As can be seen in the figure,
GNP has increased rapidly during the past two decades, and can continue

“ All the amounts and calculations in this section are in terms of 1957 doHars,
The amounts in 1g54 dollars are given in the Survey of Current Business, July 1958,
pp. zo-11. They were converted to 1957 dollars by using the implicit deflators published
in the same source. For more precise measurements, {his method of putting the amounts
in 1957 dollars would be too rough, but for our purposes the procedure seems to be
suitable.

National security expenditurcs in current dollars for zo41 {o 1957 (Ibid., pp. 4-%)
were converted to 1957 dollars by using the implicit deflatovs for federal purchases of
goods and services. For 192 to 1940, inclusive, national security outlays were approximated
in the following way: For those years, military expenditures as a percentage of military
plus civil governmental expenditures have been estimated (M. Slade Kendrick, 4 Century
and @ Half of Federal Expenditures, Occasional Paper No. 48, National Bureau of
Economic Research, New York, 1953, p. 41). These factors were applicd to “federal
purchases of goods and services” (roughly equivalent to the National Bureau's “military
plus civil” expenditures) in 1957 dollars.

® Resources for Freedom, A Report to the President by the President’s Materials
Policy Commission, Vol. 1I, U.5. Government Printing Office, Washington, D.C., 1952,
pp. 111-12, Most efforts to project GNP have produced similar estimates; sec, for
example, Committec for Economic Development, Economic Growih in the United States,
Iis Past and Fufure, A Statement on National Policy by the Research and Policy Com-
mittee, February, 1938, pp. 42—43.
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to grow at about the same rate. While personal consumption has not
quite kept pace with this rate of growth, national security outlays have
risen from nearly nothing to about 1o per cent of GNP. Note, however,
that national security expenditures constituted a smaller part of the total
in 1957 than they did during either the Korean War or World War 11,
Table 1 traces these components as percentages of gross national product.

Table 1. Major components os

percentages of GNP in selected years

Percentages of GNP

Components 1930 1040 1044 1050 1953 1937
Personal consumption 71 63 49 66 bz 65
Gross private domestic investment 15 15 4 19 15 s
National security b 1 40 7 13 11
Other 13 16 I 8 8 9

If we merely continue to devote 1o per cent to national secuarity, the
absolute amount could reach $7o billien in 1957 dollars by the early
1g7o’s. And if the national security program became 15 per cent of GNP
{over $10o hillien in 1957 dollars), consumption and investment could



40 THE ECCONOMICS OF DEFENSE IN THE NUCLEAR AGE

still expand tremendously. In other words, production possibilities are
likely to increase greatly over the next two decades, easing the constraint
on these various activities. If we view this future growth from the vantage
point of, say, the early 106¢’s, we still have considerable latitude in
choosing how this extra output is to be used.

ALTERNATIVE POLICIES ATFECTING FUTURE RESOURCES

Future GNP is not irrevecably determined. Tt does not have to behave
in accordance with projections like those shown above. Quite apart from
errors of estimation, GNP may deviate from its projected path on account
of either fortuitous events or deliberate policies. In this section, the
possibilities of deliberately increasing future resources will be mentioned.
They will not be examined in detail, for the primary concern of this
study is defense, not general economic growth. But it is relevant not only
to take existing resource constraints into account but also to consider
at least briefly the means of influencing future constraints,

Even in the short run when the supply of resources is given, govern-
ment policies can affect the level of employment and the efficiency with
which the resources are employed. Monetary-fiscal policy to aveid the
unemployment that comes with recession can be of enormous significance.
During the thirties, to take an extreme example, the loss of GNP due to
unemployment was “some 3co billion dolars — almost equal to the real
economic cost of World War I1.”7 2% Recession could severely reduce our
strength without being anything like the deep depression of the 1930,
Of course, the actual GNF that occurs when there is large-scale unemploy-
ment is not properly a constraint on defense activities, for resources can
then he put into defense programs without sacrificing other outputs,
Nonetheless, in reducing our economic strength and pulling down the
economies of our allies, recession would seriously undermine our national
security. Moreover, recession would shrink investment, retard technologi-
cal advance, and stunt the future growth of GNP, resulting in more con-
fining resource limitations at a later date than would otherwise exist.
We should make no mistake on this point -— a sharp recession could cur-
tail ominously the economic basis for national security planning. There-
fore the government should be willing to cut taxes, expand the volume of
money, and reduce interest rates if aggregate demand slumps and serious
unemployment develops. We should keep up our guard against over-
confidence in “new-era’’ psychology.

It would be wrong, however, in trying to avoid recession, to invite
drastic inflation. Deficits and easy money in ¢/l circumstances are not
the answer. For severe inflation too prevents the economy from function-
ing efficiently and retards its development. It frequently leads to price

® Samuelson, Economics, p. 225.
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controls, which inhibit the market mechanism, because people object to
its inequities, Furthermore, violent inflation (or any inflation suppressed
by price controls) pushes people into inefficient activities such as barter
and efforts to convert monetary receipts into goods immediately. Hyper-
inflation usually ends with the economy thoroughly disorganized,

Thus, among the government actions that are vitally important to
GNP and its growth are monetary-fiscal efforts to guide aggregate de-
mand for goods and services — to steer the economy between the Seylla
of deflation and the Charybdis of inflation.3

Other government policies affect the efficiency with which given re-
sources are used, thus influencing the size of GNP. On the one hand,
restrictions on firms and individuals, though stemming from the best of
intentions, may distort the allocation of resources and impair incentives.
Price controls, price supports, minimum wage laws, tariffs, and subsidies
often produce such distortions. On the other hand, failure to intervene
in certain situations allows distortions to persist. Examples are situations
in which monopolistic groups can restrict entry into occupations or indus-
tries, or situations in which firms do mot bear certain costs that they
inflict on others (ior example, by polluting water or congesting high-
ways). In addition to their influence on the efficiency of the private
economy, public policies determine the efficiency with which the govern-
ment’s own activities are conducted.

It is inappropriate here to describe specific policies that would vield
increased efficiency in the private and public sectors of the £Conomy.
We will, however, stress one point. In order to choose the specific actions
that constitute preferred policies, policy-makers need analytical assist-
ance wherever it can be provided. They need well-conceived estimates of
the prospective gains and costs of alternative courses of action, Without
such estimates, advice is bound to consist of generalities and to sound
arbitrary, or like an exhortation to do good. To say anything concrete
about the merits of, say, a particular subsidy, the costs and gains from
alternative arrangements must be estimated. To make recommendations
about a particular health program, the costs and effects have to be gauged,
albeit roughly. To choose the government investments that will contribute
most to future GNP, the impacts of alternative investments must be
measured as best we can. Systematic effort to determine preferred courses
of action is called “operations research” when applied to problems in
military or industrial operations. It is called “systems analysis” when
applied to certain broader or longer-range problems, particularly the
comparison of weapons systems, It is called “cost-benefit analysis” when
such things as water-resource developments are being considered. More
and better analysis may be useful in increasing efficiency in shaping many

® Stabilization problems and policies will be considered in Chapter g,
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government programs and policies.?! And increased efiectiveness in shap-
ing these policies means higher GNP and pgreater growth—a larger
resource base for defense and all the other activities that contribute to
the national well-being,

In the longer run, when the supplies of capital, labor, and knowledge
can be expanded, there are additional methods of increasing future GNP.
While this country would hardly attempt to control the quantity of
labor, government policies may affect the evolution of the work week
and will definitely influence the health, education, training, and mobility
of our manpower. This {orm of investment, that is, in human resources,
probably yields a comparatively high return®? National policy can also
influence the volume of private investment in capital equipment and,
more directly, the volume of public investment. Private capital formation
depends, in part, upon monetary-fiscal policies because they affect the
availability of funds, upon the size and character of the government
budget because some public spending competes with private spending and
other public spending stimulates it, upon the tax structure because some
taxes deter investment more than others, Public eapital formation, of
course, is determined hy the proportion of the budget that is devoted to
investment,

Another means of shaping economic development is by devoting more
funds to basic research and exploratory development, and, of course, by
maintaining a free economy in which the fruits of discoveries can best
be harvested. The government sponsors a good deal of research at present,
much of it as part of the national security programs, but the payoff to
the nation from still more research appears to be high. Such evidence as
adding up the direct results of a few outstanding developments tends to
support this conclusion® Although it is extremely hard to measure the
returns attributable to rescarch, the average annual return on this form
of investment has been estimated to be from 100 to 200 per cent®
Calculations have been made which suggest the same general range in
one sector of the economy, agriculture, The savings in 1950 due to im-
provements in production techniques from 1940 to 1950 have been esti-

s Roland N. McKean, Eficiency in Government ihrough Systems Amnelysis, John
Wiley and Sons, New York, 1958.

8 Theadore W. Schultz, Redirecting Farm Policy, Macmillan Co., New VYork, 1043,
pp.gi’gri;example, see The Mighty Force of Research by the Editors of Fortune, McGraw-
Hill Bock Co., Inc, New York, 1956; Yale Brozen, “The Economic Future of Research
and Development,” Imdusirial Laboratories, Vol. 4, December 1953, pp. 5-8; Allen
Abrams, “Measuring the Return from Research,” Proceedings of the Fourth Annual
Conference on the Administration of Research, University of Michigan, Ann Arbor,
1951; and Zvi Griliches, “Research Costs and Social Returns: Hybrid Corn and Related
Innovations,” Journal of Pelitical Economy, October 1958, pp. 419—431.

# This was the estimate of Raymond Ewell of the National Science Foundation-—
mentioned in The Mighty Force of Research, p. vi.



RESOURCE LIMITATIONS 43

mated at 6o to 3oo per cent (lower and upper limits) of ten vears’ re-
search and extension outlays at the 1g9zo rate of expenditure 35

A substantial amount of government activity in this sphere, particu-
larly in basic research, seems to be justified. Research that ig profitable
to the whole economy may nonetheless be unprofitable to any individual
firm, because the gains are so widely diffused. Such research must usually
be sponsored by universities, foundations, or government agencies.

There are several ways in which defense policy can itself affect re-
sources available in the future. National-security programs may have
by-product effects on the determinants of GNP, for instance, on the
employment level or the rate of technological advance. Also, the efficiency
of defense activities can influence the resources that will be available in
the future by affecting the amount that the nation can devote to invest-
ment,

SUMMARY

In the very short run (say in a military situation in which a com-
mander must use the specific forces at his disposal), resource constraints
are properly viewed as quantities of specific inputs. In the longer run,
in decisions affecting the situation several years hence, the main resource
limitations are best viewed as general monetary constraints, and costs are
best measured as dollar costs.

In conrection with longer-run decisions, the over-all constraint on the
nation’s consumption, investment, defense, and other activities can be
regarded as the nation’s capacity to produce as measured by full-employ-
ment GNP (gross national product). Only for very sudden and drastic
changes in the level and composition of such activities would it be
either helpful or necessary to think in terms of specific resource con-
straints.

GNP in the United States is likely to increase a great deal over the
coming decades, offering considerable freedom of choice in determining
the amounts to be devoted to defense (and the other categories of ex-
penditure). Moreover, national policies, including defense planning it-
self, can affect the growth of the nation’s resources,

* Theodore W. Schultz, “Agricuttural Research: Expenditures and Returns,” in The
Economic Organization of Agriculture, McGraw-Hill Book Co., Inc, New York, 1953,
pp. r11a-122. if we look at a longer period, savings in 1950 duc to improvements from
1910 to 1950 are from 130 fo 230 per cent of 4o years’ research and extension outlays
at the 1950 rate of expenditure,



4. DIVERTING GNP TO DEFENSE:
HOW BIG A DEFENSE BUDGET?

Defense expenditures in the late rgsc’s have set new records for
peacetime, outlays for military plus other major national security activi-
ties amounting to over 4o hillion dollars annually. Budgets of this size,
naturally enough, are viewed with considerable concern. Have the added
outlays in recent years purchased things that were worth the cost? Or has
spending just become a “happy reflex?”* How much of GNP should be
devoted to defense? Before we take up such questions, or try to show
how they should be approached, let us review a few points about the
formulation of the budget in the United States.

THE BUDGETARY PROCESS 2

The annual defense budget is part of the massive document, The
Budget of the United States, which the President sends to Congress each
January. An enormous amount of time, effort, and “bargaining” goes into
its preparation.

Consider the military budget for the fiscal year 1960 (July 1959 to
July 1960). Part of the work on these estimates was started ahout two
years earlier — that is, in mid-1957. At about that time?® the departments
of the Army, Navy, and Air Force began to plan for the fiscal year rgéo.
They based their figures on the force requirements and long-range plans
tentatively established at various levels in the Executive branch. On the
basis of directives from the top levels of the Army, Navy, and Air Force,
the lower levels worked up detailed programs showing the physical inputs
that would be “required.”

Next, in the spring and summer of 1958, these programs were modi-
fied, costed, and converted into departmental budgets. Early in this
period, the Secretary of Defense issued “budget guidelines” to the indi-

! Senator Paul Douglas has wondered if people are now conditioned so that their
mouths water when budget-time rolls around much as Dr. Paviov's dogs began to
salivate when a bell was rung.

ZFor a detailed account, see Arthur Smithies, The Budgetary Process in the United
States, McGraw-Hill Book Company, New York, 1955, pp. 1oi-150 and 240-256.
We are indebted to Frederick M. Sallagar of The RAND Corporation for several of
the points stressed in this section.

3 The procedures are constantly evolving, and they vary from one department to
the next; the statements here depict a sort of “average” procedure that may not be one
hundred per cent correct for any particular deparfment over any particular budget
cycle.
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vidual Services. Then the budget offices of the departments issued their
“calls for estimates,” and the various commands and bureaus prepared
budget estimates. During the summer the departmental budget offices
sent preliminary budgets to the Secretary of Defense. At this point the
Secretary discussed the fipures with the President and with officials in
the Bureau of the Budget. After some further revision, perhaps on the
basis of Presidential ceilings, the estimates were sent to the Budget
Bureau.

During the autumn of 1958, these figures were revised by the Budget
Bureau and also by the Defense Department, A series of discussions in-
volving officials in the individual departments, the Defense Department,
and the Budget Bureau took place. The Secretary of Defense, after con-
sulting with the Chief of Staif and each departmental secretary, officially
transmitted the estimates to the Budget Bureau. The latter sent its
recommendations to the President. In January 1950, the President,
having reached final decisions, submitted the official document to Con-
gress along with his budget message. (Sample exhibits, taken from the
budget for the fiscal year 1960, are shown later in the chapter.)

Finally, the stage that we usually read about in the papers was
reached. During the spring and early summer of 1950 there were the
hearings before the subcommittees of the Committee on Appropriations,
the Congressional debates, and the passage of appropriations bills for
the iiscal year rg6oc by both the House and the Senate. (At the same
time, the Services were trying to adjust their programs to make them
consistent with the revisions in their budgets.)

Thus, budget formulation is a long and complex process, and the
results are influenced considerably by the mechanics and institutions in-
volved. It is a process of hargaining amoeng officials and groups having
diverse strengths, aims, convictions, and responsibilities. Also, these
participants naturally have various “political” considerations in mind —
concerns about the impact of budgetary decisions on the success of rival
departments or officials, on the attitudes of voters, on the actions of
various groups. The effects, as far as reaching sound decisions is con-
cerned, are not all bad — nor are they all good,

Other notable characteristics of the process are oppressive deadlines
and inadequate opportunities for decision-makers to study exhibits. At
best, officials can hardly give attention to the issues commensurate with
their importance. Both civilian and military administrators have other
day-to-day decisions to make, multitudes of them, If we ask ourselves how
we would prepare or evaluate this thousand-page document or the hun-
dred-page portion pertaining to the Defense Department, we can better
appreciate the awesome nature of this task.

Moreover, there is often severe personal penalty for originating mis-
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takes yet little or no penalty for perpetuating past decisions — except in
time of crisis. Consequently there are strong forces against making “new”
decisions (in budget formulation as well as in other governmental prob-
lems of choice) except when palpable crises accur.

In brief, deciding upon the defense budget is a tremendous task that
must be performed under difficult circumstances. We cannot expect to
identify or achieve “optimal” solutions; we should have no illusions on
this score. Nonetheless, looking at the problem in the right way can aid us
in reaching better sclutions. It can help officials get better results with
existing institutions — and it may point toward institutional modifications
that can improve budgetary decision (see also Chapter 12).

BUDCET-FIRSTERS VERSUS NEED-FIRSTERS

To get the most out of the nation’s resources, we should devote fewer
biilions to national security if some defense activities are worth less to
the nation than they cost, and spend still more billions if extra defenses
would yield greater value than the other things that the money could
buy. This way of looking at the problem is not universally accepted,
however. Some persons apparently believe that the size of the national
security program should be determined in the light of cost alone. They
name some figure and say “That’s all we’ll pay, and that’s that.” Others
apparently believe that the program should be planned on the basis of
need alone. In Congressional hearings, military leaders are often asked
to reveal what they ‘“really need.” For instance, Senator Chavez told
General Maxwell D. Taylor, “We would like to know what you need and
not what the Budget Bureau thinks you should have.” * As another case in
point, Senator Ervin deplored the Defense Department’s willingness to
cut purchases below our “needs.” According to the Senator, this attitude
smacked of the economic philesophy of an old acquaintance who used
to say, “Now, good boy, if you want to get along in this world you just
have to do without the things you have to have.” S

Some simply say that the task of determining budget size has to be
done one way or the other:

In general, there are two ways in which the problem of balancing defense needs
against fiscal requirements can be approached. One way is to ascertain essential
defense needs and then see if the funds can be made available to meet them. The
other is to predetermine, as & matter of fiscal policy, a dollar limit for defense

¢ Depariment of Defense Appropriations for 1957, Hearings Before the Subcommittee
of the Committce on Appropriations, U.S. Senatle, 84th Congress, 2d Session, U.S.
Government Printing QOifice, Washington, I>.C., 1956, p. 93.

S Study of Airpower, Flearings Before the Subcommitfee on the Air Force of the
Committee on Armed Services, U.S. Senate, 84th Congress, zd Session, Part XXII,
U.8. Government Printing Office, Washington, D.C,, 1956, p. 1691.
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expenditures; and thercupon refuse to satisly any defense needs that cannot be
compressed within that Iimit.®

The truth is, however, that one cannot properly draw up defense plans
on the basis of either cost alone or needs alone. There is no budget size
or cost that is correct regardless of the payoff, and there is no need that
should be met regardless of cost.

On the one hand, there is no presumption that the defense budget is
now, or should be, near any immovable upper limit. As far as physical and
economic feasibility is concerned, national security expenditures could
be raised (within a two- or three-year transition period) by, say, $30
billion per year. With appropriate changes in tax rates and monetary
policy (see Chapter 5), this could be done without causing severe inflation.

From existing levels, in other words, outlays for defense activities
can be raised if we really want to raise them -— if we feel that we need
extra defense programs more than other things. There is, of course, a maxi-
mal amount that could be devoted to national security. It is less than
total GNP, since part must go for subsistence and supporting activities
in order to have any security program at all. But there is no magic
number like fifty or seventy-five or one hundred billion dollars which we
can stand, and above which we can’t. To be sure, the larger the budget,
the greater the sacrifice, but we cannot say, as some have tried to argue,
that taxes amounting to more than 235 per cent of national income must
inevitably bring collapse or intolerable inflation. Countries in Western
Europe have successfully borne taxes in excess of 30 per cent of GNP.

We shall not try to add to the evidence that much larger programs are
economically feasible.® We believe that we can take this proposition as
our point of departure. There are serious questions, of course (as noted
in the preceding chapter), as to whether or not extremely large programs
are politically feasible — whether or not United States consumers in
the aggregate are ever willing to cut back on consumption. Even if re-
ductions of consumption are ruled out, however, growth of the economy
of the United States would by itself permit increases in defense outlays

® Airpower, Report of the Subcommittee on the Air force of the Committee on
Armed Services, U.S. Senate, 84th Congress, U.S. Gevernment Printing Olfice, Washing-
ton, D.C., 1957, . 9.

"For example, Colin Clark took such a position, often cited, in “Public Finance
and Changes in the Value of Money,” Economic Journal, December 1945, PP. 371-389.

®0n this subject, the writers agree with many of the general conclusions in the
study by Gerhard Colm, Cun We Aford Additional Programs for National Security?,
National Planning Association, Washington, D.C., October 1953, and the subsequent
paper by Gerhard Colm and Manuel Helzner, “General Economic Feasibility of National
Security Programs,” March 1957, published in Federal Expenditure Policy for Economic
Growth and Stability, Hearings Before the Subcommittee on Fiscal Policy of the Joint
Economic Committee, 85th Congress, 1st Session, U.S. Government Printing Office,
Washington, D.C., 1958, pp. 356-364.
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up to about $ro billion per year. If we wished to do so, therefore, we
could raise the annual defense budget by $20 billion in two years’ time
without cutting aggregate consumption, investment, or civil government
programs.® To repeat, then, the defense budget is net near any absolute
upper limit.

On the other hand, there is no particular national security program
that we need in an absolute sense. As mentioned in Chapter 2, a list of
the “desirable” items that could strengthen our defense would be almost
endless. Whete does one draw the line {without reference to cost) be-
tween what s needed and what is not? There are no clear-cut “‘minimal”
needs, either for defense as a whole or for particular programs. President
Eisenhower has emphasized this point :

Words like “essential” and “indispensable” and “shsolute minimum” become
the common coin of the realm — and they are spent with wild abandon. One
military man will argue hotly for a given number of aircraft as the “absolute
minimum.” . . . And others will earnestly advocate the “indispensable” needs for
ships or tanks or rockeis or guided missiles or artillery —all totaled in numbers
that are always called “minimum.” All such views are argued with vigor and
tenacity. But obviously all cannot be right 10

Outlays for various programs can be cut if we feel that we need other
things even more. It is up to us to choose.

In brief, our national security budget is not near any physical limits
— GNP minus subsistence, on the one hand, or zero expenditures, on the
other, Also, becausze of growth, large future increases could be accom-
plished without cutting consumption. Consequently, our range of choice
is wide. Making the choice should be viewed as a problem of getting the
most out of resources, not as one of hunting for a tablet on which the
right budget, requirement, or doctrine is inscribed. In formulating de-
fense budgets we should not be “need- or doctrine-firsters” — those who
insist upon discovering what we “need” regardless of what we have to
give up. Nor should we be “budget-firsters” — those who insist upon dis-
covering what we can give up regardless of how much we value defense
activities. Instead let us be deliberate choosers, changing our budgets and
reshaping our forces as long as a change appears to gain more than it
costs. If taken literally, the questions, “What can we afford for defense?”
and “What are our needs?” are the wrong ones to ask in deciding upon
the size of the defense effort. The right question is, “How much is needed
for defense more than it is needed for other purposes?”

®The hypothetical programs discussed by Colm and Helzner, op. cit.,, do not imply
reductions in aggregate consumption.
¥ 4The Eisenhower Tax Program,” U7.S. News and World Report, May 29, 1453, p. 98.
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HOW MUCH FOR PROGRAMS VERSUS HOW MUCH
FOR OBJECTS 11

In trying to answer the above question, we should probably think in
terms of programs — that is, combinations of activities that produce dis-
tinguishable products. A governmental program is the counterpart of
an industry in the private sector of the economy — and is just as ambigu-
ous, as hard to define, and vet as useful a concept s an industry, There
is one important difference, however. In the private sector of the economy,
markets reveal prices for industry outputs, even if they are intermediate
products. In the governmental sector, there are no markets for most
outputs, and the significance of the products, especially quantities of inter-
mediate outputs, becomes especially hard to judge. To facilitate judg-
ments about their value, programs should be aggregations of activities
yielding products that can be at least subjectively appraised. In general,
we should move toward thinking in terms of programs that perform
tasks and yield end-products,’® speaking rather loosely, rather than ac-
tions that yield objects or intermediate products,

Let us illustrate the distinction between a program and an object
(we use this terminology because the Budget of the United States has
made a similar distinction between “programs” and “objects”). Certain
activities of the Air Force, the Army, and the Navy produce retaliatory
striking power or deterrence, and these activities might be grouped to-
gether and called a program. In providing deterrence, the Services use
missiles, manpower, food, paper clips, and transportation — intermediate
items which might be called “objects of expenditure.”

Several points about programs and objects should be noted. First,
decisions about the size of programs and those about the things to be
bought are interdependent. One would not make one of these decisions in
complete ignorance of the other. If the desired striking power is increased,
different types of equipment may become the most efficient means, and
if some equipment innovation appears (for example, more accurate
ballistic missiles), a different level of striking power may become the
proper choice. But to some extent these choices have to be made separately
— by different people or at different times. In making one choice we try
to make reasonable assumptions about the other.

Second, just what one means by an “end-product” or a “program” is
not unambiguous. The line of demarcation between programs and objects

" For other discussions of some of these points and of related topics, see Arthur
Smithies, espedially pp. 229277, and Jesse Burkhead, Government Budgeting, John
Wiley and Sons, New York, 1956, pp. 110-181.

¥ David Novick, “Which Pregram Do We Mean in ‘Program Budgeting’?”’ The
RAND Corporation, P-530, May 12, 1954.
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is not clear-cut. Is the Military Air Transport Service a program or
simply an activity supporting, say, the Tactical Air program? Or is even
the latter merely something to be purchased for a program that might be
called “deterrence and fighting of limited wars”? Even such tasks as
providing nuclear striking power and providing forces for limited war
have interrelationships. Neither is solely a supporting activity of the
other, yet each can influence the credibility and effectiveness of the
other. It may seem that one is driven to regard every military item and
activity as an object purchased for and contributing to one program —
national security.

Despite these complexities, officials do find it helpful to think in terms
of several programs, and there is hope of developing categories that will
be even more meaningful. After all, our only chance of pondering the
gains as well as the costs of defense budgets is to think in terms of rather
broad aggregations of activities. We cannot appraise the adequacy of the
defense budget, either subjectively or with the aid of quantitative analy-
sis, by thinking about the gains from such categories as paper clips,
petroleum, or personnel. Nor can we go to the other extreme and think
in terms of a single national security program, Such an aggregation is too
broad; we have no conception of units of “national security” that could
be purchased. But there are possibilities between these extremes — ag-
gregations of activities that produce species of end-products such as
capabilities for nuclear retaliation or for limited war. Complications and
difficulties abound, and yet for some such programs we can make judg-
ments about, or even develop quantitative clues to, their worth as well as
their cost.

Perhaps an analogy from a consumer’s budget will help clarify those
points. An individual cannot judge intelligenily how much he should
spend on a car if he asks, “How much should I devote to fenders, to
steering activities, and to carburetion?” Nor can he improve his decisions
much by lumping all living into a single program and asking, “How much
should I spend on life?” Yet it is often helpful to ask, “How much am T
willing to spend on my car-program — on transportation to work, stores,
and recreational facilities?” Although not really an end-item, an indi-
vidual’s transportation is closer 1o an end-product than fenders or
carburetors, While his car program is somewhat interrelated with, say,
his recreational program, the interrelationships do not dominate the out-
come, and he can get some feeling for the gains {rom the car, making
reasonable assumptions about the other program.

In determining the size of the defense budget, then, we should ask
whether various broad programs should be increased or decreased, and
we should keep trying to define programs about which we can make
sounder judgments. To be sure, attention should also be given to the
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detailed objects of expenditure. They help determine the efficiency with
which the programs are carried out, and much of the economics of de-
fense pertains to increasing the efficiency with which resources are
employed within defense programs. The way the Services use materials
and manpower deserves hard scrutiny — even at the highest levels. If
Congress, through the review of defense expenditures, can perceive better
ways o combine objects of expenditure or discover wasteful purchases
that can be eliminated, it should ecertainly insist upon the increased effi-
ciency.

But the objects of expenditure already get a goodly share of attention
at the Congressional level. The annual hearings on appropriations are
to a considerable extent about such matters as maintenance costs, the
utilization of surplus butter and cheese by the Services, the location of
National Guard armories, aircraft fuel and oil, travel costs, and the
location of flag officers’ quarters, Attention is attracted by things like
the 1o04-year supply of Jeep parts once held by the Services or the 11,000
dozen oyster forks owned on one occasion by the Navy.? Here we wish
to stress that the broader problem, the selection of the scale of defense
programs, also deserves careful attention. At whatever degree of efficiency
can be achieved, the question remains: Should the nation buy larger or
smaller national-security programs? Are the last increments to existing
programs worth their cost? Would further increments to particular pro-
grams be worth more than their cost ?

HOW TG APPROACH THE CHOICE OF PROGRAM-SIZES 14

To the preceding questions, we cannot provide definitive quantitative
answers, of course, No analysis can yield solutions to the problem of
choosing program-sizes that would necessarily be valid for all Congress-
men and voters. Each person’s answer depends upon how much value
he attaches to deterrence of nuclear war, to the checking of limited
aggressions, and to other products of national defense. It depends upon
his attitude toward risks and uncertainty — that is, upon whether he is
inclined to gamble or to hedge. It depends upon his valuation of side
effects or impacts that cannot be made commensurable (in any generally
valid way) with the main effects of the programs. Nevertheless, we can
devise exhibits and analyses that facilitate weighing the gains and costs
of alternative program-sizes, In deciding how much (if any) penicillin
to buy, a man with pneumonia does not know precisely how much he

®Paul . Douglas, Feonomy in the National Government, University of Chicago
Press, Chicago, 195z, p. 150. To make matters worse, it turned out that “r1o,442 dozen
of these oyster forks were of such a poor quality that, so the records showed, they
were usable only in an emergency !”

*1In various parts of this section the writers are indebted to David Novick of The
RAND Corporation.



52 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

valueg good health, how to assess the risks, or precisely what the side
effects will he; but it helps a lot to know how much penicillin costs and
what effect it has on preumonia.

Tt might be reemphasized that judgments or measurements of gains are
just as important as measures of the costs (which are reaily the alternative
gains that could be obtained if the resources were put to other uses).
We cannot make intelligent decisions on the basis of either alone, In
this section we turn first to exhibits of costs and then to the possibilities
of appraising gains, in both instances taking the exhibits in recent
budgets as points of departure. In doing this, we must regard certain
changes, such as more extensive crossing of departmental lines, as being
feasible. Crossing departmental boundaries could be achieved either by
organizational changes or by the preparation of special exhibits separate
from the main budget documents.

BREAKDOWXNS OF COST IN RECENT BUDGETS

Since 1g49 the budgetary presentations in the Department of Defense
have been improved. Proposed obligational authority and expenditures!®
have been collected into one document and put into somewhat more
meaningful categories than had previously been used.® These recent
compilations probably make possible more informed judgments about
expenditure levels than could be made in earlier years. Nonetheless, the
current presentation falls far short of being an effective program budget.
Perhaps the best way to demonstrate this shortcoming is to present and
discuss briefly a few sample exhibits from a recent budget.

The broad functional budget. To begin with, there is the broad func-
tional budget in which all defense activities are put into one huge program
called “major national security.” 17 This is indeed an end-product program,
but it is oo comprehensive — embracing all Army, Navy, Air Force, and
other national-security missions. To appreciate its cost and significance
is almost impossible. Few persons have any subjective “feel” for a
national-security capahility — that is, for the output that would be pro-

®Tn the U.S. Budget, “obligational authority” is total authority to make commit-
ments during the designated fiscal year, whether the cash is to be expended in that year
ar later on; and “expenditures” are the estimated disbursements during the fiscal year,
whether the obligations were incurred in that year or previously. We shall refer mostly to
obligational authority here, believing that it approxzimates future costs more closely than
would the scheduled disbursements.

B Far comments on the form of earlier budgets and the evolution of the current form,
see Smithies, pp. 232-237.

¥ The other governmental functions arc international affairs and finance, veterans'
services and benefits, labor and welfare, agriculture and agricultural resources, natural
resources, commerce and housing, general government, jntercst, and allowance for con-
tingencies. The Budget of the United States Government for the Fiscal Year Ending
June 30, 1060, U.S. Government Printing Office, Washington, D.C., 1959, p. Mas.
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vided, And there is little hope of ever devising quantitative measures
that would shed much light on this mixture of capabilities. To try to
sort out several less inclusive programs would seem to be a more promising
approach,

The current “performance” budgets of the individual services. The
present budget does classify expenditures into less inclusive categories
that have been called programs. (In the Budget for the fiscal year 1géo,
they are often labeled “appropriation groups.”) There are fairly detailed
exhibits in terms of both programs and objects. The classification of
expenditures by program, however, turns out to be a classification by or-
ganization unit (Army, Navy, and Alr Force) and account titlel®
though the exhibits for each account title include a few paragraphs
purporting to describe the program and its performance. Consider the
summary presentation at the front of the section devoted to the Depart-
ment of Defense. In order to conserve space, Table 2 omits proposed
expenditures and shows only proposed new abligationg,t®

Table 2, Budget authorizations and expenditures?
by major apprepriatien groups or ““pregrams’’
(millions of dollars)

New obligational guthority

1958 1959 1960
Appropriation groups® enacted estimate estimate

Military personnel — total 10,082 1I,4%3 11,625
Operation and maintenance 15,237 10,306 10,512
Procurement — total 11,054 14,524 13,348
Rescarch, development, test, and evaluation 2,258 3,464 3,772
Construction — total 2,086 1,369 1,503
Revolving and management funds 130 — 30
Total, Department of Defense 36,747 41,138 40850

» Source; The Budget of the United Stales Government fer the Fiscul Year Ending Jume 30, 1900,
D. 445.

b Amounts for these ‘‘appropriation groups’ are further subdivided into amounts for certain subgroups
and for the branches of the Service (Army, Air Force, Navy}, but the groups shown here are the basic
categories that have been regarded as programs.

Note the nature of these “programs.” Few of the items on this list
are even remotely like end-product missions, and the dollar amounts are
not the costs of achieving capabilities in such missions. Instead, the
items are collections of objects used in a variety of tasks; and the
dollar figures are the sums of selected costs from all of them. For in-
stance, “military personnel” covers officers and men for all military

** The “account titles” are the major “programs” listed in Table 2.
¥ See footnote 15 for zn explanation of these terms.
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functions. “Military personnel, Air Force” includes men for the Strategic
Air Command, Tactical Air Command, and all other Air Force activities.

How does one choose the amount that should be spent on categories
like across-the-board procurement or military personnel? Surely this
choice is made by seeking the most efficient way of carrying out end-
product programs such as achieving a nuclear deterrence force. And
efficiency within programs can and should be sought more carefully than
by pondering proposed expenditures for total personnel, procurement, and
construction. Indeed, the use of these categories is likely to cause in-
efficiency. Procurement of new missiles or aircraft oiten has special
glamor or appeal, and the Services may find that the best way to get
money is to ask for increased procurement authority. Other categories
such as military construction may appear to be relatively remote from
operational capabilities and be neglected.?® As a consequence, vital actions
such as the dispersing and hardening of our deterrent force are postponed,
and the constraints on specific objects of expenditure (like govern-
mental allocations of specific materials to firms) bring about unbalanced
inefficient operations. In short, this classification of expenditures by
account titles gives little help either in choosing program levels or in
seeking efficiency within programs.2!

It was mentioned at the outiset that current budgetary exhibits in-
clude breakdowns of expenditure both by programs (so-called) and by
objects. To make clear what these objects are and why they do not
convey useful information about end-product programs, Table 3 presents
a sample breakdown of authorizations by objects — the one for Army
personnel.

The amounts proposed for these object classes (such as travel or
transportation of things) may aid officials in locating inefficiencies;
though systematic analysis would be necessary before anyone could be
reasonably sure where inefficiency existed. Such a list of amounts can
scarcely assist anyone, however, in weighing alternative program levels.

IMPROVING THE BREAKDOWN OF COSES

The first step in trying to improve our choice of program sizes is
probably to put budget figures into categories that more nearly correspond

" A tendency to neglect construction or other investments that do not yield a quick
or tangible output is sometimes suggested by the communications underlying budgetary
guidelines, For instance, one assumption used in a memorgndum sent to the departmental
secretaries in connection with the budget for fiscal year 1955 was as fellows: “Military
public works programs will be limited to those items for which there is an immediate
operational requirement” {Study of Airpower, p. 1644).

# The budget also contains a further breakdown of these so-called programs (classifi-
cations by account title} by “activities.” For instance, obligations for Air Force Military
Personnel are broken down into amounts for payv and allowzances, subsistence in kind,
and so on. These categories are again types of objects, and they help lttle in appraising
program levels.
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Table 3. Object classification of obligations
for “Military personnel, Army,” 1960 estimate?

Obligations
i1 millions

Object Clussification of dollars
o1 Pcrsenal serviges: military 2,089
c2  Travel 172
cg Transportation of things 49
o7 (ther contractual services 13
08 Supplics and materials 233
11 Grants, subsidies, and contributions —
12 Pensions, annuities, and insurance claims 3
14 Interest b
15 Taxes and assessments 55
Total direct obligations 3,5140

® Source: The Budget of the United Sioles Government for the Fiscal Year Fnding June 30, 1560, p. 460,
& The individual items do not add up to this total because of rounding. For “grants, subsidics, and contribu-
tions,” the amount wes less than $300,000,

to end-product missions.?* Officials can make more perceptive judgments
about the importance to the nation of these missions than they can make
about the worth of categories like those listed above. Moreover, as will
be indicated near the end of this chapter, there is hope of devising useful
quantitative clues to the importance of end-product missions2® Thus,
for these programs, there would be both rough estimates of the costs and
a chance of gauging the gains.

A budget designed to show the approximate costs of such missions
would naturally have to cross departmental lines. Activities that con-
tribute to a broad military capability are seldom confined to one hranch
of the Service. Air Force activities, Naval operations, and the Army’s
role in active defense contribute to strategic deterrence, and all three
departments also contribute to limited-war capability. The sort of exhibit
that might be used to set over-all program levels is illustrated by Table 4.
In this presentation, there would be essentially three broad programs:
(1) deterrence or fighting of all-out war, (2) deterrence or fighting of

*QOne format (using the Air Force as an example) has been suggested by G. IH.
Fisher in “Weapon-System Cost Analysis,” Operations Resegrch, October 1956, pp.
568-571.

Another “pro forma budget,” also using the Air Force as an example, has been pro-
posed in Srnithies, pp. 265-277. In this format, major “programs” include forces in
being, support of forces in being, force build-up, and mobilization reserves, with the
first three broken down into strategic, tactical, air defense, and air transpoert portions.

*We use the term looscly. At best, as was pointed out earlier, ne aggregation of
defense activities yields an output that Is unambiguously zn independent end-product,
and some “programs” will inevitably comprise leftovers or aggregations that are not very
meaningful.
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Table 4. Possible format of national security budget

Proposed
force composition
(No. military units,
Frograms and sub-programs where applicable)

Expenditures im-
plied by
proposed programs

‘6o ’61 ... 04 635
Deterrence or Fighting of Al-Out War
Nuclear Striking Force (AF, Navy)
B-47
B-32
Atlas
Polaris

etc,
Active Defense (Army, Navy, AF)
Early Warning
Interceptors
F-102
Bomarc

etc.
Local Defense
Nike

etc,
Passive Defense (OCDM)
Dispersal
Shelters, Fvacuation
Recuperation Planning
Deterrence or Fighting of Limiled Wars
Ground Forces (Army, Marine)
Sea Power (Navy)
Tactical Air (AF, Navy)
Transport, Air and Sea (AF, Navy)
Military Aid to Other Countries
{Mutual Security}
Reserves for Mobilization
Military Units (Army, Navy, AF)
Defense Production (OCDM)
Research and Development (AEC, AF,
Army, Navy)
Expleratory
Weapon Systems
General Administration
Miscellaneous

%o '6r ... 64 '63
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limited war, and (3) research and development. Each of these would be
divided into component missions. Many of the latter would be interde-
pendent to a great degree (the broad programs to a lesser degree), and
the costs of one would depend in part upon the sizes of the others. Some
parts, such as a submarine force or a transport fleet, would contribute to
both the nuclear deterrent capability and the limited-war mission,

In principle, one always likes to know the incremental or exira cost
of whatever policy or program he is considering. If he considers iwo
programs and a certain item is necessary for each of them, ifs cost
cannot properly be allocated between the two. One can ask several
different questions: whether Programs A + B are worth their combined
cost (including any unallocable items), whether Program A is worth
its incremental cost, or whether Program B is worth its incremental
cost. Proper costing depends upon which of the questions is being asked.
Since preparing and digesting numerous cost estimates is itself rather
costly, however, it is uneconomic to insist on precise estimates. In the
budgetary exhibits suggested here, the costs of programs and program-
increments would be rough approximations. Joint costs might be allo-
cated among programs according to crude rules of thumb, or sometimes
assigned to one program with recognition that others were being aided.
Seme items used jointly, such as top administration, could be considered
as a separate aggregate (called, for the sake of convenience, a program).

These particular aggregations simply represent one set of possibilities.
There may be others that would be equally or more useful. It might be
better if exploratory development and weapon systems development were
explicitly regarded as separate programs (see Chapter 13), their proposed
costs never being lumped together into a single figure. Additional programs
might be formulated from the activities in the “all other” or “mis-
cellaneous” category. In a gencral way, however, Table s« does indicate
the way we should approach the choice of program-sizes and the direction
in which our budgetary exhibits should probably be evolving.2

Notice that this format would project the costs entailed by these
programs, year by year, for several vears ahead. This information (for
example, about future operating costs, which are sometimes extremely
heavy) is essential in making decisions about program levels.?® Yet

# The use of the suggested exhibits would call for, or be zided by, a number of
changes in current estimation procedures — for cxample, increased emphasis on the
use of statistical cost [actors and a shortened budget cycle, increased attention te costs
during the formulation of propesed programs (ie., prior to their translation into
budgets), improved cost analysis, and perhaps a better system of accrual accounting.
Seme of these reforms are discussed in Smithies, pp. 237-265, and in David Novick,
“Weapon-System Cost Methodology,” The RAND Corporation, Report R-287, February
i, 1056, See alsc Fisher, pp. 558-571.

* Note, however, that only costs which are genuinely entailed should be so shown.
R and D programs, for instance, do xot imply the procurement and operation of the
whole menu of weapon systems that are under development.
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conventional budgetary documents do not reveal the future expenditures
that are implied by propesed programs. Future expenditures are vitally
important whether the new programs are larger or smaller, that is, whether
our concern is with initiating new programs or with terminating old ones.
For frequently the major impact of either will be felt not in the next year,
but in the more distant future. Expenditures in the first year on a new
weapon system, for example, are likely to be a small proporticn of the
ultimate future cost of procurement and operation. Similarly, the savings
from canceling a going program are often mainly or exclusively in future
years: in the current budgetary year the costs of cancellation may equal
or even exceed any gross savings. The flexibility in the budget in any
current year, in either direction, is small compared with the possible
impact of program decisions this year on the budgets of future years.
The fact that everyone is mainly concerned with the current annual budget
is frustrating because that budget has so little “give,” and inefficient,
because it neglects the larger, hidden part of the budget iceberg.

Actually, what is needed is an exhibit similar to Table 4 for each
of several program levels. Then the Administration and the Congress
could choose among explicit, meaningful programs in deciding upon the
size of the defense budget.? When only one program level is presented,
either additions to the budget or cuts in it must be made blindly — and
sometimes with consequences that are worse than they need be, Dispro-
portionate cuts may be made in some budget categories, or supplements
may be voted to others which will buy little in the way of military
capability without corresponding increases in complementary activities.
Adjustments may require frantic and inefficient reprogramming. With
a range of alternative levels prepared in advance, adjustments could
be made by simply turning to a level that had been consciously considered
and whose elements had been balanced.

Charles Silberman and Sanford Parker, in an article entitled “The
Economic Tmpact of Defense,” 27 attempted in 1958 to calculate the costs
of, and indicate the gains from, alternative supplementary defense pro-
grams proposed by the Rockefeller Brothers Fund Report,?® the oificial
Gaither Report,?® and others. They conclude on costs: “The Administra-
tion’s defense program now calls for a rise from $43.3 billion in fiscal
1958 to $45.5 billion in fiscal 1959, with the rate of increase slowing
down thereafter. The Rockefeller program would have spending rise to

" Of course, where possible, the indicators of performance discussed below should also
be estimated and presented for each of the alternative budget levels.

¥ Fortune Magazine, June 1958, p. 102,

® International Security — The Military Aspect, published by the Rockefeller Broth-
ers Fund, Inc, 1958,

* As reported in unconfirmed press stories. The Report itself has not been made
public.
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$53.2 hillion in fiscal 1961, while the third program, as Fortune has called
it— a synthesis of the recommendations of experts who worked on the
Gaither Report and other studies — would have spending rise to $6g
billion in fiscal rg63. And still other experts urge programs that would
add up to perhaps $vs5 billion.” Unfortunately the Congress and the
public must make up their minds about the right size of defense budgets
with little official information of this sort about the costs or gains of
either larger or smaller programs.

INDICATORS OF PERFORMANCE IN RECENT BUDGETS

The next step toward improving our decisions about program-sizes is
to get better information about the outputs of alternative programs.
Budgetary presentations today do attempt to describe the product that is
being purchased. At the beginning of the portion of the United States
Budget pertaining to the Department of Defense, there is an informative
discussion of force structure and of certain military activities.

Moreover, since 1949, when the Services were instructed to submit
“performance budgets,” they have classified proposed outlays into the
so-called programs that were previously discussed, and have tried to
indicate the output or performance that would be purchased. These
indicators are not very revealing, however, chiefly because the categories
into which outlays are grouped are remote from end-product programs.
As an example, consider the paragraphs on the performance of the
“military personnel” category — one of the programs mentioned earlier
in connection with Table 2.

MILITARY PERSONNELS®

The {ollowing narrative statement covers the aciive duty appropriations for
the Army, Navy, Marine Corps, and Air Force.

1. Pay and allowances. — This provides for the pay and allowances of military
personnel on active duty including cadets and midshipmen at the three service
academies, aviation cadets, and other officer candidates.

The number of active duty military personnel provided for is shown in the
following table. The personnel in the civilian components of the Defense forces
are described under the pertinent appropriations below,

In addition, provision is made for payment for proficiency advancements to
selected enlisted personmel in critical-skill areas. ¥Funds are provided for advance-
ment of 8c,000 men by June 30, 1955, and 163,000 men by June 30, 1g6o. It also
provides for the Government's contribution to the Federal old-age and survivors
insurance trust fund under the Servicemen’s and Veterans' Survivor Benefits Act,

% This excerpt from the narrative siatement (in budgets prior to that for fiscal-year
1g6e, it was entitled “Program and Performance”) is from The Budget of the United
Stales Government for the Fiscal YVear Ending June 30, 1960, p. 459. In the published
staternent the exhibit includes the “average number” as well as the “vear-end number”
of personnel.
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YVear-end Number

Estimate
Actual
1958 1930 196e

Defense total 2,500,848 2,525,000 2,520,000
Officers 325,400 318,515 316,045
Enlisted 2,264,200 2,104,001 2,100,911
Officer candidates 10,068 12,304 13,044
Army 8g8,102 870,000 870,000
Officers 104,220 100,100 160,100
Enlisted 762,291 768,200 468,200

Military Academy
cadets 1,701 1,700 1,700

purchase of individual clothing for initial issue to enlisted personnel, replacement

of clothing issues in Korea, and for payment of clothing maintenance allowances.
2. Subsistence in kind. — This provides for the purchase of food supplies for

issue as rations to enlisted personnel including emergency and operational rations.
3. Movements, permanent change of station. — This provides for, . . .

The only parts of the above passage that convey much information
are the numbers, and, since personnel are ingredients rather than end-
products, even they are not very helpful. Sometimes, descriptions of
performance are a good deal worse, constituting merely lyrical pleas
for a program. The following example, though it pertains to nondefense
{and non-Federal) activities, illustrates the generalities that are some-
times used to describe performance:

Instead of thinking of money alone . . . citizens should hear children singing
in the spring concert, travel with the crippled child in early morning from his
home to his special unit, feel that school roofs are tight and walls are safe, see
the pupils in the corridors washing their dirty hands and drving their clean ones,
accompany in spirit the injured child to the hospital for treatment, and see salmon
fishing in Alaska with children in the fifth grade. A top performance budget paints
pictures in words that justify the expenditure 3!

Small wonder that some officials (for example, Mr. John Taber, long
of the House Appropriations Committee) prefer a budget in terms of
objects to be purchased. (With the latter one can at least try to say
something about the internal efficiency of programs.) The advantages of

¥ Harold E. Akerly, “For Better Public Relations Use a Performance Budget,” Nation’s
Schools, February 1951, p. 3%, copyright 1953, The Modern Hospital Publishing Co.,
Chicago; all rights reserved; cited in Fesse Burkhead, Government Budgeting, John
Wiley and Sons, Inc., New York, 1936, p. 138.
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a program budget are considerably reduced if the indicators of perform-
ance are uninformative or downright misleading.

IMPROVING THE INDICATORS OF PERFORMANCE

If activities are grouped into more meaningful missions, however, it
seems likely that better subjective appraisals of output can be made and
also that better indicators of performance can be provided. There is no
hope, of course, of measuring the ultimate “worth” of defense. Tt is
obviously impossible to put a generally valid price tag on the output.
The gains from program increments cannot therefore be expressed in the
same units as the costs, and the two cannot be compared in terms of a
common denominator, But there is hope of describing the product mean-
ingfully, and some ways of describing it are more meaningful than
others. Similarly, no researcher can measure the ultimate worth of a new
car to a particular consumer. But there is hope of meaningiully describing
this product, and what the car will do is a more meaningful description
to the consumer than the car’s chemical composition.

Changes in force structure. As a first approximation, force structure
for each category in Table 4 — numbers of B-52 wings, Atlas squadrons,
army and naval units of various types — would be much closer to the
end-products than the numbers of personnel or pieces of equipment.
To some extent, the quantity of wings and divisions in each category
suggests what is being purchased. Note that this information is con-
stantly used at present. Officials in the Services and in the Defense
Department are as familiar with force structure as they are with their
own names. Part of the information is published in the Budget and is
fully aired in Congressional hearings on appropriations. Even so, force
structure may not be considered systematically in conjunction with costs
as in Table 4, for costs by such military units have seldom been presented.
Long-range planning and also programming have been in terms of military
units, but budgeting (that is, translating the programs into costs) has
usually been in terms of other categories.

Numbers of wings and divisions, however, do not reveal enough about
capahilities, For one thing, force structure per se may not tell much
about the kind of capability that it provides. An augmentation of our
forces may increase our capability to strike first, but not our ability
to strike second. If so, it may help deter minor aggressions somewhat,
but as far as the thermonuclear war is concerned, it may produce negative
deterrence. Or, additional divisions may increase our ability to fight
World War II but net our strength in more likely kinds of conflict. 1f so,
they may produce small gains,

The enemy’s response, For another thing, force structure per se does
not tell us anything about the enemy’s position or about his probable
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reaction to changes in the structure of our forces, Yet what our forces
buy for us is clearly relative to the enemy’s capability and his reaction
to our decisions. This fact can hardly be emphasized enough. The pertinent
question is whether or not we are buying sufficient strength, relative to
potential enemy forces (when fairly sensible strategies are attributed to
him), to deter central war and cope with limited aggressions. We need
a higher national security budget if the potential enemy is Soviet Russia
than if it is Argentina; higher if we have no allies than if we have
reliable ones; higher if the enemy devotes 20 per cent of his national
product to the military efficiently than if he devotes 1o per cent in-
efficiently ; higher if the enemy increases his technological and industrial
capability in future relative to ours, while devoting the same proportion
to military purposes; higher if our strategy draws containment lines in
the Eastern Hemisphere than if these are drawn at our own shores.
Discussion of the appropriate size of military budgets often misses this
essential point of relativity. An increase in the absolute efficiency with
which we use resources (“more bang for a buck”) creates no presumption
that the budget can be cut when a potential enemy is correspondingly
increasing his absolute efficiency (“more rubble for a ruble”).

Thus when considering program increments or decrements, we must
try to take into account the enemy’s position and probable response. Are
our forces strong enough, and properly designed, in view of his situation
and his capabilities? If we add to our forces in a particular way, can he
easily counter our move? What deterrent capability (or ability to fight
local wars and keep them limited) will we end up with? Will our action
vield a better basis for finding mutually advantageous weapon limitations
or disarmament measures ?

For these several reasons, most simple indicators of performance,
including changes in force structure, that would be affected by program
increments or decrements are not sufficiently revealing. Fortunately, it
is often possible to indicate in more significant terms what program
increments will buy.

Changes in designated capabilities. It is possible to make analyses
comparing alternative ways of carrying out broad missions such as the
strategic deterrence mission. Such analyses seek to answer questions like:
Which combination of means yields the greatest deterrent capability for
a given budget? Capability may be measured by the destruction that
could be inflicted on potential enemies in selected (and not improbable)
contingencies even if we received the first strike. Chapter 8 will discuss
the major factors to consider in choosing policies for deterrence and
indicate the quantitative nature of the problem. Part IT will deal with
the methods and possibilities of comparing various courses of action in
planning defense. Here we wish only to point out that similar analyses
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can be devised to answer a difierent type of question: What capabilities
are yielded by different program levels? What changes in capability
result from program increments or decrements? The analyses would
by no means point to the preferred program level —but they would
give highly relevant indicators of performance,

Analysis could also provide revealing indicators of another gain from
portions of the strategic deterrence mission — namely the contribution
of retaliatory capability, active defenses, passive defenses, and recupera-
tion planning to the chance of survival in the event of enemy attack.
Analysis could give a rough yet informative picture of, say, capital,
human beings, and emergency stocks that would survive a plausible
enemy attack. These data, in conjunction with program costs, would
also help in choosing among alternative program levels,

In addition, analysis of this sort might he able to reveal what dilferent
program-levels could accomplish in the limited-war mission {another of
the broad programs listed in Table 4). Calculations might give clues to
the scale and kinds of local aggressions that could be “handled” with
alternative programs for lmited-war capability. The results would con-
stitute quantitative clues to what we could do in various plausible con-
tingencies. Obviously the outcomes of such conflicts could not be
projected with precision. Nonetheless, such clues to our capability would
be more revealing than numbers of divisions, tactical air units, and so on.

These indicators of gain would not embrace all possible effects of
program changes. There would be spillover effects on other programs.
For instance, a change in strategic deterrence capability would have some
influence on our prospects regarding limited conflicts. There would also
be other impacts not reflected in the suggested indicators of performance
—impacts on our relations with neutral or friendly nations, on the basis
for trying to reach mutwally advantageous agreements with enemy nations,
and so on. There would be further indirect effects on our economy that
will be discussed in the mext chapter, But a budget in terms oi broad
programs for which such indicators of performance could be provided
would help sort out the major implications of alternative budgets, It
would facilitate the task of weighing the costs and gains of budget
increments or decrements.

As for the research and development program, there is probably no
good way of indicating the performance that would be purchased with
alternative program-levels. Research and development activities are hy
nature explorations into an unknown and distant future. Estimating the
results of research iz even more uncertain than measuring the conse-
quences of, say, future programs for limited war. We can try to estimate
the potential gains #f certain break-throughs or developments can be
achieved, and such estimates are valuable clues in shaping research and
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development programs (see Chapter 13). Even though estimates of
potential payoff are helpful, however, tremendous uncertainties must
be recognized. Exploratory research and development often produces
quite unpredicted pavoffs. Hence, while the output of research and
development is of enormous significance to future capabilities, that output
is extremely uncertain in both form and magnitude, and there is no way
to show what a particular year’s program will produce. Judgment on
the size and character of the program must be hased largely on experience
with similar programs in the past, taking both failures and successes into
account.

It is partly for this reason that it seems to be appropriate to segregate
research and development as a separate program or programs, In a
sense it is a supporting activity, But we do not know to what extent it
will turn out to support strategic deterrence and to what extent it will
support other missions. Moreover, because the program’s objective is
to acquire knowledge rather than to carry out a well-defined task,
research and development should be managed differently from operational
missions (see Chapter 13). It is best, therefore, to regard research and
development as a separate program— probably to regard exploratory
research and development and what might be called weapon-systems
development as separate and distinct programs. But no over-all indicator
of performance in these activities (or in Administration and Miscel-
laneous!) can be provided.

Where meaningful indicators are feasible, they would have to be
separate presentations, not just a few numbers in another column of
Table 4. But they would be introduced @long with the breakdown of costs
by broad missions. Like that breakdown of costs, the indicators of per-
formance and the underlying analyses would usually have to bear a
military classification. These fools could nonetheless be valuable to
military planners, to officials in the Department of Defense and the
Budget Bureau, and to Congressional leaders.

One aspect of the gains — and costs, for that matter - that merits
a final mention is their uncertainty {a subject which will be considered
in some detail in Chapter ro). When a program increment is considered,
one cahnot see a particular outcome that is certain and that determines
a unigue set of gains. What one foresees is a number of potential out-
comes, some more likely and others less likely, but all of them quite
possible. This uncertainty makes the task of weighing gains and costs
still more formidable. Instead of the question being, “What is the worth
of this particular increase in capability?” the question is, “What is
the worth of this probability distribution of increases in capability (or
of this uncertain increase in capability) ?”’ Furthermore, since steps can
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often be taken to hedge against contingencies, another question arises:
“What is the worth of particular attempts to reduce uncertainty#”

Obviously, these questions are hard to answer. Different individuals,
given the same information about prospective gains and costs, will
answer differently. The main reason is that the answer depends upon
one’s attitude toward risk. Some people prefer a comparatively safe policy
and will give up a great deal in order to reduce the chance of disaster.
Others are willing to live more dangerously.

HOW BIG A BUDGET DURING HOT WAR?Y

If and when local conflicts break out, certain programs are likely to
seem raore important to us than had previously been the case. If the con-
flict lasts long, it will be imperative to expand certain activities. Con-
sequently the national-security budget is almost certain to rise. The
nature of the problem, however, is still the same. In order to decide how
much should be spent on national security, one should think, not just
about expenditures for objects, but about the gains and costs of having
higher (or lower) programs. The types of gain and cost to be considered,
and the analyses that would help one weigh them, are the same.

If all-out war involving unlimited objectives should occur, the
choice among alternative budget levels would probably not concern us
greatly. In the unlikely event that atomic weapons were not exchanged,
the war would be similar in many respects to World War II. The budget
would probably approach its upper limit — GNP minus subsistence and
“necessary”’ supporting activities3? During the first few years of such
a war, physical constraints (the difficulty of shifting resources from one
activity to another) rather than budgetary ones might limit the diversion
of resources to defense. In any event, the considerations discussed above
would probably not play much of a role in setting budget levels.

In the more likely event that unlimited war led to a thermonuclear
exchange, interest in budget formulation would fall off considerably!
In those circumstances, it would make little difference whether one
thought in terms of programs or of objects; and the exhibits suggested
above would have little bearing on the challenging problems of the day.

* As explained earlier, it is difficult to determine such zn upper limit, because it is
hard to define “necessities.” Somcone always insists {quite properly): “Give me the
luxuries of life, and I'll do without the necessities.” But we can say that at some
budget level, the sacrifice entailed by trying to devote more to defense hecomes enormous.



5. INDIRECT EFFECTS OF DEFENSE SPENDING

In Chapter 4, we talked about the principal direct gains and costs
of defense programs. The direct gains are such desired products as
deterrent and limited-war capabilities. The direct costs are simply the
goods and services that might otherwise be enjoyed but which must be
given up if the national security programs are to be carried out. As
indicated earlier, the values of these alternative outputs are reflected
in the prices of the inputs diverted to the defense programs. Thus, for
the purpose of budgetary decisions, the value of the foregone output is
satisfactorily measured in most instances by the money cost of the
defense programs. The direct cost of a change in the programs is the
change in expenditures that would be entailed.

In addition, however, there are other impacts of the defense budget
which may be called “indirect effects.” Some of these impacts are costs,
and some are benefits. Some are consequences which should be considered
in choosing the size of the defense budget, and some are consequences
that should mainly aifect other policies rather than defense planning
itself.

EFFECTS ON ECONOMIC STABILITY

Government expenditures —and a large proportion of them are
national security outlays— have significant effects on the stability of
the economy. In other words, government spending can make it easier
in some circumstances, and more difficult in others, to control inflation
or recession. The importance of avoiding severe fluctuations is fairly
clear. Recession can shrink actual GNP far below its potential, reducing
output and investment, generating frustration and disorder, undermining
the strength and will of our allies. Severe inflation can divert effort into
barter and uneconomic activity and result in inequities and unrest.
Since these phenomena are so important, we shall examine the possible
impacts of the defense budget on them rather carefully. As a pre-
liminary step, we shall review the general nature and causes of instability.

It should be made clear at the outset, however, that the potential
effects on stability should not dictate our defense policies. The scale
and nature of defense expenditures should be decided on the basis of
their merits as national-security measures — and should not be regarded
as countercyclical tools. This is not to say that the implications of the
defense budget for stability can be ignored. They should certainly be
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recognized, But they should be dealt with chiefly by adjusting monetary-
fiscal policies rather than by capriciously changing defense programs.

THE NATUGRE OF RECESSION AND INFLATION

As a point of departure, consider a period of comparative stability —
say, April 1955 fo April 19356 in the United States. During this time, less
then 3,000,c00 were unemployed! — a situation which we shall call “full
employment” — and the consumer-price index stayed within a narrow
range {between 114.2 and ris.0). For this situation to exist, aggregate
money demand had 1o equal the amount that would buy our full-employ-
ment output during the period at the going price level. Aggregate money
demand here comprises the total spending for goods and services by
individuals, firms, and governmental units — in short, by all spenders.

Note that this stability of the price level did not mean that all
individual prices were stable. The prices of some items were going up,
the prices of others down, because of changes in taste, technology, and
resource constraints. Along with the changes in particular prices, the
electronics industry expanded, cinema exhibition declined, some workers
left farming and some entered the construction trades, some people
moved from one part of the country to another. It was only in the aggre-
gate that employment held steady, or maintained a steady rate of
growth; and it was only in an aggregate or “average” sense that prices
were stable. That, of course, is what we want — flexibility for individual
prices to adjust and for resources to be shifted, yet no severe fiuctuations
of prices in general and no drastic drop in total employment.

Consider next what happens if aggregate money spending declines,
Here we mean, not just a shift in spending from automobiles to weapons
or from movies to clectronic gadgets, but a fall in the total volume of
spending. How might such a thing happen? Maybe houscholds cut their
consumption expenditures. Maybe individuals and firms, doubtiul about
the profits from further expansion or modernization, reduce their invest-
ment outlays. Perhaps government expenditures drop. For present pur-
poses, the specific reasons for the tightening of belts (in the aggregate)
do not matter, ‘The essential point is that, with the decline of spending,
it becomes impossible for total output in the next period to be sold at
the existing price level. Something has to give — either part of the
cutput remains unsold or prices fall.

Actually some of each usually happens, the sequence being somewhat
as follows. When aggregate expenditures begin to fall, some sellers, re-
tailers for example, find their inventories piling up. So far there are no
reductions in the prices they have to pay to workers, wholesalers, and
suppliers. The retailers have to reduce their orders. Next the inventories

* Well under 5 per cent of the civilian Iabor force.
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of wholesalers and manufacturers accumulate, and they reduce their
orders for raw materials, labor, and supplies. Because of swollen inven-
tories and idle resources, downward pressure is exerted on prices, includ-
ing those of labor and raw materials. 1t should be noted, however, that
many prices seem to be “sticky” as far as downward movement is con-
cerned, especially in recent years. Besides, by this time the belt tightening
has become far more severe because many persons receive lower incomes
or have no jobs at all, firms make lower profits or incur losses, and
everyone anticipates a continuation of this downward spiral. Thus, even
if some prices move downward (they did not seem to do so in the 195758
recession), total demand declines more rapidly than costs, and there is
widespread unemployment.

In the description just given, a decline in aggregate demand started
the recessionary process, but it need not always begin in this manner.
The same process could be set off if aggregate demand simply grew less
rapidly than full-employment output. Or, it is perhaps conceivable that
prices could be “pushed ahead” of demand by zealous labor unions and
pervasive monopoly. All that is nccessary to start recession ig for total
spending to be less than enough to buy full-employment output at the
going price level.

Suppose now that total money spending is more than enough to buy
the full-cmployment output at the existing level of prices. As before,
there are numerous possible explanations for this state of affairs. Perhaps
households increase consumption, firms expand investment, or govern-
ment spending goes up. In any event all spending units together —
families, firms, and government units — try to buy more goods than
are for sale at the going price level. Again something has to give: either
the shelves become bare or prices rise. Some sellers, say retailers, find
their inventories getting low, some buyers encounter bare shelves, The
buyers raise their bids and the retailers raise theirs in an effort to
replenish their inventories. The effects percolate through the economy,
raising prices of consumers’ goods, raising prices of raw materials, labor,
and all inputs. In this process, however, there is little change in employ-
ment, Some wives may join the labor force, a few retired persons may
return to work, and there may be a slight reduction of frictional (that
is, “between-jobs”) unemployment. But with comparatively full employ-
ment at the outset, the excess of money demand over full-employment-
output-times-existing-prices spends itself mainly in an upsurge of prices
in general

*For a more complete discussion and numerous references on economic fluctuations, see
William Fellner, “Employment Theory and Business Cycles,” in 4 Swrvey of Contem-
porary Economics, ed. Howard S. Ellis, Blakiston Co., Philadelphia, 1948,
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GOVERNMENT SPENDING; A FORCE AGAINST RECESSION, TOWARD INFLATION

Defense spending, which often amounts to 1o per cent of GNP nowa-
days, is a significant component of government and of total spending.
When government spends such an amount for national security (or for
anything else), it tends to buoy up total spending. The existence of this
demand makes a deficiency of total demand less probable. Moreover it
facilitates the application of other antideflationary measures, like the
injection of additional money into the economy.

These statements need to be explained. First, suppose that the govern-
ment’s outlays are matched by taxes on the incomes of individuals and
firms. The money is therefore taken away from private spenders in order
1o be spent on defense. Nonetheless, these outlays act to some extent
as a prop against deflation. The reason is that, in the hands of the
government, the money is definitely to be spent as called for by the
budget, while in the hands of individuals or businesses, part of the
income may be saved.? In other words, the defense effort is a component
of total demand that will not melt away even if people decide to reduce
their personal spending.

If the above assumption about tax policy is altered, the existence of
government programs makes possible a stronger antideflationary efiect.
Suppose that the outlays are matched, not by taxes, but by borrowing
from firms and individuals, The smaller tax bill leaves a larger disposable
income in the hands of the public, and people are therefore inclined to
spend more than they otherwise would. To be sure, some persons take a
portion of their cash (the same amount that in the previous case was paid
to the Treasury as taxes) and buy government bonds. In this instance,
however, these persons get bonds in exchange for their money. The bonds
are fairly liquid assets, and after the government disburses the borrowed
cash, the public holds more liquid assets than before. This encourages
and facilitates spending out of the larger disposable incomes. Hence there
is an extra stimulus to total demand.

Suppose, finally, that the outlays are matched by borrowing from
the Federal Reserve Banks or, what amounts to practically the same
thing, by the issuance of new money.* This would result in a still
stronger stimulus to total spending, for there would be an increase in

®The argument is more complex than this, mainly because there arc “leakages” from
both private and government “disposable income” (see W. J. Baumel and M. H. Peston,
“More on the Multiplier Effects of a Balanced Budget,” American Economic Review,
March 1955, pp. 140-148). Also there may be secular adjustmentis in consumption out
of income. But it is generally agreed that extra government outlays, even though matched
by tax receipts, will nearly always result in some increase In aggregate spending.

“For the sake of simplicity, we omit the intermediate case of borrowing from the
commercial hanks. The essential point is that extra government spending (unicss more
than matched by taxes or borrewing) is almost certain to be inflationary.
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the stock of money as well as a larger disposable income in the hands of
the public. Thus, the existence of the defense program acts as a guard
against recession by being a relatively firm component of total demand
and by making it easy to implement antideflationary policies.

It would be wrong to attribute a certain increment in employment to
the defense program in any and all circumstances. Whether or not the
program prevents any unemployment depends upon whether or not
deflation and unemployment are threats. Much of the time private
spending would be ample. Moreover, even if private spending slumps,
monetary-fiscal measures could stimulate it, or other forms of govern-
ment spending could increase aggregate demand just as effectively as
defense outlays. We do not have to have defense programs in order to
avoid unemployment {or to have inflation). Nevertheless, given the
existing situation, a large security budget is an antideflationary force.
This is one of the indirect effects that should be recognized.

A corollary of the preceding argument is that a large defense effort
increases the likelihood of inflation. Given the prevailing institutional
arrangements, we do not argue that the defense budget acts as an auto-
matic stabilizer. The argument is that the security program tends to
buoy up total demand and make it easier (and more tempting) to run
deficits and inject new money. This upward pressure on aggregate demand
is felt in inflationary times as well as in periods of recession. It can lead
to or aggravate inflation as well as alleviate deflation.

Perbaps some bias toward inflation is desirable. That is, we may
legitimately prefer a heightened risk of inflation in order to have a
lower probability of depression, since the losses encountered in moderate
deftation are more serious than the losses and dangers faced in moderate
inflation. Whether one considers the net effect of large defense budgets
on economic stability to be good or bad depends upon one’s attitude
toward these risks. All that will be attempted here is to point out these
indirect consequences of large defense programs.

If we were sufficiently clever at controlling fluctuations, of course,
we would always have stability, and neither government spending nor
anything else would deserve the label “inflationary force.” But it does
not appear that we have learned that much about fluctuations. We have
learned some things — that government surpluses and reductions in the
stock of money will counter inflations and that deficits and increases in
the stock of money will work against deflations.® But we have learned
little about when to take action or how much action to take in a

®Even this proposition is not universally accepted. Some persons, including well-
known public officials, believe that large government expenditures will lead to depressions
that will “curl our hair” (New York Times, January 17, 105%, p. 1). The argument ap-

parently rests on the belief that [arge budgets and/or deficits will undermine confidence
s0 much that their net effect is to reduce aggregate demand.
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particular situation. Does a slump in housing and a modest increase in
unemployment mark the beginuing of a downward spiral or just another
“rolling readjustment”? Should the government act or will this action
convert a self-correcting “roll” into an inflation? It is not easy to answer
these questions. We know litile about the behavior of expectations or
about the lags between events or actions and the resulting shifts in
aggregate demand. In short, we cannot yet shrug off deflation (or infla-
tion) as something that can easily be controlled. In these circumstances
we can legitimately say that large defense expenditures have an inflation-
ary (antideflationary} bias.

SUDDEN SHIFTS IN DEFENSE SPENDING

Thus far we have thought in terms of a relatively constant, or perhaps
steadily rising, defense budget. What if the budget is subject to violent
shifts, to sudden increases or decreases? (Indeed such shifts have occurred
several times since World War I1.) What effect would these changes have
on economic stability? Conceivably, defense spending could fluctuate
so as to have a stabilizing influence, but it is unlikely to do so, unless
the aims of national security are subordinated to those of stabilization
policy. Such a distortion of defense objectives is surely undesirable. The
value of naiional defense does not conveniently change as aggregate
demand shifts. Moreover, even if we tried to subordinate security aims
to stabilization policy, the defense program would be an unwieldy and
unreliable tool of stabilization because of the lags belween changes in
appropriations and changes in cash expenditures, In all likelihood, mark-
edly unstable defense budgets would aggravate the instability of total
demand, or, locked at in another way, would aggravate the difficulty of
formulating proper monetary-fiscal policies.

STABILIZATION POLICY TO MINIMIZE ILL FFFLECTS

As has been indicated, the possible effects of the defense program on
economic stability should be recognized — and dealt with by adjusting
stabilization policies. What kind of policies could cope best with the
inflationary pressure of a large defense program or the destabilizing
influence of a fluctuating effort?

Avoid price controls in the new defense situation. — A few words first
ahout some measures that are nof the most effective way to cope with
fluctuations in the situation that we probably face--that is, a long
period of tension and cold-war defense programs. These measures are
controls over individual prices and the rationing of commodities by quotas
rather than by prices. Such controls have not been proposed very seriously
in the United States for several years {partly because recession has been
the threat during several of those years). They deserve our attention,
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however, because some persons still regard controls as a sort of panacea,
because they will be proposed if the defense budget rises sharply or
whenever rapid inflation threatens {and because traditionally price con-
trols have been a central topic in the economics of defense),

Price controls and rationing by quotas should usually be considered
as a package. By and large, one cannot function as a stabilization
measure without the other. If price controls alone are attempted, they
soon lead to the rationing of consumer’s goods. At the controlled prices,
which are lower than those that a free market would produce, the
quantities demanded exceed the amounts supplied. Shortages therefore
develop, and empty shelves confront users whose needs are urgent. As
a consequence, unless empty-shelves rationing is accepted, further direc-
tives for rationing the items to consumers must be devised. The same
thing happens with respect to producers’ goods. Even if allocations are not
introduced initially, they will follow on the heels of price controls. With
the prices of some inputs below the market, shortages develop. Also,
productive resources flow into those uses that happen now to offer
favorable price-cost relationships. For instance, inputs tend to go into
the production of the “uncontrolled” items, even though they may
clearly be less valuable to the nation than additional quantities of the
“controlled” commodities. Further controls must then be imposed in
order to allocate materials and inputs among producers.

During World War II and in other instances of all-out mobilization,
keeping prices down by means of such controls was deemed to be the
preferable policy. During prolonged partial mobilization, however, price
controls are comparatively ineffective in checking inflation or in pro-
moting equity during inflation and are comparatively costly in terms
of lost efficiency and individual freedom. These effects of direct controls
will be examined briefly.

In a period of all-out mobilization such as World War 1I, controls
may slow down the pace of inflation, make possible the purchase of war
matériel at lower prices than would otherwise prevail, enable the govern-
ment to conduct the war with smaller deficits and injections of money,
and reduce the ultimate extent of inflation. In a period of cold war,
military budgets are relatively high, but they are not blank checks with
which to buy matériel as rapidly as resources can be shifted to the
production of military goods. (The higher the defense budget, the less
applicable the propositions stated below. They are intended to apply
when military budgets are, say, 1 te 20 per cent of GNP.) In this
situation, the size of deficits and new issues of money will not be affected
greatly by price ceilings. Controls will not significantly reduce the ulti-
mate extent of inflation but will at best only postpone part of the rise
in the price level. And during a sustained cold-war effort, the postponing
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will not be as successful as it might be during a relatively short and in-
tensive mobilization, If there is persistent inflationary pressure, black
markets and price increases will gradually prevail.

Moreover, price controls will not in these circumstances do much to
relieve inequity, the consideration that often lies behind the desire for
price controls. Inflationary pressures may create opportunities for the
clever or lucky to gain at the expense of others, without creating any
new prods to production. This is a legitimate argument against inflation
but not necessarily for its suppression by means of direct controls. For
this method of countering inflation does not prevent fortuitous or con-
trived gains. In the main, it simply makes these gains available to a
different group of clever or fortunate persons.

What is perhaps more important is that direct controls themselves
produce inequities. Under rent controls, for example, instead of each
family weighing the urgency of its demand for an apartment and adjust-
ing its bid, an administrator must weigh the urgency of competing claims.
However good the intentions of administrators, crude rules of thumb
are inevitably adopted. For instance, people who aiready occupy apart-
ments stay on at below-market rents, with the result that bachelors
occupy three-bedroom apartments while whole families must crowd in
with their in-laws. In the handing out of valuable goods of any sert-—
television licenses, tobacco-acreage quotas, or airline routes — the choice
is so complex that inequitable rules of thumb must prevail. Even the best
of authorities cannot allocate valuable privileges in a way that is notable
for #“fairness.”

One of the costs of controls, and over a prolonged period of prepared-
ness it could be a heavy one, is logs of individual freedom, For direct
controls reduce the extent to which people make their own choices in
the light of relatively impersonal constraints. Whether or not a person
gets an apartment, gquota, or permit is defermined in part by the personal
decisions of government officials. These controls move the economy away
from competition to satisfy a comparatively impersonal market toward
rivalry to please particular office-holders, Tt may help one perceive the
effects if he imagines the quarrels, bribes, and frustrations that might
occur if the government controlled the weather® To be confronted with a
market price gives a person more choice than to be confronted with a flat
prohibition or fixed quota, We may want government to guide the dispo-
sition (sale) of certain goods, but discretionary allocations proliferate
a kind of power that we generally like to avoid — the power of govern-
ment officials to grant or deny important favors — and lessen the scope
of individual freedom,

®G. L. Schwartz, “Planning and Econcmic Privilege,” The Manchester School, X1V,
January 1946, 53-71.
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This loss of freedom not orly is undesirable in and of itself but also
may have further undesirable impacts on incentives and growth. If
freedom of choice is sufficiently hampered, it can conceivably bring wide-
spread frustration, resentment, and loss of incentives. Giving up the
flexibility of the market can generate a bias in favor of the status quo,
impairing future growth. Consequences of this sort may seem rather
far-fetched in the United States, but the possibility of such things
happening in “small amounts” should be recognized.

Finally, one must consider the cost of direct controls in terms of
their effect on the efficiency of resource allocation. During a prolonged
partial mobilization, it is unlikely that allocations and qliotas will work
as well as freely moving prices in allocating resources among uses.” All
prices cannot be successfully fixed, and distortions of relative prices
occur. {Even if all prices were fixed simultaneously and correctly at
first, they could not respond promptly to changes in circumstances, and
distortions would soon develop.) The maladjusted price structure induces
firms to put resources into the wrong uses. These effects of controls have
been recognized to an increasing extent by Socialist economists s

There is no point in exaggerating the inefficiency that direct controls
bring. Democratic countries such as Great Britain and the United States
have indulged in such controls and survived! The Soviet Union has
applied direct controls for many years, managing nonetheless to expand
heavy industry and defense production enormously. The Soviet Union
has experienced the kinds of difficulties mentioned above, but has achieved
its main ends anyway by diverting resources from consumption to defense
and particular forms of investment. Thus the use of direct controls is
not fatal. Indeed, for rapid and drastic mobilization, certain direct con-
trols may be better than the practicable alternatives? particularly in
countries that do not have a vigorous competitive framework. But there
is much support for the view that other means of dealing with price-level
inflation are better in the kind of defense situation that probably lies
ahead — namely, perpetual partial mobilization.X

"Of course, Irecly moving prices will perform this task only if purchasing power is
given to the defense department. That is, if the government is unwilling to hid for
weapons, freely moving prices will not lead resources into defenge production.

® Within the USSR, for example, debates have been taking place in recent vears
about the defects of certain controls and about the possibilities of employing prices morc
effectively in the future. R. W, Davies rcports on part of this debate in “Reports and
Commentaries: Industrial Planning Reconsidered,” Soviet Studies, VIIi, April 1957, pp.
426-435.

®For a variety of views on this question, see Aaron Director (ed.}, Defense, Con-
trols, and Inflaiion, The University of Chicago Press, Chicago, 1952, especially pp. zoz—
253.
¥ See, for example, Bernard F. Haley, “Are Price Control and Rationing Necessary #?
American Economic Review, Papers and Proceedings, XL, May 1950, pp. 109-208; Arthur
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Nor would the regulation of individual prices and outputs be the
preferred policy if there should be deflation associated with an unstable
defense program. We may still encounter severe recessions, and it may be
tempting to keep particular prices up by issuing edicts, by destroying
output, or by restricting production through devices like the NRA of the
1930’s. Such policies are ineffective in checking general deflation, in-
equitable in distributing aid among producers, detrimental in limiting
freedom of choice, and pernicious in their effect on efficiency. To sum
up, direct controls are not well suited to minimizing the possible destabi-
lizing impacts of defense outlays during a Jong cold war. We shall turn
next to some measures that are better suited to this task.

Adopt a suitable monetary-fiscal framework. Perhaps a minimum set
of measures is one that would make the federal budget into an auto-
matic stabilizer. This set of policies would not remove the possibility
of wide fluctuations but would almost certainly work in the right direction,
that is, toward the damping of fluctuations, These policies would comprise
several parts,!

The first would be to set government outlays on geods and services
solely on the basis of their merits in comparison with private consumption
and investment. They would neither be cut as revenues fell, nor increased
as a deliberate effort to counteract fluctuations. Unless tastes or technology
changed considerably, the budget for goods and services would be rela-
tively stable. The second policy would be to set the rules governing
transfer payments, The terms under which assistance was to be granted
to the needy or unemployed would be stable, but the amount paid out
would increase during deflation and decrease during prosperity. These
variations would occur beécause assistance to the unemployed, social
security benefits to older persons who retire from the labor force, and
payments to farmers would go up as distress due to recession increased.

The third element of this minimum program would be to set tax rates
and exemptions so as to balance the budget (approximately) when high
levels of employment occurred. It is assumed that the personal income tax
miscal Aspects of Preparedness for War,” American Economic Review,
XXXIX, May 1945, pp. 356-365; Tibor Scitovsky, Edward Shaw, Lorie Tarshis, Mo-
bilizing Resources for War, McGraw-Hill Book Co., Inc., New York, 1951, pp. 1I10-133;
or the Cabinet Commitiee on Price Stubility for Economic Growth (Richard M. Nixon,

Chairman), “Interim Report to the President,” mimeographed release dated June =29,
1659,

U These measures are similar to various long-advocated suggestions for using the
budge: as a partially automatic stabilizer. Probably ilie best-known proposals were ad-
vocated by the Committee for Kconomic Development, originally in the policy state-
ment, Tuxes aud the Budget: A Program jor Prosperily in a Free Economy, The Com-
mittee for Economic Development, New VYork, 1947. See also Milton Friedman, “A
Monetary and Fiscal Framework for Economic Stability,” Awmerican Economic Review,
June 1948, pp. 243-264, reprinted in Essays in Positive Economics, University of Chicago
Press, Chicago, 1933, Pp- 133-156.
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would yield a major portion of the revenues and that the tax structure
would be progressive. This arrangement would imply, on the one hand,
an increase in tax rates if the nation decided to expand government
activities (either purchases of goods and services or the program of
transfer expenditures). On the other hand, tax rates could be reduced
if government programs were cul. For any given set of programs, the
tax structure would be fixed. Tax receipts, however, would decline in time
of recession because of the fall in taxable incomes, and rise during
inflation because of the rise in taxable incomes.

A fourth element of this plan might be to eliminate capricious changes
in the stock of money. To do this, the monetary authorities could follow
a definite rule to offset all changes in the money supply except increases
corresponding to federal deficits and decreases corresponding to surpluses.
If an antideflationary bias was desired, taxes could be set so that a
moderate deficit would occur at a high level of employment,!? thus
providing a specified secular increase in the stock of money. In these
circumstances, the supply of money would change, increasing by the
amount of the deficit or decreasing by the amount of the surplus, but
it would not change capriciously. The monetary authorities would issue
or retire net amounts of money as indicated, engaging in open market
operations so as to offset all other changes.

Notice how this arrangement (which existing institutions are begin-
ning to approximate} would operate. It would automatically generate
surpluses during periods of inflationary pressure, because tax receipts
would rise and transfer payments would fall. These surpluses would
siphon off part of the income stream and also reduce the stock of maoney
in circulation, reducing aggregate demand below what it would otherwise
be. During periods of recession, the arrangement would automatically
generate deficits, because tax receipts would fall and transfer payments
would rise. These deficits would expand the income stream and also
increase the stock of money. And, the more severe the recession, the
greater the deficit.

It was indicated above that monectary-fiscal policies of this auto-
matically-stabilizing type are a minimum program for dealing with
fluctuations and alleviating the possible destabilizing effects of defense
budgets. Many economists believe that we can do better by supplementing

¥ As the economy grows, a gradual expansion of total spending and of the stock of
money might be required just to prevent a falling price level. This should be the goal
according to some, e.g., The Cabinet Committee on Price Stability for Economic Growth.
Others urge that a moderate degree of inflation would be desirable, e.z., Sumner Slichter,
“Thinking Ahead: On the Side of Inflation,” Harvard Business Review, Scptember-
October 1957, p. 15 3f. All agrec, hawever, on the desirability of avoiding severe infla-
tian.
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automatic stabilizers with discretionary adjustments in taxes and ex-
penditures. They argue that neither method completely avoids the hazards
of forecasting, because some sort of forecasting is necessary in devising
either set of actions, and point out that discretionary adjustments would
make possible the use of additional, later information® Also most
stabilizing budget schemes can by themselves only “cushion,” not reverse,
a change in aggregate spending — amounting thus to “built-in tran-
quilizers” 1# rather than built-in stabilizers. We are very likely to need
additional action when severe fluctuations occur.

For instance, what if the automatic corrective influences were not
strong enough, and large expenditures pushed us into a serious inflation,
or a slump in aggregate demand produced a severe deflation? If deep
recession or violent inflation occurred, additional measures that work in
the right direction might be easy to prescribe despite our inadequate
knowledge of quantitative impacts and their timing. To counteract
severe deflation, larger deficits maiched by larger issues of money (not
the destruction of crops or restriction of output) would be called for.
To counteract serious inflation, larger surpluses matched by decreases
in the stock of money (not direct controls) would be the preferred means.

As we know from previous war-time experience, it is difficult to raise
taxes enough to offset extremely high defense outlays. If monetary-fiscal
actions could not cope with inflation, the next-best device would be
“expenditure rationing.” 1® Generalized purchasing power rather than
particular commodities would be rationed. In effect, 2 new form of money
or spending power would replace the old, at least temporarily. The total
amount of the new purchasing power would be less than the old and
might be rationed in a more desirable manner, Total demand would
then be limited and channeled to the buyers whose wants were to be
met, yet individual prices could guide firms to an efficient use of resources,
and considerable freedom of choice would be left to individuals. Thus
this device, too, is a means of manipulating aggregate demand (though
it is considerably more complicated than the monetary-fiscal measures
described above). And, generally speaking, the manipulation of aggregate
demand is the preferred method of alleviating any destahilizing effect
of cold-war budgets.

" See Walter W. Heller, “CED’s Stabilizing Budget Policy After Ten Years,” dwmeri-
can Economic Review, Scpiember 1957, pp. 634-631.

" Ibid., p. 645.

% One such proposal is described in M. Kalecki’s article, “General Rationing,” Studies
in War Economics, prepared at the Oxford University Institute of Statistics, Basil Black-
well, Oxford, 1947, pp. I37-141. A more complete scheme for expenditure rationing was
suggested by A. P. Lerner in an unpublished paper, “Design for a Streamlined War
Economy.” Ancther proposal is discussed in Scitovsky, Shaw and Tarshis, pp. 145-257.
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a mullionaire, In this scheme, the prevaiimg tax rates would apply to incomes ot less than
a million dolfars per year, but the tax bill would drop to zere for thosc who had incomes
of a million dollars or more!
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lack the necessary knowledge, We do not know enocugh about people’s
preferences to gauge very accurately the effects of various tax structures,
Also, there are conflicting objectives and ethical convictions that may
make a tax policy which appears desirable from the point of view of
incentives completely impractical from a political point of view.

Ii it is low enough, of course, almost any kind of tax is innocuous,
but if it is high enough, any practicebie tax is likely to distort and other-
wise adversely affect incentives and the functioning of the economy. It
seems likely, for example, that taxation on the scale and of the type
retained in England after World War II had serious disincentive efiects.
Moreover, these indirect costs are, past a point, a sharply increasing
function of budget size. Resolution and ingenuity can push that point far
higher than anything we have experienced in peacetime — if need be.
But the higher, the harder. For United States budgets in effect in the
late 1950’s, the indirect burden of taxes would appear to be smali2®
Budgets twice that size, however, might entail significant indirect costs.

Note that in order to design taxes so that they will not impair incen-
tives, it may be necessary to sacrifice “equity.” For example, to lower
tax rates on increments in income relative to the average rate, it is
necessary to make the tax siructure less progressive. The majority of
people apparently regard a less progressive tax system as a less equitable
one. Be that as it may, we need to reexamine our concepts concerning a
good tax system. Beliefs regarding the best compromise between the
claims of equity and of efficiency which were formed in a period when
government budgets were low may no longer be applicable in a period
when budgets are consistently high. The Soviet Union has been able to
minimize disincentive effects by more or less propertional taxes on con-
sumption of a type which would be inconceivable in the United States.
Western countries may nonetheless be willing to trade some progressive-
ness in tax rates for an extra stimulus to incentives,

Similar conclusions apply to the effect of higher taxes on the efficiency
of resource allocation. It is possible to conceive of a tax structure such
that higher taxes do not distort the allocation of resources. If taxes were
on incemes alone or impinged to the same extent on the costs of all
items, higher taxes would not lead to inefficient forms of business organiza-
tion, to inefficient methods of production, or to the production of un-
economic items. Again, our knowledge (for example, of the incidence of
taxes) is insufficient; political constraints greatly influence the design
of tax measures, and conflicting objectives often figure in the formulation
of tax policy, In practice, therefore, we should probably count on seme

= Perhaps it should be noted that special treatment of capital gains kes provided an
epportunity for many persons to get increments in income taxed at relatively low rates.
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distortion of resource allocation if taxes are raised drastically, even
though we can certainly improve the design of our tax system.?!

EFFECTS OF HAVING GOVERNMENT DO OUR SHOPPING

Even without the imposition of direct controls, government purchase
of a much larger proportion of the nation’s output can have some un-
desirable consequences. The preater the extent to which government does
our shopping for us, the smaller the scope left for competition and freely
moving prices to guide production. As a result, producers might operate
less efficiently, at least in producing nonstandard items, than when pro-
ducing for private customers. More specifically, government contracting
on a huge scale might becloud objectives and sap incentives in private
production, not because of a lack of good intentions, but as a result of
the sheer complexity of government aims and practices in procurement 22
For example, cost-plus-fixed-fee production contracts, while they may
occasionally be the best practicable arrangement, invite inefficiency.
Consider also the effect of security regulations, however necessary they
may be, on employee efficiency and on technical communication among
military research and production contractors. Consider the effect of
government personnel regulations and practices upon efficiency within
government agencies and over the wide economic sectors these agencies
control or influence,

Also, the manner of awarding contracts sometimes stimulates the
wrong achievements. Thus, if the maintenance of a stable aircraft indus-
try is overemphasized and contracts apportioned so as to protect each
company from financial failure, the inefficient firms may be able to
count on abaut the same rewards as the efficient ones. As for research and
development, each firm can then move forward by just keeping in step
— by coming up with designs that are only marginal improvements over
their predecessors. Such contracting practices are unlikely to yield either
efficiency in production or boldness in development. Too much emphasis
on a stable industry gets our objectives mixed up. The situation is like
the fox-hunt to which one hunter brought a female dog. The dogs got
off to a fast pace, and it looked like a fine hunt — until someone noticed
that the fox was running fifth. Over-all effectiveness, particularly in re-

B For discussions of tax policy, see Federal Tax Policy for Economic Growth and
Stability, and U. K. Hicks, “Direct Taxation and Economic Growth,” Gxjord Economic
Papers (New Series), VIII, October 1936, pp. 302-317.

®For a survey of these problems and possible improvements in procurement methods,
see the Commission on Organization of the Execulive Branch of the Government, Task
Force Report on Military Precurement, US. Government Printing Office, Washington,
D.C, 1933.
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search and development, will be “running fifth” if contracting practices
reward the wrong type of activity,*

Describing these indirect costs — inflationary pressures, the costs
of direct controls if they are used, the indirect burden of taxes, the side
effects of having government do more of our shopping — may give a mis-
leading impression. It may convey the idea that we know the quantitative
significance of these indirect costs and that they are bound to be disas-
trous. Neither of these things is true. There are circumstances in which
quite high budgets accompanied by high taxes and some inflation have
positive, or at least no dcleterious, effects. No one comparing the United
States economy of the thirties with that of 1045-1050 can fail to be im-
pressed by the gain in strength and vitality, Was this gain in spite of,
rather than because of, the one hundred billion dollar military budgets of
World War II and the fifty biflion dollar budgets following the Korean
War? Doubtless in some sense the angwer Is Yes: still greater prosperity
could have been achieved by other means involving smaller long-run
economic risks. But as a practical matter, the other means were not
found or applied. Tn any event, nations are not ruined by small doses of
inflation, by the {emporary use of price controls, by considerable increase
in government “shopping,” or by fairly heavy taxes.

We need a better understanding of these economic problems and of the
implications for military budgets and for the whole complex of related
domestic economic policies. Tn the meantime, et us not be so bemused by
good but incomplete economic theory about these indirect costs that we
run undue risks with national security 2

OTHER INDIRECT BENEFITS

Finally we should recognize that defense programs produce some in-
direct gains (in addition to serving as a guard against deflation). There
are numerous spillover benefits to private sectors of the economy. The
construction and maintenance of certain facilities —-such as highways
that are built for defense purposes or sea and air navigational aids — help
the transportation industry to cut costs or provide improved services.

2 For a discussion of possible improvements in the drawing and awarding of con-
tracts, see Chapter 12 on “Institutional Arrangements to Promote Efficiency.”

#*For vicws similar to those expressed in this section, see The Problem of Nationul
Security, A Statcment on National Policy by the Research and Pelicy Committee of the
Committee for Economic Development, July, 1938.

# The benefits discussed here are “technological,” not “pecuniary,” spillovers. That is,
these benefits improve private firms’ physical production pesgibilities, enabling them to
get greater outputs from given inputs (or to achieve a given output with less input}.
In contrast, the purchase of uniforms bestows a “pecuniary” gain on the textile indus-
try, but it represents merely a shift of demand and profits from other industries {{rom
whom the taxpayers would otherwise have bought goods).

¥
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The purchase of airplanes and ships, by increasing the scale of operations
in these industries, makes it possible for airlines and shipping companies
to get their equipment at lower cost. This happens because shipbuilding
and aircraft manufacturing are “decreasing cost” industries over the
relevant range of output. Within this range, the larger the output of a
particular model, the lower its unit cost; and the larger the scale of aper-
ations in general, the cheaper certain inputs are for any additional models.

Education and training are parts of the defense program that yield
spillover benefits to individuals and firms, The “G.I. Bill” was a major
stimulus to higher education and to many types of vocational training.
In all likelihood, ihe military Services will continue to offer similar,
though less extensive, educational opportunities. Such investment in
human resources probably vields a large payoff to the nation {see Chapter
3). In addition to sponsoring education in this fashion, the Services give
new recruits various kinds of training that is valuable even if the men
feave the service. The training and seasoning of flyers provides a pool of
skilled, experienced pilots that is available to the zirlines. The airlines
and the users of their services are thereby benefited and national income
increased. Similarly, the training and seasoning of jet aircraft mechanics,
electronic speciulists, and a host of other technicians yield spillover bene-
fits to the private economy 26

The defense program gives a fillip to investment in education in still
another way. The increased demand for scientists, engineers, electronics
experts, and skilled technicians, stemming from both military operations
and military research and development, is causing extra Investment in
sclentific skills. In all likelihood, this investment will prove to be a
profitable one from the standpoint of the whole economy (as well as
that of the individuals), Even if the military’s demand for these skills
subsides, this scientific training and experience will be valuable to the
nation.

Perhaps the most Important of these indirect gains, however, are the
spillover benefits from military research and development. Some of
these benefits are obvious. The development of a good transport plane
for the military can lead directly to improved civil aviation.?” Some
of the indirect benefits are less obvious. For instance, 2 Crane Company
official has pointed out: “What were once government specials are now

# This is not to say that the provision of such training by the military Services is
an oplimal policy. It would probably be more efficient for the economy as a whole
and less expensive to the Defense Department, if the Services hired men who were
already partially trained, just as they now hire doctors and dentists who are already
trained. Buf, given the present recruitment and training policies, we should recognize
the spillover benefits that accrue outside the Defense Depariment.

“ Sce Cralg Lewis, “Air Force Tests Turboprop Reliability,” Awiation Week, April
29, 1957, pp. 50-01.
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standard products, such as the chlorine valves we originally developed
for chemical warfare.” 28 New ideas resulting from research are likely to
have numerous and unforeseen applications.?® Military research and
development led to such items as silicon transitors, improved anti-motion-
sickness drugs, and new flame-proofing for fabrics. Special rockets may
be useful as emergency brakes for trucks. Even the immense costs in-
curred in the development of the atomic bomb may eventually prove
worthwhile on strictly nonmilitary grounds. Knowledge of space will no
doubt provide nonmilitary gains that cannot at present be foreseen.

In fact, the spillover benefits from research and development by
themselves may make it economical to increase this type of defense ex-
penditure (or to stimulate research in other ways). A well-conceived re-
search and development program has a double payoff — beller weapon
systems, on the one hand, and a bigger resource base, on the other. The
Russians are undoubtedly devoting a much larger proportion of their
scientific and technical resources to military work than we arc. Moreover,
they appear to have almost as many scientists and engineers as we do and
to be training new ones at a somewhat faster rate and of no lower quality.
This rate may be more significant for future defense postures than the
rate at which they are currently expanding their capacity in basic indus-
tries.

All this is not to say that these indirect benefits could be achieved
only by means of national security programs. In a world where large
defense outlays were unnecessary, other government policies or private
actions could produce these extra gains (education, advances in the state
of the art) more directly and effectively. Tt is to say, however, that in
this world where large defense budgets must be considered, we should
recognize the indirect benefits as well as the costs, both in deciding the
size of the defense budget and in determining other relevant public
policies,

BaWho Wants Defense Work ?” Business Week, May 18, 1087, p. 91. Quotation re-
printed by permission of publisher.

2 For many specific examples, see Herbert E. Striner, Richard U. Sherman, Jr., Leon
N. Kuaradbil, Alexander Sachs, Margaret H. Tupper, and Sidney G. Winter, Jr., Defense

Spending and ihe U.S. Economy, ORO-SP-37, Operations Rescarch Office, Vol. I, June
1958, pp. ib-2g, and Vol. II, May 1938, Appendices B, C, and D.



6. THE ECONOMIC STRENGTHS
OF THE MAJOR POWERS

b Part T we have discussed limitations on resources available to a
nation and the choice of the amount to be spent on defense. We stressed
how one should think about this problem of choice by trying to weigh
gains against costs instead of being either a “budget-firster” or a “doc-
trine-firster.” In this connection, interrelationships between a nation’s
choices and the enemy’s policies, and the interdependence among defense
programs (that is, the fact that the worth of one program often depends
upon the size and nature of other activities) are important. Also, the
nossible indirect effects of defense (or other governmental) spending
should be recognized, To conclude Part I, we shall call attention to a
few facts about the economic strengths and potential defense budgets

of some major powers,

PROBLEMS OF INTERNATIONAL COMPARISONS

As argued earlier, gross national product (GNP) is a useful indicator
of a nation’s basic strength - one that is more significant, for purposes
of looking several years ahead, than a long list of specific resources.
Consequenily, in appraising the strengths of the major powers, we shall
he concerned mainly with their potential GNP’s and plausible defense
budgets that could come from those GNP’s. In order to convey any mean-
ing, these GNP’s and budgets have to be expressed in terms of the
same monetary unit. It conveys almost nothing to say that the Soviet
Union’s GNP was 1,104 billion rubles in 1935 while that of the United
States was 390 billion dollars. Hence these amounts for the various nations
have been converted to 1955 dollars.

At the same time, the uncertainties about these figures must be
recognized. No formal way of taking uncertaintics into account can be
prescribed, but wise interpretations and decisions are not reached by
ignoring them. It is advisable therefore to review some of the difficultics
of international comparisons.

First of all, even though gross national product is a good indicator
of a nation’s strength, it cannot reflect all aspects of the resource base
from which defense capability must come. Moreover, these are aspects
that can vary from one nation to the next. Among the obvious exampies
are the possible strengths and weaknesses of political institutions. Also
GNP does not reflect the advantages of certain locational and geographic
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features. Perhaps we should stress too that indicators of basic strength
are not proportional to potential military capability. The poorer nations
have greater difficulty than the richer ones in sparing a given percentage
of their output for defense, and the democratic nations may have greater
political difficulty than autheritarian countries in diverting resources to
defense.

In addition, there are conceptual difficulties in measuring GNP that
impair to some extent its significance and its comparabiiity s among
different nations. These difficultics were referred to in Chapter 3, but
they deserve special emphasis when making international comparisons.
There is a problem, for example, in determining just which outputs are
“final” products and which are “intermediate.” Are statistical services in
government final outputs or merely intermediate products that are used
in the production of subsequent final goods? For the appraisal of one
nation’s strength or growth, the answer to this question may not matter
much, but when comparing the strengths of various nations, it becomes
important, since all countries do not follow uniform measurement prac-
tices. There are also problems in deciding how many ‘“do-it-yourself”
activities are to be counted in the gross national product. One nation may
include few housekeeping services in GNP, because they are performed
at home, while another nation, in which a higher proportion of wives
work outside the home and hire various tasks done, may count a large
portion of such services. (In their official estimates of “gross product,”
Eastern European countries include only the output of material goods
and “productive” services, excluding all personal and government serv-
ices.)

Even after we adjust or accept the estimates expressed in domestic
currencies, we face the extremely serious problem of comparing them.
What we wish to do in comparing the GNP’s of two countries is to com-
pare the baskets of goods that can be produced in the two economies,
The usual (and frequently the only practical) way to do this is to value
the goods and services produced in each country in the prices that prevail
in one of them. The resulting index of relative GNP's would be different,
of course, if prices in the other country were used as weights.

It might be noted that a similar procedure is used when GNP’s of
one nation are compared for different vears. The goods and services are
valued (in other words, weighted) by using the prices that prevailed in
one of the years, The indexes would be different if the prices of a
different year were used as weights.

In both instances the so-cailed “index-number problem” confronts us.
The results help show capacities to preduce, given that particular set of
weights, but do not reveal capacities in other circumstances. There is
little assurance, moreover, that relative prices in the United States are
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appropriate weights to attach to the output of the Soviet Union. At
minimum, therefore, it seems advisable to compare two sets of indexes for
any pair of countries: one set using the prices of one country as weights,
the second set using the prices of the other country as weights.

When United States GNP is the base, this procedure is tantamount to
converting GNP’s of other nations into dollars by using “purchasing
power equivalents,” that is, ratios showing the amounts of the other
currencies having the same purchasing power as one dollar. The pro-
cedure is tantamount to this because it implies such purchasing power
equivalents even if they are not directly used in the calculations. For
example, calculating the indexes described previously for France and
the United Kingdom would imply certain franc-dollar ratios and pound-
dollar ratios. For the sake of convenience, therefore, we shall refer to
this procedure as converting GINP’s to dollars by using purchasing-power
equivalents.

One study of international comparisons which will be used a good
deal in this chapter followed this procedure in comparing the GNP’s
of the United States and selected European countries.! In these calcula-
tions, for example, the United Kingdom’s GNP in 1955 was estimated to
be from 16 per cent of United States GNP (using European relative price
weights) to 20 per cent of United States GNP (using United States rela-
tive price wecights)? Note that the results consist of two percentages,
not a unique percentage, The range covered by these two does not
necessarily embrace all the relevant possibilities, but it reflects some of
the most important ones.

Another way of comparing GNTP’s is to convert them to a common
currency by means of prevailing exchange rates. For the United Kingdom,
this method would have indicated a 1955 GNP amounting to only 13
per cent of Urited States GNP (at the exchange rate of $2.80 per pound
sterling). Although exchange rates have often been used for such con-
versions, the procedure has serious shortcomings. In order for conversion
by exchange rate to reflect output correctly, the ratio of the internal
purchasing powers of the currencies would have to equal the exchange
rate. And for this to be true, there would have to be a state of long-run
equilibrium, no trade barriers, and the same price ratios for domestic
final goods as for internationally traded goods. Because these conditions
are unlikely to exist, the use of exchange rates is somewhat hazardous.
Even so, if used cautiously, conversion by exchange rates has some use-
fulness for broad appraisals of economic strengths. Later in this chapter,

*Milton Gilbert and associates, Comparative National Products and Price Levels,
Organisation for European Economic Cooperation, Paris [no date].

2fbid., p. 86. These percentages were calcultated from the comparative GNP’s that
arc shown in the source,
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GNP’s will be converted to dollars by means of exchange rates in a few
instances.

Probably the main thing to avoid is any notion of certainty (which
the usc of conventional exchange rates might foster) about GNI’s that
are translated into dollars. Because of the difficulties of international
comparisons, there is no estimate for any country that is ¢he correct one,
Partly in order to keep readers aware of this fact, we make use in this
chapter of ranges rather than of unique estimates. Tt is believed that
these ranges will “bracket™ the plausible possibilities and give emphasis
to the extent of the uncertainties.

Similar difficulties hamper the comparison of defense budgets, most
of which are also shown here as ranges. First, the amounts to be spent
on defense do not embrace all aspects of a nation’s military capability.
Geographic and climatic features that give one nation a strategic ad-
vantage do not appear in its budget. Political institutions, which trouble
the comparison of GNT’s, may still further complicate the comparison
of the resources devoted to national security. For instance, democratic
methods are an aspect of the resource base that may be relatively con-
ducive to general strength and well-being vet not necessarily conducive
to military superiority in the nuclear era. Morale in military activities
does not show up in the budget, nor do such critical items as diplomatic
and hargaining skills.

Second, the amount devoted to defense may not correctly reflect the
purchasing power of the defense budget. The purchasing power of a
country’s currency, in relation to other currencies, may be larger in
defense than it is in consumption, The defense budget of the Soviet
Union in comparison with that of the United States is the outstanding
example. Because of pricing practices, lower wage-rates, or perhaps greater
efficiency in certain activities, a ruble purchases more relative to a dollar
in heavy industry and defense than it does in other sectors of the economy.
While we try to make allowance for this extra purchasing power of the
ruble in defense activities {see Table o), we wish to stress that there
is considerable uncertainty about the figures on comparative defense
budgets as well as about those on GNP’s.

GNP AND GROWTH: SOME MAJOR POWERS
GNP'S OF MAJOR POWERS IN 1055

Estimated 1955 gross national products of several major powers are
shown in Table 5. (The sources and methods used in preparing these
estimates are described in Table ro, at the end of the chapter.) The
purpose of these figures is to indicate the basic economic strengths of
these nations. Gross national product in the USSR was less than half,
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Table 5. GNP’s of some major powers, 1935
{billions of 1955 US dollars)

Power GNP
United States 300
USSR 120-150
United Kingdom fio— 70
West Germany 50— 70
France 40— 6o
Canada 30— 40
Italy 20— 40
Japan 20—~ 40

» All estimates have been rounded to the nezrest 1o Lillion dollass. Currencies have been converted to dollars
by means of price ratios {purchasing power equivalents) in all cases except Canada and Japan. The ranges are
intended to embrace the most likely GNP figeres for purposes of comparing economic strengths; the use of ranpges
is intended also to emphasize that there s inevitably great uncertainty about other nations’ GNP's expressed in
dollars. The sources and calculatiors pertaining to these figures are shown in Tabie 10 at the end of this chapter.

probably about a third, that of the United States, and GNP’s in the
other countries trailed well behind those of the two major powers. We
have refrained from including any GNP estimate for China because
such a figure appears (as of 1960) to be so speculative3

As for the other nations that are omitted from Table g, their strengths
are comparatively small, and estimates would be extremely uncertain,
For instance, the 1955 GNI of Yugoslavia, stated as 1,552 billion dinars,?
can hardly be more than 3 or 4 billion 1955 dollars. Similarly, the
GNP’'s of Poland, Eastern Germany, and numercus Western countries
are certainly smaller than the GNP’s of the powers listed in Table 3.
For our purposes, it seems permissible to neglect them.

In most instances, we should note, it is a hazardous and misleading
procedure to add GNP’s of different nations to estimate the aggregate
strength of some political bloc. On the one hand, it would not allow for
any gaing from further division of labor. For example, the United States
and Great Britain acting together might have a more powerful resource
base than the simple addition of GNP’s would show, Also, to add GNP’s

* Considerable atfention is now being given to the Chinese national accounts, however.
Tentative estimates for rosz (in Yuan) are presented by Alexander Eckstein, with the
assistance of Y. C. Yin and Helen Yin, “Communist China's National Product in 1952,
The Review vf Economiics and Statistics, May 1938, pp. 129-13¢. Many data and
estimates are available in William W. Hollister's China’s Gross Nationel Product and
Sociel Accounts roso-1057, Free Press, Glencoe, Illinois, 1958 Ta-Chung Liu has
cxamined China’s econemic growth in “Structural Changes in the Economy of the
Chinese Mainland, 1933 to 19352-57," American Economic Review, Papers and Proceed-
ings, May 1959, pp. 84-93.

*World Economic Swurvey, rgsé, United Nations, New York, 1937, p. 253. The
Communist concept of GNP is different from that of the Western nations, but the
comparative weakness of the USSR satellite countries is obvious.
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would gloss over and still further conceal the awesome index-number
problems that are present in comparing GNP’s. Finally, and perhaps still
more importantly, combining GNP’s would ignore each nation’s uncer-
tainty about the role and precise aims of the other and the difficulties
therefore of working together (see Chapter 15 on “The Economics of
Military Alliance”}.

If two nations actually gave up their individual sovereignties and
merged, we would in effect add their GNP’s (though changes in the
division of labor would affect the results). Short of this, nations cannot
be certain about each other’s aims, strategy, and diplomacy. Even among
countries that have a great deal in common, such as the United Kingdom,
the United States, and other English-speaking nations, each has grave
doubts about the others’ obiectives and firmness of purpose, and there are
serious disagreements about the correctness of one another’s strategy.
Witness the sharp criticism in Britain of United States policies in the
Far East and of the general defense strategy.

As for the Sovief bloc, some parts of which have in effect surrendered
their sovereignty, the smouldering resentment that is ofien preseni, as
in Hungary or Poland, casts doubt on the ultimate effectiveness of their
cooperaticn, The situation at times verges on civil war. For this blog, too,
it would usually be misleading to add GNP’s.

It may be useful to sum the GINI’s in a certain bloc when considering
particular contingencies. If the Soviet threat develops in such a way as
to generate great solidarity in Western Europe, total GNP in Western
Europe might be a useful indicator of its strentgh for cold war. If
relationships within the Soviet bloc become more harmonious, perhaps
the individual national products should be summed. In general, however,
the summing of GNTP’s would not give an accurate picture of the resource-
base for defense, and in the tables, therefore, we deal only with the GNP’s
of individual nations. In formulating its policies, each nation should
recognize the role of aid and alliances, but not usually to the extent of
trying to add allies’ economic strengths together.

RATES OF CROWTH OF MAJOR POWERS

The main factors that determine the growth of ar economy were
summarized in Chapter 3. At this point, we shall discuss briefly the
working of these factors today, especially in the Soviet Union, and then
compare projected growth rates.

Manpower — including education, training, and the level of employ-
ment — is one of the important determinants of growth. In this connection,
at least two points deserve special attention, First, the Soviet Union now
places a great decal of emphusis on education, and in many relevant
courses of study already turns out about as many graduates as the
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United States.® In other words Russia has gained considerably vis-a-vis
the West in this resource, trained manpower, and will probably continue
to gain. (China too appears to have ambitious plans for investing in
human resources.}

Second, the Soviet Union can do better than the market economies in
avoiding unemployment (though in doing so, she may experience more
“under-employment,” that is, misallocation of reseurces). The free econo-
mies are likely to have fairly sharp recessions occasionally unless they
inject purchasing power liberally and accept a heightened risk of infla-
tion. Thus, in the first quarter of 1938, industrial production changed (in
comparison with the first quarter of 1937) by the same proportion in
both the United States and the Soviet Union — but the changes were in
opposite directions: 11 per cent up in Russia, 11 per cent down in the
United States! ¢ Planned economies, too, have “rolling readjustments”
as long as they make or permit shifts of resources, but by accepting certain
limitations on freedom, they can avoid extensive unemployment.

Investment, or change in the stock of capiial equipment, is another
determinant of growth. The most marked difference among the major
powers s probably the comparatively high percentage of total investment,
and of GNP, that the Soviet Union devotes to industry and, even more
noticeably, to heavy industry. During most of the nonwar years since
1928, about 4o per cent of total investment in the Soviet Union has been
in industry, the amount during 148 rising to almost so per cent.” The
carresponding percentage in the United States has been about 25, This
form of investment has a high rate of return in terms of future growth
in comparison with, say, investment in trade, residences, and recreational
facilities, (This statement does not mean that the Soviet Union somehow
finds more profitable investments than the United States. It does mean,
however, that if returns are defined as future growth, not as the satisfac-
tion of existing consumers, then investment in heavy industry pays off
better than investment in bowling alleys.)

In addition, total investment as a percentage of GNP has been some-
what bigher in the Soviet Union than in the United States. The Soviet
investment program has been a remarkable achievement for a country
with a larger population but a much lower GNP than the United States.
As for future growth, it is now feasible for the Soviet Union to divert still

§Soviet Economic Growih: A Comparison with the United States, A Study Pre-
pared for the Subcommittee on Foreign Economic Policy of the Joint Economic Com-
mittee by the Legislative Reference Service of the Library of Congress, US. Government
Printing Office, Washington, D.C,, 1937, pp. 9094

®See the speech by Allen W. Dulles, Director of the Central Intelligence Agency,
as reported in New YVork Times, April zg, 1958, p. 8.

“Norman M. Kaplan, “Capital Formation and Allocation,” in Soviet Fconomic
Growth, ed. Abram Bergson, Row, Peterson and Co., White Plains, N.Y,, 1553, pp. 50-55.
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Jarger proportions of GNP to investment {as well as to defense, which
will be discussed later in the chapter), and to continue putting much of
the investment into its “growth sectors.”

We should recognize the possibility of diminishing returns as more
labor and man-made capital are applied to types of capital that are
comparatively fixed. We doubt that this is too important, except that
returns to capital increments can be expected to diminish after a nation
has exploited the high-value opportunities, for example, for repairs and
reconstruction, that sometimes exist at the end of a war. When forms of
capital that have become relatively scarce on account of the war are
applied to the other resources, incremental returns are high at first but
must decline after a while. This is another reason that one cannot simply
extrapolate the high postwar rates of growth in various countries. West
Germany, Japan, and Russia have all experienced high returns on postwar
investments, returns that can scarcely be duplicated by new capital for-
mation over the next twenty years.

Another determinant of growth is technological advance. There is no
reason to helieve that either bloc will lag in research or, more particularly,
in applying the results of basic research that may be undertaken else-
where. In a planned economy like that of the Soviet Union one might ex-
pect lags or inefficiency in reshuffling resources in response to innovations
— but such phenomena have not seemed to inhibit industrial develop-
ment much in recent years. In summary, for a good many years to come
the Soviet Union can probably maintain the average peacetime growth
rates attained during the past few decades, though probably not the
exceptional rates achieved in the immediate postwar years.

Table 6 on possible future rates of growth has heen drawn up in the

Table 6. Possible rates of annual growth
of GNP of these powers

Percentage
Powers of growth®
United Staies 2}e-3%%
USSR 56
United Kingdom 2-3
West Germany 4-5
France -3
Canada 34
Ttaly 34
Japan 4-5

= These figures are based upon estimated rates of growth over approximately the past 3 decades, upon rates of
growth in recent years, and upen bits of evidence concerning curyent institutions and circumstances. Sources and
calculations are shown in ‘Lable 11 at the end of the chapter, The use of ranges, it is hoped, will strese the fact
that there is necessarily considerable uncertainty about future growth rates,
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light of these various considerations and of experience since the mid-
twenties, (Table 11 at the end of the chapter explains the derivation of
the figures that are presented in Table 6.) We shall mention a few points
about past expericnce and the way it affects projections for the years
ahead. Growth rates in “recent years,” usually 1950-1956 in Tahle 17,
play a big role in assessing future possibilitics. For in many respects con-
ditions in recent years are more closely akin to those of the future than
are the circumstances of long ago. In other respects recent experience may
be far from representative, so we must try to include results from some
carlier years. At the same time, we should avoid stressing war years, for
we want 1o assess, not growth or future strength during hot wars, but
future strengths for cold-war defenses. One final peint. There is no
“right” way to estimate trends, no way to be sure about projections of
future development., To emphasize the existence of uncertainty, the
figures in Table 6 are shown as ranges and are labeled “possible growth
rates.”

In the table, the higher growth rates are those of the Soviet Union,
West Germany, and Japan. Italy and Canada are next, followed by the
United States and then by the United Kingdom and France. If the United
States maintains a high degree of stability, or at least avoids frequent
or prolonged recessions, the Western powers can probably achieve the
higher rates of growth shown in the table. 1f the United States tolerates
even moderate periods of recession, however, it will surely pull the growth
rates —its own and those of the other nations with which the United
States trades — down to the lower figures.

Output in France, it might be noted, has risen rapidly, over 4 per cent
annualty, in the period 1950-1956. But we cannot ignore the persistent
tendency toward stagnation, due perhaps to French institutions and in-
stability.® Over the three decades following the mid-twenties, while most
of the major powers were growing at over 2 per cent per year, France
grew at a rate of about % of r per cent annually (Table 11).

It shouid be noted that some scholars doubt the Soviet Union’s ability
to maintain growth rates as high as those suggested herc.® There is,
naturally enough, considerable controversy over prospective industrial
growth in the Soviet Union. And, while it would not be wise to under-
estimate Soviet strength in planning our defense policies, neither would it
be prudent to grossly overestimate their capabilities. In connection with
this controversy, we wish to note three points.

First, even thosc scholars who are skeptical of the progress of the

*See Warren C. Baum, The French Economy and the State, Princeton University
Press, Princeton, 1458. ) ' ‘ .

“C. Warren Nutter, “Industrial Growth in the Soviet Union,” dmerican Feonomic
Review, Papers and Proceedings, May 1938, pp. 398-411.
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Russians and their ability to maintain recent rates of growth concede
that Soviet industrial development has been impressive.!

As to the shorter periods of Soviet industrial growth, it seems reasonably clear
that there are no similar periods in American industrial histery that fully duplicate
the rapidity of Soviet growth from 1928 to 1053, although the American period
1885-1912 — when production started at about the same level — comes close.
Among recent years, the American period 1930-31 is perhaps most comparable to
the Soviet period 1928-40, in that it, like the Soviet period, followed a decade of
depression and stagnation; here, again, the American growth rate falls short of the
Soviet one, though not by a great deal. The most recent short period of rapid
growth — 1950-55 —has no counterpart in nermal American times; it does not
appear unusual when compared with our period of wartime mobilization (1939-43),

though the initial heavy unemployment in the latter case must be taken into ac-
count 11

Second, a moderate underestimate of an enemy’s capability is meore
hazardous, in today’s circumstances, than a modest overestimate. A
slight underestimate could lower ocur guard enough to vitiate deterrence
and bring disaster; a moderate overstatemeni of their strength would
increase the cost of our defense program but (unless the program was
designed to provoke attack) not bring catastrophe.

Third, the predominant tendency in the United States appears to be
to disparage and underestimate Soviet achievements. When the Soviet
Union exploded an A-bomb and later a hydrogen device, our press
emphasized our lead more than their accomplishment. When they put up
large sateilites, we stressed, almost ad nauseam, our skill at “miniaturiza-
tion.” Also, each time the Soviet Union does something ahead of us, at
least a few stories and statements give large credit to their espionage
rings. We may go sometime to the opposite extreme and start thinking
of the Soviets as being “ten feet tall,” but so far we have pretty con-
sistently and dangerously erred in the other direction. Soviet GNP and
Soviet defense budgets have an alarming potential for future growth,

PROJECTIONS OF FUTURE GNP'S

These rates of growth in conjunction with the preceding estimates of
GNP make possible the projections of future gross national products
shown in Table 7. The results of course embrace rather wide ranges of
(:NP. Nonetheless they shed some light on comparative economic strengths
in the future, and on growth of the resources that can be made available
to defense,

The projections are for the years 1965 and 1973, By the latter year
the growth of the whole group of nations is remarkable. But the zains of

" 1bid., p. 410.
2 Ihid., p. 4009.
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Table 7. Possible GNP’s, 1965 and 19759
(billions of 1955 US dollars)

Power 1965 107§
United States 500550 640780
USSR 200-270 320-480
United Kingdom 76—100 00-130
West Germany 7110 110-1g0
France 50— %o 6c—110
Canada 40— Go 50— go
Italy 30— 6o 40 9o
Japan 30— 70 Ao—T10

s These are projections based upon the GNT's for 1gss presented in Teble 5 and the possibie rates of growth
presented in Teble 6,

the Soviet Union are especially striking, West Germany catches up with
the United Kingdom and in fact probably emerges as the third most
powerful nation. (China, not shown in the table, is likely to have a smaller
gross national product than Germany or the United Kingdom.)

The range of GNP’s projected for the Soviet Union is not at all far-
fetched. Mr, Allen Dulles, director of the U.S. Central Intelligence Agency,
apparently credits the Soviet Union with the ability to do as well or
better : “Whereas Soviet gross national product was about 33 per cent
that of the United States in 1950, by 1956 it had increased to about g0
per cent, and by 1962 it may be about so per cent of our own.” 12

The particularly wide ranges of the projections for the smaller nations
arise chiefly from the difficulties of converting the estimates to dollars.
For many other “smaller” countries such as Yugoslavia, Turkey, or the
Latin-American nations, the uncertainties would be as great or greater,
yet it is fairly certain that none can enter the list of the eight strongest
powers by 1975s.

DEFENSE BUDGETS

The difficulties of making international comparisons of defense out-
lays have already been emphasized. We should keep these in mind while
interpreting Tables 8 and ¢ on recent and projected defense budgets.

As shown in Table 8, there were no military budgets of the same
order of magnitude in 1955 as those of the United States and the Soviet
Union. The range and size of the estimate for the Soviet Union merits
special comment.

It may seem paradoxical that the Soviets could spend only 13 per cent
of a much smaller GNP than that of the United States and still produce

*Speech before the US. Chamber of Commerce as reported in New York Times,
April 29, 1958, p. 8.
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Table 8. Defense budgets, 1955

Defense expenditures

As a range
Asa in U.5. dollarse
Domestic currency® per cent (rounded to
Power (billions of units) of GNP nearcst billion}
United States 4o.5  (US dollars) 109 41
USSR 133 (rubles) 13% 1g-319
United Kingdom 1.0 (pnds, sterling) 8%, 7
France 1102 (francs) 7% 2- 4
West Germany 7.4 (D.M) 4% 2— 3
Canada 1.8 {Can. dellars) 7 2- 3
Ifaly st (lire} 4% -3
Japan 142 (ven) 25 c- 1

s Estimates for countries other than Japan and the USSR were taken {from the N ATQ Letfer, North Atlantic
Treaty Organization, Information Service, January 1038, p. 21,

The figure for the USSR is 13%, of estinated GNP in rubles (1174 billion as shown in Table 10} or 153 billion
rubles. This Is the percentage (rounded to the nesrest percentape point) that was estimated in Soviet Economic
Growth: A Comparison with the United Stales, A Study Prepared for the Subcommitiee on Foreign Policy of the
Joint Economic Committee by the Legislative Reference Service of the Library of Congress, U.S. Government
Printing Office, Washirgton, ID.C,, 1957, p. 127.

The estimate of defense expenditures in Japan is from Feonomic Survey of Asic and the For Fast 1gs6, United
Mations, Bargkok, 1957, Special Tabie L, p. roo.

The definitions of “defenze expenditures” are not exactly comperable in all instences, but the fgures show at
least roughly the relative magnitude of various defense budgets.

t The percertages, except that for the USSR, are simply the defense outlays of Table 8 divided by the GNP’
of ‘Table 10, and then rounded. Regarding the defense budget of the USSR, which has been adjusted to inclade
more than the items in the published budget, see the precedicg footnote. (Note that USSR defense outlays are
15 to 20%, of their GIND if our estimates of the two amounts in dollar equivalents are used.)

© In al! instances except Canada and Japan, the range in dollars was derived by using (at least implicitly)
special price ratios to reflect relative purchasing power in the defense sectors of the economies. For France, the
U.K., West Germany, and Italy, the estimated defense budgets are presented in Gilbert and associates, Compara-
tive Nationagl Products and Price Levels, The Organisation for Ewropean Economic Ceoperation, Paris, no date,
p. 86. For the USSR, defense osutlays in rubles (153 billion) were converted to dollars by means of two ratios — 5
and § rubles per dolfar. Price rztios in this range appear to be appropriate in 1956 Jor many icdustrial outputs
related to defense, e.z., construction and machinery (see Norman M. Kaplan and William L. White, 4 Comparizon
of 1oso Wholesafe Prices in Soviet und American Tadustry, The RAND Corporation, Research Memorandum
RM-1443, May 1, 1055, p. 33- A closely related point is often made — namely, that the USSR is compuratively
efiicient in defense and heavy industry {sce Soviet Economic Grouth: A Comparison with the Uniled Stales, p. 132 and
Abraham S. Becker, Prices of Producers’ Durables in ihe Unifed Stotes and the USSR in 1ps5, The RAKD
Corporation, Research Memorandum RM-2432, August 15, 1050).

For Canada and Japan, price ratios were unavailable. The ranges of their budgets in dollars were derived by
applying the percentages shown in Table 8 to the doliar ranges of the GNP’s in Table 5,

d We wish to emphasize that the USSR estimates are conservative ones in the sense that the range should
probably be higher. Ruble-dollar ratios declined between 1930 and 1955, It is especially likely that the lower lihmit
of this range, 19 billion (zg55) dollars, is too low. It is based on a ruble-dollar ratio of 8 to 1, but by 1055 it appears
that 5 to 1 is muck more likely to approximate the real relationship in the defense sectors of the economies.

such large military capabilities. When Soviet prices of military items are
taken into account,'® however, their budgets in terms of dollars are not
mysteriously small. As indicated in Table 8, Soviet defense outlays in
1955 may have been the equivalent of over 3o billion dollars. For several

™ As noted below, special ruble-dollar ratios are used to estimate the USSR defense
budget in Table 8.
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possible reasons (such as cheaper labor, past investment in heavy industry,
and price policies), the Soviet Union has a comparative advantage in
producing military power. In terms of dollars, therefore, Soviet defense
budgets amount to far more than r3 per cent of their GNP (at least 15
to 20 per cent in 1935, according to Tables 5 and 8).1* The sacrifice en-
tailed is better reflected by the percentage devoted to defense when the
calculations are in terms of the domestic currency, but comparative sizes
of defense programs are better shown when they are converted to a
common currency by purchasing power equivalents.

Table 9. Possible defense budgets, 1965 and 1975 «
(billions of 1955 US dollars)

1965 1973
9% of o7 of

Power GNP Range GNP Range
United States 0% 50-55 0% H4— 78
USSR i5 35-65" 15 bo~1135"
United Kingdom 1o 7-10 Io o— 13
West Germany 5 4~ 6 i3 1I- 19
France To 5— 8 10 t— 11
Canada 0 4- 6 10 5~ g
Ttaly 5 - 3 3 2= 3
Japan 5 z- 4 3 - 0

* These are not predictions of future defense budgets. The figures simply represent the potential growth of their
budgets if these ralions grow as suggested in Table 7 and if they increase the percentages of GNP devoted to de-
fense as suggested in Table g, These percentages are plausible ones. The percentage for the USSR would be com-
patible with rapid growth of bath investment and consumption — well over a 4% annual increase in non-defense
outlays if GNP grows zt 5%, and over a 5% annual increase if GNP grows at 6%. {In the celenlations, defense
rubles were again converted 1o dollars at ratios of 5 and 8 rubles per dollar,)

b See footrote 4 of Table 8.

Table ¢ presents some projections of future defense budgets. Several
points about them should be stressed. Tirst, the projections are not
supposed to be “maximum” defense budgets, that is, the various nations’
GNP’s minus nondefense “requirements,” Nations can certainly push
their outlays above the amounts shown in the table. But the higher they
raise military expenditures, the greater the sacrifices, and actual budgets
are almeost sure to fall short of hypothetical maxima. Showing plausible
budgets should be more helpful to the formulation of policies affecting
the distant future than showing “maximum” budgets.

Second, the projections are supposed to be plausible budgets if certain

" Allen Dulies has suggested that in the late 19go's, the proportion of GNP devoted
to defense by the Soviet Union was already “about double” that of the United States
(New York Times, April 29, 1958, p. 8).

* Gilbert, p. 51.
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events take place; they are not intended to be predictions of what will
in fact take place. (Indeed, if such projections succeed in influencing
policies, they may be a cause of their own inaccuracy.) Projections of
defense budgets, like these of an individual’s weight, may be far from
the mark because these things are determined by choice, not by natural
law, If nations decide to do so, they can raise outlays far above, or hold
them far below, the amounts presented here. To raise defense outlays
means giving up something else, however, and governments encounter
resistance — especially, sometimes, in democratic countries, Tt would take
a highly defense-minded populace in the United States to support a
military budget that persistently amounted to 15 per cent of GNP. The
Soviet Union probably faces less severe political constraints, and may
easily, as the economy grows, devote 20 to 25 per cent of GNP to de-
fense.

Moreover, the “game’ aspect of budget determination will have a great
deal to do with future defense outlays by the various powers. In other
words, each nation’s hudget decisions will depend upon the actions of the
other countries. If the Soviet Union should devote z3 per cent of GNP
to military purposes, the populace of the United States might well be-
come “highly defense-minded” and put more than 15 per cent of United
States resources to the same purpose. One can be sure that such develon-
ments would affect the budgets of other nations also. By the same token,
the United Kingdom will probahly base her strategy and military expendi-
tures on those of the United States and the Soviet Union.

The figures in Table g, therefore, simply give the potential growth
of the budgets of several nations if their economies develop as suggested
carlier and if the nations divert to defense the percentages of GNP
shown in the table, The projections are supposed to be plausible ones,
subiect to change if there are arms limitations, altered growth patterns, or
altered security-mindedness in the United States or in other nations.
Such figures — like projections of a person’s weight if he eats X calories
per day — should be useful in choosing courses of action. For most coun-
tries the percentages in Table ¢ are only slightly higher than those that
currently prevail. For West Germany 10 per cent of GNP, considerably
higher than at present, is assumed to go into defense by 1975, For the
Soviet Union the percentage (of GNP in rubles) is raised from 13 in 1955
to 151in 1965 and 1975,

To some it may appear that no nation could possibly want such large
defense budgets. If the major powers have enough thermonuclear capa-
bility now to destroy urban civilization, what is the point in spending
still more on mational security? Unfortunately, there may be good
reason to increase defense budgets enormously. The world finds itself
in one of the most dangerous situations that can be imagined (see
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Chapter 18 regarding the delicate nature of the stalemate}, and it could
be worth a large proportion of GNP to any nation to reduce the likelihood
of catastrophe. The most hopeful policy seems to be for each side to
safeguard deterrence by making its deterrent force invulnerable — an
expensive course of action, but one that might maintain at least a balance.
Of course, the United States should strive for a preponderance of deter-
rent power and for a capability to deal with more than one kind of war.
At the same time, some have suggested that nations may get into a costly
race to protect population and some hranches of industry. In short, the
situation is critical, and it is entirely possible that defense budgets will
soar during the coming decade or so.

THE MAIN CONCLUSIONS

The figures in Table ¢ suggest at least three things. One is that the
absolute amount spent on defense by the two major powers can rise
enormously over the next decade and a half. Another, and perhaps the
most significant, is that the Soviet Union’s defense budget can overtake
that of the United States by 1965 and outstrip it by zg975. The third is that
the potential increases in the budgets of the smaller powers, while sharp
in terms of percentages, will not (with the probable exception of China)
produce major military capabilities even by 1975.'% Consider the two that
promise to be strongest in Western Europe, Germany and the United
Kingdom. If anything like the pattern in Table ¢ emerges, each will still
spend, even in 1g%s, less than half the rogg United States budget. (A
“United Western Europe,” of course, could be an impressive third power,
though its defense outlays would probably still lag well behind the budgets
of either the United States or the Soviet Union.)

With respect to economic strength in general, the over-all conclusions
that stand out are fairly simple. Productive capacity will grow tremen-
dously over the next couple of decades, and Soviet economic strength is
likely to increase relative to the capacities of Western nations. To be
sure, there are aspects of economic strength that are not revealed by
GNP, but by and large, to discuss a host of specific resources would just
clutter up the main picture.

A few special factors not reflected in either GNP’s or defense budgets
deserve review. They support the same general position — that Soviet
Russia may gain considerably on the other powers. The relatively unfamil-
lar expanse of the Soviet Union and the opportunity to disperse and con-
ceal its hases will continue to be a valuable resource. Geography makes the

" Sce pp. 354—356 in Chapter 18, however, concerning the nth country problem and the
danger of accidental outbreak of war; even with relatively small capabilities, nations may
be able to acquire enough nuclear weapons to aggravate these dangers seriously.
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Table 10. Estimates of GNP's, 1955

Billions of 1955 dollurs

Converted by means Estimated

of price ratios range
— e rounded
Exchange Lower Higher to nearest
Power Domestic currency® rate eslimate cstimate $10 billion
United States 362 (billions 1055 dollars) — — — 300
USSR 1,202 (billions 1955 rubles®) — 120,2° 150.3° 120-150
United Kingdom 1y (billions 1055 pounds)  53.14 50.69 6y.g% Go- 70
France 16,790 (billions 1955 francs) 48.08 42.6° 58,5% 4o- 0o
West Germany 176 (billions 1955 D.M.) 41.87 3017 Gg.31 50— 70
Canada 27 (billions 19535 C. dol.) 27.08 e — 30— 40
Italy 13,630 (billions 1g55 lire} 21.8h 22,30 4o.5h 20— 40
Japan 7,877 (billions 1955 ven) 21,9t — — 20— 40

® Unless otherwise noted, these figures were taken from the International Monetary Fund's Infernaiional
Finuncial Stetistics, March 1958, This publication will hereaiter be referred to as IFS,

b Qleg Hoefiding and Nancy Nimitz, Sesiet National Income and Product, The RAND Corporation, Research
Memorandum, RM-z2101, April 6, 1959, pp. 8~0.

¢ The lower estimate is based on an average ruble-dollar ratio of 10/1 (1052) estimated for “all {consumers’}
commodities and services” with USSR 1952 or 1954 weights (See Norman M. Kaplan and Elecanor 5. Wainstein,
“A Comparison of Soviet and American Retall Prices in 1950," Journal of Political Economy, December 1956,
p. 486, and “A Note on Ruble-Dollar Comparisons,” Journal of Political Feonomy, December 1957, p. 543. The
higher estimate is based on an assumed ruble-dollar ratio of 8/r. This ratio was chosen because the ruble dollar
ratle for investment goods Is apparently lower than that for consumer gands (see Norman M. Kaplan and William
L. White, 4 Comparison of 1950 Wholesale Prices in Soviel and American Industry, The RAND Corporation,
Research Memorandurm, RM-1443, May 1, 1053, p. 72). In the study just cited, the median ratio for “'all (industrial)
commedities and services priced” was 7.0/1.

Conversion of Soviet GNP by means of these ratios gives results that bracket the figure implied by Mr. Allen
Dulles, namely a Soviet GNP one third as large as that of the U.S. or about %130 billien in 1953 {see “Russia’s
Growing Strength Could Be A Weakness,” U.S. News gnd Wordd Repori, May 11, 1956, D. 124, cited in Soviel
Economic Grewth: A Comparison with the United States, A Study Prepared for the Subcommittee on Forelgn Feo-
nomic Policy of the Joint Economic Committee by the Legislative Reference Service of the Library of {ongress,
U.8. Government Printing Otfice, Washington, B.C.,, 1¢57, pp. 132-134).

4 The exchange rate used was z.8¢c dellars per pound or .358 pounds per dollar. The pound/dollar ratio used
for smailer estimate of GNP was 0.310 pounds per dollar, and that used to obtain Lhe larger GNP figure was o272
pounds per dollar. These were the purchasing power equivalents for 1955 as estimated by Milton Gilbert and
associates in Comporative National Products and Price Levels, Organisation for European Economic Cooperation,
Paris, no date, p. 30. The lower ratio was based on European quantity weights, the higher ratio on T.5. quantity
weights,

e The exchange rate was 350 francs per dollar. The franc/dollar ratios based on price observations were 28y
and 304 francs per dollar (see Gilbert, op. cit, p. 307,

! The exchange rate used was 4.21 D.M. per dollar. The ratios based on price observations were 2.54 and 3.51
D.M. per dollar (Gilbert, o2, ¢it,, p. 30).

& The exchange rate was .9o9 Canadian dollars per 1.5, dolizr. The range shown was judged to be a reasonable
ope in view of the fact that the exchange rate usually leads to an understatement of other countries’ strengths in
in terms of dollars and in view of the range of the price ratios estimated for the United Kingdom (see footnote 4
above}.

3 The exchange rate was 625 lire per dollar. The ratios estimated by Gilbert were 337 and Go3 lire per dollar.

{ The exchange rate was 360 yen per dollar. The probable range was judged to be about the same as that of
Tialy, mainly because conversion by exchange rates yields practically the same GNF figure for the two countries.
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Table 11. Estimaies of rates of growth

Awverage annucl rates of growik

Net national

product Industrial production,? Gross national product
Recent years Recent years®  Up to ro7sf
Recent {chielly {chiefly
Power decades®  (1928-1055) 1050-56) 1950-56)  (Guesstimates)

United States 23497 3.667, 4.4% 3.5% 214-314%,
USSR 4144 7.7 0.2 Q.0~10.¢ 7 56
United Kingdom 2l4g 3.1 2.7 2-3
TFrance Liof1 7.4 4.3 2-3
West Germany 214 11.3 0.1 4-5
Canada 4° 5.3 5.0 3—4
Ttaly 114 3.4 5.2 3—4
Japan 234° I7. 4-5

* These percentages are Kuznels’ “per cent changes per decade” converted to annual equivalents (see Simon
Kuznets, “Quantitative Aspects of the Feonomic Growth of Nations,” Heonomic Denclopment and Cultural Change,
October 1950, pp. 84, 54, 60, 63, 87, 77, 81, o1.) The periods covered are TQ24 33 to 1950-34, for the United States
anc Ttaly; 1925-34 t0 1940-53, for the United Kingdom; 1024-33 to 1040 53, for France; 1036 to 1gso-54, for
Germany; 1925-34 Lo 1050-54, for Canada; 1923-32 to 1950-34, Tor Japan; and 1928 to 1954, for the USSR,

b For the USSR, the “per cent change per decade” was not given for a comparable peried. Growth of national
income was staled, however, to be from r1.32 billion rubles in 1923 to 35.56 billion rubles in ros4 (all in 1gao
prices). These data imply an average annual growth of about 434 per cent.

¢ The data for Canada pertained to GNP, and those for Japan to “national iccome,” rather than to net natisnal
product (or income). Tt should be remembered too that, for a varicty of other reasons, the comparability of the
data is far from perfect. Nonetheless it is believed that they shed light on growth rates. {See Kuznets, “Quantitative
Aspects of the Economic Growth of Nations,” pp. 5-0.)

¢ The estimates of the growth in US and USSR industrial production (1050 to 10s53) are summarized in Sevies
Econormic Growth: A Comparison with the United States, A Study Prepared for the Subcommittes on Foreign Eco-
newic Policy of the Joint Economic Committee by the Legislative Reference Service of the Library of Congress,
U.5 Government Privting Office, Washington, D.C., 1557, Table 2, p. 24. The higher estimates for the USSR are
based on the data and methods of Donald R. Hodgman, Seviel Industrial Production, 1928-57, Harvard University
Press, Cambridge, Massachusetts, ros4, cspecially pp. 8o and 134. The lower estimates for the USSR are modifica-
tions made by the staff that prepared the study for the Joint Tconomic Committee. The estimates for the U.S. are
based or Federal Reserve Board Indexes.

The estimates for the other countries are averages of the annual percentage changes from 1950 to 1956, based
on data reported in World Econowmic Survey 1556, United Nations, New York, 1057, p. 153, and Warld Economic
Report, 195354, United Nations, New York, 1055, pp. 28, 34-35, and 45.

e The figure for the USSR is a rough cstimate made for 1950-1055 in Seviei Keonomic Growth: A Comparison
with the United Stales, pp. 136, 150, Approximately this rate of growth was indicated later (Aprit 28, 1952) by Allen
W. Dulles: “Annual growth over-all has been running between 6 and 7 per cent, annual growth of industry between
1o and 12 per cert” (New ¥ork Times, April 29, 1958, p. 8).

The figures for the other countries are averages of the annual percentage changes from 1050 o 1g56 as given
in Werld Economic Survey 1956, 1, 155, end World Economic Report, 1053-54, DP. 24, 31.

t These “guesstimates” are hased, though rot according to any prescribed formula, on the growth rates shown
in the other columns, In the case of the USSR, somewhat more weight is given ta recent vears than to earlier ones,
which involved transitional difficulties that need not be repeated. Also, since we are concerned with econamic
strength for defense, not strength during a war, the non-war years arc probably of greater significance than those
of World War 1L,



THE ECONOMIC STRENGTHS OF THE MAJOR POWERS 101

Soviet Union less vulnerable to submarine attack than the United States.
The comparative vulnerability of the United States on these counts makes
it costly for the West to achieve a retaliatory deterrent force, The Soviet
Union may also have advantages in attracting the support of “neutrals.”
It can show impressive growth rates by restricting the role of consumers’
sovereignty. Central planning is more glamorous (to those who have not
lived with it) than attempts to promote individualism. Moreover, free-
dom of movement and speech in a free nation produces a steady flow of
emissaries and pronouncements, some of which are sure to be offensive
to neutral nations. Finally, the process of decision-making in an authori-
tarian country may increase the chances of keeping its intentions secret
and therefore increase the number of contingencies against which the
other nations must plan.

These are some of the extra-budgetary strengths and weaknesses that
should be kept in mind. They are part of the resources available for de-
fense, and scrve to reinforce the conclusion that the Soviet Union can
outstrip the free nations in building military forces and upset the

balance of terror — if the Western nations base their choices on wishful
thinking.



PART 1I. EFFICIENCY IN USING
DEFENSE RESOURCES



7. EFFICIENCY IN MILITARY DECISIONS'

In this Part we will assume that the amount of the nation’s resources
to be devoted to military use has been determined. Our problem is: How
can we use these resources efficiently to buy military power, or more
broadly, national security? Actually, the solutions to the problems of
Parts T and II are interdependent to some extent, and, as noted earlier,
analyses of the sort to be described in Part IT are important in apprais-
ing the effectiveness of defense programs and therefore in deciding upon
their size. However, we must usually tackle these choices — the size of the
budget and the effective use of that budget — one at a time, making
reasonable assumptions about one choice while analyzing the other.

While the efficient allocation or use of resources has always been the
core problem of economic theory, economists have until recently made
little attempt to apply the theory to military, or indeed any govern-
mental, expenditure. A possible explanation is the small proportion of
national resources formerly devoted to the military sector (indeed to the
whole government) in the United States and other Western countries ex-
cept in wartime, Now with the prospect of United States national security
expenditure continuing indefinitely at 10 per cent or more of GNP and
total government expenditure (including state and local) at two to
three times this level? the efficient use of the very large resources in-
volved has become a matter of primary importance.

The reason the efficient use of military (and other government) re-
sources is a2 special problem is the absence of any built-in mechanisms,
like those in the private sector of the economy, which lead to greater
efficiency, There is within government neither a price mechanism which
points the way to greater efficiency, nor competitive forces which induce
government units to carry out each function at minimum cost. Because of
the lure of profits and the threat of bankruptcy, private firms are under
pressure to seek out profitable innovations and efficient methods. In this
search they have often used, and are now using to an increasing extent,

*See also the Appendix, “The Simple Mathematics of Maximization,” at the end
of this volume. Also pertinent are the articles in “Economics and Operations Research:
A Symposium,” Rewview of Ecounomics and Statistics, August 138, pp. Igs-220.

A great deal of what is said in this Part about the efficient use of resources by the
military applies equally to many other kinds of government expenditure,
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formal quantitative analysis. But even if they do not, continued progress
and increased efficiency still tend to come about, though less rapidly.
After all, some firm Is likely to discover more efficient methods through
trial and error even in the ahbsence of systematic analysis. Subsequently,
other firms observing the resulting profits copy the innovation; those that
fail to do so (that is, those who make inferior choices of methods) begin
to suffer losses, and hence tend to be eliminated by the process of “natural
selection.”

In government, by contrast, there is no proflil lure, and promotions
or salary increases do not depend on profits. In most operations, an
objective criterion of efficiency is not readily available, and even if it
were, incentives to seck profitable innovations and efficient (least cost)
methods are not strong. There is scope for “Parkinson’s law,” * personal
idiosyncrasy, and uneconomic preferences of officials to take hold, because
the costs of choosing inefficient policies do not impinge upon the
choosers ®

Finally, the process of natural selection, whose working depends upon
the degree and type of rivalry, operates only weakly, if at all, to eliminate
wasteful governments or government departmentis. The federal govern-
ment, for instance, competes only with the political party that is out of
office, and survival in this competition depends upon many factors other
than efficiency in the use of resources. Thus, there is neither an adequate
price mechanism to reveal the cheapest methods of performing public
functions nor any force which induces or compels the government to
adopt such methods.®

THREE GENERAL APPROACHES

What, in these circumstances, can be done? We want efficiency; we
want to obtain the greatest possible security from a given budget, both
because national security is itself of such transcendent importance, and
because the more efficient the use of the military budget the more re-
sources we can have for nonmilitary purposes. But how, in a sector con-
taining ro per cent of the economy (much more if we include civilian

$A. Alchian, “Uncertainty, Evolution, and ¥Economic Theory,” The Jouwrnal of
Political Econowy, LVIII, June 1g3o, pp. 211-z21. The prevention of mistakes by
systematic analvsis would be a cheaper path to progress than their correction by natural
selection —if the analyses always led to correct policies. On the difficulties of correct
analysis we will have much to say helow.

*C. Northeote Parkinson, Parkinson’s Lew: and Obher Sludies in Adminisiration,
Houghton Mifilin Co., Boston, 195%.

S For a provocative discussion of this malter, see the paper by A. Alchian and
R. Kessel presented at the Universities-National Burean of Economics Research Con-
ference on Labor Economics in April, 1g60.

®In & few government activities, e.g., the Military Sea Transport Service, simulation
of the market mechanism is attempted. The possibilities and limitations of such market
simulation within the government are discussed in Chapter 12.



EFFICIENCY IN MILITARY DECISIONS 107

government functions) with no adequate price mechanism and no in-
stitutions forcing natural selection of the efficient, can we achieve effi-
clency?

There are three possible approaches, interrelated and interdependent,
which will be considered in this part of the hook.

1. The improvement of institutional arrangements within the govern-
ment to promote efficiency, Extreme proposals have been made which
would simulate price and market mechanisms within the government.
Less ambitious proposals would improve budgeting and accounting meth-
ods (see Chapter 4), attempt to provide more appropriate incentives, and
reorganize the apparatus of decision making,

2. Increased reliance on systematic quantitative analysis to deter-
mine the most efficient alternative allocations and methods,

3. Increased recognition and awareness that military decisions,
whether they specifically involve budgetary allocations or not, are in
one of their important aspects economic decisions; and that unless the
right questions are asked, the appropriate alternatives selected for com-
parison, and an economic criterion used for choosing the most efficient,
military power and national security will suffer.

It is our conviction that something can be accomplished by the third
approach alone — that is, by improved understanding of the nature of
the problem — even without greater use of systematic quantitative analy-
sis and with no changes in governmental structure. In formulating policy
it does help to ask the right questions instead of the wrong ones. If the
alternatives are arrayed, and a serious attempt made to apply sound
criteria in choosing the most efficient ones, decisions are likely to be
improved even though the considerations brought to bear are mainly
qualitative and intuitive. There are enough responsible and highly moti-
vated persons invelved in the decision-making process — officers, civil
servants, members of the Cabinet, Congressmen, and influential citizens
— to make education in principles worthwhile for its own sake.

What may be even more important, as we shall see, is that any real
improvement in the methods of quantitative analysis or in government
structure to achieve economy is absolutely dependent upon a firm grasp of
these principles. Quantitative analyses that are addressed to the wrong
question or administrative devices that promote the wrong kind of econo-
mizing can easily do more harm than good,

The role of systematic quantitative analysis in military decisions is
potentially much more important than in the private sector of the
economy. It is obviously more important than in households because the
problems are typically so much more complex, We all know families that
manage well on their incomes, and families that manage poorly, ap-
parently attaining a lower standard of life or running into recurrent finan-
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cial difficulties despite apparently adequate incomes. Some of the good
family managers may rely heavily on systematic quantitative analysis —
on elaborate budget calculations, the studies of consumers’ research organi-
zations, and so on. But others do not, and in general we find little
correlation between goodness of household management and reliance on
systematic quantitative analysis. The overwhelmingly important factors
are a firm grasp of principles and good sense or judgment. The quantita-
tive relations are usually familiar, and simple enough for a man or
woman of average intelligence to work out intuitively or in the margin
of an account book.

In many military problems, however, this is not true. The quantita-
tive relations may involve many different fields of technology as well as
operational factors, and are sometimes so intricate that elaborate compu-
tations are necessary. There is almost never anyone who has an intuitive
grasp of all the fields of knowledge that are relevant. For example, if
we are comparing the relative merits of a high performance fighter and
a cheaper fighter with somewhat lower performance, it is easy to see,
qualitatively, that the more expensive aircraft will do better in a two-
plane duel, but that we can have more aircraft on a billion dollar budget
and thereby more interceptions and duels if we choose the plane with
lower unit cost. But the problem is essentially quantitative, and depends
upon fairly precise answers being developed to three questions: How
many more of the cheaper plane can be procured and maintained on a
billion dollar budget? What are the relative values of numbers and
various performance characteristics in interception? How much better is
the high performance plane in a duel? In some special cases we may be
able to assemble a group of “experts,” each of whom has a good intuitive
grasp of the factors relevant for answering one of these subquestions, and
after discussion emerge with a fairly uncquivocal answer, But in general,
and especially where, as is usually the case, the choice is not between two
but among many, systematic quantitative analysis will help — or prove
essential.

Tor a somewhat different reason systematic quantitative analysis is
more important in military than in private business decisions. There is,
as we have seen, an alternative process for achieving efficiency in private
business — competition and natural selection — which would be fairly
effective even if the variations in techniques were random. In govern-
ment this alternative does not exist. Efficient techniques and policies have
to be selected consciously ; and wherever the relevant factors are diverse
and complex, as they frequently are, unaided intuition is incapable of
weighing them and making an efficient decision.

Sound analyses, it might be noted, can not only help identify efficient
courses of action but can also improve incentives, The existence of good
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analyses cannot alter penalties and rewards so that “what is good for the
chief of each department is also good for national security”; but their
existence, in conjunction with rivalry between departments, may increase
the cost to decision-makers of making uneconomic decisions. That is, the
existence of sound analyses plus rival branches or departments that may
make use of the arguments to get their budgets increased can cause each
department to veer toward more efficient policies.

The possible utility of improved institutional arrangements for pro-
moting the efficient use of resources by government departments has
been the subject of much debate. This has in the past been the province,
perhaps too exclusively, of the management efficiency experts. As econo-
mists we will not have much to say about government organization and
structure.” We believe, however, that what we say about criteria and
methods of analysis can help in judging the elficacy of alternative organi-
zational forms and that the development of practical institutions which
encourage efficiency deserves far more attention than we or other econo-
mists have vet given it. Tt should at least be possible to remove some
of the perverse incentives injected by such factors as special constraints,
the premium placed on getting budgets raised rather than using budgets
more efficiently, and cost-plus-fixed-fee contracts. There must be some
way to provide postmasters and depot managers with more appropriate
motivations, as well as to improve the government’s decision-making
machinery.,

OPTIMAL, EFFICIENT, AND FEASIBLE POSITIONS

We have so far used the term “efficient” in a vague and general sense
te mean “making good use” (including “making the best use™) of avail-
able resources. Much of the time, though, we have in mind a more
precise meaning for this term. We can best define it by contrasting
“efficient,” “optimal,” and “feasible” positions.®

In order to reach an opiimal solution to problems of choice, we must
be able to value various “situations” or outputs. Then we can revise our
choices and shift resources to get the maximum value that is possible in
the face of whatever constraints confront us. Even if we cannot always
compare the values of different outputs, however, we can find some posi-
tions that yield more of some valuable outputs without yielding less of
any others. When we cannot produce more of one output without sacrific-
ing another, we have reached an efficient position. Many other situations
are feasible, of course, by using the resources inefficiently, The differences

7 But see Chapter 12.

¥ The conditions for economic efficiency are examined more rigorously and in greater
detail in the Appendix, “The Simple Mathematics of Maximization,” at the end of this
study.
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between efficient positions and the others will be clearer if we consider
a simple example,

ONE INPUT, TWO QUTPUTS

Suppose that we are concerned with the allocation of a military
budget, fixed at $B billion, between the procurement (and maintenance
in a state of readiness) of two forces —say, a strategic bombing force
and an air defense force. Suppose further, for the sake of simplicity in this
example, that the effectiveness of the strategic bombing force can be
measured by a single number — the expected number of enemy targets
that it could destroy after D Day — and that the effectiveness of the air
defense force can be similarly measured by its “kill potential” — the
number of attacking enemy bombers it could be expected to shoot down
in certain circumstances,

We can draw a production-possibility curve, as in Figure 2, represent-
ing all possible maximum combinations of target destruction and kill

ction potential

Target destru

o t | 1 | 1 I\
G 200 400 600 800 100Q 1200
Defense kill potenticl

Fig. 2. Production possibility curve

potential which we can buy with $B billion — maximum in the sense
that the fraction of the budget allocated to the strategic bombing force
is spent in such a way as to maximize the target destruction petential of
the force, and the fraction allocated to air defense is so spent as to
maximize kill potential.? The Y intercept represents the target destruc-
tion potential that we could achieve by spending all $B hillions on the
strategic air force, the X intercept the kill potential from spending all
on air defense.

®The estimation of the points on this curve i, of course, the job of systematic
quantitative analysis. The curves in this chapter are purcly hvpothetical.
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An efficient use of resources, in the technical sense, is one which
makes it impossible to increase one valuable output without increasing a
valuable input or decreasing another valuable output. Tt is apparent that
each point on our curve represents an efficient use of resources in this
sense; the curve is therefore a locus of “efficient points.” At any point
on the curve it is possible to increase target destruction only by moving
to the left along the curve; that is, by decreasing kill potential, or by
moving to a higher curve (dotted in Figure 2) representing a larger
hudget ($B + A billion).

All points such as P’ lying below and to the left of the curve of
efficient points represent inefficient uses of resources, and are therefore
called “incfiicient points.” They do, however, represent feasible uses of
a budget of $B billion. We can draw up a plan to spend $B billion ineffi-
ciently to achieve a target destruction potential of only 200 and an air
defense kill potential of only soo-—probably all too easily. But if we
did have such a plan, we could revise it, without additicnal budget, to
increase target destruction potential without decreasing kill potential (or
vice versa). We can always find several efficient points which are un-
equivocally superior to an inefficient point.

Note that the points lying above and to the right of the curve on
Figure z are simply infeasible on a budget of $B billion. The efficient
points form a boundary between the feasible and the infeasible points.

But which of the infinity of efficient points should our military
planners choose? At one extreme there is an efficient point providing no
offensive capability, at the other extreme an efficient point providing
no defensive capability, While both may be efficient in a technical sense,
at least one and possibly both would be disastrous for the security of
the United States. Technical efficiency is not a sufficient condition for
economic choice,

In principle the answer is easy: We want to choose that efficient
point which maximizes the “utility” or “military worth” of the combined
forces. In practice, as we shall see in Chapter g, the explicit measurement
of military worth frequently presents formidable difficulties. If we
abstract from these difficulties for the moment in order to clarify defi-
nitions, we can draw curves (called indifference curves) that reflect our
preference for some combinations of target destruction and kill potential
over others (Figure 3). Combinations represented on a curve to the
right and higher (more of both goods) are obviously preferred to combina-
tions on a curve to the left and lower (less of both). We are indifferent
among combinations represented by different points on any single curve:
we are willing to sacrifice some defense potential if we can obtain thereby
a sufficiently enhanced offensive potential, and vice versa. Indifference
curves are typically convex to the origin, which means that the more of



112 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

I

o
Q
o

400

300

200

100

rarget destruction potentia

0 | | | i | |
0 200 400 600 B8OC (000 (200
Defense kill potential

Fig. 3. Indifference curves and eptimal point

one good (ior example, offense) we give up, the less willing we are to
sacrifice still more, and therefore the larger the increment of the other
(for example, defense) we insist upon having in compensation.1®

The optimal use of our §B billion budget is represented by the point
of tangency of the original curve of Figure 2 with an indifference curve
(Point P of Figure 3). From this point it is not possible to improve our
position (that is, move to a higher indifference curve representing a pre-
ferred combination) by any change in allocation or use of resources.

If all portions of the production-possibility curve are not concave
to the origin, there may be complications. The shape of this curve depends
upon whether the costs of producing the goods measured on the axes are
increasing or decreasing. Or, to put the matter another way, the shape
depends upon whether the returns per extra dollar expended on the out-
puts are decreasing or increasing. Returns can usually be assumed to he
decreasing, making the production-possibility curve concave to the
origin. But there are troublesome counter-examples; for example, returns
in terms of defense kill potential might be increasing if we consider extra
outlays on plugging gaps in an almost completed radar line.’* If there
are increaging returns and part of the curve has a peculiar shape, we
have to look at large reallocations as well as small ones.!? We may find

¥ The incremental amount of Y we need to compensate for an incremental loss of
X is the slope of the indifference curve at any peint. It is the rate at which we are
willing to trade one for the other.

" Many plausible examples of “increasing refurns,” however, are really examples
of rectifying errors, which can be done by redesigning one’s proposal, not solely by ex-
panding outlays along onc axis or the other. If I forget to include a bathrcom in my
plans for a new house, and therefore the addition of a bathroom has a high pavoff, is it
correct to say that house construction is an example of increasing returns?

¥ Malcolm W. Hoag, “Some Complexities in Military Planning,” World Politics,

July 1950, pP. 553376 )
For more on these possible complications, see the Appendix at the end of this
volume.
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more than one point of tangency between the production-possibility
curve and the indifference curves, or we may find no point of tangency
and the highest indifference curve may be attained where the production-
possibility curve intercepts one of the axes (that is, it may then be
best to spend the entire budget on the item that yields increasing
returns).

The frequent difficulty in locating ¢ke optimal point by systematic
quantitative analysis, while unfortunate, should not be regarded as
disastrous in all or even most practical problems of military choice.
In the first place, decision-makers or their advisers who have thought
deeply about a problem are likely to have shrewd ideas about the sector
of the curve containing the optimal point, even if they cannot provide
a mathematical proof of its exact location. If systematic quantitative
analysis can narrow the choice to a set of efficient points, the burden
placed upon intuitive judgment is reduced and the quality of judgment
should be improved. Secondly, optima are characteristically ilat, like
the crest of Half Dome rather than the peak of the Matterhorn. It isn’t
usually important to find the precise peak or point of tangency. On
Figure 3 one can move along the opportunity curve for some distance on
either side of the point of tangency without getting far from the highest
attainable indifference curve,

In the third place, the best practical aim of systematic quantitative
analysis is to demonstrate that some course of action A is better than
some alternative course of action B, when B is what is proposed, or
planned, or will otherwise occur. If B is an inefficient point, systematic
quantitative analysis can find several efficient points A, A’, A”, ...
which can be shown to be superior to B even if nothing is known about
military worth except that certain capabilities, like target destruction
and air defense kill potential, contribute to it (see Figure 4).
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Fig. 4. Efficient points versus inefficient poinfs
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Let us emphasize once more that this concept of seeking efficient
points is extremely important. For while we cannot usually find optimal,
or second-best, or even jth-best, solutions, it frequently enables us to
identify improvements over existing or proposed policies.'

TWO INPUTS, ONE OUTPUT

In the preceding example we considered a planning problem that
involved the allocation of a single valuable input (a budget) to produce
two valuable outputs (target destruction potential and defense kill
potential). The extension of this case to three or more outputs raises
no new problems, although diagrammatic representation in two dimen-
sions is no longer possible. If there are three outputs, the production-
possibility and indifference curves become three-dimensional surfaces:
if n, they are n-dimensional surfaces.

Problems involving two or more inputs do, however, require a some-
what different, although analogous, approach. Consider first the simplest
of these, where there are two valuable inputs and only one valuable
output. We might, as an example, take a subproblem of our first example,
namely, the procurement of a strategic air force which will maximize
target destruction. Suppose, for simplicity of analysis, that only two
valuable inputs are required by a strategic air force — say bomber air-
craft and bombs.’* We will continue to assume, again grossly simplifying
reality, that the output or objective of the strategic air force can be
measured as a single dimension — expected number of targets destroyed.
We may estimate by systematic quantitative analysis and plot the maxi-
mum potential destruction with varying numbers and combinations of
hombs and bombers. (See Figure 5.) We cstimate, say, that with 400
bombs and 400 bombers the best we can achieve, with the best tactical
employment of the bomber force, is the expected destruction of 200
targets, represented by point P (that is, we estimate that so per cent of
the bombers, each armed with a bomb, will be attrited or will miss the
target). Similarly, we estimate that it would take 250 bombs and 230
bombers to destroy roo targets (point P’) : the expected attrition rate will
be higher with a smaller strike force.

With what other combinations of bombs and bombers can we expect

' The diificultics of determining second-best policies have received some well-deserved
attention in recent years. Sce I. M. D. Little, 4 Critigue of Welfare Ecomomics,
Clarendon Press, Oxford, 1950, especially Chapter VII, pp. 110-120, and Chapter XV,
pp. 269-272; J. B, Meade, The Theory of International Economic Pelicy, Vol, T1, Trade
and Welfare, Oxford University Press, London, 1955, Chapter VII, “The Marginal Con-
ditions for the Second-Best,” pp. ro2-118; R. G. Lipsey and K. Lancaster, “The General
Theory of Second Best,” Review of Econmomic Studies, 1936-57, pp. 11-32; and M. J.
Farreli, “In Defense of Public-Utility Price Theory,” Oxford Econowmic Papers, February
1958, PP. 109-123.
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Fig. 5. Substitution between bombs and bombers

to destroy 2co targets? Of course, with many possible combinations. As is
typically the case in military (and other} operations, one valuable input
may he substituted for another — within broad limits. There is no neces-
sity to plan to use the same number of bombs and bombers. If the number
of bombers exceeds the number of bombs, the aircraft not carrying bombs
can serve a useful function as escorts, cutting down the attrition of the
bomb carriers. If the number of bombs exceeds the number of bombers,
some bombers can carry more than one bomb, attacking targets in
sequence; or, alternatively, bombers surviving the first strike can be
sent on a second. Of course, as we continue to substitute one input for
the other, substitution will become more and more difficult. It will
require at least zoc bombs to destroy 200 targets, ne matter how many
bombers we have at our disposal. Similarly some minimum number of air-
craft will be needed to penetrate enemy defenses and deliver bombs on
200 targets, no matter how plentiful the bombs.

The locus of point P, showing the combinations of bombs and bombers
which, with best tactical employment, can be expected to destroy zoo
targets, is therefore a curve (known in economic theory as an “isoquant’)
convex to the origin and more or less asymptotic, at both extremes, to
lines parallel to the X and Y axes (see Figure 6}, The locus of the point
P’ (expected destruction = roo targets) will be a curve of similar shape
closer to the origin. Other isoquants can be estimated for any given
level of expected target destruction — the best tactical employment

*We will assume in this example that bombs must be paid for by the Air Force, as
if the Atomic Energy Commission managed bomb production as an “industrial fund”
or business. If is apparent that military forces should be planned as if bombs were
costly inputs whether funds arc actually transferred or not. See Stephen Enke, “Some
Economic Aspects of Fissionable Material,” Quarterly Journal of Economics, Vol. 68,
May 1954, PP. 217-232.
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being assumed for the combination of bombs and bombers represented
by each point.

The use of resources is “efficient” in this case with a single valuable
output or objective, where it is impossible to increase the output without
increasing the use of at least one of the valuable inputs.

In Figure 6 every point on each of the isoquants represents an efficient
use of resources. It is therefore possible to move to a higher isoquant
(that is, destroy more targets) only by increasing the use of at least one
valuable input (bombs or bombers).

But which of this infinity of efficient points is optimal? In order to
answer this question, we must have a measure of the relative costs' of
hombs and bombers. Suppose, again for simplicity of exposition, that
the costs of both bombs and bombers are constant, that two bombs can
always be exchanged for one bomber. We can now immediately determine
the optimal combination of bombs and bombers for any allocation of
budget to the strategic air force. If the budget is sufficient to buy 500
bombers (all spent on bombers) or 1,000 bombs (all spent on bombs),
the optimal combination of bombs and bombers to procure is represented
hy point E on Figure 6. At this point the “exchange” curve (the straight
line A-B} showing the combinations which may be procured with the
given budget is tangent to a target isoquant— the highest isoquant
which it can attain,

Let us go over ithe meaning of these curves again in order to make
them clear. The exchange curve shows the way the inputs can be ex-
chimnged (in buying or producing them) while keeping the total budget
constant. The isoquant shows the way the inputs can be substituted for
each other while keeping the quantity of output constant. When the

% The problems of defining the appropriale measure of costs are postponed o
Chapter 9.
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two curves are tangent, as at point E on Figure 6, no further substitution
of one input for the other can increase the output.’ The only way to
increase output in those circumstances would be to get a larger budget.

Other points such as C on the exchange curve would be non-optimal.
For exchange curves representing different budgets, there would be other
optimal points, of course. The expected target destruction so calculated
for all hypothetical budget allocations to the strategic air force {the
budget being divided among inputs in each case in the optimal manner)
was part of the information needed for the construction of the produc-
tion-possibility curve in our first example, shown in Iigure 2.

A number of interesting and characteristic relations between inputs
and outputs may be “read off” Figure 6. Suppose that the price of bombs
ic higher — one bomb exchanging, say, for one bomber as in the exchange
curve AD. In that circumstance, the optimal combination will tend to
contain a smaller ratio of bombs to bombers, and appropriate tactics
economizing on bombs will have to be used. With a higher price for
bombs, the target destruction potential at any given budget level will be
reduced, but not by as much if the ratio of bombs to bombers is optimally
adjusted as if this ratio is left unchanged. We can also use this diagram
to see how much the budget would have to be increased to maintain the
same farget destruction potential with a higher price for bombs: more
bombers and fewer bombs would be purchased with the larger budget.

If the quantity of one input is limited (for example, if no more than,
say, 300 bombs may be obtained from the Atomic Energy Commission at
any price) the exchange curves become vertical at this point, as in
Figure 7. Increments of high budgets must all be spent on bombers, and
tactics optimally adjusted to whatever bomh/bomber ratio results. Cal-
culations of this kind can be used to estimate how much additional
homb production would be worth —in terms of bombers and thercfore
also in terms of dollars. In the hypothetical example shown in Figure 7,
the target destruction that can be achieved with a maximum of 300
bombs available and a budget equivalent to 6oo bombers could be
achieved with a budget equivalent to soo bombers if bombs were con-
tinuously available at half the cost of bombers. In other words, the
additional bombs would be “worth” roo bombers more than their cost.

The extension of this case to three or more valuable inpuls requires
nothing more than the abandonment of plane geometry. For an examina-
tion of the general case and a more rigorous discussion of economic
efficiency, we refer the reader to the Appendix on “The Simple Mathe-

®The slope of the cxchange curve indicates the trade-offs possible in buying the
inputs. It is the ratio of their marginal or incremental costs — the latter being the extra
cost of buying an additional unit of cach item. The slope of the Isoquant similarly

indicates the trade-offs possible in using the inputs. At the point of tangency these
slopes, or trade-off possibilities, are equal.
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matics of Maximization.” Here let us turn to the use of economic analysis
in the search for more efficient courses of action,

THE ELEMENTS OF AN ECONOMIC ANALYSIS

The essence of economic choice in military planning is not quantita-
tive analysis: calculation may or may not be necessary or useful, de-
pending upon the problem and what is known about it. The essential
thing is the comparison of all the relevant alternatives from the point of
view of the objectives each can accomplish and the costs which it in-
volves; and the selection of the best {or a “good”) alternative through
the use of appropriate economic criteria.

The elements of a military problem of economic choice, whether its
solution requires advanced mathematics, high speed computing equip-
ment, or just straight hard thinking, are therefore the following:!7

1. An objective or objectives. What military (or other national) aim
or aims are we trying to accomplish with the forces, equipments, projects,
or tactics that the analysis is designed to compare? Choice of objectives
is fundamental: if it is wrongly made, the whole analysis is addressed to
the wrong question, For instance, we assumed in example 1 above that the
sole objective of air defense is the slaughter of enemy aircraft: if in fact
one of its major objectives is the early identification of an enemy attack
and the provision of tactical warning to United States targets, the force
we selected in example 1 is unlikely to be either optimal or efficient.

2. Alternatives. By what alternative forces, equipments, projects,
tactics, and so on, may the objective be accomplished? The alternatives
are frequently referred to as systems'® because each combines all the

" These elements will be shown “in action” in the next Chapter — “An Illustrative
Application of Economic Analysis.”

" Hence “systems analysis,” a term frequently applied to complex gquantitative
analyses.
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elements — men, machines, and the tactics of their employment — needed
to accomplish the objective. System A may differ from System B in only
one respect (for example, in number of bombs per bomber), or in several
(number of bombs per bomber, number of strikes, and so on), but both
are complete systems, however many elements they have in common.
The great problem in choosing alternatives to compare is to be sure
that all the good alternatives have been included. Frequently we lack
the imagination to do this at the beginning of an analysis; we think of
better alternatives (that is, invent new systems) as the analysis proceeds
and we learn more about the problem. The invention of new and better
gystems in this fashion is indeed one of the principal payoffs from this
kind of analysis.

3. Costs or resources used. Each alternative method of accomplish-
ing the objective, or in other words each system, involves the incurring
of certain costs or the using up of certain resources {these are different
phrases to describe the same phenomena). Costs are the negative values
in the analysis (as the objectives are positive values), The resoutces
required may be general (as is commonly the case in problems of long-
range planning), or highly specific (as in most tactical problems), or
mixed. Some of the difficult problems of which costs to include and how
to measure them are considered in Chapter ¢.

4. A model or models. Models are abstract representations of reality
which help us to perceive significant relations in the real world, to
manipulate them, and thereby predict others. They may take any of
numerous forms, Some are small-scale physical representations of reality,
like model aircrait in 2 wind tunnel. Many are simply representations on
paper — like mathematical models. Or, finally, they may be simple sets
of relationships that are sketched out in the mind and not formally
put down on paper. In no case are models photographic reproductions
of reality; if they were, they would be so complicated that they would
be of no use to us, They have to abstract from a great deal of the real
world — focusing upon what is relevaot for the problem at hand, ignoring
what is irrelevant. Whether or not one model is better than another
depends not on its complexity, or its appearance of reality, but solely
on whether it gives better predictions (and thereby helps us to make
better decisions).’® In systems analyses models of one type or another
are required to trace the relations between inputs and outputs, resources
and objectives, for each of the systems to be compared, so that we can
predict the relevant consequences of choosing any system.

* Bombardiers once bormbed visually, using simple models in their heads to estimate
the bomb’s trajectory in relation to the target. Modern bombsights use mathematical
models, requiring high speed computers for solution, to make the same cstimate. The

model used by the modern bombsight is better only if its predictions are more accurate
—a question of fact which has to be tested by experiment.
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5. A criterion. By “criterion” we mean the test by which we choose
one alternative or system rather than another, The choice of an appro-
priate economic criterion is frequently the central problem in designing
a systems analysis. In principle, the criterion we want is clear enough:
the optimal system is the one which yields the greatest excess of positive
values (objectives} over negative values (resources used up, or costs).
But as we have already seen, this clear-cut ideal solution is seldom a
practical possibility in military problems2® Objectives and costs usually
have no common measure: there is no generally acceptable way to sub-
tract dollars spent or aircraft lost from enemy targets destroyed. More-
over, as in two of the cases above, there may be multiple objectives or
multiple costs that are incommensurable. So in most military analyses
we have to be satisfied with some approximation to the ideal criterion
that will enable us to say, not that some system A is optimal, but that
it is better than some other proposed systems B, C, and so on. In many
cases we will have to be content with calculating efficient rather than
optimal systems, relying on the intuitive judgment of well-informed
people (of whom the analyst may be one) to select one of the efficient
systems in the neighborhood of the optimum. The choice of criteria is
the subject of Chapter o.

It cannot be stated too frequently or emphasized enough that economic
choice is @ way of looking at problems and does not necessarily depend
upon the use of any analytic aids or computational devices, Some analytic
aids (mathematical models) and computing machinery are quite likely
to be useful in analyzing complex military problems, but there are many
military problems in which they have not proved particularly useful
where, nevertheless, it is rewarding to array the alternatives and think
through their implications in terms of objectives and costs. Where
mathematical models and computations are useful, they are in no sense
alternatives to or rivals of good intuitive judgment; they supplement
and complement it. Judgment is always of eritical importance in designing
the analysis, choosing the alternatives to be compared, and selecting the
criterion. Except where there is a completely satisfactory one-dimensional
measurable objective (a rare circumstance), judgment must supplement
the quantitative analysis before a choice can be recommended.

THE REQUIREMENTS APPROACH

In the absence of systematic analysis in terms of objectives and costs,
a procedure that might be called the “requirements approach” is com-
monly used in the military departments and throughout much of the
government. Staff officers inspect a problem, say, the defense of the
continental United States or the design of the next generation of heavy

¥1In private industry this “ideal” criterion is the familiar ¢nc of profit maximization.
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bomber, draft a plan which seems to solve the problem, and determine
requirements from the plan. Then feasibility ig checked: Can the “re-
quired” performance characteristics, such as some designated speed and
range, be achieved? Can the necessary budget be obtained? Does the
nation have the necessary resources in total? If the program passes the
feasibility tests, it is adopted; if it fails, some adjustments have to be
made. But the question: What are the payoifs and the costs of alternative
programs? may not be explicity asked during the process of setting the
requirement or deciding upon the budget. Tn fact, officials have on occa-
sion boasted that their stated ‘“requirements” have been based on need
alone.

This, of course, is an illusion. Some notion of cost (money, resources,
time), however imprecise, is implicit in the recognition of any limitation,
Military departments frequently determine ‘“requirements” which are
from 10 to z5 per cent higher than the available budget, but never ten
times as high, and seldom twice as high. But this notion of cost merely
rules out grossly infeasible programs. Tt does not help in making optimal
or efficient choices,

For that purpose it is essential that alternative ways of achieving
military objectives be costed, and that choices be made on the basis of
payoff and cost. How are choices made by military planners prior to any
costing of alternatives? We have never heard any satisfying explanation,
As we noted in our discussion of Figure 6, a good or efficient choice
depends upon the relative costs of different resources or inputs; there was
no “geod” bomb/bomber combination or tactic independent of cost, The
derivation of requirements by any process that fails to cost alternatives
can result in good solutions only by accident. Probably military planners
sometimes weigh relative costs in some crude manner, at least subcon-
sciously, even when they deny they do; or they make choices on the
basis of considerations which ought to be secondary or tertiary, such
as the preservation of an existing command structure, or the matching
of a reported foreign accomplishment.

The defects of the requirements approach can be seen clearly if we
think of applying it to our problems as a consumer, Suppose the consumer
mulls over his transportation problem and decides, “on the basis of need
alone,” that he requires a new Cadillac, Tt is “the best” car he knows,
and besides Jones drives one. So he buys a Cadillac, ignoring cost and
ignoring therefore the sacrifices he is making in other directions by buy-
ing “the best.” There are numerous alternative ways of solving the
consumer’s transportation problem (as there are always numerous ways
of solving a military problem), and a little costing of alternatives prior
to purchase might have revealed that the purchase of “the best” instru-
ment is not necessarily an optimal choice. Perhaps if the consumer had
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purchased a Pontiac or a secondhand Cadillac he would have saved
enough to maintain and operate it and take an occasional trip.?! Or
if he had purchased a Chevrolet he could have afforded to keep his old
car and become head of a two-car family. One of these alternatives,
properly costed and compared, might have promised a far greater amount
of utility for the consumer than the purchase of a new Cadillac “on the
basis of need alone.” Or the exercise might have reassured the consumer
that the new Cadillac was indeed optimal. While expensive unit equip-
ment is not necessarily optimal, in some cases it can be proved to be.

THE PRIORITIES APPROACH

Another procedure that seems to have a great deal of appeal, in both
military planning and other government activities, is the “priorities
approach.” To facilitate a decision about how to spend a specified budget,
the desirable items are ranked according to the urgency with which they
are needed. The result is a list of things that might be bought, the ones
that are more important being near the top and the ones that are less
important being near the bottom. Lists that rank several hundred
weapons and items have sometimes been generated in the military
services.

At first blush, this appears to be a commendable and systematic way
to tackle the problem. When one reflects a bit, however, the usefulness
and significance of such a list begins to evaporate. Consider the following
items ranked according to their (hypothetical) priorities: (1) Missile X,
{2} Radar device Y, (3) Cargo aircraft Z. How do you use such a ranking?
Does it mean that the entire budget should be spent on the first item?
Probably not, for it is usually foolish to allocate all of a budget to a
single weapon or object. Besides, if a budget is to be so allocated, the
ranking of the items below the first one has no significance,

Does the ranking mean that the money should go to the first item
until no additioral amount is needed, then to the second item until no
further amount is needed, and so on? Hardly, because there could be
some need for more of Missile X almost without limit. Even if only a
limited amount of Missile X was available, to keep buying right out to
this limit would usually be a foolish rule. After quite a few Missile X's
were purchased, the next dollar could better be spent on some other item,
Even using lifeboats for women and children first is foolish if a sailor or
doctor on each lifeboat can save many lives.

Perhaps a priority list means that we should spend more money on the
higher-priority items than on those having a lower priority. But this

# Costing in our sense is never simply the cost of a unit of equipment; it is always
the cost of a complete system including everyihing that must be purchased with

the equipment and the cost of maintaining and cperating it. See the next section below
and Chapter 8, pp. 136-139.
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makes little sense, since some of the items high on the list, for example,
the radar device, may cost little per unit and call at most for a relatively
small amount of money; while some lower-ranking purchases, such as
the cargo aircraft, may call for comparatively large sums if they are to
be purchased at all. In any event, the priorities reveal nothing about
how much more should be spent on particular items.

Just how anyone can use such a list is not clear. Suppose a consumer
lists possible items for his monthly budget in the order of their priority
and he feels that in some sense they rank as follows: (1) groceries,
(2) gas and oil, (3) cigarettes, (4) repairs to house, {5) liguor, and
(6) steam baths, This does not mean that he will spend all of his funds
on groceries, nor does it mean that he will spend nothing on ligquor or
steam baths. His problem is really to allocate his budget among these
different objects. He would like to choose the allocation such that an
extra dollar on cigarettes is just as important to him as an extra dollar
on groceries. At the margin, therefore, the objects of expenditure would
be equally important (except for those that are not purchased at all).

The notien of priority stems from the very sensible proposition that
one should do “first things first.”” It makes sense, or at least the top
priority does, when one considers the use of a small increment of re-
sources or time. If one thinks about the use of an extra dollar or of the
next half-hour of his time, it is sensible to ask, “What is the most
urgent — the first-priority — item?” If one is deciding what to do with
a budget or with the next eight hours, however, he ordinarily faces a
problem of aflocation, not of setting priorities. A list of priorities does
not face the problem or help solve it.

Thus in formulating defense policy and choosing weapon systems, we
have to decide how much effort or how many resources should go to each
item. The “priorities approach” does not solve the allocation problem and
can even trap us into adopiing foolish policies.??

SOME MISUNDERSTANDINGS

There is some resistance to the use of economic analysis in military
problems that is based on misunderstanding,

An economically efficient solution to military problems does not
imply a cheap force or a small military budget. It simply implies that
whatever the military budget (or other limitation, for example, on
personnel), the greatest military capabilities are developed. Since military
capabilities are plural and not easily commensurate, an efficient military

ZFor a revealing discussion of priority lists, sce Military Construction Appropriations
jor ros8, Hearings before the Subcommittee of the Commitiee on Appropriations, House
of Representatives, 85th Congress, 1st Session, U.S. Government Printing Office, Wash-
ington, D.C., 1057, Dp. 420-427.
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establishment, in the technical sense, would merely be one in which no
single capability — anti-submarine, ground warfare, offensive air, and
so on — could be increased without decreasing another. An optimal estab-
lishment would in addition have the right “balance” among capabilities
—a harder problem for analysis.

From the point of view of the nation, of the military establishment
as a whole,2® and of the Treasury Department, the achievement of effi-
ciency and the approach to an optimal solution can be a common objec-
tive. There is a conflict of interest between the Treasury, the Bureau of
the Budget, and economy-minded Congressmen on the one hand, and the
military services on the other when the level of the budget is in question.
The military services always (and properly) want more; the economizers
always (and also properly) offer resistance, or try to impose reductions.
But once the budget has been determined, there is no longer conflict of
interest.

In fact the choices that maximize military capability for a given
budget are the same choices that minimize the cost of attaining that
capability. As we shall see in Chapter o, the capability-maximizing
criterion (given budget) and cost-minimizing criterion (given capability)
are logically equivalent and therefore lead to the same choices and the
same programs (for any given scale of operations, as determined by
either budget or capability). If an Atlas missile system maximizes our
strategic air power for a given SAC budget, it also minimizes the cost
of providing that much strategic air power.

Some officers object to economic analysis because they think it im-
plies cheap equipment, or the continued use of obsolescent equipment.
This is by no means the case except, properly, where the use of cheap
or old equipment results in lower system cost. New equipment does tend,
on a unit basis, to be more expensive than old; but this does not mean
that its use is uneconomic, any more than the use of modern more ex-
pensive equipment is necessarily uneconomic in industry. What counts,
in the military as in industry, is not the unit cost of procurement, but
the total system cost — the cost of procuring and maintaining and oper-
ating the whole system in which the new equipment is embedded -— of
achieving an appropriate capability or objective. This may be greater
or less with new, more “‘expensive,” higher performance equipment. In
the case of the atomic bomb it was much less, although the bombs them-
selves are presumably much more expensive. There is no presumption
that the substitution of the “expensive” B-47 for the “cheap” B-20 was
uneconomic. The problem of the relative worths and costs of quality and

# There are undoubtedly sectional interests within the military — particularly com-
mands, services, and staff units — which might suffer from increased efficiency in the
establishment as a whole, and have therefore a perverse incentive to prevent efficiency.



EFFICIENCY IN MILITARY DECISIONS 125

quantity is, in the military as in private industry, an economic problem,
amenable to economic calculus.

Another misunderstanding is reflected in the question, “What do
dollars matter when national survival is at stake?” They matter pre-
cisely because they represent (however imperfectly in some circum-
stances) generalized national resources at the disposal of the military.
Unless they are economically used, resources will be wasted, and the
nation will have less military capability and a smaller chance of survival.
If any one dimension of military power is wastefully planned, that is,
at greater than minimum cost, some other dimension will, with a given
total military budget, have fewer resources at its disposal and necessarily
less capability. Of course waste can be compensated, within limits, by
voting higher military budgets at the expense of non-military objectives,
but legislatures are understandably less than willing to raise budgets
for this purpose. I they vote a higher budget, they want the still greater
military capahility that an economic use of the higher budget would make
possible.

EFFICIENCY IN THE LARGE VERSUS EFFICIENCY
IN THE SMALL

It is convenient in analyzing national security problems (and many
others) to distinguish between “efficiency in the large” and “efficiency
in the small.” (Efficiency in this section will again be used in the gencral
sense of “making good use” of resources —not in the technical sense
defined earlier in the chapter.) Efficiency in the large, or at relatively
high levels, involves getting the gross allocations right in reference to
major objectives —in the case of national security, the allocation of
resources between military and non-military uses, and allocations to
the Services and the major military “missions” in conformity with national
objectives, Efficlency in the small, or at relatively low levels, involves
making good use of the resources allocated to each mission and the
numerous subordinate jobs within each,

Quantitative economic analysis can be useful in both types of prob-
lems, although the type of analysis that is appropriate in the two cases
is iikely to differ. Typically in decisions at relatively high levels there
are important gualitative or intangible factors which make it impossible
to define a satisfactory criterion and therefore impossible to devise an
explicit model which points the way to tke right decision.?* Nevertheless
the explicit use of models and of quantitative analysis is not only pessible
in many such problems, but essential if good solutions are to be found.

Take as an example the division of the budget for the strategic air
war between offense and defense. This is a comparatively high level

M Some lower level problems are in this respect precisely like the high level ones.
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problem, beset by intangibles. On one side is the mystique of the offense
— the conviction of military services everywhere that morale depends
upon offense-mindedness, and that reliance on defensive measures is seli-
defeating. On the other side is the morale and resolve of the civilian
nation: will it dare to threaten war if it is defenseless against enemy
bombs? And in between is that most pervasive of all intangibles — the
mind of the enemy. How does it function, and what will deter him?

Nevertheless, quantitative calculations are essential to a rational
solution, Calculations can show that with the expenditure of a tolerable
number of billions of dollars annually on an offensive force and on the
defense of the offensive force, we can with high confidence (say, go per
cent) guarantee effective retaliation against an aggressor and therefore
that a rational aggressor will be deterred. Similar calculations can show
how this total deterrent budget should be divided between the offensive
force and various protective devices including warning nets, hardening of
installations, and interceptor and missile defenses.

At the same time, calculations can show that much larger budgets
(beyond the range of practical politics) will provide only partial and
uncertain {(low-conildence) protection in the event deterrence fails.

Calculations of this kind, whether made explicitly or implicitly,
account for the prevalent view, undoubtedly correct in present circum-
stances (1g96o), that protected offensive deterrent power has first claim
on the national security budget. For what we are trying to do in allocating
between offense and defense is to minimize some combination of (a) the
chance that all-out thermonuciear war will occur, and (b) the amount
of damage we will suffer if it does occur.?® While we do not know precisely
what combination we want to minimize, we can as a first approximation
regard it as the product of {a) and (b). We would he willing to reallocate
budget from deterrent forces to protective ones like Nikes or civilian
shelters only if the expected damage to us if war occurs was reduced by
a greater factor than the chance of war was increased.

Of course, we cannot make a complete, explicit calculation of such a
product, for we do not have a direct measure of the chance of war, The
final stage in allocating funds between deterrent and survival measures
is a task for judgment, but judgment’s task can be greatly facilitated by
calculations showing how accomplishments of the proximate objectives,
that is, ability to inflict damage and ability to survive attack, are
related to budget expenditures,

If the technical possibilities of offense and defense, as reflected in
the budget costs of buying given amounts of deterrent power and pro-
tection, were drastically altered by, say, some technological break-

* The amount of damage we will be able to inflict on the enemy is implicit in the
caleulation, since that is our means of deterring war.
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through in defense, our judgment about the best allocation would also
change. Suppose that, hoth for the Russians and ourselves, the relations
were more or less reversed, so that at practical budget levels we could
buy a high-confidence, virtually leak-proof defense; while the similar
effectiveness of the Russian defense made the task of providing an effec-
tive retaliatory force tremendously uncertain and expensive, We are
sure that in these circumstances men of good judgment would assign top
priority to providing the curtain of death rays that would kill incoming
bombers, missiles, and bombs. On the other hand our strategic bombing
forces, in fighting for appropriations for their low-confidence mission,
would find themselves in the same difficult, uncomfortable position that
Continental Air Defense and the agencies responsibie for civil defense
NOW OCCUpY.

Of course priority provides no clue to the proportion of the budget
to be allocated to the deterrence mission — except when the total budget
is small. When the budget is large, the best proportions depend upon the
effects of increments of budget spent on deterrence and survival respec-
tively (and these effects are calculable).

As we descend to lower levels of decision making, there is frequently
a change in the proportion of guantitative and qualitative factors that
affords greater scope for explicit analysis, If the problem is not how
much to allocate to air defense relative to other missions, but with
which of two proposed electronic gun sights to equip fighter aircraft,
the relevance and necessity of quantitative analysis becomes obvious,
To make a rational choice we must, at the least, have quantitative evidence
on accuracy, reliability, cost and availability, weight and the consequences
of added weight, and so on. Of course the great majority of problems of
military choice are, like this one, lower level problems, which are decided
in the first instance at levels in the departmental or military hierarchy
well below the top.

The bulk of explicit quantitative analysis so far attempted in the
military, chiefly by operations analysis groups, has been directed toward
such lower level problems, and this will probably always be true, and it
may be desirable. Not only do the lower level problems demand quantita-
tive analysis and appear more “manageable”; they are, in the aggregate,
of great importance. Experienced operations researchers report that they
frequently discover that some of the systems which they compare are
better by large factors — three, four or more — than others seriously
proposed, sometimes with enthusiastic advocates. This should come as
no surprise to economists who have studied international differences in
productivity and costs, or even differences among enterprises within a
nation. There are many ways to make any product or achieve any ob-
jective, and some are much more efficient than others. In the absence
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of an adequate economic calculus, highly inefficient ways can be and
are chosen.®®

In some of the following chapters, we try to illustrate an economic
approach to problems of choice at various levels. In Chapter 8 we pre-
sent an example of systematic quantitative analysis, applied in this in-
stance to a comparatively low level problem, the choice of cargo aircraft
for a military transport fleet. This analysis makes use of a fairly clear-cut
criterion and relies heavily upon an explicit model. In the last chapter
of the book, we consider major factors that should figure in an economic
analysis of a relatively high level problem, that of shaping our policies
for deterrence, In this problem, while the conclusions depend critically
upon quantitative calculations, we have to find means to cope with a
formidable array of intangibles and uncertainties. Other chapters in
Part III discuss major considerations affecting the economic analysis
of problems of choice (such as choosing policies in military alliances or
shaping logistics plans) at various levels.

SUB-OPTIMIZING

The usual task of quantitative analysis is the improvement of decisions
at relatively low levels in the military hierarchy - efficiency in the
small. But while decisions at these levels appear more susceptible to
quantitative analysis, and indeed frequently are, such analysis presents
peculiar and formidable difficulties, These are associated with the choice
of criteria, and will be more fully discussed in Chapter g. What follows
here is an impressionistic introduction to the nature of the problem.

In the first place, for a lower level analysis to be more manageable,
it must be confined to a lower level context. Many of the things that
would be treated as variables in a higher level analysis — specificaily,
decisions at still higher levels and at the same levels in other branches
of the military -— must be taken as given. The systems to be compared
in the analysis, while “complete” in some sense, must be limited, with
only a few elements varying from system to system.

Analyses so confined to lower level contexts, which assume decisions
given at higher and collateral levels, are called “sub-optimizations.” 27
They attempt to find optimal (or near optimal) solutions, but to sub-
problems rather than to the whole problem of the organization in whose

®We are not suggesting, of course, that all international or intercompary differences
in productivity measure differences in the efficiency of utilization of resources, Where
labor is a relatively cheap factor it will usually be efficient to choose methods which
result in lower average labor productivity., But the differences do measure the wide
range of alternative methods and thereiore the range of possible error if economic
rationale is lacking.

¥ Sub-optimizations correspond to the partial equilibrium analyses of conventional
economic theory,
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welfare or utility we are interested. If a consumer tries to solve his
transportation problem (Cadillac vs. Chevrolet) more or less in isolation,
taking other major decisions affecting his income and expenditure as
given, he is sub-optimizing. If the Air Force tries to decide between
two gun sights for fighters, taking the general organization, size and
tactics of fighter defense as given, it is sub-optimizing. If we are taking
a Departmental or Service point of view, we sub-optimize when we try
to solve a problem at a level lower than that of the Secretary or Chief
of Staff. From a national point of view, even problems at the Chief of
Staff level, in a context coextensive with the responsibilities of the Service,
must be regarded as sub-optimizations.

Sub-optimizations are both necessary and inevitable, and provide
scope for productive quantitative analyses of important problems of
choice. But they are hard to do well. While analysis appears to become
more manageable as we move to lower levels, limit the context, and
restrict the scope within which systems vary, three inter-related problems
tend to become more formidable the further we move in this direction:

1. The first is the problem of selecting an appropriate criterion —
appropriate, that is, to the level at which the decision is being studied
— that is consistent with higher level criteria, and ultimately with the
welfare of the organization or group in which we are really interested.
It is very easy to choose some proximate criterion in a low level problem
that is inconsistent with higher level criteria — to take a previous ex-
ample, maximizing air defense kill potential when an equally important
or more important function of air defense is to provide adequate warning.

z. The second we will call the problem of spillovers; and this too
we will discuss at greater length in Chapter 9. When we confine analysis
within narrow contextual limits, there is always a possibility that some
of the consequences may affect — favorably or unfavorably — other parts
of the larger organization or group with whose welfare we are con-
cerned. Certain SAC deployments will facilitate, and others will make
more difficult, the task of the air defense system in providing warning
to and defense of SAC hases. These spillover effects would be missed
in an analysis narrowly confined to SAC,

3. Third, there is the problem of choosing the context and the ele-
ments that will be permitted to vary in the systems compared. The
context need not, and indeed normally should not, be as restricted as the
area of immediate decision that provides the focus of the analysis. The
broader the context the less the danger from inconsistent criteria and
the less likely it is that significant spillover effects will be missed. The
broader the context, too, the fewer other decisions one needs to take as
given, and the greater opportunity one has to explore the interdependence
of decisions at different and collateral levels. But breadth of context and
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any increase in the number of variables have to be purchased by dras-
tically increasing the complexity of the analysis,?® with all this implies
in terms of research manpower, expense, and time. So we don’t want
to expand context or increase variables unnecessarily.

How large should the context be? How many decisions should be
analyzed simultaneously? There are no rules except-—be aware of the
dangers, and use good sense to reduce them. Some low level problems
are “factorable,” that is, good decisions don’t depend much upon other
decisions, and spillovers aren’t too important. Where problems are rela-
tively factorable, the context can be kept small and the variables few.
One can frequently minimize the cost of one operation without much
affecting others. But other problems simply aren’t factorable in this
sense. Their solution, even if responsibility is fixed at a low level in the
hierarchy, has wide ramifications. And any optimal solution must take
account of the interdependence of this problem and others. As an obvious
and extreme example, an analysis of the location of SAC bases cannot he
successfully sub-optimized even at the level of SAC Headquarters. Their
location not only has spillovers on air defense, as we have seen, and on
our ability to fight local wars in various parts of the world ; but it may
also affect the whole structure of our alliances, We must either optimize
on a fairly grand scale (probably impossible in any explicit quantitative
manner), or frankly label our sub-optimization a partial analysis, dealing
only with some of the factors important to a decision.

Consider another hypothetical example, mentioned above, which
demands, in the design of the analysis, some compromises between
desirable breadth of context and the need to keep research requirements
within practical limits. Suppose the analyst’s assignment is to select the
“best” of several proposed electronic gun sights for fighter aircraft.
How large a context should he assume in the study? How many other
decisions should he assume to be given?

At one extreme he might fit the sights into very small systems — say
specific fighter aircraft — and “score” them by the number of hits regis-
tered in tests on tow targets. Would this give him the right answer?
Not necessarily. In the first place the criterion may not be closely
related to the real task of fighter aircraft. The sights (or some of them)
may be heavy enough to affect the plane’s range, or its speed or maneuver-
ability. The number of tubes in the electronic system would affect the
reliability and the ease of maintenance of the weapons system. Further-

#The number of cases to be computed and compared incrcases as the power of the
number of interdependent variables. If we let each variable take four alternative values
and have two variables, the number of cases is 4% or 16 —a back-oi-the-envelope proh-
lem. If we increase the number of varisbles to 1o, we have to compute 4°° cases, or more
than a million, and probably need a high speed electronic computer.
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more, performance in combat situations might not be taken sufficiently
into account in comparing the number of hits on a tow target.

To overcome some of these shortcomings, the analyst might enlarge
the context slightly and fit each gun sight into a fighter plane in combat
(on paper) with an enemy aircraft. Would it be in accordance with
higher level aims to put this particular emphasis on victory in individual
duels? Again, not necessarily. The best gun sight in a duel of one against
one would probably turn out to be an extremely expensive one, making
it necessary, with a given budget, to sacrifice numbers (or perhaps the
range of the fighter). The electronic gear might cause too many aborts
(planes that return to base unable to complete their mission) or keep
too many planes on the ground. From the standpoint of numerical
superiority, number of interceptions, and other aspects of the whole
fighter operation, this gun sight might be a poor choice indeed.

The analyst appears to be driven to larger and larger systems —
fitting the gun sights into planes, then the planes into fighter groups,
then the groups into relevant military operations. He may even want
to ask what tasks or budgets make sense in view of the whole military
operation and of political realities. But while larger systems analyses
make his criterion problem (or one aspect of it) more manageable, they
become more cumbersome and more aggregative. At some point in the
process, depending on many circumstances (how much time he has,
what research resources he has, what chance he or his organization
has of influencing higher or collateral decisions, how important the
choice among gun sights is anyway?), he must accept a limited context
and a less-than-perfect proximate criterion, try to keep aware, in a
general and qualitative way, of its shortcomings and biases, treat effects
outside his system crudely, and get on with his inevitable job of sub-
optimizing.

KINDS OF MILITARY DECISIONS

Military decisions may be classified by kind as well as by level. For
purposes of economic analysis it is frequently useful to distinguish:

Operations decisions (strategy and tactics)
Procurement or force composition decisions
Research and development decisions.

The hasic difference among these kinds of decisions, from the point of
view of analysis, is the time at which the decision aifects the capability
of the military forces concerned. An operations decision (how many
destroyers to use per convoy) can affect operations and capability almost
immediately; in fact, analyses and decisions focused on operations are
usually concerned with the near future. A decision to procure something,
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on the other hand, cannot affect capability until the thing procured has
been produced (in the case of manpower, trained) and fitted into opera-
tional forces. If the thing is an aircraft carrier or a bomber, the time
involved may be many years. Decisions to develop something tend to
affect capabilities at an even later date —after the thing has heen
developed, and produced, and then fitted into operational forces.

An economic analysis, whether quantitative or qualitative, will usually
attempt to determine the wutility of alternative systems by examining
the effect on military capabilities, whenever these occur.2® The effects
of a change in tactics in 1960 can perhaps be fully evaluated in the
context of 1960, But to evaluate the efiects of a decision in 1960 to
develop (or even to procure) a new missile may require projecting the
context to rgjo or later. Analyses based on long-range forecasts are, of
course, highly uncertain, and this fact drastically alters the form of
analysis which it is sensible and useful to make and the kind of conclu-
siens one can draw from it. The problems involved are considered in
some detail in Chapters g, 1o, and r1.

In an operations decision, the relevant resource constraints are
usually specific rather than general, simply because the time horizon is
so short. If the problem involves the tactics of comvoying, the escort
vessels that have to be used must probably be taken as given —in
number, speed, armament, and so on. No budget however large can
produce more in the short run. Similarly, SAC’s emergency war plans for
a retaliatory strike must utilize specific planes carrying specific bombs
from specific bases. The fact that the appropriate resource constraints
are specific by no means inhibits economic analysis. We have seen that
the problem of making economic use of a number of specific resources
is fundamentally the same problem as making economic use of a single
general resource, although the calculations may be more complicated.
In fact, the first large-scale explicit use of quantitative economic analysis
in military problems by operalions research groups in the Second World
War was directed toward problems of tactical operations. Serious at-
tempts to apply the same techniques to longer-range procurement and
development problems, in which constraints are more appropriately one
or a very few general resources, followed much later.

Analysis focused on a procurement decision (for example, which of
two missiles to order in rg6o) almost of necessity will have to study
operations in later years —the strategy and tactics with which each
missile will be used after it has been introduced into the force. For a
valid comparison, each must be used in the most effective way in the
context of the appropriate future year. (Similarly, an analysis focused

® Some qualifications have to be made in the case of analyses for research and develop-
ment decisions. See Chapter 13,
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on a development decision may, in order to gauge potential payoffs,
study procurement and operations as well). The analysis of a procure-
ment problem is, however, solely directed toward the procurement de-
cision in the immediate future; its analysis of future tactics is incidental
to choice of bomber; it is tentative and leads to no recommendations
about tactics. The time to make analyses focused on tactical decisions
in 1068 s not earlier than 1967,

8. AN ILLUSTRATIVE APPLICATION
OF ECONOMIC ANALYSIS!

To exemplify the potentialities and limitations of systematic quan-
titative analysis, we shall apply some of these techniques to a choice
faced by a military service. This application reflects the “way of looking
at military problems” that has been stressed, that is, the systematic
consideration of alternative policies and the gains and costs of each.
The example therefore embraces the various elements discussed above
— a manageable “sub-problem” of choice, a mission or objective, alterna-
tive means of achieving that objective, costs entailed by each means,
models to trace out the relationships among these elements, and a
criterion for choosing the preferred means. In this chapter we simply
present the analysis. In subsequent chapters, we shall refer to it in order
to elucidate general points about the selection of criteria, uncertainty,
the treatment of time streams, and the use of analysis in planning research
and development.

THE PROBLEM

In order to exhibit both the merits and the pitfalls of quantitative
analysis, we have turned to a real problem of military choice. It is a
problem of procurement or force composition — that of choosing in 195%
an intercontinental military air transport fleet for the decade 1958-1967.
Because we wish to focus attention on method rather than on the sub-
stance of this particular analysis, the alternative policies — in this case,
alternative transport fleets — are hypothetical. The assumed characteri-
zations, such as payloads and ranges, of the ajrcraft considered here do
not correspond to those of existing transports. The planes cannot be

1 This chapter may be omitted or skimmed by readers with little interest in guantita-
tive analysis. Tt was written by C. B. McGuire, who participated in a study of military
air transport svstems carried out for the U.S. Air Force in the Logislics Department o
RAND's Economics Division. D. M. Fort and A. S. Manne helped in the development of

the model. The methods used in this illustrative analysis are similar to those of the
original study.
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labeled “turboprops” or “turhojets”; they are simply hypothetical air-
craft whose function is to help illustrate the possibilities of systematic
analysis. The context, however, is sufficiently realistic and detailed to
bring out many of the complexities, and the calculations have been carried
out fully in order to make the illustration complete.

Deciding on the best intercontinental air transport fleet appears to
be a manageable sub-optimization. Certain higher-level questions — for
instance, should the United States have an intercontinental airlift capa-
bility? — are put aside. Attention is confined to the lower level ques-
tion: I the United States is to have such a capability during the period
1958-1967, what is the most efficient fleet for the mission? This decision
appears to have no marked repercussions on broader defense policies or
on international negotiations, so we can safely “factor out” the problem
for more or less separate examination. (If the choice affected the design
of equipment to be transported, this effect would have to be taken into
account, but the alternative aircrait do not in fact seem to have differential
implications for the design of tanks, guns, gear, and so on.)

THE MISSION OR OBJECTIVE

The assumed mission comprises two tasks, routine worldwide resupply
of our military bases at ¢/l times and deployment in the event of a pe-
ripheral war. (Air transport needs in an all-out war are not considered,
for they appear to be less than the requirements for tactical deployment
in limited conflicts.) These tasks, while specified in considerable detail,
are intended to be representative airlift missions. Both are stated in
terms of cargo and passenger tonnages to be delivered via 20 “channels”
(see Tables 14 and 15 in the appendix at the end of this chapter). A
channel is specified by an origin and one or two overseas destinations.
For most of the channels, several round-trip routes are available for
delivering the required tonnage. Thus Travis Air Force Base, California,
to Tokyo, Japan, is Channel 17, and five routes can be used:2

Route 1: Travis-Tokyo-Travis
Route 2: Travis-Midway-Tokyo-Midway—Travis
Route 3: Travis-Hickam-Midway-Tokyo-Midway-Hickam-Travis
Route 4: Travis—-Hickam-Wake-Tokyo-Midway-Hickam-Travis
Route 5: Travis-Hickam-Johnston-Wake-Tokyo-Midway—Hickam~
Travis
To allow for changes in routine air resupply needs and in the avail-

ability of various aircraft, the ro-year period studied was divided into
Period T, four years, 1958—1961 inclusive, and Period II, six years, rgf2—

*Still other routes can be devised, of course, but the ones Iisted cover most of the
interesting possibifities.
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1967 inclusive. The magnitude of the deployment task is assumed to
remain unchanged throughout the ro years. The magnitude of the routine
resupply mission is assumed to increase from about two and one-half
times 1954 levels in Period I to about five times 1954 levels in Period I1.
This assumption of rapid growth in traffic seems justified by trends
observed in the past 10 years.

The representative deployment task consists of the movement to
Bangdhad, a hypothetical city in the Far East, of one infantry division
(combat echelon) from Travis Air Force Base, California, one fighter-
bomber wing from Travis, and two fighter-bomber wings from Tekyo.
In addition, one weel’s supply of fuel and ammunition for the fighter-
bomber wings is to be brought in from Manila. This airlift is to be
accomplished in 1o days.

THE ALTERNATIVE MEANS

The aircraft considered for the transport fleet were limited, for present
purposes, to four: the C-g7* (the currently used piston-engined aircraft),
the HC-400 (HC standing for “Hypothetical Cargo” aircraft), the HC-5c0,
and the HC-600. The last three aircraft are turbine-engined aircraft, and
the higher the “HC-number,” the larger the size of the aircraft.* Per-
haps the best way to summarize the physical characteristics of these
aircraft is to show their respective “payload-range” curves, which picture
the combinations of cargo and range that are feasible in each aircraft
(see Figure &). These curves play a major role in the calculation of
results.

Some of these aircraft are supposed to be on hand, while others are
presumed {o be procurable within specified production limits. Table 12
gives initial inventories and the possibilities of procurement in each of
the two periods. Notice that for each of the turbine-engined aircraft, the
number available increases over time, with HC-400 production ahead
of H(C-s00 production, and the latter ahead of HC-600 production.

Since the problem pertains to a series of points in time, simplified
here to two time periods, the alternatives are not just fleets, but fleet
sequences. That is, what we seek is not actually an optimum fleet but
rather the best Period I-Period II sequence of fleets, Note that what is
best in Period I depends in part upon the aircraft available and most
useful in Period II, and what is best in Period 11 depends upon the air-
craft procured in Period I—a real-life complexity that canmnot be
shrugged off by the analyst.

*We can regard other piston-engined aircraft as being included in this category, as
they can be translated into “C-97 equivalents.”

* This statement is correct, whether size is taken to mean maximum “weight allowable
cabin load,” “space allowable cabin load,” or “takeoffl weight.”
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Since (in this chapter) we treat these aircraft as candidates for pro-
curement, we assume that they have already been “developed,” at least
as far as the prototype stage.

Table 12. Aircraft available (illustrative analysis)

Maximum number procurable

Initial Period T Period 11
Adreraft type tnventory 19581901 1962-1668
C-g7 {and equivalent) 400 e 2008
HC-s00 100 A00 400
HC-300 o 50 100
HC-600 o o 125

* By 1962 the ictrodu ction of new tanker aircrait into the Air Force will presumably bring about the retirement
of EC-g7 tankers. If desired, these could then be modified at a nominal cost for use as C-g7 transport aircraft

THE COSTS

The costs that we wish to measure are the additional system costs
attributable to each fleet sequence. Our first step is to identify just what
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it is that we are costing. We focus attention upon the wartime deployment
and wartime resupply missions that each fleet must be capable of carry-
ing out, because they appear to constitute the largest job the transport
fleet will have to do. The fleet is occupied during peacetime, however,
with peacetime resupply. Since large parts of the costs appropriate to
the comparisons being made are operating costs, we must consider this
peacetime resupply activity. If transport aircraft could be mothballed
in a highly ready state (and if it were economic to prepare for war in
this fashion), then the only operating costs in our comparisons would
be those incurred during the conduct of the war. And since the wartime
task we have postulated is short-lived, these costs would be negligible
compared to the large initial costs of procuring the fleet. Quick response
from a mothballed fleet, however, is difficult to obtain, Crews and main-
tenance personnel need practice, and the complicated aircraft of today
must be operated to remain operable. In short, practice of the whole
fleet appears to be requisite to readiness. A further important reason for
operating the flect in peacetime is that once it has been procured, it
may as well be used if the benefits thereby derived exceced the operating
costs. The man with a family of five who has bought a station wagon
for vacations and Sunday outings will not ordinarily be averse to using
it to drive to work. And if he is a careful car buyer, he will consider the
operating costs of this commuting in making his selection.

We assume, therefore, that six hours daily flying for each aircraft
in the fleet is necessary to a capability of immediately achieving ten
hours daily flying whenever the occasion warrants. Hence, in determining
fleet costs over the ten-year period, we include the operating costs of
the ten years of six-hours-a-day “practice” flying. We presuppose that
whatever useful work is accomplished in the course of this “practice”
flying is the same for all fleets considered, so we do not bother to give
any credit for this incidental (but not unimportant) accomplishment.
We shall also ignore the relatively small wartime additions to the total of
operating costs.

Let us turn now to the main cost components: procurement costs,
installation and training costs, attrition, and annual operating costs.
Here we shall simply outline the nature of these components. (For the
calculations, the cost relationships had to he somewhat simplified in
order to be put into “linear” equations.)

The procurement cost of an aircraft includes both the cost of the
airframe and an initial outlay for spare parts (a by no means negligible
addition). While one might argue that the latter is really an operating
cost, the Air Force does buy spares when it buys aircraft. Procurement
costs would be quite simple to calculate were it not for certain “set-up”
costs and “learning” phenomena in aircraft production. Before mass
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production can begin, a large investment must be put into tooling (jigs
dies, fixtures, and so on) which can be used for no other aircraft. More:
over, this investment is the same whether 50 or 500 aircraft are produced.
And as production gets under way, the efficiency of the whole operatior
improves through learning. These two effects (of set-up costs and of
learning) together bring about a decline in procurement cost per aircrafl
as the number of aircraft produced increases.

Installations and iraining costs, like procurement costs, are initial
rather than annually recurring, costs. The purchase of one particula:
vehicle for the fleet requires an outlay for buildings, kitchens, grounc
handling equipment, and so on, and for the training of crews and main
tenance personnel. One of the difficult questions that must be decided i:
whether the resulting equipment and proficiency depreciates faster m
slower than the aircraft for which it was purchased. Another is the
extent to which this equipment and proficiency is of use with other types
of aircraft. Must these accoutrements be retired along with their air
craft? No pat answers to these questions are possible,

Attrition costs result from peacetime “practice” flying operations
They diifer, for present purposes, from other annual operating costs ir
that they must be paid for by the purchase of replacement aircraft, the
cost of which, as indicated above, depends on the total number procured
Qur troubles with attrition costs would end here if we were not con
cerned with the design of a whole fleet and with the numbers of aircraft
each manufacturer can provide by certain points in time. The case ol
piston-engired aircraft is particularly troublesome. If, in the fleet
sequence being costed, retirement of these aircraft is being carried out
at a rapid rate, then attrition should be costless: an attrited aircraft
constitutes a retirement. If retirement is not called for, then the attrited
aircraft —no longer being produced — must be replaced by newer air-
craft having an equivalent capacity. But this kind of replacement alters
the composition of the fleet — the very thing we are trying to cost
Far the newer aircraft that are still in production, an attrited aircraft is
replaced by a new one, except when rapid retirement takes place. When-
ever the number called for by a fleet sequence presses hard against the
manufacturer’s production limits, we must make sure that the phasing-in
is not so fast as to leave no production capacity for attrition replace-
ments,

Annual operating cost is the most easily dealt with of the four cost
components discussed. It is almost directly proportional to the level of
the peacetime “practice” flying-hour program and includes such items
as wages (both crew and ground support personnel), fuel, and main-
tenance,

* This statement exaggerates the picture only slighily.
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In order to measure the extra costs attributable to each fleet sequence,
we should avoid including sunk costs, that is, expenditures already made
and therefore irretrievable. Thus, we must not include in our costs the
procurement expenditures for the aircraft already in the fleet. Tf these
older aircraft cannot be sold or put to alternative uses, in effect and for
present purposes, they are free. This point, which will be discussed more
fully in Chapter rr, applies equally to the 100 HC-400’s and to the 400
C-97’s in the initial inventory.

THE CRITERION

As in most problems, there are some considerations that we cannot
successfully include in a single definitive test of preferredness. Several
considerations of this sort will be peinted out in interpreting the results.
The principal criterion, however, will be minimum cost over the years
1958-1967 of maintaining the specified airlift capability. That is, the
system that can achieve the objective at lowest cost will be regarded as
the best system (unless this test is overruled by the “outside” considera-
tions). In applying this criterion, we have not discounted the streams
of cost or gain (see Chapter 11 for a discussion of discounting). In this
comparison of air transport fleets, discounting the future at plausible
rates seems unlikely to affect the results; in fact, discounting the costs
at as high a rate as 25 per cent leaves the ranking of the fleets un-
changed.

THE MODELS AND THE PROCEDURE

The models comprise the relationships that enable us to estimate
the cost and effectiveness of alternative fleets. Details of the models and
computations are shown in the appendix at the end of this chapter.
IHere we shall indicate only briefly the general nature of the procedure.

The technique for finding the least-cost fleet is the one described
in the discussion of Figure 6 in Chapter 7 — that is, seeking points of
tangency between exchange curves and output-isoquants. In other words,
the models show how the transport aircrait can he traded for each other
while holding total cost constant, and how they can be substituted for
each other while keeping the quantity of output constant.® The ratio of
two aircrafts’ marginal costs (that is, the costs of buying and operating
an additional plane) shows how they can be traded for each other while
holding total cost constant. The ratio of the aircrafts’ productivities
{tons of cargo that can be delivered per flying hour) over each channel
shows how they can be substituted while keeping the quantity of output

"In the language of economics, the models trace out the “marginal rates of subh-
stitution” in incurring costs and in producing transport services. These are the trade-offs
referred to in Chapter 7.
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constant. Finally, knowing the effects of trading one aircraft for another
we exchange them (on paper) until we determine the least-cost combi
nation that will do the joh.

The models also show the costs of certain fleets other than the least
cost one. The reason for this is that we may legitimately be interested i
certain other fleets, in which case we should know their economic implica
tions.

RESULTS AND CONCLUSIONS

The results are presented in Table 13. The fleet that entailed th
lowest cost, which we shall call the “basic least-cost” fleet, employs al
three of the new aircraft in Period II (when the HC-600 becomes avail

Table 13. Cost and composition of alternative fleets, Periods | and I

Least-cost
Least-cost Least-cost excluding
Basic excluding excluding H(C-500, Least

least-cost HC-600 Ic-so0 HC-6o0  procurement

Composition I I I II I 11 I II I I
(numbers of aircraft)
C-o7 103 o o o 309 o o o 400 472
HC-400 I5T 15T 220 229 161 161 300 486 103 103
HC-500 50 53 50 78 — — — — 3 8
HC-6oo — 53 — — — 113 — - — o

Cost”  (millions of
1956 dollars) $2,086 $4,030 84,203 $a,587 $5.120

a A dash (-—) indicates that the model is not available in that particular period. A zero (o) indicates that it i
inefficient to use that aircraft even though it is available,

b These cost figures are the amounts as estimated by the mathematical models (see the appendix) plus adjust
ments for 1hose clements of cost that could nat be allowed for in lincar relationships.

able}, the C-g7’s being retired at the end of Period I. Least-cost fleet
were also calculated with certain planes excluded. We did this for tw
reasons: (1} to determine the sensitivity of the costs to the presence o
those planes, and (2) to identify the best fleef in case some special con
sideration eliminated one of the transports. It turns out that costs ar
not sensitive to the presence of the HC-8oo, for its elimination rajses th
expected cost negligibly. The results are more sensitive to the employ
ment of the HC-500, for its elimination increases the cost of carrying ou
the mission by about 300 million dolars. Eliminating both of these air
craft ralses the expected cost by about 600 million dollars.

The most striking result, however, is the marked inefficiency tha
would result from adopting a “least-procurement” policy - - that is, ;
policy of buying no more new aircraft than would be necessary to carr
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out the task. The operating costs of the C-g7 are sufficient to make this
a very expensive policy, costing over a billion dollars more than the least-
cost fleet. Tn this instance, as in many others, it is not economic to “make
do” with old equipment. Economizing does nof mean minimizing cash
outlays in the current time period.

The array of results in Table 13 also brings out some interesting
interrelationships between the decisions for each of the two periods.
For example, if the HC-600 is excluded, it becomes efficient to use more
HC-400's in Period II. This fact in turn makes it economical to procure
more HC-400's in Period I. As a consequence, the exclusion of the HC-600,
instead of thrusting more work on all three of the remaining aircraft,
leads to the elimination of the C-g7 even in Period I! That is, in these
altered circumstances, it is economical to replace the C-g7 immediately.
The same thing happens if both the HC-goo and the HC-6co are ex-
cluded. On the other hand, if the HC-j5o0 is excluded, it is economical to
lean very heavily on the C-g7 in Period T (the HC-6oo heing available only
in Period II}, and procure a comparatively large number of IIC-6o0's
(113) in Period I1. The impact of these interrelationships on the com-
position of efficient fleets is by no means intuitively obvious.

In interpreting the results, we must recognize that there are relevant
considerations outside our principal criterion, For instance, manning re-
quirements may be an important aspect of the different fleets in addition
to their effectiveness and cost (as reflected in our measures). If the
military were free to adjust pay (and other policies) so as to get the
personnel desived, dollar costs would fully reflect the advantages and
disadvantages of various fleets with respect to manpower requirements.
But since manpower ceilings and legislation on pay structure have to be
considered, the Services may be unable to obtain the desired personnel
at the indicated costs. In other words, heavy manpower requirements
may pose some difficulties that are not reflected in costs. Another outside
consideration is the effect of each fleet on base saturation. After pre-
liminary investigations, it was assumed here that the various airbases
could handle the traffic and refueling in all cases. Yet, clearly, different
fleets do impose different burdens on these bases, and even if the accom-
plishment of the mission is not impaired in any way, the differential
burdens and strains may properly bear on a final decision.

Still another consideration outside the main criterion is uncertainty.
There is great strategic uncertainty. Is this mission a representative one?
Is the composition of the least-cost fleet sensitive to changes in the
mission? There are also uncertainties about many other matters such
as technological developments, cost figures, and performance in particu-
lar instances. These tables show “best estimates” or estimates of the
outcome that can be expected on the average, and other cutcemes are
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clearly possible. Tn the face of these uncertainties, we may prefer, no
the least-cost fleet to carry out the designated mission, but a modifiec
version that offers insurance against very unfavorable outcomes. As :
consequence, before interpreting the above results, one should make som
additional calculations —to sec how well the interesting fleets wouls
perform in certain other contingencies, or to determine the least-cos
fleet for altered versions of the mission.

Nonetheless, it is fairly clear, in this illustrative analysis, that ar
economical fleet will employ a large number of newly procured aircrait
It will employ not only the HC-400 but also at least one of the two large
transports (the HC-s500 and HC-600). We cannot here compare the im-
pacts of various fleets on such things as base saturation and manning
requirements; but consideration of these factors is virtually certain tc
favor still further the larger turbine-engined transports, the HC-soc
and the HC-6o0o0.

We wish to stress that this analysis pertains to a relatively low-leve
and uncomplicated choice. Tt is defined in such a way that we do not
worry about spillover effects on other missions or about enemy reactions
Yet even in this analysis, there are many difficulties in selecting a cri.
terion, spelling out the objective, measuring aircraft productivities, esti-
mating costs, and interpreting the results. The following appendix, or
the models and computations, emphasizes further the subtlety of some
of these problems. For example, it makes a difference what cargo “mix’
is to be moved in this mission. Also, aggregating the possible trips and
routes into a manageable number of channels raises some nice questions
It is important, therefore, to be careful in preparing and appraising rela-
tively simple analyses such as this one. In more complicated choices, it is
all the more important to be clear on the methodological issues. In the
following chapters we turn to a more thorough examination of several of
these issues.

APPENDIX ON THE MODELS
AND THE COMPUTATIONS”

As indicated in the text, the aim of the analysis is to find the least
costly fleet sequence from among all those with the required capability.
How is this to be done? Once the input data — to be described below —
have been gathered, it is a straightforward matter to construct a Period 1
fleet and a Period II fleet, each possessing at least the required capability.
For comparisens to be of much use, however, these fleet sequences must

"We shall try to present encugh information to indicate clearly the manner in which
the calculations were made and {o cnable the reader to go over especially impertant
computations,
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have in common two further characteristics that make their construction
more difficult.

First, aircraft production availabilities must not be exceeded.® In the
case of the C-g7, which is no longer being produced, the beginning in-
ventory must not be exceeded until the retired KC-g7’s become available
for conversion to transports in Period TT.

Second, none of the fleets entering the comparisons should have more
than the required capability, This stipulation causes more difficulty
than might at first appear. While it is easy to make sure that a fleet
has enough capability, it is another matter to ask that it have no more
than enough, for reshufflings of the assignments of aircraft and jobs can
sometimes result in unused capacity. We must be sure, in other words,
that each aircraft is contributing the most it can to fleet accomplish-
ments. Fleets that possess this characteristic of having the reguired
capability but no excess capability, we shall refer to as efficient ¥ fleets,

Before going on to the question of how to construct these efficient
fleets, it will be useful to discuss the choice of tleet sequences to compare.
Even with as few as four aircraft, the number of interesting and relevant
fleets — not to mention Period I-Period IT combinations of fleets —is
large, so large in fact that it becomes difficult to know what comparisons
to carry out. Even if production availabilitiecs permitted, little would be
learned from a comparison between, say, a “pure” fleet of HC-500’s and
a “pure” fleet of HC-600’s, The HC-50¢ might he an economic aircraft
to procure as a complement to, say, the HC-600, but poor as a general
purpose aircraft. The HC-4c0 might be an economic procurement only as
a stopgap measure prior to HC-600 production. The HC-60c might be
a good Period II procurement if the HC-500 is bought in Period I,
but a poor procurement if the more nearly similar'®* HC-4o0c serves as
the stopgap.

Obviously the method of choosing the comparisons to be made should
be systematic. The method described below achieves this end and at the
same time ensures that the fleets chosen are efficient ones. The procedure
consists, first of all, in using mathematical means to find the fleet
sequence that costs the least among all those that meet requirements
without exceeding available production. The next step is to determine the
best fleet in case one of the transports is ruled out by special considera-
tions. This fleet is determined by arbitrarily barring one of the aircraft

® By “production availability” is meant the number of aircraft that can be produced
in a single facility. A second facility would lift this limitation, of course, but since the
costs of additional tooling and learning make these extra aircraft substantially more ex-
pensive, this alternative has, for simplicity, been ignored.

Y See Chapter 7 where this concept of efficiency is discussed in a more general context.

Y Similar in the sense that the HC-4co0 performs relatively better on those same
channels where the HC-6oc performs relatively better.
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in the first least-cost sequence, and solving for the least-cost fleet among
those remaining. In the next step a different transport may be eliminated
and the former one restored, or both may be barred. The process con
tinues in this fashion to form new fleet sequences — each of which, it wil
be noted, is the least costly in its class. The direction the procedure take:
in each case is dictated partly by the analyst’s interests, and partly by
the outcome of the preceding calculations.

There are several reasons for our being interested in these othes
fleets. For one thing, our measure of the “equal capability” of the fleet:
being considered ignores such matters as runway requirements, carge
handling characteristics, and vulnerability. Moreover, this “equal capa
bility” refers to only one war situation out of the many that might occur
To experienced eyes one of our fleet sequences — as capable as the other:
according to our crude measure — may appear to be superior in some
respect, say, in vulnerability or versatility. One of the purposes of ow
comparisons is to show the economic implications of these other fleet:
that might be favored. Our procedure helps us chart a pertinent segmen
of the spectrum of efficient fleets.

AIRCRAFT PRODUCTIVITIES

We shall express the productivity of a given aircraft on a giver
channel in terms of the number of tons of a specified cargo that can be
delivered per flying hour.!' Since several routes are usually available
for each channel, we must first determine an aircraft’s productivity or
each route. The productivity of an aircraft on a channel will then be
its productivity over its most productive route.

For the calculations, we need to know the performance of the various
transports and the nature of the job to be done. As for the job, the
data in Table 14 form the basis of our requirements for each of 2c
channels. Channel numbers 57-61 give the tonnage requirements for the
tactical deployment, and Channels o1-47 give those for routine resupply
in Period I. Period IT requirements are twice those of Period T foi
Channels o1-47, and the same as those of Period I for Channels 57-61
Table 15 gives a sample description in terms of round-trip distances anc
“critical legs” of representative channels.

As for the performance of the transports, their payload-range curves
have already been given in Figure 8. Note that they pertain to three
types of payload — passengers, ordinary cargo, and dense cargo (such as
petroletm, oil, lubricants, and ammunition). When passengers are to he
carried, Table 14 states this explicitly. We shall suppose that the only

2Tons delivered per howr, rather than per flving howr is a better definition o
productivity, but since the same daily flying hour capability is assumed for all of oun
aircraft, the two definitions are equally satisfactory here.
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Table 14. Ten-day cargo and passenger requirements by channel
(including routine resupply,
wartime deployment, and wartime resupply)

Channel © Passenger tons® Cargo tons
ot — —
o3 e —
05 50 8o
o7 25 51
09 25 82
1T 31 72
I3 45 28
15 — —
17 587 33
19 — —
21 — _
23 III 183
25 2% 26
27 44 95
29 10 a6
31 112 203
33 74 342
35 45 88
37 — -
39 - —
41 26 127
43 538 1,156
45 174 7%
47 117 499
57 200 1,000
59 1,600 4,000
61 — 20,000

e Channels o1-47 are for routine resupply. The requirements for Channels 57-61 are for the tactical deployment
in the event of peripheral war.

" Nine passergess to a ton, The tonnages listed (for both passengers and cargo) are hypothetical. They have
been made up for the purpose of illustrating the method of analysis,

airlift of dense cargo takes place on the Clark to Bangdhad resupply run,
Channel 61. When dense cargo is carried, the full weight-allowable cabin
load of an aircraft can be used. However, when passengers or ordinary
freight s to be airlifted, the cubic capacity of an aircraft may limit the
payload. As a result, separate payload-range curves for determining
allowable passenger loads are given, as well as the cubic capacity of
each aircraft for cargo purposes. We assume throughout that our ordinary
cargo has a uniform density of 12 pounds per cubic foot. With this in-
formation we can modify the top part of each payload-range curve to
ensure that cubic capacities are not exceeded. Thus we have for each air-
craft three payload-range curves — for passengers, for ordinary cargo,
and for dense cargo.
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Table 15. Partial detail of MATS route structure
assumed for analysis

Critical | Rownd-lrip
leg® disiance
Channel & Rowuten (N, mi) (N. mi) Route descriplion®

o3 I 1280 2180 Nouasseur*— Tripoli~-R (i.e., Return)

o7 b 3200 6obo Nouasseur*— Dhahran-R

o7 2 22TC tobo Nouasseur—Tripoli*— Dhahran-R

oy 3 1330 G240 Nouasscur—Tripoli-Cairo*—-
Dhahran-R

o9 T 2320 4360 Dover*— Lages—R

09 2 1630 4920 Dover-Stephenville*— Lages-R

I I 10350 1300 Dover — Bermuda—-R

13 I A 318 4860 Dover*— Keflavik-R

13 2 2250 4940 Dover—Stephenville*— Keflavik-R

17 1 4650 | 886o Travis*-— Tokyo-R

1y 2 3220 10120 Fravis*— Midway-Tokyo-R

17 3 2460 11040 Travis -Tlickam-Midway*— Tokyo-R

17 4 2410 I1420 Travis—Hickam*— Wake-Tokyo—
Midway-Hickam-Travis

17 5 2150 11520 Travis*— Hickam-Johnston-Wake-
Tokyo-Midway-Hickam-Travia

19 1 46%¢ 8620 Travis*— Eniwelok-R

19 2 2700 8080 Travis-Hickam*-— Eniwetok-R

19 3 21350 9040 Travis*— Hickam-Johnston-Eniwetok

23 1 2150 ! 4280

23 1 1480 2040

27 T 1550

2g I 1550

31 T

» Channel and route numbers are not the same as MATS designations.
b Includes distunce to nearest alternate,
© Symbols ure as follows: * denotes critical leg, R denotes return,

The points in our route network where fuel is pre-positioned play a
part in the determination of the critical legs in each route. We have
assumed that sufficient petroleum, oil, and lubricanis are available for
transport purposes at all points except Bangdhad. Thus, for every route
except those including a Clark-Bangdhad leg, the payloads will be deter-
mined on the basis of the customary payload-range curves and the
critical legs. On routes involving Clark-Bangdhad flights, however, we
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must use payload-radius curves!? as well as payload-range curves.*?
Whereas usually the critical leg of a route is simply the longest leg, it
may or may not be the leg that limits payload on routes involving radius
work.

The payload of a given aircraft on a given route is found by reading
from the appropriate payload-range curve the number of tons correspond-
ing to the length of the critical leg on this route. This means, of course,
that over some of the shorter, noncritical legs of a route, an aircraft
may be less than fully loaded. Transloading would be the only way to use
this capacity, however, and this is probably more expensive than unused
aircraft capacity.

The round-trip flight time of an aircraft on a given route is deter-
mined in two steps. We first divide the round-trip route distance by the
aircraft’s cruise speed, Since the resulting time estimate does not allow
for delays in descents and ascents and in ground handling during inter-
mediate fueling stops, we add 15 minutes for each landing and 15 minutes
for each take-off. This sum we regard as our estimate of flight time.

The productivity of a given aircraft on a given route is now determined
by dividing the appropriate payload by the appropriate round-trip flight
time. For example, let us find the passenger productivity of the HC-600
on Route 2 of Channel 17. (We shall make the calculation precise so that
the result will correspond with that shown in Table 16.) From Table 13
we see that the critical leg on this route is 3,220 miles. Entering Figure 8
at 3,220 miles and reading the passenger curve, we find that the HC-6o0
has a payload of ahout 28 tons — 27.8 tons, if we could read the figure
accurately enough. The round-trip distance on Route 2 is 10,120 miles;
dividing this figure by the cruise speed of the HC-600 (320 knots), we
have 31.68 hours as the time for the round trip. Adding 15 minutes for
each of the 4 landings and 4 take-offs in the round trip, we get 33.68 flying
hours as our estimate of total flight time. Passenger productivity then is
payload over flight time: 27.8/33.68, or 0.824 tons per flying hour.!*

The productivity of each aircraft ou each channel is shown in Table
16. Cargo and passenger productivities are given separately. Since the
dense cargo appears only on Channel 61 — all of this requirement is dense
cargo — it was not necessary to have a third tabulation. All of these
productivities refer to “overload” or “emergency” operating conditions.

In one respect, the importance of which is difficult to judge, the

2 A payload-radius curve shows maximum payioad for any given radius, the radius
being the distance to which the aircraft carries the payload when it must return without
refueling at destination.

3 0Of course, where the Clark-Bangdhad leg comprises the whole channel, as in Channel

61, only the radius curves need be used.
* Carried out to the nearest thousandth to correspond with figures in Table 16.
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Table 16. Aircraft preductivities by channel
{tons per flying hour)

Channel Cergo Passengers

C-g7 HC-400 HC-s00 HC-oo | C-gy HC-400 HC-500 HC-6o
5 1.337 3.478 5.321 c.130 057 L.202 3.046 3.550
7 .494 I.207 2,761 3.160 .365 471 1.603 r.300
9 00 1.481 2.922 4.123 500 b42 2.107 1.805%
II 2.115 5.305 7.668 14.083 1.513 1.854 5.G00 5473
13 503 T.271 2.649 3.540 451 .580 1.964 1.712
7 .274 550 1.513 1.544 217 .279 1.122 824

19 340 28 <] o 243 212 o] o
23 71z 1.583 2.971 4.417 500 653 2.203 1.028
25 1.0I5 2.598 4.130Q 7.000 q26 022 3.060 222
27 1.000 2.5360 4.088 G.giz v .0Io 3.032 2.687
20 324 B 1.292 2.211 231 .291 058 860
31 1.146 2.896 4.627 7.863 B1g 1.035 3.432 3.057
33 G662 1.355 2,772 3.721 473 608 2.056 1.796
15 1.055 2.360 4.288 6.633 7558 05h 3.18c 2.824
41 700 1.844 3.275 5.025 .565 722 2.429 2.732
43 372 750 1.501 2.149 266 .335 1.180 1.045
45 219 .407 959 1.303 104 210 11 , B2z
47 1.208 3.004 4.642 8.123 864 1.06¢ 3.442 2.158
57 494 68 2.013 2-594 2353 -448 1.494 L.324
30 .182 .358 8B40 050 138 176 bag .520
61 1.604 2.135 5.579 5.720 580 088 3.279 2.019

measures of productivity we have been discussing are unrealistic. Notic
that we always assume an aircraft to be doing one or the other — but no
a mixture — of two jobs: passenger transportation and cargo transporta
tion. Now, if it were true that when an aircraft was loaded to capacity
with one of these commodities, no capacity remained for the othe
commodity, then only the most critical could object. Mixed loading, ir
this case, could always be simulated in our calculations by unmixed load
ing: three aircraft each with a third cargo and two-thirds passenger:
would for present purposes be equivalent to one aircraft of cargo and twc
of passengers. As aircraft engineers will be quick to point out, however
fuselage shapes spoil this nice equivalence. When an aircraft carries pas
sengers over short or intermediate ranges, its capacity is limited by
space rather than by weight. Even so, in some aircraft there remain odd
shaped spaces unsuitable for passengers but perfectly good for cargo
The belly compartment of a C-g7 is an example. The reverse also holds
For structural reasons, one transport has a large bubble across the
upper fuselage. Cargn can be carried in this space, but difficulty of acces
makes it unattractive for cargo purposes. Thus, when the aircraft i
toaded with cargo to its easy-access cube capacity, there still remain:
space for a good many passengers.



AN APPLICATION OF ECONOMIC ANALYSIS 149

COST COEFFICIENTS

The complexities of the cost relationships have been described. In
this section we shall outline the simplifications and approximations that
make our problem a mathematically tractable one. Of course, as soon as
the cost relationships are simplified for use in the minimization problem,
the resulting fleets only approximate the true least-cost fleets whose
name they bear, but the approximation is close enough to justify the
trouble connected with the minimization procedure.

The unknowns of our problem are the numbers of aircraft (of each
fype) procured and the numbers (of each type) operated 1% in each period,
So long as cost inputs to our problem can be used as coefficients of
numbers of aircraft procured or numbers of aircraft operated, no diffi-
culties arise, for this type of treatment yields the simple linear expres-
sions so convenient in computing. One of the costs that can be dealt
with in this manner is operating cost. Unfortunately, not all the com-
ponents of cost can be represented in this convenient fashion, as is clear
in the earlier discussion. The following measures were therefore taken.
The total procurement cost curves, like that portrayed in Figure ¢, were
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Fig. 9. Cumvulative procurement costs

approximated by straight lines with positive intercepts, as in the dotted
line in the same figure. These curves are drawn, that is, just as though
the costs of tooling and learning were covered by a substantial initial
investment, after which the muarginal cost (the cost of an additional
vehicle) remained exactly the same. Notice that the approximation is

*® These two sets of numhers need not be the same since an aircraft may be procured

at the beginning of Period I as a stopgap measure and then be retired at the beginning
of Peried II (ie., not operated in Period 1),
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good except in the very low ranges. If it is found that this low range I
critical, the approximation should be changed and the computation re
peated. Obviously, foresight helps in making a good approximation ai
this stage.

Of the aircraft presently under consideration, only the HC-6oo has ¢
markedly curved procurement-cost function; the straight.line approxima.
tion for this aircraft resulted in a positive intercept of $50 million. Since
1co HC-400’s have already heen produced, the marginal procurement cost
can be assumed to be constant. No HC-500’s have yet heen procured
but we assume that the initial tooling and learning outlay (an analytical
fiction) has already been made. Both the cost of the first 100 HC-400%
and the initial outlay for HC-soo production are therefore sumk and
we do not even need to determine them; all we need here are the
(constant) marginal procurement costs for these two aircraft, With these
simplifications, the only mathematically troublesome aspect of procure-
ment cost that remains is the positive infercept on the HC-6oo curve.
Our procedure will be to forget this intercept for the moment, proceed
as if it were zero, and when we have achieved a tentative solution, check
to see whether the $50 million initial outlay would affect the answer.

We shall assume that the useful life of any one of the new aircraft is
ten years. It will be supposed thal the C-¢7’s are usable throughout both
periods, whatever their age at the beginning of our study. Since we
are only attempting to determine costs over a ten-year period, a credit
will be given for the undepreciated portion of any one of the new
aircraft procured midway in our peried.

In our treatment of attrition, foresight again comes inte play. We
start the analysis with a hunch that the C-97’s will be retired in favor
of the newer aircraft, and charge nothing for attrition of the former.
(Had this assumption turned out to be wrong, charges for attrition would
then have heen introduced.) Attrition of the newer vehicles is covered
by further procurement at marginal procurement cost — the amount being
added in with operating cost.

Installations costs we simply add in as a part of the initial cost of
an aircraft. This treatment assumes that installations depreciate at the
same rate as the aircraft itself, that they are specialized for use with
particular aircraft, and that they cannot be inherited. Not much can
be said in defense of this procedure except that it simplifies computation,
and that the resulting error is probably small.

The cost numbers used explicitly in the mathematical model are costs-
per-additional-aircraft and will be called cost coefficients. They are based
on the assumptions just described. Because separate fleets are to be
designed for Period I and Period TI, which are four and six years long
respectively, separate cost coefficients must be given for each. We will
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need two sets of coefficients in each period: initial cost coefficients (based
on procurement and installations costs) and operating cost coefficients
{based on operating and attrition costs). The complete set of coefficients,
along with the initial production outlays, are presented in Table 17.

Table 17. Cost coefficients — costs per additional airplane
{millions of 1956 dollars)

C-g7 HC-g00 IIC-500 IIC-500®
Period I:
Operating Cost Coefficient 3.09 3.13 813 7.12
Initial Cest Coeflicient o 1.20 2.00 2.68
Total® 3.69 4.33 11,13 9.80
Period IIL:
Operating Cost Coefficient 5.54 4.70 12,20 10.08
Initial Cost Coefficient =) 1.80 4.50 4.02
Total® 5.54 6.50 16.70 14.70
Grand Total® .23 10.83 27.83 24.50
Initial Outlay for Production o o o 50

s For purposes of comparison, the HC-6oc coefficients are given in Period I even though the alreraft is not avail-
able in this period.

% The reasons for summing these coefficients, and the conditions under waick: they can properly be sumined, are
explained in the section on “Optimizing Procedure.”

AGGREGATION OF CHANNELS

The use of an electronic computer to find the least-cost flect sequence
with the desired characteristics is perfectly feasible. Standard computing
procedures exist which can be adapted to the present problem with very
little alteration. Close examination of the inputs to the problem, however,
indicated that moderate channel aggregation would bring the solution
within reach of hand computation, This procedure, despite the more
burdensome arithmetical task involved, has the advantage of allowing
the analyst to see the “insides” of the problem more clearly. Those param-
eters and relationships on which the solution depends critically are
more clearly brought to light® (For these reasons hand computation of
preliminary simplified models is especially helpful,)

Our object is to aggregate the 40 channels into a smaller number of
groups without losing too much detail. From the standpoini of a given
pair of aircraft, one channel differs from another only to the extent that
the substitutability of the two aircraft on one channel is different from
their substitutability on another channel. Their substitutability on a
particular channel depends upon the ratio of their productivities (defined

" These remarks should not be construed as a general argument for hand computation
as opposed to electronic computation, for with special measurces, the latter can, of course,
also answer some of the subtler questions mentioned. Too often, however, the virtues of
hand computations in this respect are forgotten.
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above as tonnages carried per flying hour). Therefore, the ratio of pro-
ductivities for two aircraft will be called their substitution ratio. Chan-
nels with almost the same ratio can be treated as a single channel, and
their requirements can be added together,

Channels that are similar for one pair of aircraft, however, may be
quite different for another pair. One way to investigate this question is
to plot one set of such substitution ratios against another, as in Figure
10, where the ratio of HC-600 productivity to C-g7 productivity is meas-
ured on the horizontal axis and the ratio of HC-40c productivity to C-g7
productivity is measured on the vertical axis.
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Fig. 10. Comparative rates of substitution for the various channels

In this first graph the points seem to fall into quite obvious clusters,
with one or two exceptions. Circles!” have been drawn around the peints
aggregated, and the new aggregate “channels” are denoted by capital
letters. In Figure 11, where the HC-500:C-97 rate of substitution is
plotted against the HC-400:C-97 rate of substitution, we see the same
aggregation. While there is nothing mecessary about the particular
aggregation chosen, it does appear to be a reasonable one. This is true
even of Channel H, which appears to be an unlikely choice when only
Figure 10 is studied, but which is an obvious choice in Figure 1r1. Distinct
clustering of points is neither necessary nor sufficient for aggregation,
What is important is that the points aggregated be fairly close together
on both grapbs. All of our circles have diameters sufficiently small to
avoid introducing much distortion into the problem. From this point
on, therefore, we shall deal in terms of the aggregate channels A, B, C,
D,E,F,G,H,K,L,Mand P.

"Some of the passenger channels are not plotted scparately because they fell so
close together. They all lie in the shaded rectangle.



AN APPLICATION OF ECONOMIC ANALYSIS 153

> 3
=
k)
= 47 5 25
o
o ll@e? 7
5 ON_Ly o Bk
& 29 Y
2 32 L
Fal 2 3
E: 33 %E; 45 IT'@H
< z rhe) a5 F 59@,3
= A
<4
(=
o
)
T
1
[&]
T @C L p M
- I
5 5 \ 227 )
g a7 Gther passenger channels
= ! 1
3 4 5 [}

Ratia of HC-500 productivity to C-97 productivily

Fig. 11. Comparative rates of substitution: another set

OPTIMIZING PROCEDURE

The derivation of a least-cost fleet is accomplished by trading air-
craft X for Y as long as the ratio of Y’s productivity to X’s is in excess
oi the ratio of Y’s marginal cost to X’s marginal cost. By means of such
trading, we keep finding combinations of aircraft that carry out the
mission at a lower total cost.

Marginal costs'® are somewhat complicated, in part because the pro-
curement decisions of one period will affect the marginal costs in the
other. The marginal cost of procuring an aircraft for the Period I fleet
is Period I operating cost plus the Period I share of depreciation if this
vehicle is continued as a member of the Period I1 fleet. In this case, the
Period II marginal cost is Period IT operating cost plus the Period II
share of depreciation. If, alternatively, some retirement of this aircraft
type takes place in Period IT — that is to say, if the number of this type
in the Period II fleet is less than in the Period I fleet — then the marginal
cost in Period I is Period I operating cost plus the whole ten-year
depreciation of the aircraft. The Period 11 marginal cost in this case
is only the Period II operating cost. For the piston-engined aircraft in
the beginning inventory, procurement costs are sunk, so that the
marginal costs in Period I and Period II are equal to the respective
operating costs in those periods. The same applies to the newer air-
craft, to whose procurement the Air Force is already committed, just so
long as the number of aircraft in the fleet does not exceed commitments,
As soon as more than the committed number enter the fleet, then all of

'®To repeat an earlier definition, “marginal cost” is the extra cost of buying and using
an additional airplane.
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the aircraft of this type must compete on the basis of procurement plus
operating costs. In any case where production availabilities of new
aircraft or beginning inventories of out-of-production aircraft are ex-
ceeded, the appropriate marginal cost figures must be increased enough to
ensure that these constraints are met, just as though fictitious rental
charges designed to equate demand and supply were being exacted.
Notice that while a separate contest among aircraft goes on for the
work on cach individual channel, the local outcome depends on the
global outcome because marginal costs are related to the totals of each
aircraft type that appear in the fleet.

One outcome is possible which, while it appears troublesome at first
sight, serves to point up some of the interesting time-phasing aspects of
our problem. Suppose one of the new aircraft is 4 good competitor in
Period I but a poor competitor in Period II, stil newer types having
become available in quantity. If we start by carrying out our cost-
productivity comparisons on the assumption that marginal costs in the
two periods include the respective shares of depreciation, then it may
happen that the solution will show that the number of a certain aircraft
type in the Period IT fleet is smaller than the number of the same type
in the Period I fleet. This is an inconsistent result, since the aircraft re-
tired will in fact have contributed a full ten years of depreciation to
total cost. But if we attempt to correct this situation by putting the
full ten years of depreciation for this aircraft into Period T marginal cost,
and none into Period TI marginal cost, the result may turn out io he
that the Period I fleet of this aircraft type is smaller than the Period
IT fleet —a still inconsistent result since the aircraft procured at the
beginning of Period IT will have contributed six years of depreciation to
total fleet costs. The answer to this anomaly is that a sufficient portion
of Period II depreciation must be shifted from Period II marginal cost
to Period T marginal cost to bring about equality of the Period I and
Period II fleets of this aircraft type. This aircraft is intermediate in its
economic worth between a Period T stopgap vehicle and a full-fledged
Period IT competitor,

To make the calculations, we need te know the number of each air-
craft type that would be required to carry out each of the 39 (unaggre-
gated) channel jobs alone. This number can be computed as follows:

1o-day Requirement

Tons per o Flying hours per )
flying hour aircraft per day™

Number of Atrcraft Required =

When these aircraft requirerment figures have been derived — one for
each aircraft on each channel — they are aggregated by the channel

" The number of flying hours ohtainable per aircrait per day is assumed to he the
same for all aircraft types, ten hours.
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groups defined in the last section. Since the traffic requirements change
from Period I to Period II, it is necessary, of course, to determine these
aircraft requirements separately for both periods. Notice the very im-
portant fact that aircraft requirements, not traffic requirements, are the
numbers aggregated. The results of this computation are given in Table £8.

Table 18, Number of aircraft of each type required to carry
ouvt each channel job alone

Aidrcraft type

Period 1 Period TT
Channel C-g7 HC-joc HC-so0 HC-6oo | C-g7 HC-400 HC-soc HC-6oo

A 20.2 10.3 5.0 3.9 20,2 10,3 5.0 2.0
B 219.9 111.5 457.6 41.7 210.8 111.7 47.6 41.7
c 124.7 03-7 358 35.0 124.7 03.7 35.8 35.0
D 9.2 3.0 2.3 1.3 18.3 7.2 4.7 2.7
E 10.8 5.1 2.5 1.8 21.% 10.2 3.0 3.0
T 36.2 17.8 8.3 6.3 72,5 35.6 17.0 12.6
& 5.0 2.2 1.2 8 10.7 4.5 2.4 1.6
H 10.4 0.5 3.5 3.4 38.8 19.0 7.0 H.9
K 1.0 4 .2 .2 2.1 8 .5 .3

1.0 1.3 .4 A 3.1 2.5 .8 .9
M 25.7 20.0 5.0 6.8 51.3 39.0 0.0 13.5
P 150.6 123.0 35.0 41.4 191.7 150.7 43.0 50.4

Another item needed before the minimization problem can he attacked
consists of the lists of productivity ratios. We can derive these ratios
from the aircraft-requirement figures of Table 18, arriving at the weighted
average for each aggregate channel of the productivity ratios of the
channels aggregated. Thus, for example, on Channel C in Period I:

Number of HC-500’s that would he needed

C-97 Productivity _ to do the whole Channel C job in Period 1
HC-500 Productivity = Number of C-g7’s that would be needed
to do the whole Channel C job in Period I

- 8885 0.288
124.69 '
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This ratio means that the C-g7 is 28.8 per cent as productive as the
HC-500 on Channel C. In Table 19, these ratios are given for each aggre-

Takle 19. Productivity ratios

Channel C-g7 HC-go00 IC-500
A (3
B 5T
C 75
D 39
E 47
HC-400 F 49
G 44
i ! 49
K 41
L 81
M 78
P 79
A 25 48 An example of how the Table
B 22 43 is to be read:
C 26 38 An HC-400 is 38% as pro-
n 25 65 | ductive as an HC-so0 on
I 22 49 Channel C,
HC-z0¢ F 23 48
G 24 55
H 18 37
K 23 56
L 25 31
M g 25
P 22 28
A 19 37 78
B 10 37 a8
C 28 37 g8
D 15 37 58
E 17 36 73
HC-6oo F 17 35 74
G 16 36 6o
H 18 36 08
K 16 38 68
L 27 34 100
M 20 34 136
P 20 14 118

gate channel and each pair of aircraft.2® There is much redundancy in
the table, but this makes it all the easier to compute, and separate lists
for each pair of aircraft are worth the trouble.

* The mathematically inclined reader will notice that these productivity ratios need
not be precisely the same for Period I and Period IT on aggregate channels composed of
both deployment and routine resupply work, such as P. Since the difference is small,
however, we use the ratios from Period T throughout.
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The various tables that have been presented are all that we need to
solve for a series of least-cost fleets, We shall not attempt to reproduce
the computational process here,® but will describe the optimum assign-
ment of aircraft to channels that resulted from the Fleet r computation.
With the aid of the cost and productivity information presented earlier,
the reader will then be able to check for himself whether the conditions
for an optimum hold and whether the fleet we claim to be less costly
than any of the others with the required capability is in fact less costly.
As in many other mathematical problems, obtaining the solution is
rather difficult, but recognizing the solution is quite easy.

The aircraft assignment of Fleet 1 is shown in Table 20. We know

Table 20. Aircraft channel assignment — Fleet 1

Period T Period IT
Channel  C-97  HC-g4o0 HC-sec HC-600 C-97 HC-400 HC-s00 HC-6o0

A 10.3 3.9
B 111.7 I17.7
C 103.4 6.r 3.4 23.2
D 3.6 7.2
E 8.1 3.6
F 7.8 12.6
G 2.2 1.0
H 3.5 6.9
K ©.4
L 0.4 [oXs)
M 5.0 0.9
P 35.0 43.0

Total 163.4 151.2 50.0 o 151.2 53.0 52.7

that this fleet is the least costly because it is possible to find a set
of prices (that is, costs) which, for the assignment portrayed, satisfies
the least-cost condition:22 Namely, a given aircraft is in the fleet only if,
on any channel where it operates, the ratio of its productivity to the
productivity of any other aircraft on that channel is af least as great as

the ratio of its marginal cost to the other aircraft’s marginal cost. The set
of prices consists of:

% The solution can be obtained by the use of a somewhat extended version of the
methed of Lagrange multipliers {H. W. Kuhn and A. W, Tucker, “Non-linear Program-
ming,” in Proceedings of the Second Berkeley Symposium on Mathematical Statistics
and Probability, Berkeley, University of California, 195:).

" Moreover, this is still the least-cost fleet after we take into account the $50 million

initial outlay for HC-6co production (a guantity that could not be allowed for in this
linear model).
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$ 3.69 million for the C-g7 in Period I
5.34 million for the HC-400 in Period 1
12.80 million for the HC-500 in Period 1
5.54 million for the C-g7 in Period 11
5.4¢ million for the HC-g00 in Period II
16.70 million for the HC-500 in Period 11
14.70 million for the HC-600 in Period II

We see that the C-g7 price in Period I and the HC-500 and HC-600
prices in Period II are the same as the corresponding cost coefficients in
Table 17. This is as it should be, for in each of these cases no production
limit or inventory limit has been reached, and in the cases of the latter
two aircraft no retirement takes place in Period II. In Period T the HC-
soo price is somewhat higher than the corresponding cost coefficient in
Table 17 because the Period I production limit of 5o aircraft is reached
before the requirements have been satisfied on those channels where the
TIC-500 excels. In this case the fictitious rental charge referred to earlier
has equated demand and supply for this aircraft.

The most interesting pricing phenomenon in this fleet concerns the
HC-400. The Peried I price is higher and the Period IT price lower than
in Fable 17, Part, but not all, of the Period IT share of depreciation is
being charged to Period I. The reader may recall that this phenomenon
is compatible only with equal numbers of HC-400’s in the Period I fleet
and the Period II fleet,

With these prices, the reader can check whether price and productivity
ratios are consistent with the assignment presented. Perhaps the most
instructive step would be to attempt to find a less costly fleet by a small
change. For understanding the mechanics of the model, of course, new
prices should accompany these changes, and the conditions for the solu-
tion checked.

9. THE CRITERION PROBLEM

In Chapter 7 we stated that the selection of an appropriate criterion
is frequently the central problem in the design of an economic analysis
intended to improve military decisions. Whatever the particular problem,
military or civilian, it is fairly obvious that, in choosing among alterna-
tive means to our ends, we need to scan the ends themselves with a
critical eye. New techniques or types of equipment may be extremely
efficient in achieving certain aims, but these aims may be the wrong
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ones — aims that are selected almost unconsciously or at least without
sufficient critical thought.

But to say that we should scrutinize our ultimate ends carefully in
deciding upon the best course of action is much too vague. Suppose we
wish to choose among various motorcars, Merely to name and list the
things we ultimately value (such as growth, approval, security, freedom,
leisure, goods) is not very helpful in solving the problem. It is wise to
think about such a list, for it may prevent us from making some absurd
choice that does not contribute to any of these things, but in most situa-
tions the list provides little counsel. One reason it fails to do so is the
tremendous gap between gas consumption, wheel base, and new seat
covers, on the one hand, and leisure, security, and approval, on the
other, This gap has to be at least partially bridged in order to reach any
conclusions about policies. Another reason is the necessity of trading part
of one desideratum for some of another, sacrificing faster “pick-up” for
improved fuel consumption or giving up some comforts for a little more
leisure.

Similarly, the mere enumeration of objectives in choosing among
weapon systems, while it may be pertinent, does not serve as a guide to
specific action. The objectives may include target destruction potential,
invulnerability to enemy attack, strengthening of alliances, and reliabil-
ity — all to be achieved “as soon as possible.”” All of these things would
indeed be nice to have. But while good intentions are sometimes reputed
to be excellent paving materials, in themselves they do not pave the way
to preferred action, In practical problems of military (or other) choice
there are always constraints which prevent us from stmultaneously
achieving all our objectives.

CRITERIA

Hence, in choosing among alternatives, we do more than to list things
which it would be nice to have. Explicitly or implicitly we adopt criteria
or tests of preferredness. One essential step in the analysis is predicting
the consequences of alternative actions or systems —a step which, as
indicated earlier, involves the use of sets of relationships called models.
Another vital step is distinguishing preferred combinations of conse-
quences from less desirable ones; this step entails the use of criteria.
Thus, after having the features of different cars spelled out, the chooser
has to decide what is the best combination of features. He may want the
car that has maximum acceleration while meeting specific constraints
on other aspects of performance and on cost. If so, that is his criterion.
Or he may compare the features (including cost implications) of differ-
ent cars subjectively and reach his decision. If so, the criterion is never
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made explicit, but is presumably the maximization of some function con-
strained by the chooser’s limited resources.

There are times when the term “criterion” appears to be a misnomer,
For, on occasion, as we have seen, analysis can unravel only some of the
consequences of altermative actions and exhibit these consequences to
decision-makers after the usual manner of consumers’ research.! (By this
term we mean the kind of research that is often done to help con-
sumers choose an item such as an automobile or a refrigerator,) Insofar
as this is the case, a partial criterion (comparison in terms of selected
consequences) may be used. There is then no problem of devising a
definitive test, but there is the closely related problem of deciding what
consequences the decision-maker should know about. In other situations,
however, the analyst may be able (or may try) to trace out all the
significant effects and learn enough about the decision-maker’s preferences
to evaluate those effects. In these instances, quantitative analysis per se
may be used to pick out and recommend preferred courses of action.
Insofar as this is the case, a definitive test of preferredness is necessary,
and the criterion problem is the devising of that test., Most of the dis-
cussion that follows will relate directly to the criterion problem faced in
the latter situations, but much of it will pertain, at least indirecily, to
the selection of partial criteria, that is, of selected effects that are relevant
to the comparison of alternative actions.

THE NECESSITY FOR USING “PROXIMATE’ CRITERIA

Ideally we should choose that course of action which, with available
resources, maximizes something like the “satisfaction” of an individual,
the profits of a firm, the “military worth” of the military establishment,
or the “well-being” of a group. If possible, we should like to ascertain
the total amount of these magnitudes under each of various alternative
policies. Then we would pick the policy that promised to yield the most
satisfaction, the most profits, the most military worth, or the most well-
being, depending on the identity of the person or organization whose
choice we were advising. But this prescription usually helps little more
than saying that we want the best. Nobody knows precisely how satisfac-
tion and military worth are related to the observable outcomes of various
courses of action. We do not have the ability to translate outcomes into
such terms. In practical problem-solving, therefore, we have to look at
some “proximate” criterion which serves to reflect what is happening to
satisfaction or military worth. Actual criteria are the practicable sub-

* Consumers’ research publications sometimes recommend a single “best buy,” using
a criterion which may or may not be acceptable to a particular subscriber. But usually
they content themsclves with describing features and analyzing certain consequences,
letting the subscriber supply (a total cr final) evaluation and make the choice.
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stitutes for the maximization of whatever we would ultimately like to
maximize.

In comparisons of military operations or equipment, what is desired
is the course of action that would contribute most to “winning” or deter-
ring some kind (or kinds) of war, or even more generally, to achieving
national security. Since it will usually be impossible to measure achieve-
ments in any of these terms, it is necessary to adopt indirect but workable
criteria that appear to be consistent with ultimate aims,

SUB~-OPTIMIZATION AND CRITERIA

The need to use proximate rather than ultimate tests opens the door
to the selection of incorrect criteria. But the door is really swung wide
open — in fact one might say that the welcome mat is put out — by
another fact of life stressed in Chapter 4 : the fact that problems of choice
must be broken down into component pieces or sub-preblems.

Let us examine this difficulty in somewhat greater detail. A military
service (or government department or large corporation) cannot possibly
have one man or one committee examine gl its problems of choice
simultaneously and pick each course of action in the light of all other
decisions. It is inevitable that decision-making be broken into pieces.
The division is almost necessarily along hierarchical lines, some of the
broader policy choices being made by high level officials or groups, others
being delegated {o lower levels.?

Similarly, analyses must be piecemeal, since it is impossible for a
single analysis to cover all problems of choice simultaneously in a large
organization., Thus comparisons of alternative courses of action always
pertain to a part of the government’s {or corporation’s) problem. Qther
parts of the over-all problem are temporarily put aside, possible decisions
about some matters being ignored, specific decisions about others being
taken for granted. The resulting analyses are intended to provide assisi-
ance in finding optimal, or at least good, solutions to sub-problems: in
the jargon of systems analysis and operations resecarch, they are sub-
optimizations.

Note again, however, that the scope of analysis does not have to, and
indeed usually should not, coincide with the scope of authority in decision-
making. Take the case of military decisions within the government. Analy-
sis of a problem in antisubmarine warfare may have to be made in the
context of a global war involving all services and the national economy,
even though it is relevant to decisions within one bureau of the Navy

®We must again stress that no connotation of greater or lesser significance should be
associated with these terms “higher” and “lower™ levels. The lower level decisions may
in seme circumstances be the more important ones. Choosing the best bomber-missile

systems and the means of protecting them, for example, may do more to enhance our
deterrent force than allocating more funds to the Air Foree to buy inferior systems.
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Drepartment. Fortunately no single authority runs the whole executive-
legislative-judicial process in the United States government, but this does
not mean that individual departments and subordinate units should not,
on occasion, take a broad national point of view (“context” and criterion)
in making decisions for which it is responsible in the hierarchy. The
situation in a private corporation is precisely analogous. The individual
division or department of the corporation, in making certain decisions
delegated to it, will be expected to take a corporationwide point of view,
tracing the full consequences of its actions on all operations of the firm3
The sales department is not expected to choose actions which maximize
sales, or sales minus selling costs, but the total profits of the corporation
— sales and other receipts minus all costs in all departments.

Piecemeal analysis and decision making have great advantages, some
of which have already been stated. Small problems tend to he more
“manageable” in a number of senses. As problems are broken down into
smaller chunks, more detail can be taken into account by both researchers
and decision-makers. In large firms a degree of decentralization greater
than that which is inevitable is usually believed to be desirable so that
the “man on the spot” can decide about many matters — and be held
responsible for them.* In analysis, somewhat similarly, considerable
breakdown of the problems of a corporation or a government department
may be desirable so that the models used in estimating outcomes can be
“on the spot,” that is, less aggregative and more precise in their pre-
dictions than global or firm-wide models would be.

Finally, better hedging against uncertainiy may result from breaking
big problems into smaller ones. The difficulties that stem {rom inherent
uncertainties will be discussed mostly in the next chapter, but a few
words are in order here, If decision making is decentralized to a consider-
able extent, it may help against the possibility of getting stuck with lop-
sided views at the top. In civil government it has long been widely

*The exceptions in which individual divisions (eg., those of General Motors and
U.S. Steel) arc instructed to act autenomously and ignore the possible repercussions of
their actions on the profits of other divisions of the corporation, are instructive. In these
cases the corporation has deliberately decided that the “spillover” effects on other divisions
are less important in the long run than the advantages of fxing responsibility and provid-
ing strong, clear-cut incentives, There is probably also a fear that the use of corporation-
wide criterfa in analysis may inevitably lead to an undesirable centralization of decision-
mzking itself —a sort of “spillover” effect of a different kind. In any cvent, these
exceptions are usually limited to certain kinds of decisions. Divisions of General Motors
are supposed to be completely attonomous in buying and selling, but not in financing
and therefore not in decisions requiring major capital expenditures. There are useful
analogies in all this for the military,

*This not only takes advantage of the man-on-the-spot’s familarity with the details
of a problem but also comsiilutes a more desirable decisivn-making process anyway,
getting more persons in the hablt of using ingenuity and taking responsibility. Indeed

this is of major importance for the functioning of the economy, and probably of equal
importance in the military services.
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recognized that some separation of powers and dispersal of authority are
important, partly as a hedging device. And in analysis, a degree of sub-
optimization may mean, for some problems, less risk of tying all analyti-
cal results to a “bad” criterion, for instance, one involving a spuriously
specific objective in which uncertainty is neglected.

On the other hand, there is a real danger in piecemeal analysis, one
whose importance must be reemphasized because it is probably not as
widely appreciated as are the difficulties inherent in biting off too big
a chunk of the problem. The danger is that the criteria adopted in lower
level problems may be unrelated to and inconsistent with higher level
criteria, As mentioned before, proximate criteria have to be used in any
case; but since problems must be considered one piece at a time, a
whole hierarchy of proximate criteria comes into play, and potential
inconsistencies are abundant.

An an example from the military sphere, suppose that the military
establishes a requirement for go per cent reliability in the functioning of
its weapon systems. Bows and arrows may pass such a test with flying
colors, yet hand grenades may accomplish much more at the same cost,
even if half of them are duds. Perhaps go per cent or 50 or g9 per cent has
some intuitive appeal, but this gives little assurance that it is a sensible
“requirement,” criterion, or test. The point is that even plausible
criteria for choosing lower level policies may not harmonize with higher
level tests, that is, may not be in agreement with what we really want to
do. Earliecr we criticized the widespread practice in government of
setting “requirements” without looking explicily at costs. Because prob-
lems must be faken up piecemeal, there is danger that requirements will
be set without looking critically at payoffs either. And the achicvement of
a blindly selected “requirement” (even at minimum cost)® is likely to be
inconsistent with higher level aims.

In a free enterprise econemy we have a price mechanism and a system
of incentives which, imperfectly but pervasively, enforce some measure
of consistency between the lower level criteria used by individuals and
firms in making their economic decisions and certain higher level criteria
appropriate to the economy. A whole branch of economic theory, rather
unfortunately labeled “welfare economics,” is concerned with relations
between high and low level economic criteria.? Under certain circum-

® Admittedly, if the requirement kas to be taken as given, it is better to achieve it at
minimum cost than at higher cost. Even 2 “bad” sub-optimization may be better than
none at all. It may not make sense in the total context to raise the rcliability of hand
grenades to a magic 9o%, but if it has to be so raised, the fewer resources we use in
doing so the more will be available for sensible products.

®The classic work in this field is A. C. Pigou, The Economics of Weljare, 15t ed.,
Macmillan and Ceo., London, 1gzo. For an introductory and somewhat more modern

exposition, see J. E. Meade and C. J. Hitch, Iniroduction to KEconomic Analysis gnd Policy,
Oxford University Press, New York, 1938, especially Part II. For developments in, and
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stances (the most important heing absence of monopoly, free movement
of factors of production, “full employment,” and no external economies
or diseconomies), the maximization of their own preference functions by
individuals and of their own profits by firms will lead to an “efficient”
use of resources in the economy — in the precisely defined senses that
it will be impossible to produce more of any one good or service without
producing less of some other and that it will be impossible to improve the
satisfaction of any one individual without reducing that of another.”?
Since, in general, firms do try to maximize profits and individuals do try
to maximize preference functions, there will be a tendency for resources
to be efficiently used in the economy to the extent that the assumed
circumstances are approximated.

This is an interesting and, within limits, a useful conclusion, Tt might
be regarded as equally plausible, or even more plausible, that the higher
level economic criterion would require firms to minimize cost per unit
of output (the ratio of cost to output) or to maximize productivity per
head or per man-hour (the ratio of output to some one input) instead of
maximizing profits (receipts minus costs). In fact both these criteria
have been widely used — in some cases appropriately, in others not —
as indexes of efficiency in comparisons between firms and countries. But
it can be demonstrated that maximizing either of the ratios by firms in
choosing methods of production, scale of operations, and so on, would
result in an inefficient use of resources in the economy.

SOME CRITERION ERRORS

In the military (and indeed in the government generally) there is no
comparable mechanism that tends to insure consistency between high
level and low level criteria.? Since piecemeal analysis (sub-optimization)
and thereiore the use of low level criteria cannot be avoided, the pre-
vention of even gross errors in the selection of criteria requires hard
thought. In a very general sense all criterion errors involve inconsistency
between the tests that are selected in analyzing lower level problems and
the tests that are applicable at higher levels. However, some of the

qualifications to, the theory of welfare economics, see Paul A. Samuelson, Foundations of
EBconomic Analysis, Harvard University Press, Cambridge, Mass.,, 1948, pp. 203-253;
Kenneth J. Arrow, Secial Choice and Individual Values, John Wiley and Son, New York,
1951; and R. C. Lipsey and K. Lancaster, “The General Theory of Second Best,” Review
of Economic Studies, 1956-3%, pp. 11-32.

T Of course efficiency in this sense does not imply an “optimal” distribution of income
from anyone’s point of view or an “optimal” rate of growth, Efficiency is not a sufficient
condition for an optimum, but it does cnable us to identify improvements in many
situations.

8 There are administrative devices — committees, special staffs at higher levels, etc. —
which attempt, through cooperation and “coordination,” te mitigate the consequences of
the absence of such a mechanism.
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mistakes that occur most frequently have special characteristics and
can be put into categories.

MAXIMIZING GAIN WHILE MINIMIZING COST

The consequences of an action fall into two types — (1) those positive
gains which we like to increase, or the achievement of objectives, and
{2} those negative effects which we like to decrease, or the incurrence of
costs. Neither type by itself can serve as an adeguate criterion: the
maximizing of gains without regard to cost or resource limitation is
hardly a helpful test, and the minimizing of cost regardless of other
consequences of the alternative actions is nonsense. Hence both gains
and costs must appear in criteria but, as will be seen, they can make
their appearance in various ways.

One ubiquitous source of confusion is the attempt to maximize gain
while minimizing cost or, as a variant, the attempt fo maximize two
types of gain at once, Such efforts are made, or at least talked about,
in connection with all manner of problems. Tt is sometimes said, for
example, that we should choose new weapons “on a ‘maximum effective-
ness at minimum cost’ basis.” # Or consider the following criterion, which
allegedly guided one military operation: “The Germans’ triumphant
campaign . . . was inspired by the idea of . . . achieving the unex-
pected in direction, time, and method, preceded by the fullest possible
distraction and followed by the quickest possible exploitation along the
line of least resistance to the deepest possible range.” '* In connection
with civil-government choices (in India), even the London Economist
slips. “Above all, in choosing hetween possible schemes, the Indian
planners never admit to using the simple test: which will be more profit-
able? Which, in other words, will give the maximum increase in the
national income for the minimum use of real resources?” !

Actually, of course, it is impossible to choose that policy which
simultaneously maximizes gain and minimizes cost, because there is
no such policy. To be sure, in 2 comparison of policies A and B, it may
turn out occasionally that A yields greater gain, yet costs less, than B.
But A will not also yield more and cost less than all other policies C
through Z; and A will therefore not maximize yield while minimizing
cost. Maximum gain is infinitely large, and minimum cost is zero. Seek
the policy which has that outcome, and you will not find it.

It may seem that proposals to use such tests are harmless, since it is
impossible to use such a criterion when the analyst buckles down to the

® “Organizing for the Technological War,” a staff study, Aér Force, December 1957,

p. 44.
B, I Liddell Hart, Strategy, Frederick A. Praeger, Inc., New Vork, 1954, p. 240.
" The Economist, July 30, 1083, D. 400,
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comparison of specific alternatives, Nonetheless, this type of criterion
error should be taken seriously, for it can lead to some wild compromise
criteria. If a person approaches a problem with the intention of using
such a criterion, he is confused to begin with; then, when he finds that
it will not work, he may fasten upon any sort of constraint on gain or
cost that converts this impossible test into a feasible one.

OVERLOOKING ABSOLUTE SIZE OF GAIN OR COST

One common procedure is to pick that policy which has the highest
ratio of “effectiveness,” or achicvement-of-objective, to cost. In that
case, the maximizing of this ratio is the criterion. Note that the terms
“effectiveness” and “achievement of objectives” mean positive gains, or
the achievement of tasks that it is desirable to carry out. To examine
this criterion, let us look at the comparison of alternative military
weapons. These could be anything from various antitank weapons to
different bombers, but suppose it is the Iatter. Let the ability to destroy
targets, in the relevant circumstances, be the measure of effectiveness.
Suppose next that a B-29 system, already on hand and relatively casy
to maintain, would be able to destroy 10 targets and would entail extra
costs of §r billion — a ratio of 10 to 1 — while System X would destroy
200 targets and cost $s0 billion — a ratio of 4 to 1. Does it follow that
we should choose the B-2g system, the one with the higher ratio? The
answer is surely No, for it might merely be a system that would invite
and lose a war incxpensively. To maximize the ratio of effectiveness to
cost may he a plausible criterion at first glance, but it allows the absolute
magnitude of the achievement or the cost to roam at will. Surely it would
be a mistake to tempt the decision-maker to ignore the absolute amount
of damage that the bombing system could do.

Without constraints on either total level of effectiveness or total
budget, the ratio of the two may point to extreme solutions, to nearly-
zero or to almost infinite effectiveness and cost. Qf course, common sense
and empty pockethbooks prevent us from paving attention to such a
ratio at the extremes. But what is its significance in the middle-ground
that is not ruled out by common sense? Does the ratio take on meaning in
these circumstances? The absurdity of the choice to which the ratio might
lead is then bounded, and perhaps the chances that its prescription will
coincide with the “correct” choice are increased, simply because the ratio
is partly penned up. But still the ratio does not take on real meaning.
In fact, the only way to know what such a ratio rcally means is to
tightenr the constraint until either a single budget or particular degree
of effectiveness is specified. And at that juncture, the ratio reduces itself
to the test of maximum effectiveness for a given budget, or a specified
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effectiveness at minimum cost, and might better have been put that way
at the outset,

Of course, if the ratios did net alter with changes in the scale of
achievement (or cost), the higher ratio would indicate the preferred
system, no matter what the scale. That is, if the ratio of achievement to
cost were 1o to 1 for the B-20 system and 4 to 1 for System X at
all levels of achievement, then the B-29 system would be “dominant.”
For it would destroy sco targets at the $50 billion level of cost, clearly
a better performance than that of System X. But to assume that such
ratios are constant is inadmissible some of the time and hazardous the
rest. In the bomber illustration the assumption of constant ratios would
obviously be wrong, because with larger scales of activity, it would be
necessary to buy more B-2¢’s instead of merely using the ones on hand.
Moreover, whatever one’s helief about the constancy of the ratio, the
straightforward test of maximum effectiveness for a given budget (or,
alternatively, minimum cost of achieving a specified level of effectiveness)
reveals just as much as the ratio — and seems much less likely to mislead
the unwary,'?

It might be ohserved that ratios are sometimes handy devices for
ranking a list of possible actions when (1) the scale of activity is fixed,
and (2) the actions are not interdependent (more on this point later).
Thus the rate of return on stocks and bonds (the ratio of annual net
return to the cost of the investment) is a convenient aid in ranking
securities, Then, with a fixed investment fund, the set of securities that
yields the greatest return for that fund can be quickly determined. Note,
however, the limited conditions under which this procedure can be used.

SETTING WRONG SIZE OF GAIN OR COST

As just suggested, a criterion in which the budget or level of effective-
ness is specified has the virtuc of being aboveboard. The test’s limitation,
the fact that it relates to a particular level of cost or achievement, is
perceivable with the naked eye. This fact indicates, though, that while
avoidance of ratio tests is a step in the right direction, our troubles are
not over. For if an incorrect or irrelevant scale of gain or cost is taken
as given, the test is unlikely to result in good policy decisions.

In choosing the bombing system, let us suppose that the test is
minimum cost of achieving the ability to destroy ro targets. In these

* For examples of ratios used as criteria, see Charles Kittel, “The Naturc and Develop-
ment of Operations Research,” Secignce, February ¥, 1047, pp. 752-53. For more on the
hazards of using ratios as criteria, see Charles Hitch, “Suboptimization in Operations
Problems,” Jowrnal of the Operalions Research Society of Americe, May 1953, pp. 94-05
and passim. See also Charles Hitch, “Economics and Military Operations Research,”
Review of Econemics and Stafistics, August 1938, pp. 199- 200,
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circumstances, the hypothetical B-29 system is better than System X.
On the other hand, if the criterion is minimum cost of achieving an
ability to destroy zoc targets, System X is better. Clearly it makes a
difference which scale of gain (that is, effectiveness) is stipulated, and
it would be possible to fix upon the wrong scale.

Ii the analyst has been instructed to specify a particular level of
effectiveness, then someone else has, in effect, chosen this aspect of his
criterion for him — for better or worse, If he has leeway, however, and
chooses the scale uncritically, he is using what was described earlier as
the requirements approach.'® In other words, he is picking the desired
task or level of achicvement without inquiry into the sacrifices of other
achievements that would be entailed, What he can do te choose the
right scale will be discussed a little later. The thing to be noted here
is that this sort of criterion error is always a threat in piecemeal analysis.

There is precisely the same danger if the cost (or budget, or resources)
is to be stipulated instead of the task. Of course, if the budget is already
definitely set by higher level decision, the analysis has to take the pre-
determined amount as given. But budgets for future years are never
“definitely set” in a democracy, and if the analysis is concerned with
development or procurement, it is usually the magnitude of future budgets
that is relevant. Wherever the budget is subject to change, perhaps on
the advice of the analyst, his test should not take as given a budget that
is uncritically assumed or stipulated.

NEGLECTING SPILLOVERS

In economics, impacts of one firm’s action upon other firms’ gains or
costs are referred to as “external economies and diseconomies.” '* For
example, an oil well that forces brine inte the underground water supply
may reduce the fertility of adjacent farmiands, Within firms or govern-
mental units, similarly, the action of one department may affect the
gains or costs of operations in other departments. {This would be the
case, for instance, if the oil-producing firm owned the farmlands.) The
term “spillovers” 1% will be used here, chiefly because it is short, as a
general title covering all such effects,

In comparing alternative military policies, it is easy to adopt a
criterion that leads to the neglect of spillover effects. For example, a

BOf course, he will presumably minimize the cost of safisiying the reguirement —
which is, as we have seen, better than choosing uncritically both the task and the method
of accomplishing it (the “pure” requirements approach, undefiled by any cost considera-
tions).

¥ Or sometimes “divergences between private and social product or cast.”

¥ The term “spillover costs” and a helpful discussion of those that arise from con-
gestion are contained in J. M. Buchanan’s article, “The Pricing of Highway Services,”
National Tax Journal, June 1952, pp. 97-106.
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classic piece of military operations research may have ignored some
impacts on activities other than the one that was directly under examina-
tion. In this frequently cited example of successful analysis, alternative
arrangements for washing and rinsing mess-kits were compared, As his
test of preferredness, the analyst used the minimization of the number
of man-hours required to do the job, given a total of four tubs. The
optimal arrangement, according to this test, turned out to be the use
of three tubs for washing and one tub for rinsing. A hypothetical reaction
of the mess sergeant has been reported as follows:

Yeah, I remember that guy. He had some screwball idea that the mission of
the Army was to eliminate waiting lines. Actually I had it all figured out that two
was the right number of rinse tubs. With evervone rinsing in one tub the bacteria
count would get way past the critical level. But we switched to one rinse tub
while he was around because the old man says he’s an important scientist or
something and we got to humor him, Had damn near a third of the cutfit out
with the bellyache before we got the character off the reservation, Then we
quick switched to three rinse tubs and really made a nice line. “Nothing like a
good line to get the men’s legs in condition,” the old man says.16

The purpose of this example is not to disparage this particular piece of
analysis, which may have been quite useful. The point is simply to
suggest how easy it is, in the comparison of emy policies, to neglect
spillover effects.

USING WRONG CONCEPTS OF COST OR GAIN

The manner in which cost and gain are defined may seem to be a
matter of measurement. These definitions are pertinent in a discussion
of criterion errors, however, because wrong concepts of cost and gain
may grow out of, or be inextricably bound up with, the adoption of
incorrect criteria.

Probably the most important cause of error of this sort is the ex-
clusion of relevant costs from the computation. As we have emphasized
in Chapters 4 and 7, and illustrated in Chapter 8, the costs to be com-
pared are the full system costs of each alternative — all the costs directly
or indirectly stemming from the decision. Thus, if we are trying to decide
between a missile and an aircraft to accomplish a given mission, it can
be completely misleading to compare the manufacturing costs of the
competing major equipments. We must also count the costs (except
where they are already “sunk”) of all the auxiliary equipment, of the
ground-handling and support equipment, of the training of personnel,
and of operation for some appropriate period of time (sec Chapter 11).

Our major emphasis in this volume is on peacetime preparations for

"*TFrom A. M. Mood’s Review of P. M. Morse and €. E. Kimball, Hethods of QOpera-

tions Research, in the Jowrngl of the Operations Research Society of America, November
19583, P 307.



170 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

war and on deterring war. This means that we are interested mainly in
peacetime, not wartime costs. We are trying to make the most of the
resources available for national security in peacctime. In principle, the
wartime costs are relevant. In practice, we can frequently ignore them
For in the case of general nuclear war, we expect the war to be fought
with the forces in being at its outbreak. The major economic problem is
to maximize the capability of these forces by using resources efficiently
before the war starts — so efficiently that we hope an enemy will never
dare start it. In the case of limited war there may well be significant
production of weapons and expenditure of resources after the limited wat
beging (as in the case of Korea), but occasional wars for limited objectives
will cost little compared with the year-in year-out costs of peacetime
preparedness. It is estimated that the “cost of United States forces ir
Korea over and above the normal cost of such forces if no action was
taking place” was approximately five billion dollars in the fiscal year
1951/52, about 11 per cent of total United States expenditures for majot
national security programs that year.!?

Right and wrong concepts of cost and gain can, however, be illustratec
by either wartime or peacetime studies, For example, in a World War 11
study of alternative ways to destroy enemy shipping, the criterior
adopted was the ratio of enemy ships sunk (the gain) to allied man-year:
of effort (the cost).!® Now our concern in this section is not with the
hazards of such a ratio test,'® but rather with the nature of these concepts
of gain and cost.

Neglect of higher level gain. First, “ships sunk” as a measure of gair
may have been an unfortunate choice (whether made by the analysts o1
by “higher authority”), for shipping could be efiectively destroyed by
actions such as mine-laying without necessarily sinking many ships
The criterion adopted would have prejudiced the case against sucl
neasures.

Neglect of valuable inputs. Next, let us examine the costs of thest
ship-sinking operations, Costs are the consequences that have negativi
values, or in other words they are the sacrifices that have to be made ir
order to conduct the operation. In the above-mentioned study, man-year:
of effort — which included those used in construction of vessels and equip
ment, training, operations, and replacements — appear to be a somewha
dubious measure of these sacrifices. One reason is that man-years, whil

Y Mutual Security Act of rgs2, Hearings hefore the Committee on Foreign Affain
House of Representatives, 8znd Congress, 2nd Session, U.S. Government Printing Office
Washington, D.C., 1952, p. 359.

¥ Kittel, p. 132.

1 The operation that maximized the ratie of ships sunk to allied effort might be
trivial operation sinking one ship or a gigantic effort destroying vast guantities of shippin

and requiring the bulk of our resources. There is little assurance that the operatio
picked solely on the basis of this ratio would contribute the most toward victory.
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important in wartime (and in peacetime), were not the only items given
up. Thus a method of destroying enemy shipping that used comparatively
little manpower, even though it required extremely valuable equipment
and skills, had a spurious advantage over a method that utilized rela-
tively worthless equipment and much labor. In effect the test ignored
inputs other than man-years as if they were {ree.

In extreme cases, this sort of procedure may be the correct one.
Since the cost of one course of action is whatever has to be sacrificed,
that cost depends upon what alternatives are genuinely possible. If, for
example, the only courses of action that can be considered are different
ways for unskilled laborers to use given equipment to carry out a specified
task, the only input that has other uses is the labor. The analysis becomes
a time-and-motion study, and a suitable test is the achievement of the
specified task with the minimum expenditure of man-hours.

In general, however, the use of man-hours, a “critical material,”’ or any
other single input to represent cost is likely to be wrong. Other valuable
inputs are usually involved. To ignore these other inputs is to pretend that
their use involves no sacrifice, whatever the quantity employed. Another
plausible procedure — putting a specific constraint on the amount of
each input that is to be used —is in most cases equally misleading.
Such a constraint pretends that we do not have the choice of acquiring
extra amounts of the input. Sometimes the choices open to us are
limited in this fashion, but placing specific constraints on all inputs
usually shortens the list of alternatives that is truly admissible: hence
it distorts the sacrifices entailed by taking the actions that are in fact
examined.

What, then, is the right way to measure cost? As has been indicated
in Chapter 3 and in Chapter 7, the answer, in principle, is that the
measures in any particular problem should approximate the value of the
alternatives that must be sacrificed. In long-run problems (most develop-
ment and many procurement choices) the almost unlimited possibilities
of substitution in the economy make dollar costs — the dollars represent-
ing general resources—a satisfactory measure in most cases, and far
superior to such practical alternatives as man-hours, Dollars do, even if
imperfectly, take account of the value in other uses of different skills and
of factors of production other than labor. In short-run and intermediate-
run problems the difficulties are greater, and one must usually impose
cost or resource constraints of several kinds. In the extreme case of
a field commander who has to prepare for an imminent battle with what
he has on hand, the amount of each specific resource {men, tanks, am-
munition, and so on} he has is fixed,2® and no more of any one can be

® Though even here some of his resources may have value for later battles—a
televant alternative use.
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sccured at any price. In this case each resource must be taken as a con-
straint on his tactics, In less extreme cases some resources will be fixed
and others variable — the latter frequently at “increasing costs” reflecting
either higher incremental production costs in the short run or the with-
drawal of the additional resources from increasingly valuable uses else-
where.

The Navy, for example, may have a certain number of warships
readily available for an operation in the Mediterrancan (those on station
there). In a very short-run problem, no more could be made availahle
from anywhere. In an intermediate-run problem, additional ships could
be obtained, but only by the very expensive method of “de-mothballing”
or by transferring to the Mediterranean ships whose “outputs” are valu-
able in other areas {increasingly valuable the more are transferred}. In
a long-run praoblem, of course, additional ships could be procured for
more dollars. Finding satisfactory cost measures and resource constraints
in the intermediate-run problems will frequently tax the ingenuity of
the analyst. He must try to avoid treating as free those resources that
have value in other uses, or as fixed those resources that, at some cost
are variable. (Also, of course, he should avoid the opposite errors.)
While perfection is unattainable, the avoidance of the grosser fallacies
is not.

“Sunk” costs and salvage wvalues. Consider once again the costs
counted in the search for the hest way to destroy enemy shipping. These
costs included man-years of effort used in the construction of ships
equipment, and submarines — many of which were already built anc
on hand. Yet the sacrifice entailed by the use of existing equipment was
really its value in other operations,®! not the original or historical cost
of constructing it. Only future sacrifices are relevant — not past. In ar
economic calculus “bygones are forever bygones.”

This point was critical in the comparison that we made above of B-z¢
and X bombing systems, where the B-2¢’s had already been producec
and the X-bombers had not. Should the Air Force “be fair” to System X
and insist upon costing each homber from scratch? Never could considera:
tions of equity be more misplaced. Any real cost associated with the
production of the B-29’s had already been incurred and is unaffected by
what is done with them; if they have no alternative use and ne scrag
value, then the cost of incorporating them into the bombing system i
zero, If they have a scrap value or a value in alternative uses that 1
sacrificed, then that value is the relevant cost. It is only the extra o
incremental cost, not historical or “from scratch” cost, entailed by eacl
alternative system that is relevant to the comparison. The analog:

% This may well be hard to measure quantitatively, but better the roughest approxi
mation of the relevant magnitude than the most precise measure of the irrelevant.



THE CRITERION PROBLEM 173

with a business firm’s view of cost is complete: in deciding whether to
replace an old machine with a new one, the production cost or purchase
price of the new machine enters into the calculus, but only the scrap value
(or alternative use value) of the old machine, however unfair this may
appear to be to the new machine.?® Considerations of fairness, which
might be appropriate in courts of equity, are an undependable basis for
choosing production methods or weapon systems.

Frequently in comparing the costs and gains from alternative weapon
systems during some relevant period, it will be apparent that some of
the systems will be worth more than others at the end of the period.
An estimate of the worth of the system at the end of the period —its
probable contribution to security in following periods — is commonly re-
ferred to as the system’s “salvage value.” If salvage values are sub-
stantial and vary significantly from system to system, as in the case of
the air transport fleets in Chapter 8, they should be subtracted from
system costs (or added to system gains). If these values are small or
appear to be similar for all systems, of course they can be ignored.

ALLOCATION OF JOINT COSTS

In sub-optimizing, the analyst is frequently confronted with the
necessity of computing the cost of X, when some or all of the costs of X
are also costs of Y and Z. Suppose, for example, that the construction of
an airbase is being considered for joint tenancy by three fighter squadrons
and varicous Military Air Transport Service (MATS) facilities and
services. Suppose that the total cost of the base is 100, of which 50 is the
cost of basic or common facilities, 30 the cost of facilities required by
MATS only (these might include, for example, costs of extending or
strengthening runways for heavier MATS planes), and 20 the cost of
facilities required by the fighter squadrons. If the base were used only
by MATS its cost would be 8c; if only by fighters, 7o.

One way to approach the problem (it turns out to be a treacherous
way) is to ask: How should the common costs he allocated among the
various uses? One cabinet officer attempted to answer the question in
this manner: “The Department believes that the costs of multiple-purpose
. . . projects should be allocated on a basis which properly recognizes
the added costs of including each separable function and a fair®® share
of the joint costs.” ¢ Again we have the unwarranted intrusion of ethical

% For examples in whick business management formally compares alternative policies
in terms of incremental costs and gains, see Horace C. Levinson, “Experiences in Com-
mercial Operations Research,” Journal of the Operations Research Society of America,
August 1953, pp. 220-23¢.

# Italics ours.

® Former Secretary of Agriculture Brannan in Study of Civil Works, Part 2, Hearings
before the Subcommittee to Study Civil Works of the Committee on Public Works,
House of Representatives, 82nd Congress, znd Session, U.S. Government Printing Office,
Washington, 1952, p. 198.
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concepts into an economic calculus. Tn the Twentieth Century, it appeats,
we must be fair not only to people, but to weapon systems, machinery,
and airbases,

If we keep firmly in mind the principle that only the incremental costs
for which a system is responsible should be counted, problems of the
type presented by the airbase offer no great difficulty. Of course which
costs are incremental depends upon the breadth of context and the pre-
cise definition of the system. If the problem is whether to construct the
airbase, and if so, whether for joint tenancy, for MATS only, or for
the fighters only, we have to cost the base in three alternative systems.
In the first (joint tenancy), the cost i3 100; in the second (MATS only),
8o; in the third (fighters only), 70, The base should be constructed if its
value to MATS exceeds 8o, if its value to the fighter command exceeds 70,
or if its value to both combined exceeds roo. If its value to both combined
exceeds 1oo, the base should be constructed for joint tenancy as long as
its value to MATS exceeds 30 and its value to the fighter command zo.
A businessman launching a multiproduct investment would think along
precisely these same lines in maximizing his profits.?® As long as the
use values can be calculated,?® the analyst can find a unique solution to his
problem without allocating, “fairly” or otherwise, the common costs. The
question simply doesn’t arise,

If a formula for allocating total costs among uses is intended to show
how costs respond when one use is eliminated, it can serve a very useful
purpose; it is then an attempt to get better estimates of incremental
costs. But a formula that is supposed to hand out “fair shares” of joint
costs, the shares exactly exhausting the total, is not needed for good
decisions and can lead to bad ones. Inability to allocate all costs mean-
ingfully among joint products is often a fact of life, not a disgrace or a
signt of laziness. The extra cost of adding on a function or a feature can
be calculated, or the total cost of the combination of features — but not
a meaningful total cost for one feature when undertaken jointly with
the others.

APPROPRIATE CRITERIA

So much for potential errors in the devising of tests for preferred
policies. What of a constructive nature can be said about the selection of
criteria? Clearly, there is no all-purpose criterion, for the appropriate
test depends upon what alternatives are open to the decision-maker,

* George J. Stigler, The Theory of Price, Macmillan Co., New York, 1946, p. 307.

FOf course if the use values can’t be calculated, the analyst may have a difficult
problem on his hands and may have to be content with a “good” or “better” rather
than a unique optimal solution. But allocating the common costs won't help him in this
case. His fundamental difficulty is his inability to measure military worth.
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upon what aspects of the situation must be taken as given, and even
upon what kind of measurements are feasible. Nonetheless a few general
observations about suitable eriterion-forms can be made,

MAXIMUM GAINS-MINUS-COSTS

If gains and costs can be measured in the same unit, then to maximize
gains-minus-costs is certainly an acceptable criterion-form — the equiva-
lent of making the most out of whatever actions can be taken. Suppose
the possible courses of action are to put available resources to one of
three uses, to be called A, B, and C. Now the gains that could have been
obtained by using the resources in B and C are what have to be given up
when we use the resources in A, These sacrifices are the cosés of devoting
the inputs to use A, the costs of obtaining the gains from A. When costs
are viewed in this way (that is, as gains that must be given up), it is
easy to see that maximizing gains-minus-costs is the same as maximizing
total gains. If A yields roo units of gain, B yields 73 units, and C 5o units,
A is the use that maximizes gains-minus-costs {rco minus 7g), and it is
the use that yields the greatest total gain in the circumstances. Note again
that this sort of test is possible only when gains and costs are com-
mensurable. It can be used in the comparison of the actions of business
firms and certain government measures but only exceptionally in the
analysis of military activities,

EITHER GAIN OR COST FIXED

In any situation there are constraints. The decision-maker can borrow
additional funds only at higher rates of interest, only a limited number of
practical actions are open to him, and there are only twenty-four hours in
his day. In many analyses, one constraint is that a particular scale of
gain or cost is fixed. This constraint may be imposed when gain and cost
are commensurable, as in the case of a firm comparing different ways to
use a given investment budget. And it should be imposed, as a rule, for
analysis in which costs and gains are incommensurable. In the latter case,
naturally it is impossible to maximize gains-minus-costs: what would
be the meaning of the ability to destroy ten targets minus one billion
dollars? The next-best procedure?” is to “set” either the costs or gains,
seeking the way to get the most for a given cost, or to achieve a specified
objective at least cost.

These two criterion-forms are equivalent, if the size of either gain or
cost is the same in the two tests. If the test of maximum gain for a 35
budget points to the policy which yields a gain of 10 units, then the test
of minimum cost to achieve a fixed gain of 1o will point to the same policy

7 Equivalent to maximizing gains-minus-costs in the special case where gains and
costs are commensurate and the right level of gains or costs Is fixed.
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— the one which achieves the gain of 10 at a cost of $5. The two tests
also yield equivalent information if calculations are carried out for many
different scales of cost and gain. The choice between these two criteria
depends largely upon convenience of analysis and upon whether it is
gain or cost that can be fixed with the greater degree of “correctness.”
In some cases it will be immediately apparent which way round the
criterion should be stated and the analysis made. For example, the field
commander (or his operations analyst), preparing for an imminent hattle
with a multiplicity of fixed specific resources, will obviously fix the level
of resource constraints and attempt to maximize his chances of winning,
rather than set some arbitrary chance of winning and calculate the
combinations of resources necessary to achieve it. In other cases the
preferred way round will not be apparent, and it may indeed make little
difference from any point of view which is selected. For example, we
can either choose some index of strategic capability we think we might
be able to achieve, and calculate the necessary budget, or assume some
practical budget and calculate the corresponding index of capability.

This leads us to the big question: How does one determine the right
achievement or budget? If the achievement or budget is set uncritically,
the procedure degenerates into the “requirements approach.” For example,
it might be taken as given that we “need” the Cadillac of Chapter 7 or,
in the case of the bombing system, a capability of destroying ten thou-
sand targets; and the analysis would seek the cheapest way to achieve
that “requirement.” What can be done to improve upon this approach?

As a starter, several tasks or scales of eifectiveness can be tried, and
several budget-sizes can be assumed. If the same system is preferred
for all tasks or budgets, that system is dominant. In the bombing-system
example, the best bomber (though not the right scale or capability) is
then determined.®® If the same course of action is not dominant, the
use of several tasks or budgets is nevertheless an essential step, because
it provides vital information to the decision-maker.

Note, however, that the decision-maker, if he is making a quantitative
decision or if the qualitative answers vary in the scale, must then him-
self select the scale of the task or budget. He is presumably helped in
reaching this decision by the information about the cost of achieving
different tasks or the potential achievements with different budgets. But
he has to draw on further information in order to set the right task or
budget. He has to ask what task or budget, as the case may be, is con-
sistent with higher-level criteria. Is a capability of destroying ten thou-
sand targets too much or too little in view of the over-all aims of the
defense program?

*This may be the decision-maker’s current problem — whick bomber to develop or
procure. The decision regarding numbers may be made {and re-made) much later.
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Clearly the analyst will be more helpful if he can answer these
questions than if he merely estimates the results for a variety of budgets
or tasks. As a maiter of fact, he must try to answer these questions ap-
proximately if he is even to hit upon a reasomable range of tasks or
budgets. He cannot experiment with all possible scales of achievement or
cost, as the computations would be too expensive and voluminous to
provide any net assistance. Hence the analyst can and should do more
than try several tasks or budgets (the procedure which was labeled a
“starter’”’). He should make some inquiry into higher level criteria and
into their relationship to possible lower level tests. He may even convert
the analysis into a higher level sub-optimization, At some higher level,
of course, the criterion must be taken as given — that is, to carry out
the higher level task at minimum cost, or to get the most out of the
higher level budget. But this acceptance of a task or budget as given
at some high level is skies apart from setting “requirements” uncritically
all the way up and down the line.

THE CRITERION FOR CHOOSING A MILITARY AIR TRANSPORT FLEET

In the hypothetical example in the preceding chapter the criterion
selected was the minimum cost of maintaining a specified airlift capabil-
ity over the years 1958-1967. This criterion avoids some of the elementary
pitfalls of criterion selection that we have discussed. It does not try to
achieve a maximum capability at minimum cost. Nor does it employ 2
crude ratio — like minimum cost per ton-mile — irrespective of the scale
of the job to be done (the distances to be traveled and the volume of
cargo lo be carried). It uses system costs, omitting sunk costs and, at
least in principle, allowing for the salvage value of what is left over in
1667.

1t concentrates on minimizing the cost of achieving a given objective
instead of maximizing the objective for a given cost, because in this
particular case it seems to be easier to select a “reasonable” level for
the objective than for the hudget. Providing airlift is a small proportion
of the total cost of preparing to fight peripheral wars, and a small part of
the total cost of operating the peacetime Air Force and military establish-
ment. To choose some arhitrary budget level for airlift and adjust all
other plans to it would be to make the tail wag the dog.

The level of the objective to be achieved was not chosen arbitrarily:
it was based on certain plans for fighting peripheral wars if they occur,
and for supporting a planned peacetime military establishment with
rapid transport. It was an objective that had to be described in consider-
able detail — the war had to be fought in a certain geographical location
and to be of a certain magnitude, and the peacetime support had to be
provided using an established network of bases involving routes of
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diverse specific lengths. The degree of detail in defining the objective may
appear excessive (it would certainly prove to be wrong as a specific fore-
cast), This detail was intended to illustrate representative tasks, how-
ever, and it was believed that a change in the geographical location of the
war, or in the pattern of available peacetime bases, would not greatly
alter the mix of short- and long-legged vehicles needed. It would be
desirable, in a more complete analysis, to test this belief by trying the
various fleets in achieving different tasks.

A very important side calculation was made which (assuming it to be
correct) determined that any fleet that could meet the requirements of
the assumed limited war and peacetime re-supply could a fortiori meet
the requirements for air transport in a general all-out war.

Nevertheless, some doubts remain regarding this particular criterion.
The calculation was a low level sub-optimization, and some of the
conclusions (especially regarding the size of the task and of the fleet)
might be upset by a good economic analysis at a higher level. Tn limited
wars expensive airlift is a substitute for other expensive things we can
buy, such as pre-positioned supplies, tactical air forces and troops sta-
tioned overseas, and allied military forces sustained by United States
military aid. Since the study in Chapter 7 did not explore for the optimal
mix of these elements, the objective chosen may have been too large or
too small, perhaps influencing the composition of the optimal fleet.

There are other interdependencies (spillovers) and intangibles and
uncertainties that could conceivably upset some of the assumptions or
conclusions or both. For example, purchasing the more advanced types
might help to promote the general state of the art of American transport
aviation. A fleet which used fewer crews might make it easier for SAC
to obtain the crews it needs to improve its alert status and thereby its
deterrent capability. A fleet with a more flexible capability would help us
deal with a variety of contingencies not included in the study — like a
new Berlin airlift.

There are also complications associated with time and development
uncertainties that affect the validity of the criterion. We will postpone
a consideration of these to later chapters; but in general it would be
indefensible to compare expenditures incurred in different years, as this
example does, without applying appropriate discount rates. The advanced
types require heavier expenditures now, lower expenditures in the future,
compared to the types in inventory, If a sensitivity test had not shown
that discount rates as high as 25 per cent failed to upset the ranking of
the fleets, we would have grave doubts about the relevance of the con-
clusions. Since even high rates do not alter the ranking, and since many
of the other omitted factors tend to reinforce the preference for the ad-
vanced types, we can safely conclude from the study that if tke pro-
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jections of performance are correct, the procurement of one of the newer
fleets would be economical. It i interesting that the economic criterion in
this instance calls for the acquisition of new, more expensive equipment
even though no direct competition in performance with the enemy is
involved. Of course similar economic criteria frequently lead business
men to precisely the same sort of conclusion,

CRITERIA FOR DETERRENCE

Suppose that our problem (in 1959) is the design of a strategic offen-
sive force for the middle rg60’s to deter prospective enemies from attack-
ing us. Deterrence of World War IIT is a frequently stated national ob-
jective. Our strategic offense force, while not the only force important for
deterrence, is generally recognized to be the principal one. But “deter-
rence” is an elusive and qualitative concept, not too far removed from
“military worth” itself, To calculate the relative contributions of alterna-
tive weapon systems, base locations, and strategies to deterrence, we
require a much more precise and objective proximate criterion. What is
a good criterion — one that avoids the pitfalls we have outlined and is
consistent with the high level national objective of deterrence? Let us
consider some possibilities (all of which have been used in similar
studies), beginning with some that, while avoiding the crudest fallacies,
are still clearly unsatisfactory,

a. Numbers or weight of offense weapons (for a given budget).
Criteria of this general type are used in a surprisingly large number
of cases by military correspondents, columnists, and other “experts”
who should know better. Qur deterrent force is held to be effective be-
cause we have more (or bigger) bombers than the Russians ; or thought not
to be effective because the Russiang allegedly are building more long-
range missiles than we. Little thought is required to dismiss such crude
counting devices, What matters is not the number of aircraft or missiles
on either side, or any other physical measure of their size, but in some
sense the damage they are able to inflict. A missile that can carry a small
bomb and deliver it within 10 miles of its target presents nothing like
the deterrent threat of a missile that can carry a large bomb and deliver
it within two miles,

b. The number or value of enemy largets that can be destroved (for
a given budget}. This is a criterion that makes a little more sense. It takes
into account not only the numbers of our offense bombers and missiles,
but also their operational effectiveness, the yield of the bombs they can
carry, their ability to penetrate enemy defenses, and the accuracy with
which their bombs can be delivered. It is still, of course, an ambiguous
criterion, and requires more precise definition. For example, what target
system — population, industry, or military bases — should we use to keep
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score on alternative United States strategic forces? In principle, the one
whose prospective destruction would be most likely to deter the Russians
from striking. If we are not sure which target system would bave this
characteristic, we might have to try several, to see whether the same
strategic force performed best (or well) against all. Similarly, what kind
of air defenses should we assume the Russians will have in the mid-
sixties? Here we will almost certainly have to assume several kinds and
quantities to test the alternative forces, giving the Russians some op-
portunity in each instance to adjust their defenses to the composition and
basing of our force. But there remains another ambiguity in this criterion
— one of crucial importance. Should we count the destruction potential
of the entire force {the customary procedure) or the potential of that
part of the force that survives an enemy attack? In other words, are we
interested in a “strike-first” or a “strike-second” capability? Which is
consistent with the national objective of deterrence?

To the extent that we are concerned with deterring a direct Russian
assault on us, the essence of deterrence is a strike-second capability.
The Russians will be deterred, not by the damage we can do if they
refrain from attacking, but by the damage we can do if and after they
attack. An American force that can make a devastating first strike but
is easily destroyed on the ground is more likely to invite direct attack
than to deter it. (It may, however, have some utility in deterring lesser
aggression, for example, against third parties.)

c. The value of enemy targels that can be destroyed {for a given
budget) after an enemy first strike. This is much closer to what we want.
Tt requires us, in allocating our given budget, to reduce the vulnerability
of our force whenever money spent on reducing vulnerability (say, on
dispersal, on increased alertness, or on underground construction} will
increase our strike-second capability more than the same money spent
on additional bombers or missiles and the personnel to operate them.
In general, this is what deterrence demands, This criterion is probably
good enough to justify extensive gquantitative comparisons of our capa-
bilities with different kinds of weapons (bombers and missiles), difierent
base systems (continental United States versus overseas versus on or
under the seas; fixed versus mobile), and different modes of protection
(such as ground alert, airborne alert, dispersal, and underground con-
struction). In making the comparisons we must consider a range of
possible Russian attacks, with special emphasis on those that look most
dangerous to us, and are therefore most likely to be preferred by the
Russians.

But we should be under no illusions that this good, workable criterion
is good enough to yield definitive answers. It too ignores several vital
elements of this exceedingly difficult and complex problem. For example,
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it ignores the danger that World War TIT might break out as the result
of an accident or misunderstanding ; it would do us little good to deter
a rational enemy from attacking only to stumble into hostilities by
accident (and some weapons and modes of operating them are more
“accident prone” than others). This criterion partly neglects the objective
of deterring “minor” aggressions, such as enemy attacks on United
States or free-world positions in the NATO area or the Middle East. A
strike-second capability would also have a strike-first potential, but it is
not obvious that the measures that are optimal for deterring a direct
attack are also optimal for deterring an indirect one. This test also ig-
nores a good many interdependencies among different military capabilities:
can our strategic offensive forces be designed in such a way as to contribute
to our ability to fight limited, local wars or to facilitate the task of
air defense? Can it even be assumed that the best force for deterring
World War III is also best for fighting it — in the event that deterrence
fails?

There is, moreover, the problem of what size the “given” budget
should be. The optimal mix of weapons, bases, and protective measures
may or may not be similar at different budget levels (this could be
tested by trying a number of different levels), But even if the mixes
are similar, it is tremendously important to get the absolute level some-
where near right — to have a deterrent force that is good enough, not
merely the best achievable on a budget too low to provide deterrence,
or one s0 good that we over-deter World War TI1 and have little left
over for other vital capabilities. The fixing of this level requires, of
course, a higher level study that focuses on the size of the national
security budget and its allocation among the major military claimants —
for strategic offense, strategic defense, limited war, and cold war. We
have already indicated (Chapters 4 and 7) that while rigorous maximiza-
tion at this level is silly, hard straight thinking in an economic frame-
work can help, and can be helped by quantitative calculations. The size
of the budget for the strategic offensive force must not be accepted un-
criticelly as ‘““given”; its determination is one of the most important
national security decisions,

We shall return to this vital problem of deterrence in the final
chapter after discussing, in intervening chapters, some additional relevant
problems and techniques for dealing with them.



10. INCOMMENSURABLES, UNCERTAINTY,
AND THE ENEMY

We have seen that at best the problem of determining relevant,
correct criteria is troublesome. The complications that are now to be
introduced make the problem still less tractable, and indeed affect the
very meaning that must be attached to the word criterion.

INCOMMENSURABLES: MEANING, EXAMPLES,
AND TREATMENT

Incommensurables, as we use the term, are certain consequences of
the alternatives compared — those consequences that cannot readily be
translated into the common denominator or denominators that are being
used.” Thus, if gains are being measured in dollars (as they ordinarily are
in a business problem), the effects that cannot be measured in money by
any objective and generally acceptable method are incommensurables.
In principle, these effects are not different from any others. They may
or may not be measurable in their own appropriate quantitative terms,
in a manner helpful to the decision-maker. (If not, they are “intangible”
as well as incommensurable.) Moreover, an #ndividual can compare them
subjectively with the other effects. Indeed, implicitly the decision-maker
does translate these incommensurables into the common denominator
when he makes a choice. But they cannot be expressed in terms of the
principal or common unit in any generally acceptable manner. Of course
if no single unit is used extensively enough to be regarded as a common
denominator, there is no basis for distinguishing between effects that are
commensurable and those that are not. This is often the case in consumers’
research, which we regard as the most rudimentary, least ambitious type
of economic calculus.

Incommensurable objectives and costs are likely fo mar the neatness
of any analysis, whether it pertains to problems of business, the military,
other parts of the government, or individual consumers. No matter how
industriously the analyst works at devising a single quantitative test,
considerations that must be measured in other units (if at all) will still
be pertinent to the final decision. It is difficult to find problems of

*We saw in Chapter 7 that it is possible to carry out a quantitative analysis with
two or mere objectives or common denominators as long as we are satisfied with a set
of “efficient” solutions rather than an optimal solution. We will usually assume in this
section that a single common denominator is used in the explicit calculus. But see pp.
204—205 below.
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military choice in which such considerations do not have to be given
serious attention. We have already seen® that in high level military prob-
lems incommensurables may severely restrict the usefulness of quantita-
tive analysis. They are likely to dominate any analysis of the optimum
size of military budget, or its division among the military services.

Even at relatively low levels incommensurables are likely to be too
important to ignore; and in some low level problems they are dominant.
In other words, there are military problems at all levels in which a
definitive economic calculus cannot be made because of the multiplicity,
incommensurability, or nonmeasurability of the objectives or costs.

Consider the importance of such effects in military problems where
quantitative analysis can be helpful. In many such problems, cost can be
fairly satisfactorily measured in dollars, and the objective as the degree
of achievement of some military mission. But suppose that the preferred
(that is, minimum-cost) method of achieving the objective is expected to
involve the loss of more lives than some alternative method that is more
expensive in dollars — even when the costs of recruiting and training the
additional personnel required are included, as of course they should be,
in the calculations. There are at least two reasons we might be concerned
about this. First, the higher casualties may affect the morale of our
forces and degrade their efficiency in a manner not taken into account
in the calculations, making the efficiency of the first method less than
it appears on paper. In principle such reactions should be taken into
account explicitly; in practice, the intangible character of a factor like
morale may make this impossible. Second, we are interested in lives for
their own sake. We want to win a war with no more casualties than
necessary. Fewness of casualties per se is an objective in planning any
military operation, even if a subordinate one, that is not fully allowed
for by including the resource cost of replacements.

Other examples of incommensurables frequently encountered in mili-
tary problems include the whole gamut of other factors influencing
morale; increased capability to fight a war of type B when the major
consideration is the capability to fight war A; impetus to specially
promising state-of-the-art advances in choosing the next generation of
some type of equipment; the maintenance of a “healthy” aircraft indus-
try or broad mobilization base in selecting contractors (and therefore
weapons) ; repercussions of all sorts on United States foreign relations and
hence foreign policy (an extreme example is action that a potential
enemy might regard as “provocative”); the effects of some methods of
winning a war on the prospects for a tolerable and durable peace,

There are several ways of handling incommensurables in quantitative
analysis. One way is just to ignore them: if there is no objective way

2 Chapter 7.
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to make them commensurate, have no truck with them at all. This method
is not recommended ; the significance of the numbers in an analysis de-
pends upon the importance of effects not encompassed by those numbers,
and the recognition of this dependence should not he left to chance. What
effects are finally measured in terms of the common denominator must
be made clear;* what major effects are not so measured, though perhaps
initially considered as candidates for inclusion, should at leest be
described,

Sometimes it is suggested that, if the analyst works hard enough,
everything can be put in terms of the common unit. For example, it has
been suggested that the saving of a human life can be priced by consulting
(1) the values implied by past decisions, (2) the average court award, or
legal compensation, for accidental death, (3) the value of a person as
productive capital in the economy — the sum of his expected future net
earnings discounted to the present, or (4) the cost of saving a life by
the cheapest alternative method. Now any of these devices may be useful
in particular problems, but none provides a generally valid and appropriate
measure of “the” value of human life, and the real meaning of some of
them, in the absence of an organized market (like a slave market) to
which governments and individuals adjust their actions, is hard to un-
ravel.

It is possible, in some cases, to estimate the values attached to human
lives implied in some World War II decisions — the amounts that were
in effect traded for lives; but these values differed from one situation to
the next and were not necessarily the values that should then have been,
or ought now to be, assigned to lives. Court awards provide no generally
appropriate value ; they are notoriously influenced by adventitious factors.
As for the value of a man as a productive resource, it does not reveal
our valuation of a life as such. Besides, the value of a person as peacetime
productive capital is almost irrelevant in war, when we are willing to
sacrifice peacetime values to achieve war objectives. The costs of saving
additional lives by other methods may suggest a maximum value in some
circumstances, or may be useful in suggesting a reallocation of budget
among various policies designed to save lives, Tt is inefficient, in the
technical sense, to spend $ro million per life saved in the design of a
bomber system when we can save lives for a small fraction of this by,
say, installing seat belts in ground vehicles. Of course people may attach
different worths (apart from the diverse values of persons as productive
resources) to different lives — those of children, older people, military
personnel, civilians, volunteers, or persons who die in particularly brutal

#For example, was the performance of the system degraded 1o reflect high casualty
rates or nat?
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or painful ways. But this fact simply reinforces the original proposition,
that there is no generally acceptable method of valuing human lives.

Suppose that the analyst’s problem is the comparison of alternative
strategic bombing systems that are to be maintained in a state-of-readiness
to deter attack. Some of these systems will, it is estimated, result im
higher casualties among crews if and when war occurs. The analyst
includes in the cost of each system the expenses of recruiting and training
the additional personnel required because of these higher casualties. He
also estimates the degradation of each system resulting from high casualty
rates. Should he in addition include some valuation of the crew lives lost
as human lives in his cost calculations? Almost certainly not. In the first
place, in an exchange of bombs, the crew lives lost will inevitably be
swamped by the lives of civilians and allies lost to enemy attack: if our
interest is In lives per se, it would be ludicrous 1o value the dozens in the
air and neglect the millions on the ground.* In the second place, we are
really interested not in the lives lost in any particular operation, but in
the war. If we prejudice victory by selecting refatively inefficient (costly)
systems because they save lives in a particular operation, we may well
prolong the war and lose more lives before we win it, or even lose the war
itself.

This is not to say that the attempt to “price” lives in all problems
is unhelpful. Nor is it to say that it is hopeless to try to value other
effects which appear at first glance to be incommensurables. Tn specific
analyses ingenuity can often go a long way toward measuring such efiects
in terms of the commeon unit, We cannot say just where to draw the line
between effects that should be measured in terms of the common denomina-
tor and those that should not. We can say, however, that insistence on the
measurement of all effects in terms of a single common unit will not make
for the most useful analysis. A Congressional commiltee was probably
justified in concluding its review of an evaluation of federal resource
development projects: “Some of the effort to place monetary values on
indirect benefits is nothing short of ludicrous.” 8

The analyst is then frequently left, after the prudent exercise of his
ingenuity in reducing everything to a common measure, with one or more
important effects that defy reduction. We call them “incommensurables.”
What can the analyst do about them that will be helpful either to him-

“The expected destruction of life and property on the ground incidental to the
campaign is an important incommensurable which certainly should influence the choice of
weapons or strategies.

*It is ludicrous by our test of gemeral acceptabifity. Each individual Congressman
can decide, for example, how many millions the development of the Northwest region
at the expense of the rest of the country is worth to him, but there is no reason to expect
the valuations of Congressmen from Oregon and Oklahoma to coincide.
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self in making recommendations based on his study, or to the decision-
makers directly ?

(1} A device that is frequently useful where there are two or more
objectives, each of which is measurable but with no common unit of
measure, is the calculation of the set of efficient solutions as explained
in Chapter 7 (pp. 109-14). This may be enough in itself to identify some
system that is preferred to an existing or proposed system —a good
practical aim for quantitative analysis. Furthermore, by limiting the
alternatives, a calculation of this kind can facilitate the exercise of
judgment in selecting, from among the efficient solutions, a near-optimal
one,

(2) It will frequently be possible to calculate the value one must
assign the incommensurable either in dollars or in terms of the unit
measuring the major objective if he is to prefer System A over System B.
Thus, the analyst can tell the decision-maker: Bombing System A will
give you a target destruction potential of 1,000. If you are willing to
take the diplomatic trouble and risks involved in various overseas
countries, System B will provide the same potential for $1 billion less (or
will increase the potential to 1,500 for the same budget). For System A
to be preferred, one must put a value of at least $1 billion on the
avoidance of the trouble and risk. Someone must exercise judgment in de-
ciding, but it can be helpful in making this decision to know that $1 billion
is at stake rather than $1oo million or $10 billion.®

The calculation of such break-even points or trade-offs is more diffi-
cult than, but far preferable to, the common practice of placing limiting
constraints on the solution. For example, instead of trying to calculate
the impact of casualty rates (through morale) on crew performance, a
frequent practice is simply to rule out all solutions in which casualty
rates exceed a certain arbitrary percentage. Or to take another example,
some political problems of overseas basing can be swept under the
rug, as far as the analysis is concerned, by simply declaring certain
countries off-bounds, or by specifying in advance an “intercontinental”
solution. Some such constraints on an analysis are necessary and justiited,
Limitations of time and cost alone prevent the consideration of every
conceivable alternative and opportunity. But the selection of constraints
must be made with care and discrimination and with knowledge of the
havoc they can play with the analysis. Casually selected or arbitrary
constraints can easily increase system cost or degrade system perform-
ance many-fold, and lead to solutions that would be unacceptable to

®If all the leading alternatives involve significant and different incommensurables,
this device is not very useful. The situation would then be like that in which the little
boy valued his puppy at $30,006 and, according to his story, sold it for that amount.
How? By accepting a couple of $25,000 cats as payment.
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the person who set the constraints in the first instance if he understood
their implications.?

(3) In some cases where systems achieve incommensurable objectives,
the analyst may be able to design another system which is better at
achieving some things and as good, or almost as good, at achieving the
others. Suppese for example that he is comparing the capability of a
force based overseas in peacetime with that of a mobile force based in the
Zone of the Interior (ZI}. Suppose that quantitative analysis shows the
ZI force to be markedly superior, but that the stationing of troops over-
seas is believed to be important for the maintenance or strengthening of
our alliances. The analyst may be able to design and suggest a third solu-
tion, say, a rotation system, which has most of the advantages of the ZI
based force without this incommensurable though important disadvan-
tage. The rotation system may be almost as effective (for a given budget)
as the ZI based force, and almost as acceptable to allies, while perhaps
having some advantages (realistic practice in mobility) possessed by
neither of the original alternatives.® In many cases the analyst’s ingenuity
may be more rewardingly exercised in trying to find ways of satisfying
multiple objectives than in devising common measures for them, It can in
fact be argued that the chief gain from systematic analysis is the siim-
ulus that it provides for the invention of hetter systems.

(4) Finally, as a minimum, the incommensurables can be displayed
and talked about. Quantitative or qualitative information about them
may be helpful to decision-makers.? Although by definition they are not
commensurable with the other costs and gains, clues to their impact can
often be given. A very short essay on the possibilities of negotiating base
rights in India might be sufficient to rule out certain alternatives that
look attractive in the quantitative analysis. The annoyance to the popula-
tion of sonic booms cannot be subtracted from fighter defense kill poten-
tial, but it will still be helpful to present estimates of the numbers of
such booms over populated areas with different basing systems or training
concepts. Such effects can be partially traced out, sometimes gquantita-
tively, after the fashion of consumers’ research, and presented in an
exhibit that supplements the principal estimates. This can be helpful to
the decision-maker in the same manner that consumers’ research is helpful
to the consumer,

"We know of studies in which an arbitrary limitation on casualties led to solutions
in which, at the margin, $1co million was beirg spent to save a single life. Even if one
regards a2 human life as “worth” this much, the same amount of money could be spent
in ways to save many more.

®1f the new system is better in ail respects than any of the alternative systems it is
said to be “deminant.” Pure dominance is almost always unattainable, but it provides a
goal for systems invention which may be approximated.

® For pure “intangibles” the information would have to be qualitative.
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UNCERTAINTY

The estimates of costs and gains considered so far are average, pre-
dicted, or “expected” outcomes. But we know in advance that, for all
sorts of reasons, these amounts may be off the mark. Actual costs of
development or production of new weapons never precisely coincide with
advance estimates and sometimes differ from them by factors of two to
twenty. Times of availability are also very hard to estimate accurately,
and as a rule greater uncertainty attaches to estimates of effects or gains
than to estimates of cost and availability. The enemy never does what
we expect; Indeed, he always has greater or less capability than we
expect. Every war is full of surprise outcomes. Now while uncertainties of
these sorts are pervasive, they are likely to affect some systems in a
comparison more than others. The availability of the overseas base
system is more uncertain than that of the ZI base system. We can predict
the performance of a weapon of which we have a prototype with much
greater confidence than the performance of a rival weapon on the drawing
board. As a consequence, Systems A and B may offer identical predicted
outcomes, yet differ greatly with respect to other possible outcomes,
These differences may be a matter of some moment if, say, A’s possible
results are all thought to be nearly the same as predicted, but B’s range
from fabulous success to utter disaster. Yet while such differences in the
pattern of uncertainty — or, more precisely, in the “frequency distribution
of outcomes™ — are matters of great concern, it is ordinarily impossible to
attach a value or price to them. A price, that is, which would have any
general acceptability. In some situations and for some persons, to reduce
the chance of a bad outcome is worth a great deal. In other situations or

for other persons, even a small chance of an extremely {avorable outcome
carries a high premium,.

TYPES OF UNCERTAINTY

It may help to put this complication in proper perspective if we see
how pervasive uncertainty is. Perhaps this will also help show that
uncertainty is inkerent in the nature of things and is not necessarily
evidence of lazy or careless estimation. One can sympathize with the
general who shouts at his analyst: “Give me a number, not a range”:
unique numbers are easier to work with and to think about than ranges
or probability distributions. But he is probably asking his analyst to
falsify the real world in a manner that will make it impossible for him,
as a commander, to make good decisions,

Uncertainty about planwning and cost foctors. Every model uses as
inputs certain relations between its clements which are known in the
military as “planning factors” — for example, the number of miles a unit
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can march or drive in a day over specified terrain; the radius of destruc-
tion of atomic (or other) weapons of specified power against specified
objects; the circular probable error (CEP)'™ of bombing with a given
bombsight as a function of, say, speed and altitude; the average number
of hours a cargo plane can be used per day. It is apparent that we may
attempt from time to time to determine some planning factor, for exam-
ple, CEP, as a function of bomber speed and altitude, or of other parts
of the system. In that case the particular planning factor would be a
variable, not a given, in the analysis. But in any particular analysis many
planning factors must simply be taken as given: there is never time to
calculate everything from scratch. So they are borrowed from other
analyses of varying quality, from books of official planning factors as-
sembled and published by the military Services, or from other sources.

This procedure may conceal uncertainties that arise for two reasons:
first, the quality of the sources from which the factors are borrowed
varies from fair to bad to biased (they have seldom been estimated with
the particular requirements of this analysis in mind); and second, they
are almost invariably “numbers” rather than ranges or probability dis-
tributions, suppressing significant variations in the behavior of the rela-
tions in the real world,'" Divisions do not always march the same number
of miles in a day, even over “specified” terrain, for any of g thousand
reasons. Even if one has the right average value of CEP (almost certainly
an unwarranted assumption}, it will be wrong for any particular strike,

Factors used to estimate costs of specified military forces and weapons
systems are always uncertain, especially when they relate to the distant
future. Cost estimating is an approximate art even in the most well-run
businesses. Wages and material prices are subject to unforeseeable Auctua-
tions. More important, it is impossible to predict accurately how many
men, what kinds of material, and how much time will have fo be paid
for. On production items the range of error in cost estimates may be
only 1o per cent or so-— perhaps too small to be worth bothering about
in view of other uncertainties inherent in the analysis. But the actual
costs of developing, producing, and operating complete weapon systems
have frequently exceeded cost estimates made prior to development by
facters of ten or more, largely because of the technological uncertainty
that existed when the costs were estimated. Necessary modifications that
double system cost must be regarded as fairly normal.

Uncertainty about strategic comtext. Every war, whether all-out,
limited, or cold, is fought in some “strategic context” —at a certain
time and place, with certain enemies and allies, to achieve certain politi-

* The radius of the circle within which half the hombs will {all.

" We are arguing nof that the use of average values is necessarily wrong, but that
the uncertainty this covers up should be recognized,
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cal objectives. Since the ranking of alternative forces or weapon systems
may depend decisively upon the strategic context, the analyst must
make assumptions about it.

Tn some circumstances (during a war, or in planning for an imminent
outbreak of war at a particular place against a known enemy), there may
be a fairly obvious “best” set of assumptions to make about the strategic
context. Analysts working on North Atlantic convoy problems during
World War IT knew where and when the war was occurring, who the
enemy was, who our allies were, the constraints under which both sides
were operating, and the general political objectives and grand strategy
of our side. But when the problem is to choose military forces in peace-
time that will give us a capability of fighting future wars, good assump-
tions about the strategic context may be far from obvious.

Consider the questions that have to be answered about the strategic
context in choosing among alternative future bombing systems. First,
when will war occur? System A may seem far preferable if the threat is
in 1960, system B if the date is 1965. Who will be our enemies and
allies? The answer is always less obvious than it seems —if a few years
are to elapse (how many could have guessed in 1942, or even In 1947,
that Germany and Japan would be among our most valued allies in
19577). Will our allies make overseas bases available for our bombers,
or will they vield to “atomic blackmail”? Will the war be general or
local, all-out or limited ? What constraints will be imposed — say territori-
ally, as in Korea, or on the use of nuclear weapons? It is apparent that
the “best” bombing force will depend eritically upon answers to ques-
tions of this kind.'? And, curiously but perhaps fortunately, there is no
authoritative way for the analyst to get the right answers —or any
answers. Of course no single military service can provide answers; de-
cisions about war and peace {and kind of war) are made at the highest
level of the government — our own and the ememy’s. And just as no
Congress can make decisions binding our future Congresses, neither can
a President or Joint Chiefs of Staff effectively bind a future President or
Joint Chiefs.”® The analyst must face up to gross uncertainties of this
strategic sort, and his recommendations may well depend upon the way
he does so.

Technological uncertaintéy. Technological uncertainty may occasion-
ally be serious in the analysis of current operational problems, but as we

27t iz also apparent that the stralegic context will in turn be affected by the forces
and weapon systems we choose. Enemies will attempt to force us into the kind of
engagements for which we are not prepared. If we prepare only for hot wars, they may
choose to defeat us in cold ones.

" Except in a negative way. If certain forces having long lead times have not been
provided, future Joint Chiefs will not be able to fight certain kinds of wars in certain
ways — even if one of them then appears to be in the nation’s interest.
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try to peer further and further into the future it becomes more and more
important and can, indeed, dominate the analysis. As we shall see in
Chapter 13, technological uncertainty is the central problem in research
and development decisions, There is always some technological uncer-
tainty connected with research and development; otherwise it would
not be research and development but production. But because of the
interdependence of all factors in an analysis, this kind of uncertainty may
influence analyses that are not focused on research and development.

For example, uncertainty regarding the A-bomb importantly {(and
properly) influenced our preparations for the final stages of our cam-
paign against Japan in World War IT. Uncertainty about the H-bomb —
whether it would work, how soon, and how cheaply — affected not only
the nuclear and missile development programs'* but our strategic con-
cepts and plans for future military forces of all types. Uncertainty about
the progress of various missile programs is now {1959) grossly influencing
not only missile development but bomb development, aircraft develop-
ment, aircraft procurement, the composition of our zir defense forces, and
plans for civil defense. Expert guesses about the dates of operational
readiness of important missile systems vary by as much as a decade: no
one can be sure which guess is right.

Uncertainty about the enemy and his reactions. Two kinds of uncer-
tainty stem from the fact that the object of miltary forces is to oppose
other military forces — those of enemy (or potentially enemy) countries,
A military tactic, strategy, force, or development program is never good-
in-itself, but only good-in-relation-to the tactics, strategy, forces, and
future weapon systems of an enemy.

First, our factual “intelligence” about an enemy is always less than
perfect, and when the enemy country is a dictatorship that ruthlessly and
efficiently suppresses information and restricts travel, our ignorance of
its military capabilities may be gross. The practice of military intelli-
gence agencies of presenting numbers (“best guesses”) rather than ranges
in their estimates obscures but does nothing to remedy the incomplete-
ness and unreliability of most of the information on which the estimates
are based. As is characteristic of uncertainty, the probable errors of in-
telligence estimates increase as we look further into the future. How can
we predict when a Russian missile system will be ready when we know
that the Russians, with far more knowledge of their program than we
have, cannot make such a prediction with any accuracy themselves? It
is unfortunate that our choice of weapon systems usually depends as
critically upon enemy parameters as upon our own,

* 1t is widely reported that the intercontinental! ballistic missile development program
suffered from lack of support in the early years because the guidance problems seemed

so intractable. Then the unexpected development of the H-bomb made even very
inaccurate JCBM’s useful.



192 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

Second, and even more fundamental than our ighorance of his capa-
bilities, is our ignorance of the enemy’s “intentions™ (in the vocabulary of
the intelligence agencies) or “strategy” (in the language of the theory
of games). Military forces are used, wars are fought, against human
beings exercising human intelligence. The best way for us to fight a war,
or to prepare to fight one, is likely to depend decisively upon decisions
that have been or will be made in, for example, the Kremlin. But no one
has ever devised a good method of predicting the decisions of other
human beings — even of human beings with whose psychological con-
ditioning and drives we are fairly familiar, With what confidence can
we expect the men in the Kremlin to be “deterred” by promises of
“massive retaliation”? In what circumstances would they, or anyone
else, start a thermonuclear war? What kinds of limitations (for example,
territorial or in the use of nuclear weapons) might we be able to impose
upon them in limited wars? What are their territorial targets likely to be
in cold and limited wars? If they start a war, will they rely on mass or
surprise attack (our “best” defense is likely to be very different in the
two cases) ¢

It is easy to spend billious preparing for a kind of war or strategy
that the enemy would never choose, Some individuals have special in-
sight into the behavior of the Russian {and other) élites, but it is diffi-
cult enough to tell in advance which ones really have insight and which
merely have confidence — let alone to assess the confidence that we can
place in their predictions.

Statistical uncertainty. Finally, there is “statistical” uncertainty, the
uncertainty resulting from the chance element in recurring events. This
is the kind of uncertainty that would persist even if we could predict
enemy strategies and the central values of all important parameters,
We know that if we flip a penny a thousand times, it will come down
“heads” approximately half the time; but that if we flip it only ten,
the proportion of heads may be much higher or much lower. Similarly,
we may have a radar sensing system that we expect to identify enemy
planes go per cent of the time; it will still be possible for the planes
to slip through undetected on the one day that counts. In most long-
range problems, statistical uncertainties are the least of our worries;
they are swamped by uncertainties regarding central values and states of
the world. In some problems, however, we cannot rely exclusively on
average or expected values.

THE TREATMENT OF UNCERTAINTY

What can the analyst do to take account of the proliferation of un-
certainties resulting from our ignorance of the future? As with incom-
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mensurables, the most important advice is: Don’t ignore them.' To base
an analysis and decision on some single set of best guesses could be
disastrous. For example, suppose that there is uncertainty about ten
factors (such as, will overseas bases be available? Will the enemy have
interceptors effective at 6o,000 feet?) and we make a best guess on all
ten. If the probability that each best guess is right is 66 per cent (a
very high batting average for best guesses from most sources), the prob-
ability that all fen are right is one-half of one per cent. If we confined
the analysis to this best-guess case, we would be ignoring a set of futures
with a 9g.5 per cent probability of occurring.

So we must design the analysis to reflect the major uncertainties, and
this usually means computing results for a number (sometimes a large
number) of contingencies. If overseas bases may or may not be available,
and some of our systems depend upon them more than others, we must
test the systems assuming we have them, and again assuming we do not.
If future missile CEP’s (that is, accuracies) are grossly uncertain, we
must make the computations with at least a high and a Iow wvalue, and
possibly one or two intermediate ones. If our strategic bombers may be
required in local wars in the Middle East or Far East as well as for
general war, we must test them in all theaters and circumstances that
appear likely and important.

The trouble with computing “all interesting contingencies” is a
practical one. The number of cases to analyze and compute increases as
the power of the factors that are permitted to vary.*® Unless discretion is
used in resiricting the cases to combinations that are really significant,
we are likely to formulate a problem that is too big fo solve — or at least
too costly or time consuming to be worth solving. Developments in high-
speed electronic computers in recent years are making it possible to
compute solutions to more and more complex problems. Nevertheless it is
still necessary to cut problems down to manageable size on computa-
tional grounds alone, and usually far more important is the effort required
on the part of the analyst to assemble the data and structure the models
for each of numerous cases. Testing systems in a different kind of war or
even a different theater may double the work of analysis — and therefore
either the manpower or the time required to complete the study.

So the practical problem is to design the analysis to reflect the truly

*® Ignoring uncertainties is a chronic disease of military planners and analysts. There
is a great temptation and ircquently great pressure to use official planning factors, official
intelligence estimates, and the best guesses of higher military authorities.

** As noted earlier, if there are two uncertain factors {sayv, kind of war and CEP) and
each is permitted to take four values, the number of cases is only 4% or 16. But if ten un-
certain factors are permitted to take four values each, the number of cases soars to 4%,
which is over 1,000,c00.
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significant contingencies but, in order to keep it manageable, only these.
This requires practical judgment of a high order ; the analyst must know a
great deal about his problem — in effect, what is likely to be important
and what unimportant in influencing the solution — before he structures
it. Sometimes he can cut down on the number of cases that have to be
computed by constructing an « fortiori argument; that is, if he is lucky
as well as skillful, he may he able to show that his preferred system
is best (or better than some alternative) when he makes unfavorable
assumptions regarding many of the uncertainties, and therefore does not
have to bother with computations invelving favorable assumptions. But at
best he will have to show how things can be expected to turn out under
a number of different future circumstances, and usually one of his
systems will look best in some contingencies, another in others. How
does the analyst then choose the preferred system? What decision does
he recomntend ?

MAKING DECISIONS IN THE FACE OF UNCERTAINTY

Suppose that we are considering the choice of an anti-ICBM system
and are weighing the relative merits of three proposals — 1, 2 and 3 — in
what appear to be the three most interesting contingencies — A, B and C
(Table 21). Contingency A is very favorable to the United States -

Table 21. [Hustrative payoff matrix

Contingency
System A B C
i 100 20 o
2 6o 40 [}
20 10 10

perhaps the contingency in which we strike first against the enemy’s
offensive force, so that its attack on us is disrupted and our defenses
against it are fully alerted. Contingency B is much less favorable; here
the enemy starts with a massive, coordinated attack. Finally, C is a
catastrophic contingency — one, say, in which the enemy discovers a
way to make a simultaneous attack without any warning against all
our defended targets. We “score” the three systems for performance in
each contingency by the utility or worth of what is left — 100 representing
everything, and zero representing nothing.

System 1 is obviously a fair-weather system, which works splendidly
if everything is just right, but is almost worthless when the going is
rough. In particular, it is easily saturated. System 2, on the other hand,
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while leaky, is not rate-of-fire limited, and does almost as well (or
badly) in case B as in case A. Both 1 and 2 are useless against a C attack.
System 3 is a desperate sort of system, which uses all the funds available
for burrowing underground. In consequence, even the light attack assumed
in A practically destroys the country, while even the heavy, warningless
attack of C leaves a little to rise from the ashes.

Which of these three systems do we choose if our choice really is
restricted to these three? There is no completely satisfactory and generally
accepted theory either of how people do make such choices or of how
they skould make such choices.

Maximize expected value. If it is possible to estimate the utilities
(that is, the worths) of the various outcomes (as we assumed in the
above table), and /f we can also, at least roughly, calculate the probability
of each contingency, it would appear reasonable to choose that course of
action or system that maximized expected utility.1? Thus, in our example,
if we attached equal probability to the three contingencies, we should
choose system 1. If we believed B to be four times as likely as A, and C
to be wholly unlikely, we should choose system 2.

This principle is, within limits, a valid and useful guide in some
situations. While attaching utilities and probabilities to outcomes is
difficult, we can frequently do it in a rough fashion — yet well enough
to narrow the field of choice to good alternatives. Of course there may
not be agreement about the utilities and probabilities of the various out-
comes. The customer may insist that the analyst let him make his own
estimates and draw his own conclusion. But the theory directs our
attention to the relevant questions,

Minimax. There is, however, an important circumstance in which it
is inappropriate to ask questions about the probability of outcomes. If
the contingency depends not upon “nature” or luck but upon the choice
of a malevolent enemy, we are not concerned with probabilities. The
rational man, it is argued, should assume that the enemy will do his worst
and therefore choose the system that will minimize the maximum {(worst)
the enemy can do.’® The shorthand expression “minimax” can be used
to refer to this strategy. If in our example we assume that the enemy can
choose the contingency, it appears that he would choose C, and that the

L, J. Savage, The Foundations of Statistics, John Wiley and Sons, New York, 1954,
pp. 1-104 (Chapters 1-5).

¥ The term “minimax” and the general flavor of this argument are borrowed from
the theory of games, but we are no! using the term minimax in the technical sense in
which it is used in the theory of games. We are thinking of situations in which we have
to chocse a system in advance, and the enemy knows of cur choice. The classical work on
games is John von Neumann and Oskar Morgenstern, Theory of Games and Economic
Bekavior, Princeton University Press, Princeton, N.J., 1944 (2d ed., rg4%). For a brief
and highly readable volume, see J. D, Williams, The Compleai Straiegyst, McGraw-Hill
Book Co., Inc., New York, 1954.
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“best” we can do in consequence is to opt for system 3 and guarantee
ourselves a survival utility of 10.

There is much in this view that is relevant and important in the
analysis of military problems. Where the enemy controls the choice, it
is not meaningful to compute probabilities. We should focus our attention
instead, as this view does, on the freedom of the enemy to choose, and
the likelihood that he will choose something pretty unpleasant, if not
the worst. Moreover, the enemy’s worst — or “reasonable” worst — is a
case on which the analyst should concentrate — not exclusively but
heavily. Wishful or lazy thinking too often causes the analyst to dwell
on threats that he thinks we can counter, rather than the more dangerous
ones that will appeal to the enemy.

Nevertheless, these concepts and rules borrowed from game theory
must be applied to actual military problems with a good deal of dis-
cretion. War, especially of the modern nuclear variety, is not a two-person
zero-sum game; that is, a game in which only two players are involved,
the gain of one being exactly equal to the loss of the other. And it is
only in such a two-person zero-sum game that even a very intelligent
enemy can “reasonably” be expected to choose the course that is worst
for us. In non-zero-sum games, what is best for the enremy is not neces-
sarily what is worst for us. To take an extreme case (although not very
extreme any longer): if the enemy has an end-of-the-world machine, the
worst thing he can do to us is to use it, but this also happens to be the
worst —mnot the best — from his point of view too. We would be foolish
to adapt our whole strategy to this contingency, which will have little
appeal to him,

In much less extreme cases, minimax (as we are using this term) is
unduly conservative. If we choose our systems solely for their ability
to shore up our defense in the worst case, (a) we may not be able to
shore it up enough to matter much (as in contingency C in the example),
and (b} we may be sacrificing opportunities for major improvements in
our capabilities to deal with other contingencies that have some sub-
stantial likelihood of occurring. For even if the situation approximates
4 two-person zero-sum game, the enemy may not act as game theory
assumes. A minimax solution is motivated by the idea that the enemy
ts completely rational, perfectly intelligent, can read minds, never makes
mistakes, and so on. Enemies, especially enemy countries, are seldom like
that. They are run by bureaucracies that make mistakes like our own,
Their intelligence has blind spots. Their leaders are full of prejudices.
There is a vast amount of irrational inertia in the determination of policy.
Probably no great military leader in history except the conservative
Ulysses S. Grant ever worked on minimax assumptions, and Grant had
such superiority in resources that he could afford to be (it made sense
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for him to be) conservative. Great profit can be derived in many circum-
stances from anticipating enemy mistakes and being prepared to take
advantage of them. Minimax forfeits such opportunities.

Any departure from the two-person zero-sum assumptions accentuates
the conservative bias of the solution. The contingencies in this kind of
analysis are seldom under the complete control of the enemy. In our
example the enemy can obviously influence who strikes first, but he can
no more decide it than we can (he can decide to strike first, but that is a
different matter: we may learn of the decision and preempt him). Nor
can the enemy simply will the massive, simultaneous warningless strike
that we feared could be so devastating in contingency C. He can will a
research and development program in the hope that such a capability
will prove feasible; but nature will determine whether the program is
a success. In mixed cases of this sort, and a fortiori where there is no game
at all (that is, where the only “other player” is “nature,” as when the
uncertainty is statistical), the bias of a solution that assumes a malevolent
intelligence at work may be extreme 1®

So we are left with no generally satisfactory answer. If we can
estimate the probabilities and the utilities of outcomes even roughly,
as sometimes in “playing against nature,” expected value seems satis-
factory; but if we have to use physical outcomes in licu of their utilities,
or are confronted by an intelligent enemy, we must beware of a bias
toward recklessness in applying this technique, /f circumstances approxi-
mate those assumed in the two-person zero-sum game, we can compute
the minimax solution, keeping in mind its conservative bias 2

This reference to conservative and reckless biases in various solutions
provides some clue to the hasic difficulty in generalizing about the be-
havior of rational men in the face of uncertainty., For while rational
men do act in the face of uncertainty, they act differently. There are
audacious commanders like Napoleon, and conservative ones like Grant
— both successful in the right circumstances. Different people simply
take different views of risks —in their own lives and as decision-makers
for the nation. Some “insure” and others “gamble.” It is therefore most
important, whether the analyst calculates a general solution or not, that
he present responsible decision-makers with the kind of information
provided in Table 21, and let them use their own risk-preferences in
making the final choice. The risk-preferences of responsible decision-
makers may be very different from those of the analyst.

**Some find more intuitive appeal in a variant of the minimax solution wvaricusly
called minimizing the maximum “regret” or “loss.” It at least gives less conservative
sclutions in many instances (including our example, where it would opt, not too con-
vincingly, for system 1!}, See L. J. Savage, pp. 163—171.

®1In some circumstances, eg., if the intelligent opposition aspect is unimportant but
we cannot csiimate probabilities, we may want to minimize the maximum regret.
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DESIGNING FOR CONTINGENCIES

But the most important part of the answer to the pervasive uncertainty
facing the analyst or the military planner is not greater subtlety in
making difficult choices, but the design of systems fo cope with more of
the critical contingencies® A situation like that represented in our
example, where each of three proposed systems is good in one contingency
and bad in the others, covering only one best, should be a challenge to
the analyst and the decision-maker to invent a better system — one that
looks good in more than one contingency. Truly dominant systems —
those that are better in all circumstances — are hard to find, and require
luck, too, but it is rare that a resourceful analyst cannot get closer to
dominance than the systems in the example (Table 21).

The first thing to try in designing a system capable of coping with
several contingencies is to mix ideas, concepts, or hardware from the
systems designed for each contingency. Mixed systems usually involve
extra costs, which can be estimated, but are frequently worth it (we have
rarely relied on pure weapon systems). Multiplicity is more frequently
justified in development than in procurement and operations (both because
uncertainties are greater at the development stage and because the extra
costs of mixing or “duplicating” are less). In other cases mere mixing
may be an inadequate or inferior solution. It may be better, for example,
to redesign the hardware to serve more than one purpose, combining
some of the characteristics of the special purpose hardware previously
compared. Or drastic redesign of operational concepts, or the invention
of new ones, may be indicated. Protection against warningless attack,
for example, may be better secured by concealing some of our targets,
or making them mobile, than by burrowing underground. Or there may
be superior concepts for burrowing. Whatever the device, the analyst’s
responsibility is to come up if he can with a system that has no critical
soft spots and that still looks very good in the favorable contingencies.

Sometimes the redesign of systems will have a different objective
from dominance. Suppose that an apparently dominant system — one that
is best against some contingencies and as good as its rivals against the
others —is still alarmingly ineffective in the most probable situation.
Suppose, in other words, that it is still only the best of a bad lot as far
as the principal contingency is concerned. We may wish in this instance
to invent a system that is better against this contingency even if it is
worse in other less probable situations.

Thus one reason for inventing new alternatives is to find a dominant
one, enabling us to choose regardless of the probabilities that particular

“In this respect the problem of dealing with uncertainty is like that of dealing with
incommensurables.
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contingencies will occur. Another reason may be to improve upon the
present poor set of alternatives.

HEDGING AND INSURANCE

Despite the ingenuity of the analyst, there may remain in an other-
wise preferred system some chance of an extremely unfavorable outcome.
Sometimes the best he can do (a very useful best) is to calculate the
least-cost method of providing some hedge or insurance {complete or
more usually partial) against this contingency. This is necessary informa-
tion for a rational decision whether or not the hedge is worth making.

Hedging in business operations is frequently a highly organized
activity supporting special markets. Hedging is also a typical reaction
to uncertainty by individuals. A family planning an automobile trip may
buy a new set of tires even though it estimates the chance of a blowout
as less than so per cent. A hedge against even a slight possibility of a
fatal accident (or major inconvenience) may be worth the price. Any
purchase of insurance is an example of hedging.

The military does not have a futures market in which it can hedge,
nor can it eliminate uncertainty by the purchase of insurance from com-
mercial companies. But there are innumerable ways in which it can hedge
against loss or disaster, and analysis can define and cost them. Mixed
systems can be regarded as one kind of hedge; general purpose systems,
another. A hedge against ECM (electronic counter-measures) may be
some kind of electronic comnter counter-measure. The extra cost can be
computed in money and resources, or in the degradation of performance in
more favorable contingencies.

It is not necessary that the hedge be complete and certain in its
operation, We may, indeed, be able to deter the enemy from taking certain
actions by what are called “low-confidence” measures — measures with
only a moderate (50 per cent or less) chance of succeeding. If the
enemy action is one that he would not undertake without high confidence,
we can sometimes deny him this confidence by a cheap low-confidence
measure of our own (if its chances of success are only 30 per cent, the
enemy’s cannot be higher than vo per cent). There are occasions when
intermittent patrols make sense — for the military as well as for the
police. Fair-weather fighters may be useful even in defense: the enemy
may be unable to plan an attack for a time when bad weather is predicted,
or the weather may turn out to be good in spite of the predictions of
enemy weather forecasters. Low-confidence measures are no general
substitute for high-confidence measures, but they are useful hedges in
some circumstances — when they are cheap and we have reason to think
that the enemy is likely to insist on high confidence from his standpoint.
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REDUCING UNCERTAINTY

Sometimes an important, or even the most important, conclusion of
the analyst is that measures should be taken 1o reduce some of the un-
certainties and that some decisions should be postponed until more is
known with confidence.

Knowing when to make decisions may be as important as knowing
what decision to make. The costs and dangers of “indecisiveness,” of post-
poning decisions too long, are obvious and widely appreciated. But there
are also costs and dangers in making decisions on the basis of incomplete
and uncertain information. In recent years we have wasted billions by
making premature decisions to produce operational equipment with
trivial improvements in capability, when what was needed was a broad
program of research and development to buy knowledge of markedly
improved hardware. We simply did not know how to design equipment
with a capability that would be worth the high costs,

So if the question is what to procure, the best answer may be:
nothing hut a research and development program, or a test program, at
this stage. Do not try to decide until you know more, until you know
enough about costs and performance to make useful cost-effectiveness
studies. This does not mean doing nothing. One important job of the
analyst is to spot the critical areas in which more knowledge is needed,
and to devise proposals for getting it.

And if the question is what to develop, the answer may well be in
terms of a strategy for buying information rather than a detailed blue-
print of some futuristic operational weapon. With technological uncer-
tainty layered on top of strategic uncertainty, it is rarely possible to
specify an advanced weapon system far in advance and schedule a
development program for it. And it may be a mistake to try. The first
step is to determine the critical uncertainties and to undertake a research
and development program to resolve them. Only then will we be in a
position to schedule the next steps.22

DEALING WITH THE ENEMY

As we have seen, many of the crucial uncertainties in any military
analysis stem from our ignorance of the enemy and his intentions.
Analysis makes two very common mistakes in dealing with the enemy —
the first is to regard him as stupid, inflexible, and devoid of initiative;
the second is to attribute to him diabolical cunning, unlimited flexibility,
and boundless initiative. In thé cliché of the Pentagon, we insist on
picturing him as either 2 feet tall or 1o feet tall. The first kind of

“ We will return to this problem in Chapter 13.
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blunder is the more frequent, but either one can ruin an otherwise
excellent analysis.

How much capability and flexibility, for example, should we attribute
to the Soviet Union? We have a fairly firm knowledge of her current
industrial capacity and output and of her industrial growth rates. But
how many ICBM’s, or atomic submarires, or nuclear weapons, or defense
radars can we expect them to have by 1g6-? These are important ques-
tions, The design, procurement, and deployment of our own weapons are
obviously sensitive to the answers,

The first thing to realize is that we do not and cannot know the
answers with certainty. No one can. The Russians do not know them-
selves. We cannot answer similar questions about our own strength in
the 1960's. We should not take the best guesses of the intelligence com-
munity as gospel. The best guesses may be wrong, and even if right today,
the Russian leaders can change their plans and make them wrong
tomorrow. Another common error is 1o assume that the Russians will put
all their potential for expansion into the one capability (say, atomic
submarines) that happens to be critical to our analysis. ‘The best thing
we can do is to project Russian industrial capacity and the Russian
military budget — with margins of error — and then face up to the
Russian allocation problem in much the sume way we face up to our cwn.

The recognition of the extreme importance of enemy intentions and
enemy reactions in most military problems has led to much work in
recent years on techniques to improve our ability to predict enemy
reactions (that is, reduce the uncertainty from this source) and to deal
with them more effectively, The most important of these are (a) game
theory, and (b) “gaming”
tional gaming.”

(a) Game theory has contributed a conceptual framework for think-
ing about situations of conflict that has proved extremely valuable in
many problems. The preceding discussion would have been impossible
without constant use of concepts derived from the theory of games —
like “strategy,” “solution,” “dominance,” and “minimax.” Game theory
has been effectively applied to a number of tactical problems in which
a conflict or “game” occurs repeatedly (as in the case of duels between
fighter aircraft). It has also provided useful insights that have aided
in the solution of mare complex problems, But for broader military
problems, formal game theory solutions have two serious deficiencies.
First, most military problems are too complex to permit of practical
game theory solution (even simple games like checkers are too complex
for practical solution by the theory). Second, and more fundamentally,
as we have secen, wars are not two-person zero-sum games — and little

~— sometimes called “war gaming” or “opera-
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progress has been made in solving other kinds of games. Two-person
means that there are only two sides, each with a consistent and unam-
biguous set of values: there is no room for “third forces” or for imperfect
and shifting coalitions. Zero-sum means that the gain of one side cor-
responds exactly to the loss of the other; each side is playing the same
game with the same rules and the same understanding of the scoring.
But in war there may be no “victor’”; the total losses may far exceed
the total gains; the two sides may fight for objectives that are qualita-
tively different, not mere mirror images of each other. When the game
theory solution is computed for a problem in which the circumstances
do not correspond to the two-person zero-sum assumptions, its relevance
depends more upon its intuitive appeal to “rational” men than on the
rigorous proofs of the theory. The solution is likely, as we have seen,
to be an unduly conservative one.

Game theorists have probably concentrated too much, however, on
solving games. More emphasis should be placed, not on finding formal
solutions, but on simply exploring and studying game situations — par-
ticularly, of course, those pertaining to non-zero-sum games® New
variants on these actions, possible gambits in tacit bargaining, the manner
in which specific steps do influence payoffs, and the probable enemy
reactions to specific policies — all these matters deserve intensive study,
and game theory is one framework for studying them.

(b) Another means of exploring such questions is experimentation
with various gaming techniques. Gaming has almost nothing in common
with game theory, which it long antedates. Gaming is an exercise engaged
in by human beings (individuals or teams) on two (or occasionally more)
“sides”; whereas game theory has so far been a branch of mathematics.
Gaming is an extremely flexible device, and can take numerous very
dissimilar forms. There are war games that allow great freedom to the
participants in making moves, and others that are highly “structured,”
with rules almost as precise as those of chess.

War games have long been used by military staffs, and were perhaps
most highly developed in the nineteenth century by the German General
Staff (Kriegsspiel). They bave been used by the military, however,
primarily as training devices, to teach junior officers principles that others
have previously learned in actual combat. The possibility of solving
problems of strategy by gaming has been considered by military authori-
ties, but usually dismissed as unpromising. Not only is it difficult to
reproduce reality adequately on a sand table, but the time and manpower
required for a single play of an elaborate war game preclude the numerous
plays that are needed to test out several strategies on both sides in

B Thomas C. Schelling, “The Strategy of Conflict: Prospectus for a Reoricntation of
Game Theory,” Journal of Conflict Resolution, September 1958, pp. zo3-264.
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various contingencies — the sort of test that could point the way to
optimal, or at least goed, strategies for blue#

Recent developments have concentrated on speeding up play, a
necessary condition for the effective use of gaming as a problem solving
device. High-speed computers have been used both to assist players in
making moves and to help the umpires trace the consequences of moves.

There is little doubt that gaming activities of this kind are worth-
while. In particular, there is no doubt at all that the players learn from
the game, that they acquire insights that are valid and useful to the
extent that the game has been well designed. But there is some doubt
that games of this kind are very effective as problem-solving devices.
Rapidity of play, which permits numerous plays, is a necessary but not
a sufficient condition of a game that will solve problems; and the number
of plays ig, in any event, still grossly inadequate by analytic standards.

Operational gaming has never really solved the criterion problem,
and its attempts to evade it by substituting human beings for explicit
objectives have merely obscured the issue. Game thcory at least faces
up to the problem, although its solution, minimax, appears too con-
servative except in repetitive zero-sum games. Gaming, while it frees
itself from this specific and unsatisiactory criterion, has none to take
its place. The blue player is usually told to behave as if he were a blue
commander or the blue government; the red player, as if he were 2 real
red. The extent to which the players are rightly motivated is unknown
and unknowable,

For this and other reasons the results of repeated war games are
difficult to interpret in most cases. One knows the outcomes of the plays,
but one cannot determine analytically the relative importance in deter-
mining the outcomes of (1} the skill of the players, (2) their motivations,
(3} the structure of the game, (4) the assumed values of various param-
eters, and (5) chance elements. One is left essentially with the intuitive
insights that the players and observers believe they have derived from
playing.

These insights, however, should not be belittled. While less than
totally satisfactory (what alternative approach would give results passing
this test?), they can be provocative and suggestive of good solutions which
can be tested by more analytic methods. It is terribly important, no
matter how it is done, to look at things from the enemy’s point of view.
Games provide a good stimulus and setting for doing so.

The importance of keeping the enemy’s viewpoint in mind was brought
out in the discussion of criteria for deterrence (Chapter ¢). Many persons,

* For an historical account see Clayton J. Thomas and Walter L. Deemer, Jr., “The
Role of Operational Gaming In Operations Research,” Opergiions Research, February
1957, pp. 1-27.
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leaving enemy viewpoints and responses out of account, have assumed
that a large offensive force automatically provides deterrence. If we look
at the matter from the enemy’s point of view, a large but vulnerabic
Western striking force provides megetive deterrence (at least as far as
thermonuclear attack is concerned). In general, the analyst who looks
at problems too exclusively from his own country’s point of view,
like some conventional military planners, is likely to forget how ingenious
and resourceful the enemy may be. The war gamer whose force has been
destroyed by enemy initiative is much less likely to make this dangerous
kind of mistake.

TIIE MEANING OF CRITERIA

Earlier it was convenient to discuss criteria as though the term
referred to definitive tests of preferredness. These reflections on incom-
mensurables and uncertainty, however, make it clear that the word
“criterion” sometimes means a partial test -— one that provides a signifi-
cant rather than a nonsensical basis for the comparison of policies and
vet not a basis that embraces all the relevant considerations. In many
problems, the precise relationship between proximate criteria and the
ultimate test will not be known, and hence the former must be incomplete
tests.

This is true in business as well as in military and other governmental
problems. Consider, for example, an attempt by the managers of a firm tc
apply the test of “maximum profits from available resources.” 2 Let us
assume that when the managers consider several alternative courses of
action, they can predict expected profits, and also something about the
variability of profits, under each alternative policy. In other words, they
can say to themselves, “Under Policy 1, profits would be $1 million, plus ot
minus $200,0c0. Under Policy 2, expected profits would be $2 million,
though there is a chance that they might run as high as $3 million or that
losses of $r million would be incurred.” What is “maximum profit from
available resources” in this situation? Tt may be defined as maximum
average profit, but in any event, it will be an incomplete criterion, because
its relationship to the ullimate test will not be fully traced out. The
ultimate criterion is to maximize something —it is usually labeled
“utility” -— which depends upon expected profits, upon the other possible
profit figures, and upon the management’s attitude toward risk and
uncertainty, But the precise nature of this relationship is not ordinarily
known. Hence to show which course of action yields maximum expected

“See G Tintner, “The Theory of Choice under Subjective Risk and Uncertainty,”
Economeivica, IX, 1941, pp. 298-304; A. Alchian, “Uncertainty, Evolution, and Fconomic
Theory,” The Journal of Political Economy, XVIII, Junc 1950, pp. 211-221, or 8. Fnke,
“On Maximizing Profits,” American Economic Review, X1I, Seplember 1951, pp. 556—578.
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profit is to compare the policies in terms of one selected policy-con-
sequence, that is, to apply a partial or incomplete criterion. To compare
the policies with respect to other possible outcomes or to variability
of outcome is to use other incomplete or partial criteria.

In military problems utility has frequently been labeled “military
worth.” Let us assume, for the moment, that the military worth we wish
to maximize in a particular military problem is a function of the retalia-
tory power of SAC, the frequency distribution of results, the size of the
federal budget, various diplomatic impacts, and the number of lives
saved. We do not know how important some of these effects are in relation
to others. Consequently we can devise no complete criterion which points
to the “correct” force composition of SAC; the determination of such
a force involves value judgments by several of the Executive departments
and of Congress. However, we can show what would happen to a measure
of SAC’s retaliatory power with different force compositions, If possible,
we should show data related to some of the other effects (for example,
the frequency distribution of results). In any event, it is plain that
maximum expected offensive power for a given SAC budget is an incom-
plete test, and it should be understood that the term “criterion,” when
it is used in connection with the economic analysis of military problems,
often refers to such an incomplete test.

11. PROBLEMS ASSOCIATED WITH TIME

M e of the discussion so far hus had a static dimension. We have
usually spoken of costs and of benefits (or achievements or capabilities)
as if they were timeless or, perhaps, concurrent. In fact, every cost is
incurred and every benefit is realized at a particular point in time, and
we are far from indifferent to the dates of these points. Tn rg6o, 1061
scems far more significant to most of us than rgyo. In our illustrative
example in Chapter 8 we had to face up to some of the difficulties asso-
ciated with time because we were dealing with a real problem. We did
go in that example by constructing a simple artifice, dividing the relevant
future into three periods — Period I, Period T1, and “beyond the horizon”
—and ignoring time differences within each period. In this chapter we
will consider, in a quite general manner, some of the principal difficulties
associated with time and some of the methods of dealing with them.
We will discover that, as with other difficulties of systematic analysis,
simplifications and compromises with the ideal are inevitable, but that
there are better and worse ways to simplify,
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In any economic analysis we are likely to hegin with certain assets
inherited from the past. In a business firm these usually inciude build-
ings, machinery, and inventories. In the airlift example in Chapter 8
they included not ouly the aoo C-g7 cargo aircraft, but airbases, cargo
handling equipment, maintenance depots, spare parts, trained crews, and
so on. The production or “initial” costs involved in creating these assets
have been incurred in the past; they are “sunk” costs! — bygones that
are irrelevant in any comparison of the economic merits of alternative
means of accomplishing future objectives. The use of some of these
inherited assets to achieve any particular future objective may involve
“opportunity” costs; that is, the use of these assets may make it necessary
to forego valuable opportunities of using them to reach some other future
objective. Thus, the 400 C-97’s might have some use (after conversion)
as tankers to refuel bombers; if they have, their net value as tankers is
a legitimate cost — an opportunity cost — of providing airlift, But their
value as tankers (if any) bears no necessary relation to their historical
cost of production: it could be considerably greater or much less. In our
example it was assumed that their marginal value as tankers {or in any
other alternative use) was zero. While this may not have been literally
true (they would bring something if sold for scrap), it was probably a
close enough approximation for the kind of analysis we were making.
The alternative-use value of specifically military equipment is frequently
{although by no means always) small enough in relation to other costs
that the analyst is justified in ignoring it.

The only costs and benefits in which we are interested in economic
comparisons of alternatives are future costs and benefits. The opportunity
costs associated with using inherited assets are one category of future
costs., Far more important, in most cases, are future production costs,
installation costs, maintenance costs, and operating costs.? These future
costs are incurred at differcnt times in the future. Some of the production
costs may be incurred this year; some of the operating costs, ten years
from now. We may think of the prospective costs associated with any one
of the alternative means of achieving a military objective as a stream in
time, whose width at any particular moment is propertional to the costs
to be incurred at that date. Similarly, we may think of the benefits or
capabilities associated with each alternative system as a stream in time,
with width proportional to the capability expected on each date.

LSunk costs and salvage values were also discussed in Chapter 7. Because of their
importance and their pertinence to the treatment of time streams, we review these topics
briefiy here.

2These are also, of course, opportunity costs. All significant economic costs are
opportunity costs. The reason production costs, for example, are significant, is that the
productive resources used {or used up) could have been used to produce something else of
valye.
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Now not only are the total areas of the cost streams (or benefit
streams) associated with different alternatives likely to differ; their
shapes are also likely to differ, and significantly. For example, if one
compares the cost streams associated with the least-cost fleet and the
least-procurement fleet in Chapter 8, he will discover that the least-cost
stream is broader (that is, costs are greater) in the early vears, when
new, more efficient equipment is being procured, and narrower in the
later years, after it has come into use. The savings in later years more
than counterbalance the additional expenditure in the early years if no
discount rate is used, that is, if costs incurred in any year are assigned
the same weight or significance. But, in principle, this procedure is
obviously wrong. The shapes of the streams do matter. We attach greater
significance to costs and benefits this year than to prospective costs and
benefits in future years, and in general we attach less significance the
more distant the future year. In other words, we discount the future.
The method used in Chapter 8 appears to prejudice the case in favor of
the new and against the old equipment. Fortunately, it turned out that
the simplification made no difference in that instance, so it was permissible.

WHY DISCOUNT?

Individuals, firms, and governments borrow and lend in markets in
which interest {or discount) rates are invariably positive, Consider first
the individual or firm. If I have conirol over funds today T can invest
them and obtain 3 or 4 per cent more every year. To me $100 today is
the equivalent of at least $103 or $104 a vear from now or perhaps $1s50
ten years from now. The government is in an analogous position. Tax
income today can pay today’s bills. Tax income a year from today is less
useful. Today’s bills must be paid by borrowing at 3 per cent (unless the
government prints or otherwise creates money), and next year’s tax
income used to repay the loan plus interest. So $1oz next year is the
equivalent of $roo this year.

The principal reason interest rates are positive is that control over
funds makes possible capital investments (in factories, machinery, in-
ventories, and so on), and capital investment can be productive. This
creates a large demand for present funds, and the demanders are willing
to pay for the limited supply that is available, Each borrower must be
willing at least to match what the marginal borrower is willing to pay.
Each saver can get (at least) that price for the use of his funds? As a
result, the price for funds measures their opportunity cost or, in the
language of economics, the marginal productivity of capital.

At the same time, this rate on funds measures our marginal time

*There is no need for any saver to accept less, even though some people would be
willing to save and lend to industrial borrowers at lower — even zero — interest rates.



208 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

preferences — that is, the rate that we are willing to pay for consumption
now rather than consumption later. The reason for this is that each person
is free to adjust his savings until another dollar spent on current consump-
tion is as important to him as another dollar saved for future consump-
tion. If the prevailing rate of interest is 3 per cent, each of us values
the marginal dollar put into consumption now as much as $r.03 for
consumption next year. If this were not true, additional dollars would
be shifted from consumption to savings. Hence the prevailing rate of
interest measures the opportunity cost of funds diverted from either
consumption or production.

In most instances, there is an additional factor that affects discounting
and makes for a whole structure of rates rather than a unique interest
rate. This important factor iz the risk and uncertainty associated with
different ventures. Risky business enterprises must pay much more than
the “pure” rate of interest to obtain control of funds — and it is right
that they should. If the risky enterprise does not have a prospect of a
higher return than the safe one, the funds should go to the safe one. Or,
to view the matter in another way, the future net gains {or gains and
costs) of risky ventures shouid be more heavily discounted than the
estimated net gains from relatively safe enterprises,

In comparisons of alternative military systems, the reasons for dis-
counting are precisely the same as they are in the private economy. A
3150 cost (or gain) that will cccur ten years hence is the equivalent of
only, say, $1oo now, first of all because resources can be made to Zrow
that much if put to alternative uses. The least-cost fleet in our example
uses funds now which, if we had opted for the least-procurement fleet,
could have been used to finance productive private investment. It should
be charged at least a rate representing the market’s evaluation of the
marginal productivity of such investment.

In fact, it should be charged more than this. That market rate is the
minimum rate appropriate in comparing military systems. There is the
second, and in the typical military case quantitatively more important,
reason for discounting future costs and benefits, namely, the existence
of risk and uncertainty about the gains and costs. First, the war for which
we are preparing may occur before the date at which the cost would be
incurred or the capability realized. Second (less likely but conceivably),
peace might break out, or disarmament be achieved, before the date in
questicn. More generally, all sorts of things can happen that will com-
pletely alter the need for airlift of the type envisaged, and they are
more likely to happen the more distant the year. The future costs and
benefits are prospective rather than real, and may never become real. We
live in an uncertain world, and its military aspects are more plagued by
uncertainty than most others. Military technology is passing through a
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revolution — apparently an acceierating one. Concepts, tactics, strategies
and alliances are all in ferment, Future weapon capabilities that look
attractive today may be useless tomorrow.

WHAT RATE?

The straightforward (but not necessarily the easiest or preferred)
way to make costs and benefits at different times commensurate is simply
to apply an appropriate discount rate to future costs and benefits, so
that all are'stated in terms of “present value.” * This is what a business
firm does, at least implicitly, in comparing present and future amounts,
preparatory to choosing policies that maximize present value? But what
is the “appropriate” rate for this discount calculation? In general terms,
the rate should be the marginal rate of return that could otherwise be
earned — that is, the rate that reflects the productivity of the next-best
opportunity. If the investor can borrow and lend freely, the marginal
opportunity will turn out to yield approximately the market rate of
interest. If he faces a fixed budget, the marginal opportunity may yield
some other rate.® If legal or other constraints close off certain oppor-
tunities, those investments are simply not relevant and have no bearing
on the selection of the rate of discount.

It is often argued that governments should not discount future
amounts at as high a rate as do individuals and firms, because govern-
ments should take a longer-run view and endeavor to provide more for
posterity than the decisions of private individuals would provide. We
may indeed want governments to take a long view and to make extra pro-
vision for Jater generations — by increasing fofal public investment (in
cither defense or other forms) or by stimulaling private investment.
But, having settled this issue, governments should presumably try to
channel the investment funds into those activities that have the highest

* The present value of any future cost or benefit is

an
)+ -(o4r) - 0+

where ¢, represents the future value in year (or period} =, and r, 75, 7:, r» the appropriate

discount rate during the ith year {or period). I the #’s arc equal, the present value = i ':‘L"‘ )n.
L7
®It is usually assumed that businessmen attempt to mazimize the present value of
anticipated future income strcams, costs counting as negative income. Present value
maximization is the equivalent in economic dynamics of profit maximization in economic
statics.

* This brief discussion is greatly oversimplified, but in our judgment, the finer theoretical
points do not affect the main conclusions that can be drawn about comparing military
systems. For more detfails and complexitics, see Raland N, McKean, Efficiency in Govern-
ment through Systems Analysis, With Emphasis on Waler Resource Development, John
Wiley and Sons, New York, 1958, pp. 74-95, and Jack Hirshleifer, “On The Theory of
Optimal Investment Decision,” Journal of Political Economy, August 1938, pp. 320-352.
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rates of return. Similarly, an individual who wishes to provide more for
his heirs should cut his consumption and raise his total investment, but
should channel his capital into its most productive uses. In either instance,
this means discounting streams of cost and gain at the marginal rate
of return, not at some artificially low rate.

In government, the marginal opportunity depends upon the problem
of choice that is being considered. Usually, when we look several years
ahead, leaving the resources in the private economy is a pertinent alter-
native, one that may be taken to be the marginal opportunity. In other
words, the government can repay debt or refrain from borrowing or
taxing instead of making the purchase under consideration. As a con-
sequence, the rate the government has to pay to horrow funds — on the
order of 3 per cent — is a suitable minimum rate. If leaving the resources
in the private economy is not an admissible alternative — if the problem
is to allocate a given budget — the marginal opportunity and yield may
be something else,

As suggested previously, however, we usually have to add an appro-
priate risk premium to this minimum rate. We should allow to some
extent for the chances that the future benefits we expect may never be
realized, that the costs may not have to be incurred, and that the esti-
mated amounts may turn out to be wrong, But we do not know and cannot
hope to learn precisely how risky any particular military investment is.

Some investments are certainly riskier than others. The probability
of war (or peace) breaking out before realization of the anticipated
benefit or cost is probably similar for all military systems; but some
systems will be more vulnerable than others lo uncertainties about tech-
nological advances, fulure strategic situations, and enemy capabilities
and intentions. Advanced weapon systems, such as a future hypersonic
long range bomber, appear to be among the riskiest enterprises of the
modern world. Airlift systems like those compared in Chapter 8 appear
to be much less risky. Technological advances in economical air transpor-
tation occur more slowly than in offensive and defensive weapon systems,
and it seems likely that we will be able to use a lot of economical air
transportation for something important through the 1960’s even if tech-
nological or political developments rule out the danger of limited warfare
in the vicinity of Bangdhad.

Perhaps, therefore, an appropriate discount rate (pure interest plus
risk premium) for a military investment like that in airlift capacity
would be similar to a rough average in private enterprise —say 6 to 8
per cent per annum; while the appropriate rate for an advanced weapon
system might be higher —say 1o per cent or more. Twenty per cent
would be an extremely high discount rate to use: it reduces a cost or
benefit anticipated 5 years hence to almost a third its nominal value, and
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one anticipated 1o years in the future to about a sixth. If risks are really
high enough to justify a zc per cent discount rate, investments whose
payoffs are in the distant future can rarely be justified unless the nominal
payoffs are spectacular.” The appropriate discount rate during World
War II appeared to be even higher than 2o per cent because immediate
results were so much more important than distant payoffs; so we required
that development and procurement be justified on the basis of payoff
during a very short period.

It is pretty clear that a rate as high as 20 or even 13 per cent per
annum could not be justified in present circumstances (1g6e) by the
probability that war will intervenc. If we really thought that war was
sufficiently imminent to warrant discount rates of 15 to 20 per cent, we
would be spending much more than 4o billion dollars annually on military
programs. Discount rates as high as these are appropriate only for
systems with high risks of obsolescence. Of course if our assessment of the
probability of war increases, we should both increase military expenditures
and use a higher discount rate in choosing among alternative purchases.

WHAT VALUE FOR FUTURE INTUTS AND OUTPUTS?

We have said that future gains and costs should be discounted — that
distant amounts should be weighted less heavily than present ones. What-
ever the prices of individual inputs and outiputs, a hundred dollars now
is worth more than a hundred dollars fen years from now because (r) it
can produce something, or “grow,” in the meantime, and {2) we prefer
a unit of satisfaction now to one ten years later, All this is not to say,
however, that the price or value of perticwler objects will be lower in
the future than at present. We may well expect the cost of certain inputs
or the value of certain outputs to rise.

Thus, in addition fo discounting cost and gain streams, a private
investor must also do his best to estimate the future prices of inputs and
cutput. He may reason that the cost of petroleum will be higher in 1970
than in 1965 because the more easily accessible supplies wili be exhausted.
Or he may expect the worth of an “advertising capability” to go up
because of the growth of his competitors. Clearly, the future values of
such items and therefore the undiscounted amounts of future costs and
gains, are extremely important. We must not fancy that proper discounting
can make up for their neglect.

Similarly in the comparison of military systems, we should discount
future amounts, but the undiscounted gains and costs of certain defense

" Expenditures on research and exploratory development projects, however, which
are cheap and may lead to spectacular payoifs in a decade or two, can be justified at
20 per cent or even higher discount rates. However, we are nof arguing that all uncer-

tainties can or ought to be reflected in discount rates. See Chapter 13 for a fuller discussion
of the problems of choosing and planning risky research and development projects.
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capabilities may be greater in 1970 than in 1965, Careful discounting
does not by itself assure that the streams of costs and accomplishment:
are being handled properly.

This fact becomes especially important when we start taking int¢
account the interdependence between our policies and the enemy’s future
actions. Suppose that an enemy is expected to have no ballistic missile
capability in the early rg6c’s, a gradually increasing but less thar
decisive capability until 1965, and, after 196 5, the ability to annihilate
us if we have no defense. In these circumstances, anti-missile capabilitie
are clearly worth more to us in 1963 than in 1960. In fact, the appropriate
value in the current year is zero—if the enemy cannot attack with
missiles and if there are no by-products from an immediate capability
like effective training for next year. On the other hand, some anti-missile
capability in 1965 and later would be, on this supposition, of enormous
value.

Consider a hypothetical comparison of two weapon systems, Suppose
that our expected budget for defense against ballistic missiles is “given’
during the next few years, and that we want to develop and procure anti-
missile defense systems that will optimize, in some sense, our capahility
over time to shoot down incoming missiles. System A, adapted from s
system developed primarily for defense against bombers, promises t¢
give us some immediate capability but has little growth potential. Systerr
B cannot possibly provide a defense for several years, but promises »
comparatively effective defense beginning, say, four vears hence when i
becomes operational. In choosing between the systems, we must assign
reasonable values to capabilitics in different years before we discount
Or it might be more practical to reformulate the problem, stipulating a
reasonable time-path for our capabilities and discounting only the cosf
stream to seek the most efficient system for achieving the stipulated
capability.

Thus, when we urge the discounting of future amounts, we mean that
command over general resources now is worth more than command over
the same amount of resources next year — not that specific objects are
worth more now than in the future. We emphasize this fact because we
do not wish to encourage the built-in tendency of governments to under-
value future outputs (see the concluding section of this chapter). To
repeat, before discounting streams of cost or gain, one must take paing
to assign realistic values to future inputs and outputs.

SOME PRACTICAL DODGES

As a practical matter, we must abstract from some of these complexi-
ties. It is impossibly difficult in most comparisons to determine the
appropriate future budgetary constraints, the proper list of alternatives
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and the yield of the marginal opportunity, the degrees of riskiness of
various opportunities, and finally the appropriate discount rates. In
these maiters, as in others, we must simplify reality to a considerable
extent. We seek to simplify reality enough to make systematic thought
and calculation feasible yet not so much as to make the results inappli-
cable. Some crude approximations are usually justified, if we are careful
to avoid distortion and bias. Needless to say, judgment must enter into
this procedure of devising “practical dodges.”

THE TIME HORIZON

In comparing alternative weapon systems, it is never practical or
desirable to estimate benefits and costs for all eternity and to determine
and apply appropriate discount rates to these streams, It is always
necessary to cut off the analysis at some point, ignoring or crudely
lumping costs and benefits thereafter. Qur ability to foresee the future
becomes so limited after, say, ten or fifteen years, that for purposes of
comparing weapon systems it seldom pays to try. If we did use appropriate
discount rates, with appropriate allowance for risks, the comparisons
would, in any event, be little affected by the distant years. The simple
and straightforward thing to do is to omit them,

If a fairly early date is taken for the time horizon of the analysis,
it may be desirable to lump net benefits beyond the horizon by crediting
each system with some crudely calculated “salvage value” instead of
simply ignoring them, This was done in our illustrative example, in which
some of the cargo fleets at the end of Period IT included many new high-
performance planes and others consisted almost exclusively of old and
obsolescent types. Clearly some allowance should have been made for the
greater utility of flects of the first type after the end of Period 1T, and
this was done by valuing the various fleets (for “salvage”) at initial
cost minus an arbifrary straight-line depreciation allowance.

THE RATE OF DISCOUNT

Because of uncertainties about future costs and capabilities, it is
not worthwhile to devote an inordinate amount of time to refining one’s
estimate of “the” proper discount rate. Historical studies show that
projections of cost and performance of weapon systems, particularly
those made at early stages of development, have often been wide of the
mark. For systems analysts to put great effort into determining “the”
discount rate would probably be less productive than other uses of their
time,

Moreover, because of uncertainties about future budgetary constraints
and hence about marginal opportunities and their yields, the discount
rate that may later be appropriate is inevitably in doubt at the time
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choices must be made. The best estimate may simply be a rough average
rate of return in the private economy, like 6 or 8 per cent, This rate
would include an average allowance for risk. Special degrees of risk
associated with particular weapon systems should be pointed out by the
analyst but would have to be aliowed for subjectively by the final decision-
makers.

Indeed, for certain classes of problems, we can make a stronger case
for using an average rate of return from the private economy, At the
time many weapon systems are being compared, future budgetary con-
straints have not been set, and we can reasonably argue that the relevant
options are {o buy the weapons or to leave the resources in the private
economy. This choice being open, the marginal opportunity is simply
investment in the private economy. Hence the rate of discount that
reflects what could otherwise be earned by the resources js the rate of
return that could be obtained in private invesiment,

We can also assume, with some justification, that this rate is con-
sistent with time preferences in the economy — with the rate of return
in consumption, so to speak, That is, we can assume that future budgets
fixed by the government will be consistent with time preferences as
reflected by interest rates in the private sector. Individually we do not
have the opportunity to adjust government outlays so that another
dollar spent on government activities is as important as another dollar
saved for future consumption. But the task of our governing officials is
to act for us in determining budgets, and they are able to do so in the
light of prevailing interest rates. For this reason, too, we might well use
an average discount rate from the private sector in analyzing long-range
problems of choice.

SENSITIVITY AND BREAK-EVEN POINTS

In short-range problems of choice -— those in which narrower resource
constraints exist — the average rate of discount from the private sector
is less satisfactory, even if it is the best estimate that we can make.
Also in many problems, whether long-run or short-run, the risk premium
may be especially troublesome. The preferred procedure may then be to
regard the discount rate as “variable” and test the results for sensitivity
Lo the rates of discount. In the illustrative example in Chapter & the basic
calculations were first made with a zero rate of discount, and the con-
clusions were then tested at discount rates up to 23 per cent per annum,
The order of preference among the various systems was found not to be
affected, although, of course, the degree of superiority was altered.

This procedure also yields a “break-even rate of discount”-— that is,
a rate of discount that makes the two leading systems equally attractive.
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Below this rate, one system is preferred. Above this rate, another system
is best. To show such break-even points is often a useful device, especially
when uncertainties are great and judgment must play a major role in
reaching final recommendations. By means of this device, the analyst or
policy maker can see the range of discount rates within which one policy
is clearly preferred and may be able to judge that the proper rate lies
within that range.

THE STIPULATED CAPABILITY

In view of the uncertainties, it may appear to be more straight-
forward and appropriate in many problems to stipulate a desired
capability over future time than to do any discounting of capabilities.
Tndeed in many instances it may appear to be the only feasible method
of handling time paths for gains or capabilities. If the enemy threat were
an increasing one, so usually would be our desired capability to counter
it. The stipulated capability would presumably avoid “soft spots” if our
intentions were defensive; it might point toward a maximum at some
particular point of time if our intentions were to take the initiative. The
general considerations which cause us to discount the future might be
taken into account partly by attaching little or no weight to capabilities
after some arbitrary cut-off point or horizon. Also, of course, the cost
streams would still be discounted to seck the lowest-cost means of
achieving the stipulated capability.

PERIOD COSTING

The most common technique for comparing the costs over time of
alternative systems is to add to the initial or investment costs the costs
of operating each system for some fixed period, usually four or five
years. Thus, one speaks of the “four-year system cost” or “five-year
system cost.”” An end-of-period salvage value may or may not be sub-
tracted. This is obviously a crude approximation to discounting. In effect,
the discount rate is assumed to be zero during the period, rising abruptly
to 100 per cent at the end, But in many problems such crude devices
may be completely adequate. If we are merely interested in choosing
a best or better system, we can test the sensitivity of the cheice to the
length of the period (lengthening the period is equivalent to reducing
the discount rate). If there are no great differences in the ratio of initial
to annual operating cost among the various systems being compared,
choice will not in fact be sensitive to the length of the period or the
discount rate. Frequently, however, such differences are important —
especially where, as in Chapter 8, some of the systems make much more
extensive use of inherited assets,
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MULTIPLE PERIOD COSTING

A variant of period costing that was used in Chapter 8 is costing
over two or more periods. This increases the flexibility of the method
and makes it possible to deal with more complex problems, If we are
interested in an extensive future period, over which the “stipulated
capability” is increasing substantially, or new systems become available
to satisfy it at later dates, or both of these complications confront us
simultaneously, we may be able, as in Chapter 8, to divide the future into
a conveniently small number of periods, each approximately homogenous,
and aggregate stipulated capabilities and costs by periods. Of course,
we still have the problem of applying appropriate discount rates to the
more distant future periods as a whole.

In Chapter & the capabilities and costs are aggregated in just two
periods, during the later of which some systems become available that
are not available in the first period. The method demonstrates the inter-
relations of choice of fleets in the two periods. For example, if the
advanced HC-600 is to be procured for Period II, it pays to use some
inherited C-g7’s during Period I and to purchase fewer of the earlier
generation HC-400. Tf the HC-600 is not to be procured for Period II,
the best procurement strategy is to invest heavily now in HC-g00’s.

LOWERING ONE’S SIGHTS

Some of the difficulties associated with time simply cannot be resolved
by any kind of quantitative economic analysis. This does not mean that
quantitative economic analysis has no useful role to play in connection
with such problems, but it does mean that its role is subsidiary and that
it must address itself to the practical problem of finding a better
alternative rather than the best.

Consider, for example, the vexing question of whether to skip a
generation of weapons. Sometimes vast savings in resources are possible
if one skips — but at the cost of a lessened capability during the inter-
mediate years. In the case of the cargo fleets compared in Chapter 8, it
was always possible to shore up the capability in the near future by
using more of the obsolescent aircraft, so this complication did not arise.
But if we are interested in offensive or defensive weapons, there are
cases where greater numbers cannot be made available or where no degree
of quantitative superiority can compensate for inferiority in crucial
weapon characteristics (for cxample if the enemy has an effective
electronic counter-measure against which existing weapons possess no
counter counter-measure).

At the end of World War TI, the British government took a calculated
(?) risk and decided to skip a generation of bombers, concentrating its
resources on the development of the then advanced V-Bombers. This
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enabled it to cut its military budget substantially in the early post-war
years, but would have left it without a modern bomber force if another
war had occurred. Tt justified this course of action by arguing that the
probability of war was low in the immediately following vyears, The
United States Air Force was faced with a decision in the early post-war
vears whether to develop air-breathing missiles (like the Navajo and
Snark) or whether to skip immediately to long-range ballistic missiles
{Atlas). 1t decided to develop the air breathers. The Russians, faced by
a similar choice, apparently made the opposite decision, putting their
effort into the more advanced system.

Quantitative economic analysis could not have determined an optimum
in a generally acceptable way in any of these cases. It could not have
predicted the probability of war in the “soft” years; or the extent to
which that probability would itself be alfected by the softness: or the
way in which the government or nation should value enhanced risk for
a few years as compared with budgetary savings. But it might have
been able to facilitate choice. At the very least it could have estimated
quantitatively how much our capability would have been reduced for
how long, and how much money would “really’” have been saved. Tt
might have been able to do something even more useful — to show how
capability might have been shored up inexpensively during any soft
period. Some cheap modifications of wartime bombers, for example,
might have made them an effective fighting force for an unexpected
emergency. Alternatively, surplus B-z¢’s or B-50’s might have been
turned over to our allies as military aild and kept operational during the
soft years (in fact, some were). In the missile case, air-to-surface missiles
might have been a more attractive alternative than the long-range air-
breathing surface-to-surface missile. Or quantitative analysis might have
demonstrated that the lack of the air-breathing missiles would have had
only a marginal effect on our capabilily, given the improved bombing
aircraft that were to be operational during the soft vyears. Frequently,
we can demonstrate that system A is better than system B even when
we cannot show that system A is optimal. At a minimum, we can produce
evidence relevant to the choice between A and B. And with a little
ingenuity, we can often suggest a modification of A, system A’, that is
demonstrably better than A.

UNDERVALUING FUTURE OUTPUTS
We conclude with a final warning about the valuation of future out-
puts. There is a marked tendency on the part of the military services, the
government, and the Congress to undervalue future capabilities. The
primary responsibility of the military services is the operation of today’s
forces. Perhaps significantly, they always have emergency war plans,
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but scldom long-range war plans, Moreover, the policy of rotating
service personnel at short intervals (usually three years or less) means
that officials are always trying to make a recognizable mark in the very
near future — later someone else will be in their jobs and responsible.
Governments, similarly, have short tenure in most democracies, and
many political officials have even shorter tenure. The next election always
appears much more significant than the election 12 years hence — when,
in any event, no rewards will be showered by the electorate on a party
responsible for prescient decisions 12 years earlier. Congress (as well
as an administration) is notoriously interested only in this year’s budget
and its relation to possible tax relief. The result js that within research
and development almost all the resources are used in developing weapon
systems with a predicted combat capability in the relatively near future;
that measures that promise significant savings over a period of years
(like the least-cost fleet in Chapter 8) are rejected because they involve
somewhat higher expenditures the following year.® In fact, it has for this
reason been almost impossible to get approval for the purchase of high
performance cargo aircraft. We will consider in Chapter 1z whether some
institutional reforms (like a capital budget) might not help in reducing
this inordinate undervaluation of the future. Here let us simply point
out that this bias in past and current decisions presents opportunities for
quantitative economic analysis to demonstrate large gains in efficiency.
In many cases, unfortunately, they will be easier to demonstrate than
to sell.

12. INSTITUTIONAL ARRANGEMENTS
TO PROMOTE EFFICIENCY

A vwesaw in Chapter 7, there are at least three ways to promote
economic efficiency in the military use of resources: better understanding
of the nature of the preblem, systematic quantitative analysis of problems
of military choice, and improved institutional arrangements. So far in
Part IT we have dealt almost exclusively with the first two: understanding
and systematic analysis. The question in this chapter is what role, if any,
improved institutional arrangements can play either as a substitute for
systematic economic analysis of the type we have been describing, or as
a reinforcement of it. Economics may be able to help answer this question,

® Interesting exceptions are many water and other natural resource projects which
are approved in spite of the fact that they promise rates of return as low as 214 per

cent. This is the opposite error: they should be required to carn at least 6 per cent. In
this case local benefits and log-rolling play an important role in reversing usual attitudes.
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not because it offers any special understanding of communications,
psychology, or organization charts, but because of its traditional concern
with criteria and the harnessing of decision making at different levels in
the private economy.® Organization is oue of the choices to be made in
the light of economic criteria.

INSTITUTIONAL ARRANGEMENTS IN THE
PRIVATE ECONOMY

It is instructive to reflect that in the private sector of a {ree-enterprise
economy we rely almost exclusively on institutional arrangements for
the promotion of efficiency. The United States government does not
directly concern itsell with such problems as the optimal rate of output
of radios or radio vacuum tubes, or the optimal rate of substitution of
aluminum and copper for steel in the manufacture of automobile parts.?
There are no grand systems analyses to determine how the nation’s in-
vestment resources should be allocated either among industries or among
regions.® The output of civilian radios and the rate of construction of
retail supermarkets are results of the decisions of large numbers of
individual consumers and business men, each acting on the basis of his
own particular motivations and the incomplete information available
to him.

As we have seen, welfare economics? tells us that, in certain circum-
stances, if business men attempt to maximize their profits, their decisions
will tend to result in an “efficient” organization of production in the
sense that no more of one good or service can be produced without
producing less of another. If consumers also atfempt to maximize their
“satisfaction” or “utility,” there is a tendency for production to be
efficient in a stronger sense: no one consumer can be made better off
without making another worse off.

The “certain circumstances” required for an efficient solution, like

*On the role of economics, see again Chapter 7 and also Charles Hitch, “Economics
and Military Operaticns Rescarch,” Review of Economics and Staiisties, August 1958,
PD- 195-209.

*This Is, of course, an exaggeration. There are decisions of this type with which even
free enterprise governments become concerned, some more than others. Almost all
governments attempt to modify particular market decisions (or their effects) for
“political” (usuzlly distributional) reasons.

? Again, this is an exaggeration. It Is now pretty generally accepted that the aggregate
level of the natien’s investment activity is a legitimate concern of government even in
a iree enterprise country: economic analyses to estimale optimal levels are made in the
US. by the Council of Economic Advisers. Moreover, governments have, for varicus
reasons, attempted to influenee rates of investment in particular industrics — because
they would be useful in a wartime mobilization, for example, or for distributional reasons
(subsidized low-cost housing), The general proposition stands, however: the role of
government in such decisions is secondary and usually indirect.

“See footnote 6 in Chapter o.
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the assumptions of all abstract “models,” are never precisely realized in
the real world. They include absence of fraud and coercion in profit-seek-
ing activities, security of contract and property rights, absence of
monopoly, an aggregate demand for goods and services adequate to insure
fuil employment, and absence of spillover effects (that is, external
economies and diseconomies) .* Similarly the assumed criterion of business
men -— maximum profits — only approximately corresponds to the cri-
terion of real business men, whose interests may not be identical with
profits earned for stockholders. Indeed, as we have seen,® there is an am-
higuity in the very concept of “maximum profits” in the real, uncertain
world.

The efforts of governments to improve the efficiency of free-enterprise
economies are appropriately, and in practice usually, devoted to making
circumstances and motivations in the real world correspond somewhat
more closely to those in the theoretical model, rather than to direct
attempts at the center to compute efficient allocations, outputs, and
methods of production. They are devoted, in the terminology that we
will use in this chapter, to improving the institutional environment within
which decentralized decisions are made.

For example, a major function of criminal and civil law is the preven-
tion of fraud and coercion in business transactions and the protection of
contract and property rights. These laws have an economic as well as a
moral justification. There are many laws and ordinances designed to
prevent or compensate for such spillover effects as smog creation hy the
chemical industry or the flooding of neighboring farms by a utility com-
pany’s dam. The antitrust activities of the federal government are an at-
tempt to reduce monopolistic elements and practices. There has been little
attempt to reinforce the profit motive, apart from legal moves to protect
the interests of stockholders from those managers who are inclined to
ignore them, but there has been great concern to prevent taxes from so
distorting profit incentives that they cease to provide the drive toward
efficient solutions.

Our point is not that these efforts of government have been wholly
successful, either in the United States or anywhere else. Obviously they
have not and never will be. The assumptions of the economist’s model,
like those of any abstract model, are unrealizable as well as unrealized in
the real world. On the contrary, our point here is that decentralized de-
cisions work well only if the decision-makers at various levels can be given
appropriate incentives and criteria -— and that in the civilian economy
our efforts to promote efficiency are almost wholly concentrated on the
institutional environment,

®See p. 163-164 above.
®See Chapter 10, p. 204.



INSTITUTIONS TO PROMOTE EFFICIENCY 221

INSTITUTIONAL ARRANGEMENTS IN THE MILITARY SECTOR

The problem of achieving military efficiency by manipulation of the
institutional framework is harder and different in character.

In the first place, because we do not start with a network of markets
to determine the values of military goods and services, it is extremely
difficult to apply the standard form of economic theory to tell us which
institutional arrangements are and which are not conducive to efficiency.
Most fundamental is the lack of markets to determine the values of final
military goods — that is, various sorts of military capability. (If we
had valuations for final goods, markets for such intermediate goods as
bases, skilled manpower, and weapon systems might be developed.) The
economics of welfare is dependent on markets and market-determined
prices both as the source of information about the economy needed by
businessmen and consumers, and as the meckanism for profit-maximizing
activity, A world without markets is a different sort of world and requires
a difierent, or at least a mare general, economic theory.

We must therefore expect that we will not be able to identify optimal
institutions, any more than we were able to identify optima in many other
situations. The best we can hope to do, with an incomplete theory, is to
identify some institutional arrangements that would he an improvement
on those now existing. But this, rather than optimizing, is always the
important practical problem.

We will consider in this chapter only those proposals for institutional
change on which economic analysis can throw some light. For the most
part these are proposals for arrangements which would cither substitute
for or reinforce the kind of economic calculus we have discussed in the
preceding chapters. Our interest is in institutional arrangements designed
to promote economic efficiency in the military sector, not in administra-
tive or management efficiency in a broad sense.?

PROPOSALS TO SIMULATE MARKETS
WITHIN THE GOVERNMENT
The first group of preposals that we shall consider, recognizing the
fundamental deficiency in economic institutions within the government,
advecate remedying it directly by creating markets on which government-
produced goods and services would be bought and sold and their values
or quantities, or both, determined.

THE LERNER PROPOSAL
Most proposals of this kind are limited and partial, suggesting the
creation of some particular market, or institutional arrangement with

"Thus most of the Hoover Commission recommendations fall cutside the scope ol
our inquiry, But we have similar interests in improved budgeting and accounting pro-
cedures (see Chapter 5) and in increased contracting (see below, pp. 226-233).
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some market characteristics. One eminent economist, however — Profes-
sor Abba Lerner — has proposed that the whole military establishment
be organized in a network of markets and that it operate, by means of
decentralized decision making, much as the private American economy
does, We shall discuss this proposal at some length, not because it is a
practicable solution to defense problems of choice, but because it is
frequently instructive to press good ideas to their extreme logical con-
clusions.® To indicate some of the merits and limitations of such a scheme
may help us in designing practicable policies.

In this bold and original proposal, made by Prefessor Lerner during
World War II, he suggested that “sums of money” or budgets be placed
at the disposal of the various theater commanders, who would use them
in bidding for various kinds of matériel (from the supply commands)
and men (presumably from the training commands), “husbanding his
limited dollars so as to get the most out of them for his purpose.” The
prices of the various kinds of matériel and of men with various skills®
“would be raised and lowered to make the demand for each of them equal
to the supply.”

The assessment of the “military worth” of marginal operations in each
of the theaters would be the responsibility (indeed, under this plan al-
most the only responsibility} of the Joint Chiefs of Staff. They would
attempt to allocate the national security budget among theater com-
manders in such proportions that the last million dollars given to the
Furopean Command was nieither more nor less useful in the over-all war
effort than the last million given to the Far Eastern Command or to
defense of the Zone of the Interior.

A theater commander, in Professor Lerner’s plan, would be permitted
in turn to make allocations of budget to his subordinate commanders
“whenever he has sufficient confidence in the judgment of his subordinates
and where their knowledge of the detailed needs of their particular prob-
lems was greater than his own.” The subordinate commanders would then
use their budgets to bid for men and matériel.

Professor Lerner claimed a number of advantages for his proposal.
Subordinate commanders would be able to make full use of their spe-
cialized knowledge (as businessmen are). The network of markets for
men and matériel would provide exactly the information needed by the
supply, procurement, and training commands regarding the relative use-

% Abba P. Lerner, *“Design for a Streamlined War Economy,” written at Amherst
College, 1942. Another rcason for paraphrasing this paper at some length Is that un-
fortunately it has never been published, although it has circulated among professional
2Conomists.

® Professor Lerner did not propose that the pay of officers and men be detcrmined
in real markets: the prices equaling demand and supply would simply signal the training
commands to produce mare of some skills, less of others.
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iulness of various instruments and skills. The budgeting and pricing pro-
cedures (given cerfain institutional assumptions not made explicit in
this paper'®} would indeed tend to produce an efficient use of military
resources in which it would be impossible to increase military capability
in one theater without decreasing it in another.l! Professor Lerner adds
hopefully that it would also mean “a tremendous saving of paper work.”

This proposal is certainly not a practical one in the sense that there
is the slightest chance of its being adopted in anything like its original
form in the foreseeable future. It is far too unconventional for that, and
Service traditions far too strong. Also there are serious objections to
such a scheme, other than those arising out of administrative difficulties.
On the level of principle, Professor Lernet’s proposal does not come to
grips with the fundamental objection to giving subordinate military units
a completely free hand in making decisions and spending budgets. He
does not ask: How will commanders and subordinate commanders be
motivated ? Will their motivations be consistent with the national interest ?
Are there important spillover effects that they will ignore? As we have
seen, these are terribly difficult questions,

In this scheme, the Joint Chiefs would allocate the total budget in
the first instance to the various theater commanders — the military
equivalent of the final consumers. This was a natural kind of devolution
in the circumstances of World War II, and might be regarded as, in
principle, reasonably satisfactory. Fighting during World War II did
take place in widely separated theaters against different enemies, and
spillover effects might have been minimal. But in peacetime or cold war,
it is by no means obvious how one should go about dividing a total national
security budget among subordinate military organizations. Overseas
theater commanders during cold war are not equivalent to wartime
theater commanders, and in any event would account for minor slices of
the pie, since most of our forces are based in the Zone of the Interior.
With great uncertainty when or whether there will be war, against whom,
where, and what kind, there is corresponding uncertainty how to aggre-
gate military forces for purposes of autonomous budgeting, planning, and
decision-making,

In particular, the “natural” solution of allocating budgets to the
three uniformed Services, and letting them allocate in turn to subordinate
intra-Service commanders, giving cach full autonomy in spending, appears
to be far from ideal. Each Service has not one mission but many, most
of which have to be achieved in collaboration with other Services. The

*But discussed at length by Professor Lerner elsewhere. See The Economics of
Conirgl, Macmilian Co., New York, 1944, especially pp. 72—48.

7 Bee p. 164 above. The marginal rates of substitution or trade-oifs between different

military resources would tend toward equality in all theaters and uses — the condition of
efficient allocation.
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activities of each subordinate Service command have important spillaver
effects on other commands within the Service, on other Services, on
other Departments, especially the State Department, and on our economy
and society generally. The Commander of Tactical Air Command, for
example, cannot be given a completely free hand in buying and deploy-
ing forces and equipment, Tactical Air Command exists primarily to sup-
ply the air component of combined tactical operations, which ought to be
designed to promote the foreign policy of the United States. And should
operational commanders he given the funds to develop radically new
equipment ? There is much experience to suggest that this would be a mis-
taken policy. Operational commanders have their major responsibility in
the present; they can be expected to place a heavy discount on the new,
the untried, and the different. It is apparent that complete autonomy in
spending on the part of subordinate commands as they exist today is un-
desirable as well as impractical. If something akin to the Lerner proposal
were adopted, spending and related decisions of the commands would
have to be controlled and constrained either by rules and orders from
higher levels in the government hierarchy, or as now by the necessity to
bargain with other commands to prevent them from appealing to higher
authority. In other words, the proposal would have to be made much
less revolutionary than it appears at first reading.

Many of the more recent proposals that we will consider in this
chapter may be regarded as partial, halting steps in the direction of the
Lerner solution. The fact that they are partial does not mean that they
are inferior. It may make sense to take some steps in this direction, hut
only when advantages pretty clearly outweigh disadvantages. Even in the
private economy we do not rely exclusively upon price and market
mechanisms, and there are good reasons for thinking that the optimal
degree of reliance upon them in the military {and the government
renerally) is less.

STOCK AND INDUSTRIAL FUNDS 12

Among these interesting piecemeal approaches are stock and industrial
funds, which attempt to set up & price-and-market mechanism within the
government at whatever particular points this seems feasible and desirable,
Stock and industrial funds are set up by Congress; the “funds” are the
working capita]l appropriated to finance certain defined activities, which
are condveted much as though they were private husinesses. Stock funds
finance stock-handling activities (such as the retailing of petroleum
products), and industrial funds finance industrial-type establishments
(such as the operation of printing plants}. The “firms” operating both

** An excellent discussion of these funds is given in Norman Breckner’s “Government

Eificiency and the Military ‘Buyer-Seller’ Device” te he published in the Jowrnal of
Political Economy.
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kinds of funds purchase their inputs, adopt businesslike accounting
systems, charge prices to the military units or others whe huy their out-
puts, submit profit-and-loss statements, and try to maximize “profits.”
(It is frequently thought desirable to place some constraints on their
autonomy that private firms do not encounter. That is, the range of
decisions left up to the managers is not so wide as it is in private
enterprise.; The military units who are customers are then given larger
budgets to enable them to buy from these enterprises.

The funds are expected to bring about three types of improvement.
First, their managers will be motivated to conduct them more efficiently,
because there will be a more appropriate indicator of efficiency than would
otherwise exist. There will be a mark, the amount of profit or loss, to
shoot at — and to be shot at by critics or superior officers. Second, custom-
ers will be motivated to find cheaper substitutes and ways of using less
of these products. These customers will not be able to get, as a free
good, whatever they requisition ; rather, they will have to sacrifice some-
thing in order to obtain items from these fund-enterprises. Third, the
outputs of these establishments will be allocated more efficiently — that
is, put to their most valuable uses — because they will be rationed by
“market prices” rather than by hare shelves or semi-arbitrary quotas.

This is the way it is hoped that the funds will work. By and large,
expericnce to date is said to be encouraging. Perhaps the best-known
“stock fund” is the one used to finance the merchandising of enlisted
men’s clothing. This retail operation is set up as a business, and service-
men, instead of being issued new clothing to replace worn-out articles,
are given a monthly allowance for the purchase of clothing. Servicemen
take hetter care of their clothes as they try to save from their allowance,
and managers take better care of the retail operation as they try to make
their profit-and-loss statements look good, Medical-dental supplies and
petroleum, oil, and lubricants are among the other items that are
merchandised in this fashion.

Among the “industrial funds,” the one that finances the Military Sea
Transport Service is perhaps the most widely publicized. Under the new
arrangement, space is sold, not issued upon requisition. If space that is
purchased is not used, it is of consequence to the purchaser, for he must
pay a penalty. If ships are not unloaded promptly, demurrage is charged.
Savings have been estimated at roughly a hundred million dollars a vear,
Other industrial funds finance the operation of such activities as the
Military Air Transport Service, printing establishments, laundries, main-
tenance of tanks, and testing services,

However, it is clear that these funds are no panacea and that they
cannot be used indiscriminately. Tn the first place, the amount of stimu-
lus to incentives depends upon the way in which funds are implemented.
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The management of these enterprises will be anxious to have better profit-
and-loss statements if (a) their superiors are anxious to have better
statements, or (b) their remuneration is directly related to profits. Other-
wise, their incentives are not likely to be sharpened. As far as the
customers are concerned, they will be anxious to economize in their
use of the enterprise’s output if they must genuinely give up something in
order to buy this output. But in order for that condition to be fulfilled,
they must (a) be unable fo pad the new allowance that is allotted to
them, and (b) be able to get some gain or credit from the saving. The
latter requirement will be met if customers are allowed to keep some
of the saving (as in the case of soldiers who take hetter care of their
clothing), to use some for improving their military units and enhancing
their reputations, or to get recognition for savings that are turned over
to higher commands or to the Treasury. Unless customers really sacrifice
something if they do not economize, the signing of “checks” may not
motivate them more intensely than the signing of requisitions,

In the second place, the appropriateness of the motivation under
funded enterprises also depends upon the way in which this device is
used. In some situations, prices and customers’ budgets can respond
rapidly and appropriately, and harness individual efforts so as to achieve
over-all objectives. In other situations, they cannot. Soldiers are properly
motivated when they use their allowance to buy clothing — provided
constraints on the type and condition of the uniform are imposed.
Motivation might not be appropriate if those constraints were removed, or
if soldiers were to buy their hand grenades from the same allowance,
or if each division were free to buy different weapons. For interdepend-
encies —resulting in spillover effects —abound in military operations,
Furthermore, in order for both managers and customers of funded enter-
prises to be motivated appropriately, costs of inputs must be measured
so as to reflect their value in other uses, prices of outputs must be set
(and reset) properly to reflect incremental cost, and last but not least
difficult, the customers’ budgets must not he “padded.”

1t should be noted, however, that the functioning of funds, like that
of private enterprise, does not have to be perfect in order to be more
efficient than alternative arrangements. There are many opportunities
for the use of funded “businesses.” With thoughtful screening of such
opportunities and improved implementation, stock and industrial funds
may contribute importantly to efficiency in the small.

PROPOSALS FOR INCREASED RELTANCE ON THE
PRIVATE MARKET ECONOMY

If it is so difficult to reap the advantages of a market economy hy
creating one within the military Services, an alternative possibility is
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to turn over to private businesses and the private market economy some
tasks and functions now performed within the government. The argu-
ment for this policy is frequently put in terms of equity or principle: It is
“ynfair” for the government to compete with private enterprise or even
to perform functions that might be performed by private enterprise. We
are concerned in this chapter not with fairness but with cfficiency. In
what cases and circumstances can private replace public enterprise with
a net gain in efficiency?

Let us say at once that in business-type activities there is a pre-
sumption that private enterprise can operate more efficiently than govern-
ments — at least more efficiently than the military Services as they are
organized today. (1} In the private economy there is, and in government
there is not, an imperfect but pervasive and persistent competitive
mechanism for promoting efficient managements and methods and getting
rid of inefficient ones. (2) Military and civil service pay scales and other
conditions of employment make it impossible for the government to
compete effectively with private industry for high-quality techmical and
management personnel. This may appear an adventitious shortcoming of
a particular government at a particular time, one that could easily be
remedied by legislation. Unfortunately, this is not so. Almost all deme-
cratic governments suffer from this kind of disability. In the case of mili-
tary personnel there is a special problem: certain features of military
life are particularly unattractive to ambitious, technically trained men,
making it necessary to pay more to keep such men in the Service (in the
numbers reguired) than a private firm has to pay for the same quality
of personnel. (3) Legislative constraints and bureaucratic rules and regu-
lations rob the military Services, as well as other departments of the
government, of the flexibility needed for efficient adjustment of opera-
tions and effective competition with private industry.'® These again are
not adventitious; similar constraints are required by and are character-
istic of all very large organizations,

But this presumption thuat private enterprise can operate more effi-
ciently than governments applies only to “business activities,” and even
there can easily be upset and reversed in particular cases. The govern-
ment, including perhaps especially the military Services, has numerous
responsibilities and functions (not similar to those of businesses) that
could not possibly be delegated to private firms; and there are many other
cases where delegation, while conceivable, raises formidable difficulties.
{For example, can vital military functions be entrusted to private firms
against which employees may strike?) Moreover, the part of the private
economy that provides goods and services to the government on contract
may function less efficiently than the rest —a problem to which we will

¥ The damaging rigidity of military and civil service pay scales is but one example.



228 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

return in the following section. It is evident, in any event, that proposals
under this heading must be piecemeal and partial.

INCREASED USE OF CONTRACTORS

The obvious way to transfer business-type activities to private enter-
prise is to buy on the market, or contract for, goods and services which
have been or would otherwise be produced by a government department
or agency.

1t is worth noting how far the United States milkitary Services have
already moved in this direction. Before World War II a substantial pro-
portion of military equipment was produced in army arsenals and navy
shipyards; the proportion is now almost trifling. Similarly the bulk of
research and development is now undertaken on contract— to some ex-
tent by universities and other nonprofit research organizations, but mainly
by private business firms. There are a few government research labora-
tories, but the role of government is largely confined to providing common
test facilities,

The most ambitious proposals for extension of this practice are in
the field of maintenance, Contractor maintenance is now common for
some highly specialized and intricate equipments, particularly in elec-
tronics ;' and the Air Force has made extensive use of contract mainte-
nance for aircraft overseas (Project Native Son). It has been proposed
that major prime contractors might take over responsibility for the
maintenance of complete weapon systems, including provisioning of
spares, just as they now take responsibility for production, relieving the
Services of this function. It is argued that the private firm could do this
more efficiently and also that the prime contractor would then have
reason to give due emphasis to maintainability when designing weapons.
In its extreme form this does not appear to be a desirable or even a
feasible arrangement. The Services must be prepared to provide certain
maintenance facilities at all times and places, in all emergencies, and
under combat conditions. It is difficult to see how this capability could
be insured except by men under military discipline — which contractor
personnel presumably would not be. But certainly the delegation of
much major maintenance activity to contractors may be feasible, and the
increasing complexity of military equipment in all Services is exerting
heavy pressure for greater reliance on the contractors who have the re-
quired technical expertise.

¥ Over go per cent of the maintenance workload on afrcraft, aircraft engines, and
related cquipment, and about %o per cent of the work on electronic equipment, is per-
formed by contractors, Depariment of Defense Appropriations for rosy, Overall Policy
Statements, Ilcarings before the Subcommittee of the Committee on Appropriaticns,
House of Representatives, 85th Congress, 2d Session, U.S. Government Printing Office,
Washington, D.C,, 1958, p. 150.
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INCREASED RELIANCE ON PRIME CONTRACTORS

1t has been argued, particularly by industrialists, that a great deal
of the work performed by Service organizations responsible for procure-
ment and the later stages of development (prototype production) is
strictly a management function that many large industrial firms are
uniquely equipped to perform well aud that should be delegated to them
as prime contractors. This work consists in coordinating the supply of
thousands of parts and components of major items of equipment, and of
the auxiliary equipment needed in functioning weapon systems — finding
appropriate suppliers, writing contracts with them, monitoring the design
of components te insure compatibility, and scheduling and expediting de-
liveries of components.

Moreover, sometimes the armed services draw up detailed specifica-
tions (“specs”) even for relatively simple or unimportant items. Once, for
example, the “specs” for a parachute pull-ring were five pages long, and
those for pingpong balls took up :8 pages. On an order for furniture
from an old established producer, even the type of sandpaper to be used
on the unseen surfaces was specified. The cost of such purchasing prac-
tices probably outweighs the possible gains.

Delegation of these various management functions is entirely a matter
of degree, and a large amount of delegation is current practice. Almost
all prime contractors do a great deal of subcontracting, But many would
like to do more, and to have a freer hand than they now have in the
selection of subcontractors and in controlling specifications,

There is no doubt that many large industrial firms have demonstrated
great proficiency in performing this type of management function; and
that the Services, for all sorts of rcasons, have difficulty recruiting, train-
ing, and holding officers with similar technical or managerial competence.
On the other hand, the design of compouents and auxiliary equipment is
frequently critical in the performance of weapon systems. The Services
rather than the prime contractors know what performance characteristics
are most valuable in combat; and the producers of the specialized com-
ponents, rather than the prime contractors who assemble them, know
the range of design possibilities and the “trade-offs” among performance
characteristics and between performance and cost. Moreover, in contracts
of a cost-plus nature, many management functions can hardly be delegated
to the contractor. Tt is difficult to escape the conclusion that considerable
direct contact between the Services and the producers of specialized
components and equipment is desirable, and that whatever the formal
contract arrangements, the Services must to a considerable extent con-
trol component design.

An ingenious and interesting variant of Service control of a weapon
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system has been extensively reported in the press. The Air Force en-
trusted the management of the ICBM and IRBM development program
to a special office of the Air Research and Development Command
headed by an Air Force Major General and staffed, at the top, with
Service officers. This office contracted directly for major components as
well as for final assembly. But the technical staff of the office was sup-
plied on contract by an industrial company — the Ramo-Wooldridge
Corporation of Los Angeles {now Space Technology Laboratories, Inc.).
Whether compromise arrangements of this kind (or some other) are
capable of securing the best of both worlds, or will prove to be short-
lived and abortive, will have to be determined by experimentation and
observation.

PROPOSALS TO INCREASE THE EFFICIENCY
OF CONTRACTORS

It is not enough to entrust production, development, and manage-
ment functions to private contractors. When goods and services are
purchased by government agencies on the basis of full and free competi-
tive bidding, there i1s a presumption that competitive forces, working
through the price and market mechanism, will provide the same spur to
efficiency and low-cost supply that they do elsewhere in the private econ-
omy. But only a rather minor portion of Service purchases are made, or
can be made, on the basis of competitive bidding. The expensive items
of major equipment like aircraft, submarines, and tanks and their expen-
sive major components can be produced by very few companies, and
their production costs are seldom accurately estimated in advance. More-
over, frequent and extensive modifications of the original design are the
rule rather than the exception both in development and in production. In
these circumstances “negotiated” contracts of the “cost-plus” type are
widely used .13

As we have seen, the Services frequently place constraints on manage-
ment prerogatives that are not customary in the private economy. Some
of these stem from their insistence that they control perfermance char-
acteristics and therefore design. Tt is not unusual for prime contracts to
specify not only what is to be supplied, but kow — with what materials,
how much subcontracting, which subcontractors, and so on. Others stem
from the cost-plus character of the contract, which makes it necessary
for the Services, prodded by the General Accounting Office, to see that
all costs incurred are “legitimate.” A “contracting officer” forces com-
pliance with innumerable rules designed to prevent waste or fraud, and

¥ Cost plus a percentage of cost has been outlawed, but cost-plus-fixed-fee and
cost-plus-incentive-fee contracts are extensively used. Also, many of the fixed-price

contracts turn out in practice to be of a cost-plus nature because of provisions for
“redetermination.”
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approves (or disapproves) every item of expenditure by both prime con-
tractors and sub-contractors. He even controls, at least in theory, the
wages and salaries paid all employees.

All this takes us pretty far from “{ree enterprise” as the term is usually
understood and as it is practiced elsewhere in the economy. Certainly
the departures appear to sacrifice many of the advantages of free enter-
prise, which these delegations of production and management functions
to private firms are designed to reap. First, there would appear to be
little competition when contracts are ncgotiated. Second, there would
appear to be little incentive to produce cfficiently or cheaply when all
allowable costs are reimbursed and fees (allowed profits) are fixed in
advance.l® Third, there would appear to be little scope ifor business
initiative when firms are told not only what to produce, but how, and
when their expenditures (even their salary structure) are under the
control of government contracting officers,

One school of thought regards the cost-plus contract as the root of
all evil. Recognizing that competitive biddiag is impossible or inappropri-
ate in many cases involving the bulk of Service expenditure, it has at-
tempted to develop so-called “incentive” contracts which retzin some
measure of incentive for contractors to reduce costs.'™ The most extreme
form is the negotiated fixed-price contract, which fizes the final price to
be paid in advance (sometimes subject to escalator clauses for wages and
material costs, and always subject to design changes required by the
Service). One difficulty with the fixed price contract is that, where un-
certainties regarding cost are extreme, the fixed price can be far off the
mark. If it is much too low, a single large contract could force a major
contractor into bankruptcy; if much too high, it could result in profits
that would appear exorbitant.

There has therefore been experimentation with more moderate forms
of incentive contracts — their common feature being that the contractor
is permitted to keep some part (determined by formula) of any cost
savings, relative to some ‘“‘target” cost named in the contract, but not
enough to cause public outcry; and he is penalized by some part of any
cosis in excess of the target, but not enough to ruin him.1* In principle,

?Or if they aren’t completely fixed in advance, contract renegutiation is likely to
sop them up after they are made. The desire of the Air Force to maintain “a healthy
aircrait industry,” of the Navy to maintain “a healthy shipbuilding industry,” etc., still
further reduces incentives to produce efficiently; there is a widespread (doubtless ex-
aggerated) beliel that the Services can be relied on not to let a major supplier fail

Y Incentive contracts are only possible when the product can be specified. In rost
research contracts it cannot be.

% For details on the various types of contracts, see Department of Defense Appropria-
tions for 1057, Procurement Policies and Proctices of the Depariment of Defense, Hear-
ings before the Subcommittee of the Commitlee on Appropriations, House of Representa-
tives, 84th Congress, 2nd Session, U.S. Government Printing Office, Washington, 1956.
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almost everyone approves incentive contracts; the great practical diff-
culty is in defining an appropriate target cost, and in redefining it every
time a modification is made in design. The contractor has a tremendous
incentive to have the target set high, and to have it moved higher with
every change order — perhaps a greater incentive than to reduce costs.
Much time, effort, and ingenuity is spent in negotiating target cost
figures, that must be set off against any savings irom improved incentives.

In fact, the real opporturity for savings and strengthening of incen-
tives may lie in improving the procedure for the setting of cost targets.
Too often, at present, the process takes on the following pattern. The
contractor prepares his estimate of the target cost, anticipating that the
military service will “ruthlessly” bargain for a (familiar) percentage
adjustment downward. As expected, the military service does hold out
firmly for that adjustment, But analytical assistance during this process
is so meager that the military bargainers have little feeling for the
reasonableness of any of the estimates.!? Despite the uncertainties that
plague cost estimation, better cost analysis for the military Services during
negotiation is one important way to improve incentives of contractors and
increase their efficiency.20

Another promising general approach (although in no sense an alterna-
tive) is some intensification and redirection of competition among con-
tractors. Competitive bidding is a useful device only in special cases, but
other forms of competition can be stimulated. The Services do get to
know which producers are high cost and which are lost cost.?! They learn
which can be relied upon to deliver on schedule and which cannot. They
learn which are ingenious and cooperative and which dead and ingrown.
They could do more than they now do to reward efficient and satisfactory
contractors (say, by giving them desirable contracts) and to penalize
inefficient and unsatisfactory ones — perhaps occasionally letting one of
the latter fail. They can also find ways of encouraging promising new
ftrms, and of promoting them, i they prove worthy competitors, into
the charmed circle of recognized major suppliers. Imaginative, tough-
minded management of this kind might help more than the most ingenious
incentive-type contract,

In special cases other methods may be used to stimulate competition.
Some of these will be discussed in the chapter on research and develop-
ment. In research there may be opportunities for competitions with prizes.
Frequently in the early stages of development it may pay to contract with
two or more suppliers, In some cases this may be desirable in the later

® Ibid., especially pp. 22-35, where considerable emphasis is placed on the desirability
of improved cost analysis.

“Harold Asher, Cost-Quantity Relationskips in the Aisframe Indusiry, The RAND
Corporaticn, Report R-291, July I, 1956, pp. 120-14T.
“ Again, however, additional resources put into careful cost analysis would help.
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stages (prototype production), and it may pay to coniract with several
producers. Nothing spurs a contractor as effectively as knowledge that
his performance will be compared directly with that of a rival or rivals,
with appropriate rewards and penalties — either in the short run (by the
terms of the current contract) or the somewhat longer run (in the next
or later contracts).

The relaxation of contractual constraints, while highly desirable in
itself, depends upon the development of satisiactory substitutes for
“cost-plus.” Rightly or wrongly (we think rightly) the Congress and the
public are determined that contractors be kept from cheating on cost-
plus,* even to the point of being willing to sacrifice some efficiency to
prevent fraud (or just excessive pocket-lining). An adequate incentive
plan or adeguate competition would be far more effective in preventing
abuses than rules and contracting officers (no contracting officers are
needed to police firms engaged in competitive bidding), but until we
develop such a substitute we are stuck with the rules.

PROPOSALS TO FACILITATE AN ECONOMIC CALCULUS
WITHIN THE SERVICES
The ability of the Services to make useful economic analysis of prob-
lems of military choice itself depends upon certain institutional arrange-
ments,

BETTER BUDGETING AND ACCOUNTING TECHNIGUES

The desirability of improving budgeting and accounting techniques has
already been discussed in Chapter 4 as a means of improving decisions on
the size of the national security budget. Precisely the same kinds of
budgeting and accounting reforms are needed to generate the cost informa-
tion needed for good managerial decisions at all levels within the military
Services.

The following are some directions of change in budgeting and account-
ing techniques that would facilitate the economic analysis of military
problems:

1. By far the most important reform is the recasting of budgets and
accounts to reveal the costs of meaningful end-product missions or pro-
grams (like “active air defense’), rather than the costs of classes of
objects (like “personnel — military”). Economic analysis is concerned
with objectives, not objects; it can identify efficient programs for achiev-
ing objectives only if it can relate costs to such programs.

2. Quick budget estimating procedures must be developed. The
present two-year budget cycle is completely inconsistent with the require-

* Another national prejudice, against high profits for “munitions makers,” is a less

defensible and indeed quite damaging hangover from the outgrown pacifism of the
inter-war period.



234 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

ments of quantitative economic analysis. Economic efficiency demands
that alternative programs, of difierent sizes and using qualitatively differ-
ent weapon systems, be costed prior to the selection of the preferred pro-
gram. Present estimating procedures are so time-consuming that the cost-
ing of a single program takes much too long, and the costing of alternative
programs of any kind is out of the guestion. It is important to remember
that all advance cost estimating is highly umcertain, particularly that
which has to be done two or more years in advance of actual expenditure.
Using time-consuming methods in an effort to achieve great accuracy in
budget estimates makes no sense on any count,

3. Efficient choice of programs, as we have seen in Chapter 11, de-
pends on total program costs over a period of years, not on expenditures
in some particular budget year. If, as is highly desirable, long-range
program planning and budget making are to be done together, budget
estimates must extend over a number of years. Of course, only the
estimates of costs of the preferred program in the first year become the
basis of a firm request for appropriations; but which program is preferred
cannot be determined without similar cost estimates for later years
always subject to reexamination and revision before they in turn be
come requests for appropriations.

4. Carrying out economic improvements — investments that woulc
cut total, though not immediate, costs of achieving desired capahilities —
might be encouraged by a form of “capital budget,” segregating certair
investments from operating expenditures, There are conceptual difficulties
in assigning some outlays to the proper category, and a true capital
budget for federal government activities in general may mnot be wortt
the trouble of preparation#? But segregating certain cost-cutting invest.
ments (say, the replacement of obsolete equipment like the inefficient
transports in Chapter 8) might help officials and citizens see that those
outlays are intended to reduce future burdens from the levels that woulc
otherwise prevail. Such segregation, perhaps simply in special supple
mentary exhibits, might reduce the existing emphasis on current dis
bursements and facilitate the installation of efficient cost-cutting capita
improvements.

We are not here arguing that quantitative economic analysis withir
the military should be carried out only in connection with the preparatior
of budgets. On the contrary, this kind of analysis can be useful at al
times and levels within all organizational units, In general, the range o.
choice must be greatly narrowed by numercus qualitative decisions be
fore serious budget-preparation can begin. But the choices among somu

® Jesse Burkhead, Government Budgeting, John Wiley and Sons, New York, 1055, pr
203-210, and Arthur Smithies, The Budgetary Process in the United States, McGraw-Hil
Beok Co., New York, 1935, pp. 459—461.
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major alternative programs, as well as final determination of their levels,
are almost inevitably incidental to the budgeting process, and require
costing prior to choice. Moreover, the generation of reliable cost data
in the form needed for quantitative economic analysis requires that ac-
counts be kept in a form that permits their ready consolidation inte mean-
ingful end-product program categories.2

SPECTALIZED CPERATIONS RESEARCH GROUPS

Economic efficiency in the military Services, as in households and
business firms, is the responsibility of everyone, not of some specialized
official or group. All staffs, at all levels, are (or ought to be) concerned
with getting the most out of the resources placed at their disposal. Some-
times this requires nothing more than straight hard thinking about ob-
jectives, and the arraying and intuitive judging of alternative means of
accomplishing the objectives using an appropriate economic criterion.
These are always the most important ingredients of an economic caleulus.

Frequently, however, special skills are necessary, or highly desirable,
to make the requisite analysis. The systems to be compared may require
expert scientific knowledge in a highly speciulized field (or several such
fields) ; or they may be so complex that considerable mathematical skill
or high-speed computers are needed to find solutions. Tn any event, the
designing of complex studies that combine with expert military judgment
the knowledge and judgment of scientists, engineers, economists, and
other social scientists is a difficult art, for which some people have much
more talent than others and which requires training in scientific method
and long apprenticeship. Tt is, in other words, the kind of function that
is likely to be performed better by specialists.

The Services have, in fact, assigned it to specialized operations research
groups, which have grown in number, size, and breadth of capability
since their modest beginnings in World War TI. Interestingly enough, in
view of our discussion above (pp. 228-230), most of the operations re-
search is now performed under contract with universities, nonprofit re-
search organizations, and industrial companies 2

The definition of the precise role of these specialized groups and their
best relation to the Services that employ them raises many interesting

#Past and current accounts of course seldom provide al! (or nearly all}) the cost
data required in systems analyses, which are usually concerned with new weapon
systems in future years; but they can provide the necessary firm base for extrapolation
as well as a highly desirable check on the accuracy of past estimates.

* The Department of Defense contracts with the Institute for Defense Analysis, a
joint project of five major universities, for its Weapon Systems Fvaluation Group; the
Navy with MLT. for its Operations Evaluation Group; the Army with the Johns
Hopkins University for its Operations Research Office: and the Air Force with RAND,
2 non-profit corporation. In addition all the Services contract with private firms for
specialized studies.
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and important questions, which we can do no more than mention here.
One is the degree of independence the group should be accorded. A
considerable degree of freedom from control (including freedom to de-
fine the problem) is essential for the health and productivity of any scien-
tific organization or inquiry. On the other hand, too much independence
can lead to loss of rapport hetween the group and the decision-makers
who must use its research results if they are to have practical effect.

Another important question is the level at which operations research
groups should report. The answer in principle appears io be —at any
and all levels at which decisions are made that might be improved by
systemalic quantitative analysis. In practice all the Services have at-
tempted to supply operations research services to subordinate commands
as well as to major operating commands and headquarters staffs* In
many cases responsibility for a major decision is so diffuse that the opera-
tions researchers making a single analysis require access to several com-
mands and at different levels in the hierarchy.

Closely related to the reporting level are all the problems of criterion
selection we discussed earlier in this Part. Should the operations research
group attached to the Tactical Air Command, USAF, optimize on TAC
objectives narrowly conceived ? Or should it regard TAC as an arm of the
Air Force, and consider spillover effects on other Air Force commands
and objectives? Or should it regard the Air Force itself as simply an
agent of the United States, and attempt to optimize on the broadest
national objectives? Operations researchers and staff officers of Tactical
Air Command to whom they report will not necessarily take the same
view on all practical problems arising out of possible conflicts among
possible criteria. Tt is one of the more awkward advantages of systematic
quantitative analysis that objectives and criteria must be made clear and
explicit for all to see and criticize. The possible use at lower levels of
parochial criteria, which neglect spillovers, makes it important to have
qualified operations research groups at the higher levels as well; that is,
at the headquarters of the Services and at the level of the Department of
Tefense or Joint Chiefs of Staff.

DECENTRALIZATION AND INCENTIVES
IN DEFENSE DEPARTMENTS
Decentralization of the decision-making function is an extremely at-
tractive administrative objective— in the military as elsewhere. The
man on the spot can act quickly and flexibly. He has intimate first-hand
knowledge of many factors relevant to his decisions. Large hierarchical
®{n the Air Force, Operations Analysis groups at Headquarters, USAF, and at the
various subordinate commands are - unlike RAND, which usually makes broader and

longer range studies, and unlike similar groups who work for the Army and Navy -
an integral part of the Department of the Air Ferce and the civil service.
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organizations, by contrast, tend to be sluggish and hidebound by rules
and regulations, Much of their time and encrgics are consumed in attempt-
ing to assemble, at the center, the information so readily available “on
the firing line”; and since these efforts are never successful, their
decisions have to be made on the basis of information that is both incom-
plete and stale. Decentralization of decision-making responsibility has
the further advantage of providing training, experience, and a testing
ground for junior officers. The best way to develop qualities of responsi-
bility, ingenuity, judgment, and so on, and to identify them is to provide
genuine opportunities for their exercise.

From an administrative point of view the price-and-market mecha-
nism of the private economy can be regarded as a highly ingenious device
for exploiting these advantages of decentralization, without sacrificing the
major apparent advantage of centralization, which is operation in the
interests of the whole rather than of the parts. Effective administrative
decentralization in the military appears much more difficult to achieve.
Nevertheless, the potential advantages of decentralization are so great
that it would be worth a great expenditure of thought and administrative
ingenuity to find partial solutions to these problems, The solutions do
not have to be perfect or optimal, just better than the centralized solu-
tion, which is very imperiect indeed. We can live with some conflict be-
tween low level and high level criteria, as General Motors and United
States Steel have deliberately decided to do.*” If United States industrial
corporations, with a market test available, consider themselves too large
for centralized decisions, there is at feast some presumption that the De-
partment of Defense and the three Services are much too large to be
making detailed operational decisions.

Decentralization in decision making is the counterpart, on the adminis-
trative side, of sub-optimizing in analysis, and raises issues that are
strictly analogous.®® Should Strategic Alr Command (SAC) problems be
delegated entirely to SAC, even though their solution affects air defense,
atom bomb requirements, United States foreign policy, and so on, for
which other parts of the Air Force and the government are responsible ?
And if so, should SAC be required to take these spillover effects into
account? How can any such requirements be enforced, or even defined,
and how can SAC obtain the information necessary to permit it to
take the spillover effects into account, even if it wants to do so?

The fact that these are hard questions with no very satisfying answers
should lead no one to jump to the conclusion that all decisions should be
made hierarchically at a level high enough to include all the responsible

* See page 162.
®The issues are analogous even though the degree of sub-optimizing need not
coincide with the responsibility of the decision-maker, See Chapter g.
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organizations that might be affected -— for instance, in the case of many
SAC problems, by the National Security Council or the President. The
burden on our highest officials is already too great for them to function
efficiently as decision-makers. If any such “solution” were attempted,
our governmental organization would become muscle-bound, rather than
merely sluggish. Unfortunately the superficial illogicalities of decentraliza-
tion are more strikingly obvious than the deadening consequences of
extreme centralization 2?

In fact the United States government and the military Services are
much less highly centralized than many outsiders tend to think. Depart-
ments are largely autonomous, and so are the major Commands. The
President possesses some rather shadowy authority over the Departments,
and the Secretary of Defense rather more over the military Services.
But problems that intimately concern more than one Department are
usually discussed and agreed upon in the Cabinet, the National Security
Council, Cabinet Committees, or (even more frequently) in less formal
direct bargaining between the Departments. Similarly, within the military,
a very high premium is placed on reaching agreement in the Joint Chiefs
of Staif and its Committees, and within each Service, in bargaining among
various Commands and staffs.

The intense dislike on the part of all officials for authoritarian deci-
sions by higher officials is responsible for the pervasiveness of bargaining,
which distinguishes other governments as well as our own, and indeed all
large organizations. The dislike is based not only on egocentrism and
envy (few people enjoy taking orders) but also on a shrewd recognition
of the inevitable shortcomings of centralized decision making.

Intragovernmental bargaining of this kind is a poor substitute for
the price-and-market mechanism of the private economy. It occasionally
leads to agreements (of a log-rolling sort) which are conspiracies against
the public interest rather than a broader, less parochial interpretation of
it.30 But bargaining does achieve some of the desirable effects in govern-
ment that markets and prices achieve in the private economy. Tt goes
some way toewards reconciling the autonomy of lower-level organizations
with higher-level (or at least more broadly based) criteria, SAC is unlikely
to make a purely unilateral decision that adversely affects another Service
for fear that the decision will be appealed to higher authority; it is un-
likely to make a decision impinging on United States foreign policy with-

*Recall the storms kicked up by well-intentioned economy-minded people who dis-
cover from time to time that the Marines are paying more for toilet paper than the
Air Foree; or that the Navy is buying fypewriters in San Dicgo while the Army is
declaring others surplus in Detroit. The bureaucratic regulations and the paper work
needed to prevent such occurrences would undoubtedly be far more costly and far
more damaging to efficiency than any conceivable gains from coordination.

% So occasionally does the market mechanism.,
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out full discussion with the Siate Department, for the same reason.
There is here at least an incipient mechanism for insuring that decision-
makers take spillover effects into account in making their decisions, and
for providing them with some of the information they need in order to
take them into account 3!

Always, however, governmental decisions involve seme sort of bar-
gaining. The significant prohlem, therefore, is the difficult one of choosing
particular bargaining arrangements that are better than others. At present,
there are surely opportunities for improvement. With existing institutions,
for example, the bargainers are often given the perverse incentive of
trying to maximize their budgets (their costs) instead of maximizing capa-
bility for whatever budget they receive. A subordinate official may well
feel that effort devoted to getting his budget increased is more rewarding
than analysis and effort devoted to getting greater capability from a
given budget.

This tendency might be countered by some device for permitting units
to keep a part of any cost savings. An extreme form of correction, which
admittedly has certain disadvantages, would be to give each unit a budget
fixed in amount for two (or even more} years in advance, Commanders
would then have more time and stronger reason for trying to use their
budgets efficiently. Another step might be to give commands greater free-
dom to reallocate funds among appropriation-categories (such as construc-
tion, maintenance and operation, and personnel). Tf this were done, the
commands would not fight a running battle over each appropriation-cate-
gory, pressing hardest for those items that have the most glamour and in
the end finding themselves hamstrung by constraints on the amounts of
specific items that they can use. Again, commanders would have more
time and reason to seek efficient combinations of the inputs, as well as
greater freedom to do so. These and other ways of improving the insti-
tutional framework — of trying to remove perverse incentives, cause the
costs of decisions to impinge on the decision-makers, and make criteria
at various levels consistent with national aims — deserve careful study and
some experimentation. Some such changes may be essential if many of
the improved choices suggested by analysis or better economic understand-
ing, or both, are to be implemented.

™ This view of bargaining was originally presented by Charles E, Lindblem in
“Bargzining: The Hidden Hand in Government,” The RAND Corporation, Research
Memorandum RM-1434-RC, 1955,
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13. MILITARY RESEARCH AND DEVELOPMENT'

fn economics we distinguish between the problem of allocating re-
sources efficiently with a given technology and the problem of advancing
technology. In some circumstances and periods one of these problems
seems more important; in different eircumstances and perieds, the other.
Economic theory has a great deal more to say ahout the static allocation
problem than about the promotion of technological progress, which is,
for reasons we will explore, less tractable to analysis.

Technological progress in the field of national security now depends
mainly upon the success of research and development activities sponsored
by the military services and such closely related agencies of government
as the Atomic Energy Commission and the National Acronautics and
Space Administration. There are other sources of useful ideas, of course,
It is in the nature of research that the researcher does not know what he
will discover ; and many ideas developed in university or industrial labora-
tories or by civilian inventors have turned out to have military applica-
tions that were neither sought, anticipated, nor in some cases welcomed by
their originators (for instance, Nobel's dynamiie, the Wright brothers’
airplane, and the concept of atomic fission). Also, the miltary Services
include inventive persons who think of ingenious new devices or tech-
niques for accomplishing military tasks outside the formal research and
development establishment. But in the main the Services have to buy
progress within that estahlishment; and their success depends upon {a)
how much they spend, and (b) how efficiently they spend it.

There can be no question regarding the crucial importance of promoting
military technology in the nuclear era. Any power that lags significantly
in military technology, no matter how large its military budget or how
efficiently it allocates resources, is likely to be at the mercy of a more
progressive enemy. Both weapons and systems for delivering them have
gone through several revolutions in the few years since the end of the
Second World War. Individual bombs are now 1,000 times as powerful
as those dropped on Hiroshima and Nagasaki, which were themselves
1,000 times as powerful us the largest dropped on Germany. Brealthroughs

In this chapter we arc especially indebted to Burton H, Klein and William H.
Meclling (see their “Application of Operations Research to Development Dacisions,”
Operations Research, May—June 1958, pp. 352-363, and see Klein’s “A Radical Prepesal
for R. and D.,” Fortune, May 1958, pp. 112 ff.).
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in missile technology are continually threatening the whole offensive or
defensive apparatus of one side or the other. Keeping ghead in the
technological race is not in itself a guarantee of security in these circum-
stances; it remains essential to incorporate the technology in operational
hardware (“forces in being”) and to deploy them and use them with
skill and intelligence. But no amount of production, skill, and intelligent
use can compensate for significant technological inferiority. Our atomic
monopoly in 1945 would have insured victory over Japan even if the
ratio of our conventional forces to theirs had been reversed. Clever opera-
tions research can in exceptionzl cases improve some capability of a force
by a factor of 3 to 10. Inventions can frequently change the same sort
of capability by factors of 1o to 1,c00.

Of course any particular nation will borrow much of its scientific
knowledge and even its military technology from other countries. Science
is international. Once a scientific discovery is made, it quickly becomes
the property of scientists everywhere; frequently the same discovery is
made nearly simultaneously in two or more widely separated research
centers. Scientists in all leading countries (certainly including Russia)
were familiar at the beginning of the Second World War with the basic
scientific ideas that prompted us to initiate the Manhattan District
Project. Few if any of these ideas were American in origin.

To a lesser extent the same is true of developments in military hard-
ware. Despite military secrecy, the news of a new development leaks, and
this leads to frantic copying on the part of potential enemies. The British
“invented” the tank in World War I, but they disclosed it prematurely,
and the most effective use of the tank in that war was made by the
Germans. Tt is only a question of time before many additional countries
perfect advanced nuclear weapons. Espionage is responsible for some of
the transmission of new technological ideas from country to country, but
espionage rarely does more than speed an inevitable process. New military
hardware can usually be observed without too much difficulty when it be-
comes operational, In the United States and most Western countries full
accounts are usually made available earlier than that to anyone who can
read the public and technical press and the advertisements of contractors.
Even if technical details are not revealed, the mere knowledge that a
research abjective has been achieved is an enormous help and stimulus. It
means that the objective is achievable. -that there is a treasure to be
found and that a search {for that is what research is) is therefore defi-
nitely worthwhile, Other countries might not be developing atomic
weapons today if we had not demonstrated their feasibility.

Therefore the net gains from a successful military development can
only be counted on for a few years at most. If a nation’s civilian economy
is made more productive by research, the nation continues to gain from
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the increased productivity even if other countries do copy (as of course
they will). But military strength is in its very essence relative. Accretions
to our absolute strength are offset if potentially unfriendly nations make
equivalent additions to theirs. And we must, in general, expect them to
do so when a new scientific idea is responsible for our gain.?
Nevertheless, those few years of superiority may be decisive. Consider
how our security would be prejudiced if the Russians had the technological
initiative and we were reduced to copying their successes with a lag of
several years (2 by no means inconceivable circumstance since their
launching of the first satellite). Suppose the Russians had had a four-year
lead with the A-bomb. Imagine them with a similar lead in operational
intercontinental ballistic missiles. Or in effective anti-ICBM’s. It is mis-
leading to say that primacy in military research and development can
give us only lead time. This may be enough to prevent or “win” a war,
and, for a nation on the strategic defensive, is essential to avoid defeat.

KINDS OF MILITARY RESEARCH AND DEVELOPMENT

Nomenclature in the fleld of research and development is thoroughly
confused, partly because the processes by which new scientific and techni-
cal knowledge is wrested from nature are not well understood and are any-
thing but neat and orderly. It is customary to use some such classification
as the following in discussing problems of military research and develop-
ment policy management

1. Weapon system development, directed toward the fabrication for
testing of prototypes of operational weapons. In the case of missiles (and
some other systems), this may mean the fabrication of rather large test
inventories, The term “weapon system” in this context is used in a
narrower sense than we have used it in discussing systems analysis, The
system being developed typically includes the major equipment (say a
bomber aircraft) and such auxiliary equipment as power plant, bombing-
navigation system, other electronics gear, and armament, but would not
necessarily include an operational concept, or base system, or personnel
training program.

# This by no means implies that all scientific ideas are “neutral” as between nations.
The question whether the development of A- and H-bombs is on halance favorable to
the West (because it enables ug to offsct the alleged Russian superictity in manpower)
or to the Russians {because it robs us of our previously decisive advantage in mobilization
potential), or unfavorable to both (because it threatens mutual destruction) is still
being ardently debated. There may be aspects of national gengraphies, economies, or
psychologies which make any given invention more useful to onc country than to
ancther.

*This classification is not nccessarily identical with lhat of the National Science
Foundation or of other Agencies. Also, it might be noted that there are not sharp lines
of demarcation betwecn these categories. Nonetheless, the use of such a classification is
essential to the understaunding of R and I problems.
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2. Component development, that is, the more or less independent
development of items of military hardware which are not themselves
“weapon systems” or “major equipment,” but parts or sub-systems of
such major equipment. The distinclion between systems and sub-systems
is, of course, arbitrary. The important thing is that the Services can and
do spend money productively developing engines for aircraft, guidance
systems for missiles, gyroscopes for guidance systems, communication
systems for armored vehicles, gear for landing aircraft on carriers, and
s0 on, without knowing precisely the type or model of the major equip-
ment of which the component wiil be a part.

3. In exploratory development, or applied research the objective is
advancing the state of the technological art rather than obtaining im-
mediately operational hardware. Someone has had a promising idea for
a new type of vacuum tube or a new fuel or a new design to reduce drag
in an aircraft wing. The idea may have emerged from paper research or
may simply have been someone’s inspiration. Whatever its origin it re-
quires some sort of testing or verifying before it can be accepted as valid
and incorporated in the state of the art. This may involve a laboratory
experiment, a wind tunnel test, or the construction of a working model,
depending upon the nature of the idea. Test models are typically very
much cheaper than operational models, although there are some exceptions.

4. Basic research is the deliberate search for knowledge. The military
Services, AEC, NASA, and so on, support a good deal of basic research
in areas of special interest to them, such as aerodynamics, atomic physics,
and some branches of mathematics. Basic research is typically the cheapest
type of research and development if we think of something like “cost per
idea explored.” It frequently requires no equipment except paper, and
with some exceptions (betatrons, for example) even the scientific Iabora-
tories and computing equipment that are needed cost less than a single
operational prototype of a new aircraft or missile.

We estimate that, using generally accepted definitions, military re-
search and development in the late 1950’s was costing about $6 billions
per annum. This estimate is both arbitrary (the boundary between
“development” and “production” is hard to draw)* and misleading, since
by far the largest part of this total js at the weapon system end of the
research and development spectrum and includes large costs of fabricating
operational prototypes. Expenditure really devoted to advancing science
and technology in areas of special military interest is much less — perhaps
$1 to 32 billions. This would include basic research (on the order of

*For example, when the Air Force (or Navy) contracts for a new model of aircraft,
making the first “prototype” batch is regarded as development. But when the Navy
contracts for a new model of submarive, constructing the very frst is regarded as
production.
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$150 to $200 million), what we have called exploratory development, and
some genuine state-of-the-art advancement undertaken in connection with
component and weapon system development.

Most weapon system and component development is undertaken by
industrial firms on contract with one of the Services, although the Navy
and Army still do some in their yards and arsenals. All three Services
support extensive test facilities as well as administrative staifs to de-
termine requirements, to let contracts, and to supervise performance under
contracts. Research and exploratory development is divided between
internal and external research centers and laboratories. A major share of
the basic research is performed on contract by laboratories and individual
scientists in universities.

PROBLEMS OF RESEARCH AND BEVELOPMENT

It is apparent that many of the problems of managing a research and
development program have important economic aspects.

For example, the most fundamental problem of all, how much to spend
on the program, is an allocation problem. Economic theory tells us that
we “should” spend on research and development until the marginal gain
from the expenditures, properly discounted, is just equal to the gain
from expenditures elsewhere. But in the case of research and development,
whether it is performed for a military Service or a business firm, this
formula is peculiarly difficult to interpret or apply. The gain is much
mote uncertain — much harder to predict with accuracy — than the gain
from, say, an additional fighter defense squadron with aircraft of known
performance. This is particularly true of basic research and exploratory
development, where the product, if any, will be knowledge - and knowl-
edge usually far removed from any practical end use. Calculating gains
from research and development is further complicated by the need for
discounting. Typically the payoffs from research and development are
expected in a more distant future than payoffs from procurement, since
there is no enhancement of military capability until the results have
been incorporated in operational hardware, procured, and deployed in
operational units. This means that the discounted values of the payoff
are highly sensitive to rates of discount — and as we have seen, there is
great uncertainty about which discount rates are most appropriate,

These uncertzinties make it difficult or, in many cases, impossible to
use an explicit economic calculus to determine how much of total re-
sources should be allocated to research and development; how these re-
sources should be divided among the various kinds of research and de-
velopment ; and which specific projects should be selected. At the end
of this chapter we will return to the question of what role economic
calculations can play in answering such questions. Short of such calcula-
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tions, however, general economic reasoning and analysis of the institutional
factors affecting the research and development process can throw some
light on the way these problems should be approached, and on some
common pitfalls and mistakes in research and development policies and
management,

It is our opinion that the three main root causes of error in the
management of military research and development are: (z) a failure to
appreciate the degree of uncertainty involved in research and develap-
ment or, what has the same effect, a tendency to ignore uncertainties
and act as if they were certainties; (2) a pervasive tendency, discussed in
Chapter 11, to undervalue future outputs relative to current ones: and
(3) certain characteristic tendencies of bureaucracy, particularly the
strength of centripetal (centralizing) forces.

Of these the most serious and destructive is the first. The important
thing to appreciate in making good decisions with respect to research
and development is the dominant role played by uncertainty. Research
and development are uncertain by definition. Research is a search, and
one rarely knows in advance whether the search will be successful at alt,
let alone how long it will take or which route will lead to the treasure.
The military Services have all too frequently tried to command the
research and development community to invent new weapons to specifica-
tion, just as they would command a platoon of infantry to march by the
right flank. One of the Service manuals attempts to prescribe research
and development planning procedures as follows :

Planning for research and development is hroadly similar to planning for a
military operation. . . . The objective must be clearly identified, the operation
or job must be divided into component parts, units or organizations must be
assigned to accomplish each part, the time and resources required for each part
must be estimated, and all efforts must be time-phased in proper relationship to
each other.®

But the essence of research and development is that it is not like
the military operations for which this kind of planning and scheduling is
appropriate.® Among research and development activities, this type of
planning is least inappropriate for weapon system development — al-

*ARDC Program Management Procedures, ARDC Manual No. 80-1, Headguarters,
Air Research and Development Command, United States Air Force, Baltimore, Maryland,
September 1, 1956, p. T1.

This is not to say that R and D planning is the same in 1962, or will be the same
in the future, as in the past. In the U.S. Air Force, for example, some recent changes in
procedures indicate a greater recognition of the crucial role of uncertainties in R and D
planning.

® This kind of planning is equally inappropriate for a good many classes of military
operations, where uncertaintics demand flexibility, probing techniques to gain information,
improvisation on the battleficld, ete., rather than neat, orderly scheduling in advance to
achieve a clearly identified objective.
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though even there, as we shall see, it has limited usefulness and great
dangers. In exploratory development and research the precise identifica-
tion of objectives and scheduling are less important than trying to cover
all good bets, selecting first-rate scientists and productive laboratories,
promoting competition, and preserving flexibility to follow up vigorously
on break-throughs.

SOME COMMON PITFALLS
TOO LITTLE “DUPLICATION

One of the most important and obvious corollaries of the uncertain
character of research and development is the desirability of some duplica-
tion. (Here, as is common in discussions of research and development,
“duplication” means diversification or pursuit along several routes.) If,
as is typically the case, there are two, three, or a dozen possible paths to
some research and development objective, each with supporters and
detractors, it will frequently pay to try two or more, not just one, which
may fail or take an inordinately long time. In any rationally conducted
program there should be duplication in this sense, and there will inevitably
occur what appears with the aid of hindsight to be waste — the effort de-
voted to the unsuccessful {or less successful) paths.”

But how much diversification and where? No one knows enough to
give precise answers. Some original and suggestive theoretical analysis
indicates that in many circumstances there are great gains from pursuing
two, three, or four paths, but rapidly diminishing returns from further
duplication. Not only does the use of several routes buy time; it also,
up to a point, actually saves money! The optimal amount of duplication
in any particular situation is sensitive to the following factors: ®

1. There should be more duplication, the greater the expected payofi
from the research. In the Manhattan District Project, six completely
distinct and independent methods of separating fissile material were under
development concurrently; if the expected payoff had been less, fewer of
these expensive “duplicating” projects could have been justified. Inciden-
tally, the method that succeeded in producing the material for the
first bomb was regarded at first as among the least promising. There is
a strong case for some duplication in the development of critical weapon
systems, despite their great cost, because of the disasirous conseguences
if the one horse that we back runs last,

TFor an excellent description of the uncertainties in R and D and the importance of
“duplication,” see Ely Devons, “The Aircraft Industry,” in Duncan Burn (ed.), The
Structure of British Industry, Vol z, Camhridge University Press, Cambridge, England,
1958, pp. 54-69.

®For an ingenious attempt to quantify the role of these facters, sce Richard R.

Nelson, “The Economics of Parallel R and I Efforts: A Sequential-Decisicn Analysis,”
The RANDY Corporation, RM-2482, November 12z, 19359.
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2. There should be more duplication, the greater the uncertainties,
If, in developing a missile, the airframe is straightforward engineering,
while there appear to be great uncertainties in developing the guidance,
the important thing is to try several approaches to the guidance problem
—-perhaps completely independent approaches using competing con-
tractors.

3. There should be more duplication, the cheaper it is to duplicate.
More weapon systems should be developed than are ultimately procured
(it may have made sense to develop two intermediate-range ballistic
missiles — Thor by the Air Force and Jupiter by the Army — yet not
to buy quantities of both for operational use). There should be more
duplication in the development of difficult or critical components than
in the development of whole weapon systems. And there should be most
duplication in exploratory development and research, where the cost of
trying another path or testing it is usually a tiny fraction of prototype
fabrication costs.

As a result of factors (2) and (3), we want a great deal of “temporary”
duplication. Later, as we get more information and reach more expensive
stages of development, we want to decrease the number of routes to be
followed.

4. There is a stronger case for duplication if the alternatives are
qualitatively different, and if the factors that will determine their success
or failure are independent.

TO0 LITTLE COMPETITION

This is not quite the same thing as too little duplication, although
the two are closely related in practice. Duplication is possible without
competition — for example, if the multiple paths are explored by the
same organization or individual. And competition is possible without
duplication, (The Army and Navy would compete for budget even if they
never developed similar kinds of hardware.} Competition provides a spur
that is frequently lacking in the research and development world of
cost-plus contracts and scheduled progress. Some dedicated individual
researchers do not require it, but there is nothing so stimulating to most
people and organizations engaged in research and development as the
fear that another company or laboratory will beat it to the objective.?
Even competition among the military Services has proved highly bene-
ficial. Robert Schlaifer concluded as follows from his study of the
development of aircraft engines:

The American system of administering development did, however, have one
feature greatly superior to both the British and the German systems, This was

"1t helps significantly if some real monetary prize is awarded the winner —like a
production contract.
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the sponsership of development by two separate agencies, the Army and the
Navy. The first and most obvious result of a separate organization for naval
aviation was, of course, that development specially directed at the needs of naval
aviation was not slighted in the United States as it was abroad. In addition, however,
the existence of two independent zgencies meant that the mistakes or omissions
of one were corrected in a surprisingly large number of instances by the actions
of the other. Whatever may be the merits of the case for unification of the military
services in other respects, there can be no doubt that the sponsorship and

direction of development by two separate agencies brought results worth very much
more than the cost.X0

Unfortunately much of the competition between companies engaged in
research and development is now concentrated at the stage of preliminary
design. Tt has become a common practice for the military Services to
invite industry to submit proposals (in the form of preliminary designs
on paper) for the development of new weapon systems, and then to select
one {(or at most two) of these proposals for further support. As a result,
there is intense competition among the companies involved in producing
the most glamorous and promising drawings. But too often this kind of
competition is a competition in optimism and exaggeration, The company
that exaggerates more gets the contract. Competition is effective in pro-
moting progress only if the consumers are well enough informed to make
rational selections; and there is abundant evidence that no one — admin-
istrator or scientist-—is good at picking winners at the preliminary
design stage. On the other hand, judging the performance of actual
hardware -—even test models-—is relatively easy and reliable. Exag-
gerated claims can be debunked on the test stand. Few things would have
a more salutary effect on the efficiency of research and development than
shifting some of the competition that now takes place at paper stages
forward to early hardware stages. There are problems in doing this at

reasonable cost, but longer-run savings justify a major effort to solve
them,

PREMATURE, OPTIMISTIC, AND TOO DETAILED REQUIREMENTS
FOR ADVANCED $§YSTEMS

Wishful thinking stimulated by the claims of contractors and enthu-
siasts, neglect of the uncertainties, and a natural desire on the part of
responsible military officials to have the research and development estab-
lishment produce on order what they consider necessary for defense,
have sometimes resulted in a tendency for the Services to specify their
requirements for advanced weapon systems prematurely, optimistically,
and in too great detail. Typically this kind of overspecification is

" Rohert Schlaifer, Development of Aircraft Engines, in R. Schlaifer and S. D. Heron,
Development of Aircraft Engines and Fuels (Boston, Division of Research, Harvard
Business School, 1950), p. 11.



252 THE ECONOMICS OF DEFENSE IN THE NUCLEAR AGE

attempted following the submission of preliminary designs— or even
earlier.

Studies have been made of the reliability of early estimates of
(1) cost, (2) development time, and (3) physical and periormance
characteristics of new, advanced weapon systems. The results are strik-
ing. In the case of estimates made at the preliminary design stage, costs
are typically underestimated by factors of z, z, 10, or in some cases
substantially more. Development time is typically underestimated by
I to 5 years, And the final system usually differs markedly from the
predicted system both in physical and performance characteristics. !
Usually, although not quite always, the estimates are optimistic — a bias
one could expect from the premium on exaggeration by contractors in
design competitions. But more serious than the bias (which could be
discounted if it were systematic) is the wide range and scatter of the
estimates. Choices at this stage must recognize these uncertainties.
Precise technical and performance specifications at this stage involve
self-delusion.

Premature specification makes it inevitable that many changes in
specifications will have to be made as the system is developed. Detail
also multiplies the number of changes in specifications that will be
required, and obstructs the objective of getting a working model quickly
into test. Excessive optimism in drawing up performance specifications
can make the development so difficult that it must fail, or take much
longer and cost much more than planned, or require a downgrading of
the requirements ** It is not unusual for weapon system requirements to
be so optimistic that several inventions or advances in the state of the
art are needed on schedule if the development is to succeed. Prior to the
successful test of the IH-bomb, the development of the Air Force’s first
ICBM had been thwarted by requirements for payload and accuracy that
proved infeasible. Only when these requirements were substantially
relaxed after the successful H-bomb test could development proceed to
the point where vehicles could be tested.

The need for changes in specifications would not matter so much if

“'For cxample, more than half the aircraft developed since World War II ended
up using different engines from those envisaged at the preliminary design stage. Afrcraft
expected tc be supersomic turn out to be subsonic. Nuclear weapons expected to have
a “yield” of x in fact have yields of zx —or .1x, and so on. See A. W. Marshall and
W. H. Meckling, “Predictability of the Costs, Time, and Success of Development,” The
RAND Corporation, P-1821, December 171, 1959.

¥ We will suggest later that instead of trying to specify all performance characteristics
well in advance (x miles per hour, y C.E.P., z range, etc.), which places zn intolerable
strain on the art of prediction, the military Services would be well advised to indicate
limiting values of such characteristics and acceptable trade-offs between them (in short,
their “prefercnce surfaces”).
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they could be made quickly and easily as the need became apparent. But
it is a fact of life in large bureaucracies that decisions are difficult to
unmake and remake and that the process is time consuming. The military
research and development establishments are not an exception to this
general rule. As a result much time is lost in obtaining authorization for
changes in specifications through all the echelons of authority. Even
more time is lost in attempting to find a way around obsoclete or excessively
optimistic specifications to obviate the necessity of appealing through
the echelons of the hierarchy for new decisions.

An important reason for early, fairly detailed specification of weapon
systems is the need to match the various components under development
— for example, in the case of a missile, the airframe, power plant, war-
head, and guidance. This need is real, and must be achieved at the
appropriate stage. Where a system is being put together from previously
developed and tested compenents (as was the Air Force’s Thor), matching
and the detailed specifications required by matching may be imposed
without too much risk at the preliminary design stage. But where a new
system is really advanced, where the components have yet to be developed
and tested for feasibility and performance, premature concern over
physical matching can delay development by years. The urgent thing is
usually to get the critical components developed to the point where
they can be tested (having “duplicate” efforts on the most critical ones to
gain quality, time, or both). When it is known that they work is early
enough to worry about matching configurations i detail.

PREMATURE COMMITMENT OF LARGE FUNDS

The illusion that the future can be foreseen with something approach-
ing certainty, plus pressure from the contractor, plus a desire by the
military Services to save time and to guarantee the availability of a
budget to complete the development, produce a tendency to commit
large funds prematurely to highly uncertain weapon system developments,
Because of the great uncertainties that affect technological development,
and the equally great uncertainties regarding the military usefulness of
particular developments, it is desirable to retain the flexibility to terminate
developments at short notice and low cost.

One type of premature commitment is the commitment to production
tooling at an early stage of the development. There are exceptional cases
where some commitment may be justified at an early stage, but most
of the tooling ordered before the testing of prototypes has to he scrapped
because of changes in specifications, This appears to be the sort of gamble
where you gain little if you win {six months of lead time at most except
in periods of heavy pressure on the capacity of tool producers); lose a
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great deal if you lose (up to your total investment plus confusion and
time) ; and, in view of the great uncertainties and typical drastic changes
in specifications, have little chance of winning.

EXCESSIVE CENTRALIZATION OF DECISION-MAKING

There seems to be an inevitable tendency in bureaucracies for decisions
to be made at higher and higher levels. The forces in this direction are
simple and easy to understand, but so powerful that they are almost
irresistible even when understood. There are some good reasons for
making decisions at high levels. The high level official can take a broader,
less parochial view; he perhaps has a better conception of over-all
Service or national requirements; the fact that he is at a high level sug-
gests that he may be an abler person. On the other hand, there are excellent
reasons for making most decisions at lower levels. Officials on the spot
have far better techmical information; they can act more quickly;
giving them authority will utilize and develop the reservoir of ingenuity
and initiative in the whole organization. Moreover, if large numbers of
detailed decisions are attempted at a high level, or if decisions first
made at lower levels may readily be appealed to be remade, the higher
levels will become swamped in detail, decisions will be delayed, the
organization will become muscle-bound, and the higher levels will have
neither time nor energy for their essential function of policy-making.

Nevertheless, the high level official is acutely conscious of his ad-
vantages in making any particular decision: and while the lower level
official is at least equally conscious of his advantages, the higher level
official is in a position of authority, and decides who is to make the
decision — too frequently, of course, himself. The result is a constant
tendency for the center of gravity of decision making to shift to higher
echelons. New higher echelons, in fact, get invented from time to time
to facilitate this movement.

The implications are serious for the kind of flexible research and
development management that will capitalize on the ingenuity and
initiative of science and industry. The problem is not confined to the
military Services or to the government. Industry and universities have
their bureaucracies too. One very perceptive administrator of industrial
research, C. E. K. Mees, described the problem in industry as follows:

The best person to decide what research work shall be done is the man wha
is doing the research. The next best is the head of the department. After that you
leave the field of hest persons and meet increasingly worsc groups. The first of
these is the research dircctor, who iz probably wrong more than half the time.
Then comes a committee, which is wrong most of the time. Finally, there is a
commitiee of company vice-presidents which is wrong all the time.!?

*® As quoted by John Jewkes, David Sawers, and Richard Stillerman, The Sources oj
Invention, Macmillan & Company, Ltd, London, 1938, p. 138.
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But in industry, and especially in universities, there are strong centrifugal
forces to match the centripetal ones.

TOO LITTLE EMPHASIS ON EARLY STAGES OF RESEARCH AND DEVELOPMENT

It is very difficult to say whether too little or too much is being spent
on military research and development as compared with the procurement
and operation of forces in being. Some general considerations — the
undervaluation of future outputs in government and the tendency of all
bureaucracies to avoid risky ventures — would lead us to expect that
too little is being spent. But there are some countervailing factors — the
fascination of high performance hardware, and the very general tendency
(for reasons we have examined) for the Services to be excessively con-
fident and optimistic about the prospects of uncertain weapon system
developments. On this issue of the total research and development budget
no confident conclusion is possible.

It does, however, appear extremely probable that precisely the same
tendencies — to undervalue distant gains and to shun projects that are
risky or have no direct or obvious mililary payoif —have led to an
excessive conceniration within the research and development budget on
the final stage of research and development, weapon system development,
at the expense of earlier stages. Here there seem to be no countervailing
tendencies of any importance. Fascination with high performance hard-
ware reinforces the emphasis on weapon systems. So does optimism about
the prospects of advanced weapon systems. It is allegedly much easier
1o get money from Congress for the development of impressive weapon
systems with undoubted military utility if they succeed, than to get it
for components with no highly specific end use in mind, or for basic
or applied research that is even further from practical military
applications,

But it is in research and exploratory development that spectacular
advances in the state of the art are discovered; and it is there that we
can afford not to stint, In most instances, we could develop weapon
systems more cheaply and in less time if we placed more emphasis on
the more or less independent development of critical components, and
on getting them quickly to test; and, as a general rule, did not try to
“marry” them in a weapon system until a set had been tested.}* If we
shifted our emphasis in this direction {from our present development
practices), making a stricter separation between “inventing” and “marry-
ing,” we could prohably release substantial resources for inventing.

H There would certainly be exceptional cases where the ulility of a new advanced
system and its time urgeucy are so great that it would be worth early matching — at
high cost— to have some chance of getting the system a little svoner #f the reguired
inventing did proceed on schedule.
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REORGANIZING RESEARCH AND DEVELOPMENT

Since the Russians so spectacularly demonstrated their progress in
advanced technology by launching the Sputniks, there has been much
critical evaluation of the United States research and development pro-
gram and pelicies. In our opinion most of the criticisms have been wide
of the mark. With amazing unanimity the critics have pointed to the
uncoordinated character of research and development, the lack of ade-
quate planning, the absence of strong central direction, and the alleged
duplication, competition, and waste. They demand strong central direc-
tion and coordination, review of programs and projects, elimination of
competition (especially inter-Service competition), and the weeding out
of duplicating projects.'® In response to these criticisms a new, echelon
of research and development planners and managers is being added to
the Pentagon at the Department of Defense (DOD) level to direct all
lower echelons.

These criticisms, we think, are based on a fundamental misunder-
standing of the nature of research and development. They treat as certain
what is highly uncertain. They try to strengthen control at the top when
what is needed is initiative and spontaneity at the bottom. They try to
suppress competition and diversification because particular duplications
are obviously wasteful from the vantage point of hindsight, apparently
unaware that duplication is a rational necessity when we are confronted
with uncertainty and that competition is our best protection against
bureaucratic inertia.

The popularity of these criticisms is a little surprising when one
reflects that military research and development is being pilioried for

¥As an example, the following is an excerpt from an article entitled “How Tke
Answers Critics of Shake-up in the Military,” in the U.S. News and World Report dated
April 23, 1958, p. 122:

“In another area —defense research and development programs — the need for
central divection is especially zcute.

“This arca, more than any other, invites cosily rivalries. The programs are critically
important. They involve the weapons of tomorrow. In these programs we cannot afford
the stightest waste motion. Nor can we afford to devote three sets of scientists and
laboratories and costly facilitics to overlapping weapons systems and research projects,

“Recently we have been spending something more than 5 billion dollars a year for
research and development programs dispersed among the several services. This great
sum Is used to maintain our weapon potential but does not procure one single weapon
or picce of equipment for the operating forces. Not a one. Eminent scientists report to
me that centralization of direction over this program will surely cut costs markedly and
improve efficiency,

“I have recommended that the supervision of this entire aclivity — and, to the extent
deemed necessary, its direction — be centralized in the Defense Department under a top
civiian who will be a national leader in science and technology — the actual work heing
done largely by the military departments, as is the case today. The Congress willing, we
will substantially increase the efficiency of this multibillion-dollar research and develop-
ment effort, reduce its cost, and sirike at one of the roots of service rivalries.”
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precisely those characteristics that it has in common with research and
development in the iree enterprise economy. Research and development
in the American economy is uncoordinated. There is no central planning
or direction. There is a great deal of duplication, rivalry, and of course,
viewed with the aid of hindsight, apparent waste. And yet the American
economy is, in most industrial and technological areas, the most pro-
gressive and advanced in the world — certainly more progressive in those
areas than the economies of countries that place much greater emphasis
upon central planning and less upon competition.

We would not argue that all is perfect with research and development
in the American competitive economy. There are persuasive reasons for
believing that, from the point of view of national economic growth, the
American economy spends too little in total on research and development
and that, like the military it spends relatively too much at the quick-
payoff, prototype end of the spectrum and too little at the basic and
applied research end¢

Nor would we argue that the government could simply copy aspects of
the competitive cconomy even if these were perfect in their own environ-
ment. There are at least two fundamental differences. In the economy
the consumers are king; there are millions of them for firms to satisfy —
with varied wants and in all sorts of circumstances. But mili tary research
and development has a much narrower purpose — the promotion of
national security. And while national security is exceedingly complex,
the government has a special capability as well as a special responsibility
to define its objectives and means. This demands a kind and degree of
planning and control that would serve no function in the private £Conomy.
And there is a second difference, which is of even greater practical
importance. In the competitive economy, firms risk their own money ;
they therefore police themselves. In military research and development
contractors risk public money, and some fairly effective controls against
malfeasance, carelessness, and irresponsibility are needed and demanded
—even at the cost of some efficiency.

Nevertheless, despite the imperfections of the competitive market
solution and despite the differences in circumstances, the government
could learn a great deal from observing how the private economy manages
research and development. The private economy does, in effect, recognize
the essential characteristic of research and development — uncerfainty

* The most important reason for such underemphasis on basic research is the difficulty
the private competitive firm has in latching onto property rights in the results of R and
D. Patents provide partial and undependable prefecticn in most areas. The chstacles
to reaping the reward from one’s own discoveries are greater the further removed the
discoveries are from immediate practical application, (Sec Kenneth J. Arrow, “Economic

Welfare and the Allocation of Resources for Inventicen,” The RAND Corporation, P-1856,
December 15, 1959.)
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—and responds to it in a comparatively effective manner. The private
economy is not afraid to follow multiple paths in research, and it
duplicates more, the greater the payoff, and more, the less the cost.
Instead of striving for an extreme form of monopolistic bureaucracy in
the management of research and development, we would do well to
consider emulating part of the practices of our more progressive industries.

SOME REAL PROBLEMS OF RESEARCH AND DEVELOPMENT

The real problems of research and development policy and manage-
ment in the government are not the elimination of competition and
duplication. Neither, although some planning and control are essential,
are those problems adequately described as the need for “strong central
direction,” “better planning and coordination,” and similar clichés of
our contemporary centralizers. But there are real and challenging
problems:

1. How can we eflectively decentralize, to promote initiative and
spontaneity in industry, the laboratories, and throughout the military,
while maintaining control of policy and preventing recklessmess and
malfeasance in the spending of public funds?

This is a general problem, by no means confined to the management of
research and development, as we saw in the preceding chapter. One of
the keys to its solution is an adroit use of competition. The Services can
use compctition among contractors to make their control of policy
effective. If there are scveral competitors striving for future favors, they
are highly sensitive to the requirements of the customer. But if there
is only one source of supply, the customer is at his mercy.

Wkhere contractors are sensitive to the customer’s requirements, it is
not necessary to spell out the required specifications in such damaging
detail. A general indication of preferences and trade-offs — some indica-
tion of the relative worth of improvements in accuracy, reliability, and
so on — will suffice. This leaves more scope for the exercise of ingenuity
by the contractor, obviating some of the frustrations and delays resulting
from the necessity for frequent changes in specifications.

2. At a higher level, how can we make good use of inter-Service and
inter-agency competition while curbing its undesirable features? There
is, in our view, no question that inter-Service competition serves a
valuable role — particularly with respect to research and development.
Like other competition, it provides a powerful stimulus to thought and
action, and a safeguard against bureaucratic rigidities. It provides a
number of alternative sources of support for scientists, inventors, and
firms with new and unpopular ideas to be tested (and almost all great
ideas were unpopular when new). If inter-Service rivalry did not exist,
we would he forced to invent something very like it.
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But there is also na doubt regarding the undesirable consequences of
some aspects of inler-Service rivalry. Perhaps the least desirable conse-
quence for research and development is the use of exaggerated claims,
on paper, for future weapon systems in the struggles for budget, roles, and
missions. This is the counterpart, at a higher level, of the use of inflated
claims in the struggle for contracts at the preliminary design stage —
and the two are of course closely related. If we could learn to avoid heavy
commitments of money until performance has been demonstrated by pro-
totypes or test models, we could put competition at both levels to a
usgeful purpose,

3. How can we judge and ckovse contractors and laborafories? Success-
ful research and developmeni requires skill and genius. There is no
substitute for talented people —and effective organizations, But how
can performance be judged in a feld where objective standards are
lacking? And how, when competitive bidding iz impossible, can the best
contractors be selected ?

We have no neat and simple solution, and doubt that one can be
found. But we are persuaded that the Services should attempt to exercise
control over contractors mainly by judging and rewarding performance
rather than by detailed supervision. In the case of laboratories and
research organizations the important thing is the successes of the whole
organization over a number of years, rather than the prospects of any
particular projects. If officials reoriented their thinking in this direction,
instead of attempting project-by-project reviews, they would exercise
more effective and meaningful control and save much valuable time of
research scientists that now goes into the preparation of justifications.
It is hard to judge an organization by its record, but usually easier than
judging the prospects of a proposed or on-geing project.

4. How should research and development be planned? We are con-
vinced that the focus of research and development planning is wrong.
There is too much and too early emphasis on the selection of “optimal”
weapon systems—a tendency to treat the research and development
problem as if it were a procurement problem. Choosing a weapon system
or systems for the fabrication of prototypes is a wvital function — but
only one of several, and the last in time, It is at least as important to
make sure that there are good prospective systems among which a choice
can be made,

The appropriate function of research and development planning is
to develop a strategy for broadly advancing the state of the technological
art in areas of relevance to national security. This involves:

a. Determining what the areas are, and the relative emphasis to
place on each. This is by no means easy: Few would have guessed in 1930
or even 1938 that atomic physics would soon become of the greatest im-
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portance, Tt was not apparent to many as late as rgss that protective
construction had become a vital area for military research. The relevant
areas change as we make progress, and one of the most important tasks of
research and development management is to spot the new areas and to
get good work in them started promptly,

b. Dividing the budget among what we have called weapon system
development, component development, exploratory development, and
basic research. The division between the last two and the first two
depends to a large extent on our time preferences, If we attach importance
to future decades, we had better allocate substantial sums to basic research
and exploratory development and protect them as well as we can from
raids by officials who have pressing and immediate operational responsi-
bilities,

¢. Selecting the critical components — the gyroscopes, the computing
equipment, the nose cones, the infra-red sensors, the rocket engines, and
g0 on — on which the success of future weapon systems is likely to depend,
and making sure that there is an adequate program for the development
of each — with plenty of duplication and competition — either within
weapon system development projects or independent of them.

d. Finally, selecting good weapon systems for the fahrication of
prototypes.

ECONOMIC CALCULUS IN PLANNING RESEARCH
AND DEVELOPMENT

We have already indicated that the kind of explicit economic calculus
illustrated in Chapter 8, at least in its present state, is of only limited
use in planning research and development. Uncertainties, incommensu-
rables, and intangibles dominate many problems. Nevertheless, economic
analysis can serve a useful function both in selecting development projects
and in planning them,

1. In estimaling the wtility of developments. In military problems
we can sometimes place an approximate vatuation on the worth of re-
search in relation to expenditures on procurement and operations. As
an example from the past, how much was it worth to develop the B-32?
As a first approximation, the amount we would have had to spend on
additional B-47’s, tankers, bases, and so on, to give us the same strategic
offensive capability without B-32’s in the force that we would have with
them. A calculation of precisely this kind was made in Chapter 8, where
it was estimated that the development of the hypothetical HC-500 and
HC-600 aircraft had been worth about $6co millions. How much would
it be worth to develop a lighter-weight structural material for aircraft and
missiles? In only one use, strategic air, it would be worth the savings in
tankers and overseas bases now needed to extend the range of our
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bombers in other ways. Calculations of this kind frequently reveal spec-
tacular potential gains from research or development, out of all proportion
to the costs of the research. And the calculations can serve a useful
purpose even though they are merely first approximations, and sometimes
require radical modification.*” Even where they fall far short of coming
up with a specific value of a specific development, they may indicate
areas of critical need where the value of any successful research is likely
to be high. They can, in short, provide some guidance for the formulation
of requirements for research and development — specific or general.

2. At a more detailed level, in planning specific development projects.
Any complex development project must be undertaken in steps or stages,
the later stages depending upon the results of the earlier ones. It is
therefore a problem in sequential decision making. At each stage it is
possible to make use of economic calculus in comparing the costs and gains
from various alternative ways of proceeding. The costs in this case are
the costs of the next stages of development, not the costs of procuring and
operating the developed system. For example, should we try one or two
or three suggested methods of making beryllium ductile? If one, which?
If two, which two? An analysis of the expected costs, times, and chances
of success of the three methods may help in making a rational decision.
Also, this analytical process may result in designing new tests of com-
ponents and new sequences of “breadboard” models to be considered.

AN EXAMPLE FROM CHAPTER &

Explicit quantitative analysis has been used most frequently for the
first of these purposes — to provide some clue to the value or utility
of a development preject. If the development is successful, how much
would it be worth to us? This usually invelves comparing the cost of
attaining some desired capability by procuring and operating the newly
developed hardware with the cost of attaining it by some alternative
program -~ for instance, by procuring and operating hardware already
developed. If the difference in cost is large in relation to the estimated
cost of development, a case exists for a detailed examination of possible
development programs.

It is important to realize that this kind of quantitative analysis — the
kind used to compare procurement decisions — while of some use in
making devclopment choices, is incomplete and inadequate as a guide
to such choices. Assume that the HC-5o0 and HC-60o aircraft in the
Chapter & example had not been developed, and that the guestion had
been: Should we develop one or both; if one, which; and by what de-
velopmenl procedures or techniques? This is a far more complicated

Y They raise all the [amiliar difficultics associated with ecriterfa, unccrtainty, sub-
optimizing, time, and enemy reactions,
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problem than the one actually posed there: Which transport aircraft
already developed should we procure for our fleet? And while the
quantitative analysis used for the latter problem gives information that
is needed for good development decisions, it does not by itself point to the
best choice,

All that the Chapter 8 analysis does is to estimate that the HC-500,
if successfully developed, promises gains (that is, savings) of about $300
million (aside from the worth of advances in the state of the technological
art that may accrue to other military or industrial activities); and that
the HC-600, if successfully developed, promises savings of about $soo0
million. These estimates are themselves, of course, subject to great
uncertainty. The uncertainties are inevitably greater at the time develop-
ment decisions must be made than at the time the procurement decision
is made, for the period covered by the analysis must lie further ahead of
the development decision than of the procurement decision.

But quite apart from these unceriainties, with the general character
of which we are by now familiar, there are other relevant uncertainties
and gaps in the information provided by the analysis. What we need to
know are the potential payoffs and the costs of the development decisions
under consideration. Let us concentrate for the moment on the first of
these questions: Which aircraft should we develop?

The analysis does not even give us the expected payoff from develop-
ment, because it simply assumes that the development will be successful.
In fact the probability that any particular development will be successful
is never unity, and usually much less. It has been estimated that half
the aircraft developed in the United States since the war — military and
civilian -— have been, in the vernacular of the industry, “dogs” — not
merely somewhat inferior to some other aircraft, but wrongly conceived,
technically unsatisfactory, failures. The expecied value of a development
will always be less than the potential value as calculated in Chapter 8,
and sometimes much less.

Even if the aircraft is not a dog, its performance characteristics may
well be less than predicted and its production costs greater, particularly
if the predictions are based, as they usually have to be, on the claims
of the company bidding for a development contract. Occasionally per-
formance characteristics zre hetter than predicted, but this is much less
common;'® costs are atways greater. An optimistic hias is general. To
the extent that performance is disappointing or estimated costs are
exceeded, the payoff will be less than estimated in Chapter 8.

The corrected estimate of payoff must then he compared with the
estimated costs of development, which were properly ignored as bygones

" Sometimes, however, there turn out to be unforeseen applications which make a
development more valuable than anticipated.



MILITARY RESEARCH AND DEVELOPMENT 263

in the procurement analysis of Chapter 8. The estimation of development
costs is particularly subject to uncertainty and to optimistic bias against
which the analyst must be on his guard. We will postpone the complica-
tion that the development may take any of several routes with different
costs and different probabilities of success, assuming here that one route
has been (or will be) selected.

If there is only one development under consideration (the question
being, say, should we develop or not develop the HC-500), the criterion
is, in principle, simple — as long as we are satisfied with expected values.
If the expected value (discounted and adjusted somchow for uncertain-
ties, biases, and chance of failure) exceeds the expected cost, the develop-
ment should proceed.!® In realistic cases, however, the criterion problem
is more complex. Should we, for example, develop both the HC-500 and
the HC-6007 The analysis of Chapter 8 tells us that if both developments
are successful, they will be worth only $too million more than if HC-600
alone is successfully undertaken, But this does not necessarily mean that
we should refrain from developing IIC-500 if we expect its development
to cost a little more than $1oo million. For the development of the HC-500
is worth $300 million,

Table 22. Cost and payoff of developing the HC-500 and HC-600
{millions of dollars)

Expested pavolf
Estimated pavoll  if probebility of  Dxpected cost Net worlh
if swecessful® success = 565 of development  of development
HC-500 300 150 50 100
HC-600 300 250 100 150
HC-z00 and -6co Hoo 350" 150 200

= It is assumed for simplicity that this payeff “if successful” has already been appropriately discowated.

b 17 % 6co (bolh successiul) 4 14 W o (neither succesaiul) + 3 ¢ seo (B Coo succeeds, HC-300 falis) +
1 % 3co (HC-see succeeds, HC-6co fails). Note that we assume here, again for the sake of shmplicity, that the
prebahility of success in one development is independent of ¢fforts on the other one.

Table 22 indicates how — in principle — we should setl about deter-
mining whether to proceed with two (or more) developments rather than
with one, Stili assuming that we are satisfled with “expected” values, we
calculate the expected net worth {expected payoff minus expected cost)
of each alternative course of action. In this particular problem the three
possibilities are to develop the FIC-500 only, the HC-600 only, and hoth.
The estimated payoffs if all developments are successful are 300, 500,

" If there is an arbitrary ceiling on the tetal amount that can be spent on R and D,
projects that qualify by this rule may more than exhaust the budgel. If transfers from
other sources {the preferred alternative) are not permitted, R and D prejects should
be chosen to maximize the excess of payoff over cost.
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and 6oo respectively. The chance of success is estimated to be 50 per cent
for both the HC-500 and HC-6oc developments, so that the expected pay-
offs, if each is developed alone, are 1 so and 250 respectively. The ex-
pected payoif for developing both, however, is more than half the esti-
mated payoff if both developments are successful. With the assumed
probabilities there is one chance in four that both will be successiul
(payoff 6co}, one in four that neither will succeed (payoff o}, one in
four that only the HC-500 (payoff 300}, and one in four that only the
HC-600 (payoff s00) will be successful. The average expectancy is zso.
In the example the preferred alternative is to develop both, which promises
an expected net return worth zoco — so more than if only the HC-6o0 is
developed.

Two points must be stressed in connection with this example. First,
there is a spurious air of precision about the figures in the table. All
are the roughest kind of estimates. The uncertainties clouding the esti-
mated payoffs have been discussed in Chapters 8, 10, and 11. There are
similar uncertainties regarding development costs, which frequently ex-
ceed estimates by factors of two, three, or more. And the 50 per cent
estimate of chance of success is obviously a shot in the dark; clearly
there are degrees of success, and also clearly the chance of success is a
function of the cost of development — of how much we are willing to
pay to insure success. Most developments can be made successful if we
are willing to spend enough time and money on them. Moreover, entries
in the table will usually be more uncertain, not less, when we are con-
cerned with weapon systems rather than cargo transports. The HC-so0
and HC-6co are apparently fairly straightforward advances on earler
transports. Their payoffs are essentially of the cost-saving variety. If the
physical and performance characteristics of the transports are about as
predicted, there is little doubt that these economies {payoifs) will in
fact be realized. The weapon system, however, may well represent a
considerably greater advance in the state of the art, which will make the
outcome as well as time and cost highly unpredictable. Moreover, there
is likely to be great uncertainty regarding the military worth of the
performance characteristics even if these turn out ag predicted — for
reasons claborated in Chapter 1o. We cannot really know in 1960 how
much it will be worth in a bombing campaign in 1¢70 to have bombers
that will fly at Mach 4 ratker than at Mach 2. The worth will depend
upon the character of, say, Soviet air defenses in 1970, which will depend
in part upon the success of Soviet developments not vet undertaken. Mach
4 might make the difference between being able to penetrate and not
being able to penetrate; or it might have trivial or even negative®® value.

* Infra-red devices are more effective in detecling the higher speed power plants and
in directing defense missiles into them.
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Nevertheless, development decisions regarding bombers to be opera-
tional in 1970 have to he made in 1960 — or earlier. Calculations of the
kind reflected in Table 22 are worth making as an aid in the decision
process provided the uncertainties and biases in the dafa are recognized.
In many realistic complex cases the problem will be more closely
analogous to choosing a strategy that leaves no soft spots than it will be
to a simple optimizing calculation.?' We want something in development
to cover the contingency that the Russians will be strikingly successzful
in developing infra-red, and something else to take advantage of op-
portunities if they are not. What is a “good” way of providing both, and
at the same time of taking care of other “important” contingencies?

The same kind of economic calculus can sometimes be helpful in
estimating the utility of developing components, or improved materials,
fuels, and so on. One assumes success{ul development, and then compares
weapon systems using the new component or material with weapon systems
not using it. What, for example, is the worth of a new higher energy fuel
for jet aircraft? As a first approximation, it is the difference between the
cost of achieving objectives without the high energy fuel, and the cost
of achieving the same objectives with it. If the fuel can be used in existing
engines, the calculations involved are, of course, simple — although
greater savings may be achievable later in engines specially designed to
take advantage of the new fuel. If the new fuel can be used only in spe-
cially designed engines, and the engines only in specially designed aircraft,
the benefits can only be realized in the more distant future, which means
that the calculations may be difficult and the uncertainties large, but no
new principle is involved,

If several alternative developments are capable of achieving the same
military objective — as lighter-weight structural materials, higher-energy
fuels, and boundary layer control can extend the range of homber air-
craft — economic calculations of a similar type can indicate how great an
improvement in each case is necessary to save the extra billion dolars
that would have to be spent to extend the range by simply building larger,
heavier, more expensive bombers. Expert technical opinion might con-
sider some of these improvements much cheaper or casier or more certain
of development than others. Despite the unreliability of this kind of
expert opinion, hard choices among development alternatives some-
times have to be made, and a rational choice has a better chance of
being right than a blind one. The important thing is to avoid the naive
assumption that the problem is to choose the ome best alternative. The
simultaneous development of two or more of the possible choices is fre-
quently preferable to developing only one —no matter how superior it
appears to the experts.

“ See Chapter 1o, pp. 198-1909.
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The United States Air Force is currently flying about 150 different
aircraft models and about 300 different aircrait series. The total number
of supported aircraft (excluding NATO aircraft, and so on) exceeds
25,000 and roughly 35 per cent of these are combat aircraft. The Air Force
has active squadrons at about 265 main bases, of which roughly go are
overseas, and these bases must be supplied with serviceable parts. The
Air Force has supply responsibility for approximately 1,300,000 diiferent
parts, and stocks various fractions of these line items at its operating
bases or at its depots. Within the Zone of the Interior there are 15 depots,
most of them specializing in the support of specific aircraft models, and
many of them have extensive aircraft overhaul and parts repair facilities.
There are also some large depots overseas. Altogether, in the Zone of the
Interior and overseas, the Air Force employs about one million people.
The depot system is run by the Air Materiel Command (AMC). The
principal “operating” Commands are the Strategic Air Command (SAC),
the Air Defense Command (ADC), the Tactical Air Command (TAC),
the Air Training Command (ATC), and the Military Air Transport
Service (MATS). These largely independent operating Commands practi-
cally comprise the flying Air Force. And this vast enterprise of almost a
million people, occaszioning resource costs of about 18 bhillion doilars a
year, must provide in some sense the greatest possible military capability.®

Any analysis and further improvement of Air Force logistics must
obviously wait for the definition of tractable sub-problems; one possible
way of doing this, within one area of Air Force operations, is described
in this Chapter.

Fortunately, at any given time, most of the Air Force, in terms of
active squadrons, is flying a relatively small number of aircraft models.

1'This chapter was written by Stephen Enke. It is a slightly modified version of the
article “An Fconomist Looks al Air Force Logistics” published in the Review o
Economics and Statistics, August 1938, pp. 230-239. Copvright, 1958, by the President
and Fellows of Harvard College. Reprinted by permission. On the subject of logistics,
see alse Horst Mendershausen, “Economic Problems in Air Force Logistics,” American
Economic Review, September 1958, pp. 632-648, and various references cited in that
article.

*These, and most of the following estimates of magnitude, were provided by Annette
Weifenbach. They are necessarily rough approximations. Any precise statistics, if avail-
able, would require a long catcgory definition, Recently announced cuts in budget and
manning will tend to lower these estimates,
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(Thus B-52’s replaced B-36’s as the latter were phased out.) And even
more important, most bases are operated by a single Command and have
only one or two aircraft models maintained on them in squadron strength.
Thus, much of the problem of Air Force support breaks down into a
number of smaller problems, such as how to support B-47’s on SAC bases,
F-100's at TAC bases, or F-1e2’s at ADC bases. And this is the scheme of
this discussion. Henceforth we shall be thinking about the logistics of
a single base, within the Zone of the Interior, which has several squadrons
of the same model aircraft.

The general nature of the major logistical alternatives — that is,
economic tradeoffs — is shown in Figure 12. These are briefly described
now. Later they will be examined more carefully.

Aircraft

s . Flying hours
in-cemmission
Base assigned
circraft
Maintenonca Mcintenance
equipment personnel
Base stockage Parts Bose repair

Fast requisitioning
Fas? and

fronsportation processing

Cepat or
pfan? stocks

I

Production tine Spares produced Depat or
buffer stocks in advanse plant repaoir

Fig. 12. Major tradeoffs in supporting base aircroft

First, there is a base production function, analogous to others en-
countered by economists in industry. The two primary outputs in this
case are aircraft-in-commission (AIC) and flying hours, The main input
is the number of assigned combat aircraft, there normally being 25 fighters
in ADC squadrons, and 15 bombers in SAC squadrons. The subsidiary
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inputs can be categorized into (1) maintenance equipment — including
hangars, docks, specialized test equipment, and so on; (2) maintenance
personnel — radar, engine, airframe mechanics, and so on; and (3) spare
parts.

Second, there is an entire base parts supply function, embracing
various alternatives. Thus an F-rco scries fighter may include some
70,000 listed parts (excluding the engine parts). However over so per cent
of these may never be used at an operating base. And the base demand for
over half of the remainder will be very low indeed. Most of the parts that
might be base stocked are expendable and a small fraction are base repara-
ble. So the broad alternative sources of supply at a base are (1) stock at
the base, (2) repair at the base, and (3) requisitioning on the depot or
factory system. The economic dilemma is that it would be most ex-
pensive fo stock at a base enough different kinds of parts in sufficient
quantity to ensure no “stockouts” that may ground aircraft; on the other
hand, the requisitioning cycle normally takes several days, even for
priority items, during which time an expensive combat aircraft may be
rendered useless if the base lacks a needed and critical part.

Third, the requisitioning cycle, of base upon depot or factory and
back to base, may be shortened, and in different ways. The requisition
cant be passed by some means of electric communication, rather than in
some paper form that is physically transported from the base to the
specialized depot stocking the part in question. Requisitions can he
processed more expeditiously, through the use perhaps of new electronic
data-processing equipment. Warehouse locating and stock picking and
packaging can be altered to obtain quicker service, but at higher cost.
Transportation to the requesting base from the supplying depot can be
by such varied means as railroad freight, parcel post, railway express,
truck, or, more rapidly, by direct airlift. The economic worth of a f{aster
requisitioning cycle, and the most economical combination of communica-
tion, processing, and transport providing any given total-cycle time, are
large and worthwhile questions in themselves,

Lastly, for this analysis, there are procurement alternatives for the
supply managers of AMC. They can buy spare parts from the manu-
facturers and stock them at AMC depots. A small but costly fraction of
these parts are assemblies that can be economically repaired, either at
depots or by private contractors. Or, if parts needed as spares are also
used on an aircraft currently in production, they may be obtained from
special buffer stocks held by the airframe manufacturer, or his subcon-
tractors, the parts not being used as spares being assembled into whole
aircraft. The advantage of this latter procedure is that a final “buy” of
spares can be deferred untill more is known about base demands for
spares and early engineering modifications have occurred.
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THE BASE PRODUCTION FUNCTION

The base production function provides a nice example of the principle
of variable proportions, for there are many opportunities to change the
proportions of aircraft, spares, and maintenance facilities, and the usual
marginal physical productivity relations exist.

DEFINITION OF OUIPUTS

An initial need is to consider and define the outputs of the base.
In peacetime the base squadrons must provide a certain number of flying
hours for the flight crews to acquire and maintain proficiency. These
practice flights generate or reveal various malfunctions in the aircraft
and its equipment that may render it temporarily out of commission.
Modern combat aircraft include extremely complicated electronic, hy-
draulic, and pneumatic systems, not to mention the engine, airframe,
and instruments, so a high flying-hour output can soon develop a queue
of aircraft awaiting unscheduled maintenance. (In addition, from time
to time, aircraft undergo periodic or scheduled maintenance, possibly at
base but usually at a special depot facility.)

In wartime, for an ADC or SAC squadron, the important requirement
is to have the largest number of aircraft combat-ready and on alert,
fueled, and armed, and prepared to take off. It is not enough to have
aircraft that can fly if they cannot be sent on their missions. An aircraft
not fully equipped (ANFE) can be as immediately useless in the event
of an impending Soviet nuclear attack as an aircraft out of commission
for maintenance (AOCM) or for lack of a part (AQCP).

It is apparent that flying hours and combat-ready aircraft are sub-
stitutes, in the sense of being alternative outputs, Given a normal squadron
table of organization for personnel and a unit authorization list for equip-
ment, it is possible, over a period of time, almost to ground an entire
squadron by requiring it to attempt to fly far more hours each week
than its maintenance facilities can provide. Determination of the shape
of this substitute output relation is important, not only in the short run
to squadron commanders who can schedule more or fewer flying hours,
but also in the long run to those who are responsible for the prescription
of tables of organization and unit authorization lists and who decide the
number of aircraft that shall constitute a squadron, One contribution of
econometricians has been to “model” an ADC airbase, with its squadrons
of interceptors, and to combine existing Air Force data and mathematical
queuing theory into estimated flying-hour versus aircraft-in-commission
curves,

*The principle of variable proportions states that as one adds more of one input,
holding the amounts of the others constant, the marginal physical product will (after
a time) decline.
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USE OF INPUTS

Combat aircraft, even without their spares, are so expensive a resource
that they must be used rather intensively, ‘‘use’” meaning practice flying
or being at least in-commission. Inevitably, though, such an aircraft
must spend some of its life undergoing periodic overhauls, probably at
a depot. Also, especially if it has a low airframe number for its model and
series, it will almost inevitably go through depot modification at some
time. The remaining 8g per cent or so of its first-line life is with a
squadron on home base, either in or out of commission.

If one follows a given aircraft on base from day to day, through its
changing status, its non-useful life consists largely of waiting. On
landing from a flight it awaits post-flight inspecticn. If this reveals a
malfunction, or one has been reported by the flight crew, it may wait
for special test equipment and an expert to diagnose the fault, It may
then have to wait for specialized maintenance personnel and facilities in
order to be fixed. On northern bases in the winter, it may have to wait for
space in a warm hangar before work can be finished. More often than not,
repair cannot be completed without some parts on the aircraft being re-
placed, and this may occasion a further wait while the part is obtained
from base supply (perhaps a mile away) or from a depot (perhaps a
thousand miles away). And when the malfunction has been remedied, the
aircraft may have to await a pilot and suitable weather for a test flight
before it can be declared in-commission.

On the other hand, on some days, various maintenance facilities and
personnel await aircraft; hangars or docks are partially empty; and
there are no calls upon over gg per cent of the aircraft spares stocked in
base supply. Because of the extreme specialization of all these inputs —
there are about 25 kinds of maintenance skills available at a large base —
some maintenance resource will always be waiting for employment.
Malfunctions and parts failures are so unpredictable that equipment and
personnel capacities just adequate to handle an gverage maintenance
workload can be expected to develop queues of out-of-commission air-
craft?

ECONOMICAL BASE OPERATIONS

Here then is a complex instance of the principle of variable propor-
tions. A larger monthly payroll for maintenance personnel of all kinds

* Research has already indicated the undesirability of certain “obvious” management
decisions. If to per cent of the engine mechanics at a base are unemployed on ar
average, while only 20 per cent of some other specialized skill are, it might appeal
obvious that having fewer of the former and more of the latter mechanics would pro-
vide more AIC for a given payroll. However, if engine repairs on an average take iwice
s long, this is not obvious at all, as greater manning insurance is needed against the
longer-time engine repair jobs having to be done occasionally.
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will reduce the number of aircraft out-of-commission, at a cost, but the
marginal physical return on such expenditures will decrease; aircraft
out-of-commission may concurrently be waiting for various resources other
than personnel, so that as delays for personnel become shorter and less
frequent, other delays, for maintenance facilities perhaps, are uncovered,
as it were. Thus, given the input mix, the measurement of the marginal
physical product of a particular input is difficult in practice. Conceptu-
ally, it is clear however that expenditures for a given input should be
continued until equal in value to the dollar worth of the fractional re-
duction in aircraft out-of-commission yielded by these expenditures,

Linear programming, and other modern mathematical techniques, may
aid in the short run by scheduling out-of-commission aircraft and avail-
able maintenance resources of all kinds more efficiently. The problem is
complicated hecause certain maintenance resources (human and material)
can be used concurrently, others cannot, and some are best employed
without interruption until a job is finished. The potentialities of sophisti-
cated scheduling depend however upon the ability to estimate the kind
and quantity of maintenance resources that will be required to return a
given aircraft to commission, and the extent to which these vary among
aircraft.

The longer-run problem is to prescribe the proper mix of resources,
including combat aircraft, that should be assigned to a base to produce
the two outputs described. Could the Air Force, by rearranging its expendi-
tures among these resources, obtain a greater number of flying hours and
ready aircraft if it assigned fewer aircralt to a squadron and base, but
acquired more base maintenance facilities and personnel? These are large
and important questions, and yet, because they involve decisions at a
high Ievel and involve different budget classifications, they are the kind
of problem that ordinarily is not subjected to operations research and
economic analysis,?

BASE PARTS SUPPLY FUNCTION

The Air Force appears far more conscious of the deleterious nature of
an AOCP — having an aircraft out-of-commission for lack of a part —

® For example, would a hase produce more flving hours and/or afrcraft in-commission
if it had either one more whole aircraft assigned te it or the same aircraft completely
disassembled as parts added to its stocks? As a whale aircraft, it might add two-thirds
of an zircraft to the tofal of those in-commission. As an addition to the base’s ordinary
steck of parts, it might satisfy nearly all the spares demands now causing AQCP’s, and
hence contribute more in this way te an increase in aircraft in-commission. Its value
as a contribution to parts will be more important if the number of whole aircraft
assigned to the base is already quite Targe relative to the investment in base spares stocks.
At some bases, contrary to policy, mechanics sometimes avoid an AQCP by robbing
parts from another aircraft whick, for some reason, may be out of commission for some
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than of an AOCM (aircraft out-of-commission for maintenance). And yet
both cost the Air Force a usable aircraft. The explanation of this attitude
may be that maintenance seems inevitable, whereas lack of a needed part
at a base superficially appears to be avoidable without undue cost.

ALLOCATION OF BUDGET AMONG SPARES AT BASE

Before considering the larger question of how much should be spent
to avoid AQCP’s, the smaller question of how best to spend a given sum
of money on base stocks of spares is considered now. Conceptually, ex-
penses should be incurred so that the probability of the ith unit of the jth
part causing a crippling stockout is proportional to the cost of stocking
it at base. This simple idea, analogous to the familiar rule of how to
maximize sztisfaction from a consumer’s given budget, is of course diffi-
cult to apply.

First, of the 100,000 odd kinds of parts listed for a modern bomber,
only about 50 per cent may be used at all and 10 per cent may be used
only at depots. They may be hits and pieces, components of some assembly
that cannot be repaired at base level; when the assembly is found not
to be working it is normally replaced with a serviceable assembly, the
removed carcass being sent to a factory or depot for repair.

Second, demand for parts at one base is not necessarily predictable
from experience at other bases. About 10 to 30 per cent of the parts on
a modern combat aircraft are peculiar to that number and letter aircraft,
so that, if a new aircraft is being phased into the Air Force, there is little
experience with the demand for many of its stock numbered parts. To
some extent demands for parts at one base will differ from those at an-
other having supposedly the same kind of aircraft; one base may be on
a New England coastline, and another in the California desert; one may
have been activated earlier and have older aircraft that are beginning to
experience a different pattern of parts failures; and squadrons at some
bases may be flying different kinds of practice missions.

Third, at a two-wing bomber base, about half the part line items that
might be demanded may have been needed at a rate lower than 10 a
year, and on smaller and more typical bases the demands for parts are
lower. The actual variations in demand for a part from month to month
are usually much greater relatively when the average demand per month
is low. Such a high dispersion leaves the mean with only a formal
significance. The old military concept of measuring stocks in so many
“weeks of supply,” while suitable for, say, the cavalry with horses to

{ime. Such “cannibalization” tends to he concentrated on some one aircraft, which
becomes a so-called “hangar queen,” and this unofficial practice supports the suspicion
that some bases are “long” on aircraft and “short” on spare parts.
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feed, can be most dangerous when applied to spare parts for modern air-
craft.®

Fourth, when does a stockout ground an aircraft, causing an AOCP?
Some parts are not essential to safety of flight or performance of a com-
bat mission, although “nice to have”; for example, some of the naviga-
tional equipment duplicates functions and is installed as a precaution
lest other equipment fail. Also, a temporary stockout at base of a specific
part, even though essential to flight, may not be responsible for grounding
an aircraft if it is also awaiting maintenance resources or ofker essential
parts.

Fifth, the cost of stocking the éth unit of the jth part at a base is
not necessarily its procurement cost plus transport cost to the base.
For one thing, it depends on whether this results in the Air Force pro-
curing an extra unit of this part, or whether the Air Force will simply
transfer some of its worldwide stock of the part from a depot to the base.
1t also depends on whether the part is peculiar to one aircraft model or
series, and whether this kind of aircraft will soon be retired. Moreover,
the stocking of the jth part at a base —even though only one unit is
carried — occasions certain fixed “housekeeping” costs for warehousing,
record keeping, and the like, Over a period of years, a base may support
different aircraft models — and even be transferred from one Command
to another — and these redeployments incur transport costs if parts that
were base stocked are peculiar to the departing aircraft series. Finally,
many of the more expensive parts are subject to engineering change orders,
and compliance with these can often be effected only at certain depots.
All these factors, some of them rather intangible, affect any estimate of
what it costs to stock an extra éth unit or an extra jth part at a base.

DISTRIBUTION OF SPARES BETWEEN BASES AND DEPOTS

A larger question is to what extent the Air Force should keep its
worldwide stocks of different catalogued parts at operating bases or at
some of its specialized depots and supporting storage sites. Most of the
considerations enumerated in the preceding paragraph tend to reduce the
number of line items stocked at a base, and to some extent the quantity
of a part stocked there. On the other hand, there is the feeling—
exemplificd in the “for want of a nail the kingdom was lost” sort of
reasoning — that a multi-million-dollar aircraft should not be grounded
for lack of a one-dollar part. A further factor is that, until the recent
advent of some of the new large-capacity electronic data-processing ma-

® A more modern practice, of estimating parts consumption per aircraft flying hour,
while clearly valid for fucl and lubricants, also has serious limftations when applied to
spare parts, although there is no other obviously better coefficient of demand.
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chines, it was impossible for a prime depot 1o keep close control over
parts it supposedly ‘“managed” once these were distributed among
numerous bases.

An examination of the demand for and prices of aircrait parts is most
significant for management. In general, though, of all 1.3 million line
items stocked by the Air Force, 75 per cent are priced under $10 (Category
II1), 22 per cent between $1o and $500 (Category II) and 3 per cent over
$500 (Category 1).7 World-wide monthly issues for about 4c0,000 aircraft
support items are roughly 6o per cent under 1, 25 per cent from 1 to 10,
and 15 per cent over 10; the demand at any one base per month is, of
course, many times smaller. Tf demand and price are combined into a
matrix, it is discovered that about 43 per cent of aircraft part line items
are very cheap (under $1o) end in very low demand (under 1 a month
worldwide). There is a small minority of rather cheap items in fairly
strong demand, The Category I parts (over $500) can usually be repaired
and are slow to wear out.

One moral for management is that the high value items, because they
are so few, can justifiably be procured and distributed under close con-
trols, even when these are more costly to administer.

Another moral for management is that cheap parts can economically
be stocked in greater number and quantity at base level than has been
the case under Air Force regulations. Various statistics confirm this view.
About 25 per cent of all aircraft parts demanded at a base during a month
are not now normally stocked at a base or are not stocked in sufficient
quantities. Roughly 30 per cent of AOCP’s are occasioned by parts costing
under $ro. The average routine reorder of a base for a Category III
item was for two units having a total value of $o.50; the fixed cost of
processing this routine resupply order and shipment has been estimated
at no less than $5, or about ten times the value of the order. It is not
very hard to prove that it would be economical for the Air Force to keep
larger stocks of cheap aircraft spares at its bases and to reorder in
larger quantities than in the past. This need not mean an equivalent
increase in Air Force worldwide stocks — far from it—but it does
involve some shift of funds away from depot supply operations.

The rapidly advancing state of electronic data-processing has made
it possible, for the first time in history, to distribute hundreds of thou-
sands of spare parts in greater quantity to more bases, and without
markedly increasing the total quantity and value of the matériel that
the Air Force must stock, Within AMC each part has been managed by
a prime depot (sometimes with a “zonal opposite” depot), but until
recently it was impractical for the prime depot to keep up-to-date inven-

T As this price frequency distribution is very J-shaped, the median value for Category
1If items (the under $1o class) is under $1.
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tory data on any of “its” parts, except those stored at the same depot
facility. On Category III items an annual worldwide stock balance was
kept, but this information on an average would be at least six months out
of date for other bases. As a result, the prime depot tended to consider
distributed matériel as “lost” to the Air Force supply system, because it
could not order a base to transfer a prescribed part to another base with
any assurance that the part was there to be shipped.

It is now technologically possible for the Air Force to maintain a
number of data-processing centers that can execute the policies of the
prime depot supply managers. Up-to-date inventory information for
every storage location and part-number combination in the Air Force
can be kept at such a center, so that distributed stock is as much under
the control of an AMC, or using Command, supply manager as if it were
at the prime depot. Also, the data-processing center, applying formulas
approved by AMC or the using Command, or both, can effect automatic
routine resupply of bases, because it knows when stocks at base fall to
their approved reorder points. Data-processing centers of this kind,
because they can instantaneously bring to bear so much more information
regarding a single part and reach a programmed decision, are able to
execute more reasonable and less crude management policies.

Of course, the distribution of spares among bases and depots should
not be independent of the Air Force worldwide stock position. 1f a part
has clearly been “over bought” already, it makes little sense under normal
circumstances to keep only a few “weeks of supply” at using bases. On the
other hand, if a part is becoming scarce worldwide, the decision whether
to keep available stocks at the prime depot (as a sort of strategic reserve)
or to distribute them all among some using bases (there not being enough
perhaps for all bases), will depend primarily upon whether close control
of distributed parts has been achieved through some of the new pro-
cedures and recently available electronic equipment.

THE REQUISITIONING CYCLE

The cost and duration of the requisitioning cycle — which starts with
a base requisitioning something it wants and ends with the receipt of
the matériel at the base — is, of course, one factor in determining what
parts to stock at using bases, If priority requisifions are costly, and
nevertheless involve a long wait, there is much to be said for wider and
decper base stocks.3 However, in the case of really high value items, pre-

S Priority requisitions arc those for which there is an immediate need, in contrast to
those that are for routine resupply. Priority requisitions on an average take about three
to five days within the Zone of the Interior, and they are considerably more expensive,
as regards transporiation, communication, and processing, than reutine requisitions.
There is considerable dispersion around the mean elapsed time ol the requisition cycle,
and this “tail” of the distributed times causes as much concern among base supply
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positioning of stock at numerous using bases may be less economical
than having a prompt although costly means of distributing a smaller
amount of centrally located stock on demand.

How much the Air Force can properly afford fo pay for a shorter
requisitioning cycle — neglecting considerations of military worth — de-
pends largely upon the penalty cost to the Air Force of an AQCP at
base. This is hard but not impossible to estimate within an order of
magnitude. It involves consideration of the cost of an extra combat air-
eraft, its expected useful service life, and the normal in-commission rate
for that aircraft model and series. The dollar worth (or aircraft cost)
of an in-commission aircraft day, obtained in this way, gives some idea
of what can sensibly be spent on base stock or a short requisitioning cycle,
or both, in order to avoid an AOCP day. (A complicating factor is that
some AOCP’s overlap on the same aircraft, and a reduction in AQCP
days on a particular aircraft may not lessen its out-of-commission time,
because of other waits, as for example for some maintenance skill.)
Knowing the daily demand pattern for aircraft spares, one can estimate the
sort of extra investment in base stock that is required to reduce one kind
of AOCP on an average by one day. A key question then is whether
this extra investment in spares is less or greater than the penalty cost to
the Air Force of one less aircraft in-commission a day.

However, increasing a base stock of aircralt spares is only one way
of reducing AOCP aircraft-days at a base. Another is reducing the time
of the requisitioning cycle. And this, in turn, can be reduced in various
ways, as for example shortening the times taken to communicate the
requisition, to process it at the depot, to pick and pack the stock, and
to transport it. The logical ideal is to invest resources in shortening the
time normally spent on each of these scgments of the cycle in such a
way that the last unit investment on each segment buys the same reduc-
tion in time.

Some of the most promising opportunities for economically reducing
the length of the requisitioning cycle are in the communication and proc-
essing of requisitions. The handling of the arders can usually be expedited
far less expensively than can the shipment of the merchandise. Teletyping
a requisition may save a day or two as against airmailing it, and yet the
difference in absolute cost may be far less than that occasioned by sending

the matériel by another transportation medium that saves about the
same amount of time.?

managers as the mean duration itsell. “Wide” base stockage refers to many line items
stocked; “deep” base stockage refers to the quantity stocked of a given line item.

*In the case of routine requisitions by bases, fer which the cycle time may be 30
days, ten pounds’ weight of requisitions may cause the movement of several tons of
matériel, with its packaging; a policy of sending these requisitions by air rather than
surface may accomplish as much, at far less cost, as a policy of airlifting the matériel
instead of sending it by surface.
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The substitution of electronic equipment for clerical labor can eventi-
ally save a considerable amount of time now devoted to processing requi-
sitions and arranging shipments. This is partly because people make
more errors, and every clerical mistake creates confusion and delay.
Another reason is that any set of clerical procedures tends to be sequen-
tial, with the “paper” moving from person to person, at any or all of
which points there may be a wait. An electronic data-processor can store
more information regarding each stock numbered part than can readily
be made available to one clerk, and so the computer can make what are
in effect a great many simultaneous evaluations and choices, embodied
in a final and more considered decision. (Of course, a considerable clerical
force is needed to provide the computer with up-to-date input data, and
machine programmers are needed when there is a change of supply policy.)

Shortening the requisitioning cycle — important and complicated a
matter though it may be — involves at most a fairly limited sub-optimiza-
tion. The costs incurred to attain this contraction must be balanced
against the present possibilities of increasing aircraft in-commission by
improved policies and practices at bases. In some cases increased stocking
of parts — especially of the cheaper aircraft parts-— may be the answer.
In others it may be increased maintenance facilities or a better mix of
maintenance skills and equipment.

SOME PROCUREMENT ALTERNATIVES

In the past, the Air Force has spent on aircraft spares as much as
40 per cent ar more of the purchase cost of the complete combat aircraft
themselves. About half of these aircraft parts — both as regards number
and value -— are peculiar to only one model aircraft, and so these become
obsolete when the aircraft using them is phased out. The situation is
now improving.

‘The tendency in the past to over-buy aircrait spares — and especially
peculiar parts —is attributable to several factors. Because of various
institutional pressures —and the supposedly long lead times of the
manufacturers — spares provisioning conferences have often been held
for new model aircraft before a single production aircraft of the series
has been flown. Direct demand experience is therefore almost zero. The
provisioners are more likely to be blamed for providing inadequate spares
support — and thereby grounding a new first-line aircraft series — than for
overbuying: hence they tend to “play it safe.” There are many engineering
changes during the first year or so that a new model aircraft is being
phased-in, and these changes may render already purchased spares obsolete
before they have even been placed in a warehouse at an Air Force facility.
The provisioners also cannot be at all sure of the programmed flying hours
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for more than a few years into the future, and to some extent spares
constimption can be considered a function of flying hours.*

Many of these uncertainties are inevitable. Provisioners will never
be able accurately to predict flying hours, demand rates per flying hour,
and technological obsolescence of paris. Fortunately there is a partial
remedy that is now being tried. This is to defer the initial AMC purchase
of high-value parts until 2 number of bases have been assigned squadrons
of the new aircraft and, more important, until some of these uncertainties
are less obscure. In the interim, these initial squadrons can be supported
directly from extra “buffer stocks” maintained by the manufacturer of the
aircraft. One or two years after the first production aircraft has flown,
AMC may make its first “buy” for depot stocks, The essential idea is to
gain time, and to recognize that an aircraft part does not have to be
irrevocably designated either a spare or a part for assembly at the time
of its production. AMC is moving in this direction.

This innovation is possible because of a special set of favorable cir-
cumstances. One is that high-value Category I parts account for 45 per
cent of the provisioning dollars and only 3 per cent of the spare parts
line items; hence manufacturers can accord these relatively few parts
special treatment. Another is that high-value parts tend, with a short
lead, to be produced at about the same rate as the complete aircraft,
unlike cheap bits and pieces that are often made in a few days for several
vears of scheduled aircraft production; thus the extra cost of a special
buffer stock, geared to the aircraft production line, is small, and the
risk of serious loss due to engineering change orders is slight. Finally,
production of a new model aircraft tends to be comparatively slow during
the first year to eighteen months, and not so many operating squadrons
have to be supported from the manufacturer’s special buffer stocks during
this initial period,

High-value parts are nearly all assemblies, and hence reparable and
subject to modification. The wearout rate of the assembly as a whole is
usually very low indeed. When it malfunctions on an aircraft, it is
usually because a constituent part has failed, and the assembly carcass,
unless repaired at the base, will be sent to a specialized parts repair depot.
(Engines are a special and extreme example of a high-value reparable
item.)} Consequently there are two sources of supply, the parts repair
depot and the manufacturer of new units. Normally it is more economical
to repair carcasses than to buy replacements, and so provisioners nor-
mally need to buy not much more than is required to fill the pipeline of

®Samce people in the past have hald that it was easier to obtain “ros money” {ior
initial procurement) than “4o0 money” (for maintenance and operations) from Congress,
and so have fried to buy more spares for concurrent delivery with newly procured
aircraft, rather than later for maintenance and operations.
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the repair cycle, that is from base to repair facility and back to base.
During the phase-in of a new aircraft, and for the same reasons advanced
ahove, it may be best to defer purchases for this pipeline and instead to
cycle the higher-valued carcasses through the manufacturer for repair,
drawing upon his buffer stock of serviceables in the interim.

This special management of the relatively few lhigh-value items re-
quires detailed, timely, and accurate records of the status, location, and
guantity of matériel, by part number. Full realization of the potentialities
of these institutional changes, especially if they are applied to Category 11
depot reparables, may have to wait for further introduction of electronic
data-processing equipment and related procedures. These innovations also
imply an even closer relation between the aircraft industry and AMC
supply and maintenance organizations.

Spares provisioning and distribution policies — as mentioned before
— are not independent of one another. How essential different aircraft
spares are for the flying and fighting of alrcraft is barely cotrrelated with
their differences in price. Accordingly, in the case of high-value items,
there is more of a willingness to adopt special procedures and use direct
airlift from factory to base, because this may save many dollars on
balance. Conversely, in the case of the numerous parts costing only a few
dollars or less, the fear of AOCDP’s becomes paramount, Stated differently,
distribution policies for cheap parts are likely to determine the purchases,
whereas provisioning policies for high-value parts are likely to determine
their distribution.

Another procurement problem in which economic analysis can be help-
ful is that of choosing among alternative flyaway kits. Under certain
eventualities bomber and fighter squadrons must deploy to barely stocked
bases far away, and so cargo aircraft must follow them with kits con-
taining spares. The size of these kits is essentially limited by the weight
that these cargo aircraft can carry, What spares should be included in
the kits? These kits might be prescribed by expericnced people relying
only on judgment, as has sometimes been done, but this is risky. They
might be designed, making explicit use of demand data, to minimize the
number of subsequently unused spares in the kit, but this is clearly a
fallacious criterion. To an economiist, the obvious approach is to add
units of each kind of usable and critical spare, up to the aggregate weight
limit, so that, as nearly as possible, the probability that the marginal
unit will be demanded after deployment is proportional to its weight.
Flyaway kits, designed according te this principle, have heen pape
tested and found superior.1!

** That is, the experienced demands of deployed sqguadrons have been carefully
cellected. These have been set against both the actual squadron kit and the “equal-
marginal-protection” kit described above. There would have been markedly fewer
stockouts had the latter kit been available instead.
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INTERDEPENDENCE OF THE LOGISTICS SYSTEM

The interactions of the Air Force logistics system are so numerous
and complex that they tax human comprehension. Moreover, these inter-
acting operations are performed by many different organizations; in
addition to the AMC depots, there are all the bases of the various using
Commands, not to mention the competing private companies that produce
and repair for the Air Force. Thus, functional interdependence is often
obscured by organizational schism.,

Under these circumstances it is not surprising that the effectiveness
of these Commands, and especially of their suborganizations, is occa-
sionally viewed somewhat parochially. Zealous officers sometimes increase
the efficiency of their own operation in ways that may lessen the over-all
performance of the logistics system. The Air Force is probably no better
or worse in this respect than other very large organizations. A few random
examples follow,

Depot maintenance managers try to minimize the cost of repairs on
parts. To this end they may hold up reparable carcasses until they have
a large “batch” that can be run through repair at a lower unit cost,
As a result, supply officials may have to procure more serviceable stock
from the manufacturer, causing a net increase in cost for the system.

Similarly, the periodic overhaul of aircraft at depots can be performed
at a lower cost per aircraft if only one shift is worked; however, from
the point of view of an over-all system, it may be economical to work
two or even three shifts in order to shorten the time valuable aircraft
are out of use at depots,

Transportation officers, who have some discretion in selecting the
media by which matériel will be shipped from depots to bases, may give
too much consideration to minimizing transportation costs and teo little
to the impact of using cheaper carload and truckload shipments on base
AOCP’s and spares procurement.,

Packaging officials are primarily anxious to minimize breakage, and
have limited means for assessing the impact of heavy tare on transporta-
tion costs, particularly in the case of airlift,

Squadrons can, on occasion, undertake preventive and other kinds of
maintenance that will lessen the work that must be done when the aircraft
goes to an overhaul depot, but they have little incentive to do so under
some circumstances.

These kinds of anomalies are only apparent if one views the logistics
gystem as a whaole. This is very difficult to do. It would take a model-
builder of almost superhuman competence to represent the bare outlines
of the over-all system so that it could be programmed for a computer.

One recourse is to attempt a simulation that uses both people and
computers. This is especially appropriate when viewing the logistics
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system as a whole, hecause lines of authority among the various Com-
mands and suborganizations are not always clear. Decisions are often
“coordinated” compromises. Complications of this kind cannot be pro-
grammed into a computer and so analytic solutions bave to be supple-
mented by human beings, in a laboratory, who can represent the conilicting
attitudes and interests of different organizations.1?

ECONOMIC ANALYSIS AND LOGISTICS RESEARCH

This chapter has described some of the problems of choice pertaining
to Air Force logistics, To help predict the consequences of alternative
policies and practices, we may use models on paper, models in our heads,
models in the form of games, or simulation laboratories to represent the
functioning of logistics systems. In any event, the alternatives should be
considered in terms of an economic criterion. We should look at these
choices as problems of maximization in the face of constraints or, in less
technical language, as problems of getting the greatest capability from
our limited resources. Again, the way of looking at these problems is
what we wish to stress most of all. In addition, quantitative analyses of
the sort discussed in Part II can often help us reach better decisions about
these issues in logistics.

15. THE ECONOMICS OF MILITARY ALLIANCE'

The existence of alliances and the possihilities of improving their
effectiveness introduce another set of special problems in defense plan-
ning. This set of problems includes allocating defense tzsks among the
allied nations so as to realize economies of specialization, sharing defense
burdens in an equitable fashion, and adjusting a nation’s domestic plans
to the constraints and opportunities presented by the alliances.

*For example, the Logistics Systems Laboratory at The RAND Corporation, under
the immediate management of Mr, Murray A. Geisler, has completed a fairly deteiled
representation of much of the Air Force logistics system in order to test the [easibility
and compare the effectiveness of various ideas for improvement that have been described
in this Chapter. This particular simulation has employed about 5o people and an IBM
704 computer. Procedural manuals totaling 400 pages had to be prepared, with the
help of AMC civilians, for the “subjects” to follow; and about 3¢,c00 new machine
instructions had to be written for the computer. About four years of experience, including
the impacts of two wars, were enacted within a few months. The guantitative results
alone, representing the daily activities of the numerous organizations being simulated,
would stretch almost 20 miles if arranged contiguously, page by page.

i This chapter was written by Malcolm W. Hoag of The RAND Corporation,
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THE FEDERAL ANALOGY

To visualize the fundamental economic problems of alliance, it is
helpful as a starting point, although unfortunately only as a starting
point, to consider federal union as an analogy. We can conceive of the
reles played by nations in an international alliance as similar to those
played by the American states in fulfillment of the national military
program. In either case we can ask, which political unit does what military
tasks, where and why, and at what economic cost?

It is instructive to note, however, that these questions are seldom
if ever raised within our federal union. We should be hard-pressed to
answer them if they were. In military matters, the sovereignty of the
national government is virtually complete. The allocation of military
tasks, the determination of the scale of effort, and the provision of
finance are federal functions. We are interested in the impact of these
functions not upon individual states, but upon individual persons and
business firms throughout the economy. Moreover, the control of military
matters is not the only furction monopolized by the central government.
Rather it exists among and in some respects is subsumed under a number
of other and broader federal functions. In these and other vital respects,
our current international military alliances fall far short of union.

Nonetheless, the analogy is suggestive. Consider the extreme alterna-
tive. Imagine fifty sovereign military establishments within the United
States, with separate currencies and independent budgetary control for
each state. Add a disposition to avoid dependence upon unpredictable
foreigners, so that “balanced forces” and indigenous sources of military
supplies tend to be sought for each. Even if the same resources in total
were devoted to military purposes, is it at all likely that the sum total
of military capability from the fifty units could come close to that
attainable within an integrated federal union?

The main argument for a defensive alliance is that the prospect of a
united military response may deter a potential aggressor. In joining an
alliance, a nation presumably values the addition of allied strength more
than it fears the risk of being drawn into “other people’s wars.” This
main argument is reinforced by the possibility of more effective military
preparedness achieved through international specialization and division of
labor. Within the United States we find it efficient to concentrate tank
production predominantly in one or two states and to have but one
Strategic Air Command. Perhaps we sometimes pursue centralization teo
far, but certainly we achieve far more efficient use of our resources than
we would if forced to divide our effort among fifty uncoordinated military
establishments. Among nations, as among the different parts of a single
nation, the factors of production are unevenly distributed, and there are
important economies of scale attached to many military tasks, The age-
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old case for enhanced efficiency by extension of specialization beyond na-
tional boundaries is a persuasive one for military as well as for other
categories of production, although probably not to the same extent.

The fundamental economic problem for any alliance is that of achiev-
ing greater efficiency. How can advantage be taken of the unequal
facilities for military performance among member nations? But to the
very extent that the efficiency problem is solved in practice, associated
problems become prominent. One of these is the problem of equity in
national contributions. Imagine for the moment an alliance in which
authority is retained at the level of member nations except for the assign-
ment of military tasks, that assignment being made hy an international
body charged only with the pursuit of efficiency subject to over-all
resource c¢onstraints, The implications are sweeping, The international
body would determine what a country was to do, and therefore the re-
source burden to be imposed upon it. National management would be left
only with the choice among means to meet that burden, nominally the
matter of finance,

It is possible that the resulting distribution of burdens among nations
would accidentally correspond to the distribution associated with com-
pletely national management; that is, any reallocation of tasks by the
international military body would merely substitute, within each country,
one job of equal resource drain for another. But it would be an ex-
tremely unusual coincidence if it did so. In all probability, the result would
be a reallocation of tasks which incidentally reapportioned resource bur-
dens among countries. Problems of “fair shares” in burdens among the
members of the alliance, intimately associated and coordinated in im-
portance with the problems of efficiency, would immediately become
prominent,

Within our federal union, the issues of military efficiency and fair
shares arise in quite a different way. It is exceedingly unlikely that an
equal percentage of the resources lying within the boundaries of each
of the states is used for federal government purposes, or that any
systematic ordered relationship between federal utilization and total
state resources is observed. What are the facts? We do not know, nor do
we need to know. They would not be relevant to issues of fairness in
contributions to federal programs. An altogether different set of facts is
needed to answer the basic question of fairness. Do the benefits from and
burdens of government programs bear equally upon individuals whose
situations, apart from their location within the nation, are similar? If so,
no issue of geographical discrimination arises,

Issues of fairness among individuals involve more than the test of
impartiality in the treatment of equals. For example, it may be held
that individuals with higher incomes should contribute a greater propor-
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tion of their incomes to the support of government programs, even if the
per capita benefits are taken to be equal. If some states have higher average
incomes per capita than others, while within states the pattern of distri-
bution of relative incomes is the same, a progressive pattern of taxation
will absorb a higher proportion of the incomes of the residents of the
richer states. In this sense residents of New York may contribute more
on the average to the support of federal programs than do those of
Mississippi. In a discussion of fair shares among members of an alliance
the federal analogy tends naturally to be stressed by the poorer nations.
Poor nations argue that they should contribute lower proportions of
national product for military purposes than rich nations.

Within a federal union, however, it is possible that one of the poorer
states is an ‘“‘arsenal state,” one whose resources are disproportionately
devoted to military and other types of production for federal programs
because they are best adapted to that use. No “unfair” burden upon
the residents of that state need result. The proportion of state resources
used directly for federal purposes, including the production of military
goods and services, may diverge markedly from the proportion of the
incomes of state residents taken by federal taxes. Residents of the poor
state pay little in federal taxes. In such a case, the flow of federal funds
inward to that state as payment for production exceeds the outward flow
of federal tax funds. The excess of inward flow makes it possible for
arsenal-state residents to spend upon imports from other states in excess
of their exports, an excess that can continue without accumulation of
indebtedness to residents of other states. Conversely, other states as a
whole find the spending power of their residents depleted more by federal
taxation than it is reinforced by federal spending, but a continuing export
surplus to the arsenal state can offset that imbalance. In other words, the
operations of federal finance tend to result automatically in a continuing
transfer of the fruits of part of the resources of other states to the
arsenal state through the channels of commercial trade. Residents of the
arsenal state use more civilian products than they produce, and in this
way are compensated in real terms for the productive resources expended
upon federal programs. The transfer of resources helps to reconcile the
conflicting demands of efficiency and equity in federal programs.

The issues of military efficiency and equity or “fair shares” among
countries arise in any alliance where pooling of national resources in a
common effort is appreciable. It may be efficient to concentrate more
production of military goods and services in a country than it would
willingly support alone, and the desired concentration may be achieved
by arrangements for transfer of resources from other members. But in the
absence of a common international budget, transfers could not result
automatically from the separate processes of taxation on the one hand
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and government spending on the other. They would require financial
grants between nations. Such an arrangement, which is well-established
but little noticed in our federal union, would be novel in an alliance
between nations and certain to receive prominent and hostile attention.

DIVERGENT NATIONAL INTERESTS

The federal anzlogy serves to raise some general questions for alliance
economics, How can military efficiency and equity in natienal contribu-
tions be defined? Are resource transfers among members necessary, and
if so how are they to be implemented? All of these questions, for exam-
ple, have arisen in NATQ 2

But the federal union, of course, provides the limiting case of maxi-
mum mutual gain through division of military labor. Alliance falls short
of union, and realizable mutual gain of this sort will accordingly be less,
perhaps far less. Member countries will be inhibited from specializing
in the military duties that each does best. One ally cannot put complete
trust in military support by another even in the event of the major war
whose threat brought the alliance into being. Hence cach ally will have
some reason to avoid specialization so extreme that it could not operate
independently in military operations. And each member is likely to have,
in addition, some special military objectives unshared or imperfectly
shared with its allies. Although one member may be deemed an inefficient
{high-cost} provider of one type of military force by other members who
wish it would specialize in other types, the inefficient type may be pre-
cisely the one the particular member wishes to retain for prestige or
because it is the type best suited to policing its colonies, Its allies may
view these subsidiary military purposes with little or no sympathy.

Thus potential mutual gain from military specialization varies di-
rectly with the growth of confidence that foreign-policy objectives are
shared throughout the alliance and that allies will be resolute in facing
up to any major aggressive threats. At one extreme, lack of confidence
can obviously destroy an alliance; at the other cxtreme, complete con-
fidence makes it possible for a genuine merger to replace alliance. We deal
here with the intermediate case. Confidence in support by allies is never
perfect, but it nonetheless makes possible attaining a higher level of
national security without increasing the national military budget. An
allied division can rarely if ever contribute as much to national security
as a division of one’s own, but it can still contribute, Although the pro-
spective contributions of allied forces are discounted appreciably because

*See the standard reference, Lord Ismay, NATQ, The First Five Vears, Paris, North
Atlantic Treaty Organization, 1gsg; and L. Gordon, “Economic Aspects of Coalition
Diplomacy — The NATO Experience,” Infernational Organization, X, No. 4, 1956, pp.
520-543.
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they cannot be counted upon completely, their aggregate contribution may
far outweigh that of the national forces that it is realistic to raise on one’s
oW,

Even for the United States, far and away the major power in the
alliances of the free world, anything approaching assured security is
simply unprocurable, as we have scen® We are driven to making hard
budgetary choices involving less security in one aspect of military
preparedness in order to attain more in another. These choices would
probably become far harder if we sought military self-sufficiency, walling
ourselves off from allied contributions as well as their associated risks.
The most prominent example is supplied by military manpower itself.
The American soldier, sailor, or airman is notoricusly expensive com-
pared to his counterpart abroad, especially when he must be transported
to and maintained in distant locations. The opportunity cost of diverting a
man from productive civilian employment to military employment is
typically much higher in the United States than in the economies of our
allies, Consequently if we replaced allied troops with additional troops of
our own, our military costs would soar. Conversely, if we did not replace
allied troops, but simply reduced our overseas commitments instead, we
would probably increase the probability of enemy aggression. In this case
we would incur a great risk to our own security. An attempt at self-suffi-
ciency in military affairs could well result in less security in the end despite
appreciably higher costs. Or consider another prominent example, that of
foreign bases made available by our allies to United States forces, say, for
the refueling of hombers, By permitting close-in refueling of our bombers
to gain more speed or range, and compelling the Soviets to spread their
air defenses far more widely, these bases gave us during the 1950's a great
geographical advantage over the Soviet Union for strategic air warfare.
The loss of these bases could have been compensated for by building
bigger bombers or missiles, more air tankers, or some other alternative,
but again only at very sizable cost.

If the major power in free world alliances can strive for military
self-sufficiency only at the cost of extreme inefficiencies, the minor powers
can much less afford it. For many of them, replacing allied military
strength fully with additional strength of their own would be completely
out of the question. Their aggregatc resources are far too limited. They
would have to accept a marked decline in their military strength, hoping
that their retreat into avowed neutrality would propitiate potential aggres-
SOTS.

Thus although partially divergent military purposes among members

¥ Chapter 2.
1 For some disadvantages of US. bases ncar Soviet borders {eg., for Intermediate
Range Ballistic Missiles), see Chapter 18.
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of an alliance limit the extent of mutual gain possible from some pooling
of their military efforts, great gain may still be possible. This is especially
likely to be the case if joint military preparations are keyed to a major
aggressive threat that all fear in common, leaving to separate national
preparations the problems of meeting various threats that are minor by
comparison, Suppose Country A estimates that ten divisions and support-
ing forces would be optimal for fighting its own “brushfire” wars. How-
ever, Country A agrees to raise twenty divisions as its contribution to
collective defense against the major threat. These twenty divisions would
presumably be designed primarily for meeting the major war contingency.
Consequently they might be ill-designed for extinguishing brushfires.
Dut given twenty divisions in readiness to be drawn upon rather than
ten, Country A might regard itself as better prepared on balance to handle
its own national military purposes, and this without compromising seri-
ously the availability of its forces for the major emergency that the
alliance is designed to meet. Both purposes would be met, and there
would be some sizable economies realized because the same forces would
serve joint purposes.

The above argument clearly must not be driven too far. If military
preparations to deter the major enemy are very different in kind from
those designed to handle peripheral troubles on a national basis, the
argument of joint product economies loses its force. Suppose, varying our
example, that the primary contribution desired from Country A is guided
missiles and launching sites. This equipment might be of little or no
use in dealing with national military contingencies where not much allied
support is expected. Then there are no substantial joint product economies
in supplying the missiles, and the problem posed by partly divergent
national military purposes in an alliance can be seen most sharply. The
problem can then be put this way. Should Country A be entitled to
credit for contributing to collective defense only to the extent that it
supplies missiles and associated installations, or should it be entitled to
credit, whole or partial, for the divisions it also chooses {o maintain?
This question is bound to be central in a consideration of burden-sharing.

In principle, neither exireme position is tenable. Since whatever
divisions Country A may choose to raise are likely to be of some positive
value to its allies, it can lay claim to making some contribution with
them to the alliance. On the other hand, {o allow it to claim a full
contribution is, from the collective point of view, doubly wrong. To do
g0 would be to condone inefficiency, first, because the divisions, being
designed and deployed for national military purposes unshared by its
allies, would be ill-suited for alternative collective action. Second, the
desire to have Country A specialize in missiles would presumably reflect
a judgment that it would be inefficient for it to divert effort to supplying
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divisions, even if they were designed primarily for collective action. The
wrong kind of divisions would compound the inefficiency of their being
supplied by the wrong country. So, in principle, Country A should be
credited with only a partial contribution for the divisions it supplies.
It gets full credit for whatever missile contribution it makes, plus a
discounted credit for the divisions it raises. Suppose it maintains ten
divisions at an annual cost of $10¢ million each. For an assessment of the
resource burden with which it should be credited, the tofal cost of
$1 billion annually might first be reduced to $600 million because six
divisions optimally designed and deployed for collective action are
deemed as effective as the ill-designed ten; and the $600 million might
then be knocked down to $soc million because other allies could alter-
natively supply an equivalent fighting strength that much more cheaply.

If some such procedure for discounting contributions were practicable
in burden-sharing negotiations, and if resource transfers among members
depended on the outcome of such negotiations, an especially powerful
incentive could operate for members to tailor their military preparations
toward shared alliance purposes. For every dollar Country A puts into
missile preparations it would get full credit, compared with hali credit
for dollars put into divisions. Diverting more of its military spending
from divisions to missiles would strengthen the claim that it was doing
its share, and hence its right to transiers from other members. Country A
might still choose to retain some divisions at the expense of missiles
because of her special military purposes, but not as many. Such a burden-
sharing scheme would act as a strong spur toward collective efficiency.

But to state the case for seeking international agreement about the
costs of alternative hypothetical forces for members is perhaps enough to
argue its impracticability. Are Country A’s ten divisions really equiva-
lent to only six divisions designed for a different purpose, or are they
more nearly equivalent to four or nine? Army planners in Country A
might well differ in their private opinions over this range. The experts
of other countries might differ still more. The bargaining position that
member countries would take on this question would naturally tend to
he biased, because their own standings in the assessment of military
burdens would vary according to the answer. At the next stage there
would also be ample room for honest disagreement complicated by vested
interests in the result. Could Country X really supply equivalent
divisional fighting power one-sixth cheaper? The relative quality of
different national forces would ohviously raise some of the most stubborn
problems of all. Finally, and most important, the distinction between
the military purposes that are truly shared and those that are not is
very elusive. Some military objectives may be defined on which all allies
agree, say, defense of specified territories against invasion, but the in-
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tensity of member interest is likely to vary even for these objectives.
And there are likely to be many other objectives shared with various
intensities, as well as many other objectives about which allies disagree.
For all these reasons, defining the portion of a member’s military
establishment that is relevant for truly shared purposes is impractical.
Consequently mnegotiations over burden-sharing cannot begin by dis-
counting the military expenditures of allies to correspond with assured
common benefit from the results of those expenditures.

The prominent illustration is supplied by NATO. In iis narrowest
interpretation, the NATO military objective is to protect western Europe
against Soviet invasion, Certainly it is the most explicit objective.® To
this end, a common command has been created in Europe, with some
forces of member countries formally “NATO.committed” by assignment
to this command. But military contributions are not confined to these
earmarked forces, which in any case have been diverted from time to
time to special national purposes, for example, French troops in North
Africa. The association of particular forces with NATO purposes is
doubly blurred in practice because NATO-committed forces serve some
national as well as international purposes while ostensibly non-NATO
forces are relied upon heavily for common defense. Far and away the
most prominent example of the latter is the United States Strategic Air
Command (SAC). Uncommitted in any formal sense to a common allied
command, and obviously serving a global defense purpose for the United
States that is not confined to the North Atlantic Area, SAC is nonethe-
less regarded by the Supreme Allied Commander in Europe as the main
deterrent to Soviet aggression in Western Europe® Therefore it would
not make sense to calculate collective military contributions in terms
of NATO-committed forces alone. Discussions in NATO have perforce
dealt with the total military burdens upon members, and it appears that
no attempt has ever been made to isolate the portion of member’s military
expenditure deemed relevant for common ends.” Military burdens are
discussed as if all were incurred for commonly shared benefits, an un-
realistic but necessary assumption because anything approaching a precise
imputation of military benefit country-by-country is manifestly impos-
sible. The restraints upon a military division of labor in an alliance that
are imposed by partly divergent national interests are thus treated as if
the blame was about equal, with no nation being singled out as a special
culprit.

*Ismay, NAT(Q, p. 32. Cf. Supreme AHied Commander, Europe, Second Annual
Report, Paris, 1933, pp. 7-8.

$The NATO Letler, February 1, 1057, p. 28.

"Ismay, N47T0, never mentions the possibility, and his references to member defense

expenditures and economic capabilities always refer to total expenditures and resources.
See pp. 94, 110.
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MATERIEL SPECIALIZATION

Because the purposes served by national forces can typically only
imperfectly be served by allied forces, and nations are all the more
reluctant to trust others to serve these purposes when they are so ill-
defined and changing, there is a natural tendency to emphasize the
opportunities for military specialization that stop short of the forces
level. These opportunities probably offer considerably less potential
mutual gain, but such gain as they offer can be realized more readily.
The obvious case is specialization in producing military equipment.
Country A may be determined to supply many divisions of her own despite
high manpower costs, but may be willing to rely on Country B for the
supply of low-cost artillery. The externally supplied artillery pieces can
presumably go anywhere that Country A’s forces go, and can be employed
for unilateral as well as collective defense, Hence lack of trust in allied
support in some military contingencies need not impede matériel speciali-
zation to nearly the same extent as it does forces specialization.?

This reasoning is reinforced as mobilization base considerations come
to play less of a role in rational military planning. If all-out wars must
be fought quickly with the stocks of weapons on hand, and if peripheral
national wars can be fought with but small additional drains on such
stocks, the risk of relying upon outside supplies becomes small for the
most likely kinds of possible wars.® As this risk diminishes in relative
importance in national military planning, one inhibition upon inter-
allied specialization in matériel supply becomes less restrictive. An
associated consideration, however, is not affected in so clear-cut a fashion.
When the image of another war like World War 11 dominates military
planning, the consideration of comparative vulnerability of production
sites induces one kind of inter-allied specialization. The ally most distant
from the feared enemy has a special advantage in producing arms. It
tends to be less vulnerable to enemy bombing or occupation, so its
production is more secure. This one consideration alone may tend to
lead to its specializing prominently in matériel. But as fears of another
World War II subside relative to fears of other military contingencies,
especially of the all-out atomic war, this consideration loses much of
its force. For the worst contingency, production everywhere is vulnerahle
and mobilization potential is unlikely to be realized. Consequently one

® A special problem is created if the equipment is given away by an ally who stipulates
that it be used only for self- or collective-defense. Grant military aid by the United
States under the Mutual Defense Assistance Program (MDAP) carries such a stipula-
tion, which sounds innocuous. However, does it preclude recipients from using the
MDAP-supplied equipment in military ventures like the Anglo-French conflict with
Egypt of which we formally disapprove? If it does, it weakens the value of the aid in
allies’ eyes, If it does not, it weakens U.S. incentives to supply aid.

* Chapter 2, pp. 1x-14.
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factor operating in the past to expand one kind of arms speciatization
should operate less strongly now.

When these two effects of diminishing emphasis upon World War
II-type planning and mobilization bases are combined, the net effect upon
the extent of inter-allied arms specialization is unclear. The volume of
inter-allied arms trade should tend to grow as the importance of con-
tinuing and increasing flows of matériel in wartime declines relative to
the importance of stocks in being. On the other hand, its volume should
decline to the estent it had been motivated by special vulnerability
considerations that now apply less strongly. But while the change in the
volume of trade is uncertain, the change in the kind of trade that should
take place is clear. Specialization should be governed more than formerly
by the straightforward consideration of who can produce given items most
cheaply in peacetime.

Besides the lesser complications posed for matériel than for forces
specialization by divergent national interests, another reason for empha-
sizing mutual gain through arms trade is that tests for mutual gain are
less difficult to implement. In the extreme case where more than one
member is prepared to produce an identical piece of military equipment,
the first test is simply which can deliver the item most cheaply. Progress
toward arms standardization is notoriously slow, so the simple test is
unlikely to be widely applicable. Typical problems will involve significant
qualitative differences in the items compared and vuariance in delivery
dates, and so on, as well as differences in price. Thus the Germans had to
decide between buying British Centurion tanks or American M-48 tanks,
not a simple comparison, But it nonetheless involves far fewer of the near-
intangible political complications besetting a comparison of forces,
especially a comparison of one’s own forces with those of an ally. The
Germans may consider one foreign tank inferior to another, but they
should be able to judge reasonably well whether there is enough of a
compensating cheapness in price: which tank yields the greatest combat
potential for a given budget?

Going one step further, it is surely less visionary to hope that inter-
national teams of experts might appraise various soris of matériel in
terms of such a criterion than that they could ever appraize the sub-
stitutability of allied forces one for the other. In a voluntary association
a nation obviously remains the final judge of where its interests lie and
how well they can be served by others, But with military forces securely
under its own control, it may be persuaded to accept the advice of
international teams about economic sources of arms supply provided
that its associates can also be persuaded. The probable mutual gain
from arms specialization is easier to identify, and for this resson may
be achieved to a greater extent.
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So far we have discussed only why the obstacles to concentrating
arms production with low-cost suppliers may not be insuperable, and
why they should be regarded as less formidable than formerly, But the
first question, of course, is how strong the incentives are to overcome
these obstacles. Is the potential for mutual gain great or small? Arms
production today covers an extremely wide variety of manufactured
products. Producing one of them may call upon vastly different skills
and materials than another. Consequently one ally, abundantly endowed
with the special resources relevant for one kind of arms production, may
be much more efficient than another whose special resources lend them-
selves better to producing another kind. There is a great and growing
volume of trade in civilian manufactures among industrialized countries,
despite trade barriers, to prove that one country does not dominate the
others for all manufactures. On the contrary, the usual pattern is a com-
parative advantage for one kind, a comparative disadvantage for another,
Some tend to think of the United States as the “natural” supplier of
military matériel, for example. For many arms it undoubtedly is the
“natural” in the sense of efficient supplier. But one need only mention
the production of ships and much of their associated equipment for a
contrasting example. The American industry requires heavy subsidies
to be competitive at all with foreign shipyards in producing civilian
ships, and even then it is outpaced in volume by the industries of several
smaller countries. There is consequently a presumption of gross ineffi-
clency in centering so much naval production in the United States,
a heavy price to offset against any mobilization base gains.

Thus the potential for mutual gain through arms specialization is
probably great, first, because nations can pursue their comparative ad-
vantages in different lines of production. Second, there are reinforcing
possibilities of gain from concentration itself. Economies of scale may
be realized by concentrating production with one or a few suppliers, and
there is good reason to believe that such economies are likely to be much
more prominent for military than for civilian production. The expensive
matériel items are typically extremely complex in their technology, and
production runs are typically low before extensive or revolutionary model
changes occur. There are obvious exceptions. Artillery shells may be
fairly simple and cheap to produce in quantity, they may remain fairly
well standardized, and production runs may extend into the millions. If
shipping them adds considerably to their unit cost, there is good reason
accordingly for many members of an alliance to produce their own, each
on a scale big enough to realize most or all of any mass-production
economies. Circumstances are obviously greatly different in producing
modern airplanes or large missiles, To produce such an item one has to
learn a lot, one learns mostly by doing, and, if only a few hundred or
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thousand are to be produced in total, one is still learning how to produce
them better when production ceases. As a result unit costs can be ex-
pected to decline appreciably the more of the item that is produced in
one place. The phenomenon known as the “learning curve” applies.

There is considerable uncertainty about the likely shape of the
learning curve in producing various items— that is, about precisely
how unit costs will change as the total number produced increases. And
there is even some outright confusion in the literature concerning it.
But about its existence and importance there is no doubt. Early formula-
tions applied to airframe manufacture that predicted a 20 per cent reduc-
tion in unit cost with each doubling of cumulative output have been
shown to be unduly simple, but for small production runs cost-savings
of this sort are realistic.l® In an illustrative calculation based on 19354
prices, Asher has estimated that the cost per airframe pound for preducing
post-World War 11 fighter aircraft in the United States might be ex-
pected to decline from about $z5 to about $15 if production were in-
creased from 100 to r,ooo airframes!! Such a 4o per cent saving in
costs would be a handsome payoff if ten allies concentrated their pro-
duction of 1,000 airframes rather than splitting it evenly among them.,
And this payoff would be enhanced to the extent, probably considerable,
that their airframe industries were of various efficiencies and they had
chosen to concentrate upon the most ecfficient one.

THE PAYMENTS PROBLEM

But how is the payofi to be divided among allies? Clearly, in the
hypothetical example, this depends upon who pays for the airframes.
If one nation produces all the airframes and pays for the lot, giving the
equipment away, the gain of its allies is at a maximum. Ii, in contrast,
the producing nation sells the airframes at prices just barely under the
competing cost of small-lot production abroad, the gain of its allies is
driven to a minimum. There are obvious possibilities for many inter-
mediate solutions that would divide the payoff from more efficient
production in varying proportions.

One simple solution to the problem of who pays for matériel is having
the nation that uses the matériel pay. This solution is appealing because
it is widely regarded as conventional as well as being simple. It cor-
responds to commercial trade, And it fits a looge alliance whose members
trust one another so little that they retain much the same national forces
that they would if there were no alliance. But these virtues cannot

" For an amplification of all of these points and a careful examination of one industry,
see Harold Asher, Cost-Quantity Relationships in the Airframe Industyy, The RAND
Corporation, Report R-291, July 1, 1986.

* Asher, pp. 120-121.
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conceal the arbitrariness of this solution when applied to a tighte
alliance. From the point of view of a member especially proficient at
supplying matériel, this solution is fine. Tt gets paid for its contributior
to collective defense the more it specializes in supplying matériel fo
others and the less it provides forces of its own and matériel for them
The more it does so, the more onerous become the burdens upon other
members who specialize in providing forces. The others cannot anc
should not be expected to welcome an arrangement that so obviously
penalizes them. Their objections would probably be aggravated by othet
factors. Their prospective contribution of blood rather than treasure
may seem to them especially meritorious in a way difficult to evaluate
in terms of money. And if they have to pay for foreign arms, the added
burden upon their balance of payments may confront them with a special
econormic problem,

The unacceptable arbitrariness of the simple solution to the payments
problem lies in confining possible compensation to one kind of military
contribution to the exclusion of other kinds. Yet the other kinds
especially troop supply, are if anything more directly tied to truly
common defense. Arms, after all, can easily be sold to meutrals, but the
commitment to collective defense action is the essence of alliance.
Whether arms supply to allies should be compensated for can in prin-
ciple only be determined by looking at total contributions. And, as we
have seen,'? this means that the total military effort of each ally has
to be computed, because the part to be attributed to truly common defense
cannot be isolated in practice. In principle, some test of total burdens
must be applied to determine whether compensations are in order, and
any restriction of the test to particular kinds of burdens is likely to
compound arbitrariness in their measurement.’® If such a total test is
supplied, one result is certain. An ally whose contribution consists wholly
of supplying arms to its allies will find itsell paying for all or a good
part of them,

Thus in principle the only “fair” way to solve the payments problem
in an alliance is to weigh aggregate contributions in relation to resources,
so determining any net resource transfers required to equalize burdens.
But deflining “fair shares” raises formidable problems and measuring them

¥ See pp. 288-28g above.

*In practice the conspicuous example of such compounding is to be found in NATO
negotiations about financing the “infrastructure,” ic., installations like airfields and
pipelines in Europe designed to be used in common by allied forces. Here the allies
must agree on cost shares, and they do so in protracted negotiations that end up
assigning shares roughly proportionate to the total economic resources of members.
Consequently a country gets [ittle credit or discredit in these negotiations for doing much
or little in the way of non-infrastructure contributions,
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raises still more,'* not to mention getting international agrecement among
all parties — a successful outcome for a negotiation in which the measure
of one’s gain is precisely the loss of others, unlike associated alliance
matters where there is the possibility of mutual gain. “Fairness” alone
can certainly not be expected to carry enough appeal Lo overcome these
formidable problems. The case for attempting 1o overcome them must be
reinforced by another compelling, If less noble, consideration. In the
absence of any burden-sharing agreement, the questioen of who pays must
be answered presumably by ad koc bargaining in each case, bilateral or
multilateral as the case may bhe. Wherever such bargazining results in
external support for an ally’s military effort, whether in the form of
grants of equipment or money, the grantor must be troubled by one
doubt above all: In the absence of his support, could and sheould the
recipient have horne the military burden at issue itseli? Giving grant
support to allies is designed to encourage them to undertake greater
military efforts where they are efficient. But in one way it discourages
them. The prospect of external support encourages countries to reduce
their future domestic military budgets, especially in support of the very
military specialties they know their allies are most interested in, in order
to generate a claim for outside support: “You wish us to provide X
because we are especially good at that specialty? Splendid; our military
leaders quite agree, Unfortunately it lies beyond our means.” Potential
recipients have a natural incentive to strengthen their bargaining position
in this way, but this incentive is perverse from the point of view of the
grantor.

This perverse incentive problem can cobviously be solved if it is
demonstrated that an ally is doing all it can, No question of shirking can
then arise. If it is efficient for such an ally to assume additional military
burdens, their cost must be borne by someone else. But demonstrating
that a nation is supporting a militury effort up to the limits of its economic
capacity is singularly hard to do. In some cases it might easily be con-
vincingly argued that an ally could not possibly support all its military
effort alone, including payment for matériel, for example, South Korea
or Formosa. Yet cven in these cases the question of the proportion of
military effort that can and should he self-supported is an open one.
in a particular case is it 40 or 5o per cent? This difference may be large
in money terms, yet well within the margins of error in any calculation
of economic capacity. And when one turns to much more highly developed
and richer countries, especially to those that, like the United States and
the United Kingdom, have devoted more than four times as great a

“ For a discussion of the technical preblems, sce M. W. Hoag, “Economic Problems
of Alllance,” Jowrnal of Political Economy, December 1957, pp. 330-332.
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proportion of their output to defense during World War IT as they are
now doing, calculation of economic capacity becomes at once more elusive
and more likely to result in estimates that are so high as to be irrelevant
for cold war preparedness.1®

One must then turn from the inapplicable absolute limits to relative
burdens. Where it cannot be convincingly demonstrated that an ally is
doing all it can, external support of allied military efforts must be defended
because the ally is doing all that it should. If it is, suspicions are
allayed that external support perversely encouraged the ally to slacken
its own efforts. The self-interest of the grantor should impel it to apply
a “burden-sharing” test of a sort even if no formal multilateral tests
exist. Only by doing so can the grantor be assured that the military effort
abroad made possible by its support is genuinely additive. Once assured
that it is additive, an efficiency test of comparative cost can establish
mutual gain from the external support-—the added allied military
capabilities are provided so much more cheaply than could be done
directly by the grantor nation that any lack of substitutability between
an ally’s and one’s own capability is more than offset. The grantor then
generates enough more military capabilities in the form of allied forces
to warrant diverting resources from providing capabilities of his own,

For a major power like the United States, overwhelmingly the grantor
rather than recipient in its alliances, there are some political advantages
in applying such tests bilaterally and informally. Its arrangements are
then less hampered by publicity and formal precedents than would be
the case if they were derived in multilateral negotiations. At the same
time flexible bilateral arrangements have equally obvious disadvantages.
All the onus of insisting that an ally is capable of a certain effort is
thrown upon the United States, which is put in the invidious position of
a big power coercing a small power without any appeal to multilaterally
determined standards that would be formally nondiscriminatory. For the
United States, leading its allies in the proportion of resources devoted to
defense, the bargaining flexibility lost in agreeing to multilateral standards
may be compensated for by using those standards to support its bargaining
strength and make that strength less resented. In any case, it is clear that
any formal burden-sharing scheme must command the support of the
major powers, especially of the United States. And if it should command
such support, a means of implementing it lies ready at hand. Where such
a scheme would call for aid irom Ally A to B, aid can move directly or
it may be approximated indirectly by less aid from the United States to
A and more to B.

¥ See Chapter 4.
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FORCES SPECIALIZATION: SOME OPEN ISSUES

How great the drive is toward any general burden-sharing obviously
depends upon how truly collective defense matters become. The more
interdependent the military effort of allies, the stronger this drive. The
cementing forces are a shared fear of major aggression, roughly agreed
objectives of foreign policy, and mutual gain {rom division of military
labor. All of these bear upon the vital choices of the eventualities that
military forces are to be designed for, and how wars are to be fought if
these eventualities occur -~ 1in a word, upon strategy. A strategy may be
brought into question for any one of a variety of reasons. In one member
country, for example, a different political party may come into power
that does not fear aggression from the nation against which the military
plans of the alliance had been directed. Or there may he other disrupting
political changes. But we want to concentrate here upon possible dis-
ruptions arising from technological or economic changes. Because of such
changes, what was once a sensible division of military labor among allies
promising great mutual gain may be challenged by a new strategy im-
plying much less pooling of eifort, less dependence, and accordingly
a disinclination to treat the burdens of defense as common.

Again the pertinent case is NATO. In defending Europe, early NATO
planning sought double protection. From the outset it was hoped that
the retaliatory threat of the American Strategic Air Command would
deter the Soviets from attacking, But army and associated forces were
sought in sufficient numbers to protect Burope against invasion even if
the Soviets were not deterred. In NATO jurgon, the main Deterrent was
to be supplemented by a sizable Shield. The associated division of
military labor was, in some senses, a “natural.” Primary but not exclusive
responsibility for supplying troops fell to European members. For most
of them this responsibility fitted their military traditions, and land armies
could presumably be organized more quickly hy them than other forces.
Their ample manpower, deployed at or close to home, would be far
cheaper to maintain than additional American troops. The United States,
with its temporary monopoly of atomic weapons and long-range hombers,
by default supplied all the relevant strategic airpower at the start. But
over the longer run, there were powerful arguments that the United
States would remain the efficient supplier of strategic atomic airpower.
By the time other NATO members could produce such forces of their
own, the Russians alse could. The dominant consideration in a deterrent
strategy would then become, as it already has, the ability to protect
one's striking force so well that effective retaliation against enemy attack
is virtually assured. Basing one’s striking force far from the enemy and
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behind a deep radar screen greatly enhances this ability. It drives ti
enemy to using expensive long-range bombers or missiles while affordir
one much better possibilities of protection by getting enough warnir
to launch missiles and bombers or to evacuate bombers. Home-basir
strategic airpower for NATOQ in the interior of the United States ofie.
these tremendous advantages, plus a pooling of some of the costs of a
defense (radar especially) with civilian protection, while the gre:
geographic advantage that NATO possesses over the Russians can t
exploited by using bases close to and around the perimeter of the Sovi
Union for quick refueling.

Thus the NATO sirategy was compatible with great gains from radic
forces specialization within the alliance, as well as more modest if moi
easily identifiable gains from matériel specialization. But the very growi
of a Soviet air-atomic threat that provides a longer-run efficien
rationale for the old division of military labor in NATO also creat
doubts about the continuing desirability of the underlying NATQ strateg
It creates doubts, first, because the enormous growth of Soviet militar
power drastically reduces the security that a dollar spent on Westes
defense can bring —in effect, it makes the West poorer, because eve
their growing resources can now buy less security. Hence, their militas
choices become harder, and NATO powers are naturally more incline
to question whether some capabilities can now be afforded. Specificall
should the double protection of a primarily airpower Deterrent ar
a primarily land-force Shield continue to be sought? The growing Sovi
air-atomic power creates doubt about the NATO strategy, second, b
cause it weakens the credibility of a massive American strategic airpow
response to Soviet provocations in Europe. European NATO membe
may naturally have less confidence in SAC protection when invoking
would be likely to bring massive retaliatory destruction to the Unite
States itself, the power that controls SAC employment.

These considerations give European members reason to ponder tl
merits of drastically different military preparation for themselves. TI
alternative that would depart most {from the old NATO division of lahc
and its rationale, may be briefly sketched as follows:

1. Fearing that SAC employment cannot be relied upon, secure
retaliatory air-atomic capability under one’s own control and rely upc
it to deter the Russians from attack.

2. Abandon troop and supporting contributions to the Shield becau
war in Europe would probably bring horrible devastation from the a
even if the Shield held for a while and prevented quick Soviet occupatio

3. Raise only such conventional land, naval, and tactical air forc
as seem required to take care of one’s own colonial and other “brushfir

responsibilities.
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In this extreme form, of course, such an alternative implies no national
contribution to collective defense whatsoever, rendering irrelevant all
talk of burden-sharing and division of labor. This alternative epitomizes
the “chain-reaction” feared by NATO commanders as a result of British
moves'® in these directions.

Appraising this and other drastic military alternatives raises the most
important issues in defense policy and the ones most difficult to assess.
The issues turn critically upon chancy estimates of subjective probabilities
and require that very disparate objectives be compared.!” Should the
deterrent be strengthened at the expense of a reduced ability to mitigate
disaster if deterrence fails? How much in any event do specific competing
measures promise to contribute toward one or both of these objectives?
Anyone must necessarily be somewhat uncertain about the wisdom of
a major change in defense policy, especially as drastic a change as the
one sketched above, although some of its attractions and difficulties are
apparent, Its main attraction lies in the possibility of so capitalizing upon
modern technology that a quite small strategic air force suffices to pose
a severe retaliatory threat to even a major power, say a small force of
ballistic missiles that might be expected to penetrate Soviet air defenses
by virtue of phenomenal speed and altitude rather than by saturating
those defenses with many near-simultaneous arrivals. Consequently the
force and its costs might be small enough to be commensurate with the
resources of small powers, and self-defense against the worst contingency
might become feasible without the encumbrances of altiance. If a nation
believes that such a force can be created cffectively at reasonable cost,
it may stake nearly everything upon deterring war by the retaliatory
threat of this force securely under its own control. Because the probability
of major aggression is thought to be very low, it may spend far less upon
land forces that would be needed to play its part in warding off surface
invasion should aggression occur, and may give up the job of defending
civilians against air attack, Budgetary economies in these spheres may
appear to compensate for the cost of its own little SAC.

However, even little SAC forces can be very expensive. And for
European countries, doubts about the payoif of such forces should give
them greater pause than the certainty of sizable expense. First, would
such forces really give them an independent capability to retaliate, and
hence an objective basis for deterring Russia? Second, even if such a
basis is provided, would it be translated into a greater subjective appre-
hension on the part of the Soviets, which it must be if it is to deter
them? Doubts on the first score arise partly because European-based

® Great Britain, Minister of Defence, Defence: Outline of Future Policy, Cmd. 124.
Her Majesty’s Stationery Office, London, April 1g57.
7 Cf. Chapter ro.
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strategic air forces are so close to Soviet air power that protecting these
forces remains a formidable problem, while not protecting them subvert:
a strategy of deterrence by inviting all-out attack. European-based forces
are but minutes of jet flying time away from Soviet medium as well a:
heavy bombers, and thus are exposed to very heavy and accurate bombe:
attack with warning times little greater than America might receive foi
ballistic missile attacks. Exposure to Soviet IRBM’s would even reduce
this warning time. Protecting European-based forces against massive
surprise air assault in the face of this geographical disadvantage maj
be difficult and extremely expensive.

Doubts on the second score should compound those on the first
Assume that some objective basis for an independent deterrent policy it
attainable at reasomable cost. One doubt then succeeds another. Th
evident independent power to retaliate may generate this logic in the
Kremlin: “The probahility of European Country X’s retaliating wit!
a nuclear attack now rises, which influences us not to provoke her. Or
the other hand, now that they have an independent capability, the
probability that the United States SAC will respond to this provocation i
lower because the Americans have an excuse for ‘contracting out’ of any
alliance obligation. On balance, the small decline in probability of th
enormous American threat being made good outweighs even a sizabl
increase in the threat posed by Country X with her much smaller SAC
Conclusion: We can feel freer to provoke.” In brief, little SAC’s in Europ
may not enhance European deterrent power either because they an
vulnerable or because their existence weakens the bonds of alliance by
making an American SAC response less likely.

1f a European member is pessimistic about securing an independently
effective deterrent for these or other reasons, it may driit toward anothe
drastic alternative that is also incompatible with the old aspirations fo
an alliance division of labor. It may simply neglect to raise troops fo:
the Shield or to contribute in other ways while relying on the Americar
SAC to deter war, an obviously risky course but an appealingly cheaj
one. Here there would not be contributions by all, and the burden-shar
ing question would appear in its nastiest form: Are some member.
entitled to a iree ride?

What should European members contribute primarily — more capa
bilities in general, highly specialized forces, or a combination o
capabilities? ¥% Various alternatives will deserve explicit consideratior
as defense techniques and military positions evolve. At best, however
provision for the security of Western Europe is likely to be expensive

*®* For one possible answer stressing the usefulness of Hmited-war forces in Europe, am
for an elaboration of the NATQ argument, see M. W. Hoag, “NATO: Deterrent o
Shield ?” Foreign Affeirs, January 1958, pp. 278-292.
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In spite of the problems and risks inherent in dependence upon allies,
we should include in our consideration alternatives that try to take
advaniage of a fairly radical division of military labor among the
Western nations.

16. ECONOMIC WARFARE AND DISARMAMENT

Two more special problem areas are the waging of economic war-
fare (here including the use of military and economic aid) and the search
for ways to achieve weapon limitations or disarmament. Traditionally,
economic warfare has been a major topic in discussions of the economics
of defense, and disarmament obviously has economic aspecis. We shall
not present calculations that point toward specific policies for dealing
with these problems. We shall simply describe the choices to be made,
and discuss some of the considerations that are important in our “way
of looking at” the problems.

ECONOMIC WARFARE AND AID

In the past, major aims of economic warfare were often to reduce the
enenty’s mobilization base and to bolster one’s own. It was hoped that
the various actions would deny critical materials to the enemy and impair
his strength for war production. There were, of course, other motives for
engaging in economic warfare, Sometimes the intent was merely to make
a face-saving or disapproving gesture. Besides, “it seems to be a matter
of simple good taste not to permit trade with an enemy while a war is
going on.” * But, by and large, the aim was said to be the impairment of
the enemy’s ability to mobilize or to produce military items. Partly
because of the change in the significance of mobilization potential, the
emphasis has shifted somewhat in recent years. Economic warfare is
perhaps more than ever a gambit in negotiation, aimed at registering
disapproval, rallying the support of allies or of one’s own people, encourag-
ing the resistance of small countries to subtle aggressions, or gaining
friends in uncommitted countries.

In a sense, the reason for having an economic warfare capability is
like the reason for having limited-war forces: The ability to counter
minor aggressions with force yet without the threat of all-out war has
great apparent advantages, Similarly, the ability to counter more subtle
threats with something less than the threat of limited war has its attrac-

*Thomas C. Schelling, International Econamics, Allyn and Bacon, Inc.,, Boston, 1938,
p. 485.
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tions. Economic warfare, including aid programs, may prevent som
nibbling that would otherwise occur; it may prevent or check some threat:
less expensively than a credible threat of limited war; and it may reduc
the over-all likelihood of war. Of course, many of these measures
particularly steps to provide economic assistance, have even more com
plex aims, and they should not be judged solely in terms of their probabl
impact on national security. Nonetheless, defense in its broadest sens
is one of the major objectives of military and economic aid programs
Certainly it is the objective with which we shall be primarily concernec
here.

The traditional measures of economic warfare are probably of littl
value to the West as far as impairing the enemy’s strength is concerned
These measures consist of restrictions on trade that are intended to deng
particular materials or avenues of trade to the ememy, achieved by
import controls, shipping controls, export controls, and efforts to ge
other countries to limit certain shipments to the enemy or purchase:
from him. The possibilities of regulating one’s own trade are fairly
obvious. Other countries’ trade can be influenced by trade agreements
diplomatic efforts, and the blacklisiing of neutral traders. Preclusiv
buying, that is, buying of materials simply to prevent them from reaching
enemy hands, is another (usually expensive) device.2 A traditional countel
to these measures is to encourage the building up of stocks and industrie:
that would make one’s economy more nearly self-sufficient.

These trade restrictions are difficult to administer and are “among
the worst headaches of a defense program.”?® Yet the employment o
such measures by the West probably does little to decrease the resources
of the Communist bloc relative to those of the West, For during a pro
longed cold war these measures, striking at specific resources, make oniy
a trifling dent in the over-all economic strength of a nation. Besides this
they deny to both sides, not just to the enemy, part of the advantages
of specialization and trade.

This is not to say that economic warfare cannot affect the strengtt
of a single small country largely dependent on foreign trade. For the
Soviet Union to cease buying rubber from Ceylon, or for the West tc
prevent Ceylon from exporting rubber, would hurt the economy of the
smaller country severely. The Soviet Union could threaten considerable
damage to the Icelandic economy if it became the sole buyer of Iceland’
fish catch. Either the United States or the Soviet Union could injure

*For more coraplete discussions of various devices, see Schelling, pp. 48%-532, anc
George A. Lincoln, Economics of National Secwrity, Prentice-Hall, Inc., New York, 1954
PP. §21-844.

 Lincoln, p. 534.
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small countries by “dumping” goods. Our economic isolation of Red
China may have significantly retarded its rate of industrial development.
Control over Middle East oil by any single power or bloc would be a
comparatively potent weapon because it could upset the Middle East
and European economies sharply, particularly during ap initial period
before adjustments could be made, In most instances, nonetheless, the
net impact of trade restrictions on the relative strength of major powers
is not great. Often their main force and significance is similar to that
of a slap in the face. They are part of the process of bluffing and
challenging.

Aside from the fact that economic warfare does not do much economic
damage to the large power blocs, it has its disadvantages to the West
as a means of probing and bargaining, for it employs a technique, restric-
tion of international trade, that does not show the free world in its best
light. In fact, there is much to be said for the opposite tactic of encour-
aging trade and travel between the two blocs. Unrestricted trade might
make possible some economic “pemnetration” by the Communist nations
— for example, strategic placement of personnel or gains of prestige
from dumping “loss-leaders” — but freedom is the West’s most Important
product, and it should be displayed prominently. In particular cases, it
may seem advisable for Western nations to engage in state trading,
partly to offset the impacts of Communist bulk trades on smaller nations.
In general, however, freer trade and more extensive travel between the
Communist world and the West may redound to the advantage of the
free world: the Communist bloc probably has more to lose as a result
of interchange than we have.

According to one economist, Albert Hirschman, it may be to the
advantage of the West for the smaller countries to have some trade with
the Communist bloc.* Substantial dependence of smaller nations on
trade with authoritarian countries would be undesirable, but zero trade
with them is not necessarily optimal. Influence is acquired not only
through the possibility of withdrawing existing trade but also through
the possibility of launching new trade relationships. Therefore United
States monopoly of trade with a smaller country may not deprive the
Soviet Union of ¢ such influence in that country. The hope for favorable
deals with the Soviet bloc may influence a nation as much as the desire
to maintain existing trade with the West, Moreover, if the Tnited States
dominates this exchange of goods, it gets blamed whenever anything

* Prefessor Hirschman has presented some of his ideas on gaining influence through
trade in his bock, Naiional Power and the Structure of Foreign Trode, University of
California Press, Berkeley, California, 1943, and has developed his ideas further in
unpublished papers.
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goes wrong. Finally, United Stales monopoly of trade with a smaller
nation, and efforts to prevent it from trading with the Soviet bloc, are
likely to generate resentment toward the United States. For these reasons,
Hirschman believes that for us to dominate trade with smaller nations
and for Russia to remain an untried “greener pasture on the other side
of the fence” may not make the West as influential as would some
intermediate situation in which the smaller nations have some exchange
and experience with both blocs,

There is an especially strong case for freer trade among the non-
Commumist nations. The United States loses many of the gains from its
aid programs by denying the recipients a chance to earn something
through honest trade. Early in 1957 the United States induced Japan
to limit its exports of cotton textiles to the United Siates. As a part
of this agreement, subquotas for particular textiles were set to protect
such United States industries as velveteen (3 companies) and gingham
(14 companies). Said one Japanese official:

I do net think that Japan stands alone in feeling apprehension over the growing
intensity of import restriction in the U.S. It is our sincere desire that the
American people take full cognizance of the fact that their every action, however
slight or unpremeditated, casts an influence on all the free nations out of all
proportion to their original intent.®
This sort of policy may appease certain vociferous pressure groups, but it
does so at a high cost: An ally sacrifices an opportunity to raise its
income by following the tenets of a competitive private-enterprise system;
the United States consumer gives up a chance to hire people to work
for him at 1514 cents an hour; and, still more important, the free world
loses part of its cohesiveness and strength. At the same time, the Soviet
Urnion iz beginning to promote trade aggressively.®

Let us turn now to a form of economic rivalry that has come to play
an increasingly prominent role in the nuclear age — that is, rivalry in
dispensing economic assistance. In recent years, United States activities
of this sort have cost, very roughly, a billion dollars a year. This amount
includes outlays for Point-Four technical assistance, assistance to eco-
nomic development, the disposition of agricultural surpluses, and a
component of defense-support assistance that serves to aid development.
The amount does not include private investment abroad or loans by the
Export-Import Bank or the International Bank for Reconstruction and

5 Japanese Government Economist Morio Yukawa, quoted in Time, January 28, 1057
p. 91.

®The Council for Econemic and Industry Research, Inc., Fereign Assistance Activities
of the Communist Bloc and Their Implications for the United States, a study prepared
at the request of the special committee to study the Foreign Aid Program, United States
Senate, U.S. Government Printing Cffice, Washington, D.C., 1957, p. xiii.
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Development. Nor does it include military assistance, a substantial
portion of which should be counted too, because military aid usually
enables the recipient to shift some resources to investment and other uses.
{Military aid, of course, directly contributes to the West’s security to the
extent that it increases the internal security of the recipient, increases
collective capability against aggression, and improves the warning systent.
Here, however, we shall confine ourselves to those aspects of aid that
figure in “economic warfare.”)

Russian economic assistance has taken the form mainly of loans on
attractive terms. By the end of 1956, the Communist bloc arranged to
make loans to “underdeveloped” countries amounting to about $1.4
billion, chiefly to finance purchases of capital goods.” Interest rates are
from 2 to 2.5 per cent, and the credit is granted for periods as long as
3o years. In addition to extending these loans, the Communist bloc
provides technical assistance to the underdeveloped countries and trains
technicians for them, mainly in the Soviet Union. Several indications,
such as recent Soviet propaganda and loans in the process of negotiation,
suggest that the Communist bloc may expand these economic-assistance
activities,

The free world must continue to include economic aid among the alter-
native national security measures that merit serious consideration. These
measures, like certain other defense activities, have spillover effects on the
achievement of other objectives, and these effects should be recognized
when decisions about the budget are being made. As far as the improve-
ment of our defense posture is concerned, economic assistance to under-
developed countries is a rather low-confidence measure. That is, while it
may offer valuable gains,® we cannot be very sure of even moderate gains.
Little is known about answers to the following questions. What eifects
do various aid programs have on the recipients’ investment? What effects
on private investment from abroad? What does such investment really
do to the recipients’ economic development?® What impacts would
various rates of economic progress have on political development and
on political allegiances? What other impacts do aid programs have on
political alignments and free-world resources for defense? Certainly we
should not expect miracles. After all, “For underdeveloped countries
(other than ‘defense support’ countries) in Asia and Africa with about

T Ibid.

"For a strong statement of pessible gains, sce Max F. Millikan and W. W. Rostow,
4 Proposal, Key fo an Efective Foreign Policy, Harper and Bros, New Vork, 1057

*Sormme cconomists doubt that aid benefits the West at all. Milton Friedman argues
that continued aid programs would impair the functioning of competitive private enter-
prise in the recipient countries, uliimately retarding their growth and wcakening the
free world {*Foreign Eccnomic Aid,” The Vale Reyiew, Summer 1958, pp. s00-316).
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threc-quarters of a billion people, the inflow of American capital and
technical assistance in all forms . . . is probably at an annual rate at
the present time of between $1 and $2 per capita.” 1

In the face of such uncertainties, we cannot draw up a foreign-aid
program that is “required.” Yet here, as in so many other cases, there
is a tendency to ask, “What program is ‘needed’ or ‘required’?” and
“Is it feasible?” as though this were the way to decide upon our foreign-
aid activities. As for cur capability, if enough other things are sacrificed,
it is certainly feasible for the United States to devote so or 100 billion
dollars per vear to foreign aid. As for the “requircment,” no particular
amount of assistance is “necessary,” but it may be that the larger the
amount of aid (up to & point, and if it is wisely spent), the greater the
gain to the free world, The question we need to answer is, “What are
the costs and the gains from alternative foreign-aid programs?” The
answer, however imprecise and difficult to get, is the kind of information
that helps us choose among possible sizes of a program, allocations of
aid among countries, mixes of military and economic aid, conditions or
“strings” to he attached to loans or grants, and so on. Even here,
guantitative economic analysis may be helpful. As in most instances,
definitive solutions to these problems cannot be produced by such analysis,
but certain relevant effects of alternative courses of action can be traced
out. According to one study,'! data on changes in voting may reflect the
impacts of aid on the political vulnerability of the recipient nations.
Finally, analysis can compare the cost of military aid with the cost of
building similar (though more flexible) United States forces.

In conclusion, a few less conventional means of waging economic
warfare may be mentioned. One way of damaging an enemy’s economy
Is to inject great quantities of counterfeit currency. Such action is nof
unprecedented. Shortly after World War T1, the Soviet Union, which had
the printing plates, issued enough German occupation marks to causec
considerable confusion and concern. Another more subtle policy might be
directed against the free world — a policy of inducing instability by being
alternately “peace-loving” and “tough.” This policy might induce sharply
fluctuating defense budgets, price levels, and employment levels in demo-
cratic nations, with debilitating effects. Against such a tactic, there is nc
dramatic counter-measure, but we can hope that voters and policy-makers
will not capriciously change the size of defense programs and that they

®Thomas Schelling, “American Aid and Economic Development: Some Critica
Issues,” in International Siability and Progress: United Siales Interesis and Inmstruments
The American Assembly, Columbia University, New York, June 1957, p. 130.

" An application of economic analysis to cerfain of the alternatives, and an clabora
tion of some of the above points, are presented by Charles Wolf, Jr, in Foreign Aid
Theory and Practice in Southern Asia, Princeton University Press, Princeton, N.J., 1960
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will adopt monetary-fiscal arrangements to alleviate inflations and de-
flations (see Chapter 5).

WEAPON CONTROL MEASURES AND DISARMAMENT 12

Another special problem in defense planning is designing and choosing
policies in the light of possible mutually advantageous weapon control and
disarmament measures. At hest, there are too many ways in which a
balance of terror can be unbalanced unless nations can work out effective
types of agreements. Perceptive proponents of a strong, well-protected
retaliatory force believe that agreement on weapon limitations can supple-
ment that force in maintaining stable and effective deterrence.’?

Throughout this section, it might be noted, we are thinking primarily
of weapon control measures that would reduce the likelihood, or the
severity, of all-out war. In this context, the word “disarmament” is
something of a misnomer, for it has come to include proposals for
observation and exchange of information, for reducing the chance of
accidental war, for diminishing the dangers of mischievous acts by small
nations, for decreasing the temptation to surprise attack, for mediating
between contestants in limited wars, and for cooperating in any situation
where the rival powers may have some common interest.

Thus, paradoxically, disarmament has come to mean agreements and
measures that often imply the expenditure of additional sums on defense
or the purchase of extra conventional armaments. (In this nuclear age,
disarmament sometimes means armament.) These proposals deserve our
most serious atfeniion, not only because some of them might yield huge
gains to the United States and the whole world, but also because some
proposals could lead more surely than ever to disaster,

What are some of the things that might be done? A few persons urge
the traditional pacifist line: let us give up our weapons and trust that the
enemy will do likewise. Unfortunately, the situation is much too desperate
for anyone to rely on wishes. If we are to preserve the free world —
indeed save civilization itself — we must do something more than hope.

More practical (or perhaps more deeply worried) persons urge us io
seek major agreements based on mutual advantage, not merely the minor
bargains that can rest solely on faith or hope. They observe, quite
correctly, that there may be forms of disarmament that would be mutually
advaniageous. We have to do more, however, than reiterate the urgency
of seeking agreements. We must try to trace out specific steps that the

*In parts of this section, we are greatly indebted to Thomas €. Schelling. Seme of the
ideas arc presented in his paper, “Surprise Attack and Disarmament,” in NATO and
American Security, ed, Klaus Knorr, Princeton Tniversity Press, Princeton, N.J., 1939,

* For instance, see Thomas K. Finletter, Power and Policy, Harcourt, Brace and Co.,
New York, 1954, pp. 367-402. See alsa Chapter 18 of the present volume.
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United States or other Western nations could take in an effort to achieve
weapon control measures.

MILITARY POSTURE AND CONTROL MEASURES

One of the most important steps is to reexamine our military posture
and ask: Are there changes that would give us greater security and &
better basis for reaching agreements ? Chapters 17 and 18 will discuss some
crucial points to be considered in getting a better defense posture for ow
money."* Here we shall mention only briefly a few things that might be
done.

We can take various precautionary measures to lower the probability
of having war breaking out accidentally. We can reduce the valnerability
of our striking force to insure a strike-second capability. We migh
also provide larger and more mobile forces for limited war, a visible toker
of our ability to counter certain aggressions by means other than massive
thermonuclear attack on the Soviet Union. Even without explicit agree
ment, the enemy might find it to his seli-interest to use similar forces
eschewing the use of thermonuclear weapons in the resolution of mos:
conflicts. The basis is then laid for both sides to search for ways to limi:
specific conflicts — to look for conspicuous boundaries and rules tha
both may tacitly agree to observe. In some circumstances, it may be
worthwhile to ennonnce that we will observe certain limitations providec
that the enemy also does so. Such an announcement might lead to taci
agreement, not because the enemy is a good sport, but because it is really
in his self-interest to observe limitations, and these have been made
“conspicuous.” 13 These things are feasible, however, only if our force
are properly designed.

Tt should be realized that forces for limited war may make the us¢
of the big deterrent against minor aggressions somewhat less credible
Hence, while this military posture may reduce the chances that periphera
war will turn into all-out war, it may increase the frequency of loca
conflicts, which always have some potentiality of becoming a thermonu
clear exchange. On balance, however, it seems likely that more effective
forces to counter local aggressions would reduce the likelihood of ar
all-out war, clarify the circumstances in which the big deterrent woulc
be used, and provide a more stable basis for negotiations.

M Geo glso the excellent treatment of these issues in Henry Rowen's National Seeurit:
and the American Economy in the ro6o’s, Study Paper for the Joint Economic Commit
tee, 86th Congress, 2d Session, U.S. Government Printing Olfice, Washington, D.C, 196¢

% For a discussion of this and other provocative points concerning tacit bargaining
sec Thomas C. Schelling, “Bargaining, Communication, and Limited War,” The Journa
of Conflict Resolution, March 1987, pp. 19-36.
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INSPECTION AND CONTROL MEASURES

When crises arise, one nation may attack another to save itself
from the other nation’s attack to save itself (and so on). At least this
danger exists as long as a surprise attack has a chance of destroying
the other nation’s retaliatory force. Consequently, the rival nations fear
each other’s thermonuclear force, and neither can trust the assertions of
the other. In these circumstances, the significance of inspection is obvious.
Neither can afford to disarm, or tie his hands in any way, unless assured
that the other is carrying out his part of the agreement. Let us examine
some possible control measures in this light.

Consider first an agreement to eliminate all nuclear and thermonuclear
capabilities. Suppose each nation prefers no bombs at all to the present
situation. Vet each nation knows that if one country cheated, that country
could take command. Each nation knows, therefore, that there are power-
ful incentives to cheat. To prevent any cheating, moreover, would
require an extremely effective inspection system, say, mobile teams of
inspectors who were free to explore all regions of a country. Unfortunately,
it is probably too late for assurance that a nation has #e hidden nuclear
bombs or that there are no sites for launching ballistic missiles. Moreover,
it would be very difficult to maintain arrangements for freely roving
teams during peripheral conflicts.

Consider next more modest attempts at disarmament — agreements
to increase the stability of mutual deterrence. In this case we would
accept reliance on deterrence, but would seek ways to damp other
destabilizing influences. Agreements that would work in this direction
include possible arrangements to limit striking forces, to make them less
vulnerable, and to reduce the chances of surprise attack.

Both sides could find moves in these directions advantagecus. Each
has an interest in making bot% striking forces less provocative to reduce
the chances of accidentally triggering a thermonuclear war. Each has an
interest in making both striking forces less vulnerable to increase the
certainty of retaliation, If we leave our force relatively soft, the enemy
may reason that we do not really intend striking second and that he must
therefore beat us to the punch. We in turn may figure that he must be
planning to strike. The interaction relentlessly increases the penalty for
holding back; or, to look at the other side of the coin, it increases the
payoff from striking, even though some retaliation would take place,

Since each side should have an interest in reducing the vulnerability
of deterrent forces, perhaps negotiations along these lines hold promise.
In connection with such agreements, Thomas C. Schelling has pointed
out another paradox: the larger the initial striking forces permitted,
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the easier it may be to maintain stability. With each side possessing only
a small striking force, a small amount of cheating would give one side
dominance over the other, and the incentive to cheat and prepare a pre-
ventive attack would be strong. Prevention would again require a highly
effective inspection system. And, even if politically acceptable, extremely
eficctive inspection might actually be destabilizing, for it might discover
temporary weaknesses in the enemy’s retaliatory force and thus give the
discoverer an inducement to launch a preventive attack 1

With each side possessing, say, several thousand missiles, however, a
vast amount of cheating would be necessary to give one side the ability
to wipe out the other’s striking capability. Consequently, such a thorough,
foolproof, and hard-to-achieve inspection system might not be prereq-
uisite to agreements,

Another suggestion of Schelling’s is that nations might also seek
arrangements to prevent either one from starting a war through misinter-
pretation of ambiguous reports about the other’s actions. At minimum, we
might establish a way for either nation to clear up ambiguity if it wiskes
to do s0. Suppose there is an accidental nuclear explosion in one country
or, during a local war, a large group of bombers is sent out to deliver
small nuclear or conventional bombs., Each side will be fearful of a
preemptive strike by the other and for that reason may itself consider a
preemptive strike. Anxiety will mount rapidly. A quick decision will have
to be made. In this situation each side may desperately want to convey
to the other that it had, or has, no intention of attacking. We need some
means for the nation initiating the provocative incident to prove quickly
that it is not planning a surprise attack. Or a way for both nations to
prove simultaneously that they are not launching attacks. Mere assertions
will not be enough, but parading corroborative evidence before inspectors
or radar or television cameras may be reassuring. To be sure, proof will
become increasingly difficult when striking forces consist largely of
missiles, but this is all the more reason for hard thinking about a modus
operandi for situations of this sort.

We should also be thinking in advance about alternative stands to be
taken in the event of likely contingencies (such as the crises over
Lebanon, Suez, Berlin, and Quemoy) : steps to reduce commitments when
they serve little purpose; unilateral announcements of positions that
might be bases for tacit agreement in emergencies; advance plans to
make dramatic proposals (“meet you any time any place”) if certain
situations occur; threats to be made in certain contingencies ; and actions
to make threats credible.

To elaborate on the last point, a nation can take steps to make its

" As an example of such a temparary weakness, Schelling mentions the occasion when
& hurricane crippled our force of B-36's (“Surprise Attack and Disarmament’).
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threats or offers believable. A threat can be made more credible mainly
by proving that the nation has the ability to carry it out. Or a threat
can be rendered more convincing by making commitments or otherwise
increasing the costs of nof carrying it out, or even by showing that the
decision is partly out of one’s control, This is an old tactic — burning
one’s bridges behind him — that has many variants. When to use which
variant in the course of bargaining is a most serious choice nowadays,
for the consequences can be grave indeed.

With respect to each proposal or possibility, we should examine our
ability to enforce it, its efficacy, and its other effects (if any). We should
consider the validity of the purpose of a scheme (say, to reduce the danger
of war by false alarm or to reduce the temptation to sneak attack), how
well it meeis the purpose, how it affects United States force requirements
and operations, how it complements or interferes with unilateral security
measures, how it affects the likelihood of deterring peripheral aggressions,
what intelligence it provides to the participants in the scheme, and what
problems of security arise in discussing the proposal with allies or with
potential enemies. We should also check thoroughly the possibilities of
enforcing the agreement, with particular reference to problems of in-
spection, communication, and the interpretation of evidence.

Consider a scheme that permits inspection of eack side’s strategic air
operations, with aerial reconnaissance and ground observers. The scheme
might be designed to yield advance warning of an attack, hence to make
a deliberate surprise attack less likely to succeed, and hence to deter it.
We have to look at the purpose of the scheme (warning) and ask whether
we could in fact use the warning if we got it, and what operational changes
permit us to make better use of such warning. With respect to the
efficacy of the scheme, we would consider just how likely it is that the
scheme, if put in effect, would in fact yield evidence of preparation of an
attack, and how ambiguous that evidence would be, assuming that the
enemy adapted to the scheme in a way that minimized the warning it
would yield. As to enforcement, we would have to consider the problem
of keeping the inspectors alert and in instant communication with
governmental and military officials through some means that had minimal
proclivity toward false alarm or susceptibility to enemy counterfeit.

With respect to breaches of the agreement, we would have o consider
what kinds of spoofing the system might be vulnerable to, and whether
such spoofing would be recognizable as such and therefore be interpreted
as evidence of bad faith. And since perpetual inspection inevitably
provides information that might be useful in planning an attack, we
would have to adapt our air operations to the fact that they were being
continuously watched, This might meuan the elimination of flying
schedules that, if closely observed, yielded predictable periods or areas
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of vulnerability, and this in turn might mean higher operating costs.
The question of whether the scheme can tolerate the occurrence of limited
war — for example, Soviet inspectors on SAC Far Eastern bases during
an invasion of Quemoy — is another complication that must be investi-
gated.

Thus there are several types of effort that would help us explore the
possibilities of weapon control measures and disarmament, First of all,
we need a relatively stable situation of mutual deterrence to give nations
a chance to bargain. In the West, this calls for improved limited-war
capabilities and especially the protection of the deterrent force (see
Chapter 18). The latter is particularly crucial at this stage in the search
for disarmament. Second, we should have more emphasis than ever before
on the skillful and thoughtful design of alternatives in bargaining. This
may mean allocating more resources and personnel to this task. It means
thinking harder than ever before about agreements that might be mutually
advantageous -— searching carefully for first steps, “conspicuous focal
points,” rules upon which bargainers might agree. And third, we need
untiring negotiation. The possible gains from these measures may be
considerable. The possible losses from bad bargains can be disastrous.
An economical allocation of our resources surely calls for sizable and
efficient efforts devoted to this defense mission,

17. MOBILIZATION, CIVIL DEFENSE,
AND RECUPERATION

Other special aspects of defense planning are steps to facilitate
mobilization and recuperation (the latter in the event that all-out war
should occur). This chapter, like the others in Part III, outlines some
of the choices that confront us and emphasizes the major factors to
consider in comparing the alternatives.

“WORLD WAR II” MOBILIZATION

One option that deserves cur attention, since the United States has
continued to spend money on it, is to maintain a base for the kind of
mobilization that cccurred in World War II. In the United States, much
emphasis has heen given to measures for this purpose, including the
provision of a stockpile of raw materials, standby facilities or equipment,
and plans for wartime economic organization and controls. Capacity
targets for specific industries have been set and subsidies or other
inducements, such as accelerated amortization, offered to insure their
being met. In addition, extensive stockpiling of tools and critical materials
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whose overseas sources might be cut off in wartime has been undertaken
to round out the base for production.

This emphasis is understandable. After all, in the past a mobilization
hase was almost the sole defense preparation that appeared to be called
for prior to the outbreak of war. Moreover, only yesterday {or so it
seems) this sort of mobilization proved its worth in the Second World
War, 1t is only natural to ask: How could we do better next timer To
work out better mobilization plans after the war is as hard fo resist as
working out better repartee after the party.

Unfortunately, preoccupation with this kind of mobilization base in
the nuclear era is dangerous. It can not only lead to the diversion of
resources into activities that have become useless. It can also obscure
the issues and prevent consideration of appropriate ideas and measures.
The basic diificulty is that mobilization is visualized as a one- to two-
year conversion of the fotal economy, Future conflicts, however, are not
likely to give us time for conversion., We will probably have recurrent
crises, like those in Korea, Quemoy, Lebanon, and Berlin, but these should
not call for massive response of the fofal economy. In short, plans to
mobilize our industrial power are appropriate only for the kind of war
that is least likely. For that unlikely case our economic position is strong
enough that we hardly need insurance in the form of two-year raw ma-
terial stockpiles and the like.

For the catastrophic contingency of thermonuclear war, we cannot
contemplate plans for any large-scale war production, We must contem-
plate disaster and plan to prevent it or, if it occurs, to preserve a basis
for recuperation. For limited wars, we need forces-in-being and flexible
reserves that can be called up quickly —not a base for mobilization on
a massive scale. To repeat, the World War IT mobilization base consti-
tutes preparation for the kind of war that is now least likely. To be sure,
that kind of war is not inconceivable. But to insure the nation against
it is like insuring oneself against being run over by a horse and buggy.
Most sensible people apply their insurance premiums against more likely
contingencies.

On the surface, it has apparently been accepted for some time that
we should put our resources into other kinds of preparations. This view
has pervaded congressional hearings for several years.! During the
second half of the r9g0’s, the press mentioned repeatedly that mobiliza-
tion plans were losing favor? noting (in rg56) that two thousand plants

'For example see Department of Defense Appropriations for 1958, Hearings hefore
the Subcommittee of the Committee on Appropriations, U.S. Senate, 85th Congress, 1st
Session, U.3. Government Printing Office, Washinglon, D.C,, 193%.

®For instance, see “UL.S. Strategy Takes a New Turn,” Business Week, August 18,

1956, pp. 149-156; “No More ‘War Cenversion’ for Industry,” Business Week, March 1g,
1957, P. 43-
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had been removed from the Pentagon’s Register of Planned Mobilization
Producers. What was then the Office of Defense Mobilization gradually
became concerned about what kind of stockpile is most important in the
nuclear age® Officials considered the conversion of “some stockpiling pro-
grams that are really price-support schemes into new, separate programs
that will recognize them for what they really are.””* Under the Office
of Civil and Defense Mobilization, which combined the functions of the
Office of Defense Mobilization and the Federal Civil Defense Administra-
tion, purchases of strategic materials for the stockpile have dwindled
and are scheduled to cease.

Unfortunately, this recognition that mobilization-base planning is
out of date® emerged too late and influenced policy too slowly. As late
as 1957-58, the United States was still spending resources to add to a
$6.5 billion stockpile of “strategic materials” such as bauxite, rubber, tin,
and many other items that would be useful for full industrial mobilization
but would be abundant (in the form of scrap) in the event of nuclear
war. In addition, under the Defense Production Act of 1950 {as amended),
the General Services Administration was subsidizing in various ways the
expansion of our capacity to produce “critical materials.” The General
Services Adminstration fixed incentive prices for mica, mercury, beryl, and
manganese. It guaranteed markets for copper, aluminum, fluorspar,
molybdenum, titanium, and zinc. It stimulated the expansion of our
machine-tool capacity by stockpiling special tools, and expanded govern-
ment-owned facilities for producing nickel. Under the same Act, other
agencies purchased certain agricultural products, such as caster beans,
industrial oils, hemp, and Egyptian cotton, and subsidized exploration
for “strategic” minerals and metals, Also, the United States devoted re-
sources to refining plans for economic stabilization, direct controls, and
the other trappings of full mobilization.

Even yet (1959) our stockpiling policy reflects the old ideas to a
considerable extent. We have stopped purchasing critical materials on
the grounds (officially) that our “requirement” for these items is only
for a three-year war —not for a five-year war. We still maintain the
stockpile. There is too much truth in the facetious remark (made in
another connection) of the former Secretary of Defense:

*The Economist, “Stocktaking at the Stockpile,”” November o, 1937, p. 494.

* Wall Street Journal, September 26, 1957, p. 1.

“In the Soviet Uniom, this recognition has been cqually laggard among military
commentators (though evidently not among policy-makers). A book recently published
in Moscow gives major cmphasis to the importance of economic war polential in the
traditional sense (A. N. Lagovskil, Stretegiia ¢ ekonomika, Voennce Tzdatelstvo Minis-
terstva Oborony Soiuza SSR, Moscow, 1957, reviewed by Oleg Hoeffding in “Strategy
and Economics: A Soviet View,” World Politics, January 1959, pp. 376-324).
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Mr. Serivner. Has any of the old equipment, any of the old conventional stuff,

been kicked out?
Secretary Wilson, We finally got rid of the carricr pigeons. We finally made
that one.®

A further cost to the nation is incurred when we restrict imports
(such as oil} allegedly to maintain domestic production of basic ma-
terials and an industrial mobilization base, In addition we sometimes
award contracts in such a manner as to keep contractors tooled up for
expanded rates of output and to have standby capacity in “war indus-
tries.” This excess capacity is not designed to get troops overseas quickly
if a limited war breaks out, nor is it protected from nuclear attack. It is
unlikely therefore to be useful in limited war, all-out war, or recuperation.
The costs of this policy are extremely difficult to estimate because they
are mingled inextricably with procurement and development costs. They
probably added up in the 1950’s to at least a billion dollars a year. It
has been suggested that developing the DC-8 would have cost twice as
much had it been developed as a defense item — chiefly because of extra
tooling to maintain a mohilization base.

Many of our moves toward “readiness” turn out, upon close examina-
tion, to be moves toward a mobilization base that would be “faster” yet
still of dubious value. It is argued, for example, that the draft machinery
must be maintained because we will not have the time that was available
for mobilization in previous wars, This sounds like a new strategy of
readiness — of having our manpower on an alert status. Actually, how-
ever, keeping the draft machinery is far from holding manpower in a
state of readiness.” On the contrary it points explicitly toward a time-
consuming form of mobilization rather than toward the use of forces-in-
being or calling up of trained reserves.

Much of our personnel reserve program turns out to be virtually old-
style mobilization planning, We have a ready reserve that has weekly
training sessions and two weeks of field training each year. In addition
there is the standby reserve that does not meet at all. Tn the hearings
pertaining to this legislation and in subsequent hearings on appropriations,
the need for readiness rather than mere numbers in a modern reserve force
was clearly recognized. Moreover, the services have #ried to work toward
a truly ready reserve. Yet, to a considerable extent, the presently planned
reserves would contribute little to the more probable kinds of war.

This fact is indicated first of all by the composition of the reserve

® Department of Defense Appropriations for 1958, Hearings before the Subcommittee,
House of Representatives, 83th Congress, 1st Session, Part 1, U.S. Government Printing
Office, Washington, D.C., 1937, p. 242.

"The remarks here pertain only to this ene argument for the draft, namely that it
produces a state of “readiness.”
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force (including the National Guard). Some of the reserves have skills
that would he useful in deterring nuclear attack. Only forces-in-being,
however, are likely to serve this purpose. On the one hand, if a surprise
attack occurred, reserve personnel might be decimated and disorganized
by the first enemy strike, and would in any event not have served to
deter the attack. On the other hand, if the uneasy balance of terror per-
sisted, such reserves would again be of doubtful utility. They would
provide no deterrence unless called up long before warning of enemy
attack. Advance calling up of such reserves, however, like advance evacu-
ation of our cities, might invite a preemptive attack by the enemy.

Reserves might be invaluable for recuperation, but plans for this
contingency have not been made, and the men are not being trained for
this task. Part of the reserves have heen fighter-interceptor units (z5
wings flying F-86D’s) that might be able to carry out their function —
if enough warning is received, if the threat consists of bombers, and if
the units have up-te-date equipment. Part of the reserves might be
valuable in limited wars except that few of them could be mobilized
quickly enough. It took 7 to ¢ months, on the average, to get National
Guard Divisions ready for Korea, and the reserves under the new pro-
gram will probably have no better advance preparation. Many “ready”
reservists will have had enly & months’ active duty, and many will
actually get little periodic training.® Moreover, while the need for quick
action has increased since Korea, we are not scheduling much more
mobility than we had at that time, We have little airlift even for regular
farces, let alone for the reserves.

In short, for these more probable kinds of war, the reserves as cur-
rently planned do net have as much to offer as they might. What they
seem to be suited for mainly is another World War II mobilization; but
if this is called for, the creation of new forces at the time would serve
the purpose almost as well. In just the right circumstances, of course,
it is conceivable that these reserves would be valuable — say if a large-
scale but limited war lasted a long time yet not long enough for the
introduction of newly created forces. The possibilities of this occurring
depend a good deal upon the preparations and tactics of the enemy. Un-
fortunately, he does not appear to be tailoring his plans to fit our reserve
program,

To sum up, the nation has been devoting several billion dollars a
year to preparations for an outmoded kind of mobilization. These prepa-
rations constitute insurance against the kind of war that is least likely
to occur and in which the United States would have an advantage any-
way. Even though this mistaken emphasis on World War II techniques

8. L. A, Marshall, “How Ready Is Qur Ready Reserve?”, The Reporter, October 3,
1957, bp. 16-18.
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has been partly corrected, there is still cause for concern. For this empha-
sis is a symptom of a disability that could be disastrous — namely, a dim
and erratic recognition of the implications of new developments. Too
often we see, and act on the basis of, only the superficial implications of
changed circumstances. We draw the type of conclusion that the director
of the United States satellite program reached in the fall of 1957: When
asked what the implications of the second Soviet satellite were, he re-
plied, “The launching of the second Soviet satellite indicates . . . that
the Soviet Union has a capability of launching satellites at a rate of one
amonth,”?

ECONOMIC STRENGTH AS A DETERRENT
OF LESSER AGGRESSIONS

In one sense of the term, mobilization potentiul may still serve as
a powerful deterrent —not of thermonuclear attack but of lesser ag-
gressions and limited wars. That is, potential aggressors may sometimes
restrain themselves when tempted to start peripheral conflicts because
their actions might provoke the United States or other Western nations
into increasing their national security budgets and expanding their forces
of all varieties. The Korean War caused the United States to get its
guard up in this fashion and was surely a mistake therefore from the
standpoint of the Communist bloc, Again it should be noted, however,
that this deterrent of peripheral actions is really the capacity to increase
the defense hudget and thereby improve our posture for dealing with all
cold and hot war challenges rather than the capacity for industrial mobili-
zation during a conflict like World War I1.

RAPID MOBILIZATION FOR LIMITED WARS

There is a kind of mobilization for which the nation should prepare,
but the preparations are different from those described above. This
mobilization comprises the rapid calling up, equipping, and transporting
of reserve units when peripheral conflicts occur. The importance of forces
for limited war has been widely discussed.?® The ability to counter certain
aggressions without threatening total war could probably prevent some
nibbling that would otherwise take place. In maintaining such a limited.-
war capability, reserve forces and their mobilization may have a critical
role,

Let us consider personnel reserves first. The kind of personnel that
would probably be most useful are those that could be employed in

® New York Times, November 4, 1937, p. 10.

Y Gee Chapter 2z and the refercnces cited there. The difficulties of relying solely on
massive rectaliation are brought out well in Finletter’s discussion of the sjtuation in
Southeast Asia (Power and Policy, Harcourt, Brace and Company, New York, 19354,
pp. 141-168). Sce also Chapter 18, pp. 350-354.
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peripheral conflicts in a few months’ time.!! Reserves for this purpose can
be kept in a state of readiness, for their missions would make use of
fairly simple conventional skills that would not be rendered obsolete
every couple of years. Tf the techniques of fighting limited wars are
revolutionized, previously existing reserves will have to be retrained or
replaced. (Or perhaps reserves will be utterly useless.)

These men would differ from customary reserves, however. They
would have to be genuinely ready — constantly undergoing some train-
ing, and always available for being called up immediately. Otherwise
they would be of little more use than freshly drafted troops. Money would
have to be made available for training, drills would have to be more
than meetings, and periodically there would have to be realistic dry
runs of the mobilization and deployment of these reservists.

In connection with deployment, some special reservists might Dbe
mentioned, namely, those trained to operate transport vessels and air-
craft. The possibilities of “Drenkirk” * troop and supply movements need
a good deal of exploration. The Air Force has run “live” exercises such
as Operations Pine Cone and Sixteen Tons'® to test the use of reserve
troop carrier units. The right kind of mobilization planning calls for
many more experiments and dry runs. Tt may be possible to effect a
Dunkirk partly by air with reserve pilots and aircraft borrowed from air-
line companies or diverted from other uses. If it is, however, it will require
much experimentation, planning for pre-positioned supplies, and so on.

Without these activities, the value of the reserve forces will be
sharply reduced. Mobhility is almost as important for these reserves as
for the regular forces-in-being. Experience in recent years suggests that
prompt deployment of both will become increasingly vital to national
security.

The fundamental lesson [of Oman] is the need for speed and mobility, and for
well-trained, specially eguipped ground troops as a “fire brigade” to put out
little fires before they can become big conflagrations. The power and speed of
modern communications and the effectiveness of modern propaganda is such that
a little conflict anywhere in the world can become a major political jssue and
perhaps 2 big war unless it is quickly ended.

First news of the Oman revolt was revealed on July 19; it was not until Aug.

UWe are referring to true reserves whose civilian activitics are non-military, not to
members of a “Reserve Technician System™ who perform military tasks es civilinns but
have reserve status so that they can be put into uniform and kept on the job in
emergencies. Members of this “technician system” form part of the forces-in-being to
he retained, not part of a reserve to be tapped, on mobilization day.

We have in mind the emergency deployment of troops, not merely their rescue and
withdrawall

B Department of Defense Appropriations for 1958, House of Representatives, Part 1,

p. 238.
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11 that a British-supported column, after having toiled for ninety-six miles across
a barren, hot desert, captured Nizwa, capital of the Imam of Oman.4

This is not ta argue, as some do, that naval transport of limited-war
forces, including reserves, is too slow to be of any use. To he sure, forces
delivered during the first few days will be of crucial significance, but
those delivered up to several months after the start of hostilities will also
play a vital role in many situations., (Unless this is true, eny reserve
program will be virtually worthless.}) Tt should be recalled that the
eneny, too, at least in many trouble spots, will have to move troops slowiy.
Reserves transported by sea can therefore be valuable. We should be
exploring the use of reserves in fast mobilizations and deployments by
both sea and air, weighing their respective costs against their possible
usefulness.

Let us turn next to equipment reserves for this kind of mobilization,
The same general principles apply. Weapons and supplies should be
relatively simple to use so that they can be handled by reservists who
are not spending 8 hours a day in training. Whatever their equipment,
it should be ready to go by the time the reserves are mobilized. In other
words, it should be possible in about a month’s time to demothball, or
complete the production of, any items that the reserve units do not al-
ready have. And some reserve units should be fully equipped in advance
for almost immediate deployment. In the case of troop carrier units,
as noted before, the transport aircraft might come from the Civil Reserve
Air Fleet {planes of the commercial airlines that are earmarked for such
purposes} and from other uses.

To provide certain items of equipment, it might be economic to adopt
plans similar to the Air Force’s “industrial production readiness policy.”
In order to meet requirements for extra weapons or for spare assemblies
in the event of a contingency, the Air Force often arranges for contractors
to hold extra inventories of materials and major parts.!> To hold these
inventories is cheaper than fabricating and storing the end-items, yet
these end-products can, in an emergency, be produced within 30 days.
One reason this policy is cheaper is that if the end-items are never
required, the materials and subassemblies can be shifted directly to other
uses, while the end-items, being more highly specialized, have less
salvage value,

This arrangement should not, of course, apply to weapons for the

* Hanson W. Baldwin, “The T.essons of Oman . . ", New York Times, August 1s,
1957, p. 4. See also Edward L. Katzenbach, Jr, “The Military Lessons of Suez,” The
Reporter, November 29, 1956, pp. 11-13.

*This arrangement appears to be economic only in contracting with “first tier
vendors” for selected high-cost items.
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desired capability in being. It should apply only to spares and require-
ments for contingencies. Equipment for reserves are in the last-named
category, and major items for some units might therefore be held as
bulges in the pipeline rather than as mothballed end-items. Note that
this kind of “production readiness” is skies apart from standby capacity
for industrial mobilization.

Once again, the importance of taking into account the enemy’s re-
sponse to one’s policies is worth emphasizing. The value of different
types of reserves and degrees of mobility depends upon the enemy’s
capabilitics and counter-policies. If the enemy has or acquires airlift for
large forces-in-being, the value of mobile regular forces to the West is
high relative to reserves. If the enemy relies on reserves and slow trans-
portation, the value of ready reserves to the West is higher than it would
atherwise be. As for the Soviet Union, it has large forces-in-being and
apparently plans for considerable airlift capability; but so far it relies
to a great extent on slower transport and is said to maintain a tremendous
reserve force that can be mobilized in 30 days. In evaluating its reserves
and plans for quick mobilization, the West should consider carefully the
likely responses by the Soviet Union and other nations.

MOBILTZATION PLANNING AFTER A DISARMAMENT
AGREEMENT

Another kind of mobilization that may become important is the post-
disarmament type. Suppose the major powers do reach agreement on
some form of weapon limitation or even of disarmament. Like an altered
enemy response, agreement on almost any point will affect the types of
reserve and mobilization programs that make sense -— indeed the types
that are permissible — and their worth. The West, and alse its enemies,
would find forces-in-being cut or limited, probably increasing the worth of
ready mobile reserves.

Moreover, if an agreement were reached, we (both sides, in fact)
would have to prepare for possible revocation of the bargain. That is, we
would have to be prepared for the sudden deportation of our inspectors
or sudden word that the ban was being violated. We would have to be
prepared to resume the atomic race immediately in order to re-establish
an effective deterrent.!® Otherwise the enemy, facing no deterrent, might
dispose of the free world once and for all. More generally speaking, we
would have to keep a springbeard from which to resume tests, build up
missile capabilities, or take whatever steps had heen banned.l® In

“Mary of these considerations were noted a decade ago by Ansley J. Coale in “The
Nature of a Post-Agreement War,” The Problem of Reducing Vulnerability to Atomic
Bombs, Princeton University Press, Princeton, N.J., 1947, pp. 10-3%.

In this connection the West must be careful not to enter info agreements that

would give the USSR, 2 superior springboard from which to leap if the bargain were
renounced.
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other wordg, we would have to maintain a kind of mobilization base,
But note that in this case too the preparations would be radically differ-
ent from keeping the old-style base for full industrial mobilization.

CIVIL DEFENSE AND RECUPERATION 18

Still another kind of “build-up” or rather “build-back” that may call
for advance preparation is recovery from an all-out nuclear war. This proc-
ess of recuperation, though in some ways related to mohiiization, would be
vastly different from the process of expanding munitions output and would
require a very different sort of preparation. A few years ago, it is true,
the aim of protective measures was conceived of as the preservation of
a2 base for mobilization. Aiter absorbing the enemy’s atomic bombs,
we were supposed to rally around our stockpile of machine tools and
Chinese hog bristles (essential for paint brushes) and overwhelm the
enemy with our munitions output. Fortunately, this notion is losing its
grip on our thinking,'® There are cccasions when mobilization is in order,
but the period following a thermonuclear attack is not likely to be one
of them. It seems to be sensible, therefore, to think of providing a base
for survival —a “recuperation base” rather than a “mobilization base.”

There are several circumsiances in which we would wish to take
steps to protect civilian society. (1) We might decide to play the game
very boldly, using a menacing SAC to deter lesser aggressions than attacks
on Europe or the United States. In order to have a greater chance of
deterring lesser aggressions, we would accept a smaller chance of deterring
a surprise nuclear atlack. In this circumstance, we would certainly want
to expand civil defense (which might then be labeled “civil offense”} and
try to protect the population and the economy. (2) The Soviet Union
might adopt a “civil-offense™ posture, and we might find ourselves,
whether we like it or not, in a civil-defense race.?® (3) Even if the rival
powers do decide to rely on mutual deterrence — even if they should
decide not to protect cities on a massive scale — each would surely wish
to take some steps toward a recuperation base as an insurance policy
against total disaster. Thus there are circumstances in which substantial
civil-defense measures would be called for. Before we consider civil-

*In this section we are particularly indebted to Herman Kahn of the RAND Corpora-
tion and Paul Clark, formerly with RAND and now at Williams College. A valuahle
general reference is Civd Defense, Hearings before a Subcommittee of the Committee on
Government  Operations, House of Representatives, 8sth Congress, 2d Scssion, U.S.
Government Printing Office, Washington, ID.C., 1958.

*This is not in the least to imply that all stockpiling s unwise. Stockpiles designed
to help us survive an attack, or stockpiles of end-items to assist rapid mobilization for
limited wars, may be of great value.

* Although the Soviet Union has not done much to date, its civil-defense activities
have been increasing, with emphasis so far on civil-defense educational programs and
reinforced construction in new buildings (giving shelter against moderate blast).
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defense policies, however, let us examine recuperation possibilities in
general.

RECUPERATION POSSIBILITIES 21

If we try to visualize future weapons, types of attack, and scales of
attack —say in the late 1g60’s or the 1970’s — the outlook for a post-
attack civilization is indeed bleak. It is especially bleak when we con-
sider the likelihood of still further weapon developments. If one projects
the recent trend in military technology, he foresees that weapons in great
numbers with tremendous blast, thermal, and radiological effects will be
possible. Missile attacks and new tactics that give little warning will
be feasible. In addition, there will be technological developments that
we cannot yet imagine. Recuperation may be as impossible in real life
as it is in Nevil Shute’s vivid fictional account of “the war that really
ended war,” 22

It is not certain, however, that things will turn out this way, and
we should not act as if it were certain, Suppose the United States was
attacked, Our protected retaliatory force would divert to itself many
enemy missiles that would otherwise destroy cities. In fact, the enemy
might deliberately adopt a strategy of minimizing damage to cities in his
first strike. Our retaliatory force might in return destroy enough of
the enemy’s power and organization to thwart subsequent salvos. In
this way, damage to us (or to both economies) might be held down to
levels that permitted survival. Or, suppose that we had enough unambigu-
ous warning of impending attack to get our strike in first, receiving only
the enemy’s retaliatory attack (still a frightful blow, probably, but not
as heavy as his originally scheduled strike). Furthermore, there could
conceivably be startling developments in active defenses that would
keep damage within finite [imits.

Once such contingencies are envisaged, one can see that protective
measures for the economy and recuperation planning have possibilities.
Such measures might in fact make a big difference in our chances of
survival and in the rate of recuperation.

Let us review some quantities similar to the ones mentioned in Chapter
2. In the United States, about 7o per cent of manufacturing?* is carried on

' More details and additional considerations are discussed in Report on g Study of
Non-Military Defense, Report R-322-RC, The RAND Corperation, July 1, 1558, pp.
23-31. See also Herman Kahn’s article, “How Many Can Be Saved?” Bulletin of the
Atomic Scientists, January 1950, pp. 30-3I.

*This is the title of S. L. A, Marshall’s review in The Reporter, August 8, 1954, pp.
50, 52. Shute’s book is On the Beack, William Morrow, New York, 1957,

* The percentage is higher for some aggregates other than manufacturing, e.g., finance,
insurance, and real estate; and is lower for others {such as mining). For narrower cate-
gories the percentage may be close to 100, but it is usually possible to find reasonable
substitutes for items in these categories,



MOBILIZATION, CiVvil DEFENSE, AND RECUPERATION 323

within the 150 most populous Standard Metropolitan Areas. The situation
will be roughly the same in rg70. Hence the delivery of perhaps two
hundred very large warheads could destroy 7o per cent of our manufac-
turing capital. To destroy much more than that percentage, however -
say 8o per cent — would require the delivery of several hundred additional
weapons. When allowances are made for defective and inaccurate missiles,
it is clear that to demolish 8o per cent of United States capital would
require a large attack. It goes without saying that this level of destruction
woild be catastrophic. And yet, if the initial period of disorganization and
hysteria could be bridged, the survivors could probably get an economy
going again.?

“CIVIL OFFENSE”

Since there are possibilities of recuperating, it is sometimes urged
that we put tremendous resources into protecting the economy in order
to engage in “civil offense.” An enemy can scarcely doubt our determina-
tion to strike back against direct attack. But he may not believe that
the United States would really punish other aggressions by launching a
nuclear blow, risking (or perhaps insuring) a counterblow against the
United States —if the economy is unprotected. Massive retaliation in
these circumstances is not a very credible threat and therefore may fail
to deter the enemy from aggressions short of direct attack on the United
States. Steps to protect the civilian economy might steel our nerve and,
more importantly, convince the enemy that we would risk a nuclear
counterattack in order to punish major aggressions. In bargaining with
an enemy or issuing ultimata, we would evacuate cities or proceed to
deep shelters as a “show of force” to convince the enemy that we meant
business.?®

An argument that may be pertinent is that Britain and France did
not resist German aggression in 1938 because — given their deficiencies
in active and passive defenses — they doubted their ability to survive
attacks from the air.?® After Munich they resolved

that never again would they be put in the position of baving to surrender to a
similar threat. It is significant to remember that the measures suggested to aveid
a recurrence of the debacle were almost exclusively concerned with the provision

“ For some rough estimates of the time required for recuperation in different circum-
stances and with alternative policies, see Report on a Siudy of Non-Military Defense,
pp. 26-30.

% There is a good discussion of this strategy in Kahn, pp. 31-32.

# Edward M. Earle, “The Influence of Air Power Upon History,” The Yale Review,
Summer, 146, reprinted in Gordon B. Turner (ed.}, A History of Military Affairs Since
the Eighteenih Century, rev. ed, Harcourt, Brace and Company, New York, 1936,
pp. 603-604.
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of planes and more planes, anti-aircraft batteries, air-raid shelters, and civilian
defenses.2?

Of course, today’s threat may be so huge that protective measures will not
appreciably stiffen the backbone or increase the credibility of massive
retaliation. Suppose certain “hardening” measures would only reduce
mortalities from 6o million to 40 million and preserve the basis for “near-
poverty” instead of “utter destitution.” Would these brighter prospects
reinforce our resolution in the event, say, of aggressions in the Middle
East?

Even if these protective measures do steel our resolve, the policy
has grave disadvantages. To the extent that it made use of time-consuming
movements of the population, it would give no protection or insurance in
case of a surprise attack. Moreover, the populace might well force our
leaders not to use the tactic after all — when the chips were down and
they could plainly see the implications. Worst of all, this policy could
appear to be provocative and thereby reduce our deterrence of all-out
war. The enemy could interpret preparations of this sort as steps toward
a strike-first posture that would leave us vulnerable for several hours
whenever brought into play. Instead of deterring the enemy, this policy
might make a preemptive attack by him more likely. What conclusions
would we draw if the Russians initiated a really large-scale effort in the
construction of deep shelters?

A civil-defense race with both sides adopting policies of “civil offense”
could be still more inflammatory. Each side would be toughening its econ-
omy and protecting its population so that it would be less reluctant to
receive a retaliatory strike. These moves would take the world further
from stable mutual deterrence toward an unstable form of “brinkman-
ship.”

CIVIL DEFENSE AS INSURANCE

But suppose that one does not advocate a policy of “civil offense.”
He may still want a fairly large civil-defense program as insurance in
case deterrence should fail. That is, he may desire civil defenses, not
to steel our resolve and show the enemy that we mean business, but
purely to alleviate the catastrophe should a thermonuclear exchange
occur.

There is no sharp line of demarcation between this policy and one of
“civil offense,” because steps to alleviate the disaster presumably make
people a little more willing to risk one. Nonetheless, the design of a
civil-defense program intended mainly as insurance could be less provoca-
tive than measures for ‘“civil ofiense.” The emphasis would be on pro-
tection from surprise attack, with minutes rather than hours of warning,

¥ Ibid., p. 6o4.
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or none at all. There would be less reliance on time-consuming shifts of
population (say, to distant shelters). There might be heavy emphasis
instead on protection from fallout to insure the survival of people distant
from any peint of bomb detonation (without fallout protection, we might
lose most of the population as a by-product of an attack against our
retaliatory forces). Insurance measures might also include some easily
accessible blast shelters, protective construction (the value of which is
not sensitive to warning time), dispersal of industry and population, im-
proved warning facilities, and protected stockpiles for survival and
recuperation.

UNCERTAINTIES AFFECTING CIVIL-DEFENSE MEASURES

There are great uncertainties about the effectiveness of civil-defense
measures. Let us consider the major forms of passive defense and our
knowledge of their effectiveness.

A worthwhile package of protective measures would have to save not
only people, but also other resources, including food, medicine, com-
munications, transportation facilities, and certain governmental functions.
There would be little point in preserving peope in order for them to en-
joy a slightly delayed extermination. Hence, although particular measures
will be reviewed singly, the most pertinent alternatives are, as usual,
different combinations of these actions 22

One means of trying to protect the economy is dispersal, altering the
locational pattern of capital and people. Whatever protection it offers
would be insensitive to warning time, which is a great advantage in the
missile age. The dangers of fallout, however, dilute considerably the
possible saving of lives that dispersal by itself might yield. Moreover,
a dispersal program of sufficient magnitude to offer much protection would
take a long time to achieve or be very costly. Dispersal that is cheap,
the shifting of capital to smaller cities when facilities wear out, takes
a long time. Since total depreciation runs about $20-23 billion annually
in the United States, it {s sometimes suggested that $zo-2z5 billion worth
of capital could be relocated each year at little cost. The trouble is that
independent conglomerations of capital do not wear out simultaneously
like the one-horse shay. Suppose a roof wears out this vear. Can we
econornically put a new roof out in the desert, leaving the undepreciated
facilities in the city? Maybe a blast furnace goes out the next year, Is
it cheap to construct its replacement in Pismo Beach while the rest of
the steel mill is in Pittsburgh? On account of these considerations, much
of the allowance for depreciation in the United States does not offer an
opportunity for low-cost dispersal.

* For a more complete discussion of civil-defense measurcs, see Report on a Study of
Non-Military Defense.
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It might be possible to induce many new firms and new plans io be
located in smaller cities. If the result were a gradual proliferation of
cities with say 30,000 population, however, it might not give much pro-
tection. A modest increase in the scale of attack could destroy the
economy as effectively as ever. The point was well put over a decade
ago.

Suppose that, as a protective measure, a wholesale redistribution of populzation
were able to relocate the 50,000,000 at present in the 200 largest cities into more
than 1,000 cities, none with a population in excess of s0,000. . . . Unfortunately

. it seems a plausible conjecture that an increazse in number of bombs would

be much more easily effected by other nations than a drastic alteration in the
distribution of peaple by this country,2®

To be much more effective, dispersal would have to be more drastic,
relocating people and facilities in still smaller cities, perhaps in “ribbon”
communities. But this would be tremendously expensive, sacrificing the
economies of urban clustering and a good deal of the freedom we are
trying to preserve. In sum, the encouragement of “costless” dispersal is
surely all to the good, but it is doubtiul that industrial and residential
dispersal — unless we refer to an almost prohibitively expensive program
— could really give much protection in our generation.

If we can count on having 10 or 15 minutes’ warning, a well-designed
program of blast shelters might save millions of lives. Naturally the
program would have to be combined with steps to preserve other re-
sources that would be essential to survival. There are, however, uncertain-
ties about our ability to get and transmit warning, There are also some
doubts about the ability of various kinds of shelters to shield their
contents from high overpressures and ground shocks. We have much to
learn about ingenious shelter designs, about resilient doors or structures,
about design for multiple purposes, about the mix of supplies that is
necessary for lengthy occupancy of shelters, and about the cost of
shelter programs.

Another possibility is the evacuation of cities after receipt oif warn-
ing, once the official policy of the United States Federal Civil Defense
Administration, Unless used for “civil offense,” or in conjunction with
ample “strategic warning,” it appears to hold little promise with the
advent of ballistic missiles. Wherever warheads are delivered with less
than several hours’ warning, evacuation after receipt of the warning could
result in more mortalities than merely doing nothing,

Protective construction, ranging from stronger support for a few
ordinary structures te the building of a “national redoubt” underground,
is another means of buying protection. As in the case of dispersal, the
gains would be sengitive to the scale of the enemy attack (though not as

* Ansley J. Cozale, p. 62.
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much as the gains from dispersal). It should go without saying that, in
considering these alternatives, time is of the essence. A sizable program
of protective construction would take several years. Should we sacrifice
capability in the early years in order to have a greater one later on?
Would such preparations be almost obsolete by the date of completion on
account of increases in offensive power ?

Underground installations illustrate other uncertainties that con-
front us (as of 1960). Tt is often said that new manufacturing plants
{of an uncomplicated type) could be put into rock mines at a low cost.
These would be limestone, sandstone, granite, or in a few instances salt
mines, and the space would bhe sheltered within a rock stratum. No man-
made ceilings or walls would be necessary, except perhaps for a light
film of cement that could be sprayed on inexpensively. Air conditioning
could dispose of carbon monoxide from internal combustion engines (if
any). The entrances might be downward-sloping tunnels 2,000 feet in
length. Despite the extras, it is sometimes argued that the space could
be provided at a megative net cost-— that is, at a lower cost per square
foot than it would take to build the plants above ground. Moreover, it is
pointed out that the limestone from excavations, being valuable in the
production of steel shapes, cement, and coarse aggregate for the recupera-
tion stockpile, would help pay for the installations, This smacks of
pulling ourselves down by our own bootstraps, but nevertheless the possi-
bilities are interesting.

The main point here is to emphasize the uncertainty that exists about
underground installations. Costs might conceivably be negative. Or they
might be huge, for we really know little about the implications of devi-
ating from conventional plant designs and structures, How much would
it cost to operate more complicated plants in these mines — plants using
processes that generate considerable heat or consume large quantities of
water, plants that use bulky raw materials or produce bulky outputs?
What would it cost to build tunnel entrances in different geological forma-
tions? How much would one have to raise wages to attract workers to
underground plants? to plants without parking lots? How much would
one have to subsidize businessmen to attract them to locations where ex-
pansion might be extremely expensive? What would be the impact of
the unorthodoex locational pattern on fransportation and other operating
costs? Also, what mix of plants would be most valuable to recuperation
and most important therefore to protect?

In the design and protection of stockpiles, too, there is vast uncertainty.
It is easy to think of many items that would be important to survival —
items such as bandages, medicines, surgical instruments, food, fuel, cloth-
ing, equipment for treating sewage and purifying water, radiation meters,
and decontamination equipment., Have we experimented enough to
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recognize other items that may be necessary? Our past policies have
implied that rather specialized machine tools {part of the old stockpile
for a mobilization base) would be valuable for recuperation. Yet for
reconstruction in Western Europe toward the end of World War 11,
simpler general-purpose tools were the ones most urgently needed. And
what military occupational specialty was in greatest demand for recupera-
tive activities engaged in by our armed forces? Not skilled machinists,
but blacksmiths! Along this same line, it is not clear whether bulldozers
or shovels are the tools needed, at least during the first few years after an
attack. Also, despite advances in techniques of mothballing we still know
too little about preserving stockpiles— for example, about packaging
medical supplies to prevent deterioration or even about long-term storage
of farm surpluses.

Measures to obtain warning of an attack would be important in em-
ploying several of the protective steps that have been mentioned. Clearly,
for instance, the effectiveness of both shelters and evacuation depends
upon warning time. (Detection and warning would also be invaluable to
active defenses and to the protection of military capability. Last minute,
yet crucial, actions to protect our retaliatory force — for example, getting
all personnel at missile sites into shelters —would be facilitated by
extra seconds of warning.)

The possibilities of getting warning range from “bomb alarms” (similar
to burglar alarms, which would instantly communicate to other locations
the fact that a warhead had exploded in one, giving the other localities
perhaps a few minutes’ notice) to reconnaissance, perhaps by satellites
{which might give ambiguous warning of final preparations several days
in advance of an attack). In general, the longer the advance notice, the
greater its worth. At the same time, however, longer warning is likely to
be equivocal, and false alarms can become expensive. The enemy can
engage in “spoofing,” resulting in repeated alerts and protective actions
that turn out to be “unwarranted.” The greatest cost that might ensue
is the gradual erosion of the nation’s alertness and a growing indifference
to warning. These possibilities suggest the importance of developing
various warning systems and of devising automatic “graduated” re-
sponses. It should be mentioned incidentally that extra passive defenses
(like active defenses and protection for the retaliatory force) can have
a feedback on warning time. If we can force the enemy to mount a larger
and more complicated attack, we can increase the likelihood of relatively
early detection,

At best, however, we are uncertain ahout the potentialities of warn-
ing systems. Is it at all feasible to provide several minutes’ warning to
small cities? In 1956 exercises, it took & minutes for the center of the net-
work to communicate with the 200 key point warning centers. This did
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not allow for indecision or delay in getting the warning to the Federal
Civil Defense Administration or for communication from the key points
to the 3500 sub-key-point centers. Of course, certain ways in which a war
might get started or be conducted would result in considerable advance
warning, at least to many parts of the country. But the fact remains that
there is much uncertainty about the extent to which warning can be
made more rapid or automatic,

It should be noted that even if any or all of these measures are
deemed uneconomic for protecting comparatively low-value targets, they
may be economic for protecting high-value targets. To take an extreme
example, even if all measures appeared to cost more than they were
worth to protect cities, every one of them appears to belong in the
package of steps used to protect the retaliatory force. That is, it is
certainly economical to put some resources into dispersal, personnel
shelters, evacuation planning, underground construction, and warning
devices in protecting SAC’s might (whetker it consists of manned bombers
or ballistic missiles). It must be understood, therefore, that the gains and
costs of applying a protective measure to one target (say cities) are not
identical with those of applying it to other targets, such as portions of
government, stockpiles for survival, or means of communication.

A MINIMAL POLICY 3¢

So much for the uncertainties. At present they make recuperation
planning a low-confidence measure. Even if one rejects a large civil-
defense comstruction program on account of such factors, however, he
should consider buying a somewhat different program as a hedge against
total disaster. This program would consist of intensified research and
development to buy information, and a few measures that would provide
modest protection in the near future.

Experiments and dry runs could help resolve many of the uncertain-
ties previously described. Innovations in communications and warning
could be brought to the test stage. New designs for shelters could be
devised and tested, and more forethought could influence the testing, In
a few cities, proposals for shelters or underground installations could be
carried through the preliminary design stage to working drawings to get
improved cost estimates. The costs of providing for dual use and for
later modifications could be estimated. We could construct a few shelters
of different types and get volunteers to live in them for a period of time.

A few underground plants in this country would help answer ques-
tions that cannot be answered by studying Swedish installations. More
thorough study of existing and potential mine-space, particularly under

*See also Report on a Study of Non-Military Defense, pp. 33-38 and 43-4%, or
Kahn, pp. 33-34.
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cities and with experiments in using such space, would be revealing. We
could find out how much it would cost to induce a mining firm to extract
limestone at a designated depth, at least for selected situations. Develop-
ment efforts on components of underground installations — such as utili-
ties, pipes, communications, storage, ventilation — could be undertaken.

Further research on and development of techniques of dealing with
radiological effects is in order. We need to know more about “shine
down” (the permeation of houses by fallout on roofs), decontamination
possibilities, and trade-offs between alternative ways of coping with fall-
out. We need to know more about the cleansing of Strontium go, and
other materials with long half-lives, from croplands. Other methods of
dealing with Strontium go, such as long-term stockpiling of food and
discriminating against Strontium go in the production and consumption
of food, might be explored. With more information, the cost and effective-
ness of these measures could be estimated.

As for other kinds of stockpiling, there is hope of learning a good
deal from further investigation. If the post-attack economy is not
severely damaged, cannibalization of machines and structures can provide
almost everything, If there is severe damage, it may be an econromy with-
out spare parts, spark plugs, or special skills. What kind of a hedge should
the stockpile constitute? Should the equipment and steel shapes be
special purpose ot general patch-up? We ought to do more work on
these questions before we do much buying.

The small-scale program could include other forms of “advance plan-
ning.” They too are partly research and development, in the sense that
they consist in forming plans and finding out what is wrong with them.
Exercises such as Operation Alert have indicated that a great deal of
such exploration is needed. Major problems to be examined further include
the restoration of government functioning after an attack; the mainte-
nance of institutions or controls to allocate surviving resources; the pro-
vision of pure water supplies; the preservation and reallocation of medi-
cal facilities, supplies, and personnel; pre-positioning of stocks (fuel,
food, power-line repair equipment, mobile communications and power-
generating equipment, and so on); the protection of any above-ground
stocks from thermal effects; and the reestablishment of a monetary sys-
tem.

Some of these, such as the planning of post-attack monetary institu-
tions or direct controls, sound like the traditional problems of industrial
mobilization, but again the problems are different because the environ-
ments would be different. The circumstances during recuperation after a
thermonuclear blow would differ drastically in many significant ways
from those attending an old-fashioned mobilization. Reexamination of all
the old ideas (and experimentation, wherever feasible) is needed. Another
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sort of plan that would merit further exploration is war damage in-
surance®! As a research and development program clarified what steps in-
dividuals should be induced to take, an insurance plan might be designed
to provide some appropriate incentives.

A research and development and planning program along these lines
might cost a few hundred million dollars annually instead of the many
billions that a civil-defense construction program would cost. What gains,
in general terms, would it offer? It would provide a good deal more in-
formation (though there is no way to clear up el the uncertainties about
civil defense or any other mission). At the same time more information
would become available about the alternative activities 1o which resources
might be devoted. Better comparisons of the alternatives, and better
decisions, would become possible. Moreover, the research and development
would advance the state of the art in civil-defense activities, making possi-
ble a more effective or cheaper program, if one was later adopted. For
such a later program, the research, development, and planning would
have reduced lead times, making possible its faster completion.

In addition to these measures, we should consider the provision of
fallout shelters to provide protection in areas that are not destroyed
by blast or heat. We have enough knowledge at present to design good
fallout shelters and to put them where they would make sense. Like the
other measures just mentioned, fallout shelters and radiation meters
would be relatively inexpensive ways to take out some insurance, They
could save tens of millions of lives in some possible attacks, Furthermore,
these measures would hardly incite an international civil-defense race or
cause adverse reactions. An enemy would scarcely interpret this insurance
policy as a currently vulnerable yet menacing “draw.”

CIVIL-DEFENSE VERSUS LIMITED-WAR CAPARILITIES

There is an obvious and generally recognized trade-off between civil-
defense and active-defense measures. While they interact and to some
extent complement each other (each tends to make the other’s job
“manageable”), both serve the purpose of protecting the civilian popula-
tion and economy, and the total funds we allocate for this purpose must
be divided between them. This requires an economic analysis at a level
sufficiently high to include active and passive, military and civil, defense
possibilities and their interactions,

The trade-off between survival measures and a capability to fight
lesser wars is not generally recognized, but it is none the less real, and
the allocation beiween the two capabilities is one of the most crucial
affecting national security.

# Jack Hirshleifer, “War Damage Insurance,” Review of Economics and Statistics,
May 1933, pp. 144-153.
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This choice depends mainly upon the role we assign to strategic
bombing (“massive retaliation”). If we rely upon it only to deter a
direct thermonuclear attack on this country, we probably can and possibly
should be content with minimum survival expenditure. If, at the other
“civil-offense” extreme,®? we propose to use the threat of strategic bomb-
ing as a major instrument of foreign policy and a substitute for tactical
forces to deal with local conflicts, then we probably need a defensive
survival program of major proportions.” For the effectivencss of the
threat to use massive retaliation in this role depends upon its credibility.
As noted previously, the threat is credible to deter a direct attack on the
United States; it is perhaps credible to deter an all-out invasion of
Western Europe. But the less serious and the less direct the challenge, the
less credible becomes a threat to retaliaie by starting thermonuclear war.

We might make the threat credible, or at least somewhat more credible
in the more sericus cases, if we spent a great deal more on active and
passive defense measures. These expenditures would improve our chances
of surviving as a nation and eventually recovering even after heavy
thermonuclear attack (made either in retaliation for our attack, or in
anticipation of it). We could {inance some such measures without higher
total security budgets because we would no longer have the same need
for tactical forces for “graduated deterrence.”

But if we are not planning to use the threat of massive retaliation
to deal with the lesser challenges, the development of a spectrum of
capabilities to fight limited wars would seem to have a greater claim on the
budget than large-scale passive or active defenses designed to save the
population. For without such capabilities we would surrender to the
enemy the initiative (which the Soviets could be counted upon to seize)
of forcing us to choose with every incident between appeasement and
catastrophe. The strictly partial and relative security afforded by the
most ambitious survival program conceivable could not be counted upon
to make massive retaliation an effective general purpose instrument of
foreign policy. Our national strategy could be paralyzed by its inflexi-
bility .3

Indeed, large-scale measures to defend the population may have nega-
tive deterrence value, and if we provide an adequate spectrum of capa-
bilities for fighting less-than-total wars, we may be in less danger with
a modest survival program than with a large one. Perhaps our greatest
danger is from an anticipatory stirike. An enemy will be more fearful
of attack by us if we are well prepared to absorb the counterattack. Such

#Both of these extreme positions arc probably untenable, but we will have to
choose a role [or massive retaliation somewhere between them.

® Malcolm Hoag, “Ts ‘Duzl’ Preparedness More Expensive?r” Bulletin of the Atomic
Scientists, February 1657, pp. 48-51.

% See Kissinger, Nuclear Weapons and Foreign Policy, especially Chapters 4, 5 and 6.
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measures as constructing widely separated deep shelters or instituting
an evacuation program, which require long advance warning to be effective,
are the most likely to provoke attack.

We wish to repeat, however, that this is no argument against a
minimal survival program. A responsible government must buy insurance
against catastrophe to the extent that this can be done with reasonable
premiums, Moreover, even participation in limited wars requires that we
be resolute, since any war threatens to explode into a thermonuclear
exchange; and we may be more resolute if we are not completely vulnera-
ble. To attain enough resoluteness to use limited-war capabilities is pre-
sumably worth some slight reduction in the chance of deterring direct
nuclear attacks,

18. CHOOSING POLICIES FOR DETERRENCE!

Of the many problems that confront defense planners in the nuclear
age, the most crucial one is choosing policies for deterrence. Choices here
will determine the likelihood of premeditated attack, the possibilities of
accidental outbreak of war, and the chances for disarmament or agree-
ment on weapon limitations. The decisions of the United States may
be crucial to the whole world’s future as well as its own. It is perhaps
more important in making these choices than in making any others that
we get the most — or at least get a great deal — out of our resources, And
looking at these choices in terms of an economic criterion, plus quantita-
tive analysis in many instances, can help us get more from our resources.

We cannot here present a quantitative comparison of alternative
policies for deterrence. What we can and shall do in this concluding
chapter is to discuss the major considerations in looking at these choices
as an economic problem or in constructing an economic analysis of the
alternative policies. Tn addition, this chapter should suggest the quantita-
tive nature of some of these considerations.

3 * *

The first shock administered hy the Soviet launching of Sputnik has
almost dissipated. The flurry of statements and investigations and {m-

*This chapter (other than the two introductary paragraphs) was written by Albert
Wohlstetter of The RAND Corporation. The chapter appearcd originaily in the January,
1959, issue of Foreign Affairs under the title, “The Delicate Balance of Terror,” and is
reprinted with permission. Copyright is held by the Council on Foreign Relations, Inc.,
New York, N.Y, By special arrangement the section entjtled “The Inadequacy of Strategic
Deterrence, and Its Necessity” (with the exception of the first paragraph and the last two
paragraphs in the section) has been added to the original text, and a few minor stylistic
changes have been made.
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provised responses has died down, leaving a small residue: a slight in-
crease in the schedule of bomber and baliistic missile production, with a
resulting small increment in our defense expenditures for the current
fiscal year ; a considerable enthusiasm for space travel; and some stirrings
of interest in the teaching of mathematics and physics in the secondary
schools. Western defense policy has almost returned to the level of
activity and the emphasis suited to the basic assumptions which were
controliing before Sputnik.

One of the most important of these assumptions — that a general
thermonuclear war is extremely unlikely —is held in common by most
of the critics of our defense policy as well as by its proponents. Because
of its crucial role in the Western strategy of defense, we should like to
examine the stability of the thermonuclear balance which, it is generally
supposed, would make aggression irrational or even insane. The balance,
we believe, is in fact precarious, and this fact has critical implications
for policy. Deterrence in the 1g6o’s is neither assured nor impossible but
will be the product of sustained intelligent effort and hard choices,
responsibly made. As a major illustration important both for defense
and foreign policy, we shall treat the particularly stringent conditions for
deterrence that affect forces based close to the enemy, whether they are
United States forces or those of our allies, under single or joint control.
We shall comment also on the inadequacy as well as the necessity of
deterrence, ou the problem of accidental outbreak of war, and on dis-
armament.

THE PRESUMED AUTOMATIC BALANCE

We emphasize that requirements for deterrence are stringent. We have
heard so much about the atomic stalemate and the receding probability
of war which it has produced that this may strike the reader as some-
thing of an exaggeration. Is deterrence a necessary consequence of both
sides having a nuclear delivery capability, and is all-out war nearly ob-
solete? Is mutual extinction the only outcome of a generai war? This
belief, frequently expressed by references to Mr. Oppenheimer’s simile
of the two scorpions in a bottle, is perhaps the prevalent one. It is held
by a very eminent and diverse group of people-—in England by Sir
Winston Churchill, P, M. S. Blackett, Sir John Slessor, Admiral Buzzard
and many others; in France by such figures as Raymond Aron, General
Gallois and General Gazin; in this country by the titular heads of both
parties as well as almost all writers on military and foreign affairs, by
both Henry Kissinger and his critic, James E. King, Jr., and by George
Kennan as well as Dean Acheson, Mr. Kennan refers to American con-
cern about surprise attack as simply obsessive;? and many people have

2 George F. Kennan, “A Chance to Withdraw Our Troops in Furape,” Harper's
Magazine, February 1958, p. 41,
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drawn the consequence of the stalemate as has Blackett, who states:
“If it is in fact true, as most current opinion holds, that strategic air
power has abolished global war, then an urgent problem for the West
is to assess how little effort must be put into it to keep global war
abolished.” ® If peace were founded firmly on mutual terror, and mutual
terror on symmetrical nuclear capabilities, this would be, as Churchill
has said, “a melancholy paradox”; none the less a most comforting one.

Deterrence, however, is not automatic. While feasible, it will be much
harder to achieve in the 1960’s than is generally believed. One of the
most disturbing features of current opinion is the underestimation of this
difficulty. This is due partly to a misconstruction of the technological race
as a problem in matching striking forces, partly to a wishful analysis of
the Soviet ability to strike first.

Since Sputnik, the United States has made several moves to assure
the world (that is, the enemy, but more especially our allies and ourselves)
that we will match or overmatch Soviet technology and, specifically,
Soviet offense technology. We have, for example, accelerated the bomber
and ballistic missile programs, in particular the intermediate-range ballis-
tic missiles. The problem has been conceived as more or better hombers
— or rockets; or sputniks; or engineers. This has meant confusing deter-
rence with matching or exceeding the enemy’s ability to strike first.
Matching weapons, however, misconstrues the nature of the technological
race. Not, as is frequently said, because only a few bombs owned by the
defender can make aggression fruitless, but because even many might not,
One outmoded A-bomb dropped from an obsolete bomber might destroy
a greal many supersonic jets and ballistic missiles. To deter an attack
means to be able to strike back in spite of it. It means, in other words,
a capability to strike second. In the last year or two there has been a
growing awareness of the importance of the distinction between a “strike-
first” and a “strike-second” capability, but little, if any, recognition of
the implications of this distinction for the balance of terror theory.

Where the published writings have not simply underestimated Soviet
capabilities and the advantages of a first strike, they have in general
placed artificial constraints on the Soviet use of the capabilities attributed
to them. They assume, for example, that the enemy will attack in mass
over the Arctic through our Distant Early Warning line, with bombers
refueled over Canada — all resulting in plenty of warning. Most hope-
fully, it is sometimes assumed that such attacks will be preceded by days
of visible preparations for moving ground troops. Such assumptions sug-
gest that the Soviet leaders will be rather bumbling or, better, cooperative.
However attractive it may be for us to narrow Soviet alternatives to

P, M. S. Blackett, “Atomic Weapons and East-West Relations” (New York:
Cambridge University Press, 1956}, p. 32.
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these, they would be low in the order of preference of any reasonable
Russians planning war.

THE QUANTITATIVE NATURE OF THE PROBLEM
AND THE UNCERTAINTIES

In treating Soviet strategies it is important to consider Soviet rather
than Western advantage and to consider the strategy of both sides
quantitatively. The effectiveness of our own choices will depend on a
most complex numerical interaction of Soviet and Western plans. Un-
fortunately, both the privileged and unprivileged information on these
matters is precarious. As a result, competent people have been led into
critical error in evaluating the prospects for deterrence. Western journal-
ists have greatly overestimated the difficulties of a Soviet surprise attack
with thermonuclear weapons and vastly underestimated the complexity
of the Western problem of retaliation.

One intelligent commentator, Richard Rovere, recently expressed the
common view: “If the Russians had ten thousand warheads and a
missile for each, and we had ten hydrogen bombs and ten obsolete bombers,

. aggression would still be a folly that would appeal only to an insane
adventurer.” Mr, Rovere’s example is plausible because it assumes im-
plicitly that the defender’s hydrogen bombs will with certainty be visited
on the aggressor; then the damage done by the ten bombs seems terrible
enough for deterrence, and any more would be simply redundant. This
is the basis for the common view. The example raises questions, even
assuming the delivery of the ten weapons. For instance, the targets
aimed at in retaliztion might be sheltered and a quite modest civil de-
fense could hold within tolerable limits the damage done to such city
targets by ten delivered bombs. But the essential point is that the weapons
would not be very likely to reach their targets. Even if the bombers were
dispersed at ten different points, and protected by shelters so blast
resistant as to stand up anywhere outside the lip of the bomb crater —
even inside the fire ball itself — the chances of one of these bombers sur-
viving the huge atiack directed at it would be on the order of one in a
million. (This calculation takes account of the unreliability and inaccuracy
of the missile.) And the damage done by the small minority of these ten
planes that might be in the air at the time of the attack, armed and ready
to run the gauntlet of an alert air defense system, if not zero, would be
very small indeed compared to damage that Russia has suffered in the
past. For Mr. Rovere, like many other writers on this subject, numerical
superiority is not important at all.

For Joseph Alsop, on the other hand, it is important, but the superiority
is on our side. Mr. Alsop recently enunciated as one of the four rules of
nuclear war: “The aggressor’s problem is astronomically difficult; and
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the aggressor requires an overwhelming superiority of force,” * There are,
he believes, no fewer than 400 SAC bases in the NATO nations alone and
many more elsewhere, all of which would have to be attacked in a very
short space of time. The “thousands of coordinated air sorties and/or
missile firings,” he concludes, are not feasible. Mr. Alsop’s argument is
numerical and has the virtue of demonstrating that at least the relative
numbers are important. But the numbers he uses are very wide of the
mark. He overestimates the number of such bases by a factor of more
than ten,® and in any case, missile firings on the scale of a thousand or
more involve costs that are by no means out of proportion, given the
strategic budgets of the great powers. Whether or not thousands are
needed depends on the yield and the accuracy of the enemy missiles,
something about which it would be a great mistake for us to display con-
fidence.

Perhaps the first step in dispelling the nearly universal optimism about
the stability of deterrence would be to recognize the difficulties in analyz-
ing the uncertainties and interactions between our own wide range of
choices and the moves open to the Soviets, On our side we must consider
an enormous variety of strategic weapons which might compose our
force, and for each of these several alternative methods of basing and
operation. These are the choices that determine whether a weapons system
will have any genuine capability in the realistic circumstances of a war.
Besides the B-47E and the B-52 bombers that are in the United States
strategic force now, alternatives will include the B-52G (a longer-range
version of the B-52); the Mach 2 B-58A bomber and a “growth” version
of it; the Mach 3 B-7o bomber; a nuclear-powered bomber possibly
carrying long-range air-to-surface missiles; the Dynasour, a manned
glide-rocket; the Thor and the Jupiter, liquid-fueled intermediate-range
ballistic missiles; the Snark intercontinental cruise missile: the Atlas
and the Titan intercontinental ballistic missiles; the submarine-launched
Polaris and Atlantis rockets; and Minuteman, one potential solid-fueled
successor to the Thor and Titan; possibly unmanned bombardment
satellites; and many others which are not yet gleams in anyone’s eye and
some that are just that,

The difficulty of describing in brief the best mixture of weapons for
the long-term future beginning in 1960, their base requirements, their
potentiality for stabilizing or upsetting the balance among the great
powers, and their implications for the alliance, is not just a matter of
space ot the constraint of security. The difficulty in fact stems from some
rather basic insecurities. These matters are wildly uncertain; we are

* Joseph Alsop, “The New Balance of Power,” Encounter, May 1958, p. 4. It should
be added that, since these lnes were written, Mr. Alsop's views have altered.
®The New York Times, September 6, 1958, p, 2.
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talking about weapons and vehicles that are some time off and, even if
the precise performance currently hoped for and claimed by contractors
were in the public domain, it would be a good idea to doubt them.

Recently some of our colleagues picked their way through the grave-
yard of early claims about various missiles and aircraft: their dates of
availability, costs and performance. These claims are seldom revisited or
talked about: de mortuis nil nisi bonum. The errors were large and al-
most always in one direction, And the less we knew, the more hopeful we
were, Accordingly the missiles benefited in particular. For example, the
estimated cost of one missile increased by a factor of over 50— from
about $35,000 In 1949 to some $2 million in 1957. This uncertainty is
critical. Some but not all of the systems listed can be chosen and the
problem of choice is essentially quantitative, The complexities of the
problem, if they were more widely understood, would discourage the
oracular confidence of writers on the subject of deterrence.

Some of the complexities can be suggested by referring to the suc-
cessive obstacles to be hurdled by any system providing a capability to
strike second, that is, to strike back. Such deterrent systems must have
(a) a stable, “steady-state’” peacetime operation within feasible budgets
(besides the logistic and operational costs there are, for example, prob-
lems of false alarms and accidents). They must have also the ability (b)
to survive enemy attacks, (¢} to make and communicate the decision to
retaliate, (d} to reach enemy territory with fuel enough to complete
their mission, (e} to penetrate enemy active defenses, that is, fighters
and surface-to-air missiles, and ({) to destroy the target in spite of any
“passive” civil defense in the form of dispersal or protective construction
or evacuation of the target itself.

Within limits the enemy is free to use his offensive and defensive
forces so as to exploit the weaknesses of each of our systems. He will
also be free, within limits, in the 1g6o’s to choose the composition of
forces that will make life as difficult as possible for the various systems
we might sclect. It would be quite wrong to assume that we have the
same degree of flexibility or that the uncertainties affect a totalitarian
aggressor and the party attacked equally. A totalitarian country can
preserve secrecy about the capabilities and disposition of his forces very
much better than a Western democracy. And the aggressor has, among
other enormous advantages of the first strike, the ability to weigh con-
tinually our performance at each of the six barriers and to choose the
precise time and circumstance for attack that will reduce uncertainty.
It is important not to confuse our uncertainty with his. Strangely enough,
some military commentators have not made this distinction and have
founded their certainty of deterrence on the fact simply that there are

uncertainties.



CHOOSING POLICIES FOR DETERRENCE 339

Unwarranted optimism is displayed not only in the writings of journal-
ists but in the more analytic writings of professionals, The recent writings
of General Gallois® parallel rather closely Mr. Alsop’s faulty numerical
prooi that surprise attack is astronomically difficult ---except that Gal-
lois's “simple arithmetic,” to borrow his own phrase, turns essentially on
some assumptions which are at once inexplicit and extremely optimistic
with respect to the blast resistance of dispersed missile sites subjected to
attack from relatively close range.” Mr. Blackett’s recent book, Atomic
Weapons and East-West Relations, illustrates the hazards confronting a
most able analyst in dealing with the piecemeal information available to
the general public. Mr. Blackett, a Nobel prize-winning physicist with war-
time experience in military operations research, lucidly summarized the
public information available when he was writing in 1956 on weapons
for all-out war. But much of his analysis was based on the assumption
that H-bombs could not be made small enough to be carried in an inter-
continental missile. It is now widely known that intercontinental hallistic
missiles will have hydrogen warheads, and this fact, a secret at the
time, invalidates Mr. Blackett’s calculations and much of his optimism on
the stability of the balance of terror. In sum, one of the serious obstacles
to any widespread rational judgment on these matters of high policy is
that critical elements of the problem kave to be protected by secrecy.
However, some of the principal conclusions about deterrence in the
carly 1960’ can be fairly firmly based, and based on public information.

THE DELICACY OF THE BALANCE OF TERROR

The most important conclusion is that we must expect a vast increase
in the weight of attack which the Soviets can deliver with little warning,
and the growth of a significant Russian capability for an essentially
warningless attack. As a result, strategic deterrence, while feasible, will
he extremely difficult to achieve, and at critical junctures in the 1960's,
we may not have the power to deter attack. Whether we have it or not
will depend on some difficult strategic choices as to the future composition
of the deterrent forces azs well as hard choices on its basing, operations
and defense.

Manned bombers will continue to make up the predominant part of
our striking force in the early 1960’s. None of the popular remedies for
their defense will suffice — not, for example, mere increase of alertness
{which will be offset by the Soviet’s increasing capability for attack with-
out significant warning), nor simple dispersal or sheltering alone or mobil-

® Gencral Pierre M. Gallois, “A French General Analyzes Nuclear-Age Strategy,”
Réalités, Nov. 1958, p. 19; “Nuclear Aggression and National Suicide,” The Reporter,
Sept. 18, 1958, p. 23.
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ity taken by itself, nor a mere piling up of interceptors and defense
missiles around SAC bases. Especially extravagant expectations have
heen placed on the airborne alert — an extreme form of defense by mo-
bility. The impression is rather widespread that one-third of the SAC
bombers are in the air and ready for combat at all times.# This belief is
belied by the public record. According to the Symington Committee Hear-
ings in 1956, our bombers averaged 31 hours of flying per month, which is
about 4 per cent of the average 732-hour month. An Air Force representa-
tive expressed the hope that within a couple of years, with an increase in
the ratio of crews to aircraft, the bombers would reach 45 hours of flight
per month — which is 6 per cent, This 4 to 6 per cent of the force includes
bombers partially fueled and without bombs. It is, moreover, only an
average, admitiing variance down as well as up. Some increase in the
number of armed bhombers aloft is 1o be expected. However, for the
current generation of bombers, which have been designed for speed and
range rather than endurance, a continuous air patrol for one-third of
the force would be extremely expensive.

On the other hand, it would be unwise to Iook for miracles in the new
weapons systems, which by the mid-1960’s may constitute a considerable
portion of the United States force. After the Thor, Atlas and Titan there
are a number of promising developments. The solid-fueled rockets, Minute-
man and Polaris, promise in particular to be extremely significant com-
ponents of the deterrent force. Today they are being touted as making
the problem of deterrence easy to solve and, in fact, guaranteeing its
solution. But none of the new developments in vehicles is likely to de
that. For the complex job of deterrence, they all have limitations. The
unvaryingly immoderate claims for each new weapons system should
make us wary of the latest “technological breakthroughs.,” Only a very
short time ago the ballistic missile itself was supposed to be intrinsically
invulnerable on the ground. It is now more generally understood that its
survival is likely to depend on a variety of choices in its defense.,

It is hard to talk with confidence about the middle and late 1060’s.
A systematic study of an optimal or a good deterrent force which con-
sidered all the major factors affecting choice and dealt adequately with
the uncertainties would be a formidable task. In lieu of this, we shall
mention briefly why none of the many systems available or projected domi-
nates the others in any obvious way. Our comments will take the form
of a swift runthrough of the characteristic advantages and disadvantages

* See, for example, “NATO, A Critical Appraisal,” by Gardner Patterson and Edgar S.
Furniss, Jr,, Princeton University Conference on NATO, Princeton, June rgsy, p. 3z2:
“Although no one pretended to know, the hypothesis that onc-third of the striking foree
of the Uniled States Strategic Air Command was in the air at all times was regarded by
most as reasonable.”
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of various strategic systems at each of the six successive hurdles men-
tioned earlier.

The first hurdle to be surmounted is the attainment of a stable,
steady-state peacetime operation. Systems that depend for their survival
on extreme decentralization of controls, as may be the case with large-
scale dispersal and some of the mobile weapons, raise problems of acci-
dents and over a long period of peacetime operation this leads in turn
to serious political problems. Systems relying on estensive movement by
land, perhaps by truck caravan, are an obvious example; the introduction
of these on European roads, as is sometimes suggested, would raise grave
questions for the governments of some of our allies. Any extensive increase
in the armed air alert will increase the hazard of accident and intensify
the concern already expressed among our allies. Some of the proposals for
bombardment satellites may involve such hazards of unintended bomb
release as to make them out of the question,

The cost to buy and operate various weapons systems must be seri-
ously considered. Some systems buy their ability to negotiate a given
hurdle — say, surviving the enemy attack — only at prohibitive cost.
Then the number that can be bought out of a given budget will be small
and this will affect the relative performance of competing systems at
various other hurdles, for example penetrating enemy defenses. Some
of the relevant cost comparisons, then, are between competing systems;
others concern the extra costs to the enemy of canceling an additional
expenditure of our own. For example, some dispersal is essential, though
usually it is expensive; if the dispersed bases are within a warning net,
dispersal can help to provide warning against some sorts of attack, since
it forces the attacker to increase the size of his raid and so makes it more
liable to detection as well as somewhat harder to coordinate., But as the
sole or principal defense of our offensive force, dispersal has only a
brief useful life and can be justified financially only up to a point., For
against our costs of construction, maintenance and operation of an
additional base must be set the enemy’s much lower costs of delivering
one extra weapon. And, in general, any feasible degree of dispersal leaves
a considerable concentration of value at a single target point. For
example, a squadron of heavy bombers costing, with their associated
tankers and penetration aids, perhaps $300,000,000 over five years, might
be eliminated, if it were otherwise unprotected, by an enemy intercon-
tinental ballistic missile costing perhaps $16000,000. After making
allowance for the unreliability and inaccuracy of the missile, this means
a ratio of ten to one or better. To achieve safety by brufe numbers in so
unfavorable a competition is not likely to be viable economically or
politically. However, a viable peacetime operation is only the first
hurdle to be surmounted.
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At the second hurdle — surviving the enemy offense — ground alert
systems placed deep within a warning net look good against a manned
bomber attack, much less good against intercontinental ballistic missiles,
and not good at all against ballistic missiles launched from the sea. In
the last case, systems such as the Minuteman, which may be sheltered
and dispersed as well as alert, would do well. Systems involving launching
platforms that are mobile and concealed, such as Polaris submarines, have
particular advantage for surviving an enemy offense.

However, there is a third hurdle to be surmounted — namely that of
making the decision to retaliate and communicating it. Here, Polaris,
the combat air patrol of B-52’s, and in fact all of the mobile platforms
—under water, on the surface, in the air and above the air — have
severe problems. Long distance communication may be jammed and,
most important, communication centers may be destroyved.

At the fourth hurdle — ability to reach enemy territory with fuel
enough to complete the mission — several of our short-legged systems
have operational problems such as coordinating with tankers and using
bases close to the enemy. For a good many years to come, up to the
mid-1966’s in iact, this will be a formidable hurdle for the greater part
of our deterrent force. The next section of this chapter deals with this
problem at some length,

The fifth hurdle is the aggressor’s long-range interceptors and close-in
missile defenses. To get past these might require large numbers of planes
and missiles. (If the high cost of overcoming an earlier obstacle — using
extreme dispersal or airborne zlert or the like — limits the number of
planes or missiles bought, our capability is likely to be penalized dis-
proportionately here.) Or getting through may involve carrying heavy
loads of radar decoys, electronic jammers and other aids to defense
penetration. For example, vehicles like Minuteman and Polaris, which
were made small to facilitate dispersal or mobility, may suffer here
because they can carry fewer penetration aids.

At the final hurdle — destroying the target in spite of the passive
defenses that may protect it — low-payload and low-accuracy systems,
such as Minuteman and Polaris, may be frustrated by blast-resistant
shelters. For example, five hali-megaton weapons with an average inac-
curacy of two miles might be expected to destroy half the population of
a city of goo,000, spread over 4o square miles, provided the inhabitants
are without shelters, But if they are provided with shelters capable of
resisting over-pressures of 1oo pounds per square inch, approximately
6o such weapons would be required; and deep rock shelters might force
the total up to over a thousand.

Prizes for a retaliatory capability are not distributed for getting over
one of these jumps. A system must get over all six. We hope these
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illustrations will suggest that assuring ourselves the power to strike back
after a massive thermonuclear surprise attack is by no means as automatic
as is widely believed.

In counteracting the general optimism as to the ease and, in fact,
the inevitability of deterrence, we should like to avoid creating the
extreme opposite impression. Deterrence demands hard, continuing, in-
telligent work, but it can be achieved. The job of deterring rational
attack by guaranteeing great damage to an aggressor is, for example,
very much less difficult than erecting a nearly airtight defense of cities
in the face of full-scale thermonuclear surprise attack. Protecting manned
bombers and missiles is much easier because they may be dispersed,
sheltered or kept mobile, and they can respond to warning with greater
speed. Mixtures of these and other defenses with complementary strengths
can preserve a powerful remainder after attack. Obviously not all our
bombers and missiles need to survive in order to fulfill their mission.
To preserve the majority of our ecities intact in the face of surprise
attack is immensely more difficult, if not impossible. (This does not
mean that the aggressor has the same problem in preserving his cities
from retaliation by a poorly protected, badly-damaged force. And it does
not mean that we should not do more to limit the extent of the catas.
trophe to our cities in case deterrence fails, We believe we should.)
Deterrence, however, provided we work at it, is feasible, and, what is
more, it is a crucial objective of national policy.

What can be said, then, as to whether general war is unlikely ? Would
not a general thermonuclear war mean “extinction” for the aggressor as
well as the defender? “Extinction” is a state that badly needs analysis.
Russian casualties in World War IT were more than zo,000,000. Yet
Russia recovered extremely well from this catastrophe. There are several
quite plausible circumstances in the future when the Russians might be
quite confident of being able to limit damage to considerably less than
this number —if they make sensible strategic choices and we do not.
On the other hand, the risks of not striking might at some juncture
appear very great to the Soviets, involving, for example, disastrous defeat
in peripheral war, loss of key satellites with danger of revolt spreading
— possibly to Russia itself —or fear of an attack by ourselves. Then,
striking first, by surprise, would be the sensible choice for them, and
from their point of view the smaller risk.

It should be clear that it is not fruitful to talk about the likelihood
of general war without specifying the range of alternatives that are
pressing on the aggressor and the strategic postures of both the Soviet
bloc and the West, Deterrence is a matter of comparative risks. The
balance is not automatic. First, since thermonuclear weanons give an
enormous advantage to the agpgressor, it takes great ingenuity and
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realism at any given level of nuclear technology to devise a stable
equilibrium. And second, this technology itself is changing with fantastic
speed. Deterrence will require an urgent and continuing effort.

THE USES AND RISKS OF BASES CLOSE TO THE SOVIETS

It may now be useful to focus attention on the special problems of
deterrent forces close to the Soviet Union. First, overseas areas have
played an important role in the past and have a continuing though less
certain role today. Second, the recent acceleration of production of inter-
mediate-range ballistic missiles and the negotiation of agreements with
various NATO powers for their basing and operation have given our
overseas bases a renewed importance in deterring attack on the United
States —or so it would appear at first blush. Third, an analysis can
throw some light on the problems faced by our allies in developing an
independent ability to deter all-out attack on themselves, and in this
way it can clarify the much agitated question of nuclear sharing. Finally,
overseas bases affect in many critical ways, political and economic as
well as military, the status of the alliance.

At the end of the last decade, overseas bases appeared to be an
advantageous means of achieving the radius extension needed by our
short-legged bombers, of permitting them to use several axes of attack,
and of increasing the number of sorties possible in the course of an ex-
tended campaign. With the growth of our own thermonuclear stockpile,
it became apparent that a long campaign involving many reuses of a
large proportion of our bombers was not likely to be necessary. With
the growth of a Russian nuclear-delivery capability, it became clear that
this was most unlikely to be feasible,

Our overseas bases now have the disadvantage of high vulnerability.
Because they are closer than the United States to the Soviet Union, they
are subject to a vastly greater attack by a larger variety as well as
number of vehicles. With given resources, the Soviets might deliver on
nearby bases a freight of bombs with something like 50 to 100 times
the yield that they could muster at intercontinental range. Missile
accuracy would more than double. Because there is not much space for
obtaining warning — in any case, there are no deep-warning radar nets
— and, since most of our overseas bases are close to deep water from
which submarines might launch missiles, the warning problem is very
much more severe than for bases in the interior of the United States.

As a result, early in the 1950’s the United States Air Force decided to
recall many of our bombers to the continental United States and 1o use
the overseas bases chiefly for refueling, particularly post-strike ground
refueling. This reduced drastically the vulnerability of United States
bombers and at the same time retained many of the advantages of over-
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seas operation. For some years now SAC has been reducing the number
of aircraft usually deployed overseas. The purpose is to reduce vulner-
ability and has little to do with any increasing radius of SAC aircraft.
The early B-32 radius is roughly that of the B-36; the B-g7, roughly
that of the B-s0 or B-29. In fact the radius limitation and therefore
the basing requirements we have discussed will not change substantially
for some time fo come, We can talk with comparative confidence here,
because the United States strategic force is itself largely determined
for this period. Such a force changes more slowly than is generally
realized. The vast majority of the force will consist of manned bombers,
and most of these will be of medium range, Some United States bombers
will be able to reach some targets from some United States bases within
the ;o states without landing on the way back, On the other hand, some
bomber-target combinations are not feasible without pre-target landing
(and are therefore doubtful). The Atlas, Titan, and Polaris rockets, when
available, can of course do without overseas bases (though the propor-
tion of Polaris submarines kept at sea can be made larger by the use
of submarine tenders based overseas). But even with the projected
force of aerial tankers, the greater part of our force, which will be
manned bombers, cannot be used at all in attacks on the Soviet Union
without at least some use of overseas areas,

What of the bases for Thor and Jupiter, our first intermediate-range
ballistic missiles ? These have to be close to the enemy, and they must of
course be operating bases, not merely refueling stations. The Thors and
Jupiters will be continuously in range of an enormous Soviet potential
for surprise attack. These installations therefore reopen, in a most acute
form, some of the serious questions of ground vulnerability that were
raised about six years ago in connection with our overseas bomber bases.
The decision to station the Thor and Jupiter missiles overseas has been
our principal public response to the Russian advances in rocketry, and
perhaps our most plausible response. Because it involves our ballistic
missiles it appears directly to answer the Russian rockets. Because it
involves using European bases, it appears to make up for the range
superiority of the Russian intercontinental missile. And most important,
it directly involves the NATO powers and gives them an element of
control.

There is no question that it was genuinely urgent not only to meet
the Russian threat but to do so visibly, in order to save the loosening
NATO alliance. Our allies were fearful that the Soviet ballistic missiles
might mean that we were no longer able or willing to retaliate against the
Soviet Union in case of an attack on them, We hastened to make public
a reaction which would restore their confidence. This move surely appears
to increase our own power to strike back, and also to give our allies
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a deterrent of their own, independent of our decision. It has also been
argued that in this respect it merely advances the inevitable date at
which our allies will acquire “modern” weapons of thelr own, and that
it widens the range of Soviet challenges that Europe can meet. But we
must face seriously the question whether this move will in fact assure
either the ability to retaliate or the decision to attempt it, on the part
of our zallies or ourselves. And we should ask at the very least whether
further expansion of this policy will buy as much retaliatory power as
other ways of spending the considerable sums involved. Finally, it is
important to be clear whether the Thor and Jupiter actually increase
the flexibility or range of response available to our allies.

One justification for this move is that it disperses retaliatory weapons
and that this is the most effective sanction against the thermonuclear
aggressor. The limitations of dispersal have already been discussed, but
it remains to examine the argument that overseas bases provide wide-
spread dispersal, which imposes on the aggressor insoluble problems of
coordination.

There is of course something in the notion that forcing the enemy to
attack many political entities increases the seriousness of his decision,
but there is very little in the notion that dispersal in several countries
makes the problem of destruction more difficult in the military sense.
Dispersal does not require separation by the distance of oceans — just
by the lethal diameters of enemy bombs. And the task of coordinating
bomber attacks on Europe and the eastern coast of the United States,
say, is not appreciably more difficult than coordinating attacks on our
east and west coasts. In the case of ballistic missiles, the elapsed time
from firing to impact on the target can be calculated with high aceuracy.
Although there will be some failures and delays, times of firing can be
arranged so that impact on many dispersed points is almost simultaneous
—on Okinawa and the United Kingdom, for instance, as well as on
California and Ohio. Moreover, it is important to keep in mind that these
far-flung bases, while distant from each other and from the United States,
are on the whole close to the enemy. To eliminate them, therefore,
requires a smaller expenditure of resources on his part than targets at
intercontinental range. For close-in targets he can use a wider variety
of weapons carrying larger payloads and with higher accuracy.

The seeming appositeness of an overseas-based Thor and Jupiter as
an answer to a Russian intercontinental ballistic missile stems not so
much from any careful analysis of their retaliatory power under attack
as from the directness of the comparison they suggest: a rocket equals
a rocket, an intercontinental missile equals an intermediate-range missile
based at closer range to the target. But this again mistakes the nature
of the technological race. Tt conceives the problem of deterrence as that
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of simply matching or exceeding the aggressor’s capability to strike first.
A surprising proportion of the debate on defense policy has betrayed this
confusion. Matching technological developments are useful for prestige,
and such demonstrations have a vital function in preserving the alliance
and in reassuring the neutral powers. But propaganda is not enough.
The only reasonably certain way of maintaining a reputation for strength
is to display an actual power to our friends as well as our enemies. We
should ask, then, whether further expansion of the current programs
for basing Thor and Jupiter is an efficient way to increase American
retaliatory power. If overseas bases are considered too vulnerable for
manned bombers, will not the same he true for missiles?

The basis for the hopeful impression that they will not is rather
vague, including a mixture of hypothetical properties of hallistic missiles
in which perhaps the dominant element is their supposedly much more
rapid, “push-button” response. What needs to be considered here are
the response time of such missiles (including decision, preparation and
launch times), and how they are to be defended.

The decision to fire a missile with a thermonuclear warhead is much
harder to make than a decision simply to start a manned aircrait on its
way, with orders to return to base unless instructed to continue to its
assigned target. This is the “fail-safe” procedure practiced by the United
States Air Force. In contrast, once a missile is launched, there is no
method of recall or deflection that is not subject to ricks of electronic
or mechanical failure. Therefore such a decision must wait for much
more unambiguous evidence of enemy intentions, It must and will take
a longer time to make and is less likely to be made at all. Where more
than one country is involved, the joint decision is harder still, since there
is opportunity to disagree about the ambiguity of the evidence, as well
as to reach quite different interpretations of national interest. On much
less momentous matters the process of making decisions in NATO is
complicated, and it should be recognized that such complexity has much
to do with the genuine concern of the varicus NATO powers about the
danger of accidentally starting World War III. Such fears will not be
diminished with the advent of IRBM’s. In fact, widespread dispersion of
nuclear armed missiles raises measurably the possibility of accidental war.

Second, it is quite erronecus to suppose that by contrast with manned
bombers the first IRBM’s can be launched almost as simply as pressing
a button. Count-down procedures for early missiles are liable to inter-
ruption, and the characteristics of the liquid oxygen fuel limit the readi-
ness of their response. Unlike JP-4, the fuel used in jet bombers, liquid
oxygen cannot be held for long periods of time in these vehicles, In this
respect such missiles will be less ready than alert bombers. Third, the
smaller warning time available overseas makes more difficult any re-
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sponse. This includes, in particular, any active deferse, not only against
ballistic missile attacks but, for example, against low altitude or various
circuitous attacks by manned aircraft.

Finally, passive defense by means of shelter is more difficult, given
the larger bomb yields, better accuracies and larger forces available to
the Russians at such close range. And if the press reports are correct,
the plans for IRBM installations do not call for bomb-resistant shelters.
If this is so, it should be taken into account in measuring the actual
contribution of these installations to the West’s retaliatory power. Viewed
as a contribution to deterring all-out attack on the United States, the
Thor and Jupiter bases seem unlikely to compare favorably with other
alternatives. If newspaper references to hard bargaining by some of our
future hosts are to be believed, it would seem that such negotiations have
been conducted under misapprehensions on both sides as to the benefits
to the United States,

But many proponents of the distribution of Thor and Jupiter — and
possibly some of our allies— have in mind not an increase in United
States deterrence but the development of an independent capability in
several of the NATO countries to deter all-out attack against themselves.
This would be a useful thing if it can be managed at supportable cost
and if it does not entail the sacrifice of even more critical measures of
protection. But aside from the special problems of joint control, which
would affect the certainty of response adversely, precisely who their
legal owner is will not affect the retaliatory power of the Thors and
Jupiters one way or the other. They would not be able to deter an attack
that they could not survive. It is curious that many who question the
utility of American overseas bases {for example, our bomber bases in
the United Kingdom) simply assume that, for our allies, possession
of strategic nuclear weapons is one with deterrence.

There remains the view that provision of these weapons will broaden
the range of response open to our allies. In so far as this view rests on
the belief that the intermediate-range ballistic missile is adapted to
limited war, it is wide of the mark. The inaccuracy of an IRBM requires
high-yield warheads, and such a combination of inaccuracy and high
yield, while quite appropriate and adequate against unprotected targets
in a general war, would scarcely come within even the most lax, in fact
reckless, definition of limited war. Such a weapon is inappropriate for
even the nuclear variety of limited war, and it is totally useless for meet-
ing the wide variety of provocation that is well below the threshold of
nuclear response. In so far as these missiles will be costly for our
allies to install, operate, and support, they are likely to displace a
conventional capability that might be genuinely useful in limited en-
gagements. More important, they are likely to be used as an excuse for
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budget-cutting. In this way they will accelerate the general trend toward
dependence on all-out response and so will have the opposite effect to
the one claimed.

Nevertheless, if the Thor and Jupiter have these defects, might not
some future weapon be free of them? Some of these defects, of course,
will be overcome in time. Solid fuels or storable liquids will eventually
replace liquid oxygen, reliabilities will increase, various forms of mobility
or portability will become feasible, accuracies may even be so improved
that such weapons can be used in limited wars. But these developments
are all years away. In consequence, the discussion will be advanced if
a little more precision is given such terms as “missiles” or “modern” or
“advanced” weapons. We are not distributing a generic “modern” weapon
with all the virtues of flexibility in varying circumstances and of invul-
nerability in all-out war. But even with advances in the state of the
art on our side, it will remain difficult to maintain a deterrent, especially
close in under the enemy’s guns.

It iollows that, though a wider distribution of nuclear weapons may
be inevitable, or at any rate likely, and though some countries in addition
to the Soviet Union and the United States may even develop an inde-
pendent deterrent, it is by no means inevitable or even very likely that
the power to deter all-out thermonuclear attack will be widespread. This
is true even though a minor power would not need to guarantee as large
a retaliation as we in order to deter attack on itself. Unfortunately, the
minor powers have smaller resources as well as poorer strategic loca-
tions.® Mere membership in the nuclear club might carry with it prestige,

® General Gatlois argues that, while alliances will offer no guarantee, “a small number
of bombs and a small number of carriers suifice for a threatened power to protect itself
against atomic destruction.” (Réalités, op. cit, p. 1) His numerical illustrations give
the defender some 4c0 underground taunching sites (7bid., p. 22, and The Reporter, op. cif.,
b- 25) and suggest that their elimination would require between 5,000 and 23,000 missiles
~—which is “mere or less impossible” —and that in any case the aggressor would not
survive the fallout from his owa weapons. Whether these are large numbers of targets
from the standpoint of the aggressor will depend on the accuracy, vield and reliability of
ofiense weapons as well as the resistance of the defender’s shelters and a number of
other matters not specified in the argument, General Gallols is aware that the expectation
of survival depends on distance even in the ballistic missile age and that our allies are
not so fortunate in this respect. Close-in missiles have better bomb yields and accuracies.
Moreover, manned aircraft — with still better yields and accuracies — can be used by an
aggressor here since warning of their approach is very short, Suffice it {o say that the
numerical advantage General Gallods cites is greatly exaggerated. Furthermcre, he ex-
aggerates the destructiveness of the retaliatory blow against the aggressor’s cities by the
remnants of the defender’s missile force — even assuming the aggressor would take no
special measures to protect his cities. But particularly for the aggresssor — who does
not lack warning —a civil defense program can moderate the damage dore by 2 poorly
organized attack, Finally, the suggestion that the aggressor would not survive the fallout
frem his own weapons is simply in error. The rapid-decay fission products which are
the major lethal problem in the locality of a surface burst are not a serious difficulty
for the aggressor. The amount of the slow-decay products, Strentium-go and Cesium-137,
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as the applicants and nominees expect, but it will be rather expensive,
and in time it will be clear that it does not necessarily confer any of the
expected privileges enjoyed by the two charter members. The burden of
deterring a general war as distinct from limited wars is still Iikely to be
on the United States and therefore, so far as our allies are concerned,
on the military alliance.

There is one final consideration, Missiles placed near the enemy,
even if they could not retaliate, would have a potent capability for strik-
ing first by surprise. And it might not be easy for the enemy to discern
their purpose. The existence of such a force might be a considerable
provocation and in fact a dangerous one in the sense that it would
place a great burden on our deterrent force which more than ever would
have to guarantee extreme risks to the attacker — worse than the risks
of waiting in the face of this danger. When not coupled with the ability
to strike in retaliation, such a capability might suggest — erroneously,
to be sure, in the case of the democracies— an intention to strike first.
If so, it would tend to provoke rather than to deter general war.

We have dealt here with only one of the functions of overseas bases:
their use as a support for the strategic deterrent force. They have a
variety of important military, political, and economic roles that are
beyond our scope here. Expenditures in connection with the construction
or operation of our bases, for example, are a form of economic aid and,
moreover, a form that is rather palatable to the Congress. There are
other functions in a central war where their importance may be very
considerable and their usefulness in a limited war might be substantial.

THE INADEQUACY OF STRATEGIC DETERRENCE
AND ITS NECESSITY

Indeed nothing said here should suggest that deterrence is in itself
an adequate strategy. The complementary requirements of a sufficient
military policy cannot be discussed in detail here. Certainly they include
a more serious development of power to meet limited aggression, especially
with more advanced conventional weapons than those now available.
They also include more energetic provision for active and passive defenses
to limit the dimensions of the catastrophe in case deterrence should fail.
For example, an economically feasible shelter program might make the
difference between 50,000,000 survivors and 120,000,000 SUrvivors.
in the atmosphere would rise considerably. If nothing were done to counter it, this might.
for example, increase by many times the incidence of such relatively rare diseases as
hone cancer and leukemia. However, such a calamity, implying an incrcase of, say
20,000 deaths per year for a natien of 200,000,000, is of an entirely different order from
the catastrophic involving tens of millions of deaths, which General Gallois contemplate:
clsewhere. And there are measures that might reduce even this effect drastically. (See
The RAND Corporation Report R-322-RC, Report on o Study of Non-Military Defense
July 1, 1658.)
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At the end of the war, perhaps deterrence did appear to be enough.
Western forces were larger than those of the Soviet Union and its
satellites. We demobilized much more extensively, relying on nuclear
weapons to maintain the balance of East-West military power. This was
plausible then because nuclear power was all on our side. It was our
bomb. Tt seemed only to complete the preponderance of American power
provided by our enormous industrial mobilization base and to dispense
with the need to keep it mobilized. It would compensate for the extra
men kept under arms by the East.

But the notion of massive retaliation as a responsible retort to periph-
eral provocations vanished in the harsh light of a better understand-
ing here and abroad that the Soviet nuclear delivery capability meant
tremendous losses to the United States if we attacked them. And now
Europe has begun to doubt that we would make the sacrifice involved
in using SAC to answer an attack directed at it but not at ourselves.

The many critics of the massive retaliation policy who advocate a
capability to meet limited aggression with a limited response are on firm
ground in suggesting that a massive response on such an occasion would
be unlikely and the threat to use it therefore not believed. Moreover this
argument is quite enough to make clear the critical need for more serious
development of the power to meet limited aggressions. Another argument,
which will not hold water and which is in fact dangerous, is sometimes
used : Little wars are likely, general war improbable. We have seen that
this mistakes a possibility for its fulfillment. The likelihood of both
general and little wars is contingent on what we do. Moreover, these
probabilities are not independent. A limited war involving the major
powers is explosive. In this circumstance the likelihood of general war
increases palpably. The danger of general war can be felt in every local
skirmish involving the great powers. But because the balance of terror
is supposed, almost universally, to assure us that all-out war will not
occur, advocates of graduated deterrence have proposed to fix the limits
of limited conflict in ways which neglect this danger. A few of the
proposals seem in fact quite reckless.

The emphasis of the advocates of limitation has been on the high
rather than on the low end of the spectrum of weapons. They have talked
in particular of nuclear limited wars on the assumption that nuclear
weapons will favor the defender rather than the aggressor and that the
West can depend on these to compensate for men and conventional arms.
Perhaps this will sound reminiscent to the reader. These are, evidently,
our tactical nuclear bombs. We are afraid that this belief will not long
stand the harsh light of analysis and that it will vanish like its predecessor,
the comfortable notien that we had a monopoly of strategic nuclear
weapons and that these only completed the Western and, specifically, the
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American preponderance, We know of no convincing evidence that tactical
nuclear weapons favor the defender rather than the aggressor if both
sides use such weapons. The argument runs that the offense requires
concentration and so the aggressor necessarily provides the defender
with a lucrative atomic target. This ignores the fact that, in a
delivered nuclear weapon itself, the offense has an enormous concen-
tration of force. The use of nuclear weapons in limited wars might make
it possible for the aggressor to eliminate the existing forces of the defender
and to get the war over, reaching his limited objective before the de-
fender or his allies can mobilize new forces. Like all-out nuclear war,
it puts a premium on surprise and forces in being rather than on mobiliza-
tion potential, which is the area in which the West has an advantage.

We are inclined to belicve that most of those who rely on tactical
nuclear weapons as a substitute for disparities in conventional forces
have in general presupposed a cooperative Soviet attacker, one who did
not use atomic weapons himself. Here again is an instance of Western-
preferred Soviet strategies, this time applied to limited war. Ironically,
according to reports of Soviet tactical exercises described in the last
few years in the military newspaper, The Red Star, atomic weapons are
in general employed only by the Russians, the West apparently employ-
ing Soviet-preferred Western strategies.’® The symmetry of the optimism
of East and West here could be quite deadly.

Whether or not nuclear weapons favor the West in limited war, there
still remains the question of whether such limitations could be made
stable. Korea illustrated the possibility of a conventional limited war
which did not become nuclear, though fought in the era of nuclear
weapons. It remains to be seen whether there are any equilibrium points
between the use of conventional and all-out weapons. In fact the
emphasis on the gradualness of the graduated deterrents may be mis-
placed. The important thing would be to find some discontinuities if
these steps are not to lead 100 smoothly to general war. Nuclear limited
war, simply because of the extreme swiftness and unpredictability of its
moves, the necessity of delegating authority to local commanders, and
the possibility of sharp and sudden desperate reversals of fortune, would
put the greatest strain on the deterrent to all-out thermonuclear war.

For this reason we believe that it would be appropriate to emphasize
the importance of expanding a conventional capability realistically and,
in particular, research and development in non-nuclear modes of warfare.
These have been financed by pitifully small budgets. Yet we would con-
jecture that if one considers the implications of modern surface-to-air
missiles in the context of conventicnal war, in which the attacker has
to make many sorties and expose himself to recurring attrition, these

"We are indcbted to an unpublished paper of Mr, Constantin Melnik for this reference.
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weapons would look ever so much better than they do when faced, for
example, with the heroic task of knocking down gg per cent of a wave
of, say, one thousand nuclear bombers. Similarly, advances in anti-tank
wire-guided missiles and antipersonnel fragmentation weapons, which
have been mentioned {rom time to time in the press, might help redress
the current balance of East-West conventional forces without, however,
removing the necessity for spending more money in procurement as well
as research and development.

The interdependence of limited and total war decisions makes it clear
that the development of any powerful limited war capability, and in
particular a nuclear one, only underlines the need, at the same time, for
insuring retaliation against all-out attack. An aggressor must constantly
weigh the dangers of all-out attack against the dangers of waiting, of
not striking “all-out.” Sharp reversals in a limited war can increase the
dangers of waiting. But finally there is no question at this late date
that strategic deterrence is inadequate to answer limited provocation.

Strategic deterrence has other inadequacies besides its limitations
in connection with limited war. Some of these concern air defense. The
power to deter a rational all-out attack does not relieve us of the respon-
sibility for defending our cities in case deterrence fails. It should be said
at once that such a defense is not a satisfactory substitute for deterring
a carcfully planned surprise attack since defense against such an attack
is extraordinarily difficult. We know in fact of no high confidence way
of avoiding enormous damage to our cities in a war initiated by an
aggressor with a surprise thermonuclear attack. The only way of pre-
venting such damage with high confidence is to prevent the war. But if
we could obtain a leakproof air defense, many things would change. A
limited-war capability, for example, would be unimportant. Massive
retaliation against even minor threats, since it exposed us to no danger,
might be credible. Deterring attack would also not be very important.
Of course if both sides had such defenses, deterrence would not be
feasible either, but this again would be insignificant since strategic war
would be relatively harmless — at least to the targets on both sides if
not to the attacking vehicles. Tt is a curious paradox of our recent intel-
lectual history that, among the pioneers of both the balance of terror
theory of automatic deterrence and the small nuclear weapon theory
of limited or tactical war were the last true believers in the possibility
of near perfect defense — which would have made deterrence infeasible
and both it and the ability to fight limited war unimportant. However,
in spite of the periodic announcements of “technological breakthroughs,”
the goal of emerging unscathed from a surprise thermonuclear attack has
gotten steadily more remote.

On the other hand, this does not mean that we can dispense with the
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defense of cities. In spite of deterrence a thermonuclear war could be
tripped by accident or miscalculation. In this case, particularly since
the attack might be less well planned, a combination of spoiling counter-
attacks and active and passive defenses might limit the size of the
catastrophe.

But it would be a fatal mistake to suppose that because strategic
deterrence is inadequate by itself it can be dispensed with, Deterrence
is not dispensable, If the picture of the world we have drawn is rather
bleak, it could none the less be cataclysmically worse. Suppose both the
United States and the Soviet Union had the power to destroy each other’s
retaliatory forces and society, given the opportunity to administer the
opening blow. The situation would then be something like the old-
fashioned Western gun duel. It would be extraordinarily risky for one side
not to attempt to destroy the other, or to delay doing so, since it not only
can emerge unscathed by striking first but this is the sole way it can
reasonably hope to emerge at all. Evidently such a situation is extremely
unstable. On the other hand, if it is clear that the aggressor too will
suffer catastrophic damage in the cvent of his aggression, he then has
strong reason not to attack, even though he can administer great damage,
A protected retaliatory capability has a stabilizing influence not only
in deterring rational attack, but also in offering every inducement to both
powers to reduce the chance of accidental war.

The critics who feel that deterrence is “bankrupt” sometimes say that
we stress deterrence too much. We believe this is quite wrong if it means
that we are devoting too much effort to protect our power to retaliate;
but we think it is quite right if it means that we have talked too much of
a strategic threat as a substitute for many things it cannot replace.

DETERRENCE, ACCIDENTS AND DISARMAMENT

Up to now we have tatked mainly about the problem of deterring
general war, of making it improbable that an act of war will be under-
taken deliherately, with a clear understanding of the consequences, that is,
rationally. That such deterrence will not be easy to maintain in the
1960’s simply expresses the proposition that a surprise thermonuclear
attack might nof be an irrational or insane act on the part of the aggres-
sor. A deterrent strategy is aimed at a rational enemy. Without a deter-
rent, general war is likely. With it, however, war might still occur.

In order to reduce the risk of a rational act of aggression, we are
being forced to undertake measures (increased alertness, dispersal,
mobility) which, to a significant extent, increase the risk of an irrational
or unintentional act of war. The accident problem is serious, and it would
be a great mistake to dismiss the recent Soviet charges on this subject as
simply part of the war of nerves. Tn a clear sense {he great multiplication
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and spread of nuclear arms throughout the world, the drastic increase in
the degree of readiness of these weapons, and the decrease in the time
available for the decision on their use must inevitably raise the risk of
accident. The B-47 accidents at Sidi Slimane and at Florence, South
Carolina, and the recent Nike explosion are just a beginning. Though
incidents of this sort are not themselves likely to trigger misunderstand-
ing, they suggest the nature of the problem.

There are many sorts of accidenis that could happen. There can be
electronic or mechanical failures of the sort illustrated by the B-47 and
Nike mishaps; there can be aberrations of individuals, perhaps quite low
in the echelon of command; there can be miscalculations on the part of
governments as to enemy intent and the meaning of ambiguous signals.
Not all deterrent strategies will involve the risk of accident equally. One
of the principles of selecting a strategy should be to reduce the chance
of accident, wherever we can, without a corresponding increase in vul-
nerability to a rational surprise attack. This is the purpose of the “fail-
safe” procedures for launching SAC.

These problems are also relevant to the disarmament question. The
Russians, exploiting an inaccurate United Press report that suggested
that SAC started en masse toward Russia in response to frequent radar
“ghosts,” cried out against these supposed Arctic flights. The United
States respomse, and its sequels, stated correctly that such flights had
never been undertaken cxcept in planned exercises and would not be
undertaken in response to such unreliable warning. We pointed out the
importance of quick response and a high degree of readiness in the pro-
tection of the deterrent force. The nature of the fail-safe precaution
was also described.

We added, however, to cap the argument, that if the Russians were
really worried about surprise attack they would accept the President’s
“gpen skies” propesal. But this addition conceals an absurdity. Aerial
photography would have its uses in a disarmament plan — for example,
to check an exchange of information on the location of ground bases.
However, so far as surprise is concerned, an “open skies” plan would
have direct use only to discover attacks requiring much more lengthy,
visible and unambiguous preparations than are likely today.™ T he very
readiness of our own strategic force suggests a state of technology that
outmodes the “open skies” plan as a counter to surprise attack. Not
even the most advanced reconnaissance equipment can disclose an in-
tention from 40,000 feet. Who can say what the men in the blockhouse
of an ICBM base have in mind? Or, for that matter, what is the final

2 Aerial reconnaissance, of course, could have an irdirect utility here for surveying
large areas to determine the number and location of observation posts needed to provide
more timely warning.
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destination of training flights or fail-safe flights starting over the Pacifi
or North Atlantic from staging areas?

The actions that we need to take on our own to deter attack migh:
usefully be complemented by bilateral agreements for inspection ane
reporting and, possibly, limitation of arms and of methods of operating
strategic and naval air forces. But the protection of our retaliatory power
remains essential; and the better the protection, the smaller the burder
placed on the agreement to limjt arms and modes of operation and tc
make them subject to inspection, Reliance on “open skies” alone to
prevent surprise would invite catastrophe and the loss of power to
retaliate. Such a plan is worthless for discovering a well-prepared attack
with ICBM’s or submarine-taunched missiles or a routine mass training
flight whose destination could be kept ambiguous, A tremendous weight
of weapons could be delivered in spite of it.

Although it is quite hopeless to look for an inspection scheme that
would permit abandonment of the deterrent, this does not mean that
some partial agreement on inspection and lmitation might not help to
reduce the chance of any sizable surprise attack. We should explore the
possibilities of agreements involving limitation and inspection. But how
we go about this will be conditioned by our appreciation of the problem
of deterrence itself,

The critics of current policy who perceive the inadequacy of the
strategy of deterrence are prominent among those urging disarmament
negotiations, an end to the arme race and a reduction of tension. This
Is of paramount interest to some of our allies. The balance of terror
theory is the basis for some of the more light-hearted suggestions: if
deterrence is automatic, strategic weapons on one side cancel those of
the other, and it should he easy for both sides to give them up. So
James E. King, Jr., one of the most sensible writers on the subject of
limited war, suggests that weapons needed for “unlimited” war are those
which both sides can most easily agree to abolish, simply because “neither
side can anticipate anything but disaster” from their use. “Isn’t there
enough stability in the ‘balance of terror,”” he asks, “to justify our
believing that the Russians can he trusted -— within acceptable limits —.
to abandon the weapons whose ‘atility is confined to the threat or conduct
of a war of annihilation’” 12

Indeed, if there were no real danger of a rational attack, then acci-
dents and the nth country problem would be the only problems. As we
have indicated, they are serious problems and some sorts of limitation
and inspection agreement might diminish them. But if there is to be any
prospect of realistic and useful agreement, we must reject the theory of

"James E. King, Jr, “Arms and Man in the Nuclear-Rocket Era,” The New Re-
public, September 1, 1938,
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automatic deterrence. And we must bear in mind that the more extensive
a disarmament agreement i, the smaller the force that a violalor would
have to hide in order to achieve complete domination. Most obviously,
“the abolition of the weapons necessary in a general or ‘unlimited’ war”
would offer the most insuperable obstacles to an inspection plan, since the
violator could gain an overwhelming advantage from the concealment of
even a few weapons. The need for a deterrent, in this connection too, is
ineradicable.

SUMMARY

Almost everyone seems concerned with the need to relax tension.
However, relaxation of tension, which everyone thinks is good, is not
easily distinguished from relaxing one’s guard, which almost everyone
thinks is bad. Relaxation, like Miltown, is not an end in itself. Not all
danger comes from tension. To be tense where there is danger is only
rational.

What can we say then, in sum, on the balance of terror theory of
automatic deterrence? It is a contribution to the rhetoric rather than
the logic of war in the thermonuclear age. The notion that a carefully
planned surprise attack can be checkmated almost effortlessly. that, in
short, we may resume our deep pre-Sputnik sleep, is wrong and its nearly
universal acceptance is terribly dangerous. Though deterrence is not
enough in itself, it is vital. There are two principal points,

First, deterring general war in both the early and late 1960s will
be hard at best, and hardest both for ourselves and our allies wherever
we use forces based near the enemy.

Second, even if we can deter general war by a strenuous and continuing
effort, this will by no means be the whole of a military, much less a
foreign policy. Such a policy would not of itself remove the danger of
accidental outbreak or lmit the damage in case deterrence failed; nor
would it be at all adequate for crises on the periphery.

A generally useful way of concluding a grim argument of this kind
would be to affirm that we have the resources, intelligence and courage
to make the correct decisions. That is, of course, the case. And there
is a good chance that we will do so. But perhaps, as a small aid toward
making such decisions more likely, we should contemplate the possibility
that they may nof be made. They are hard, do involve sacrifice, are
affected by great uncertainties and concern matters in which much is
altogether unknown and much else must be hedged by secrecy; and,
above all, they entail a new image of ourselves in & world of persistent
danger. It is by no means certain that we shall meet the test.
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APPENDIX: THE SIMPLE MATHEMATICS
OF MAXIMIZATION*

This appendix is intended for operations researchers and other readers interested in
a mathematical presentation of the material presenfed in Part II, “Efficlency in
Using Defense Resources.” It is written for readers who have an elementary knowl-
edge of differential calculus, The appendix presents necessary and sufficient condi-
tions for the maximum and minimum of a broad class of functions. It also includes
a brief discussion of methods for finding the maximum. This discussion provides
the mathematical background for computations like those in the illustrative example
{Chapter 8). The appendix deals only with the mathematics of maximization and
does not attempt to deal with risk, uncertainty, and criterion selection, nor, except
for a brief section on game theory, does it take enemy reactions into account,

L INTRODUCTION

Military choice can be a very subtle and complex matter. At its heart
one generally finds crucial issues of criterion selection, values and
intangibles, and of risk and uncertainty about nature, technology, and
enemy reactions. No simple formal model of choice is likely to be suffi-
cient for a satisfactory analysis of most real military problems. But it
is often enlightening to formulate parts of the problems of choice in
economic terms, that is, in terms of discovering the most effective uses of
limited resources. Formulated in these terms, a problem often can be
reduced to that of determining the maximum or the minimum of a function
of variables that are constrained to lie within a limiied region, The
function is an index of the extent to which some objective or set of
objectives has been achieved. It provides a ranking of all possible com-
binations of the variables on which it depends, at least in the region of
interest. The variables represent the extent to which various resources
are employed in the achievement of the objective. Their values are
constrained to lie within a limited region corresponding to the resources
available because the resources are Hmited.

Consider, for example, the problem of an analyst whose job it is to
recommend an allocation of a fixed budget among alternative strategic
weapon systems. His task can be interpreted as one of finding the maxi-
mum of some relevant measure of strategic air power, given the limitation
of a fixed budget. The prohlem of finding a good criterion or measure is

* This appendix was prepared by Alain C, Enthoven of The RAND Carporation.
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very important in its own right. Many analyses of defense problems
founder on this issue. However, for present purposes, we must assume
that the criterion problem has been solved.

Represent the extent to which each weapon system is employed, for
example the number of bomber wings or missile squadrons, by a variable,
x;. If there are » such systems, therc will be » variables designated by
the subscripts x,..., %,. Let the index of over-all strategic power or
effectiveness be £, whence the problem is to determine the maximum of

(1.1) Elxy, ..., %)

subject to the budget limitation. The contribution of one exfra unit of x;
to E, holding all other variables constant, is known as the marginal
product of x;. In the limit, if the units in which x; is measured are chosen
small enough, this will be equal to the partial derivative of E with respect
to x;. Let this derivative be written E; Generally it will be positive;
that is, for example, an extra missile increases our strategic air power,

The budget Ilimits the permissible combinations of the variables
Xy ..., %, Some combinations are too expensive. Suppose, for sim-
plicity, that the cost per unit of x;, in dollars, is a constant, g, Then, the
budget limitation can be expressed by the inequality

(1.2) B— % px; 2o,
i=1

where B is the budget, measured in dollars.

If no further restrictions are placed on the form of E, there is not
a great deal that can be said a priori about its maximum when constrained
by (1.2). The constrained maximum must be found by systematic search
over all combinations of x,, ..., x, consistent with (1.2). The fact that
one particular combination is the maximizing one must be established by
comparison with all other possibilities. There are no completely general
necessary and sufficient conditions for identifying a maximum applicable
to all functions, and no generally reliable way of finding one other than
by comparison with all possible values,

However, the lack of completely general necessary and sufficient con-
ditions is not of very great importance because in so many problems of
allocation the function to be maximized obeys the gemeral low of
diminishing marginal veturns, This law states that as one system or input
is substituted for another, with all other inputs and E held constant, the
terms on which the substitution can be made will become less and less
favorable. Suppose, for example, that we were to fix the value of E and all
but two of the inputs, say x; and xp. Starting with any pair of values of
x; and x» that are consistent with the value of E, we might inquire how
the increment of ¥, required to keep E constant varies as x; is reduced, a
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unit at a time. If /2 obeys the law of diminishing marginal returns, ever
increasing increments in x, will be required to offset the successive re-
ductions in x;. To illustrate, suppose that we have a force of 100 bombers
and 100 missiles, and that the effect on E of reducing the bomber force
by 10 is just offset by increasing the missile force by 8. If E obeys the
law of diminishing marginal returns, more than 8 missiles will be required
to offset & second reduction in the bomber force by 1. The existence of
this property should not be surprising. There are some missions performed
better by bombers, others perfiormed better by missiles, still others in
which the two are good substitutes for each other. As the number of
bombers is reduced, the extra missiles must be used in tasks that are
stccessively more and more suited to bombers. One would expect many
missiles to be required to offset the loss of the last few bombers.!
Alternative combinations of %; and %, consistent with the assumed
value of E, with £ and all other variables constant, are shown in Figure a.

X2

Fig. o

This curve is a contour line of E. It is called an equal output line or
isoquant of E. There is a whole family of isoquants corresponding to
different values of E. The slope of an isoquant can be derived from its
definition. Holding E and all other variables constant, we have

(r.3) dE = Ly dxy -+ Eyday = o,
whence

I _ I
(14) dXQ N E]_.

Thus, the slope of the isoquant is equal to the negative of the ratio of
the marginal products, This ratio, that is E./E;, is known as the marginal
rate of substitution between x; and x». It indicates the rate at which x;

t0Of course, the refative costs may be such that the substitution is nevertheless worth
making.
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can be substituted for x, with E constant. The law of diminishing marginal
returns implies that this ratio decreases as x, increases, or, alternatively,
that the isoquants must have the curvature shown in Figure a, if E; and
E; are positive.

The mathematical name for the law of diminishing marginal returns
is quasi-concavity. There are several equivalent ways of representing this

property. First, if £ is quasi-concave, the set of values of xy,..., x, for
which

(1.5} E(ey, .. %) 22

will be convex for each real number z. It is convenient, at this point, to
adopt the shorthand notation x for the peint xy,... x,, 2° for the point
%% ..., 1% and so on. The number of variables indicated will he clear

from the context in which the notation appears. A convex set is a set that
has the property that if it includes any pair of points, say &° and x?, then
it also includes any third point that lies on a straight line between them.
Put alternatively, let the isoquant in Figure a correspond to E(x°) and
fet 2! be any other point such that

(1.6) ElxY) > E(x%).

Then both points are in the set x defined by the inequality E(x) = E(x%).
If E is quasi-concave, any point that is an internal average of x° and x!,
that is, x° 4 (1 — #)x! for any value of 6 between o and 1, will have
the property

(1.7) E[0x® + (1 — 0)al] = E(a").

This inequality can be taken to be a definition of guasi-concavity. E is
said to be strictly guasi-concave if the strict inequality holds in (r.y)
everywhere except at the end points # = 0 and ¢ = 1.

An important subset of the class of quasi-concave functions is the
class of concave functions. A concave function has the same properties of
diminishing marginal returns with respect to the substitution between
inputs as all quasi-concave functions, and it exhibits diminishing marginal
returns as some inputs are increased, singly or in groups, while the rest
are held constant. That is, if a function is concave, the marginal product
of each input, E, diminishes as the amount of the input employed in-
creases, and the marginal product of any group of inputs diminishes as
the employment of the group is increased, all other variables being held
constant in both cases. For example, if K is concave, then the addition
of 1 bomber to a force of 100 will increase £ less than the addition of
1 bomber to a force of 1o0. Similarly, the addition of 2 missiles and =2
bombers to a force of 5o missiles and roo bombers will increase E less
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than the same addition to a force of g missiles and 5 bombers. The
difference between concavily and quasi-concavity is that the former is
a more restrictive condition. If a function is concave, marginal returns
to any combination of inputs must be constant or diminish as the com.
bination is increased; if all inputs are doubled, output must increase by
at most a factor of two. On the other hand, the quasi-concavity of a
function does not indicate anything about its bchavior as some inputs
are increased while the others are held constant. The difference is im-
portant because it is possible to say more, especially with respect to
computation, about maximization of concave functions.

There are several equivalent ways of representing concavity mathe-
matically. Let E be continuous and twice differentiable, and let E; be the
partial derivative of E; with respect to x;. Then E is concave if and only
if
(1.8) &°F = El El Ey sy do; < 0

i=1 j=
for all dx; and dux;, that is, if the second differential of £ is negative semi-
definite. Alternatively, E is said to be concave if the chord joining any
two points on any plane profile of its graph lies on or below the graph.

E{x)

i
E[ox +(i-8)x | fF———== !
GE () +(1-8)E{) - }
E (x) : ]
I I
| | :
1 | i
: : j
! i 1

x° gxe+{1-8)x' x! ¥

Fig. b

This is illustrated for a function of one variable in Figure b. Alge-
braically, this can be expressed by the inequality

(1.9) E{6* 4+ (1 — Ox] = 8EQ") + (1 — HE(x) o282 1)

for all points x" and x.

A third definition may be more satisfying intuitively. A concave
function lies everywhere on or below all of its tangent planes. Let E? repre-
gent the partial derivative evalueated at the point x° Then the equation of
the plane tangent to E at «%, say T'(x), is
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(1.10) Tx) = E(af, ..., 2D 4+ ‘Zjl EY(x; — 0,

and, if E is concave,

{1.11) E(ey, . .x) = EQS .. 2D + Z:E%(:t;i — z9

for all points #*. This relation is shown in Figure c. E is said to be

strictly concave if the inequalities (1.8), (1.g9), and (1.11) hold strictly,
that is, if they do not include the possibility of equality except in the

/—-

E (x)

Fig. c

case of dx; = dx; = o in (1.8), in the case of the end points in (1.9), and
in the case of the point of tangency in (r.11). A linear function is con-
cave, but not strictly concave. £ may be concave globally or locally: it is
globally concave if it is concave everywhere; it is locally concave if it is
concave within a given interval,

All concave functions are quasi-concave. Moreover, all monotonically
increasing functions of concave functions are quasi-concave.? To demon-
strate the second proposition, consider any increasing function of E, say
y{£} which has the properties
E(x%) > E(x) implies  {E(+")} > ${E()},

E(x%) = E(x) implies ¢ {E(x")} = ${E{x)}.

Let £ be concave. Then, from (1.g),

(r.13) Y{E[6° 4 (1 — 0)2]} Z ¢{6ER") + (1 — HE()},
or

(r.14) YAED + (r — 8)2]} = Y{E@) + 0[ER") — EW]},

2Tt is not true, however, that all quasi-concave functions can be expressed as increas-
ing functions of concave functions,

(1.12)
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foro £ 6 < 1 and for all x and #°, from which it follows that if E(x") = E(x),
(rs)  Y{E[B" + (x — 6]} = Y{E()]},
ot ¢{E} is quasi-concave,
By way of illustration, the function
{1.16) By, 20) = (ee)?
is concave, though not strictly, The function

(I.I’]) E(xl,xg) = X1%9

is strictly quasi-concave.

After a point, many weapon systems display constant or increasing
average costs® The constraint (r.2) was written on the assumption of
constant unit costs. Suppose, however, that the cost per unit increases
as the number of units purchased increases, and that the rate of increase
is constant or increasing. This is the relation described by a normal sup-
ply curve, shown in Figure d.

S' (xi)

X

Fig. d

The presence of this property should not be surprising. Consider, for
example, a market for labor, Although only a very moderate increase in
the wage rate may be required to induce a worker to work ¢ instead of
8 hours a day, one would expect a much larger increase to be required o
induce him to work 15 instead of 14 hours. Let the average cost per unit
for the i input, as a function of the amount of the input employed, be

(1.18) b = Si(x).

®In fact, if the prices of the original inputs are constant, a system that exhibits
diminishing marginal returns will also have increasing marginal cests. Sce Scection VI,
below.
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The cost of one extra unit of the #" input is equal to p,, the average cost,
plus the change in average cost or price multiplied by the number of
units for which it must be paid. This cost is called the marginal cost.
It can be written
, dS:

{1.19) MClx) = pi+ 7o

If marginal cost increases with x;, the supply curve is conzex. A con-
vex function is one that obeys (1.8), (1.9), and (r.11) with the inequali-
ties reversed, That is, a convex function has a second differential that
is positive semi-definite, that lies below any chord joining two points of
any plane profile of its graph, and that lies above any of its tangent
planes. Just as in the case of concavity, a function may be convex or
strictly convex (in the latter case, the inequalities are all strict) and
convex globally or locally. The function shown in Figure e is convex

o b ————————
o —————.—

o b———

Fig. e

locally between @ and & and concave locally between & and ¢, A linear
function is both concave and convex.

Most of the discussion that follows will be concerned with the maxi-
mization of quasi-concave and concave functions of variables constrained
to lie within a convex region.* Most of the allocation problems that arise
in practice fall into these classes. General mathematical methods are
available for the solution of these problems. Other problems that do not
have the appropriate convexity-concavity properties must be dealt with
by special methods appropriate to the particular problem.

The fundamental principle of the theory of constrained maxima is the
marginal comparison. Spesking loosely, an increase in the use of the i
system or input by one unit will increase E by the marginal product of that
input. But the existence of constraints means that there is a limit to

* A minimum prohlem can be converted to a maximum problem by a simple change of
signs.
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“free’” increases in any input. After a point, an increase in any x; will
have to be accompanicd by a reduction in the use of other inputs. This
reduction will mean a reduction in £. Thus, we can impute a marginal
cost to each input, that is, the minimum reduction in E made necessary by
an increase of one unit in the use of that input. As long as it is possible
to find inputs whose marginal products exceed their imputed marginal
costs in this sense, it will be possibie to increase E by increasing their use.
A relative maximum will be achieved when no further increases are possi-
ble, that is, when the marginal product of each input used is just equal to
its marginal cost.

I1. CONSTRAINED MAXIMA

If E obeys the law of diminishing returns, and if the unit costs or
prices of the inputs are constant, how can a constrained maximem be
identified ? Consider the problem with just two inputs. The budget limi-
tation can be expressed

(z.1) B — (prt1+ po) = 0.

The requirement that neither input be used in a negative amount can
be written
{2.2) 2 = 0. (i =1,2)
These inequalities define a triangular area in the x;, x. plane that contains

all nonnegative combinations of x, and xp that satisfy the restriction that
their cost does not exceed B. This is shown as the shaded area in Figure {.

E, Ez E3

\\\\\\“‘

o
////////m

Fig. f

The sides of the triangle are the x; and %, axes and the line defined by
(z.1) with an equality sign. The slope of this line, which will be referred
to as the “budget line,” is equal to — pa/p, 8

* All prices are assumed to be positive.
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A whole family of isoquants of E, like the one shown in Figure a,
can be drawn on this graph, with isoquants upward and toward the right
corresponding to successively higher values of E, as long as E is an
increasing function of x; and x,. Of all the points in or on the edge of
the triangle, the point corresponding to the highest value of E will be the
point just on the highest isoquant. Superimposing the map of isoquants on
the same z;, x: plane, one obtains Figures  and g. These two figures
correspond to two different possibilities, Either the maximizing values of
x1 and x, are both positive, as in Figure {, in which case the budget line
is just tangent to the highest isoquant touching the triangle of feasible
combinations; or, alternatively, one or the other of the maximizing values
is equal to zero, as in Figure g. Let the maximizing values be x? and x9

Xy

X

Xz

Fig. g

and suppose that hoth are positive, as in Figure f. The tangency of
the highest isoquant and the budget line implies that the slopes of the
line and the curve must be equal at the maximizing point. That is, writing
EP for the value of E; at the maximum,

_b_ B
(2.32) Pl E
Or
{2.3h) Py = Py

At a maximum, the marginal product of the first input must be in the
same proportion to its price as the marginal product of the second is to
its price. Alternatively, the rate at which x;, can be exchanged for x,



APPENDIX 371

(that is, the slope of the budget line) must equal the negative of the
marginal rate of substitution. By inspection of Figure {f, it is possible to
verify that any departure from (x, x2) into or along the edge of the
triangle will be a move to a lower level of E.

Alternatively, suppose that the slope of the budget line everywhere
exceeds the slope of the isoquants at the budget line (is less, therefore,
in absolute value) except possibly where the isoquants meet the x. axis.
In this case, the proportionality condition (2.3a) cannot hold, and x? = o,
for as one moves down the budget line in Figure g, one reaches successively
higher isoquants, until the highest one touching the triangle is reached,
where ¥; = o. Thus we have the condition that if

by B
(2.4a) b > E
or
E, L
{2.4b) Y > 7

everywhere at the budget line, x? = o. This condition states that if the
marginal product of one dollar’s worth of x; is always less than the
marginal product of one dollar’s worth of xp, there is no reom for
to be included in the maximizing combination.

This maximum problem suggests a corresponding minimum problem,
Suppose that one wishes to fix the value of E, say at E® and seek that
combination of x; and x, that minimizes the total cost of attaining it.
Budgets or total costs higher and lower than B can be represented by
budget lines parallel to B and to its right and left, respectively. The lines
are parallel because they all have the same slope, that is, —#=/p:. These
are shown in Figures h and i. By inspection it can be seen that the same

0

E

Fig. h
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conditions apply as in the maximum problem. In fact, if £0, 2 maximizes
E given the budget B, then it also minimizes the cost of attaining B9,
%9}, and the minimum cost is equal to B.

With the help of some algebra, these conditions can be generalized and
stated rigorously for many inputs. The proofs are not difficult and they
are valuable in that they illustrate the kind of mathematical reasoning
involved.® First of all, if 20 . . ., 2% maximizes any differentiable function
E(x;, ..., %), subject to the constraints

(z.8) %y = o, f=1,...,n
and

(2.6) B - % P Z o,

then e

(2.7) Ei~¥Mp = o,

(2.8) 2B — Wp:) = o,

and

(2.0) N(B— 2 paf = o

®The first two of the following proofs are essentially simplifications of the proofs
contained in H. W, Kuhn and A. W. Tucker, “Nonlincar Programming,” J. Neyman (ed.),
Proceedings of the Second Berkeley Symposium on Mathematical Statistics and Prob-
ability, University of California Press, Berkeley, Californis, g5, and R. Dorfman,
P. A Samuelson, and R. M. Solow, Linear Programming and Economic Analysis, Mc-
Graw-Hill, New York, 1958, Chapter 8. The paper by Kuhn and Tucker is mathematically
advanced, and unlikely to be accessible to readers with less than the equivalent of a
B.A. in Mathematics. The Dorfman, Samuelson, Solow book has a very clear exposition
only slightly more advanced mathematically than this cne.
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for some constant factor of proportionalily, A == o. That is, {2.7), (2.8},
and (2.9) are necessary conditions for a maximum. Equation (2.8} implies
that either x° = o, in which case E® can be less than A%, or E°=
A%, in which case x,° can be positive. Similarly, equation (2.9} implies
that if the constraint is not binding, A* = o. If the constraint is binding,
A% can be positive.

In order to show that these conditions are necessary, suppose that x°
is a maximizing point. Then, it must be the case that no small departure
from x° which does not violate the constraints, can increase E, or

(z.10) dEt = _%1 Elde; S c

iz
for all permissible variations dax;, that is, small changes in the x; which
are not inconsistent with the constraints,

First suppose that the constraint is not binding. In this case, the
problem becomes an unconstrained maximum problem; the necessary
and suflicient conditions become (2.7), (2.8), and (2.¢) with A* = o. The
fact that the constraint is not binding implies that permissible small
positive and negative variations, dx;, exist in all cases except when %" = o,
in which case negative variations are not permissible. In turn, let each
dx; = k, with all other variations equal to zcro, where % is a small posi-
tive number. Applying each of these variations successively to (z2.10}, we
obtain

{z.11) <o (i=1,...%)

If 2 > o, let dx; = —~k, and make the same set of substitutions in (z.10).
This implies

(2.12) Bz o, {x9 > o)
whence
(2.13) Ei=o

for x% > o. If %% =0, (2.11) hoids. This establishes the necessity of
(2.7, (2.8), and (2.9) for the case in which A’ = o.

Now suppose that the constraint is binding. In this case, the permissi-
ble variations are limited by the constraint, that is,

n (53

(2.14) '21 Pide: Z o

as well as by the nonnegativity of the x° Assume that at least one of
the maximizing input levels is positive, say the first, that is, x,° > o.
Then the variation dx; = —k, with all other variations equal to zero, is
permissible for some small positive &, This variation applied to (2.10)
implies that E,° = o. Now, for any other input whose maximizing value is
positive, say, " > o, let dx; = kp, and dx, = —kp;, where £ is positive
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but small enough that the variations do not violate the nonnegativity
constraints, and let all other variations equal zero. This is consistent with
(2.14) whence, by (2.10),

(2.158) —Elp:+ ESp < o.

Reverse the signs of the variations. The new pair is also consistent with
{2.14) whence

(2.15b) Epi— B < o
and therefore,

(2.15¢) Elp:— ESp1 = o

for all x,* > o. The last equation can be written
PO S

{2.16a) }f = P_: = Al

where A° the common factor of proportionality, must be nonnegative.?
Alternatively, equation (2.16a) can be written

{2.16b) EY — 2%, = 0. (] > o)
For a variable whose maximizing value is equal to zero, say, & = o,

let dx; = kp, and dx, = —kp;, all other variations being equal to zero.

Applying this to (2.10), we have

(2.17a) —Eip;+ Eipy = o,

whence

{2.17b) E}— A%, = o, {27 = o)

This establishes the necessity of (2.7), (2.8), and (2.9) for the case in
which the budget constraint is binding.

Next, it can be shown that if E is a differentiable concave function
and if (2.7}, (2.8), and (2.9) hold for some point, x°, then that point
maximizes E subject to the constraints (2.5) and (2.6). That is, i E is
concave, (2.7), (2.8), and (2.9) are sufficient conditions for a constrained
maximum. The property of concavity is a substitute for the ordinary
second order maximum conditions. If E is concave within a specified
region, then these conditions are sufficient for a maximum within that
region; if E is concave everywhere, these conditions are sufficient for
a constrained maximum globally. To demonstrate this, assume that the

" The nonnegativity of A* can be established independently of the sign of the E; and p;,
in the following way. Pick a variable whose maximizing value is positive, say, x? > o, and
let dx; = —kp; < o with all other d#; = o. This is consistent with {2,14) and the nonnega-

tivity constraints if % is small enough. By {2.10) this implies — E%#; < o or Efp; = o. IHow-
ever, since E} = Mp;, E?%; = p2\0 = o; therefore A 2 o.
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point 2 satisfies conditions (2.5) to (2.¢) and that E is concave. The
concavity of E implies

(218) E() £ B + 3 Edni — af).
t=1
Summing (2.8) over all 4, we have

n n
(2.10) P Ell=A" 2 pal
=1 i=1

k3

Multiplying (2.7) by x; = o and adding, we have

= 1=

(2.20) 5 E‘%xl g Al % f),'x.;.
=1 =1
Applying (2.19) and (2.20) to (2.18), we obtain
{2.21) E(x) = E(x% + A0 5 pix; — WD s poxt
i=1 i=t

Now consider the set of all nonnegative x that satisfy (2.6). For them,
{z.21) and (2.6) imply

(2.22) E(x) £ E(x") + N8B — Zpuxl);
therefore, by (2.g)
(2.23) E(x) = E(x%

for all x = o satisfying (2.6).

Next, it can be shown that if E is a continuously differentiable quasi-
concave function, and if (2.7), (2.8} and (2.9) hold for some x° with
A0 > o, then x° maximizes E, subject to the constraints (2.5} and (2.6}.
That is, (2.7), (2.8), and (z.9) are sufficient for a constrained maximum 8
The requirement that A be positive is equivalent to there being at least
one value of 7 for which E* > o; that is, at the point x® there is at least
one input whose expanded use would increase E; therefore the budget
constraint is hinding.* In order to demonstrate that the conditions are
sufficient, suppose that the theorem is false. Then there must exist a point,
say x!, which satisfies the constraints (z.3) and (2.6) for which

(2.24) E(xY) > E{z").
Because of the continuity of E, it follows from (2.24) that it must be

“For a proof of the more general theorem of which this is a special case, sce Kenneth
J. Arrow and Alain C. Enthoven, Quasi-Concave Programming, The RAND Corporation,
Paper P-1847%, 16 December 1954,

¥ It is clear from (2.7) that E? > o implies A* 2> o, Alternatively, A’ > o implies that at
least one %7 > o by (2.9); therefore, by (2.8), the corresponding E? = 3p; > ¢,
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possible to choose another point on the line between the origin and x?, say,
¥ == rx! where o << # < 1, s0 that
(2.25) E(a?) = E(2").

That is, since (2.24) is a strict inequality, there must be some values of
E between E(x') and E(x°), one of which is E(x2). By the definition of
x2,

I

pari < Z pax}
t=1

i=1

unless all #;* = o. In either case, since, by hypothesis
B g Eﬁfﬂfli,
that is, x' is assumed to satisfy the budget constraint, and
B> o,

we have
{2.26} B> Zpa.
Moreover, since by hypothesis x' satisfies (2.5), 2% must also satisfy (2.5).

Thus far we have shown that if there exists a combination of inputs
that yields a value of E greater than E(x°) at the same cost as x°,

then there must exist another set of inputs that yields a value of E at
least equal to F(x°) at a lower cost.

Now, define
(2.27) F(8)= Ei(1 — 0)x° + 02%).
The quasi-concavity of E and (2.25) imply
{2.28) F(8) = E(x%) = F(o).10 lo£0=1)
Thus, F cannot be a decreasing function of # in the neighborhood of o, or
{(2.29) F'{o) = ot

However, differentiating {2.27) with respect to 4, and setting 6 = o,
we have

{230} (o) = z Lzt — &%)

n n T
= 2 SUEL = Np) — 2 sUE = Np) X0 2 pilat — o)
i=1 i=1 i=

The first expression on the right-hand side must be less than or equal to
zero because of (2.5) and (2.7); (2.8} implies that the second term
vanishes; that the third term Is definitely negative follows from (z.9)

® Recall (1.5} and (r.7).
2 The prime indicates the first derivative of F with respect to 6.
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and (z.26). Therefore, F'{o0) is negative. But this contradicts (2.29).
Since the supposition that the theorem is false leads to a contradiction,
the theorem must be true.

The significance of A% the factor of proportionality between marginal

products and prices, deserves some explanation. It is a relative measure
of the force of the budget constraint, or the marginal cost, in terms of E,
of a reduction in the budget. As the constraint is tightened, resources
must be used less, and therefore their marginal products and A® must
increase. As the constraint is relaxed, resources can be used to a point at
which their marginal products are lower than before and A® decreascs. Sup-
pose the budget constraint is binding and remains so through small changes
in the budget. Then permissible changes in the x, will obey the rule
{2.31) dB = _Enl P dws.
If an input is used in a positive amount, then (2.16b) helds for the
corresponding variable, and small positive or negative variations, dx;, are
permissible. If an input is not being used, then (2.19b) holds at the
maximum for the corresponding variable and only nonnegative variations
are permissible in that variable. Multiply each equation (2.16b) and
inequality (z.17b) by any permissible variation in the corresponding
variable, and add the products to obtain

n ki1
(2.32) T Eldx, =X 3 Piﬂdx,'.

=] i=1
Now, if the variations in (2.32) are restricted to values satisfying (2.31),
we have

{2.33) dE = N dB.

Thus, A" can be said to measure the minimum reduction in E made
necessary by a reduction of one unit in the budget. In this sense, then,
A” might be said to be a measure of the marginal imputed value of the
constraint,

If any input is increased by one unit, £ will be increased directly
by the marginal product of the input. However, assuming the budget
constraint is binding, the use of other inputs will have to be curtailed if
the use of one is increased, and this curtailment will mean an indirect
reduction in E. The minimum indirect reduction in E made necessary by
an increase of one unit in the use of the #* input can be called the marginal
imputed cost of the input, How is this cost found? The cost of increasing
x; by one unit is p;. Thus, the indirect E-reducing effect of a unit increase
in x; must be the same as that of reducing the budget by #;. Letting dB
equal —p; in (2.33), we have
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(2.34) dE £ =2\

In other words, A"p; s the marginal imputed cost of the it input. It is
equal to the marginal cost of the input itseli, that is, #;, multiplied by
the marginal imputed value of the constraint.

An important aspect of the theory of constrained maxima is that it is
the set of rankings of all points x that is implied by E and not the function
E itself that is significant. Any other function that implies the same
rankings of all points as E does will yield the same results, Thus, one
does not need an index or criterion that measires the effectiveness of
alternative combinations of weapon systems; one needs only a criterion
that will rank them. In other words, ane does not need to know whether
x° is twice as effective as a'. The Important thing is to be able to decide
whether it is more effective.

Corresponding to the problem of maximizing £ subject to the con-
straint of a Hmited budget is the problem of minimizing the cost of
attaining a specified value of E. Tt can be shown that if E is differentiable
and quasi-concave, the point x° that maximizes E subject to (2.5) and
{2.6) also minimizes the cost of attaining E{x"). That is, if x° satisfies the
conditions (2.7) and (2.8), then it minimizes Zpx; subject to the con-
straints

{2.35) Elx) — Ex*) =z o

and {z.5), the nonnegativity of the x; 1>
Let x be any point satisfying (2.35). Then since E is quasi-concave,
we have, asin {2.27) and (2.28),

(2.36) Fig) = EN{1 — 2" + 6x] = E(z™ = Flo). (c=8= 1)

Therefore, F'(o) = o, or
(237) S Em—a9 2o

The following equation is an identity:

(2.38) w%@m—ﬁ=%ﬂ@—@+%mwrm)
1= 1=1

i=t
— Z xi0\°p: — LY.
i=1

The first expression on the right-hand side is nonnegative by (z.37); the
second is nonnegative because of {z.5) and {2.7); (2.8} implies that the
third expression vanishes. Therefore the left-hand side must be non-
negative, or, for A > o

¥ See Arrow and Enthoven, Part IV,



APPENDIX 379
(2'39) Zpa, =2 Zpix{i

for all x satisfying (2.35).
Thus, if x° maximizes E subject to a limited budget, it also minimizes
the cost of attaining F(x%).

III. ECONOMIC EFFICIENCY

In Section II, we considered the problem of determining the maximum
of one function, corresponding to a single criterion for ranking alterna-
tive combinations of the inputs employed. This is the form in which
many allocation problems appear, But in some circumstances it is very
difficult, if not impossible, to define & single criterion which reflects ade-
quately all of the relevant objectives. We may find ourselves confronted
by two or more distinct objectives which we want to accomplish with the
same hudget. Do the results of Section T7T tell us anything useful in such
circumstances? We can make relevant observations about the allocation
problem even when we have no over-all criterion for ranking alternative
combinations of achievement of the varicus objectives. We can inquire
about efficient allocations, that is, allocations that maximize the achieve-
ment of one objective given the budget and some fixed level of achievement
of the other objective. Tf allocation is efficient, then it will not be possible
to increase the achievement of one objective without reducing the achieve-
ment of the other, There is some efficient allocation that is unambiguously
better than any given inefficient allocation, and the over-all optimum al-
location will be a member of the set of efficient ones.

Consider the problem of maximizing two independent criteria, say,
y(x!, x}) and y*(a%, «2), each of which is a quasi-concave function of
the amounts of the two inputs &, and xs used for that purpose (the super-
script 1 denotes the fact that the input is used to produce v'), subject
to an over-all budget constraint of the form

(3.1) B — [(a1 4+ oD + (w3 + xd)pe] = 0.

There are several ways in which one might proceed to deduce conditions
for an efficient allocation. For example, one might maximize »! subject to
the budget constraint and the constraint that ¥2 be at least equal to a
specified amount. Or one might arbitrarily divide the budget between
y' and y* and maximize each one separately. Yet another way would be
to assume the existence of an unspecified quasi-concave increasing func-
tion of ¥' and %, maximize it, subject to the budget constraint, and then
see what, if any, implications maximization has that are independent of
the form of this function,

Let such a function be E{y', ¥*) and maximize it subject to the con-
straint (3.1). Applying the results of Section II, we have
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Enf— A%; = o, (i=1,2;7=1,2)
(3.2) 2§ — Npy) = o, (i=1,2,j=1,2)
N{B — [(xi+ aDp + (2 + aDipe]} = o,
where the subscripts aiter £ and ¥ indicate partial differentiation with

respect to the indicated argument, as before. If the constraint is binding
and the inputs are all used in positive amounts, these conditions imply

! Yi_ i
e TR S
independently of the form of E. Of course these conditions are necessary
for the independent maximum of v' and of 2 In this simple case, alloca-
tion will be efficient if, whatever the division of the total budget between
expenditure on ' and ¥?, each is maximized subject to its own budget
limitation. In order to determine the over-all optimum allocation between
3! and v2, one must know more about E.

More complicated cases arise, In the simple example discussed abaove,
all inputs were specific to one or the other purpose, that is to v* or {o 32,
The employment of an input in the pursuit of one objective precluded its
having a direct effect on the attainment of the other objective. For ex-
ample, manpower is used in all weapon systems, but the employment of
a man in a bomber wing precludes his simultaneous employment in a
fighter squadron. By way of contrast, some resources may be described
as joimf inputs.*® A joint input is one whose employment has an impact
on performance in terms of more than one objective. That is, although
it may be used primarily for the achievement of one objective, a joint
input has a direct eifect on the achievement of others. For example, 2 warn-
ing system, though possibly operated by and for the air defense system,
aids in the protection of our bombers and missiles and the civilian popu-
lation. Joint inputs are shared, in some sense, while specific inputs have
the character of exclusiveness in their employment.

Suppose, as before, that we know that it is desirable to maximize
indices of the performance of two systems, ¥* and 2, within the limitation
of a fixed total budget, but that we are not able to rank alternative com-
binations of them. Assume that each function is quasi-concave and de-
pends on a joint input, ¥y, and a specific input, x». The fact that x, is a
joint input means that whatever amount is used by one system is thereby
available to the other also, The problem can be illustrated graphically.

‘4 The distinction between joint and specific inputs corresponds to Professar Samuel-
son'’s distinction between public and private goods. It was Samuelson’s analysis that
suggested the following discussion. See P. A, Samuelson, “The Pure Theory of Public
Expenditure,” The Review of Econewmics and Staiistics, Vol. XXXV, No. 4, November
1054, pp. 387-389; “Diagrammatic Exposition of a Theory of Public Expenditure,” The
Review of Economics and Statistics, Vol. XX XVII, No. 4, November 1955, pp. 350-350.
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First, the alternative combinations of x; and x, that can be purchased with
a given budget are represented by the triangle in Figure j. An isoguant of
¥!, corresponding to 7!, is drawn on the same diagram. The fact that x»
is a specific input means that whatever is used for ' is not available for
v%. Thus, given 7', alternative amounts of x; left over are given by the
vertical distance between the isoquant and the budget line. For example,

Fig. |

3 of ' can be produced by o% of x; and ea of x,, in which case there is
no xz left over for y*; by og of x; and 0b of x,, in which case, d of x,
is left over for ¥2; or by of of x; and oc of x,, in which case, ce of % is left
over for y2.

Thus, the budget and the isoquant ¥? specify a set of alternative com-
binations of x; and x, available for y2. The points corresponding to those
in Figure j are graphed in Figure k, and the points are connected in a
curve representing the maximal amounts available. The curve reaches a
maximum at the point, in Figure j, at which the isoquant and the budget
line are parallel. The units measured on the axes of Figure k are amounts
of x; and w, available for 42 Hence, the isoquants of v; can be plotted on
the same figure. Also, more curves, like the one shown in Figure k can be
drawn corresponding to higher and lower levels of ¥*. A family of such
curves, together with a family of 4% isoquants is shown in Figure 1.

Given any level of y!, and hence a corresponding curve representing
amounts of x; and x, available for ¥% the level of ¥2 will be maximized
by the combination of x; and x» corresponding to the point at which the
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curve is just tangent to the highest v* isoquant it touches. The reasoning
used to establish this is the same as that used in Section II. Suppose, for
example, that the division of x; and xs corresponds to the point P in
Figure I. Then, holding y' constant, that is, moving along the curve
corresponding to comnstant ¢', it is clearly possible to increase v* by
increasing x; and moving to the point P'. Once such a point of tangency is
reached, however, no further improvements in 42 are possible without
reducing y'. Each such point of tangency is known as an efficient point.

Figure 1 shows that there is not one but a whole set of efficient points,
indicated by the dotted line. In order to make a rational choice
from among these points, one must have a criterion that ranks alternative
combinations of ¥! and »®. But without such a criterion, it is still possible

X2
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to say that an unambiguous improvement can be made if the allocation
does not correspond to an efficient point, and therefore, that the over-all
optimum will be found among the efficient points.

The slope of the ¥2 isoquant, that is, dxz/dx,, is equal to —y?/y2!
Writing the budget constraint

(3.4} B — mipy + x0pp 2 0,
the line relating maximal amounts of x; to x; has the equation
B 1
. Xg= — — a1
(3.5 2 b X1 Pz’

with slope —#1/p2. The slope of the 3! isoquant is —y!/yi. Now, the
curve shown in Figure k is the vertical difference between the budget line
and the 9! isoquant, as a function of x,. Its slope is equal to the difference
between the slopes of these two functions, or —(p/p2) — (—¥}/vi}.
The necessary tangency condition for efficient allocation, pictured im
Figure 1, is equivalent to the equality of this slope and the slope of the y*
isoquant. Setting the two slopes equal to each other, one obtains the
necessary condition for efficient allocation between a joint input, x,
and a specific input, x.

viov_f
(5:6) v3 - i e
The significant point is this, In Section II, we saw that for a maximum of
E, it was necessary that the marginal rate of substitution between x,
and z. in E be equal to the ratio of the prices of x; and x,. In the case
of a joint good, it is the sum of the marginal rates of substitution that
must be equal to the ratio of the prices, if allocation is to be efficient.*

These results can be stated in a unified way with the help of the tech-
nique introduced at the beginning of this section. That is, assume that
alternative combinations of y! and y® can be ranked by a criterion, E{y,
42, that is a quasi-concave increasing function of the two variables. Then
maximize E subject to the over-all budget constraint.

Let 4* and y2 each be functions of two joint inputs x; and xs, and two
specific inputs, x; and x4, The amounts of x, and x. used by either
system, that is for either ¥' or 32, are equal to the total amounts used.
This is not the case with the specific inputs, for which it is the sum of the
amounts used for 4! and 32 that is equal to the total amount used. For
this reason, we must label x; and x, according to their uses. Let x} be
the amount of x; used for y*, x2 the amount of x; used for »* Then the
over-all budget constraint can be written

M See equation (1.4} and related discussion in Section I above.
¥ See Samuelson, “The Pure Theory of Public Expenditure,” pp. 387-389.
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(3.7 B —[up+ aupe + (@l + 2D ps + (xd + ahpd = o
Assume that the budget constraint is binding and, for simplicity, that all
of the inputs are used in both y! and 32 in positive amounts. Then, the
constrained maximum of
Ely' (a1, 2y xd, 23), v2(a, wp, 23, 23)]

is defined by the conditions

Ei + Exf — Xy = o,

Eryi + Esyf — Xpy = o,
(3.8) Eyys — X°p3 = o,

Eyl — X = o,

Ep3 — Ny = o,

Eayf — Apy = o

Equations (3.8) in turn imply the following conditions for efficient
allocation:

1 2 1 2
QW N P m N p
WTRTE wTE
1 2 1 2
Y2 e pr Y2 M _ P
AERT TRk
between joint and specific inputs (as in equation 3.6) ;

(3.9

1 2
Y3 _ Y5 _ ps
{3.10) M b
between specific inputs (as in equation 3.3) ; and
(3.1]:} EIY.% + Eﬂ_"% _ ﬂ

Evi+ Eni p

between joint inputs. One of the conditions (3.9) is redundant in the
sense that if the other three and (3.10) are satisfied, it must also be
satisfied. If (3.9) and (3.10) are satisfied, allocation is efficient in the
sense that 3! cannot be increased without reducing ¥2. The over-all
optimum requires that (3.11) be satisfied also. But this condition cannot
be stated independently of the weights E, and E,.

If " and y? are alternative criteria applied to the same systems, all
of the inputs involved may prove to be joint ones. In this case, there is
much less that can be said in the absence of a higher criterion for ranking
alternative combinations of y! and y2. The problem is one of evaluating the
allocation of the same set of resources from two different points of view.
The triangle of alternative combinations of x; and x, consistent with the
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budget limitation is shown in Figure m. In general, there will be one
allocation along the border that maximizes y*, another that maximizes v2.
If both objectives are desirable, the over-all optimum will be an internal
average of the two allocations, that is, a weighted average with nonnega-
tive weights whose sum is equal to unity. A set of illustrative isoquants is

Fig. m

shown in Figure m. The allocation corresponding to a maximum of 3, is
Py, that maximizing vy, is Pa. The only thing that can be said in the
absence of a higher level criterion is that the over-all optimum will be Py,
Pg, or some point in between, Points on the edge of the triangle to the left
of P, or to the right of P, correspond to lower levels of hoth y' and y?
than the levels attained at P, and P, Hence, such points correspond to
inefficient allocations.

IV. GENERALIZATIONS: NONLINEAR PROGRAMMING

The discussion of Section 1T was limited to finding the maximum of
a quasi-concave function subject to one linear constraint. In practice,
problems often arise involving several constraints that may not be
linear. For example, the military services face specific manpower con-
straints as well as a budget constraint. However, the theorem of Section
IT, in its general form, covers these cases.’® Suppose, for example, that E
depends upon two weapon systems, x; and x», and that each has a constant
unit cost in dollars, p; and p,, and a constant manpower requirement per

*As well as in the article by Kuhn and Tucker and the book by Doriman, Samuel-
son, and Selow already mentioned, the reader can find a general statement of the theorem,
for linear constraints, in A. W. Tucker, “Linear and Nonlincar Programming,”’ Operations
Research, Vol. 5, No. 2, April 1957, pp. 244257,
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unit, s, and m,. Let the total budget be B, the manpower ceiling, M.
‘The prohlem, then, is to maximize

(4.1) E{z, 22)

subject to the counstraints

(4.2a) B — py - poxe = o,
(4.2b) M — maxy + maxe = o,

and, of course, x; = o and x» = o. The region of combinations of x; and x»
satisfying these constraints will, in general, have four sides {(unless every
combination satisfying one constraint satisfies the other, in which case
the latter constraint is redundant). It is illustrated, for the case of two
effective constraints, by the shaded area in Figure n. There are several

X2
Fig. n

possibilities that may arise, Neither constraint may be binding. This is
an uninteresting case. Alternatively, the optimal combination of x; and x,
when only the budget constraint is considered may be feasible from the
point of view of the manpower constraint, or vice versa. In this case, one
constraint is binding and the other is not. Finally, both constraints may
be binding. Examples of one and both constraints binding are illustrated
in Figures i and o.

The necessary and sufficient conditions for a constrained maximum
are analogous to those in the case of one constraint. However, when
there are two constraints, each constraint has its own imputed marginal
value. The conditions are

Ef — M — Mmy £ o,

(43) B — AYpe — Mmy = o,
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2\

o

Fig. o

with the equalities holding when the inputs are used in positive amounts,
or

a1(EY — Apr — Amy) = o,

Similarly, for the constraints,

(4.4)

k?(B - PI.’JE? -—- p;;:cg) =0,
4:5) MM — mgal — mad) = o,
The sense of these results is the same as the sense of the single constraint
case. Kach constraint has its own marginal imputed value. If a constraint
is not binding, its marginal imputed value is zero. The marginal imputed
cost of each input is equal to the sum of its marginal costs in terms of
each constraint, weighted by the marginal imputed value of the constraint.
The marginal product of each input must be less than or equal to its
marginal imputed cost. If the ipput is used at all, its marginal product
and marginal imputed cost must be equal 1

Strictly concave constraints do not raise any fundamentally new prob-
lems.’® Suppose, for example, that there is a specified budget limitation

17 The reader can test these results on a simple numerical example. Maximize =12 subject
to the constraints 1 — 23 — &, 2 0,1 — 1 — 28 Z ©, & Z o and % = o. The reader should
be able to verify the fact that the maximizing values of # and ¥; are 1, that both constraints
are binding, and that their marginal imputed values are 3.

1% FThe same constraint will be concave or convex depending upon 2 simple choice of sign.,
For cxample, g{x) Z o and —g(x) = o represent the same set of points #. Yet, if g{x) is con-
cave, —g(x) is convex. There are two important points. First, the set of points defined by the
constraints must be convex, Second, by convention, irequality constraints are written in
the greater-than-or-equal-to-zero form. Written this way, the constraint functions must be
concave for the theorems to apply Lo the maximization of a quasi-concave function.



388 APPENDIX

but that the prices of the resources increase with the amount purchased.
Let each price be related to the quantity purchased by a supply curve
(4.6) pi= Silwx)

with the curvature shown in Figure d.19

Assuming two inputs, as before, the budget constraint (4.2a) can be
written

4.7 B = [nSi(e) + @S] 2 o
The slope of the boundary of the area described by (4.7) is

dey  — (S + S)
8 o _ Zlp F Oo)
&) i (St ¥ 5y <&

This curve becomes steeper as x, increases. That is,

(4.9) Frr (851 F S8 A 287) A (5% + S9)%a Sy 4 28] <o
l dx} (2,57 + S1)# '

Thus it has the curvature shown in Figure p.

Xz
Fig. p

The slope of this curve has another interpretation. The total amount
spent on ¥ is x.5; (%), that is, quantity times price. Differentiating this
expression with respect to x;, we get the amount by which the total
cost of x; units increases as we increase x;, or the marginal cost of xi.
The marginal cost has two components: the price of a unit of x;, which
must be paid for the extra unit, and the increase in the price multiplied by
the number of units for which it must be paid. That is,

d . e = M (s
(4.10) dz [2:51(x0)] = Silsn) 4+ 2.81(x) = MCzy).

. 25,
19 That is,% =5 goanddiz =5/ zo.

H 1
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Thus, the formula for the slope of the budget restriction curve (4.8) can
be rewritten

(a.11) dxy _]l/fC{xg).
L dvs . MClxy)

Superimposing the isoquants of £ on Figure p, one finds the familiar
tangency condition for a constrained maximum. If x; and xs are used in
positive amounts,

s MUC(w) _ B
M MC(z) ~ B
If x. is not used in the maximizing combination, it must be that the slope

of the isoquant at the budget curve always exceeds the slope of the budget
curve, or

(01D B MC(x)
413 E: - MClx)

This is the same thing as saying that the marginal product of %, is never
great enough, in relation to its marginal cost, to make it worth buying
any of it in preference to x;.20

In general, a constraint limits the admissible values of the variables
x; because some resource is limited in total supply. In the examples used
so far the resource has been money or manpower, but it could be anything.
If we write the surplus or unused amount of some resource as a function
of the x; in the form C{xy,... %,), then the constraint Clxy,..,0,) =0
indicates that positive or zero unused amounts are permissible, but nega-
tive ones are not. That Is, we cannot use more than the total available. If
increasing the extent to which one input is used, that is, increasing x;, re-
quires the use of more of the limited resource, the unused amount will be a
decreasing function of «;. That is, C/dx; = C; will be negative. The nega-
tive of C; can be thought of as the marginal cost of the i input in terms
of the resource whose limitation is expressed by the constraint. If the
marginal costs of all resources are constant, C(x,, .. ., %,) will he linear; if
the marginal costs are either constant or increasing functions of x;, the
constraint will be concave; if all are increasing, the constraint will be
strictly concave.

The necessary and sufficient conditions for a maximum with two
constraints and with concave constraints are special cases of a more
general theorem, Suppose that we wish to maximize E(x) subject to the
constraints

o kB

20 That 1s, (4. can be rewritt < —
10 (4.13) can be rewritten WG < mew)
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(4.14) CHay, .. X)) = 0 (G=1,...,h
and
{4.15) x; = o. (i=1,... 5

Let E(x) and CH(x) be continuously differentiable functions. Then the
following conditions are mecessary for x° to maximize E{x) subject to
(4.r4} and (4.15)

A
(4.16) EY - 2 M = o, (i=1,...,m
i=1
h P
(17 SIEL+ 3 N = o,
i=1

that is, either the equality is satisfied in (4.76) or 2% = o, and
(4.18) NG, L L&l = o

that is, either each constraint is binding, or its margingl imputed value
is zero.

Now, let a relevant variable be one that can take on a positive value
without necessarily violating the constraints. That is, x; is a relevant
variable if there is some point #* in the set of points defined by the con-
straints for which & * > o. Then (4.16), (4.17), and (4.r8) will be suffi-
cient conditions for a constrained maximum if E(x) and CHx) are
contimuously differentiable quasi-concave functions and if at least one
of the following conditions is satisfied: (2) E0 <o for some x;; (b)
E > o for some relevant varieble x, ; (¢) E(x} is twice continuously dif-
ferentiable and Es£0; (d) E{(x) is concave?® The conditions (4.16),
{4.17}, and (4.18) are a natural generalization of the conditions explained
earlier in this section for the case in which there are two constraints.

2L The necessity part of the theorcm has been proved by Kuhn and Tucker, pp. 483-485s.
They point out the possibility of certain pathological cases in which no A? exists that will
satisfy the conditions {4.16}), (4.r7), and {4.18} because of the existence of singularities on the
boundary of the constraint set. For example, maximize E(x) = %13: subject to the constraints
2oz o Ck = {1 —m — x)® Z o. The constrained maximum occurs at &7 = 23 = §,
but at that point {and at all points at which %, + x; = 1) C7 = o, so there can be no value
of k that satisfies (4.16) at 2% Kuhn and Tucker rule out this possibility by imposing a regu-
larity condition on the constraints which they call the Constroint Qualificaiion. This condition
will be satisfied, for example, if cach constraint C7(z) satisfies one of the following conditions.
(1) Ci{x) is linear. (2) Ci{x) is a concave funclion, and there exists some point, 2* = o, at
which C7{z*) > oforallj = 1,. .., & (3) Ci{x) is a quasi-concave function with the property
that at cvery point a0 in the sct of poinis defined by the constraints, € # o for some 4, and
there exists some point, £* = o, at which C7(x*) > o for all j = 1,. .., & These conditions
should cover most cases of practical interest. For a discussion of the Constraint Qualification,
for references, and for a proof of conditions (2) and (3), scc Arrow and Enthoven, Part LIL.

* For the proof of this theorem, see Arrow and Enthoven.
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V. HOW TO FIND THE MAXIMUM: THE GRADIENT METHOD

The necessary and sufficient conditions for a constrained maximum
enable us to identify the maximum but they do not tell us how to find it.
That is, although there are exceptions, ordinarily the necessary and
sufficient conditions cannot be readily solved for the maximizing values.
Even in the favorable cases in which they are linear, as they would be if
the maximand were a quadratic form, and therefore apparently amenable
to standard techniques of solution, such techniques may fail because
of the nonnegativity constraints on the x, and x;. Moreover, the conditions
themselves do not tell us how to make improvements in the allocation
of the budget, improvements which may be valuable even if we fall short
of the maximum. Of course, one might attempt to exhaust the alterna-
tives. If there are not too many alternatives, this procedure may not
be unsatisfactory. If the function to be maximized is not concave, one
may be forced to adopt it. However, if the objective function is concave,
including the possibility of lincarity, there are short cut methods for
finding the maximum. These methods, which are systems of successive
approximations, are designed to exploit the property of concavity by
using it to rule out a whole set of alternatives instead of just one each
time a step is taken. Since these methods proceed by making successive
improvements, they are valuable because of the improvements even if
not pursued to the maximum.

If both E and the constraints are linear, the problem is handled most
efficiently by the methods of linear programming. If E is the sum of a
linear function and a concave quadratic form, that is, expressible as a
sum of the form

i=1 i=1j=

3 T n
(5.1) Ex) = = awi+ Z 21 T5%3%5, (ai; = az)
where ¢; and a; are constants, the special methods of quadratic pro-
gramming can be applied.** These methods, which are tailored especially
to particular classes of problems, are more efficient than the more general
methods described below, in the sense that they converge to the maximum
with less computation. However, the more general method has the ad-

vantage of being more readily understandable. Indeed, it is a natural
extension of our earlier results,

¥ See, for example, Dorfman, Samuelson, and Solew, which has 2 good bibliography
as well as a lucid exposition of the subject. For a brief self-contained elementary cxposi-
tion of the computational approach, see Harvey M. Wagner, “The Simplex Methed for
Beginners,” Operations Research, Vol. 6, No. 2, March-April, 1958, pp. 190-190.
n T
#For(5.1) lobeconcave, © I ayw; must be negative semi-defnite. See Philip Wolie,
i=17=1
“The Simplex Method for Quadratic Programming,” Econometrica, Vol, 27, No. 3, July 1050,
PP. 382-308; also, The RAND Corporation, I-1205, 25 October 1957
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The proof used in Section IT to establish the necessary conditions for
a constrained maximum suggests a method for finding potential improve-
ments when £ is not at a constrained maximum. There it was shown that
if " maximizes £ subject 1o the constraints, it must be the case that

(5.2) JRY = ¥ Fldm <o

for all variations in the x; which do not viclate the constraints. If E is
not at a maximum, then, it should be possible to find a permissible set of
varjations in the x; that increases E.

Suppose that there is one constraint,

(5.3) Clag ..., 20 = 00

If the constraint is binding, the permissible variations in the variables
x; are limited by the inequality

(5.4) ;} Cidus = 0.

Suppose that the existing combination of inputs, if there is one, or
some arbitrarily chosen combination, is not known to be the maximizing
one, Pick some pair of inputs, say x; and x;, at least one of which, say x,
is being used in a positive amount. Let da; equal —&C; and let dx; equal
&C;, where k is a positive constant not large enough that the variations
will conflict with the nonnegativity constraints, and let all other varia-
tions he equal to zero. Clearly this satisfies {5.4). Then, we have

(5.5) dE = k(ELC; — ELj).

If dE is positive, that is if E;/—C,; > E;/—Cj, this pair of variations will
lead to an improvement in E. If the opposite inequality holds, then the
same pair of variations with signs reversed wiil lead to an improvement in
E. The latter pair of variations also satisfies the constraint. The same
holds true for activity or input levels that are equal to zero, except that
in this case, negative variations are not permitted. Thus, in general, a
reallocation away from any input with a lower ratic of marginal product
to marginal cost to one with a higher ratio, and which does not violate
the constraints, will lead to an increase in E. The process of reallocation
and improvement can continue until a maximum has been reached.®

One important aspect of this rule for obtaining improvements in E is
that it does not require a full specification of the E function. All that is
required for successful application is the ability to compare the ratios of
marginal products to marginal costs at the point in question.

% However, there is no general guarantee that this process will converge onto the
maximum.
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There is no reason, however, why reallocations must be carried out in
pairs. Consider the following set of rules. Beginning with any set of
values of x and with an arbitrarily selected positive value for each A,
examine the marginal product and the marginal imputed cost of each
input. If the marginal product exceeds marginal cost for an input, it is
profitable to increase the employment of that input. Hence, if (in the
notation of Section IV)

h
(5.6) E;+ 3 \G
i=1

is positive, increase «; in proportion to (5.6). If (5.6) is negative, decrease
x; in the same proportion, unless it is already equal to zero. If x; is equal
to zero, and (5.6) is negative, leave x; unchanged. Similarly, if

(5.7) Cilay, . . ., )

is positive, that is, if the constraint is not binding, reduce A;, unless A;
is already equal to zero. In that case, leave it unchanged. If the constraint
is just satisfied, do not change A, If (5.7) is negative, so that the con-
straint is being violated, increase ;.

Consider a round of adjustment to be completed each time all of the
marginal products and costs have been compared and the x; adjusted
accordingly, and all the constraints examined and the A; adjusted appro-
priately. Then, if we identify each round with a unit of “time,” we can
construct a continuous model of this set of rules. Let the variable ¢
measure the number of units of computational time that have elapsed since
the beginning of the process. Then, let

B
o if =0 and E+ Z ACi<o

d, = i=1
# i }% NCo herwi

(5.8) i+_,-=1 ;03 otacrwise,
dN; {0 if M=o and i o
'_'-';1 =
at — {7 otherwisc.

Uzawa has shown that if E is strictly concave and continuously dif-
ferentiable, and if the constraints are concave (not necessarily strictly)
and continuously differentiable,? there will be a unique solution to the

* Most, though not all, quasi-concave functions can be transformed into strictly com-
cave functions by some monotonic fransformation that preserves the same rankings and
therefore that has the same constrained maximum, or which defines the same convex set.
By finding an appropriate set of transformations, then, one can extend the application
of the theorem. For cxample, Elx:, %) =z is quasiconcave; (vir)% is strictly
concave.
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constrained maximum problem, and the variables x; and A; will converge
to their maximizing values.?

As a practical matter of computation, the continuous derivatives of
(5.8) must be approximated by finite difierences, unless the computation
is being done with a continuous analogue device. The approximating equa-
tions are known as difference equations. They relate the values of the
variables x; and A; in the interval of time ¢ to their values in the im-
mediately preceding interval, { — 1. Let the variable ¢ take on only
integral values. Then (5.8) can be approximated by the equations

el

x:(f) = the larger of R )
wilt — 1) + g2l — D] + z N — DG — 1)

(5.9)
)
M) = the larger of
Mt — 1) — gCTalt — 1)),

where ¢ s a positive constant which determines the size of each step. Un-
less a sufficiently small value of ¢ is chosen, however, there is a danger
that when the true path of a variable x;(¢), determined by (5.8), under-
goes a sharp change in slope between £ — 1 and ¢, the approximating path,
determined by (5.9), between # and ¢ + 1 (which is based on the approxi-
mating path at ¢ — 1} will be an extrapolation of the true path as it was
before the change in slope. In this event, the approximating path may
deviate further and further from the true one2® This danger can be
excluded by choice of a sufficlently small value of ¢,** but this value may
be so small that convergence will be very slow. For this reason, it is
desirable as a practical matter to use specially designed computational
methods more efficient for the problem at hand, when they exist.

However, to illustrate the gradient method, suppose that we wish to
maximize

7 8ee “Gradient Mcthod for Concave Programming, II; Global Stability in the
Strictly Concave Case,” Kenneth J. Arrow, Leonid Hurwicz, and Hirofumi Uzawa,
Studies in Lineay and Nom-Linegr Programming, Stanford University Press, Stanford,
California, 1058, pp. 127-7132. Arrow and Hurwicz present a method for generalizing this
result to include all concave continuously differentiable functions, See “Gradient Method
for Concave Programming, IIT; Further Global Results and Applications to Resource
Allocation,” Arrow, Hurwicz, and Uzawa, pp. 133-145.

® For a discussion of the computational problems that arise when the gradient method
is applied, see Thomas Marschak, “An Example of a Modified Gradient Method for
Linear Programming,” Arrow, Hurwicz, and Uzawa, pp. 146-153.

#® Uzawa has shown that if the other conditions for the gradient method are satisfied,
there must be some value of ¢ small enough fo make the difference equations converge.
See “Iterative Methods for Concave Programming,” Arrow, Hurwicz, and Uzawa, pp.

184-163,



APPENDIX 395
(5.10) Liay, ws) = 920+ 6we — 2% — 2u8

subject to the constraints

(5.11) 1—iym—iwzzo
and
(5.12) % = o, X2 Z 0

The partial derivatives of (5.10) are

(.1 Ei=7—4x
I
513 Fy =6 — 4us
‘The equations corresponding to (5.9) for this problem with g chosen to be
.2 are

wi(f) = ot — 1) + 2f7 — anlt — 1) — A0 — 1))
(5.12) 8 = ol — 1) + 2[6 — 40{f — 1) — I — 1)]

MO =AM — 1) — 2fr — Jat ~ 1) — d(t — )]
unless the right-hand side of one of the equations becomes negative in
which case the corresponding variable is set equal to zero for that round.
Select any arbitrary set of initial values such as x,{0) = 2, xa(0) = 2,
A{e) = 2. The results of the iteration are shown below.,

¢ o} I 2 3 4 IS @
x: () 2 1.60 1.50 1.47 1.46 1.37 1.125
(1) 2 1.40 1.26 1.22 1.21 112 Bys
() 2 2.20 2.30 2.38 2.50 3.0 5.0

In this simple example, it is possible to solve the necessary and suffi-
cient conditions to obtain the maximum directly, That is, for (s.10),
(5.11), and (5.12), the necessary and sufficient conditions (4.16), (4.17),
and {4.18) become

7— 4% — A = o,

.I5)
wly — — i\ =g,
(5.16) (7 —4u—8) =0
%:{0 — 42 — §N) = o,
and
(5.17) A1 — fx — ixs) = o.

To satisfy (5.16) and (5.17), either #;, x, and A, or the expressions in
parentheses, must be equal to zero. Clearly the former possibility would
not satisfy (s.15); therefore the maximizing values must be those that
make the expressions in parentheses equal to zero. Solving the simul-
taneous equations, one obtains x,° = 1.125, %,° = 875, A2 = 5.
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VI. DECENTRALIZATION AND SUB-OPTIMIZATION

An organization the size of a military service or the Department of
Defense employs a very great variety of resources, many of which have
at most a very indirect relationship to its over-all objectives, If they had
to be made centrally and simultaneously, the number of detailed decisions
that must be made in the Department of Delense would defeat even the
most effective staff. How to compare a few extra maintenance men in a
bomber wing with extra ammunition in the infantry, from the point of
view of national security? Fortunately, such direct comparisons do not
have to be made, At least to some extent, the total problem can be or-
ganized in terms of higher and lower level criteria, although it would be a
mistake to suppose that a simple comprehensive hierarchy iz possible.
The maintenance men are significant, for example, because they affect the
combat readiness of our bomber forces. The extra ammunition is one of
the factors determining the combat effectiveness of the infantry. And the
effectiveness of our bomber forces and infantry bear a closer and more
intelligible relationship to over-all national security than do the main-
tenance men and the ammunition themselves. In general, the basic inputs
that the organization buys are significant because of their effects on what
might be called weapon systems -— which are aggregates of men and
cquipment whose performance can be measured in terms of definable
criteria. The original resources, then, can be aggrezated in terms of
proximate criteria that are relevant to higher objectives,

In this sense, then, one can speak of “higher” and “lower” level
decisions. One might divide our Military Establizhment into total war
or strategic forces and limited war or tactical forces. The former might
then be divided into bomber systems, ICBM’s, active air defenses, and
the like. The high level decision would be the determination of the
division of the total defense budget between total war and limited war
capabilities. At a lower level, another organization would be concerned
with dividing up the budget for strategic forces into sub-budgets for
bombers, various missile systems, air defense, and so forth. At a still lower
level, those responsible for bomber operation would decide how to base
the bombers, how to maintain them, in what state of readiness, and the
like. What is significant for present purposes is not the decentralization
of decision-making authority so much as the structure of the problem
in terms of higher and lower level criteria.

At the highest level, the decision-makers seek a grand optimum, At
lower levels, they sub-optimize3® Tt is interesting to inquire into the

#® See Charles Hitch, “Sub-Optimization in Operations Problems,” Gperations Researclh,
Vel. 1, No. 3, May 1953, pp- 87—93; also “Economics and Miiltary Operations Research,”
The Review of Economics and Statistics, Vol. XL, No. 3, August 1958, pp. 199-200.
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circumstances in which the over-all problem can be factored into a
hierarchy of independent sub-cptimization problems.

Assume, to begin with, that the basic or elementary inputs available
to the organization are used in amounts %, ..., x,, and that they can be
aggregated, with criteria that must be found in terms of the problem
itself, into systems whose performance is measured by the variables
vl ..., v, where

yl= viad, .. x),
(6.1) y = y2xt, L D),

Ll L C Y )

-

The superscripts have the same meaning as in Section ITI. The form of
(6.1) is based on the assumption that all inputs are specific to the
systems in which they are employed. The high level problem is to
maxinize

{6.2) FIACURMRETS
subject to the budget Limitation,

(63) B — = ?J.;f)i g C,
i=1

where

(6.4) Xy= T xaf.

If the complete task of allocation is periormed centrally, the necessary
conditions for a grand optimum can be found by a direct application of the
theorem of Section II. Assuming, for simplicity, that all inputs are used
in all systems in positive amounts, the maximum of (6.2) subject to
(6.3) is defined by the equations™

(6.5) Eyl = pi=o. dZ D

This maximization can be factored into the problem of determining the
optimum division of the budget between the m sysiems, and the maximiza-
tion of the performance of each system subject to its own budget limita-
tion. If each 3 is maximized subject to its own sub-budget constraint,
and if, for simplicity, we assume that all inputs are used in all systems in
positive amounts, then it will be the case that

# The adjustment for “corner maxima” in which some inputs are rot used in some systems
does not change the content of the analysis. It is assumed, as before, that E and 3%, . . . ,
are quasi-concave functions and tkat the budget consiraint Is binding. As before, E; = gE/foy
and yl = Avi/axl.
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s )

—
P
Il
-

(6.6) 91— Npi = o,

|
)

These conditions will be equivalent to (6.5) when
(67) EI)\I = EE}\Q = ... = JmM = A.

The lower level problem, then, is to satisfy (6.6) for each system by
appropriate allocation of its sub-budget. The high level problem is to
adjust the sub-budget constraints until the marginal imputed value of
each one, multiplied by the marginal product of the corresponding system,
is equal to the same magnitude for every other system, and the total
budget is exhausted. The significant point is that computation can be
carried out independently at the two levels, each taking into considera-
tion, of course, the decisions of the other. This does not mean that the
job of maximizing I is necessarily easier than it would be if the entire
problem were solved centrally. But it does mean that decentralization is
possible and relatively simple, and that the various managers can con-
centrate their efforts on maximizing the performance of their own systems,
taking the decisions of the other managers as parameters determined
externally.

This high level problem can be viewed in another way. Associated with
each level of 9/ is a minimum cost of attaining it, say, C;(»’). The high
level problem is to maximize E subject to the constraint

(6.8) B~ 3 Cily) 2o,
i=1

that is, the total cost of all the systems must not exceed the budget. If v/
is concave, —C;(4) is also, That is, if the marginal returns to added inputs
in 4 diminish, the marginal costs of 3 increase?? Therefore, {6.8) is
concave, and the conditions for the application of the theorem of Section
IV are satisfied. The high level decision makers solve the problem of
maximizing £ subject to (6.8). The lowel level organizations take the total
costs or sub-budgets assigned to them and maximize their respective
criteria. Applying the theorem of Section IV, the over-all optimum is
defined by the conditions

8 The proof of this intuitively satisfying statement is not difficult to follow. If v(x} is
concave, (i) igs® 4 (1 — 0)s1] = #v{a®) + (1 — Hv{s?). Let C{v*} be equal to the mini-
mum cost of attaining any amount of ¥ greater than or cqual to * That is, C(3*) = Zpx;
for the cost minimizing combination of x;. By the definition of C, (ii} if 3* Z ¥, it must be
the case that C(3*) = C(3). Let C(3%) = Zp:x¥ and let Cal) = Zpml. Then (i) 6Zpa? +
(1 — ) Zpa! = Zpl 059 + (2 — 0)x}]. Now, [6x7 + (1 — 6)»!] s one way of attaining
[ 0x7 -+ (1 — @)¢!], but it is not necessarily the lowest cost way of doing so. Let
Cly[8s® + (1 — 8)x']] be the lowest cost way. Then (iv) Zp:fex? 4+ (0 — )il 2
Civ[x® + (1 — )all]. Apply (i) to (i) to obtain (v) Clv[ex® 4~ (x — ']} = Clov(xD) -+
{1 — §)y(x")]. Now, (iii), {iv), and {v) taken together imply (vi} 0C(®) + {1 — §)CHYY) =
Clav(x9) + {1 — 8)3{zY)]. That is, C is convex and therefore —C is concave. Moreover, if a
number of functions, —(7, are concave, so 18 their sum, —ZC;.
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(6.9) Ejm)\%:o, G=1,..,m)
and the exhaustion of the budget. Equation (6.9) merely states that at a
maximum, marginal products are proportional to marginal costs.

Given the assumptions that have been made so far, any improvement
in the effectiveness of any of the systems, given its sub-budget, will
unambiguously lead to an improvement in E. This statement, which
requires no formal proof, means that if decision-making is decentralized,
the high-level authority can instruct each lower level organization to
maximize the value of its appropriate criterion, and this will be consistent
with the over-all optimum.

However, the assumptions underlying (6.1) and the subsequent dis-
cussion are particularly favorable to decentralization and sub-optimiza-
tion. In fact, it may not be possible to break down the problem in this
way because of the foice of certain interactions between the various
systems. For example, the effectiveness of one system may influence the
effectiveness of others, To illustrate, an effective air defense system
contributes to the protection of our strategic offensive forces and thereby
enhances their value as a deterrent. In case of war, our strategic offensive
forces would be able to inflict damage on those of the enemy, therchby
easing the job of the air defense system. Such interactions, if they
involve only the levels of performance of the different systems, and not
allocations within the systems, do not give rise to any major problems
from the point of view of decentralization.

Suppose, for example, that there are just two specific inputs, measured
by x, and x5, and two systems whose performance is measured by 31
and ¥% Let y' depend only upon x! and x}, but let ¥* depend directly on
¥t as well as on 22 and x2 3% Assuming that both inputs are used in both
activities in positive amounts, the constrained maximum of E is defined
by the conditions

(28 skoron

ayt ' 6y a9yt | aad 1=0
Ak oEayoy
[ayl 3y’ 0y1:| aa) " Mr= O
(6.10) sEoy
;v oxs Apr=o
a oyt
o.

gyt ony M2 =

* In the language of economic thcory, this situation is known as external technalogical
economies. See Francis Bator, “The Anatomy of Market Failure,” Quarierly Journal of
Lconomics, Vol. LXXII, August 1958, pp. 351-376.
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Again the marginal products of ¥' and ¥® in E can be factored out of
the problem of maximizing y' and v independently. But in the case of
simple interactions of this kind, the marginal product of ¥! in £ is the
sum of a “direct effect,” dE/dy?, and an “indirect effect” via 42, that is
DE/Iy? X dy?/Gyt. The task of maximizing the system performance indi-
ces ¥' and 3* remains unchanged. The information requirements at the
higher level are somewhat greater than before as the indirect as well as the
direct beneftts of each system must now be evaluated. If the interactions
are all positive, that is, in this case, if 8y2/dy" is positive, any improve-
ment in either y' or 32, with sub-budgets constant, implies unambiguously
an improvement in E 34

If there are joint inputs, decentralization and sub-optimization are
more difficult. Independent maximization problems cannot easily be
factored out of the over-all allocation problem. For example, the joint
input might be a warning system that contributes to the effectiveness of
hoth the air defense system and the strategic offensive forces.

Suppose that there are three inputs, the first two specific, the third,
joint, If x; is the joint input, the constrained maximum of E will be
defined by the equations?®3

Eyl — M=o, Epyi — My
(6.1} Eyi—Me=o0, Epd— A
Ely;l:, + Egyg —_ Aj‘bg = Q.

If each organization maximizes the effectiveness of its system, subject
to its own budget restriction, and if the »* organization buys the joint
input for its own use, paying for it itself and disregarding its effect on
2%, while the y? organization accepts the value of x5 decided upon by the

! organization, the resulting set of allocations will be described by the
conditions

O,

S,

yi—Mpr=o0, ¥ — Mp1=o,
(6.12) - NMpr=0, ¥~ =0,
}‘.’% — M = o,

where A; and Aq are the respective marginal imputed values of the sub-
budget constraints.® If the central authority adjusts the sub-budget
constraints to make the marginal imputed value of each one, multiplied
by the marginal product of the corresponding system, equal to the same

* Can the Interactions be negative? Can an improvement in one systcm mean a
lessening in the effectiveness of another? The answer is yes. For example, an improvement
in strategic air power can cause the enemy to shift his emphasis to limited wars, causing
a deterioration of our position there.

% Again this assumes that all inputs are used in all systems in positive amounts.
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magnitude for every other system, it will bring about an allocation
described by

Ewvi — ap1 = o, Lyl — Apr = o,
{0.13) By — Apa = o, Egvi — Ay = o,

Eyi—Apr= o
But the conditions (6.13) are not the same as those describing the over-all
optimum, (6.11). Moreover, it is not difficult to show that in the allocation
described by {6.13), if Eyy?2 is positive, not enough #x; is brought.*

Perhaps the least promising circumstance, from the point of view of
decentralization and sub-optimization, arises when the performance of one
system depends not upon the aggregate performance of another system,
but rather upon the kind of system it is, that is, upon the specific alloca-
tion of the sub-budget assigned to the other system.?® Unfortunately,
organizational structures that appear to be natural ones may not avoid
this kind of interaction. For example, suppose that the effectiveness of
the air defense system is measured by the total number of attacking
bombers and missiles it can shoot down, The effectiveness of our strategic
offensive forces, and civil defenses, depend upon the balance between
area and point defenses and on which points {cities or SAC hases) are
being defended. Thus, an improvement in the efficiency of the allocation
of the air defense budget may have adverse effects on the performance
of the offensive forces or civil defenses.

Suppose, for example, that there are two systems with performance
measured by v* and y*, and two specific inputs, x; and x,, and that whereas
¥ depends only on x! and «}, ¥* depends on x? and %7 and on x! and
x}. That is, ¥* depends on the choice of inputs for y'. Then we have
(6.18) 7 DG,

¥ = (et o, o, @)
The necessary conditions for a constrained maximum of F{y,, ys) are
Evi + B — Ay = o,
Ewg + Egyi — M= o,
By} — My = o,
Fnd — Aps
1n effect, alt of the inputs to ¥! are joint inputs between 3! and 2,

i The total differential of E is dE = Fwldzl + Eldxl + (Ed - End) dwy +
Fuy® da? |- Foyi dxs. Let a1 + 2% = a1 whence dot + do¥ = dmy, and similarly for a:. Con-
sidering only allocations that use the entire budget, 1 dxi - 2 dx: + pa dxs = o, Substituting
(6.13) into & and simplifying with the help of these relationships, one obtains dE = Eyyi dx,.
Therefore, staying within the constraint, an increase in Z can be brought about by increasing
x5 if F,3E is positive.

¥ I'or a good illustrativn of this, see Charles Hitch, “Sub-Optimization in Operations

Probiems.”
W®ad = ay?/oxi and v§ = dy%/0xl. The rest of the notation is as before.

(6.15)

o.5®
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If the interactions are neglected, and each organization is given a
share of the budget and ordered 1o maximize i{s system’s performance,
and if the shares of the budget are adjusted to make the marginal product
of each input proportional te its price, the resulting allocation will be
defined by the conditions

Eﬂ!} —_ 7\]’71 = 0,
Ely; — )\f)z = 0,

{6.16)
Eﬁy% - 7\?1 =0

Egy% — )\Pg = Q.

Suppose, now, that 2 is positive and 3?2 is negative. Then the value of
Ey1/p, Is greater in relation to, say, Ey¥3/p1 or Eayi/ps, in (6.16}
than in (6.15). It is therefore too high. By similar reasoning, it can be
shown that F;y! is too low. Therefore, if the interactions are ignored, too
little %, and too much xs are employed in the first system. This, of course,
is what one would expect. Starting with the allocation that maximizes y,,
one would adjust for the interactions with v, by increasing x! and
decreasing x).

If there are very many interactions of this sort, the simple form of
decentralization and sub-optimization described above may not be pos-
sible. Independent maximization of the performance of the first system
will not produce optimal results. This does not mean that there are no
possibilities for decentralization, however. For example, systems that
interact strongly may be treated as one system that is to be evaluated in
terms of two criteria. The organization charged with responsibility for
the amalgamated system might be ordered to seek efficient combinations
of v; and 3y, while the selection of the optimum combination is left to
the high-level decision-makers. As a general matter, it is important to
remember that the existence and strength of interactions is a function of
the way the total problem is factored into sub-problems. A clever choice
of method of decomposition can minimize the interactions and may re-
strict them to the simpler kinds 5

VII. MAXIMIZATION AGAINST AN OPPONENT

Unfortunately for the peace of mind oi the military planner, the out-
come, or extent to which an cbjective is achieved, in a situation involving
conflict depends upon the choices of the opponent as well as upon one’s
own choice. This raises a new criterion problem. Maximization of some
index of success on the assumption that the opponent makes no changes

# For a discussion of interactions in defense planning, sce Alain Enthoven and Henry
Rowen, “Defense Planning and Organization,” a paper presented at the Universities/

National Bureau Confcrence on Public Finance in April 1939, to be published in the
proceedings of that coenference in 1966,
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in his own position in response to changes in ours is likely to lead to poor
strategic choices. But if it is a mistake to assume that he will remain in
the same position as we change our strategy, what should we assume
about his responses?

Suppose that the desirability of the outcome from our point of view
is measured by a function E which depends on a set of variables, x, which
we control and a set of variables z, which he controls, That is, we have

(71} _E(xl, ey Ty By e w oy Z,,,}.

We wish to choose from the set, &, the combination that maximizes K
subject to the budget constraint and given the combination of variables z
that he chooses. But which combination of variables z should we assume
he chooses? This is a prohlem in the theory of games.* If his ranking
of the desirability of different outcomes depends upon our choices, as
well as his own, he will change z as we change x. That is, his choice of z
depends upon the relative attractiveness of the different outcomes to
him, and we should assume that he varies z to suit his objectives, It
might seem natural to assume that he always varies z to minimize E,
since he is our opponent. But this is not necessarily the case. His interests
may not be directly opposed to ours. In fact, there may be outcomes that
are very good or very bad for both sides. Tf the problem is strategic war-
fare, our loss, say the destruction of New York, may mean very little
gain to him. An enforceable disarmament agreement might be a favor-
able outcome for hoth sides; mutual thermonuclear destruction would be
an unfavorable outcome for both. Therefore, we cannot always assume
that the opponent chooses z to minimize our “payoff,” E. However, there
are interesting circumstances in which it is reasonable for us to assume
that our opponent will pick z to minimize E. First, if it should happen
to be the case, in some particular situation, that our gain is strictly his
loss, in which case the interests of the two sides are directly opposed,
then it will be reasonable to assume that he chooses z to minimize E
since E is a measure of his loss. This situation has been termed by game
theorists a constant sum game because the sum of the gains and losses
must be constant. Second, if we are very uncertain about his relative
valuation of the differcnt outcomes and if we have no strong reason for
supposing that the interests of the two sides are not directly opposed,
then it may be very reasonable for us to “play it safe” and to adopt as
our criterion the outcome that follows when he does his worst to us.

© The basic freaiisc on the theory of games is John von Neumann and Oskar
Morgensiern, Theory of Games and Ecomomic Behavior, Princeton University Press,
Princeton, New Jerscy, 1044. A more manageable mathematical exposition is presented
by J. C. C. McKinsey, Tntroduction to the Theory of Games, McGraw-Hill, New York,
3952, For a recent exposition from the point of view of its applications, see R. Duncan
Luce and Howard Raiffa, Gemes and Decisions, Wiley, New York, 1938,
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However, in this case, we may forego opportunities to do better if he
does not do his worst to us in exchange for the guarantee not to do worse
than a certain minimum.

If we assume that he does his worst to us in each case, we are adapt-
ing the minimax criterion. We arrange our choice so as to minimize the
maximum loss our opponent can inflict upon us. The constant sum assump-
tion might be appropriate in the planning of an air defense system but
inappropriate in evaluating a disarmament scheme.

Suppose that we wish to minimaximize E, that is, to maximize E on
the assumption that our opponent is attempting to minimize it, and
suppose that the payoff function to each side is concave, that marginal
costs are constant, and that each side has a fixed budget.*' In this case,
I is concave in x and convex in z, and there will exist a point, known as
a saddle point, which has the property that F falls below its value at
that point as the variables x are changed, and rises above it as the
varizbles z are changed. That is, if x°, 2 is the saddle point, it is a
maximum with respect to x, a minimum with respect to z, and

(7.2} E(z,5%) = E(2",2") £ E(a", 2)
for all x and z satisfying the budget constraints of the two sides.
Let our budget constraint be

(1.3 Bo— 3 zipn = o

i=1

and that of our opponent be

(7.4) B, — _231 2Pz, = 0.
i=

Then, the necessary and sufficient conditions for 2 to maximize E subiject
to (7.3), 2 = o and Al = o, and given z, are

T Wp. = o, (i=1,... %
aE"
(7-5) x] (é‘; - 7\22%.-) =0,

"
}\S(Bz - _21 "‘?}bx) = 0,
ie
The necessary and sufficient conditions for z° to minimize £ subject to
{7.4),2° = ¢ and AY == o, and given ¥, are

“ That is, E is a concave function of z, given z, and —E is a concave function of z,
given x.
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0"

B epso, (=t )
JE°

(7.0) 59 (5— - h‘if)a) = o,
<

A (B, — _21 ip,) = o.
is

If x° and 2° satisfy these conditions simultancously, E(xY, 2°) is a saddle
point. Thus, to minimaximize E, we solve a maximum problem in the
variables x and a minimum problem in the variables z. If x; is used at all,
then the marginal product of x; must be equal to its marginal imputed
cost, If the oppenent finds it optimal to use z; in a positive amount,
must decrease the value of E, that is, 6£/03; must be negative, and its
marginal product to the opponent, —dE/dz; must be equal to its marginal
imputed cost.*?

This is the simplest case in the theory of games. The interesting cases
are generally more complicated. For example, the players may not face
diminishing marginal returns, Our opponent may perceive that he will
lose if both sides pursue minimax strategies, or that he may be able to do
much better following a diiferent strategy if we make a mistake which he
considers likely, and he may decide to “take a chance” for a more
favorable outcome.*® We may have good reason to believe that the
situation does not fit the constant sum model. There may be more than
two “sides” in the game. The constant sum game between two players
is the beginning rather than the end of the theory of games,

** Sec Kuhn and Tucker.

“For u discussion of this kind of passibility, see Danicl Ellsherg, “Theory of the

Reluctant Duelist,” American Economic Review, Vol. XLV, No. 5, December 1950,
iz 9og-423.
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