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Arming as a Strategic Investment in a Cooperative Equilibrium

By MICHELLE R. GARFINKEL*

To develop a positive, economic theory of military spending, the analysis focuses
on a game-theoretic, general equilibrium model of international conflict, in which
consumption, peaceful investment, and military spending are endogenously deter-
mined. The analysis illustrates that when there is repeated interaction between
nations, a game of threats and punishments generally will not support a disarma-
ment outcome and that fluctuations in military spending can be an endogenous
result of fluctuations in aggregate economic activity. Furthermore, the analysis
shows how the relation between aggregate economic activity and military spending
qualitatively depends on whether governments are acting opportunistically or

cooperatively. (JEL 114,321)

This paper develops a positive theory of
military spending on armaments. The analy-
sis focuses on a game-theoretic, general equi-
librium model of international conflict, in
which resource allocation among consump-
tion, peaceful investment, and military
spending is endogenously determined. The
analysis shows that fluctuations in military
spending can be an endogenous result of
fluctuations in aggregate economic activity.
Accordingly, the analysis raises doubts about
existing empirical studies of macroeconomic
fluctuations in which military spending is
treated as exogenous—for example, see
Robert Hall (1986).! In addition, taking the
repeated interaction between nations explic-

*Economist, Federal Reserve Bank of St. Louis, St.
Louis, MO 63166. I wish to thank Peter Garber, Her-
schel Grossman, Seonghwan Oh, an anonymous referee,
and the participants of the NBER-FRG Summer Insti-
tute 1987 for helpful comments. The opinions expressed
in this paper are those of the author and do not neces-
sarily represent the views of the Federal Reserve Bank
of St. Louis or the Federal Reserve System.

The existing empirical evidence on whether military
spending is Granger-causal prior to other aggregate
economic variables is mixed. For example, Teresa
Garcia-Mila (1987) documents evidence that is consis-
tent with the notion that military spending is statisti-
cally exogenous with respect to other aggregate eco-
nomic variables. But, R. P. Smith (1987) finds that while
past values of income and civilian expenditures can help
to predict current military spending, past values of
military spending do not help predict income and civil-
ian expenditures.
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itly taken into account, the analysis shows
that the qualitative relation between military
spending and aggregate economic activity
depends on whether governments are acting
cooperatively or opportunistically. Specifi-
cally, if governments are acting coopera-
tively, then the model predicts that, for a
given realization of aggregate economic ac-
tivity, the associated level of military spend-
ing will be larger, the larger is the variance
of aggregate economic activity and the
smaller is the average level of economic ac-
tivity. Alternatively, if governments were act-
ing opportunistically, then the model pre-
dicts that for a given realization of aggregate
economic activity, the associated level of
military spending would be independent of
the average level and the variance of aggre-
gate economic activity.

In contrast to the existing literature on
game-theoretic models of international con-
flict, the game-theoretic analysis developed

See Michael Intriligator (1982) for a list of refer-
ences and Martin Shubik (1987) for a survey of the
literature and a critical assessment of the applicability
of game-theoretic techniques to the study of the issues
in conflict theory. Early applications of the tools of
game theory to the study of international conflict,
Thomas Schelling (1960) and Intriligator (1975) for
example, focus on the study of arms races. Subsequent
research—see Dagobert Brito and Intriligator (1984),
for example—extends the analysis to investigate the
possibility of an arms race leading to a war. Researchers
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in the present paper emphasizes two eco-
nomic aspects of international conflict. First,
there are the economic costs incurred by
nations who choose to participate in interna-
tional conflict. The economic costs arise most
obviously through a nation’s resource con-
straints. Although the existing analyses in-
clude a high degree of mathematical sophis-
tication and address important issues, they
are incomplete as they fail to account for
resource constraints and, more generally,
they abstract from the endogenous determi-
nation of resource allocation.

Second, there might be possible economic
(among other) motives for nations to con-
front other nations. Lionel Robbins (1940),
in assessing the extent to which war can be
regarded as a result of economic motives,
suggests as an example that a government
acting to promote the interests of its citizens
might go to war, whereby, if successful, it
could improve its terms of trade and hence
economic welfare.? Although tributes in this
century generally have not been significant,*

in conflict theory also have created a large literature
concerned with retaliation and deterrence. Building on
the seminal work of Steven Brams and Donald Wittman
(1981), the aim of recent research—for example, see
Frank Zagare (1985) and Brams and Marc Kilgour
(1985, 1986)—has been to identify and to characterize
the nonmyopic equilibria in abstract settings in which
the players, interpreted as nations, can make sequential
moves conditional on the initial move of their oppo-
nent. The equilibrium outcome is finally determined
when none of the players has the desire to make a
further move. Robert Axelrod (1984) finds that “tit-for-
tat” strategies, in which retaliation is possible because
of the repeated nature of the game, can explain why
there is not a perpetual worldwide war.

Recently, Tom Riddell (1988), who recognizes the
importance of the link between a nation’s international
economic objectives and its military spending, docu-
ments a positive relation between U.S. military power
and its economic welfare in the post-World War II
period.

*Even in cases where nations do not appear to be
better off as a result of wartime activities, it is not clear
that these nations did not participate in hope of obtain-
ing tribute. However, see William Shepherd (1988), who
provides an interesting discussion of the relevance of
the tribute as a motivation for military spending as a
defensive as well as an offensive measure. As he notes,
there have been instances of large tributes in this cen-
tury. For example, Alan Milward (1970, p. 273) calcu-
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victories in confrontations historically have
generated substantial tributes (especially for
nations confronting weaker neighboring na-
tions).’

Nevertheless, economists who have exam-
ined the game-theoretic aspects of economic
policymaking in interdependent economies
—see, for example, Matthew Canzoneri and
Jo Anna Gray (1985) and Canzoneri and
Dale Henderson (1986, 1987)—abstract from
war, or a threat thereof, as a possible strat-
egy to promote the economic interests of the
nation. Dagobert Brito (1972), who develops
a two-nation, general equilibrium model of
an armaments race and accounts for the

lates that payments to Germany from France as a
percentage of French national income in 1938 at 1938
prices from 1940 through the first six months of 1944
were respectively 10.9, 19.3, 20.9, 36.6, and 27.6—an
average of 23 percent of 1938 French national income
per year. But, taking into account the costs of the
German war machine (even excluding casualties) and
those of occupation, tends to diminish the relevance of
the tribute.

>Whether or not the ability to extract or to avoid
paying tribute provides a sufficient motivation to endure
the costs of producing armaments is a matter of contro-
versy. Indeed, it seems reasonable to argue that most
modern conflicts between nations are driven not by
booty, but by differences in religion or ideologies, for
example. Although such differences are important in
international conflicts, however, it is not clear that they
serve as the primary driving force for confronting other
nations. For example, following Douglas North (1981),
who argues that ideologies are crucial for circumventing
free-rider problems, one could argue that ideological
differences might emerge as a government’s justification
to build its military strength. Without ideologies, indi-
vidual citizens would not willingly contribute to the
nation’s mobilization efforts, since it is not feasible for
the government to make the individual’s return on the
military investment as a function of his own contribu-
tion. Hence, while differences in ideologies might ap-
pear to be at the root of most modern international
conflicts, such differences actually might emerge as a
by-product of a nation’s mobilization efforts to extract
tribute from other nations or avoid paying tribute to
stronger nations. Alternatively, tribute could be thought
of as the gain in utility generated by the success of a
nation’s wartime efforts, though the actual transfer of
goods might be negligible or even negative. The analysis
to follow could incorporate such a notion of tribute.
Provided that consumption goods and the success in an
ideological or religious dispute are relatively close sub-
stitutes, the qualitative results to follow would hardly
change.
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costs of such a race through a nation’s re-
source constraints, does not identify the ben-
efits of such a race. Instead, he simply in-
cludes defense expenditures by both nations
in individuals’ utility function, presumably
to capture the notion that such expenditures,
holding the enemy’s expenditures fixed, gen-
erate psychic benefits.® Joshua Feinman,
Peter Garber, and Michelle Garfinkel (1986)
develop a general equilibrium model in which
nations arm in order to advance the eco-
nomic interests of their citizens, who do not
directly derive utility from armaments. The
result in this model that economic motives
lead to an arms race is not general, however,
as this model assumes that the governments
play a one-shot game.

The model in this paper indirectly builds
on an economic motivation for investing in
armaments, but formalizes the notion that
modern conflicts, as reflected in a nation’s
military spending, might not be directly
about tribute. Success in a confrontation,
which depends on the relative amounts of
armaments each nation constructs, would
generate goods for future consumption. As
in Feinman, Garber, and Garfinkel (1986),
without repeated interaction between the
players, in which case governments act non-
cooperatively by taking the opponent’s strat-
egy as given, a significant amount of re-
sources would be wasted away in military
spending. Although no transfer of goods
would be observed in this hypothetical out-
come, each nation’s choice to endure the
costs of arms production would be driven by
the possibility of extracting or avoiding ex-
traction of resources. In the one-shot game,
a commitment to peaceful policies, with per-
haps a voluntary transfer of goods, is not an
equilibrium strategy. Specifically, because
each government would choose to deviate
from the commitment policy by producing
armaments, disarmament is not a subgame
perfect equilibrium.

®See also F. van der Ploeg and A. J. de Zeeuw
(1986a,b). Such a formulation might be made consistent
with the idea mentioned above that tribute could be the
gain in utility from a successful confrontation driven by
ideological or religious differences.

MARCH 1990

With repeated interaction between sover-
eign states, however, threats and punish-
ments can support cooperative behavior.”
The resulting “cooperative equilibrium,”
where cooperation is not assumed but de-
rived as an optimal strategy, corresponds to
what is referred to as the “trigger strategy
equilibrium” in the game theory literature.
In the cooperative equilibrium, disarmament
is a possibility. More generally, the amount
of resources allocated to military spending is
positive, possibly with intermittent periods
of positive and zero military spending on
armaments. But, for each play of the game,
military spending is less than in the one-shot
game.

Military spending in the cooperative equi-
librium does not arise directly from an eco-
nomic motive, as in the one-shot game
without commitments. Instead, the positive
production of armaments arises from a de-
terrence motive, for it is necessary to induce
cooperative behavior.

In what follows, the next section presents
a modest extension of the economic model
of international conflict developed in Fein-
man et al. (1986) and examines the charac-
teristics of the equilibria that would emerge
if the governments were to act “opportunis-
tically” (the opportunistic equilibrium) and,
alternatively, if governments were able to
commit themselves to disarmament (the ef-
ficient outcome). Section II examines the role
of threats and punishments in the coopera-
tive equilibrium, identifying the conditions
under which the strategic interplay between
governments would be sufficient to support

"Mancur Olson and Richard Zeckhauser (1966), who
analyze a model of alliances to formulate a theory of
military spending that can explain the fact that larger
members typically devote a larger proportion of avail-
able resources to military spending than smaller mem-
bers, assume that members of the alliance act oppor-
tunistically. They implicitly assume, however, that there
is sufficient cooperation for the existence and stability
of the international organization. Moreover, their analy-
sis ignores the optimizing behavior of nonmember na-
tions, and in particular, the influence that enemy na-
tions’ military spending has on the effectiveness of
member nations’ military spending in providing defense
for the alliance.
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the (otherwise time-inconsistent) disarma-
ment solution. Furthermore, this section
characterizes military spending in the coop-
erative equilibrium when threats and punish-
ments are not sufficient to support disarma-
ment, and derives the qualitative differences
between military spending in the oppor-
tunistic and the cooperative equilibria. The
qualitative differences, in turn, imply some
testable hypotheses to determine whether
governments are acting opportunistically or
cooperatively. Finally, Section III summa-
rizes the results.

1. Analytical Framework

This section presents a simple two-sover-
eign state model of international conflict. As
in most analyses of international conflict,
this analysis takes the political structure as
given. That is, it is assumed that the prob-
lems of coordination cannot be resolved by
combining the two states into one. The model
is essentially an infinitely repeated game ver-
sion of the two-period war game originally
discussed in Feinman et al. (1986). In partic-
ular, the simple two-sovereign state, two-
period, general equilibrium model discussed
in that paper is placed in a framework in
which infinitely lived governments maximize
the utility of their citizens who are also in-
finitely lived. Individuals in the domestic
state and the foreign state, denoted by “*,”
have identical tastes, technologies, and en-
dowments. Every two periods, ¢t = 0,2,
4,...,00, each individual receives an endow-
ment of Z, units of non-storable goods,
which he allocates to current consumption,
¢, and to the production of goods to be
consumed in the next period, ¢, ;. Although
Z, is realized before individuals make their
decisions in period ¢, future values of the
endowment are uncertain. The endowment is
generated by a stationary stochastic process,
whose distribution is given by F(Z) and
J#*dF(Z)=1. Let Z denote the expected
value of the endowment and o2 denote the
variance of the endowment.

Individuals maximize expected lifetime
utility, which depends on consumption in all
periods of their lives. The unconditional ex-
pectation of a representative individual’s
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lifetime utility is given by

M) E(W) = ["Bu(c)ar(z2).

0<B<l1,

where B reflects the subjective rate of time
preference and E{-} denotes the uncondi-
tional expectations operator. u(c,) satisfies
u'(c,)>0,u’(0) = o0, and u"(c,) <O.

There are two ways in which the endow-
ment good can be transformed into goods
for future consumption.® The first method is
a peaceful investment technology, f(i,), with
f(0)=0,f'(i,)>0 and f”(i,) <0, enabling
an individual to transform i, units of his
endowment received in ¢ into f(i,) goods for
consumption in the next period, ¢ +1, for
t=0,2,4,...,00.

The second method of transferring endow-
ment goods received in ¢ to ¢+1 involves
military spending. A unit of the endowment
good can be converted into a unit of war
goods, W,, which is also non-storable.’ The
possibility of extracting resources from an
enemy state can serve as a motivation for
producing war goods (or equivalently arma-
ments).!® In this case, although war goods

8For simplicity, it is assumed that these methods,
which generate a certain return, are only available in the
periods in which the endowment is received. While the
qualitative results do not hinge on this simplification,
this assumption, in conjunction with the assumptions
that Z,,, =0 and that goods are non-storable (so that
there is no accumulation of capital stocks), is important
for it strips the model of any dynamics that would
otherwise obscure the dynamics introduced by strategic
considerations. Also, the analysis abstracts from labor
as a factor of production in both methods. Including
labor would not change the analysis to follow substan-
tially.

Ruling out the possibility of building up a capital
stock of armaments with military spending makes the
model tractable, and, as noted above, permits the analy-
sis to highlight the dynamics arising from strategic
considerations.

However, as shown below in Section II, in the
cooperative equilibrium, such a possibility serves only
as an indirect motive for producing war goods. Specifi-
cally, the primary motivation is to induce cooperation
by reducing each nation’s incentive to act opportunisti-
cally in an effort to extract resources from the enemy
nation.
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do not directly yield utility to individuals,
they can do so indirectly, as success or failure
in the confrontation results in an increase or
a decrease in goods for consumption in the
next period, through the imposition of a
tribute on the weaker nation.

The outcome of a confrontation, which is
reflected in the amount of tribute one nation
extracts from the other nation, depends on
the relative amounts of war goods con-
structed by the two nations. Specifically,
tribute per citizen of the domestic nation in
t+1, which can be positive or negative, is
determined by:

(2) r(w,w*)

a(W,=Ww*),
if —f(i) <a(W,-W*) < f(i});
s,
if a(W,—W,*)>f(i*);
_f(it),
if a(VVt-—VVt*) < —f(it)’

for t=0,2,4,...,00. The expression in (2)
says that the amount of tribute extracted
depends linearly on the difference in the
amount of war goods constructed by the two
nations, but it cannot exceed the amount of
goods available to the weaker state in ¢ +1.
The marginal product of war goods, a, is
strictly positive. As noted below, a stable
equilibrium requires a < f/(0).

Different magnitudes of a gives rise to
different possible interpretations of the trib-
ute function.!! If, for instance, a is very
large, then the expression in (2) would cap-
ture the case in which one nation, having

"See Shepherd (1988) who describes the possible
technological and institutional factors that determine
the magnitude of the parameter a. Another interpreta-
tion of the conflict as embedded in (2), would arise in a
nonnation player setting. For example, the players might
be pirates or thieves. With minor modifications, the
model also might apply to the game of contestable
transfers, where groups lobby in the political arena to
change the existing policy. A group’s failure to partici-
pate could be costly if that group would have to help to
finance that transfer to the winner.
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one more armament than the opponent,
could extract the opponent’s entire ¢ +1 re-
turn on the peaceful investment.!? Alterna-
tively, if a is not very large, then the tribute
function can be thought of as the result of a
bargaining process between the two nations.
War goods, then, enhance each nation’s bar-
gaining power according to (2). For example,
in a more elaborate model, the weaker na-
tion would be forced to coordinate its
macroeconomic policy in a way that im-
proves the economic welfare of the stronger
nation and simultaneously deteriorates the
economic welfare of the weaker nation.

In any case, (2) assumes that the outcome
of the confrontation simply involves a com-
parison of the amounts of war goods con-
structed by each nation. Note that the ex-
pression in (2) implies that the returns from
military spending for the domestic and the
foreign states must sum to zero—that is,
T(W,, W,*) = — TX(W,*, W).12

Assume that each of the infinitely lived
governments of the two nations gains the
resources necessary to play the war game
through lump sum taxation of its citizens in
¢t and distributes or raises the tribute through
lump sum transfers or taxes in ¢+1 for
t=0,2,4,...,00. Assume also that gov-
ernments’ policies are formulated in the
interests of the representative individual.!
Accordingly, at the beginning of every two

2 The value of @ that would permit such an interpre-
tation can be finite.

One possible extension of the model that would
permit a clear distinction between mobilization and
actual warfare would involve assuming that the endow-
ment can differ ex post across nations and that both
technologies for transferring goods into the future are
stochastic. In particular, suppose that the return from
the peaceful investment were realized in ¢+1, for ¢t =
0,2,...,00, and could differ ex post across nations. At
that time, after mobilization decisions have been made,
each nation decides whether or not to initiate a war, the
return from which is uncertain. The variable that would
capture the uncertainty associated with fighting, in the
form of an additive term in the ¢ +1 resource constraint
(see equation (3b)), would be identically zero if there
were no fighting and strictly negative for each nation
initiating a strike. In this extension, involving a two-stage
maximization problem, warfare would not be a zero
sum game.

!4 Principal-agent problems are ignored.
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periods, each government selects the magni-
tude of military spending, W, and plans a
sequence of future contingent levels of mili-
tary spending, {W,};2,, to maximize the
expected utility of the representative individ-
ual. The domestic government maximizes the
objective function given by (1) subject to (2)
and the following constraints:

(3a) =2z

t

-W,

-1 t

(3b) C,+1=f(i,)+F(VV;,VV,*),
for t=0,2,4,...,00. The foreign government
solves an analogous problem.

Parts A and B study the opportunistic and
the efficient solutions, which differ with re-
spect to the specification of a government’s
strategy and perception of its opponent’s
strategy. These hypothetical solutions serve
as benchmark solutions to which the cooper-
ative equilibrium, studied below in Section
I1, can be compared. In the analyses to fol-
low, it is assumed that the informational
structure of the model is perfect in the sense
that each government knows the opponent’s
optimization problem and the constraints
(including the current realization of the other
state’s endowment) faced by the opponent.
In addition, it is assumed that the govern-
ments act simultaneously. This assumption
is sufficient to ensure perfection in the one-
shot game.

A. The Opportunistic Equilibrium

This section assumes that each govern-
ment solves its problem of maximizing the
utility of the representative agent (1), taking
its opponent’s military spending as given.
The resulting equilibrium—the opportunis-
tic equilibrium—corresponds to the sub-
game perfect Nash (noncooperative) equilib-
rium in the infinite horizon game, assuming
that a government’s strategy is such that its
actions are in no way contingent on the
previous actions of the opponent. Such an
equilibrium is unsatisfactory, for it effec-
tively assumes that the governments do not
recognize the impact that their current pol-
icy can have on their opponents’ future poli-
cies and hence on future outcomes. Such an
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assumption, which would be realistic only if
individuals and governments live for two
periods, leads to the equilibrium studied by
Feinman et al. (1986).

At the beginning of every two periods,
t=0,2,...,00, each government chooses lev-
els of peaceful investment and military ex-
penditures to maximize the utility of the
representative agent (1), subject to the trib-
ute function (2) and the resource constraints
(3), given the current realization of the en-
dowment and taking the opponent’s strategy
as given. The assumptions imposed on the
instantaneous utility function, u(c,), and the
peaceful investment technology, f(i,), imply
that the solution to the governments’ prob-
lem must satisfy the following first-order
condition:

@ e,

u/(ct-f-l)

for t=0,2,..., 0, where f'(0) > a.'* In addi-
tion, assuming an interior solution for mili-
tary spending in period ¢, which implies that
f'(Z,)) < a, the solution must satisfy the fol-
lowing first-order condition:

f’(it) Sa’

for t=0,2,...,00. The expression in (4b)
possibly results in a strict inequality condi-
tion because of the truncation of the tribute
function.

In order to derive specific functional forms
for the reaction functions, which relate a
nation’s military spending to that of the
opponent, the following specifications for
utility and the peaceful investment technol-

(4b)

11f f'(0) < a, then peaceful investment in period
t = 0 would be zero for both nations, so that investment
in armaments would be fruitless. But, given that the
opponent produces zero armaments, each government
would be better off by investing some fraction of the
endowment in the peaceful technology, thereby giving
rise to the opponent’s incentive to shift resources from
the peaceful technology to the production of arma-
ments. The oscillating nature of this reaction process
suggests that a stable Nash equilibrium does not exist in
the one-shot game when f'(0) < a.



56 THE AMERICAN ECONOMIC REVIEW

ogy are made:

(5&) v,=1n(c,)+,81n(c,+1)

(5b) f(i,) =A4i*,0<a<l,

for t=0,2,4,...,00, where v, denotes the
representative agent’s two-period utility
starting in period t.!® Given this specifica-
tion, the first-order conditions from choosing
optimal investment and military expendi-
tures, given by (4), imply the following reac-
tion function for the domestic government:

(6) W, (w*)= mzz

il

1
*
1T B W,
for t=0,2,4,...,00. The reaction function
for the foreign government is found by sim-
ply replacing W,* with W,. As is evident
from (6), a nation’s military spending is pos-
itively related to that of its opponent, but
this relationship is not one for one. Gener-
ally speaking, provided that consumption
goods, ¢, and ¢,,,, are normal, an increase
in an opponent’s military spending will in-
duce a nation to increase its own military
spending, but by less than the increase in the
opponent’s spending.

If Z,>((1+aB)/aB)ad/a)/1~9 =k,
as assumed throughout the analysis below,
each period ¢=0,2,...,00, both govern-
ments will construct positive amounts of war
goods. By combining the domestic govern-
ment’s reaction function (6) with that for the
foreign government, noting that the assump-
tion of identical nations implies W,=W,*,

'®Note that this specification for the peaceful invest-
ment technology ensures that f’(0) > a for any finite
value of a, such that the analysis to follow is robust to
the different interpretations of the tribute function sug-
gested above. Furthermore, note that the specifications
made in (5) can be thought of as an approximation to a
more general set of functions.
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and using (3a), (3b), and (5), one can estab-
lish that the solutions to this game are given
by

(73) Wt=Zt_k
o
(7v) l’—l+aﬁk
(7¢) ¢, = ! k
1+ af

ap
(7d) Ct+1=mk,

for t=0,2,4,...,. In addition to there be-
ing a stalemated confrontation, symmetry
implies that peaceful investment and con-
sumption are identical in the foreign state.
In this equilibrium, the utility of the domes-
tic government is given by the following:

(8)

Uy =

1
1- 8

(1+8)n +BInaf

1+ aB

and symmetry implies that Uy" = Uy*.'7
Because war goods do not directly yield
utility to individuals, the amount of re-
sources allocated to military spending repre-
sents a deadweight loss arising from the in-
ternational conflict. In the opportunistic
equilibrium, W, goods are essentially thrown

!"As indicated by (7a), provided that the endowment
is sufficiently large, any increase in the endowment
above k is allocated to military spending. This result
depends on the constancy of the marginal product of
war goods. Even if the marginal product of war goods
were diminishing, some positive fraction of the hypo-
thetical increase in the endowment would be allocated
to the war effort. The marginal product of war goods is
assumed to be constant to highlight the tradeoff be-
tween peaceful and military investment, and thereby the
impact of the strategic behavior of governments to be
studied below in Section IIL
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away in periods t=0,2,...,00 and any in-
crease in the endowment above k is simply
wasted away in military spending.

B. The Efficient Outcome

In the section above, the equilibrium con-
cept—that is, the one-shot, Nash equilib-
rium—effectively assumes that governments
ignore the potential impact that they can
have on the enemy government’s policies. In
contrast, this section imagines that govern-
ments are able to coordinate their policies
and to effectively commit themselves to cur-
rent and future policies regarding military
spending. In such a scenario, disarmament
prevails, and the waste of resources is elimi-
nated: W,=W,* =0 for all ¢.

The efficient outcome is the solution to the
maximization of (1), subject to (3), given the
current realization of the endowment, Z,
and W, = W,* for all 1. The first-order condi-
tion (4b) becomes irrelevant. The solutions
in the efficient outcome are given by the
following;:

. aoB
(93.) L= 1+aﬁzt
(9b) C’=1+a,BZ’
af “
(9¢) ¢ =4 WZ,) ,

for t=0,2,4,...,00. As indicated by (9), W,
=W,*=0. Symmetry implies again that
consumption and investment in the foreign
state are also given by (9). Consequently, the
unconditional expected utility for the do-
mestic government, which is identical to that
for the foreign government, is given by the
following:

(10)
o] Z, . Zt
E{U0}=Z=Z(‘;’2f21,8 (1+a,8)lnl+aB
+,BlnA+a,BlnaB)dF(Z).
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By subtracting (8) from (10), one can evalu-
ate the expected difference between the util-
ity obtained in the efficient solution and that
obtained in the opportunistic equilibrium:

(11)

E{(U-U)= ¥ [*B(1+ap)n % > 0.

=0,2"%

The expected difference is strictly positive if
the endowment, Z, is sufficiently large to
ensure positive military expenditures in the
opportunistic equilibrium for periods ¢=
0,2,...,c0.

Without repeated interaction between
governments, a third party or some institu-
tion to enforce commitments, neither state
could avoid the temptation to abrogate the
commitment to zero military spending. The
domestic government, for example, would
have an incentive not to cooperate by con-
structing a positive amount of war goods
according to the reaction function (6),
W(W*=0, Z,). Of course, the foreign gov-
ernment would have the same incentive. In
other words, in the one-shot game, the ab-
sence of enforceable commitments to disar-
mament precludes the feasibility of the dis-
armament outcome. However, as demon-
strated in the next section, with repeated
interaction, threats and punishments might
be able to support the disarmament out-
come.

IL. Threats, Punishments, and Cooperation

This section contains an examination of
strategic considerations which can substi-
tute, at least to some degree, for each gov-
ernment’s inability to make commitments.
The fundamental idea here is that when na-
tions repeatedly interact, each government
can indirectly influence its opponent’s strat-
egy with threats and punishments for de-
viant behavior, without having to rely on
commitments. Threats and punishments cre-
ate a link between a government’s past pol-
icy and its opponent’s current policy. This
link provides the mechanism whereby a gov-
ernment can influence its opponent’s future
policies through its own current actions. If,
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for example, the foreign government cooper-
ates, by pursuing the endogenously deter-
mined cooperative policy, then the domestic
government will implement the cooperative
policy in the next play of the game. If,
however, the foreign government acts oppor-
tunistically, then the domestic government
imposes some punishment, the threat of
which must be credible. Because the threat
of punishment, triggered by opportunistic
behavior, serves as sufficient motivation for
both governments to maintain cooperation,
the punishment is never observed in the
equilibrium.

The cooperative equilibrium considered in
this section assumes that the governments
employ the trigger strategy originally studied
by James Friedman (1971). Trigger strate-
gies, which differ with respect to the length
of the punishment, specify that the punish-
ment for deviating from the endogenously
determined cooperative policy involves a re-
version to the opportunistic solution. While
such trigger strategies, as an expectations
mechanism, might be realistic in models of
monetary policy, such as Robert Barro and
David Gordon (1983) and Herschel Gross-
man and John Van Huyck (1986), where the
government is playing a game against atom-
istic agents, limiting consideration to trigger
strategies in the context of this model be
questionable. Specifically, as demonstrated
by Dilip Abreu (1986), if no trigger strategy
is sufficiently severe to support the peaceful
outcome, then more severe punishment
strategies could be considered. Presumably,
governments acting optimally announce and
follow strategies that involve the most se-
vere, credible threat, because the correspond-
ing punishment strategy will lead to the best
outcome possible. As argued at the end of
this section, however, the result that threats
and punishments cannot always support the
disarmament solution does not depend on
the assumption that the governments an-
nounce and follow a trigger strategy.

Assume that in period ¢ = 0, the domestic
government expects the foreign government
to follow a contingent cooperative policy,
denoted by W(Z,), for t=0 and so an-
nounces that it too will follow this contin-
gent cooperative policy in ¢=0. Further-
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more, the domestic government announces
that it will continue to follow this contingent
cooperative policy for ¢=2,4,...,00, pro-
vided that the opponent has never deviated
from that policy. The domestic government
threatens to act opportunistically forever if
the foreign government ever acts opportunis-
tically. Specifically, the domestic government
announces the following strategy:

Wy = W(Zo)’

w(z,),
it W,* =W+(2,)
and W, =(2,),
O0<s<t
w(Wx,z),
otherwise,

(12) w,=

for t =2,4,...,00.1% The foreign government
announces a similar strategy. According to
this strategy, the punishment period for op-
portunistic behavior is infinite. While a
shorter punishment could be negotiated by
the two governments, the strategy given by
(12) is subgame perfect, for it is simply the
best one-shot, optimal response.!* Moreover,

®In the extension of the model, briefly described in
fn. 13, to permit a distinction between mobilization and
warfare, the deterrence effect of military spending em-
bedded in the trigger strategy could be twofold. First, as
in the present model, it would reduce the incentive to
build a war machine in an ultimate effort to extract
tribute. Second, given each nation’s mobilization efforts
and the realization of the return on the peaceful invest-
ment (both of which can differ across nations), military
spending by each nation would reduce the incentive of
the enemy to engage in a preemptive strike by providing
the armaments for a retaliatory strike by the potentially
preempted nation.

One possible objection that can be made against
the trigger strategy, as well as the strategies studied
by Abreu (1986), revolves around the possibility of fu-
ture renegotiation. Specifically, the subgame perfection
property does not preclude the possibility that once one
government has deviated from the cooperative policy,
both governments might be able to agree to skip the
punishment phase of the strategy and start the game
over. If both governments recognize this possibility,
then a new situation arises and the credibility of the
punishment is questionable. One potential way to treat
this problem is to model the probability of successful
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among the whole set of trigger strategy equi-
libria, the solution that involves an infinite
punishment period supports the best out-
come. Thus, the trigger strategy described in
(12) is optimal within the class of trigger
strategies.

The problem for the two governments
in period t=0 is to choose W(Z,) and
the contingent cooperative policy, W(Z,) for
t=2,4,...,00, sO as to maximize the ex-
pected utility of their representative citizens
(1), subject to (3) and (12). The choice of the
contingent cooperative policy defines the co-
operative equilibrium, in which for all possi-
ble realizations of the endowment, Z,,
neither government has an incentive to act
opportunistically in period ¢ = 0 nor expects
to have such an incentive in periods ¢ =
2,4,...,00. The optimal cooperative policy,
W( Z ), is a member of the set of possible
cooperative solutions. As a member of this
set, W(Z,) must satisfy the following sub-
game perfection constraint for all possible
values of Z:

(13) v (W(W*(2Z,), W*(Z,))
— 0o(W(2,), W4(2,))
<BE{U,- Uy}
where
v,(W,W*,Z) =v,(c,(W, Z),
(W =W, Z)),

o0

E{0,)} = Z fZB' 2
><u,(vf/(z ), W*(2,), Z,)dF(Z,),
,(W(Z)W*(Z) Z,)dF(Z),

renegotiation, in the case that one government has
behaved opportunistically, as an exogenous stochastic
process. (See Grossman and Van Huyck (1988) who
similarly model the memory of private agents as a
stochastic process)
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and W(W*(Z,), Z,) denotes the opportunis-
tic amount of military spending by the do-
mestic government, given that the foreign
government is cooperating in period ¢ = 0. A
similar condition must hold for the foreign
nation. Given the stationarity of the stochas-
tic process generating Z, the solution,
W(Z,) =W*(Z,), that satisfies (13), will sat-
isfy a condition analogous to (13) for ¢ =
2,4,...,00.

The left-hand side of (13) is equal to the
“temptation” to not cooperate. It is the dif-

- ference in the two-period utility obtained

when acting opportunistically and that ob-
tained when implementing the cooperative
policy. The temptation will be strictly posi-
tive for W(Z,) < W(W*, Z,). The right-hand
side of the inequality (13) is the expected
difference between utility obtained when im-
plementing the cooperative policy and that
obtained when implementing the oppor-
tunistic policy starting in ¢=2. In other
words, it is government’s expected gain in
utility from continuing to cooperate and
foregoing the immediate gain that could be
realized by failing to cooperate in period
t =0. In contrast to the temptation, which
depends on the current realization of the
endowment, the expected gain is fixed. The
subgame perfection constraint (13) requires
that the fixed expected gain exceed the temp-
tation for all possible realizations of the en-
dowment. .
_There is at least one solution (W(Z,),
W*(Z,)) that satisfies (13)—namely, the op-
portunistic solution, which makes both sides
of the inequality in (13) equal to zero. De-
pending on the parameters of the model,
including the distribution of the endowment,
the peaceful investment technology, the trib-
ute function, and the discount factor, the set
of possible cooperative equilibria, which will
generally have more than one element, might
include the disarmament solution. In any
case, given that the governments are follow-
ing the trigger strategy specified in (12), be-
cause the amount of resources allocated to
military spending in cooperative equilibrium
represents a deadweight loss, the optimal
contingent cooperative policy, W(Z,), will
specify the smallest, incentive compatible
amount of military spending for each real-
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ization of the endowment—that is, it will
equal the smallest W(Z,) that satisfies (13).

A. Incentive Compatible Military
Spending

In the example in which preferences and
the peaceful investment technology are given
by (5), the trigger strategy generally does not
serve as a perfect substitute for the ability to
make commitments. To see that the disarma-
ment solution is not necessarily sustained in
a trigger strategy equilibrium, it is helpful to
calculate the temptation to deviate from the
cooperative policy and the gain from main-
tained cooperation for the cooperative policy
W(Z).

Given that the foreign government coop-
erates in ¢t = 0, the opportunistic behavior by
the domestic government, using the reaction
function (6), the first-order conditions (4)
and the budget constraints (3), are given by
the following:

— B
(14a) W(W(Zo),zo)=m(zo_k)
1 .
+ﬁ’BW(Zo)
(14b) 10—(%A)1“"
1
(140) Co—ﬂ
1-a 1—1—" ~
Zy+——(4) —W(zo>)
B
(144d) c1=—1a+—'8
Zor 2 24) -z,

where, as defined previously,

1+aB/a !
= — 1-a
k== (aA) ,
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the threshold level of Z above which there is
military spending in the opportunistic equi-
librium. The solution (14) assumes that the
magnitude of the opportunistic level of mili-
tary spending does not trigger the kink in
the tribute function (2).%° Such opportunistic
behavior yields the following two-period util-
1ty:

(15) UO(—W-( W( Zo))> Zy— W(Zo))

l-a/a !
ZO+——(—A)1"“
a a

=(1+R8)n

1
1—{—3—+B1n,8a

Under the cooperative policy, both gov-
ernments construct W(ZO) They maximize
the representative agent’s utility (1) with re-
spect to peaceful investment, subject to (3)
and W,=WZ, for t=0,2,...,00. By using
(4a) and the constraints in (3), one can easily
verify that the optimal levels of consumption
and the peaceful investment, for the cooper-
ative policy, W, are given by

~Wy(2)

(162) i,= o5 (2-7(2)

1 -
(16b) &= 1+a,B(Z’—W(Zt))
169 = i (2-W(2)]

*That is to say, the following condition must hold:

1+B(Z k—'W(Z,))

sA( 1Ziﬂ(z,—vf/(z,))) ,

for t =0. In the case that this condition is not satisfied,
the opportunistic behavior for the construction of war
goods is on the kink of the tribute function,

w(w(z),z,)=— (1+ B(Z W(Z)))

The values of the optimal consumption and investment
become complicated without providing any additional
insight into the nature of the cooperative solution.
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for t =0,2,4,..., 0. Such cooperative behav-
ior yields the following two-period utility:

(17) Uo( W( Zo)» W( Zo))
Zo - W( Zo)
1+ aB

+BIlnA+ aBlnaf.

=(1+aB)ln

The difference between (15) and (17) rep-
resents the domestic government’s tempta-
tion to deviate from the cooperative policy,
contingent on the current realization of the
endowment, given that the foreign govern-
ment is cooperating. The temptation, which
is an increasing function of the difference
between the level of the endowment and the
amount of cooperative military spending,
equals zero for W(Z;) =W(W*, Z,) and is
strictly positive _for W(Z,) < W(W*, Z,).
Letting T(Z, — W(Z,)) denote the tempta-
tion to deviate from the cooperative policy,
it is easy to establish that

aT( ZO - I/f/(ZO))
aW(Z,)

+8)1—

1

()]

1+ af
+ —.
Zy—W(Z,)

For W(Z,) < W(W*, Z,)), an increase in the
amount of cooperative war expenditures de-
creases the temptation to cheat, thereby serv-
ing as a deterrent against opportunistic be-
havior. Furthermore, it is easy to verify by
differentiating the temptation with respect to
Z,, while holding W, fixed, that

AT(Z2,-W(z,))  IT(Z,-

97, - IW(Z,)

21This result does not depend on the specifications
made for the tribute function, (2), or for utility and the
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Thus, for cooperative levels of military
spending below the opportunistic equilib-
rium level, the temptation is increasing in
Z,, the current realization of the endow-
ment.

In contrast to the temptation, the expected
gain is independent of the current realization
of the endowment. The expected gain from
maintained cooperatlon denoted by G(Z —
W(Z)), is found by using (10) and (17):

18) G(z-w(z),F(2))

)°f / "B'(1+ap)
Xlnizf—(zzdF(Z).

Again, for W(Z,)= W(W* Z,), the gain
equals zero, and for W(Z,) < W(W*, Z,), the
gain is strictly positive. Furthermore,
IG(Z-W(Zz),F(2))

IW(2Z)

—— ¥ [PB(+ap)

=242

XZ——Vf/(Z)dF(Z)

<0.

w(z,))

peaceful investment technology, (5). Specifically, using
(1), (3), and (13) with the envelope theorem, one can
easily verify the following:

AT (W,Z)/9Z
CAT(W.Z) /oW

W[Z—i-W]-uw[Z-i-W]

=BT (W, W £ () + T (W, 9)]
+u[Z-i-W]

By virtue of the first-order condition, from the maxi-
mization of (1) subject to (3) with respect to W, the
right-hand side of the above expression simplifies to 1.
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T(Z - W)’
G(Z -W,F(2))

Hence, the expected gain from maintained
cooperation is smaller if the amount of co-
operative military expenditures at all realiza-
tions of Z is larger.

The subgame perfection constraint (13)
requires that regardless of the value taken on
by Z,, the fixed, expected gain from main-
tained cooperation, (18), exceed the tempta-
tion to deviate from W(Z,), given by the
difference between (15) and (17). The neces-
sary and sufficient condition for threats and
punishments to serve as a perfect substitute
for the ability to make binding commitments
is that for all possible realizations of
Zy,, T(Z,—-0)—G(Z—-0,F(Z)) <0.

In the special case that Z,=Z for t=
0,2,...,00, threats and punishments support
the disarmament solution provided that the
discount rate is not too large. In this fixed,
nonstochastic environment, the cooperative
policy, W is independent of time. For this
special case, the relationship between the
temptation and the gain, as functions of W,
is drawn in Figure 1. As shown in the fig-
ure, the gain equals the temptation at
W =(W(W?*, Z)). Moreover, the slope of
G((Z—-W,Z)) is strictly greater in magni-
tude than that of T(Z—-W) for 0<W <
W(W*) provided that 8 >(1—a)/(1+ B).%
At W=0, then, the gain from maintained
cooperation exceeds the temptation for op-

22If, for example, a=1/2, a discount factor greater
than or equal to 0.367 would satisfy this condition.
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portunistic behavior. Since the disarmament
policy satisfies the subgame perfection con-
straint (13), it is the cooperative equilibrium.
In other words, the folk theorem of game
theory holds in the nonstochastic version of
the model. If individuals do not discount the
utility of future consumption too heavily, the
disarmament outcome can emerge in the
equilibrium of an infinite horizon game with
threats and punishments (or equivalently, in
the cooperative equilibrium).

More generally, however, the disarmament
solution is not necessarily supported in a
cooperative equilibrium for all values of the
endowment. If the distribution of Z is un-
bounded, then threats and punishments—
including punishments more severe than the
trigger strategy—cannot support the disar-
mament outcome. Even if the distribution is
bounded, where [Z,, Z,] is the support of Z,
there is nothing to guarantee that the disar-
mament policy is consistent with the sub-
game perfection constraint, (13), —that is,
T(Z,—0)— G(Z -0, F(Z)) < 0—for all
possible values of Z;. Nevertheless, the folk
theorem holds in the sense that for a given
bounded distribution, there exists a f* <1
such that B8 > B* is a sufficient condition for
disarmament to be the cooperative equilib-
rium, supported by a trigger strategy, for all
t. In the stochastic environment, the critical
value of the discount factor, 8*, depends on
the distribution of the endowment, and will
generally be larger than (1— a)/(1 + 8).2

B. Military Spending in the Cooperative
Equilibrium

When a threat of a reversion to the oppor-
tunistic policy is not sufficient to support the
efficient outcome for all possible realizations
of Z, military spending with such a threat
can deter opportunistic behavior. To charac-
terize military spending in the cooperative
equilibrium, suppose that W(Z,) = 0—that
is, disarmament—does not satisfy the sub-
game perfection constraint (13) for Z,> ¢.
For values of the endowment in excess of ¢,

% Note that for more severe punishments, 8* would
be smaller.
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the optimal contingent cooperative policy,
W(Z,), which specifies the lowest incentive
compatible amounts of military spending for
each realization of Z,, satisfies (13) with an
equality. Treating (13) as an equality and
using the implicit function theorem, one can
establish that

aW(Zr) _ aT(Zt—W(Zt))/aZr

0z, — o1(z,-W(z))/0W(Z,)
=1.

The cooperative policy involves larger
amounts of military spending for larger val-
ues of the current realization of the endow-
ment. To offset the larger temptation for
larger values of Z,, it is necessary to specify
larger W for those possible values of Z,. In
fact, since

oT(z-W(Z) __ o1(z-W(Z))

9z oW (Z)

(as mentioned above), W*( Z,) increases one
for one with increases in Z, in excess of ¢.
Thus, the contingent cooperative policy
function, W(Z,), is flat for Z, < ¢ and kinked
at Z, = ¢ with slope equal to 1:

- 0 if Z,<Z < ¢;
(19) w(z) { Z,—-¢ ifep<Z<2Z,
where k < ¢ < Z,. Note that ¢ might be less
than Z,, the lowest possible realization of Z,.
In this case, ¢e[k, Z,), and there is positive
military spending for all values of the en-
dowment. In any case, military spending by
one nation serves to deter the opponent from
deviating from the cooperative policy to ex-
tract tribute.

According to equation (19), if ¢ =k, then
the cooperative military spending is identical
to military spending in the opportunistic
equilibrium—that is W*(Z,) = W(W*, Z,).
However, if ¢ >k, the level of military
spending in the cooperative equilibrium will
be less than in the opportunistic equilibrium
for all Z. Furthermore, if ¢ > Z,, then there
are some realizations of the endowment for
which the optimal contingent cooperative
policy involves disarmament.
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Because ¢ is the largest realization of the
endowment that would be consistent with
disarmament, ¢ is the largest number that
satisfies

(20) T(¢—-0)=G(Z-W(Z),F(Z)),

where W(Z) is given by equation (19). From
equations (15) and (17),

T(¢-0)

l-a/a !
¢+——(—A>1‘“
o a

e
X —— + B1nBa

= [(1 + B)ln

1+8

(14 aB)In

1+¢aﬂ +,BlnA+¢x,Blna,B].
And, from equations (18) and (19),

G(z-w(z),F(2))
B? Z,
If tp(” aﬂ)[_/;ln—l:F(Z)

+(1—F(¢))ln%]
ifZ, <¢<Z,;
B? ¢
£l —— >
I 1_'82(1+a,8)1nk

ifk<¢p<Z,.

The value of ¢ that satisfies (20) will be the
constant difference between the endowment
and the level of cooperative military spend-
ing when military spending is positive—that
is, according to (19), ¢ =Z,—W(Z,) for
Z,> ¢.

Assume that the necessary and sufficient
condition for disarmament to prevail for all
t, given by T(Z,-0)<G(Z—-0, F(Z)) (or
equivalently, ¢ = Z,), is not met. Then the
value of ¢ that satisfies (20) is an element of
[k, Z,). It can be shown that if the rate of
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time preference satisfies the condition >
(1—-a)/(1+B), then the value of ¢ that
satisfies (20) will be greater than Z,. To see
that 8> (1— a)/(1+ B) implies that ¢ > Z,,
observe that if Z — W(Z) equals k for all Z,
then T(¢ —0)=G(Z—-W(Z), F(Z)). Pro-
vided that 8> (1—a)/(1+B), the differ-
ence T(¢ —0)— G(Z - W(Z), F(Z)) de-
creases with increases in the constant Z —
W(Z) for Z> ¢, over the interval [k, z,)*
Hence, if the rate of time preference is not
too large, there will be some values of the
endowment for which threats and punish-
ments can support the disarmament solu-
tion.

Maintaining the assumption that B>
(1—a)/(1+ B), so that ¢ > Z,, it is possible
to show that the larger is the variance of the
endowment, o2, for a given expected value
of the endowment, Z, the smaller is ¢ —that
is,

dT(¢ —0)/30?
e - 3G(Zz-Ww(Zz),F(Z))/da?
do? dT(¢—0)/d¢
-3G(z-w(Z))/3¢

<0.

Because the greatest number that satisfies
(21), ¢, is less than Z,,—that is, because
T(Z,—0)— G(Z -0, F(Z)) > 0—the de-
nominator of the above expression is pos-
itive. To see that the numerator of the
above expression is nonegative, note that
dT(¢ —0)/do? equals zero, since the temp-
tation is independent of the variance of the
endowment for any given ¢. Using theorems
of second-order stochastic dominance, it is
eas;' to verify that BG(Z—W(Z), F(Z))/

is nonpositive.”> The proposition fol-
lows from the assumptions that the marginal
product of the peaceful investment is dimin-
ishing and that the marginal product of war
goods is constant, which, in conjunction with

2See Figure 2 where the difference T(¢ —0)—
G(Z—-W(Z),F(Z)) is drawn as a function of Z—
W(Z) for Z > ¢, assuming that 8 > (1—a)/(1+ B).

SSee the Appendix for a proof.
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the assumption of diminishing marginal util-
ity, imply that the expected gain from main-
tained cooperation is increasing in the en-
dowment at a diminishing rate.

Similarly, it is possible to show that a
smaller expected value of the endowment, Z,
implies a smaller ¢, for a given o> —that is,

dT($—0)/0Z
¢ —3G(Z-W(2),F(Z))/9Z

9Z  9T($-0)/d¢
—3G(z-W(Z),F(Z))/9¢

> 0.

Again, the denominator of the above expres-
sion is positive. Notice that the temptation
is independent of the expected value of
the endowment for any given ¢. Hence,
dT(¢ —0)/dZ equals zero. Upon inspection
of (20), where the expected gain from main-
tained cooperation is defined for ¢ > Z,, it
becomes_ obvious that 9G(Z — W(Z )
F(Z))/dZ is positive. The intuition here is
as follows. Holding ¢ fixed and increasing
the expected value of the endowment means
that conditional on Z < ¢, when there is
disarmament and the two-period expected
utility from cooperation depends on Z, the
two-period expected utility from cooperation
is higher. And, conditional on Z > ¢, the
two-period expected utility from cooperation
is unchanged. Since the utility obtained in
the punishment is independent of Z, the
expected gain from maintained cooperation
increases with increases in Z. Hence, the
numerator is negtative and the whole expres-
sion is positive.

From equation (19), a smaller ¢ implies
that for a given realization of Z,, the level of
cooperative military spending is higher.?
Therefore, if the cooperative equilibrium is
empirically relevant, assuming that the coop-
erative equilibrium threshold level of the en-
dowment, ¢, is greater than the lowest possi-
ble realization of the endowment, Z, one
would find, for a given realization of the
endowment, that the associated level of mili-

*Also0, see Figure 3.
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tary spending is larger, the larger is the vari-
ance of the endowment and the smaller is
the mean value of the endowment. Alterna-
tively, if the opportunistic equilibrium were
empirically relevant, one would find no rela-
tionship between a nation’s military spend-
ing and the variability or the mean value of
the endowment, for a given realization of the
endowment.

It is important to note that while these
empirical implications do not depend on the
specifications made for utility and the peace-
ful investment technology, (5), they do de-
pend on two assumptions. First, these impli-
cations require that the threshold level of the
endowment is greater than the lowest possi-
ble realization of the endowment, such that
there are some values of the endowment for
which disarmament prevails. The assump-
tion is important for the proofs sketched
above. If instead the equilibrium cooperative
policy always involves positive military
spending, then the expected gain will be
independent of the distribution of the en-
dowment. Even so, it is still possible to make
some positive predictions. Specifically, al-
though the hypothetical changes in the dis-
tribution of Z would not have an impact on
the difference T(-)— G(-) over the range
[k, Z,], these changes would alter the differ-
ence in the interval (Z,, Z,]. An increase in
Z or a decrease in 6% would push T(-)— G(+)
down over the interval (Z,, Z,]. Since ¢ is
the largest number that makes T'(-) equal to
G(-), if the effect is large enough to result in
an intersection of the difference 7(-)— G(-)
and the zero horizontal axis (see Figure 2)
over the interval (Z, Z,], then, assuming
that the original ¢ is less than Z,, the change
in the distribution would imply a disconti-
nous jump in ¢¢[Z,, Z,], or equivalently, a
drop in cooperative military spending for
each realization of the endowment.

Second, and more importantly, these im-
plications depend on the linear specification
of the tribute function. If instead the
marginal product of war goods were dimin-
ishing, then the expected gain could be inde-
pendent of the endowment or decreasing in
the endowment at an increasing rate. As a
consequence, exercises involving hypotheti-
cal changes in the distribution might not
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yield implications that would enable one
to distinguish empirically the opportunis-
tic equilibrium from the cooperative equilib-
rium.?’

Generally, in a stochastic environment,
threats and punishments do not necessarily
serve as a perfect substitute for the ability to
make commitments. Although the punish-
ment strategy employed in the analysis does

27Deriving and implementing more general testable
empirical implications of the model are left for future
research.
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not involve the most severe punishment,
consideration of more severe punishments
will not qualitatively alter the discussion
above. Specifically, the most severe punish-
ment can only yield a fixed expected gain to
maintained cooperation. The lowest utility
that a government could expect to obtain if
it followed its mimimax strategy and the
opponent devoted all of its resources to mili-
tary spending starting in period ¢ =2 estab-
lishes an upper bound to the gain from
maintained cooperation that could be ex-
pected by the governments with the most
severe punishment strategy. There is nothing
to guarantee that the fixed, expected gain
will dominate the temptation, for all realiza-
tions of the endowment, where the coopera-
tive policy is the disarmament policy. While
strategic threats and punishments would be
more likely to support the efficient solution
if the discount rate is low, a low discount
rate is not always sufficient to ensure that
the efficient solution emerges in a coopera-
tive equilibrium. Hence, while threats and
punishments can reduce the magnitude of
the resources wasted away in military spend-
ing, they cannot necessarily eliminate the
time-inconsistency problem of the commit-
ment to peaceful policies.

III. Conclusion

This paper has investigated the role of
strategic considerations in an economic
model of international conflict. The analysis
has shown that when there is repeated inter-
action between nations, threats and punish-
ments, which at least serve as a partial sub-
stitute for a government’s ability to make
commitments, might be sufficient for sustain-
ing the ex ante optimal, but otherwise time-
inconsistent, disarmament policy. Threats
and punishments are more likely to support
the commitment policy, as the discount fac-
tor approaches one.

If the fixed expected gain from maintained
cooperation does not exceed the temptation
to deviate from the peaceful policy for all
possible realizations of the endowment, then
the model predicts that there will be some
periods of positive production of arma-
ments. Because the temptation to deviate
from the cooperative policy is increasing in
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the endowment, for values of the endowment
that fall below an endogenously determined
threshold value, the contingent cooperative
policy involves only peaceful policies,
whereas for values of the endowment that
exceed the threshold value, the cooperative
policy involves positive military expendi-
tures, the magnitude of which is dependent
on the current realization of the endow-
ment.”® Hence, fluctuations in military
spending are an endogenous result of fluc-
tuations in the endowment in both the op-
portunistic and the cooperative equilibria.
This theoretical result casts doubt on the
validity of empirical work that treats mili-
tary expenditures as exogenous.?’

Although the relationship between mili-
tary spending and the endowment is positive
regardless of whether governments are acting
cooperatively or opportunistically, there are
qualitative differences in this relationship de-
pending on whether governments are acting
cooperatively or opportunistically. In partic-
ular, if governments are acting cooperatively,
the larger is the variance of the endowment
and smaller is the mean value of the endow-
ment, the smaller is the equilibrium thresh-
old level of the endowment. Consequently,
for a given realization of the endowment, a
nation’s military spending is positively re-
lated to the variablity of the endowment and
negatively related to the mean value of the
endowment. In contrast, if nations are acting
opportunistically, their military spending
would not be related to the variance of the
endowment or the mean value of the endow-

28Although the notion of positive military expendi-
tures in a cooperative equilibrium might seem counter-
intuitive, this result is very similar to the results of
Grossman and Van Huyck (1988), who study the role of
reputation in the problem of sovereign debt, interpreted
as a contingent claim. Positive military expenditures on
armaments in the cooperative equilibrium would corre-
spond to their notion of excusable default, which is to
be clearly distinguished from repudiation or a reversion
to the opportunistic policy.

See for example Hall (1986), who assumes that
military spending is exogenous to identify the role of
consumption in macroeconomic fluctuations. As dis-
cussed above—fn. 1—the existing empirical evidence
concerning the (statistical) causal relation between mili-
tary spending and other aggregate economic variables is
ambiguous.
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ment, for a given realization of the endow-
ment.

Finally, it is important to observe that in
the cooperative equilibrium, military spend-
ing is not directly driven by the possibility of
extracting resources from an enemy nation.
Rather, military spending serves to deter the
nations from building armaments in an op-
portunistic effort to obtain tribute.

APPENDIX

To see that a larger variance of the endowment
implies an equal or smaller expected gain from main-
tained cooperation, consider two distributions, F(Z)
and F,(Z), that have identical supports and mean
values:

[, 214F(2) - ar(2)] =0,
or equivalently,
@) [PR@Z)-R(2)]az=0.
If dF(Z) and dF,(Z) satisfy the single crossing prop-

erty, there exists a Z’e(Z,, Z,) such that

ifZ'<Z<27,;

<0
(A2) F‘(Z)_Fz(z){ 20 ifz<z<7.

The two distributions that satisfy (A1) and (A2) also
satisfy the following:

N
(A3) [ IF(2)- B(2)]dz >0,
=l

for all ye[Z, Z,]. The expressions in (Al) and (A3)
mean that F,(Z) dominates F;(Z) in the sense of
second-order stochastic dominance. F(Z), which is
obtained from a mean preserving spread of F,(Z), has a
larger variance than F,(Z). (See Michael Rothschild
and Joseph Stiglitz, 1970).

Using (20) for ¢ > Z,, a switch from F,(Z) to F,(Z),
(an increase in the variance) results in the following
change in the expected gain from maintained coopera-
tion:

a9 [Pmz[dR(2)-dF(2)]

+[F(¢)~ F($)]ne.

Integrating by parts, (A4) becomes

(A5) WZ[F(2)-K(2)]},

- [P 1R(2)- B(2)) iz

+[F(¢)- F(¢)]ng,

GARFINKEL: ARMING AS A STRATEGIC INVESTMENT 67

which simplifies to the following:

1

4
A6 - | " =|FR(Z)- E(Z)] 4z,
(A6) [ lR(@)- (@)

since F(Z)) = F,(Z;)=0. Integrating (A6) by parts
gives the following expression for the change in the
expected gain due to the mean preserving spread of the
distribution:

1. ., .
a7 - ;[Fl(«p)— £(9)]

+ [ SlA@-A@),

where F(Z) = [¢ F(Z)dZ and F(Z))=0. By virtue of
(A3), the expression above is nonpositive. Hence, an
increase in the variance of the endowment implies an
equal or smaller expected gain from maintained cooper-
ation.
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