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By A. ANDREW JOHN, ROWENA A. PECCHENINO, AND STACEY L. SCHREFT*

This paper examines the weapons-accumulation decisions of two adversarial
countries in the context of a deterrence / conflict irutiation game embedded in an
overlupping-gencrations model. The demographic structure permits analysis of
both within- and between-country intergenerational externalities caused by past
weapons-accumulation decisions, as well as of intragenerational externalities
from the adversary’s current weapons accumulation. Zero accumulation is a
possible equilibrium with both noncooperative and cooperative behavior. Coun-
tnies may also accumulate weapons to the point where conflict initiation never
occurs. Pareto-improcing policies are generally available, but international coop-
eration need not be Pareto-improving. (JEL D62, D74, E21)

The Cold War has e¢nded. and President
George Bush has declared the beginning of
a “new world order.” This new world order
has so far been characterized by the intensi-
fication of regional disputes. civil strife, and
civil war; its implications for arms prolifera-
tion and arms control are stili unclear. This
paper considers both superpower conflict
and the transition to international coopera-
tion in the context of a model that empha-
sizes intergenerational linkages. Specifically,
we explore the weapons-accumulation deci-
sions of two adversarial countries in the
context of a deterrence /conflict initiation
game embedded in an overlupping-genera-
tions model. The demographic structure of
the overlapping-generations model allows
the analyses ot both between- and within-
country intergenerational external cffects
causcd by past weapons-accumulation deci-
sions. while the two-country setting permits
consideration of international external cf-
fects caused by the adversary country’s cur-
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rent weapons-accumulation decision. We
analyze the noncooperative equilibrium and
then consider the effects of a regime change
characterized by international cooperation,
but wherc the intergenerational externali-
ties remain.

W emphasize intergencrational external-
ities 1n our model because they are intrinsi-
cally hard to internalize: those who bear
their cost or receive their benefit are with-
out representatives in the present genera-
tion. Thus their internalization requires
intervention by long-lived government insti-
tutions. We also analyze the problem of
such institutions,

The analysis draws on a number of di-
verse cconomic literatures. The model uti-
lizes the overlapping-generations frame-
work of Maurice Allais (1947) and Paul A.
Samuelson (1958), since this demographic
structure lends itself to analysis of situations
where agents’ actions have consequences
beyond their own lifetimes. Positive inter-
generational external effects play a role in
modecls ot endogenous growth (sec e.g., Paul
M. Romer, 1986; Nancy L. Stokey, 1988),
while intergenerational diseconomies are
the 1ocus of Todd Sandler’s (1982) work on
intergenerational club goods. In this paper,
as in work on environmental externalities
(John et al., 1992}, both positive and nega-
tive intergenerational effects interact. Fi-
nally, thc¢ model draws upon the game-
theoretic arms-control literaturc (see e.g.,
Michael D. Intriligator and Dagobert L.
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Brito, 1984; Steven J. Brams and D. Marc
Kilgour, 1985; Frederick van der Ploeg and
Aart J. de Zeeuw, 1990).

The main findings of the model are that
equilibria in which neither country accumu-
lates weapons are possible outcomes of both
noncooperative and cooperative versions of
the game and that countries may choose to
accumulate weapons to the point where
conflict initiation is so dangerous that it
never occurs. The dynamic adjustment of
the model to a steady state can be inter-
preted as an arms race: successive genera-
tions engage in individually rational but so-
cially suboptimal arms accumulation. For
second-best reasons, neither within-country
intergenerational cooperation nor interna-
tional cooperation necessarily leads to
smaller weapons stocks or to Pareto im-
provements.

1. The Environment
A. Preliminaries

Consider an infinite-horizon world with
two identical countries (called A and B). In
each country, a new generation (called gen-
eration t) of agents is born at each date
t=1,2,.... There is no population growth,
and each generation is normalized to be of
size 1. Each member of generation ¢ lives
for one period with certainty, and for two
periods with probability ¢(-). Further, each
has preferences defined over consumption
when young, ¢¥(¢), and when old, ¢°(z +1).
These preferences are represented by a von
Neumann-Morgenstern utility function:

(1) U(c(0)+()V(c"(1+1))

where ¢(-) is derived below. Assume that
U(-) and V(-) are both increasing, twice
continuously differentiable, and strictly con-
cave. Also assume that

lim U'(-)=»
=0
lim V'(-) =
=0
1 (0) = 0.

I
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Each member of cach generation 1 =1 in
each country is endowed with ¢ > 0 units of
the economy’s single good when young and
nothing when old. At date + =1 cach coun-
try collectively possesses a stock of W(1)> ()
weapons.

Any portion of the date-t cndowment can
be consumed at date ¢, yielding utility at ¢,
or used to provide for futurc utility. To
accomplish the latter, the consumption good
can either be saved or used to add to the
home economy’s weapon stock. Each young
agent has access to a storage tcchnology,
which is the sole vehicle for saving. Storage
of s(r) units of the good at date ¢ yields
Rs(t) units of the good at date t + 1, where
R >0 is the gross tcchnological ratc of re-
turn. Alternatively, units of the good can be
converted into an equivalent number of units
of weapons, w(¢). Accumulation of weapons
at t adds to the stock of weapons that will
be carricd into date r+1,W{t +1). The
stock of weapons cvolves according to

(2) Wi+h)y=(1-8)W(t)+w(i)

given the depreciation rate & €(0,1] and
W(1). Weapons accumulation atfects utility
by altering the probability of survival. ¢(-).
as discussed in the next subsection.

Since a primary focus of this paper is on
external effects across generations, we ab-
stract from the well-understood frce-rider
problems within a country and within a gen-
eration. Wc assume that the agents alive in
each country at the beginning of cach datc
elect a government for a one-period term.
This government bchaves myopically, carry-
ing out policies made solely for the welfare
of agents alive during its term 1n office. The
government has the power to levy lump-sum
taxecs and transfers. Speccifically. it levies
lump-sum taxes on the young to achieve the
desired stock of weapons. That is, an agent’s
choice of weapons can be interprcted as
arising from the collective provision of na-
tional defense, a public good. This alloca-
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tion could be achieved as a Lindahl equilib-
rium.’

B. [he Game Between Countries

Fach gencration of voung agents plays
a one-shot game against its counterparts
in the other country. At the start of the
period, young agents choose the amount of
their endowment that they wish to comett
to weapons, taking as given the equivalent
choice in the other country and the nher-
ited stocks of weapons in both countries.
From cquation (2), these decisions give rise
to the current weapons stocks (WY1 %) in
the two countries. (For case of presentation,
we suppress the time mdex in this subsec-
tion.)

At the end ot the period there s a
“potential for conflict.”” Specifically, there
1s a realization of a random variable that
determunes the probability that one side ot
the other will win, should cither sude decide
to initiate a conflict. A contflict has three
characteristics. First, it has a winner and a
loser: that s, there s a utility gamn {rom
winning and loss from Josing. Sccond. we
assume tor simplicity that o conflict docs
not deplete  cither  country’s  stock  of
weapons, Thiad. a conflict car escalate into
a tull-scale catastrophic war.

"Note that while young agents would hike o levy
lump-sum taxes on the old. such a pohicy would not be
achievable as o Landahl cquibibiium We are gratetul 1o
a teferce o chudving the r0le of the government in
this model

[he term contlict” should be mtorpreted Iiberallv,
we think of 1t as any situation i which the two coun
tries cigage 10 contenuous behavior ranging pethaps
lrom o verbai dispute at the United Nations or an
evpulsion of diplomats o a contror tational stand-ofl
like the Cuban ssside crisis ot the Borlim blockade or
cven 4 lmuted war ke Vietnam or AMghanista

W assume et this probabihity o mdependent of
which stde mitiates, that oo there s no first moser
advantage  In the problem as set oul. the sides will
never Choose to miate stmultancously

T hese st two assumptions together suggest that i
a contlict escalates, weapons stocks and all e wie
annthibied  while oo imited con lict the weapons
destroved arc those that would othersase have deprear-
ated so the stock bequeathed 1o the nest generation s
not atfeeted

) e 0 g
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Each sice decides whether or not to initi-
ate conflict The gain from winning and loss
(rom losing arc proportional to utility when
old and arc the same no matter which side
mitiates. It the conflict does escalate, then
there is mutual annihilation, giving zero
utility in old age. The risk of this outcome
generates the cost of initiat:ng a conflict.

It ¢.ther side initiates conflict, the proba-
bility of annihilation is ¢ = g(W "™, W ©). with
o, >0 s 0og <0, gla, x)=q,(x, x) V

A and ¢g(0,0) = 0. The probability that coun-

tiy A wins a conflict is
poEn ot f(WN W n~U[0,1]

where nois a random variable determining
the potential for conflict, and f,> 0. f, <0,
i<, flx.v)= - fly,x) ¥ x,y, and
f{x, ) =0V x.” The probability that coun-
tty B wins is 1 p. The ¢g(-) function cap-
tures <he idea that increased weapons stocks
in cither country make anv conflict poten-
tially more dangerous. The f(+) function
captuses the idea that a country’s likelihood
ol winning a confhict is higher, the more
weapons il possesses and the fewer weapons
possessed by its adversary. Accumulation
that mercases one country’s probability of
winning a conflict decreases the probability
that ‘he other wins, and cach country’s
probahility of winning equals , when the
countrics possess equal weapons stocks. We
assurie that f(-) and ¢g(-) are continuous
and twice-differentiable Provided that anni-
hilation does not occur, the agents in the
victorious country receive utility when they
arc old cqual to V(- X1 + «). and the agents
on the losig side have utility when they are
old cqual 1o (- X1 - &), where a is a posi-
tuve parameter.”

Assume that if p as defined exceeds 1, it takes the
value 5, andaf poas defined 1s less than 0, 1t takes the
value U Sinee we restrict attentien to symmetric equi-
Iibniae these restrictions are never ielevant for our
analvst.

“Th: sugmentation (dinunution) ot utility as a result
ol win nng Hosing) a conflict 1s analogous to the pay-
ment ¢ tnihute by the losing side to the winning side
While Michelle R. Garfinkel (1999) makes the transfer
ol goo.ls exphicit we model the tribute as a psychology-
cal gy loss)
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Now consider country A’s decision of
whether or not to initiate conflict. If B initi-
ates, A’s decision is irrelevant. Therefore
we need only consider the case in which B
does not initiate. Country A’s expected util-
ity when old if it initiates is

(I-g)p(1+a)V(-)
+(1-g)(1=p)(1-a)V(-)

and it is V() if country A does not initiate.
Thus, country A will choose to initiate if
and only if

p>[1+ z(q)]/2

where z(g)=q /[a(1—g¢)]. It is indifferent
between initiating and not initiating if

n=~f(-)+1+z(9)}/2

Similarly, country B is indifferent between
initiating and not initiating if

1-p=[1+2(q)]/2

=n=1-f(-)-[1+z(q)]/2.

The probability that neither side initiates is
then the probability that n lies between
these two values, which simply equals z(qg).
Since z(g) is increasing in g and g(-) is
increasing in both its arguments, it follows
that greater weapons accumulation by ei-
ther side makes conflict less likely to occur,
but more likely to be catastrophic if it does
occur.”

Now consider the first-period weapons
choice. Country A chooses weapons (w) and
saving (s) to maximize

U+ (WA WBYV(c®)
(subject to the budget constraints discussed

"For an interior solution to the problem set out
here, 2(g) must be less than 1 { = g <a /(1+ a)]. For
the present, we assume that this condition holds and
discuss its implications later in the paper.

T
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below), where
dWA WP
=z(q)+[1-z()l(1 - q)
X{E(p)(1+a)+[1- E(P)](1 —a)}
=z(q)+ (1= p[1+2af(-)]
p=1+a)/a.

(Country B solves an analogous problem.)
The first term [z(g)] is the probability that
neither country initiates. The second term
is the probability that someone initiates
(1— z), multiplied by the probability that
the world nevertheless survives (1 — g), mul-
tiplied by the expected gain from conflict,
which in turn depends upon the expected
probability of victory, E(p)=3+ f(+). In a
symmetric equilibrium, f(:)=0, so the ex-
pected gain from conflict is zero; in this
case ¢(-) can be interpreted as the survival
probability. Note that, since f(-) and g(-)
are continuous and differentiable, so too is
¢(+). The behavior of the economy depends
upon the properties of ¢(-), which are dis-
cussed in detail in Section 111.

C. The Agent’s Optimization Problem

The representative agent in country A
(and symmetrically for the representative
agent in country B) takes as given the re-
turn on storage, R, the stocks of weapons at
the beginning of period t. W*(t - 1) and
WB(t — 1), and the weapons choice of coun-
try B, wB(z). The agent chooses c™(¢),
c®o(t +1), w™(1), and s*(¢) to maximize

(3) U(c™(1))
+d(WA(L), WB() )V (c™(1 +1))

subject to

(4) M) +wr(r)+sM(r)<e

(5) c?(t+1)<s*(1)R

(6) WA(1)=(1=8)WA(r —1)+w(¢)

and c™ (1), c°(t + 1), w™(), s2() = 0.
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Utility maximization yields the following
first-order conditions tor an interior opti-
mum:

(7 ~U'( )+ d(HV'(IR=0
(8) Uy H by (V) =0,

The restrictions on the utility tunction ¢n-
sure that (7) is always satisfied. A necessary
condition for (8) is that ¢, be positive: that
is, an increase m ow N benefits country A.
The assumptions of the model o fur are not
sufficient to cnsure that ¢, is always posi-
tive If & is negative, agents will not invest
i weapons, and as shown in Scction I, an
cquilibrium with zero investment in weapons
is possible. Henceforth, we assume that &,
is pusitive unless otherwise noted .®

The individual equates the marginal util-
ity ol consumption in youth with the ex-
pecied marginal uatility of consumption in
old age [equation (7)]: R can be thought of
as an implicit interest rate. Equations (7)
and (8) together reveal that the individual
also equates the return on saving to the
return on weapons accumulation:

oV =bRV".
The sccond-order conditions from indi-
vidual maximization require that

. U+ V'R U+ V'R
A =det] > ()
U+ b V'R U+ 6,V

> U (V'R = V'R)

+ b V(U + V'R
T,
k== > 0.
v ¢ |

~- b V'RU'

Sufficient for thisis that U /U + ¢ /b <)
and &, <.

& .
We assume throughout that destruction of weapons
i excess of natural depreciation 15 not possible
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11. The Steady State

A svmmetric steady-statc Nash cquilib-
rium iv given by the quintuple for country
A, {cY, ¢”ow, W sh, and the identical quintu-
ple tor country B,{c?.¢.w. W, s}, such that
the following statements hold.

(i) Agents maximize (3) subject to (4)—(6),
given R and W.
(11) The geods market clears:

(9) [ +w+s]+c0=e+sR.
(ii1) The stock of weapons is constant:

(10) SN =w,

The cequilibrium can be characterized by
the two first-order conditions, (7) and (8),
and constant weapons stocks. (10). Total
difterentiation ot the first-order conditions
cvaluated at an interior steady statc yields
the foliowing system:

chot u - d ds
(1) N u'*bHdw]

dR
!r( I se)y/R w an ‘8 P, /P de
| GUR u bw '8 b /b, || dd
i da

where

w=—U" U >0

= —V'R/V >0

¢ /d>0
a=(P,+d,y) /8420
h=(d,+d,)/0d,20
b, =dd /il

b, =dp, /ia.

For stability the determinant of the left-

© e WAL e 0 g e o a
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hand-side matrix, A, must be positive. This
implies that

A=u(v+)+ta(u—)—b(u+cv)>0.

A sufficient condition for A >0 is a(u —¢)
>0and b<0.

III. Equilibria
A. Properties of ¢(+)

We begin this section by discussing the
properties of ¢(+), since these are central
to a characterization of the model’s equilib-
ria. Recall that ¢(-) is the weight attached
to old agents’ utility and depends upon both
the probability of survival to old age and the
gain or loss from any conflict that might
occur:

H(WAWEY=2z(q)+(1—pg)(1+2af).
Recall also that z(g) =g /[a(l— ¢)] so that
z' >0, z">0. We restrict our attention to
symmetric equilibria, in which g, =g¢., f,=
— f>,and f=0. Then,

(12) ¢,=(z"—p)g,+2a(1-pq)f,
—2apfq,

=(Z'=p)a,+2a(1-pq)f

(13) ¢,=(2"—p)g, +2a(1-pa)f,
—2apfq,

=(z'=p)a, +2a(1-pq)f,

dé(-)
dw

(14) =¢1+¢,=2(z"—p)q,.

The first term in equation (12) captures
two effects. A higher weapons stock in
country A increases the probability of catas-
trophe if either side initiates (— pg,) but
also therefore increases the risk associated
with initiating, making initiation less likely
to occur (z’q;). The second term in equa-
tion (12) captures the fact that a higher
weapons stock benefits country A in the

T
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Fic;URE 1. THE PROBABILITY OF SURVIVAL FOR
SYMMFTRIC WEAPONS STOCKS

event of conflict; thus, it is positive. Consid-
ering equation (13), note that the first term
is identical to the first term of equation (12)
and reflects the same intuition. A higher
weapons stock in country B is costly to
country A, however; hence the second term
in equation (13) is negative (since f, <0).

The behavior of ¢(-), evaluated at a
steady state (with w = 8W), is illustrated in
Figure 1 under the assumption of symmetry
across countries: w® =wP=w. At w=0,
¢(0,0) =1 because ¢(0,0)=0, z(0)= 0, and
£(0,0) = 0. That is, when neither country has
any weapons. conflict is certain but costless
because annihilation is impossible. Thus, the
probability of survival is unity. As w in-
creases, the danger inherent in any conflict
increases, but the likelihood of conflict falls.
The first effect dominates for low weapons
stocks; the second effect dominates at high
weapons stocks. The probability of survival
is also unity if agents never inttiate conflict
because the associated risk of annihilation
is so great. Specifically, let w be defined by
qgw/8,w/8)=1/p. Then z(qg)=1 and
¢(w /8,w /8) = 1. This possibility resembles
the doctrine of “mutually assured destruc-
tion” under which deterrence works per-
fectly because initiation of a conflict carries
too great a risk of annihilation.
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Figure 2 shows the partial derivatives of

&) [Tor arbitrary assumptions on the sec-
ond derivatives of ¢(+)]. Tt 15 casily con-
firmed that at w =0, z'(-) - p = — 1, imply-
ing that &, (<10, p.t-) <0, and ¢ (-)+
d,(-)-20. Figure 2 is drawn such that
Sl -0atmw -0 At w=w, 2'(:)—p=1
+a > 0. implying that ¢ () and b.(-) are
positive and cqual. From our assumptions
on fC-) and gt-), ¢ () lies strictly above
HS(-) for w < n. We thus divide the range
of w into four regions. In the region 0 < w
<w,. both ¢, and ¢, are negative. (Since
¢, may be positive tor all w, this region may
be empty.) For w) <w < w, ¢ 1s positive,
¢~ 1s negative, and their sum (b, + é,) is
ncgative. The function () attains it
minimum at w. where ¢, + ¢, = 0. In the
region W< W< w,. b, is positive, b, 18
negative, and their sum 1s positive. Finally,
tor w, <. <w. both ¢, and ¢, arc posi-
tive.
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Figurcs 1 and 2 are drawn such that ¢(-)
is single-troughed and ¢ (-) and ¢,(-) are
monotonically increasing in w; this is not
necessarily implied by our assumptions on
f(-) and g(-). as can be secn by examining
equations (15)-(18):

(15) &, = (= p)g,, +2all—pa)f,,

1 2"(q, ): —dapfiq,

(16) by, - (2 —p)g +2ail -pg) [,
+2"q,4; —2ap]q, ~2apfiqs
(- p)gppt2all - pg)
+ 2"q,4-
(17) &+ &y :2[(2' — gy ta(l—-pg)
X+ hat Z”(‘ll)z‘ 2“!’f|‘1|]
(1B)  oa= (2 - p)gp +2a(t — py) [

- 2"(q- )zf Yapfaqa.

From cquations (15)-(18), v}, ¢, and ¢,
can all be of either sign, as can the sum

(hy+ ¢!
B. Steady-State Equilibria

Our primary concern is with the equilib-
rium weapons stock and associated survival
probability. We thus let s(w) be implicitly
defined by the steady-state version of the
first-order condition (7):

~U'(e~s—-w)
tdp(w/8.w/8)V (sSRYR=10.

Increases i w increase the marginal utility
of first-period consumption; this effect tends
o increase saving. Below w, increases in w
decrease @(-), which tends to discourage
saving. the opposite is true above w.” Hence
s'(w) 15 negative below w and is of ambigu-
ous sign above w. '

"The eftects of changes in the survival probability on
saving 1in our model are the theoretical counterparts of
Joel B slemrod's (1986, 19901 finding that an increased
threat f nuclear war s associated with decreased
saving We consider the relationship between our re-
sults and Slemrod’s further in Section 1V

“’Sprcmcully« sw)=ta—wu+1120.
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The two first-order conditions can be
combined to yield

(19) é(-)/¢(-)=V'(-)R/V(+).

Steady-state equilibria for this economy can
be represented by graphing the two sides of
equation (19) as functions of the stcady-state
weapons stock, w. The right-hand side of
(19) is everywhere positive, and it slopes
upward if and only if s'(w) < 0.

Figures 3 and 4 illustrate the cases of a
single interior equilibrium and multiple in-
terior equilibria, respectively. For purposes
of exposition, we make the simplifying as-
sumptions that ¢(-)/¢ and ¢,(+)/ b are
increasing in w, and for diagramatic simplic-
ity, we draw them as linear. While a less
well-behaved function might divide the
range of w into more than four regions,
each region would still have the characteris-
tics of one of the four described above. The
equilibrium in Figure 3 is stable, as arc the
two outer equilibria in Figure 4."

Since the right-hand side of (19) is every-
where positive, an interior equilibrium is
not possible in the region 0 <w <w,. A
corner solution with zero weapons accumu-
lation is possible, however, if V'R /V lies
above ¢, /& at w=0 (Fig. 5), so that the
nonnegativity constraint on weapons accu-
mulation is binding. Note that if ¢,(0,0) <0,
then this corner solution must be an equi-
librium.

"Two distinct types of multiplicity may arise. First,
there may be multiple steady states, but the game
between countries may still have a unique equilibrium
at any given date. Such multiphcity can be attributed to
strategic complementarities between past generations’
accumulation decisions and the present generations’
decisions (¢, + ¢ ;> > 0) the more weapons that were
accumulated n the past. the greater the return to
accumulation in the present. The final steady state
then depends upon mtial weapons stocks. Alterna-
tively, there may be multiple equilibria in a given time
period, with the associated possibility of coordination
failure. For example, each country might devote a lot
of 1ts endowment to weapons simply because the other
is doing so, even if there is a better Nash equilibrium
with less investment in weapons. This possibility arises
if there are strategic complementarities within the pe-
riod (¢, > 0): the more weapons accumulated by one
country, the higher the return to weapons accumula-
tion in the other country. See Russell W. Cooper and
John (1988) for more discussion of strategic comple-
mentarities and coordination fatlures

T
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Fraure 3. A UNQUE STEADY-STATE
EotiLisrIium

V'RV

& I Q%Q

gl

/ !
Ficure 4. Mur tienr Steapy-Si1aie EounniBria

Another possible corner solution has
agents accumulating weapons to such an
extent that initiating conflict is never benc-
ficial and so will never occur because the
risk of annihilation is too great: that is,
weapons are accumulated up to w. In this
no-conflict cquilibrium, ¢, /¢ lies above
V'R /V at w=w, as is shown in Figure 6.
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Fiourr 6. A No-CoNt1 1T EQUILIBRIUM

Arms races, such as have been observed
throughout history, can be interpreted in
our model as a dynamic adjustment to a
steady statc with positive accumulation.
Starting from some weapons stock below
equilibrium, successive generations in c¢ach
country engage in weapons investment that
augments the weapons stock. Given one
country’'s investment in weapons, the self-
interest of the other country dictates that it
should also engage in investment. Such in-
vestment is socially counterproductive be-
low w, in the sense that symmetric changes

L e
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in weapons stocks simply decrease the sur-
vival probability without providing an ad-
vantage to either country. The consequence
is that, below w, each gencration bequeaths
a more dangerous world to generations that
follow. If the steady-state weapons stock
cxceeds w, then the post-w buildup actually
makes the world safer because of the deter-
rent cffect of possible annihilation.

IV. Comparative Statics

Now consider how steadv-state saving and
weapons accumulation are affected by
changes in the exogenous variables of the
modcl. In the following comparative-static
experiments, we restrict our attention to
symmetric interior stable cquilibria; thus we
consider the symmetric response of saving
and weapons accumulation to, for example,
an equal change in the return on storage in
both countries. That is, we analyze the ef-
fects on equilibrium of changes in the char-
actersstics of the world.'> Many of the re-
sults are ambiguous, reflecting the facts that
the etfective interest rate, &(-)R, is endoge-
nous cven though the return on saving is
tixed and that the assumptions of our model
place few restrictions on the second-deriva-
tive properties of ().

PROPOSITION 1: (i) Increases in the re-
turn o storage have an ambiguous effect on
saving and weapons accumulation. (i) If V(+)
is logarithmic, then increases in the return to
storage increase weapons accumulation but
still hare an ambiguous effect on saving.

PROOF:
(i) From (11),

ds 1

R E;E[(b~ u)(se -1y+sl(a —u)lz20
dw ] .

[ S0 — + s .

Jk AR[u(w D+ {(su+1D]20

" The comparative-static  results for the zero-
weapons and zero-conflict equilibria are straightfor-
ward, since the weapons stock does not respond to
small changes in the parameters.

N e s e )
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(ii) If V(-) is logarithmic, then sv =1 and

ds 1

aR " agltlamw]s0
dw B 1 (
T——ﬁ[g“(suﬁ—l)] > ().

When the return on saving rises, con-
sumption in old age is more attractive.
Agents can effectively shift consumption into
the future in two ways: by increasing future
consumption directly through saving, or in-
directly by accumulating weapons. An in-
crease in the return on saving increases the
value of consumption in old age, encourag-
ing agents to accumulate more weapons to
benefit from this higher consumption. For
w<w (a<0), this extra accumulation re-
duces #(-) and so reduces the effective
return on saving, thus discouraging saving.
For w > w, the saving response is ambigu-
ous. The ambiguity stems partly from the
familiar income and substitution effects. In
the special case in which V(-) is logarith-
mic, these effects cancel.

PROPOSITION 2: Increases in the deprect-
ation rate of the weapons stocks hatve an
ambiguous effect on saving and weapons ac-
cumulation.

PROOF:
From (11),
ds w b 120
75 3A [u(b-a)] 2
dw w b >0
d—g*g[“(“‘“ (r+u)]=z
Increases in & decrease the aggregate

weapons stock (i.e., dW /d§ < 0), affecting
both ¢ and ¢,, and thus a and b, respec-
tively. For w > w the probability of survival,
o(w /8,w /8), is increasing in w so that
a > 0. Additional restrictions are needed to
sign ds /d8 and dw /d3.

T
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PROPOSITION 3: [ncreases in the endow-
ment of the young have an ambiguous effect
on saving and increase weapons accumiula-
tion.

PROOF:
From (11),
s L[u(a—b)]%()
de A
dw l[u(l+§)]>()
de A
Increases in the endowment encourage

weapons accumulation. The effect on saving
depends upon how the increased accumula-
tion of weapons affects the implicit interest
rate ¢(-)R. If the cconomy is in the region
where weapons accumulation increases
world safety (w>w), then a>0, so the
increased accumulation raises the effective
return on saving and encourages saving. For
b > 0, however. increased accumulation in-
creases the marginal return on accumula-
tion (¢,), making saving a rclatively less
attractive way to incrcase expected old-age
utility.

PROPOSITION 4: [ncreases tn the return
to winning a conflict, «, have an ambiguous
effect on both saving and weapons accumula-
tion.

PROOF:
From (11).
dS l >¢)” 1 d)l(y( ) >()
— = - bh)— u—a
da A ] & (u=b) b, <
dw 1 [y, ¢,
_— n+ry——(u—)1=240
da L\{(f)l( v (” S)}<

since ¢, <O and ¢, 20

This result resembles that in Proposition 2,
reflecting the fact that changes in & and
changes in « affect agents’ decisions through
their effect on ¢(-). The resemblence is
apparent when it is noted that ¢, and &,
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play the same role as ¢ and b in Proposs-
tion 2

An mncrease 1« increases the hikelihood
of mitiation and hence reduces the survival
probability (i.c.. &b, <0). Such a change can
be interpreted as a decline in inherent world
safety. The increased likelihood of annihila-
tion has the direet effect of reducing saving,
consistent with Slemrod's (1986, 1990) find-
ings that the incrcased threat of nuclear war
15 accompanicd by a decrcase in saving.
Other tactors i our model can make the
overall impact of a change in « be of erther
stegn. however. In particular. changes in o«
have an ambiguous cftect on the marginal
return to accumulation (b, 2 () and so may
cencourage ot discourage saving through this
channel.

William Shepherd (1988) arguced that the
United States and the Gormer) Soviet Union
were mherently safe countries, in the sense
that ncither had much to gam from initiat-
ing conflict. He thercefore concluded  that
weapons accumulation i these countries
wis mnconsistent with the needs of deter-
rence  In our model, however, the ambigu-
ous cffect of a on ¢, permits high weapons
accumulation to arise 1n nherently safe
cconomies (when &, < 0). Nevertheless, of
decrcases m osatety inerease the return to
accumulation, so that &,, > 0, and if « - ¢
>0, then we find that weapons accumula-
tion is fower in sater worlds.

V. Weltare Analysis

One reason for adopting an overlapping-
generations framework is that 1t permits
explicit analvsis of intergencrational welfare
cflects In this model there are three dis-
tinct sources of externality. Fust, contempo-
rancous weapons accumulation in country
A affccts the weltare of agents in countiy B,
by its eftect both on the likelihood ot con-
flict and the expected gam from any conflict
that does occur Sceond, since weapons out-
last the agents who invest in them, the accu-
mulation decisions of previous generations
in country A aftect the weapons stock and,
henee. the utility of the curnient generation
i country A. FThird, the accumulation deci-
sions of previous generations of country A
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atfect the utility of the current generation in
countiy B These cxternalities differ de-
pending upon the cquilibrium  weapons
stock. The presence of externalitics leads to
the conclusion that the Nash equilibrium
may not be Parcto-cfficient

The only link between generations in this
model 15 through the effect of weapons ac-
cumulation, so the depreciation rate of the
weapoens stock, 8, provides a measure of the
extent of the intergenerational externality.
In part:cular, notice that il 6 =1, the link
between generations disappears, and there
Is no intcrgenerational externality; succes-
sive generations simply plav a series of un-
connected one-shot games The appropriate
magnitudc of & depends on how quickly
weapons become obsolete and on the length
ol a period.

A. Furst Best

The tirst-best symmetric outcome in this
mode! arises 1f a social planner can prevent
the initiation of conflict. At any positive
svmmatric weapons stocks, conflict is a neg-
ative-sum game by the assumptions on f(-)
and ¢{-). If the planner can entorce non-
initiation, morcover, there is no reason to
accumulate weapons, so 4 zero stock of
weapoens is first-best, We henceforth assume
that ronirutiation is never enforceable and
SO restrict attention to the effects of re-
source reallocations. Not surprisingly, even
in the absence of enforceable noninitiation,
the first-best symmetric allocation in this
modc! entails zero accumulation of weapons,
since this mmplies « survival probability of
unity. Complete multilateral disarmament
starting at some date 7 when agents pos-
sess positive weapons stocks [i.c.. setting
1 (7)=-1)in both countrics for all £ > 7] need
not be Parcto-improving, however. These
results are stated as Proposition 5.

PROFOSITION 5: (i) Zero weapons accu-
mulation (w =0) 15 a necessary condition for
ua first best symmetric equilibrium. (i) If w >
w(7)> 0, or if & 15 sufficently large, then
completr disarmament (w(Y=0VY t>7/ is
Paretc-improving; if w < w(7) and 8 is small,
compicie  disarmament widl be  Pareto-
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FiGURE 7. THE FIrsT-BEST EQUILIBRIUM

improving if and only if

Ule—w—s(w))+d(w/8,w/3)V(s(w)R)

>U(e —w(r)—s(w(7)))

+dw(r)/8,w(r)/8)V(s(W)R)

where s(-) indicates the optimal choice of
saving for a given w.

PROOF:

(i) Consider first any w’ > w as shown in
Figure 7. Then by the continuity of ¢(-)
there exists a w” <w such that ¢(w” /4,
w" /8)=¢(w' /8, w /8). At w”, the prob-
ability of survival is the same as at w=
w', but fewer resources are devoted to wea-
pons, so consumption is higher, and all
agents can be made better off. Now con-
sider w such that w>w > 0. Then a de-
crease in w increases the survival probabil-
ity and increases resources available for
consumption. By the continuity of ¢(-) and
#(0,0) =1, the first-best equilibrium occurs
at w=10.

(ii) If the initial weapons stock is below
w, then weapons depletion increases wel-

1
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fare, as noted in (i). If the initial weapons
stock exceeds w and & is small, disarma-
ment initially decreases world safety by en-
couraging initiation of conflict and so will
only be Pareto-improving if the resources
freed by nonaccumulation outweigh the cost
of a lower survival probability. In particular,
if & = 0, this must be true at w, which is the
condition stated in the proposition. If & is
large, however, the economy may “jump
over” the minimum point w; indeed, if § =1,
multilateral disarmament immediately
moves the economy to its first-best equilib-
rium.

The first-best equilibrium in this model is
identical to that in van der Ploeg and de
Zeeuw’s (1990) model. The overlapping-
generations framework, however, compli-
cates the welfare analysis of disarmament
because different generations are affected
differently. Proposition 5 illustrates one im-
portant conclusion of this paper: if prior
accumulation decisions have placed the
economy above w, then intergenerational
externalities complicate any attempts at
Pareto-improving disarmament (presuming,
of course, that weapons cannot be costlessly
destroyed).

As a straightforward corollary of Proposi-
tion 5, we note that if the economy exhibits
multiple symmetric equilibria in the range
[0,w], then these equilibria are inversely
Pareto-ranked by the stock of weapons.
Further, if the corner solution w =0 is an
equilibrium, then it is evidently Pareto-
superior to any other equilibrium. Hence-
forth, we abstract from the possibility of
multiple equilibria.

B. Pareto Improvements with
Intergenerational Transfers

Proposition 5 shows that disarmament
need not be Pareto-improving, since it may
be costly to early generations. Pareto im-
provements are generically possible if we
permit intergenerational transfers, but such
improvements may involve additional accu-
mulation of weapons rather than disarma-
ment. First, note that we can write steady-
state utility as a function of steady-state w
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as follows:
T(w) =U(e -w—s(w))
td(w/d,w /) (s(w)R)

where s(w) mdicates optimal saving., We
know trom Proposition 5 that this has a
global maximum at w = 0. Differentiating
and appcahing to the envelope theorem, we
obtain

T'myr=- U +[{d,+ )/ sV ()
=Ky d)
X[(hy t )/ bd =V RV ()]

using the first-order condition U'(-) =
HRV'(-).

If the cconomy is mitially in noncoopera-
tive equilibrium. then &, /== V'(IR /.

implying

Tw)y V(b 2 = 81/8+(hs/h)/o]

P (18
S KN (}’)1)( -—»—) t+ s
g - 0 -

The first term is the intergenerational exter-
nality arising from higher inherited weapons
stocks from both countrics. while the see-
ond term s the within-genceration across-
country cxternality, The intergencrational
externality 1s negative (i.e., higher weapons
stocks reduce the welfare of future genera-
tions) for w < w.and it 1s positive for w > w.
The within-generation externality is nega-
tive for w<Tw. and positive for w - w..
Since w, w. it follows that both externali-
tics arce negatne if the cconomy is in a
noncooperative equilibrium below w. Higher
steady-state weapons stocks in this region
arc thus assoctated with lower welfare. Con-
versely. both externalities are positive if the
cquilibrium entails a4 weapons stock in ex-
cess of wL . in which case higher equilibrium
weapons stocks are associated with higher
weltare. Propositions 7 and 8 in Scetion VI
show that. in both these cases. Pareto im-
provements are possible without intergener-
ational transfers.
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In the intermediate region, the intragen-
crational externality Is negative, but the in-
tergencerational externality is  positive.  If
T'(w) >0 at a noncooperative cquilibrium,
then the intergenerational externality domi-
nates, and higher stcady-state  weapons
stocks are associated with higher utility,
suggesiing that buildup of wcapons would
be Parcto-improving. Such a conclusion is
not quite night, however, becituse weapons
buildup imposes costs on current genera-
tions hut provides benefits to future genera-
tions.  As established in Proposition 6,
Parcto-improving buildup is possible if

b(1--8)+ . R=(b,+d (1-5)/5]

+é[1+(R-1)/8]>0.

This cxpression differs from T'(w) by the
additien of ¢,(R—1)/6 <0. A high return
to storage or a low depreciation rate thus
means disarmament may be Pareto-improv-
ing even if T(w) >0,

PROPOSITION 6: Assumc that the econ-
omy s dynanucally efficient (R > 1) and in a
noncocperative equilibruam (wN) with ¢, +
G0 and by <0 (ie, w <™ <w,) B
Pareto improvements are generically possible.

PROOFE:

We first show that if ¢ (1 -6)+ ¢d,R> 0,
then a small increase in weapons is Pareto-
improving with appropriate transfers, Let
W) =YV # () = w N b e e small.
Then, starting at date 7 + I, construct trans-
ters T40) from the young ol generation ¢ to
the old of gencration 1 —1 (i.e., a transfer
from youny to old at time ) such that the
cxpected utibity of generation ¢ —1 is un-
changad. Recall that

HW (- D)W+ 1))

=dB iyl - +w). Wil -8)+ w(t)).

Ry

Thesoe threo assumptions rule out the obvious
soutces of Pareto improvements. See Propositions 7
and ¥ fcr mor e discussion

B T LU T TN
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Take a Taylor-series expansion around w =
wNC and T(r + 1) = 0 of the expected utility
of generation 7. Using the first-order condi-
tions, the change in expected utility is then

b, () (e + (V' ()T(7+1).

Setting T(r +1) so that expected utility is
unchanged implies

T(r+1)==dy()V(-)e/d(-)V'(-)>0.
Generation 7 is made worse off by the extra
weapons accumulation of the other country
(¢, < 0) and so must be compensated when
old by the next generation of young agents.

Similarly, T(+ +2) can be defined so that

the expected utility of generation 7+1 is
unchanged:

(1 + ) (A=) (-)e-U'()T(r+1)
+ V' (T (7+2)=0
=(¢1+d)(1-8)V(-)e
—¢RV'()T(7+1)
+ oV (NT(r+2)=0
= [(d1+ ) (1=8)+ dR|V (- )e
+ ¢V’ ()T (7 +2)=0.
Likewise, T(7 +3) is defined by
(61 + ) (1= 8V (-)e =U'()T(7+2)
+ @V (IT(r+3)=0
= (b + )18V (- )e
—GRV'()T(r +2)
+ ¢V (HT(r+3)=0
={(¢,+ dD[(1=8)+(1—8)R]+ b, RP}V (- )e

+oV'(IT(r+3)=0.

T
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By repeated substitution, 7(r+ N) is de-
fined by

N
(dy+¢y) 2 (1-8)'RV "+ ¢>2RN}

n=1
XV(ye+dpV'(HT(r+N)=0

IN
= {(‘51+d)2) Z [(1‘8)/R]” +¢‘2}

n=1
X RNV( e+ dV'(H)T(r+ N)y=0.

As N -, and since (1 - 8)/R <1, the term
in braces tends to

(b +dy)(1-9)
R—(1-5)

+ ¢,

which is positive since ¢ (1—-8)+ @, R>0
by assumption. It follows that, at some date
7*, the transfers change sign; that is, mem-
bers of generation 7* — 1 make both a posi-
tive transfer when young to the old of gen-
eration 7 —2 and a positive transfer when
old to the young of generation 7%*.

Now set 7(t)= 0V r > 7*. The welfare of
all generations up to and including genera-
tion 7% —2 is unchanged by construction.
Generation 7% — 1 is better off since it does
not have to make the positive transfer at r*
that would leave its utility unchanged. All
future generations are also better off be-
cause they neither make nor receive trans-
fers but do inherit a larger weapons
stock. This pattern of transfers is thus
Pareto-improving. A similar argument holds
if ¢,(1-38)+ ¢,R <0; in this casc a small
decrease in w(r) is Parcto-improving.

Proposition 6 establishes that there is
some critical value of the weapons stock
above which Pareto improvements are (lo-
cally) possible by building up wcapons and
below which Pareto improvements are (lo-
cally) possible by reduction of weapons
stocks. This critical valuc is higher, the
higher the return on storage and the depre-
ciation rate.
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VL. Cooperative Equilibria
A. Cooperation Across Countries

Consider the possibility that members of
a given generation in countries A and B
cooperate. As in the earlier discussion., we
disregard the trivial case of a nonaggression
pact whereby agents agree not to initiate
conflict (note that such an agreement in
general will not be time-consistent) and re-
strict our attention to the cooperative choice
of weapons. We think ol such cooperation
as a verifiable arms treaty that neither re-
stricts future generations nor precludes con-
flict in the current period. We assume. in
keeping with our symmetry assumptions.
that both countries have equal bargaining
power. The problem faced by the two coun-
trics is to choose both their weapons stocks
to maximize (3) subject to (4) and (5), taking
as given the inherited weapons stocks in
both countrics. The first-order conditions
for an interior cquilibrium in this problem
arc

(200 -~ U () +d()V()R=0

(21 U )+ (g + )V () =0.
These first-order conditions are identical
to those from the original problem [cqua-
tions (7) and (8)], except that there 1s an
additional &.17(+) term in equation (21)
This indicates that the two countries inter-
nalize the intragenerational externality. The
intergenerational externality remains, how-
ever. We consider this case to be of particu-
lar interest since intragenerational external-
itics are intrinsically casier to internalize
than external effects across gencrations.
We now consider the possibility of a
regime change at time 7. That is, we sup-
posc that the cconomy is at a noncoopera-
tive steady-state equilibrium (w™) prior to
7, and that at all dates including and after
7, both countries cooperate on their choice
of weapons. Such a regime change could be
interpreted as corresponding to the end of
the Cold War. The following propositions
reveal that both buildup and reduction of
weapons stocks are possible responses and
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that disarmament nced not be Pareto-
improving.'*

PROPOSITION 7: If ¢, >0 at wNY so
that w >wN">w,, then agents in both
countries will choose cooperatively to build up
their stocks of weapons, either to an interior
equdibrium. wC, or to W. Such buildup is
Pareto-improving.

PROOF:

First consider accumulation to an interior
cooperative cquilibrium, w®, as illustrated
in Figure 8. let w(¢)= §Wir). From equa-
tion (2),

WA 1) =(1=8)w(r)+dw(t).

If, at time 1. wN <w(r) < w", then the
tollowing incquality holds:

bWt/ o.w(1)/d)+ ds(w(t)/8,w(t)/8)
b(Ww(t)/8)
Vi(s(w(t)RIR

V(s(w(r)R)

At date t. agents choose their weapons stock,
w(t), 10 equate (¢, + ¢,)/P and V'R /V,
where F(+) and ¢(+) are functions of w(z)
and the inherited weapons stock, wi(t), which
they take as given. If 8 < 1, then (¢, +
b-)/ ¢ responds less to changes in w(t)
than to chinges in steady-state w, implying
that the out-of-steady-state (b, + ¢,)/ ¢
passes through w(¢) and is flatter than the
steady state relationship. (In the limit as
& - 0, this curve becomes horizontal.) Also,
il & < 1. changes in w(s) lcad to a smaller
increase in ¢(-) than do changes in steady-
state w and so have a smaller effect on

T he analysis of Propusition 7 uses our assumption
that (b, + ¢V /b 1s upward-sloping If this relation-
ship slopes downward, but V'R /17 (for an individual
generation) stilt slopes upward, then the analysis 1s
almost «dentical. In this case individual generations
might choose weapons ivestment in excess ot w(‘, the
cooperadve cquihbrium, but the aggregale weapons
stock stIl will not exceed w'. 1f hoth relationships
stope dewaward. then we cannot rule out the possibil-
iy ol os llatory adyustment of the weapons stock.
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Figure 8. BuiL.pup TO AN INTERIOR
CoOPERATIVE EQUILIBRIUM

saving through this channel. As a conse-
quence, the out-of-steady-state V'R / V' ro-
tates through w(¢) and becomes steeper than
its steady-state counterpart. By continuity of
V() and ¢(-), it follows that

w(t) <w(t) <w®
S>w(t)<w(t+1)<wt.

If 6 =1, then there is no intergenerational
externality, and the out-of-steady-state and
steady-state relationships are coincident.
Thus,

w(t)=w(t+1)=w".

At the time of the regime change w(r)=
wNC. Therefore if 8 <1, the two countries
cooperatively build up their weapons stocks,
which asymptotically approach w®. If § =1,
the two countries move immediately to w¢.

Buildup to w is illustrated in Figure 9.
The analysis is similar, except that individ-
ual generations may choose investment in
excess of w, and so W is obtained in finite
time even if & <1. Buildup is Pareto-
improving since ¢, + ¢, > 0 for wN <w <

w<: a larger world weapons stock bestows a

T
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b1+ ¢
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Ficurr 9 Bunpur 1o A No-Conrricr
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positive externality on future generations.
Generations after 7 are better off since they
could always choose the same allocation of
resources as at the noncooperative equilib-
rium and benefit from the larger inherited
weapons stock.

If the economy is originally in equilibrium
above w,, then cooperation entails internal-
ization of a positive within-generation exter-
nality, so that agents choose to build up
their weapons stocks. When the within-
generation externality (¢,) is positive, then
so too is the across-generation cxternality
(¢, + ¢,)(1—8)/8]. The two countries thus
cooperatively agree to forgo more consump-
tion to make conflict less likely, and despite
the lower consumption, cooperation is
Pareto-improving. This result is reminiscent
of Garfinkel’s (1990) finding that adversarial
countries in a stochastic environment might
accumulate weapons in a cooperative equi-
librium. Her result obtains because, in gen-
eral, there do not exist punishments suffi-
ciently harsh to make not deviating from the
cooperative agreement incentive-compatible
in the absence of accumulation. Similarly,
cooperation that leads to disarmament nced
not be Pareto-improving, as established in
the following proposition.
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Fioure 10, Ri breTioNn oF WEAPONS STOCKS 10
AN INTH RIOR EouiIBRIUM

PROPOSITION 8: (i) If ¢, < 0 at wN and
w <wNC <w,, then agents in the two coun-
tries will choose cooperatively  to reduce
weapons stocks to an interior equilibrium or
to w = ). This reduction need not be Parcto-
improving. (i) If ¢, <0 at wN and wN* <
w. agents n the two countries will coopera-
tively cease all weapons investment and re-
duce weapons stocks to w = 0. This reduction
s Pareto-improving.

PROOF:

(i) Arms reduction to an interior equilib-
rium is represented in Figure 10; the analy-
sis is analogous to that in Proposition 7.
Since ¢, <0 at wN®, agents internalize a
negative intragenerational externality and so
cooperatively choose to reduce their
weapons stocks. Since wNC > w. ¢, + ¢, > 0,
and the intergenerational externality is
therefore positive. Disarmament in general
imposes costs on subsequent generations by
decreasing the survival probability and so
need not be Parcto-improving. Similar anal-
ysis applies for reduction of weapons stocks
to zero; in this case, arms reduction is ini-
tially costly to future generations but even-
tually bencfits them.

(i) Reduction of weapons stocks to zero
is represented in Figure 11. Since V'R /V
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) 1+ ¢
V'RV &
—. 3y [
|
|
|
|
' w
WC we /w

Fiouke 11 RFDUCTION OF WEAPONS STOCKS TO
an EoulBriuM WiTHouT WEAPONS
ACCUMULATION

is evervywhere positive and (¢, + ¢,)/ ¢ is
negative. generation 7 and all subsequent
generations immediately move to the corner
solution where w = 0. Over time, natural
depreciation of weapons allows the aggre-
gate weapons stock to decline asymptoti-
cally to zero. Below w, decreases in the
aggregate weapons stock increase the sur-
vival probability and so impose positive ex-
ternalities on subsequent generations. Dis-
armament s therefore Pareto-improving.

Any individual generation does not take
account of the effects of its actions on the
safety of future generations. Internalization
of the within-generation externality thus
need not be Parcto-improving for standard
second-best reasons: it worsens the across-
generation externality. Note, though, that
part (i) of Proposition 8 does not imply that
disarmament is never Pareto-improving even
if the noncooperative weapon stock exceeds
w. Firsy, if 4 ==1, then there is no intergen-
erational externality. Second, even if a gen-
eration after 7 is made worse off because it
inherits a lower weapons stock, it also bene-
fits from the fact that it in turn is able to

1 A i s A 5 Ol s e e e e
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internalize the intragenerational externality
through international cooperation: a coop-
erative choice of a smaller weapons stock
frees resources for consumption,

Our results are consistent with the model
of Intriligator and Brito (1984), which
demonstrates that a reduction of weapons
stocks may promote war rather than peace.'”
The buildup scenario is also consistent with
Intriligator and Brito’s (1984) finding that
buildup may increase world safety, and in
our model, it may increase world welfare as
well.

B. Cooperation Across Generations

Suppose that social planners in each
country choose the resource allocation for
their individual countries for all time, taking
the rules of international interaction as
given. This imposes within-country intergen-
erational cooperation while sustaining the
potential for international conflict. In the
setting of our model, this is perhaps less
plausible in that it requires internalization
of externalities between agents who are not
alive at the same time. It does however
allow for comparison with the infinitely-
lived-agent models in the arms-control liter-
ature.'® We analyze this problem as a one-
shot game in which a social planner in cach
country treats all generations symmetrically
and chooses a constant allocation of re-
sources through time. In this scenario, the
planners can ensure that their countries arc
dynamically efficient and will impose a larger
weapons stock on the world, as shown in
Proposition 9.

Recall that in our model. lower weapons stocks
are always associated with a greater likelihood of con-
flict, but a smaller probability of disaster should con-
flict occur. This is because the probability of annihila-
tion, g(-), 1s increasing in w, but the probability that
neither side intitiates, z(g), 15 mcreasing n g(-). The
trade-off between these two effects gives rise to the
behavior of the survival probability. ¢(-). as w varies.
In comparing our results to those of Intrihgator and
Brito (1984), we are interpreting “war’” in our model as
annihilation, not conflict.

Intergenerational cooperation also might be a re-
sult of altruism across generations, as in the literature
on Ricardian equivalence.
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PROPOSITION 9: If the intergenerational
within-country externality is internalized, then
goods will be stored only if storage is dynami-
cally efficient. If the economy is dynamically
efficient, the equilibrium weapons stock will
be higher than in the noncooperative equilib-
rium.

PROOF:
The planner for country A chooses w
and ¢° to maximizc

A

U(c*)y+ d(w™/8.wB/8)V (")
subject to

fR<1
ifR>1.

cr=e—c"—w
¢’=R(e—c*—w)
The first-order conditions vield

it R<1
if R>1

. dV'(+)
(22) U'(-)= SV )R

and

(23) Ut-y=a¢V(-)/s.

Equation (22) establishes that storage is only
undertaken if it is dynamically efficient, that
is. if R>1."7 If R <1, the planner achieves
the optimal allocation of goods through
transfers from young to old. The only dif-
ference between cquations (23) and (8) is
the 1 /8 in (23): ¢, /& represents the total
cffect on country A of present weapons
accumulation. As is clear from Figure 12,
the cquilibrium weapons stock given inter-
generational cooperation, w'C, exceeds the
noncooperative weapons stock, w™¢. "

VIt the planner discounts the welfare ot future
generations, ot 1t there 1s population growth, then this
condition 15 amended 1n the usual way

®3t, as can occur. V'R 7V s downward-sloping,
then 1t might seem that intergencrational cooperation
would reduce weapons accumulation In this case, how-
ever. the cquilibria being compaied are neither stable
nor unique

Copyright © 2001 All Rights Reserved



1'OL. 83 NO

Freors 12 AN Lovmisrie v Wirn
PNt G NERATIONAT L OOPE K ATION

Simce old agents” weapons accumulation
generates uncompensated benefits for young
agents in their own country, it is possible
that a social contract of the type proposed
by Laurcnce 1. Kotlikoff et al. (1988) could
be developed to induce cach generation to
accumulate  mote weapons.  Notice  that,
while this 15 weltarc-improving  from  the
perspective ol single country it may actu-
ally Tower world welfarc, Agam, this 1s a
second-best result.,

VII. Conclusion

In this paper we have developed a two-
country overlapping-generations model of
deterrence or conflict initiation. Qur model
cmphasizes the intergenerational ¢lement
of mternational tensions and so highlights
aspects ot arms accumulation rhat have re-
ceived little attention in the literature We
abstract, howcever, from some topics that
have received more attention i the litera-
ture. In particular, successive generations in
our model play one-shot games, removing
the scope for repeated-game phenomena.
such as reputation effects and punishment
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stratcgies. We suspect that real-world be-
havior is characterized by repeated games
with intcrgenerational externalities.

This paper follows in the tradition of the
literature in that we examine the arms race
m a two-country world. While such analysis
was cvidently appropriate during the Cold
War era, it is less so today Qur approach
remains uscful for a number of reasons.
First, the world may once again be domi-
nated by two superpowers in the future.
Sceond, and perhaps more importantly, our
analysis also can be applied o regional con-
flicts when devastation of both countries is a
pussible outcome. Morcover, our model
fends iiself to a multicountry generalization
with coalition formation: such an approach
may provide a useful framework for analyz-
ing present-day conflicts. Finally, a lesson of
our mocel is that, although the world may
no longer be dominated by two superpow-
crs, the legacy of the Cold War aflects cur-
rent decisions and current welfare.

Despite our cmphasis on  intergenera-
tional :fects, some of our results resemble
those of the arms-control literature with
infinitely-lived agents. We tind that arms-
control (reduction) arrangements can cither
increase or decrcase the possibility of inter-
national conflict and that international ar-
rangements leading to increases in interna-
tional weapons stocks are successtul both in
deterring conflict and in improving world
welfare. While we do find that having no
weapons is always better than having some
weapois, tewer weapons need not be bet-
ter, ¢ven if the reduction in weapons is
brought about by an international agree-
ment. Although apparently counterintuitive,
this result s firmly grounded in intergenera-
tional radec-offs: the immediate welfare im-
provements won by reducing the resources
devoted to defense may be accompanied by
uncompensated welfare losses on  future
generations, While the end of the Cold War
may bring a pcacc dividend, it does not
guarantee a safer world: current genera-
tions still bear the consequences of past
accumulation decisions. This we sce as a
cautionary tale for the preponents of the
“new world order.”
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