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MODELING THE US-SOVIET ARMSRACE ASAN
ERROR-CORRECTION PROCESS

Abstract

If two States are engaged in an arms race, then we expect to find their armament levels moving together
over timein equilibrium.  Such a“moving equilibrium” in US and Soviet armament levels -- or
cointegration, in econometric parlance -- represents a commonsense understanding of the superpower
amsrace. Most empirical investigations have started with this commonsense understanding and have
sought to reved the short-run action-reaction dynamic that generates this moving equilibrium in military
expenditures. But to hypothesize such an action-reaction processis to expect rather much from less-
than omniscient policymakers and their lumbering state bureaucracies, and the empiricd literature offers
little evidence to the contrary. The preoccupation with short-run dynamics aso neglects the important
long-run dimension of the armsrace. If the minimum condition for the existence of an amsraceisthe
co-movement of two dtates’ military expenditures over time, then it must be the case that thislong-run
equilibrium is maintained by one or both. Time-series anaysts have termed such behavior error
correction.

Our analysisindicates that Six pairs of time series -- Soviet military outlays and US service
requests, presidential requests, and congressiona authorizations in both current and constant dollars --
are cointegrated, suggesting that US and Soviet armament efforts maintained along-run equilibrium
relationship. That isthe pattern we usudly associate with an amsrace. But the relationship was not
symmetrica, for it was the US policymakers and not the Soviets who adjusted their defense budgetsin
the face of deviations from equilibrium. The superpower arms race appears from this evidence to have
been one sded: the Soviets acted, the Americans reacted. Relative to these long-run dynamics,
evidence for US reactivity in the short-runis sparse. Overdl, the impact of Soviet outlays on US
defense budgeting was mogtly indirect -- i.e,, to the extent that Soviet policy caused deviationsin the
equilibrium reationship, which US policymakers sought to correct.
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More than any other dimension of international relations, action-reaction processes (or "reciprocity™)
have occupied the modding efforts of scholars committed to the scientific study of world politics. And
of the action-reaction processes examined, surely no other has received more atention than the US-
Soviet amsrace. The preoccupation with the superpower armsrace is partly due to the fact that it
condtituted a basic ingredient of the cold war. But the preoccupation aso reflect scholarly frustration.
We al know, or think we know, that during the cold war the superpowers were engaged in an arms
race; yet it has been exceedingly difficult to demondrate thisvia datistica analyss of military
expenditure data. As Etcheson (1989: 3) has remarked: "The finding is that there is apparently no
military interaction between the world's two dominant military powers. Such aconcluson is genuingy
puzzling.”

In this paper, we discuss the different empirica characterigtics of an armsrace, and show that
thereisin fact evidence of aUS-Soviet aamsrace. This evidence is derived from afairly
graightforward statistical andlysis of military expenditure data, and without recourse to the
reconceptualizations, the use of control variables, or the sometimes tortured logic that scholars have
found necessary in order to arrive at the same conclusion. In particular, we employ an error-correction
gpproach, which is desgned to capture action-reaction dynamics operating in the long run as well asthe
short run. The former have often been missed in the empirica arms-race literature to date. Our
andysis sheds light not only on the short-run action-reaction processes typicaly investigated by arms-
race researchers, but aso the long-run equilibrium relaionship between US and Soviet military
expenditures and the process of adjustment in the face of disequilibrium.

We will not attempt athorough review of the arms-race literature here since this has been so
effectively done by others (see especialy Etcheson 1989; Intriligator and Brito 1989; Isard and
Anderton 1988). Instead, we begin with a brief overview of the theoretical notion of an armsrace, as
pioneered by Richardson, and the primary obstacles to operationdizing the arms-race mode in
empirica research. The Richardson framework is consistent with a reasonably sophisticated and multi-
faceted conception of an arms race, richer than its either its critics or existing empirica research would
seem to suggest. The error-correction methodology istruer to this framework than are other
approachesin that the theoretica concepts of equilibrium and reequilibration correspond to the
operational concepts of cointegration and error correction intime-seriesandyss. We detal a step-
by-step procedure for testing the cointegration of time series and for estimating error-correction
models, and then gpply these tools in our investigation of action-reaction dynamicsin US and Soviet
military spoending.

Unfortunately, despite the gppropriateness of the time-series methodology employed here, we
must equivocate in drawing conclusions about the nature of the US-Soviet asamsrace. The basic
obstacle preventing a balanced examination of the process is the unavailability of Soviet defense
budgeting data. 1t is during the defense budgeting process, and not at the point of actua expenditure,
where we expect to find the strongest evidence of reactivity to the defense expenditures of ariva. Until
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data on the Soviet defense budgeting process become available for the cold war period, we must resign
ourselves to essentidly one-sided examinations of the superpower arms race.

THE ARMSRACE MODEL IN THEORY

Richardson's basic action-reaction model is by now familiar to arms-race modelers and non-modelers
dike. Heimagined a process in which one sSde in a competitive relationship reactsto increasesin the
other sdesarms by increasing itsown arms. The only restraint on thisreaction is each Sde's redizaion
that there are diminishing margind returns on the investment in defense. For two rivals with armament
levesx and y, Richardson (1960) gave the process this mathematica form:

dx/dt * ky & ax % g

dy/dt " Ix & by % h [1]

That is, the rate of change in one sSde's armament levels rises with increases in the other Sde's
armaments (at arateindicated by "defense coefficients’ k and 1), while it falswith increasesinits own
armaments (at the rate of aand b, the "fatigue coefficients"). The fact that these two Saesareina
competitive reationship to begin with is represented by the positive congtants, or "grievance terms” g
and h.

An equilibrium exists where neither Sde feds it necessary to continue arming -- i.e,, where
dx/dt = dy/dt = 0. Here, the reaction functions are:

X" Ky% @ wheek "klaadd " ga [3]
y" Px% R wheelP " Ib and b~ hb [4]

The armament levels for each country, therefore, is alinear function of the arms held by the other (with
defense coefficients k! and I!' now deflated by fatigue coefficients aand b, respectively).! Assuming that
the grievance terms g and h are positive, a stable equilibrium exigsif k! '<0.2 Thisis represented
graphically in Figure 1a. The single line represents the minimum security requirements of oneriva date,
here the United States. The US wants to maintain its armaments at alevel equa to or exceeding g plus
some portion k! of the arms held by itsrivd, the Soviet Union. The Soviet Union, asindicated by the
double line, wantsto maintain its armaments at alevel equd to or exceeding h plus a portion I! of US
ams. An equilibrium exists where the two security linesintersect, at point E.

[Figure 1 about here]

Figure 1a captures two dynamics associated with an armsrace. Thefirsisashort-run
dynamic and isimplicit in the positive dope of each date's security line: if one date increasesits levd of
armament, the other state will react by increasing its own level of armament. The second dynamic isthe
long-run equilibrium which emerges when the two states engage in this short-run action-reaction
process. Maintenance of equilibrium in a competitive arms accumulation process requires that a
disturbance to this relationship be met by a process of adjustment whereby accumulation patterns return
to the equilibrium level (Figure 1b). In the case of a shock to the equilibrium relationship which moves
the outcome to point R, both countries find themsdves below their minimum security requirements. The
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United States and the Soviet Union each increase their armaments to levelsindicated by their respective
security lines, with the outcome being R.  The process continues through outcome R until the arms
accumulation process returns to equilibrium E. An andogous adjustment occurs when a shock to the
equilibrium rdationship resultsin an outcome a S, where both countries have accumulated armsin
excess of thelr security requirements.

Whereas the short-run action-reaction process suggests that increases in one Sde's armaments
have adirect impact on the armament level of the other, the notion of reequilibration suggests
something different. If adisequilibrium condition isthe result of, say, a positive shock in one Sdeésams
level, then the impact on the other Sdeisindirect in that the latter is reacting not to the increase in the
former's armament level per se, but to the development of adisequilibrium in their relationship. The
reacting state would respond smilarly if the disequilibrium was brought about by a shock initsown
amslevd.

Among the most frequently heard criticisms of the Richardson arms race modd isthat it is
mechanistic. While there can be no doubt that the modd is smplidtic in this sense, haunted by what
Etcheson (1989: 9) callsthe "ghost of mechanism,” most arms-race modelers have not been deterred
by such acharge. Indeed, the criticism may be somewhat misplaced. We generdly condemn "redl
world" arms races because one or both sides seem to be reacting to the armaments level of the other
gde without consdering that those armaments may reflect |egitimate security concerns, and without
consdering the security implications of the resulting arms spird. Statesmen are accused of failing to take
into account the strategic intentions of their counterparts, of reducing those intentions to cgpabilities. In
short, we condemn such patterns of arms accumulation for being, well, mechanistic. There may be
many things wrong with the Richardson modd, but its mechanigtic dimension would seem to be one of
the thingsthat isright.

Critics have aso pointed to the static nature of arms race models. Again, thisisavalid
observation, but it ismisplaced if directed a Richardson's theoretical model. The arms race model
highlights a dynamic process. A stable equilibrium exigts if certain conditions are met (i.e, if g,h >0 and
k! I <0), and forces are specified (reaction and fatigue) whereby equilibrium is achieved and/or
restored.®> The dynamic process envisioned here is avery smple one, to be sure, but the framework is
flexible. If, for example, each Sde became more sendtive to the aramsleve of the other, the security
lines depicted in Figure 1 would shift upward and outward, resulting in anew equilibrium point a a
higher level of armament (see Nicholson 1992: 175-177). In short, the basic Richardson framework
can accomodate both disturbances in equilibrium relationships and shifting equilibria. It does not,
however, specify precise mechanisms of re-equilibration. It is here where much of the second-
generation of arms-race research was focused, particularly in the application of control theory (eg.,
Brito and Intriligator 1973; Gillespie and Zinnes 1975; Gillespie et d. 1977).4

THE ARMSRACE MODEL IN PRACTICE

For arms-race researchers, empirical analysis of the US-Soviet arms race has been genuinely
frudrating. Hereisan action-reaction process that would seem to have a great ded of face vdidity, yet
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empirica estimation of reaction coefficients has dmost dways left researchers without scientific
evidence for what non-practitioners would consder fairly obvious. One conclusion has been that we
have so far failed to get the empirical mode specification just right, so subsequent efforts have
experimented with dternative functiond forms, control variables, empirical indicators, estimation
techniques, and the like (see Russett 1983). For instance, in one of more successful efforts to generate
empirica evidence for the US-Soviet ams race, Ward (1984), following the suggestion of Taagepera
(1979-80), constructs amode which includes a measure of weapons stocks in addition to the
traditiondly employed budgetary measures.

Another gpproach to empirical anomalies, particularly for those working within a choice
theoretic framework, has been to offer rationaist explanations for otherwise counter-intuitive findings.
Williams and McGinnis (1988: 980), for example, suggest that "rationa expectations completely
reverses our intuitive expectations of the satistica results that would be consistent with the occurrence
of anamsrace” They argue that dthough ariva date's previous military expenditures may have
affected another state's earlier expectations, the latter's current expectations have been updated on the
basis of previoudy available information. Past expenditures by ariva will not therefore be a good
predictor of a state's current expenditures because that information has aready been acted upon. More
recently, Oren (1996) has proposed a rather ingenious explanation for the negative reaction
coefficients reported in the empirica arms race literature: to wit, for any given leve of hogtile behavior,
abetter armed state will actudly appear less threatening than a more lightly armed state, for whom that
level of hostile behavior requires more exertion. In short, one cannot help but come away from the
literature with the conclusion tha empirical arms-race researchers have not wanted to believe their eyes.

Pitfallsin Empirical Arms-Race Resear ch

Russett (1983: 544) observed that "[t]he greatest number of early works assumed that the changein
one state's spending depends on the level of itsriva's spending in the preceding period.” While some
may have abandoned this assumption in light of afalure to produce empirica evidence of an amsrace,
the red effect of usng level datais likely to be "fdse pogtive' inferences, or type-ll errors. Setting
aside widespread intuition that the superpower engaged in an arms race during the cold war, if in fact
no such action-reaction process operated, ordinary least squares regression using non-gationary time
seriesmay well yield evidence of an armsrace. For instance, as we will show, the relationship between
US and Soviet military outlays was not an action-reaction process, but in bivariate regressons using
levels, the reaction coefficients are positive and statigticaly significant.> Both outlay series are integrated
of order one, and the regression of one non-gationary time series on another is most likely to violate the
OLS assumption of seridly uncorrelated residudss, with the consequence being unbiased coefficient
estimates but deflated standard errors for those estimates. The observed relationship is spurious, we
have committed atype-Il error.

For both conceptua and datistical reasons, many arms-race researchers have shifted to
difference models. As Russett (1983: 544) explains, "amarked increment in ariva's effort may seem
threstening even if the leved of therivd's effort islow,” while a decrement "may conditute a srong sgnd
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to cal forth comparable restraint from ariva.” Difference modds are not only conceptudly appeding
inthislight, they may dso offer a solution to the Satigticd inference problem just described. For
purposes of empirical estimation, the most basic formiis

X" G % (DY % <y [5]
DY ™ 8, % 8)X % <y [6]

where ) X, and )Y, represent changes in rivals military expenditures from the previous period; (, ad
8, ae congtants, (; and 8; are reaction coefficients, and <;; and <, are error terms.

Although differencing time series is a common procedure for achieving stationarity, we will
argue that it is not aways the best gpproach. If our theoretical mode specifies arelationship between
periodic changes in two rivas military expenditures (annud or otherwise), then estimating equations [5]
and [6] is of course gppropriate. But if our theory specifieslevels, and we estimate [5] and [6] only as
ameans of imposing stationarity on the data, then we may be led astray. Supposethat X, and Y; are
random walk series which do in fact derive from an action-reaction process. Regressing first
differences of one on firg differences of the other is equivaent to regressing one white noise serieson
another. Clearly, we will find no evidence of an amsrace. Asagenerd rule, modds estimated with
differenced series yidd inflated sandard errors, thereby undermining our confidence in the stability of
edimated coefficients. That is, differencing time series may remove a shared systematic component and
increase our chances of committing type-l errors.

AN ERROR-CORRECTION MODEL OF THE ARMSRACE

If two States are engaged in an arms race, then we expect to find their armament levels moving together
over time. While point E in Figure 1 captures the outcome a a given point in time, over aspan of time
we would observe a"moving equilibrium.” Time-series anadysts have termed this cointegration. Such
amoving equilibriumin US and Soviet aamament leves represents a commonsense undergtanding of the
superpower aamsrace. Most empirical investigations have started with this commonsense
undergtanding and have sought to reved the short-run action-reaction dynamic that generates this
moving equilibrium in superpower military expenditures (which, of course, is generaly considered much
too high and a sub-optima outcome for both Sdes). That is, the moving equilibrium is assumed while
andysis has focused upon whether the dopes of security linesin Figure 1 are indeed postive. Empirical
results have been frudrating, as we have mentioned. Regressons have often yidded Satigticaly
inggnificant reaction coefficients, or, worse, sgnificant oneswith negative sgns. The typica approach
to empirica testing, therefore, has been to estimate the direct effects of one state's military expenditures
on those of another.

Even in the absence of the sort of mistaken inferences associated with the use of nongtationary
time series, the preoccupation with short-run action-reaction dynamics neglects the important long-run
dimension of thearmsrace. In fact, given that these short-run processes occur in the context of along-
run process of equilibration and reequilibration, why should the sameincreasein, say, Soviet
expenditures eicit the same US reaction regardless of circumstances -- i.e., when there exigs an



6

expenditure gap in favor of the Soviet Union, when the gap favors the United States, or when thereis
rough parity? The quest for stable reaction coefficients would seem to require that we control for long-
run dynamics. What is more, even when a proper test of short-run dynamics has been undertaken and
the results found wanting, it is premature to conclude that one sde's military spending had no effect on
the other's. To hypothesize this sort of an action-reaction processisindeed to expect rather much from
less-than-omniscient policymakers and their lumbering Sate bureaucracies (Rgmairaand Ward 1990).
However, if the minimum condition for the existence of an arms race is the co-movement in two States
military expenditures over time, then it must be the case that this long-run equilibrium is maintained by
one or both. Time-series analysts have termed such behavior error correction. Error correction
impliesindirect effects to the extent that dthough one sat€e's increased military expenditures may have
perturbed the equilibrium relationship, the reaction of the other isto the resulting disequilibrium, to the
changed context, and not the to specific action which brought it about.

An error-correction model (ECM) alows for the estimation of re-equilibration parameters, as
well astrangent dynamics, and so it condtitutes a significant advance over existing empirica
approaches to ams-race modeling.® The methodology is borrowed from econometrics, where it is till
evolving. Politica scientists have been fairly quick to import the technique; yet there have been
relatively few gpplicationsin internationa relations and, as far as we know, no applications to the study
of aamsraces.” The notion of equilibrium is basic to an error-correction modd of the US-Soviet ams
race, and can be defined smply as a gate in which there is no inherent tendency toward change. When
equilibrium has broken down due to some outside disturbance (or "shock™), the magnitude of the forces
of reequilibration will depend on the degree of deviation from the equilibrium date at any given point in
time. Two or more phenomenain along-run equilibrium relaionship may experience periods of
disequilibrium, but if the equilibrium is stable, and if there are no further shocks, then the rdationship will
return to its equilibrium gtate. Operationdly, along-run equilibrium relationship is manifest in the co-
movement of time series. An equilibrium rdationship, f(X,,Y))=0, exigsif deviations from equilibrium,
,i/ T(X,Y;), condtitute a zero-median Stationary process -- i.e., the error term ,, does not exhibit
unbounded growth over time?

Cointegration, econometric parlance for co-movement, implies two or more integrated time
series. Anintegrated time seriesis one for which any given observation represents the accumulation of
al past disturbances. The effects of outsde shocks never disgppear. Anintegrated seriesis
nongationary in that there is no mean level to which it ultimatdy returns and its variance isinfinite (only a
longitudina sample has a mean and finite variance). Two or more integrated time series are
cointegrated if they share acommon stochagtic trend -- i.e., they "shadow” one another, never drifting
very far gpart. Some linear combination of these nongtationary serieswill produce another,
1= Y- (B0 + $.X), that isstationary. If there exists a" cointegrating vector," $, which yiddsa
dationary ,;, then we may conclude that the phenomena generating the integrated seriesare in an
equilibrium reaionship.

Evidence of cointegration may support the existence of our hypothesized arms race, but we
would like to know more. Who reacts to whom? Was the United States responding to Soviet
armament, or vice versa? Or wasit mutua? Error-correction modeing examines not only the long-
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term equilibrium relationship (the US-Soviet arms competition more generaly), but dso short-term
effects (the action-reaction process). Inits most basic form, an ECM can be represented as follows:

)Yt - T)Xt&l & "(Yt&l & *Xt&l & C) % "t [7]

Changesin Y areafunction of changesin X during the previous period plus the extent to which X and Y
were in disequilibrium during the previous period. The equilibrium error is{Y;; - *X.; - C}, withC
being the spread between the two series in equilibrium, while ** isthe rate at which a spread of more or
lessthan Cisreturned to C.

Consider a hypothetica example where policymakers in one state change their military
expenditures, Y;, by exactly the same amount as the previous year's change in their rival's expenditures,
X:.1, the only exception being that any deviation from a desired 50 unit advantage in expenditure levels
will be corrected at arate of 80 percent per year. Sointhisexample, T=1,"=0.8,*=1,andC=
50. Figure 2 shows the movement of the two series over 30 years, given agtarting value of 10 for X
and a 10 unit increase per year. Notice the two shocks and their effects. Inyear 11, instead of a10
unit increase, X jumps by 100 units. This creates a disequilibrium -- a spread of -40 instead of +50 --
which policymakersin the responding state seek to correct. But in the process of both matching their
riva's increase and adjusting their expenditures to correct the disequilibrium, they "overdo” it, creating a
spread of +122 in year 12, alarger advantage than they desire. The process of error correction
continues until expenditure levels are reequilibrated. The 50 unit spread has for the most part re-
materidized by year 15, dthough very smal adjustments continue to be made. The second shock, to
seriesYin year 21, involves a 100 unit increase in the responding state's expenditures rather than the 10
unit increase we expect given the riva's spending pattern. In our smple example, the rival is oblivious
to changes in the responding state's expenditures, so the shock has no impact on the movement of X.
The shock does create a disequilibrium that the responding state itself seeksto correct, and this has
largely been accomplished by year 25.

[Figure 2 about here]

In applying the error-correction methodology to the US-Soviet arms race, we do not
necessarily impose the same restrictions imposed on equation [7]. An ECM for Y takes this this generd
form:

p g
DAL jl MDY % jl S Xig1 & Mo N - [8]
| |

Here, changesin, say, US military expenditures, ) 'Y;, are afunction not only of past changesin Soviet
expenditures, ) X, but dso past changesin US expenditures, ) Y,;. Thisof course captures
Richardson's origind notion of "fatigue” or, dternatively, bureaucratic momentum (the difference
between the two being the sign of the coefficient).® We will want to leave open the possibility that
American policymakers do not redtrict their consideration to just last year's expenditures (whether US
or Soviet), so M; and S; represent blocks of coefficients on lags 1 through p and g of ) Yand ) X,
respectively. Findly, we add a congtant, |1, and use , ., to designate the previous period's equilibrium
eror. Asineguation [7], " indicates the rate of reequilibration. 1t dlowsfor the possbility thet in
addition to (or in the absence of) the direct effects of changesin Soviet expenditures, those
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expenditures may have indirect effectsin that changes in Soviet expenditures produce deviationsin the
long-run equilibrium relaionship to which US expendituresreact. Naturdly, we can mode changesin
Soviet expenditures in an anaogous fashion.

It isthe equilibrium error term in the ECM that improvesiits efficiency vis-avis dterndive
methodologies (e.g., vector autoregression). Failure to include such aterm may mean the loss of long-
run information, especialy when data have been differenced to impose Sationarity. On the other hand,
when seriesin levels are used to derive estimates, and when two or more of them exhibit co-movement
(i.e., share acommon stochastic trend), there will be afailure to impose the gppropriate cross-equation
restrictions and coefficient estimates will have nongtandard distributions (Engle and Granger 1987,
Phillips 1991). ECMs use differenced series, but incorporate long-run information via the equilibrium
error term. Durr (1992: 187) has remarked that "ECMs provide time-series with what may be a
golden mean between the two widdy used modding techniques that focus exclusvely on either levels or
changes."

DATA ANALYSIS
Military Expenditure Data

Most empirical models of the US-Soviet arms race have operationaized military procurement using
defense outlays. Outlays represent the actua spending of funds authorized for military programs and
activities These are the mogt readily available figures, particularly for countries other than the United
States, and when figures are not released by the government, as was the case for the Soviet Union,
outlays are eesest to estimate Since they are manifest in actud (and presumably observable) defense-
related activities. Military expenditure data released by the US Arms Control and Disarmament
Agency, which relies heavily on estimates made by the intelligence services, are outlays (see ACDA,
annud).

But actual expenditureisonly the last phase of arather prolonged budgetary process, at least in
the United States (Ostrom 1977; Mgeski 1983). Long before funds are spent, agencies of the
Defense Department submit their own budget requests (stage 1). These are adjusted and fit into the
overal budget submitted to Congress by the President (stage 2). Congress then authorizes the defense
budget, usudly after congderable haggling with the President and defense chiefs (sage 3). Only a
portion of defense outlays (stage 4) for any given fiscd year are funds authorized by Congress during
that same year. Outlays dso include obligations incurred during prior fiscd years. Prior obligations are
adggnificant share of the total, Snce major wegpons projects can take quite afew yearsto fully
implement. In fact, only about 75 percent of the funds authorized by Congress for procurement in any
given year will have been spent three years hence.® For the defense outlays as awhole, perhaps two-
thirds represent current-year authorizations, the remainder represents authorizations from previous
years.

These observations are relevant for the arms-race hypothesis. If abig chunk of current-year
military outlays are beyond the control of current-year policymakers (DoD, the President, or
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Congress), we expect that evidence of action-reaction dynamics will be weakest when thisindicator is
analyzed. The outcomes of each of the three earlier budgetary stages -- service requests, presidentia
requests, and congressiond authorizations -- are more likely to reflect US policymakers assessments of
Soviet armament patterns. It isimportant to note that action-reaction dynamics may dso be rdatively
week in Soviet expenditure data, given that our estimates of Soviet expenditures represent outlays. It is
not unreasonable to assume that a somewhat anadogous budgetary process gpplied to Soviet defense
procurement, even if we do not assume the existence of an autonomous legidative body like the US
Congress with power of the purse. We certainly want to hypothesize that Soviet policymakers
consdered US military spending patterns when formulating their own budget requests, but we need to
recognize that evidence for such action-reaction dynamics may be weak when andyzing Soviet
outlays Unfortunately, estimates of Soviet outlays are dl we have.

Wewill test for action-reaction dynamics in four pairs of time series: Soviet military outlays and
(1) US service requests, (2) US presidentia requests, (3) US congressiona authorizations, and (4) US
outlays. The series extend from 1948 to 1991.12

Data Transfor mations

Even casud ingpection of aplot of US and Soviet military expenditures in levels suggests strongly that
the two have moved together over time. The co-movement is most striking when comparing the series
in current dollars, but it is clear in the constant-dollar seriesaswell. Indeed, there is no consensus
among arms-race modelers as to whether current- or constant-dollar series are most appropriate when
testing the arms-race hypothesis. In defending their requests for budgetary increase, US Secretaries of
Defense have often referred to congtant-dollar trends in US and Soviet military spending, which shows
awidening Soviet lead throughout the 1970s. The gap is much less pronounced when viewing the
current-dollar series. However, it is generdly the case that the US defense budget is proposed,
debated, authorized, and spent in current terms, even though some policymakers may take into account
congtant-dollar trends (Ostrom 1977). Since the issue remains unresolved, we conduct our analyses
using both current- and constant-dollar series. We convert to constant dollars using a price deflator
congtructed specificaly for the costs of military goods and sarvices®®

In order to capture the long-run equilibrium relationship between US and Soviet military
gpending, we estimate cointegrating regressons. This requires both that the series be integrated and
that they be integrated of the same order, usualy 1(1). Most of the raw serieswe examine here are in
fact 1(1), but Soviet expendituresin current dollars happen to be [(2). A logarithmic transformation of
that series diminates the quadratic trend yielding a series which much more closely resemblesthe
random walk needed for cointegration analyss. Fortunately, a cointegration relationship between series
in levelsis preserved when the series are log tranformed. In fact, it has been suggested that it iseasier
to detect linear equilibrium relaionships among seriesin logs than seriesin levels (Granger and Mizon
1993: 192-205). Since we must transform current-dollar Soviet expenditures to obtain al(1) series,
we gpply alogarithmic transformation to al other seriesaswell. Thisentails no loss of information and
thus preserves the integrity of our inferences.
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Testing for Integration and Cointegration

To restate, an error-correction modd treats changes in each series as a function of lagged changesin
that seriesand al other seriesin the system, plus the previous period's equilibrium error. (The system
of interest to us congsts only of two phenomena, US and Soviet armament.) It isthe inclusion of the
prior equilibrium error (,,., from equation [8]) which distinguishes the ECM approach from vector
autoregression (VAR), an increasingly common time-series methodology in internationd relations
research. In essence, ECMs incorporate long-run information that VARS miss (Granger 1988). Engle
and Granger (EG) propose a two-step procedure for estimating an ECM (Engle and Granger 1987).
Firdt, Ordinary Least Squaresis used to estimate a cointegrating regression of the form:

YT S0 % SX % [9]

This generates a condgstent estimate of the cointegrating vector, $, so that we may test whether the
equilibrium error seies, ,,, issaionary. If so, then we may conclude that X and Y are cointegrated and
that one or both phenomena can be modeled as an error-correction process. In the second stege, the
estimated , ., dong with lagsof X and Y are used to estimate the full ECM .24

Before estimating the cointegration regression, we want to confirm that our seriesare(1). To
test for the presence of unit rootsin our series, we use the Dickey-Fuller (DF) and Augmented Dickey-
Fuller (ADF) tests. The Dickey-Fuller test involves regressng a seriesin firgt differences on itslagged
levels and testing for agatistically sgnificant and negetive coefficient, the presence of which impliesan
autocorreation parameter less than one and alows usto regject the null hypothess of a unit root in
levels. If the resduds from the DF regresson are seridly correlated, the coefficient esimate is
inefficient and it becomes necessary to include lagged dependent variables (i.e., firg-difference terms)
as regressors. Thisisthe Augmented Dickey-Fuller test. The top panel of Table 1 shows the results of
the DF and ADF tests for each of our log-transformed seriesin levels™® Notice first that the results of
the two unit root tests are consistent for al expenditure series in both current and congtant dollars. The
DF regression for US outlays in current dollars showed evidence of autocorrelation in the resduds, so
our inferences are based on the ADF test. With the exception of constant-dollar US outlays, al series
show evidence of nongationarity in levels.

[Table 1 about here]

Sinceit is possible that nongtationarity derives from a deterministic time trend, we want to
distinguish between difference dationary and trend stationary series. The middle pand of Table 1
reports the results of atest suggested by Durlauf and Phillips (1988). The R? and Durbin-Watson
gatigtic are from aregresson of each seriesin levels on atime plusacongtant. A high R indicates a
time trended series (following Nelson and Kang 1983, the rule of thumb for "high" is R2 > 0.44). A
high Durbin-Watson (DW) datigtic, as confirmed by a Lagrange Multiplier (LM) test, will suggest that
the regression is spurious. So dthough the Resin Table 1 are high, the LM gatigtics indicate that all
regressons on time are spurious, alowing us to rgject the hypothesis that these series are trend
dationary. We are now amogt at the point of concluding that our series, with the exception of US
outlaysin congtant dollars, are 1(1). If that isthe case, then the seriesin firgt differences will be
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gationary. The bottom panel of Table 1 showsthe DF and ADF results for the differenced series.
They are dl sationary in firdt differences® In short, based on the results of unit root and trend
dationarity tests, we conclude that dl but one of our time series are integrated of order oneand that it is
sensible to move to the first step of the EG two-step procedure.

[Table 2 about here]

Note firgt that congtant-dollar US and Soviet outlays cannot be cointegrated because the
former isgationary in levels. We therefore conduct our tests by estimating cointegrating regressons
(equation [9]) for seven pairs of series, treating US expenditures as the endogenous variable. The
results are reported in Table 2. It would appear from the cointegrating regression estimates that the
relationships between Soviet military expenditures and the various indicators of US defense budgeting
are Satigicdly sgnificant.!” The DF and ADF statistics are for the residuals from the cointegrating
regressions and are Similar to those used to test the integration of the expenditure series’® In three
cases, our inferences must be based on the ADF tests since the residuals are autocorrelated. We
conclude from the unit root tests that Six of the seven pairs of series are cointegrated: there was a long-
run equilibrium relationship between Soviet military outlays and US defense budgeting (service
requests, presidentia requests, and congressond authorizations). Thisis evident in both the current-
and congtant-dollar series. However, we cannot regject the null hypothesis of no cointegration between
Soviet and US outlays.

Congtructing and Estimating the Error-Correction Mode

Having established the existence of an equilibrium relationship between US and Soviet armament, we
have essentidly confirmed gatistically what scholars and policymakers consdered abasic (and fairly
obvious) ingredient of the cold war: the superpower aamsrace. Still, we have not examined the action-
reaction process which is presumed to have maintained that equilibrium reationship. Most assume that
the arms race was an outcome of areciproca dynamic, but partisans may like to attribute to one or
another sde primary responsbility for the arms race -- by provoking the other with an excessve arms
buildup, or by reacting unreasonably to alegitimate buildup. Any conclusion regarding the precise
nature of the action-reaction dynamic requires estimation of an error-correction mode.

Prior to specifying the find ECM, Engle and Granger (1987) suggest preliminary testing via
unrestricted VARs of the form:

p
AL EOARN RO
!

| &1 t&1 % >Xt&l % "t [10]

_'hl he]

Both and short- and long-run processes are represented here. Estimated coefficients A, indicate
whether lagged changes in a state's military expenditures have an effect on changesin itsrivals
expenditures, thus approximating short-term arms-race dynamics. The gatigtica sgnificance of the A,
should be examined as a block since collinearity among multiple lagsislikely to midead inferences
based on individua coefficient etimates. Estimates of coefficients O and > on the lagged equilibrium
variables should shed some additiond light on the long-run relationship implied by the cointegration
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tests. For ingtance, if Y represents US expenditures and X represents Soviet expenditures, a positive
and gatigicaly sgnificant estimate of > reinforces our previous finding regarding the co-movement of
the US and Soviet series. A negative and datigticaly significant estimate of O conditutes preliminary
evidence that US budgeting included an error-correction mechanism.

[Table 3 about here]

Table 3 shows estimates from Sx VARs. Examination of the resdua series from preiminary
runsindicated that inclusion of two lags of the difference variables was sufficient to diminate
autocorrelation (i.e, p = 2). The estimates for lagged levels of US and Soviet expenditures are
consgtent across the Sx VARs (columns 6 and 7). The positive and datistically sgnificant estimates for
Soviet outlaysin each of the US budgeting equations supports the co-movement hypothes's, which was
aso supported by the cointegration results. The negative and significant estimates for US spending in
these same equations suggests that US policymakers tended to correct for deviations from the
equilibrium relationship, and therefore that the US budgeting series should be represented as error-
correction processes. Notice that neither US nor Soviet expendituresin levels are found to be
datidicaly sgnificant in any of the Soviet outlays equations. Linear combinations of the equilibrium
variables had no impact on changesin Soviet outlays. Here we have our first bit of evidence that the
superpower arms race was one-sided.*®

In moving on to examine short-run dynamics, we can now set asde the equations for Soviet
outlays, which isfound to be (weakly) exogenous to US service requests, presidentia requests, and
congressiond authorizations in both current and constant dollars. We focus our attention on the US
spending equations. Table 4 reports the results of tests of joint significance for the two lags of US and
Soviet spending in firgt differences. The second column of F values provides evidence that last year's
changesin US service requests and congressiond authorization " Granger cause” current year changes.
The joint Sgnificance tests do not suggest that lagged changesin Soviet expenditures have had a direct
impact on changes in US budgeting (with the possible exception of US presidentid requests, where the
F vaueis gatigticaly sgnificant a the 0.10 level). These results seem to indicate that Soviet outlays did
not generaly have a direct impact on US budgeting in the short-run, but rather that the trangent
dynamics were dominated by bureaucratic momentum.

[Table 4 about here]

The VAR results inform the specification of our error-correction models. Fird, to reiterate, we
need not specify an ECM for Soviet outlays since the VARs yield evidence of error-correction
dynamicsin US defense budgeting only. Second, we are now able to place severd redrictions of the
generd ECM modd (equetion [8]). The models are specified asfollows:.

Service Requests IV B0 Ny D Yypeq 0 Npp) Yy & gy 0 =gy [11]
Presidential Requests (current) DY ~ b & o0 %oy [12]
Presidential Requests (constant) DYz ~ Mg % T3 ) Xge1 % T3) Xy, & "3a501 % -3 [13]
Congressiona Authorizations Yo T M % NaD Yoo % NaodVoon & "asnon % -0 [14]
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The equations for service requests and congressiond authorizations (in current and congtant dollars)
include lagged endogenous variables to capture the effects of bureaucratic momentum. Only
presidentia requestsin congtant dollars are modeled as a function of lagged changesin Soviet outlays.
All 9x US series are modeled using a constant and, of course, alagged equilibrium error term, |, ..1.
Whereas the VARs for US budgeting suggest the existence of an error-correction process, given the
negatively sgned and satigticdly sgnificant coefficient estimates on lagged US budgeting in levels, our
fina judgment regarding the nature of reequilibration rests on an examination of the estimated **
coefficients from equations [11] through [14]. These estimates indicate the rate a which US
policymakers correct for deviations in the equilibrium relaionship between US and Soviet armament;
therefore, 0< " < 1.

[Table 5 about here]

Edtimates from the sx ECMs are reported in Table 5. We see from the last column of
edimates that each of the six US defense budgeting series exhibit an error-correction mechanism.
The ™" coefficient esimates are negatively Sgned and datigticdly sgnificant, as predicted.
Reequilibration appears to have occurred most rapidly in the case of US service requests, with
deviations in the equilibrium relationship corrected at the rate of 68 and 75 percent per year (current-
and congtant-dollar series, respectively). Error correction in presidentia requests and congressiona
authorization occurred at rates from 38 to 65 percent per year. The somewhat faster correction rates
for service requests may reflect fewer competing interests involved a that stage of the defense
budgeting process. The President and then Congress must Stuate defense spending dongsde alarge
array of (mostly) domestic programs, so we should not be surprised to find that presidentia requests
and congressiond authorizations are not quite so sendtive to deviations from the long-run equilibrium.

Asfar astransent effects, notice that of the four series exhibiting short-run momentum and/or
fatigue effectsin the VAR andyds, only congressond authorizations in current dollars exhibit the same
when modeled as an error-correction process. Taken together, lags of congressional authorizationsin
firg differences have a saidicdly sgnificant impact on current-year authorizations and, judging from
the negatively sgned coefficient estimates, the short-run effect being captured here is fatigue and not
momentum. As arepresentative body, the US Congress is presumably not driven by bureaucratic
momentum, at least on the matter of military spending. Findly, recal that the VAR results suggest that
only the ECM specification for US presidentia requests in constant dollars should include lagged
changesin Soviet outlays. The F test does indeed indicate that the short-run impact of Soviet outlays
was datigticaly sgnificant, with coefficient estimates being pogtive as the asams-race hypothesis
predicts. Military service requests probably reflect more a preoccupation with respective bailiwicks
and less adesire to match Soviet spending increases in the aggregate®® 1t is the Secretary of Defense
who is more likely to be sendtive to changes in aggregate Soviet spending, and his influence is most
potent when the President is preparing budget requests for Congress.
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CONCLUSIONS

The superpower arms race condisted of both long-run and short-run dynamics. Six pairs of time series
-- Soviet military outlays and US service requedts, presidentia requests, and congressond
authorizationsin both current and congtant dollars -- exhibited evidence of cointegration, which
suggests that US and Soviet armament efforts maintained along-run equilibrium relaionship. That is
the pattern we usudly associate with an armsrace. But the relationship was not symmetricd, for it was
the US policymakers and not the Soviets who adjusted their defense budgets in the face of deviations
from equilibrium. Each of the x US budgeting series, but not Soviet outlays, manifest an error-
correction mechanism. The superpower arms race appears from this evidence to have been one sided:
the Soviets acted, the Americans reacted. Relative to these long-run dynamics, evidence for US
reectivity in the short-run is parse. Only presidential requests in congtant dollars were a direct
response to previous changes in Soviet outlays. Overdl, then, the impact of Soviet outlays on US
defense budgeting was mostly indirect -- i.e., to the extent that Soviet policy caused deviaionsin the
equilibrium relationship, which US policymakers sought to correct.

Asymmetry in US and Soviet behavior is afinding which has surfaced in other sudies, including
severd employing time-series methods. In their examination of reciprocity, Ward and Rgymaira (1992:
354) conclude that "U.S. conflict behavior during [the 1948-1988] period was afunction of the conflict
it received from the Soviet Union," while "the Soviet Union did not pay much attention to the level of
conflict it recelved from the United States"" Two of three datasets andyzed by Goldstein and Freeman
(1990: 74-76) suggest that although the United States reciprocated Soviet behavior (conflictual and
cooperdive), the Soviet Union did not react smilarly. Action-reaction dynamics have aso been
examined in superpower ams transfers to the Third World. Kinsdla (1995) reports evidence that US
arms-transfer policy was reactive to Soviet transfers to South Asa, the Middle East, and the Persian
Gulf, but that only in the latter region was reactivity mutua (see dso Kinsdla 1994). So the quantitative
empiricd literature on US-Soviet relations would appear to suggest that the one-sided nature of the
superpower arms race is not unprecedented when considered in a more genera context.

We do not wish to rush to that conclusion, however. Infact, our test of the arms-race
hypothesisis biased againgt finding Soviet reaction, or error-correcting behavior, for reasons we
dluded to above. The only Soviet military expenditure data available represent estimates of Soviet
defense outlays. We need only assume a rough similarity between the US and Soviet defense
budgeting process to hypothesize that Soviet outlays were weakly corrdated with US defense
budgeting. In the Soviet Union, expenditures approved for procurement were no doubt spread over
the course of afew years or more, as they were (and are) in the United States. Therefore, actual
outlaysin any given year were probably not as sendtive to externd forces like changesin US defense
gpending, or to shocks to the long-run equilibrium in the two states armament levels. We were not
terribly surprised to find that US and Soviet defense outlays did not maintain along-run equilibrium
relationship (i.e., were not cointegrated), given the lesser degree of discretion exercised by US
policymakers on the matter of current-year outlays versus requests and authorizations. We can
reasonably assume the same for Soviet outlays. Without data on Soviet defense budgeting, as
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opposed to (estimates of) actua expenditures, we are ill-equipped to fully examine arms-race
dynamics.

It is somewhat ungratifying to conclude yet another sudy of the US-Soviet arms race without
having presented definitive quantitative evidence as to its precise nature. But the error-correction
methodology has dlowed usto zero in on what is perhaps the last impediment to a balanced and
parsmonious empirical modd of the arms race: Soviet defense budgeting data. We have been ableto
mode the long-run as well as short-run dynamicsin the US and Soviet expenditure datawe do
possess, and have thereby undertaken a more complete andysis than earlier studies which restrict
themsdlves to one or the other (usudly the laiter). At the same time, the modd is quite parsmoniousin
the sense that arms-race dynamics have been captured in expenditure data aone, without recourse to
more complex indicators of US and Soviet defense efforts or various other control varigbles. Action-
reaction dynamics are right there in the US defense budgeting data; the error-correction methodol ogy
has brought them out. We suspect that action-reaction dynamics may aso be there in the Soviet
budgeting data, but that must remain aworking hypothess.
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ENDNOTES

1. While this basic action-reaction modd has received the most anaytica and empirica scrutiny inthe
literature, Richardson aso proposed some variants of thismode. In his"rivalry modd,”" the defense
coefficientsk and | gpply not to the absolute arms level of the opponent, but rather to the armaments
gap obtaining between the two sdes. His"submisson modd" includes an additiona term for the
tendency of one sdeto "back off" in the face of a widening armaments gap in favor of its opponent.
See Etcheson (1989: 32-35).

2. A somewhat more elaborate discussion of these matters can be found in Intriligator and Brito (1989).

3. Themode is consstent with other patterns aswell, in which equilibria are either ungtable or
nonexigtent. If, for example, both sides recognized that the other had security concerns unrelated to
their own rivary, the grievance terms g and h would in essence become negative. Even when disarmed,
each sde tolerates some amount of arms possessed by the other. In Figure 1, it isasif the two security
lines were switched. Point E is4ill an equilibrium, but it is ungtable: a disturbance in the reaionship to,
say, point Swould lead to an explosive arms spiral. See Nicholson (1992: 171-175).

4. Asagenera modd of the arms accumulation process, the Richardson framework is of course far
from adequate. The fatigue component notwithstanding, there is no red attempt to represent the
internd bureaucratic dynamics at work in determining astate's level of military spending (see especidly
Ostrom 1977, 1978 and Mgeski 1983). Although thisis perhaps the modd's most serious limitation,
other characteristics of the externd action-reaction dimension of arms accumulation are not explicit in
the modd -- e.g., time lags between reactive budget alocations, nonlinear relationships, etc. On the
other hand, these would seem to be empirical issues and best not incorporated into a theoretica model
until it has been confirmed that they characterize most "red world" armsraces (and in what form). The
empirical study of arms races has not yet yielded confident observations on these matters.

5. Theresults of datistical exercises, such as this one, aluded to but not reported in this paper may be
found in Chung (1996).

6. The error-correction methodology is detailed in Engle and Granger (1987). For areview of the
technique in the context of politica research, see the symposum in Political Analysis, volume 4,
especidly articles by Ostrom and Smith (1992) and Durr (1992).

7. One patid exception isastudy by Kallias (1996) examining Greek military expendituresin the
context of the Greek-Turkish rivary. While the analyss does show evidence of an error-correction
mechaniam in Greek military expenditures, the equilibrium relaionship being maintained involves more
that Turkish military expenditures (i.e., Greek GDP). Koallias (1996) does not examine Turkish
expenditures for error-correction behavior. An error-correction modd is aso employed by Rgmaira
and Ward (1990; see d'so Ward and Rgimaira 1992) to investigate the nature of reciprocal behavior
between the United States, the Soviet Union, and China during the cold war, but the focus hereis on



17

cooperative and conflictual behavior generdly and not defense spending. The arms-race literature
which incorporates notion of feedback and control shares a basic conceptuad eement with the error-
correction gpproach. One such empirica study is Desai and Blake (1981).

8. Notethat for any two stationary time series, ,; isa dationary process and thus the phenomena will
appear to bein equilibrium, even if they arein fact unrdlated. Under these circumstances, ,; provides
no red information about the relaionship. For nongtationary time series, deviations of the form , =Y;-
bX; condtitute a nongtationary process whenever the observed relationship, b, does not equa the true
relationship, $. Only the true rdationship yidds agationary ,;. See Granger and Mizon (1993: 2-5).

9. Including lags of the dependent variable as regressors dso serves to minimize the degree of serid
correlation in the error term, which would otherwise attenuate the standard errors of the estimates and
increase the likelihood of erroneous inferences. Use of lagged dependent variables is sometimes
frowned upon as atheoretical, but in the case of arms-race modeling there isin fact atheoretical
judtification for this sort of specification.

10. The Congressional Budget Office has reported that, for the United States, "on average, $1
authorized for defense procurement produces only about 12 cents of actua outlaysin the first year.
Outlays grow to 37 cents in the second year, 30 centsin the third year, and then tail off" (quoted in
Chan 1985: 427).

11. It would be reasonable to suggest, however, that the lack of an autonomous legidative body meant
that service requests were more likely to be reflected in Soviet military budgets than was the casein the
United States. Still, dthough that implies a higher correlation between service requests and outlays, it
does not change the fact that a significant portion of Soviet current-year outlays are likely to represent
funding authorizations made in previous years, asin the United States.

12. Soviet outlays from 1967 are assembled from issues of ACDA's World Military Expenditures
and Arms Transfers (U.S. Arms Control and Disarmament Agency, annud); estimates prior to thet are
reported in the DoD's Annual Report to the President of the United States, fisca year 1978 (U.S.
Department of Defense 1977: 12-26). US service requests are compiled from various issues of the
DoD's Annual Report; both presidentia requests and congressiond authorizations from Congressional
Quarterly Almanac, 1948-1991; and US outlays from Historical Tables: Budget of the United
Sates Government, fiscal year 1994 (Executive Office of the President, 1993).

13. The military price deflator is released by the Bureau of Economic Analysis of the Department of
Commerce. Despite the availability of this deflator, it is somewhat surprising to find researchers using
such dternatives as the consumer or producer priceindex. Although some of the increase in the costs
of military goods (and services) is certainly due to increases in unit codts (i.e., inflation), increasesin
wegpons costs a0 reflect quality improvements. We therefore want a deflator which attemptsto
exclude quaity improvements from red priceincreases. The military price deflator doesin fact show a
flatter trend over time than, say, the CPI. Interestingly, when Defense Secretary Caspar Weinberger
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sought to emphasize to Congress the growing gap between Soviet and American military spending, he
chose to report figures converted to constant dollars using the CPI. That suggested a growth patternin
US expenditures somewhat flatter than what would have been the case if the military price deflator had
been used. Obvioudy, the CPI better served the Secretary's purposes. See the Defense Department's
Annual Report to the Congress of the United State, fiscd year 1984 (DoD 1983: 20).

Because our data for Soviet expenditures are estimates made by US intelligence services rather
than figures released by the Soviet government, we apply the military price deflator here aswel. We
should also acknowledge that there is some debate surrounding the procedures used to estimate Soviet
military expenditures, including cost increases (see Prados 1982; Noren 1995). Nonetheless, these are
the only data that are available over the entire time period of our sudy. The Stockholm Internationa
Peace Research Indtitute stopped trying to estimate Soviet military spending from 1986 (SIPRI 1987).

14. Some analysts have questioned the necessity of the first step of the EG two-step procedure. Beck
(1992) argues that the sorts of series examined by palitical scientists (as opposed to economists) are
not likely to be random walks, or "long memoried,” and that it is difficult to distinguish between
gtationary and integrated processesin any case. Series which appear to be stationary by standard unit
root tests may nonetheless be long memoried (with roots close to but less than one). Therefore,
according to Beck, we should not be deterred from estimating an ECM (second step) smply because
our series do not pass the cointegration test. If they are long memoried, an ECM is gppropriate. In
fact, Beck suggests proceeding directly to the second step of the EG two-step procedure. Instead of
including the equilibrium error series from the cointegrating regression in the ECM, we may smply
examine the estimated coefficient from the once lagged dependent seriesin levels. If it is negative and
datisticaly sgnificant, we accept the error-correction hypothesis (see dso Durr 1992). Since Beck is
largely concerned with suggesting an approach when series are long memoried but stationary, this
ampler sngle-equation method is sensble. But our series are nongtationary (see below), so this
approach would involve regression on nongationary series (US and Soviet military expendituresin
levels), thereby violating the stationarity assumption upon which inferences are based. The EG two-
step method avoids this problem since the error series from the cointegrating regression is stationary.
For this reason, we stick with the EG two-step procedure.

15. Becausethe DF and ADF tests may entail regression on a nongtationary series (i.e., lagged levels),
the limiting norma distribution for Student's t does not gpply. Adjusted critica values, as reported by
Charemza and Deadman (1992: 325-328), are as follows: 0.01 level, -3.17 and -3.18 for DF and
ADF, respectively; 0.05 level, -2.16 and -2.17.

16. Both current- and congtant-dollar Soviet outlays are stationary in first differences only according to
the DF test. The ADF test indicates stationarity, but only at the 0.05 levd.

17. Again, sincethe Soviet outlay series congtitutes a nonstationary regressor, the standard Student t
distribution does not apply, and we should exercise caution when interpreting individua coefficients.
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18. Theonly differenceisthat in adopting critica vaues, we must take into account the fact that the
cointegrating vector is not known and must be estimated. In this case, the standard unit root tests
would be biased in favor of rgecting the null hypothesis of nongtationarity. We therefore adopt critica
vaues which dlow for the estimation of the cointegration coefficient, but we relax our confidence
criterion to the 0.05 level. That seemsto us a prudent approach until more research has been done on
the gppropriate limiting distributions for DF and ADF tests. Critica vaues specificaly computed for
cointegration tests are: 0.01 level, -4.11 and -4.12 for DF and ADF, respectively; 0.05 level, -3.38 for
both DF and ADF. See Charemza and Deadman (1992: 325-328).

19. In advocating single-equation ECMs, Beck (1992: 242) points out that because there is often "a
clear divison of variables into caused and causal” in political science (as opposed to economics), the
EG two-gep gpproach dlows for "theoreticaly implausible reequilibrating mechanisms.” In that
context, a single-equation ECM is both more consstent with theory and easier to estimate. In the case
of ams-race research, and research on internationd reciprocity generdly, the behavior being modeled
is hypothesized to be both cause and effect, so the symmetric trestment of variablesin the EG two-step
procedure is gppropriate. So, while our empirica results suggest a certain causa asymmetry in US and
Soviet aamament, the theory informing our andys's does not.

20. Joint significance tests for lagged levels of US spending in the Soviet outlays equations (not shown)
indicate that no indicator of US defense budgeting Granger causes Soviet outlays. This, combined with
the absence of any trangent effects of US budgeting on Soviet outlays, makes Soviet outlays strongly
exogenous to US budgeting. This strong exogeneity means that standard distribution theory appliesto
the ECM estimates from the EG two-step procedure (see Ostrom and Smith 1992: 147-148; Phillips
1991).

21. TheF ratio for lagged changes in service requests in the constant-dollar service-request equation is
datidticaly sgnificant only at the 0.10 level. The coefficient estimates are both postive, lending support
to the bureaucratic momentum interpretation (and, of course, gpplying arelaxed criterion for satistical
sgnificance).
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Table 1: Testsfor Nongtationarity in US and Soviet Military Expenditures, 1948-1991

US Service Reg.
US President Req.

US Congress Auth.

US Outlays
Soviet Outlays

US Service Reg.
US President Req.

US Congress Auth.

US Outlays
Soviet Outlays

US Service Reg.
US President Req,.

US Congress Auth.

US Outlays
Soviet Outlays

Test for Unit Root in Levels

congtant dollars

current dollars
DF ADF
-1.26 -1.52
-0.92 -1.72
-1.15 -1.36
-2.78t -2.46
-1.49 -1.00

DF ADF
-2.38 -2.58
-2.50 -2.24
-2.32 -2.34
-4.21* -4.17*
-2.637 -1.73

Test for Trend Sationarity

current dollars congtant dollars
R? DW LM R? DW LM
0.89 0.78 15.4* 0.77 0.81 13.0*
0.92 0.52 21.7*% 0.84 0.57 17.7*
0.92 0.98 10.3* 0.83 0.98 8.9*
0.89 0.29 24.9* 0.76 0.27 22.6*
0.97 0.22 34.9* 0.95 0.29 29.5%
Test for Unit Root in First Differences
current dollars congtant dollars
DF ADF DF ADF
-6.55*% -4.86* -6.31* -4.71*
-5.60* -4.87* -4.86* -4.93*
-7.97*% -5.99* -7.61* -5.81*
-3.88* -5.09* -3.78* -3.48*
-4.15* -2.72 -4.04* -2.49

Note: All series are natural logarithms. DF and ADF test statistics designated with an asteriks (*) indicate rejection
of the null hypothesis of aunit root at the 0.01 level. DF statistics designated with a cross (1) indicate that
regression residuals showed evidence of autocorrelation. ADF regressionsinclude one lag of the dependent
variable. LM statistics designated with an asteriks (*) indicate rejection of the null hypothesis of trend stationarity

at the 0.01 level.




Table 2:

Cointegration Tests for US and Soviet Military Expenditures, 1948-1991

current dollars

US Service Req.

US President Req.

US Congress Auth.

US Outlays

constant dollars

US Service Req.

US President Req.

US Congress Auth.

Estimates Goodness of Fit Cointegration Tests
Congant  Sov.Outlays R? D-W DF ADF
1.18 0.90 0.90 0.86 -3.55* -3.69*
(2.25) (219.47)

0.34 0.96 0.93 0.59 -3.051 -3.57*
(0.74) (23.96)
0.16 0.97 0.91 0.93 -3.74*  -3.34
(0.32) (21.39)
1.28 0.88 0.88 0.22 -2971  -2.84
(2.30) (17.96)
1.75 0.86 0.79 0.86 -3.59* -3.80*
(2.25) (12.78)
0.57 0.94 0.86 0.59 -3.09t -3.63*
(0.85) (16.24)
0.32 0.96 0.83 0.93 -3.76* -3.36
(0.42) (14.59)

Note: Numbersin parentheses are t-ratios. DF and ADF test statistics designated with an asteriks (*) indicate
rejection of the null hypothesis of a unit root at the 0.05 level. DF statistics designated with across (1) indicate that
regression residual s showed evidence of autocorrelation. ADF regressionsinclude one lag of the first-difference

term.




Table3: Vector Autoregression Resultsfor US and Soviet Military Expenditures, 1948-1991

Estimates Goodness of Fit
Constant ) Sov.(-1) ) Sov.(-2) YUS-1) JUS(-2) Sov.(-1) Us(-1) R? D-W

current dollars

US Service Req. 1.62 0.58 -0.32 -0.52 0.18 0.68 -0.82 051 205
(2.78) (1.07) (-0.54) (-312) (1.16) (3.72) (-3.88)

Soviet Outlays 0.17 0.20 034 -0.03 -0.09 0.01 -0.02 057 1.67
(0.89) (1.17) (1.80) (-0.48) (-1.74) (0.17) (-0.33)

US President Req. 0.68 0.69 0.02 -0.18 -0.09 0.48 -0.54 0.61 2.06
(2.04) (1.94) (0.07) (-1.13) (-0.66) (3.27) (-342)

Soviet Outlays 0.19 0.17 034 -0.07 -0.06 0.05 -0.06 054 1.78
(1.19) (0.95) (1.68) (-0.84) (-0.84) (0.63) (-0.78)

US Congress Auth. 0.74 0.39 015 -0.68 -0.07 0.64 -0.70 0.47 2.00
(1.46) (0.70) (0.22) (-4.07) (-0.45) (2.96) (-3.09)

Soviet Outlays 014 0.19 043 -0.07 -0.08 0.00 -0.01 057 172
(0.99) (112 (222 (-1.50) (-1.66) (0.01) (-0.16)

constant dollars

US Service Req. 248 0.76 -0.15 -0.50 0.15 0.56 -0.77 0.39 2.09
(2.70) (1.41) (-0.27) (-3.04) (1.01) (357) (-3.88)

Soviet Outlays 0.33 0.19 034 -0.02 -0.09 -0.02 -0.02 0.22 1.66
(114 (1.10) (1.88) (-0.35) (-1.93) (-0.17) (-0.30)

US President Req. 1.18 0.80 0.09 -0.16 -0.11 0.42 -0.52 050 2.08
(2.21) (2.23) (0.22) (-1.06) (-0.82) (3.25) (-3.54)

Soviet Outlays 0.17 0.15 034 -0.05 -0.07 0.02 -0.05 0.16 175
(0.89) (0.87) .79 (-0.67) (-1.02) (0.33) (-0.73)

US Congress Auth. 1.30 0.55 032 -0.65 -0.09 053 -0.64 0.33 201
(1.58) (0.95) (0.49) (-3.93) (-0.56) (2.72) (-2.97)

Soviet Outlays 0.30 0.17 0.42 -0.07 -0.08 -0.01 -0.01 021 1.69
.27 (1.01) (2.31) (-1.46) (-1.81) (-0.24) (-0.18)

Note: Numbersin parentheses are t-ratios. All endogenous variables are first differences.




Table4: Joint Signfiicance Test for Difference Variablesin

US Budgeting Equations
F values
D) Sov. JUS
current dollars
US Service Reqg. 0.72 4.94*
US President Req. 1.89 1.33
US Congress Auth. 0.27 8.51**

constant dollars

US Service Reg, 1.02 4,67
US President Req. 251 1.39
US Congress Auth. 0.59 8.01**

Note: F vaues disgnated with two agteriks (**) are Sgnificant
a the 0.01 leve; one agteriks (*) indicates sgnificance a the
0.05 levdl. Statistics are computed for estimates on lags 1 and 2
of the difference variables reported in Table 3.




Table5: Error-Correction Models for US Defense Budgeting, 1948-1991

current dollars
US Service Req.

US President Req.

US Congress Auth.

constant dollars
US Service Req.

US President Req.

US Congress Auth.

Estimates Goodness of Fit Joint Significance
Constant JUS(-1) JUS(-2) D) Sov.(-1) )Sov.(-2)  Eq. Error(-1) R2 D-w F,)US F, ) Sov.
0.05 0.21 0.14 -0.68 042 1.98 168
(1.35) (1.62) (1.08) (-5.16)
0.07 -047 034 141
(3112) (-4.65)
011 -0.32 -0.25 -0.42 0.24 132 3.20*
(2.62) (-2.15) (-1.77) (-2.83)
0.04 0.27 0.16 -0.75 044 196 242
(112 (1.99) (1.21) (-5.32)
-0.00 0.76 0.52 -0.38 0.45 155 4.28*
(-0.09) (2.02) (1.49) (-3.30)
0.06 0.04 -0.05 -0.65 0.38 194 013
(1.65) (0.26) (-0.34) (-4.31)

Note: Numbersin parentheses aret-ratios. F values designated with an asteriks (*) are significant at the 0.05 level. All endogenous variables are first differences.




