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INTRODUCTION

Public sector expenditures have been analyzed from several distinct
perspectives. Samuelson (1954, 1969), l lusgrave (1958), and others
have dichotomized public-private goods and indicated welfare optimization
condit ions. Arrow (1953), Black (1958), and Buchanan and Tul lock (1962)
have attempted to derive posit ive theories of publ ic choice by analyzing
underlying pol i t ical mechanisms. Brazer (1959), Henderson (1968), and
many others, l  using cross-section, regression aralysis, have explained
variations in expenditure behavior on the basis of economic ald demographic
variables.

E:cplicit analysis of budget behavior over time has been hampered by
the paucity of data and the absence of a rvell-developed behavioral theory of
budget choice; horvever, several authors, notably Wagner (1958), Peacock
and Wiseman (1961). and Musgrave (1969a,b), have noted t ime trends in
public sector expenditure behavior. In this paper I wish to go beyond trend
analysis and analyze a port ion of the U.S. national budget, national defense,
from a behavioral vantage point. Defense is a peculiar budget item in the
sense that i t  is probably the I 'purest" publ ic good in the federal market
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basl i t- . | .  r \nothcr pecul ial aspcct of thc defensc budgct ts t ts rclat lonshlp
to arlvcr 'saly clcfcnsc cxponcltturcs. Thus, $,hi le nrost fodcral cxpcnditurcs
rrrc clctci ' r 'nincd by intcrrul pol i l lcal and cconomlc forccs, defcnso is unicluc
in that i ts lcvcl ln signif icanL measurc is ex.tcrnal ly detcrnrlucd. ' l l t ls

c - rpcnd i tu rc  compet i t ion2  an long n l r t ions ,  as  i t  rvc re  ,  u t l l i zcs  a  s lgn i f i c tn t
por t ion  o f  thc  r i ' o r ld rs  rcsourccs  and dcsc lves  morc  ana ly t i c  and en tp i r i ca l
n t tcn l ion  t . l r :m prcscn{ . l y  g lvcn  by  ccouorn isLs .  I le lo rv  I  dcvc lop ,  cs t in t l t l c ,
rurt l  simulrtc a rnoclel of this inlcrdcpcndent budgeL procces for t l te Unitcd
Statcs (U) alcl  the Sovict Union (S).

, \  } IODDL OF TI I I ]  DEFENS] i  EXPDNDITUITD 1 ' I IOCUSS

\\ 'c clrau fron'r exist ing theory of duopoly ancl agricultural rnarl icl ,s3 to
dcvclop a moclel of intcrdcpendcnt defcnse cxpenditures. A typical stock
adiuslment model appl ied to lrvo nations purchaslng safety by meius of
dclcrrcnce scerns a plausiblc spccif lcat ion. Molc specif ical iy, rve
prcsun'rc that a nal ion U1, adjusts l ts expenditure toward a desircd levcl
(Li).  Ncgativc dcviat ions (Ug > U1) from this level are undeslrable sincc
cxpenditurcs havc oppoltunlty costs in terms of domestic publ ic programs
a.nd privatc resources in general.  Similarly, posit ive dcvlat ions (Ug < IJ1)
arc  unc lcs i r r r ,b lc  bccnusc  such r rundcrspcnr l ing ' r  n r ry  cn ta i l  unc luc  r i s l< .  l t1
tu ln ,  such r l cs i rcd  lcvc ls  o f  cxpenc l i lu rc  mav bc  cond i t ioncd by  sonrc
ruriuinrurrr fcl t  nccd for sccurity a:rcl a:r acl justmcnt to an at lvclsaryrs clcfcnsc
pos turc .  ' fo  add fu r thcr ' f ca l i s rn  l ,o  thc  modc l ,  wc  prosumc th is  sccour l
xd.iustnlcnt is condit ioncd by expccted adversary cxpenditurcs; t l t is rcf inc-
rncnt i iccount,s for I i l iely lcad t imcs to implcmcnt cornplex defense systcms.
Final iy, \ 'e cxpect sirni lar reasonlng on the part of the adversary.

Thc modcl symbolical ly statecl is:4

I i s = a + 5 i i t '

i  =c * , l u t ' a ,  b ,  c ,  d > 0
(1)

u'here an asterish denotcs a desired value and a prime denotes an expccted
valuc. Adjustmcnts to dcsired and anticipated values are hypothesizedlo
be formccl as indicated bclorv:

T i  r r  -  A  t t rL t - u t - t  = o ( L t - U t - q )

s t ' -  s t -1 '  = .8 (s1  -  s1-1 ' )
+

S t - f t - r  = P ( S 1  - S 1 - 1 )

Ut '  -  U t -L '  =y(Ut  -  U t - l ' )

(3)

(4)

(5 )

(6)



A llodel of U.S. -USSR Dofenee Expondltures 91

Ily o u'ell-known serles of transformatlons, through which ccluatlon (1) is
conrbinod rvlth equatlons (3) a1d (.1), iurd ecluatlon (2) is combincrl with
equatlons (5) and (6), Ut and ft may bo reduced to observablcs:u

u t=aF  0+bp  6  s r+12 -  6 -6 )  u t - r  -  ( 1  -  0  ( 1  - 6 )  u1 -2  (? )

f t  =cpy+dpy  U r+ (2 -p - y l  f t _ r - ( 1  - p ) (1  - y )  { _z  (8 )

Thus ln tcrms of observables, U and S dcpend slnrultaneously on each other
and on lagged values of themselves. O[ particular interest are the sizcs of
thc various parametcrs [n the syst,em and prcdictlons of cxpcncliturcs rvhich
ccluatlons (?) and (8) can generate ovet'thc ne.xt two decades. Thc follo*,ing
sectlon discusscs estimation techniques iurd data and the secl.ion after that
presonts regresslon and simulation rcsults.

ESTIMATION TEC}INIQUE AND DATA

Least squares estlmatlon of equations (?) and (8) ls conrplicated by actual
U1 and Sg being slmultaneously or jointly detormincd and the llkely inter-
correlation of error terms between equatlons. That ls, estlmatlon by
ordlnary least squares of:

LI1  =  01 . r -9 rs ,  +  e , ] t l t_1  - r -9our_ , r  +  cg

ft = 11 * nzut + tjst-l + fl4st-2 {- st

(e)

(10 )

wll l lead to biased estimates slnce E(eg, ft), E(s1, U1), and E(cX, s1) arc
llkcly to be non-zero. We shall estlmate equations (11) and (12) using
three-stagc least squares to correct for these likely intcrcorrelations.6
Assumlng 0 and fi are unblased, we may relate thenr to theorettc parameters:

01 = (ip 6)

0,=FF6l
03=(z-6-o l
0u=J1r -p l t r -o l

Arlding 0o to 0n, u.e have

0s+0a=1-F6

i . e .  =

f6=r -b r -00

(1 la )

(1 lb )

( 1 l c )

(11d)

(  12)
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Substltutlng cquatlon (12) lnto equatlon (1la] ond (1lb), wo flnd for a and b,
leslrcctlvely,

^  0 ,
a=-;.--.;-

1 - 0 3 - e 4

i =  o t-  
1 -0 , -00

Analogousll ' ,

c = (14a)

(14b)

g=

[=

2

( 2 - i . ) + ( i s * l n ^ l r / "

(15a)

(15b)

( 13a)

( 13b)

a==#a
Since I and 6 enter the model symmetrlcally, rve cannot solve cquation

(11a) through equation (11c1) to obtaln unlque values of each.7 Ho*,ever, we
can derive a quadr.atic statement for each by addlng and rearranging
equatlons (1lc) and (Lld):

( 2 - i s ) * ( i r " * 4 i o l ! 2

Similar results of course obtaln for p and 7.

Data for U. S. and Soviot defense expendltures are from tho Stockholm
International Peacc l lcsearch Instltute ISIPRI (19?0)l and are in bil l lons of
1960 U.S. dollars (Table 1), Reliabiltty of Sovtet e,xpendlture data ls an
intractable problem. lt is believed that the Sovtets understate defense
cxpcnclitures. Also, since market valuation of Sovlet outlays does not occur,
budgctary outlays may not reflect comparable opportunity cosls ln a Westcrn
economy. The Stockholm estlmates, which are lndependently generated and
attcmpt to account for inllatlon and comparable purchaslng power, must be
vicrvcd as a prcliminury, indcpcndcnt sct of f lgurcs. Comparison of thc
lnttcr part of thc aggrcgatc Stockhohn scries rvith the Llnltcd Statcs Arms
Control and Disarmament Agency figures (rvhich are slmilar to U.S.
Central Intelligence Agency estimates) lndlcate that the percentage changes
(1964 to 1967) are approdmately the same (SIPRI (19?0)l . The data are the
most readily available for the pertod of tnterest and are used wtth thelr
l inr i ta t lons rvc l l  in  nr ind.

I
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'IABLB 1. Unlted Statcs and Sovict Union Defenso
Expendituros ln Bll l lons of 1960 U.S. Dollarsa

Year Unltcd States (lJ) Soviet Union (S)

93

1051
r.95 2
1953
r.954
1955
1956
195?
19 58
1959
1960
19C1
196 2
1963
1964
1965
1966
1967
1968
1969

37 .  ?81
5 2 . 0 0 2
54 .  400
46 .  I  15
44.428
45.307
46 .  843
46.432
4 7 . 0 8 5
4 5 . 3 8 0
4 ? . 3 3 5
5 1 . 2 0 3
50.527
4 8 .  8 2 1
4 8 . 6 1 8
57.95' l
6 6 . 8 s 9
6 8 . 2 1 3
67 .770*

22 .948
25.952
25 .666
2 3 . 8 8 1
25.476
23. L67
23.029
22.286
22 .3L0
22. L43
27 .6L9
3 0 . 2 3 8
3 3 . 0 9 5
3 1 . 6 6 ?
30,476
3L .  C05
3.1.450
39 .  ?80
12,t43;

ausing Benoit-Iubell Exchange Ratesl 1951 to
1969. (*) = Tentatlve. (Source: Stockholm
International Peace Research Institute
Yearbook. )

BSTIMATION AND STI\IUI,ATION ITESULTS

Thrcc-stagc least squaree csti lnates of cquations (9)
to be (t ratios ln parcnthcscs tvith H6: 0i = 0)

0 ,  -  t n .91  +  . 65s7q  +  . ?68OUt -1  -  . . 1223 t I1 -c

(2 r .515 )  (3 .e23 )  (5 .?50 )  ( -4 .358 )

R 2 = 0 . 8 9 6 3  o = 2 . 9 6 3

3g = .664? + .0,169Ut + 1.  261+-1 -  .3450q-z

(0 ,1858 )  (0 .3816 )  (4 .463 )  ( -1 .445 )

I t 2 = 0 . 8 8 0 3  s - 2 . 2 7 0

and (10) rvere conrputcclS

(1?)

(  t6)
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Th'c nroclcl secnrs to f i t  obscrvcd U.S. cxpcnditure beltavior rothcr wcl l .
Al l  lcgression cocff iclcnts arc sigri f icant at bcttcr than the 95 percent level.

Thc nroclel docs lcss rvcl l  fol  observcd Soviet beltavior, While t l ' tc "t"
stal ist ics are disappoint ing, thc l l2 and standald crror of forccast are morc

reassuling. Uxarninalion of correlatlons of the varlablcs on thc right slde of

cqr.urtion (15) indicatc intercorrelations (see Appendix D' page 268) among de-

tcrmining variables, rvhich in turn suggcsts col l inearity. Using the calculated

lcgrcssion cocff icicnts, rvc f lnd thc pararneters of the model to be ( in

b i l l l ons  o f  1960 U.S.  do l la rs ) ;

i , =  2 2 . 7 8 7 1  6  =  ? . 9 1 3 1

i  =  o .99 . l s  i t  =  0 .5583

Our model then becomes

U 1  = 2 2 . 7 8 7 7  + . 9 9 4 5 + '

J t  =  2 . 9 1 3 1  + . 5 5 8 3 U t '

Apparently the Unlted States is wil l ing to spend 9gy' to the dollar of expected
Soviet defense expenditures, while the latter is rvil l lng to spend only 56y'
to expectcd U.S. expcnditures. We also note that the Unitcd States dcslres
ncally three times the Soviet minimum level of expenditure (fi22.79 versus
$7 .91  b i l l i on ) .

Of particular interest are forecasts of U. S. and USSR expenditurcs for
thc ncxt two decadcs. To generate such forecasts, the reduced form of
equatlons (14) and (15) was found and lnltial forecasts generated by using
actual 1968 and 1969 data. For 19?1, actual 1969 and forccast 19?0 data
rvcrc uscd, Post-10?1 forecaste used cntircly rnodol-gencmted rcsults.
'fo add rcalism, thc rnodcl $'as adjusted each tlnre pcrlod by drarving a
random nunrbcr frorn a uniform distribution lvith zero mcan and variance
of J., multiplying the shock tlmes the standard error of forecast, o, and then
adding thls adjustment to the forecast. Table 2 shows the slmulation results.
The stablllty of the budgetary lnterdependence ie qulte apparent, as ls the
cycllcal nature of real defense oxpendltures through tlme. U. S. expendltures
arc then prcdicted to rise slightly ln real terms through L972 and then
dcclinc through 19?5. On thc othcr hancl, USSIT cxpcnditurcs arc plcdictcd
to decline slowly from 1970 to 19?4. Over the cntiro forecast period, U.S.
expenditures attain a high of $6?.531 btl l lon ln 1"983 and a lorv of $58.973
bil l ion ln 19?5. Corresponding figures for the Soviet Union are $43.597
bil l ion in 1982 and $36.774 bll l ion ln 197?. Of course, the modcl and
forecasts must be vlewed cautiously since the quality of uttl lzed USSII data
is unknown.
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TABLE 2. Predictcd U,S. and USSII
Ilxpenditures in Bil l ions of 1960
U. S. Dollars

Year l,redlcted U Predictecl S

'05

1S?0
1971
L97 2
1973
1974
L975
197G
7977
1978
19?9
1980
198 1
1982
1983
1984
r.985
1986
19 8?
1988
1989
1990

66. 564
66 ?84
6 6 . 8 1 5
66.442
64.44r
58 .  9?3
5 9 . 8 6 6
5 E . 0 4 1
6 0 . 9 2 3
60 .453
64.722
64 .410
66.  687
6 ? . 6 3 1
65 .630
62.770
6 1 . 0 8 5
03 .983
64.  983
66.747
64 .612

43 53-t
43.062
4 1 . 9 4 6
39 .640
3 7 . 0 2 3
37 .  405
37.  I  18
36,774
38 .  776
40, t62
39.  94 1
4L,823
4 3 . 5 9 ?
42.252
40 .604
42.4G3
42 .  89  1
4 2 . 6 1 8
4L .456
4 0 . 0 6 8
42.135

CONC LUSIONS

A sizeable ltem ln the U.S. Fedcral budget has bcen analyzed frorn a
behavloral vantage point. The interdependcnt modcl of defensc expenditures
suggests that the United States would like to spend ggd to the dollar 0f
expected USSR defense expenditures while the Sovlct Union rvould like to
spend 56y'to the dollar of expected U.S. expenclitures. Also, it was found
thot thc Lhritcd Statcs tlosircs $23.8 l l i l l ion fot sccurity purposcs inrlcpcnclcnl
of rvhat the Soviet Union spcnds, rvhile the latter dcsilcs only $7.9 bil l ton.
Stochastic simulatlon of this model of intcrclepeudent dcfense budgeLs
suggests that thc system is stable ovet a trvo-decadc forccast perlod and
that an erratic cvclical tendcncy ls projcctcd. Of course, this flrst foray
into the study of intcrnatlonal influcnccs on lirtcrrral public expcnditures
has ignored internal influenccs and pressurcs. A fruitful avenuc for further
resealch may be to build into thc nrodel the nrultlplier-accclerfltor effocts

L
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of lncreased defense spcnding rvhlch a natlon may view as a countercyclical
tool. \! 'hat is clear from this study ls that USSR defense expenditures do
have a significanl influence on U. S. defense expcnditures.

NOTES

1

o

3 .

b .

7 .

For a systcmalic rcvie*, of therrdetermlnants l iteralure" sec Bahl (1968).
Useful discusslons of the analogous lntergovernmental transfer, tax cont-
pet l t lon problem can be found ln Plummer (1966,  1967),  and Goetz (196?),
The basic stock adjustment model used ls due to Nerlove (1958).
The model as statcd ln the text ls determlnistic. An inlt lal stochastlc
speclflcation leads to complicated autoregressive structures whlch the
error terms rvlll follorv only under unusual clrcumstanceg. T'rvo avenuc.
appear openi assume U and S are intttally evaluated at thelr means or
assume a determinlstlc structure at the outset. The lattor ls more
appealtng to the author.
See for cxample Johnston (1963), p. 220.
Ib id. ,  pp.  226-268,
Thls ldentif icatlon problem ls ln principle solvable; by addlng an exo-
genous varlable to equatlon (1) (say I{ rvith unknown paramoter e) and
solving as bcfore, one obtains a statement for U1 ln tcrms of ft, Ut_t,
U1-2,  R1-1,  and \ -2 u 'h ich,  us ing constra ined regression tcchniqucs,
nllou,s onc to obtnin cstlmates of all paramctcrs in thc systcm. No
candidate vnriablc suggcsts ltself for cqua[ions (1) and (2), lro'rvcvcr'.
For a discussion of thc idcntif ication problcm, see Waud (1968).
Computations werc performcd at the Univcrsity of North Carollnn-
llcscarch 'I 'r iangle Computalion Ccnter on an IBI\iI Model 360,/75 using
a double prccision vcrsion of thc Zellner-Stroud t 'Leastsquaresil progranl
( i ! Iad ison,  Wisconsln,  1.9G7).

8 .
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