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Abstract:
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evduates the commonly used Feder-Ram modd, detaling its problems and
limitations and suggesting a more acceptable theoretica gpproach. It aso surveys the
econometric issues involved in edimating these modds and uses a pand of 28
countries study to evaluate the different gpproaches and to draw some suggestions for
the development of future research.
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1. Introduction

There is now a large body of empiricd literature investigating the economic effects of
military spending, with no consensus as to what these effects might be. One reason for
the variety of results is the variety of studies. The early cross-country correlaion
andyses of Benoit [1973;1978] quickly gave way to a variety of econometric models,
reflecting different theoreticad perspectives. Keynesian, neoclasscd and dructurdist
modes provided a variety of specifications for different samples of countries. The
diversty of resllts led to arguments for case dudies of individud countries and
relatively homogeneous groups of countries. Dunne (1996) provides a survey of this
work.

Ore interesting feature of the debate has been the popularity of particular types of
modds, in particular the Feder-Ram modd. This supply-sde modd was origindly
developed to anayse the impact of the export sector on economic growth in
devedloping economies. Using it for military spending dlows the military sector to be
treated as one sector in the economy and the externdlity effect of the sector and its
differentid productivity effect to be didinguished within a sngle-equation modé.
Thee gpparent advantages have led to it having a profile within the defence
economics area well beyond what it has achieved in other areas and has contributed to
a falure of the area to embrace important new developments in the generd growth

and development literature.

This paper surveys some of the theoreticd and econometric issues involved in
edimating the commonly used Feder-Ram modd, dealing its problems and
limitations. It then moves on to suggest a more acceptable theoretica approach and
compares the edimation results from the two approaches. Section 2 provides an
overview of the theoretical gpproaches, with Section 3 then providing an outline and
detailed critiqgue of the Feder-Ram modd and Section 4 developing an dterndive
Solow-type growth modd. Section 5 consders the estimation methods used for cross
country andyses, Section 6 reports the results of estimating a Feder-Ram modd for a
pand of 28 countries and Section 7 presents the estimation results for the Solow-type
growth model. Findly, section 8 presents some conclusions.



2. Modelling the Economic Effects of Military Spending

Theoreticdly, any evauation of the impact of military spending on growth is
contingent on the theoretical perspective used. Neoclasscad models generdly adopt a
supply-side perspective with a focus on the trade off between 'guns and butter’.
Keynesan models see military spending amply as one component of government
goending and focus on the demand sde, athough when used in econometric models
an aggregate production function does give them a neoclasscd flavour. A group of
inditutional economigts focus on the damaging impact of the military indudtrid
complex on the economy. Marxigs views range from underconsumptionist arguments
suggesting a podtive impact of military spending through the prevention of redisation
crises to arguments suggesting possible negative impact on the profit rate (Dunne,
1990).

When we move to empiricd andyses, it is necessxy to determine the leve of
abdraction at which the andysis is to be presented and to operationdise the theory to
form an applied modd. This leads to a variety of empiricd work from applied
econometric to more focussed inditutional case dudy andyses. When datitica
andyss is undertteken, it is generdly based on the Keynesan or neoclassica
approaches, as these are most amenable to the creation of formad modes, though
some studies adopt a more ad hoc approach. The studies differ in terms of the country
coverage, the use of time-series versus cross-section data, the time period covered and
the empirical methods used (see Dunne, 1996).

In generd the literature has identified a number of channds by which military
gpending and production can influence the economy one way or another. It can take
skilled labour away from civil production, but on the other hand can enhance training
of the workforce, paticulaly in deveoping economies where the militay may
provide vaduable sills. It can take the best capitd equipment from civil industry to
produce a high-technology enclave, but there may well be pogtive externdities of the
development of the military sector on the civil sector. It can lead to damaging wars,
but may maintain peace and lead to economic benefits from more prosperous dlies. It



can dimulate demand in a stagnant economy and lead to growth, but may create
bottlenecks in a condraned economy. Findly, it may dow down deveopment
through the fogtering of a militaridic ideology, but on the other hand nationdist
attitudes may increase effort and output, and the military force and ideology may be
used to control the workforce. Clearly whether these effects end up being postive or
negative overdl is an empirical question and the result is likdy to differ across

countries (Dunne, 1996).

Following the ad hoc gpproach of Benoit's origind study, which found a postive
effect of military spending on growth in developing countries, an impressive literature
has been built up usng econometric andyds of sngle-equation reduced-form
equations and sSmultaneous equation models, which mode both direct and indirect
effects (Smith, 2000). In addition, macroeconometric models have been used to
dmulate the likdy impact of changes in military spending a country and internationa
level (Gleditsch et d, 1996).

Ovedl, the results of the empiricd work have tended to show an inggnificant or
negative impact of military spending on economic growth in developing countries and
a clearer negative impact in developed economies, through military spending being at
the expense of invesment rather than consumption. Such a summary does, however,
hide the diversty of literature and results. Much of the earlier cross-section andyses
found that the sample sdection was important and this led to cals for more case
dudies. The time-series andyses of individua economies and of rdaivdy
homogenous groups of economies that resulted have improved understanding, but
have dso produced diverse results. For this reason there is gill consderable mileage
in developing cross-country studies, particularly when these develop the approach
used, for example usng new theoreticd modds or panel data methods. This paper
does both.

3. The Feder-Ram Model Revisited

When undertaking econometric studies of the military expenditure growth nexus, the

ample Feder-Ram modd has something of a fascination for defence economidts,



mainly because of its ability to explicitly treast externdity effects of the military on the
non-military sector.

Following the lead of Biswas and Ram[1986], who first adapted Feder [1983,1986]'s
modd of the exports-growth nexus in developing countries for a cross-country study
of the link between military spending and economic growth, numerous empirica
contributions to the guns-and-butter debate have employed variants of the same
approach.'Deger and Sen[1995:284] characterise the Feder-Biswas-Ram externdlity
modd as "a giendid empiricd workhorse to investigate the impact of military
expenditure on growth". The gpproach is generdly seen to provide a formd
judtification for the incduson of military expenditure as an explanatory varidble in a
dngle-equation growth regresson andyds, which is "grounded in the neoclassca
theory of growth" (Mintz and Stevenson [1995:283]), or a least "fairly wel grounded
in the neodassicd production-function framework” (Biswas and Ram [1986:367]).
The popularity of the approach lies certainly in the suggestion of a fast-track link from
theoreticd modd to econometric specification with a farly negligible amount of
formd complexity.

The basc two-sector verson of the modd diginguishes between military output (M)
and civilian output (C).> Both sectors employ homogeneous labour (L) and capitd
(K), and the set-up dlows for externd effects of militay production on civilian
production activity:

Qo M=ML,K) , C=CL.,K)=M%L,K).

The factor endowment condtraints are given by

@ L=4,L . K=4, K ,S={mc}

isi t
and domestic incomeis
3 Y=C+M.
As a matter of course, the summation of "butter” and "guns' in (3) is only admissble
if C and M are understood to represent monetary output values rather than output

! See Ram (1995) for asurvey up to the early 1990s, and Antonakis[1997], Sezgin[1997] Batchelor,
Dunne and Saal[1999] for more recent examples of the genre.

2 For similar pronouncements see e.g. Antonakis{1999:503] or Atesoglu and Mueller[1990:20] among
many others.

3 For multisectoral extensions of the model see e.g. Alexander[1990, 1995], Huang and Mintz[1991],
Murdoch, Pi and Sandler[1997], Antonakig[1999], Nikolaidou[1999].



quantities. 1t will be hepful for subsequent reference to make the implicit price
normalisation in (3) transparent by re-writing it in the equivaent form

(3) Y=PCr(L,K)+PMr(L, K,),

where Py, and P, denote the (congtant unitary) money prices associated with the red
output quantities Mr and Cr. The modd dlows the values of the marginad products of
both labour (M, C.) and cepitd (Mg, Ck) to differ across sectors by a constant
uniform proportion, i.e.

M, _M,

4 =1+m
CL CK
or equivdently
(41) RnMrL - RnMrK =1+ m.

PCr, PCr,
(4) sarves to highlignt the plain fact that comparisons of margind factor productivities
across different production sectors depend necessarily on the price relation used in the
evauation of sectora outputs.
Proportiond differentiation of (3) with (1) and (2) yields the growth equation

C;LE+CK§+38 m .o, My,

®) r= gl+m MﬂY

where hat notation is used to indicate proportiond rates of change and | = dK denotes
net investment. Using the fact that the far RHS of (1) entails a congant dadticity of C
with respect to M, (5) can be restated in the form

(5) );:CLL]:+CK£+aem -
Y Yy &+m

a2 7 +qpr

24
which permits - a least in principle - the separae identification of the externdity
effect and the "margind factor productivity differentia effect”.

Variants of (5) and (5) have been estimated using cross-country data (e.g Biswas and
Ram [1986]), time series data for individual countries (eg. Huang and Mintz [1991],
Ward et a. [1993], Sezgin [1997], Antonakis [1999], Batchelor Dunne and Sadl
[2001]), and pooled cross-section time-series data (e.g. Alexander [1990], Murdoch et
al. [1997)).



Before turning to a number of practicd econometric problems associated with the
goproach, the notion of a margind factor productivity differentid between sectors in
(4) deserves a closer look from a theoretica perspective, since it appears to be a
source of interpretationd pitfalls.

In the empirical literature, a non-zero mis cusomarily interpreted to reflect a Stuation
where one sector is "less efficient” or "less productive" in its factor use than the other
due to the presence of some sort of organisational dack or X inefficiency afflicting
that sector. For ingtance, in a pooled cross-section time-series andyss for nine
indudridlized countries, Alexander [1990:50] estimates m=-0.88 and concludes "that
the defence sector is 88% less productive than the 'ret’ of the economy”. Ward, Davis
and Chan [1993] edimae a negaive dgn of 1 for Tawan and conclude "that in
comparison to the civilian sector..., the military sector is condderably less efficient”.
Sezgin[1997:404] comments his finding of a negative 1 for Turkey: "It means tha the
avilian sector is more productive than the defence sector, because defence is less
subject to the rigours of maket discipling’. Smilaly Antonakig1997.652n]
pargphrasing Atesoglu and Mudler[1990:20]: "Without srong competitive pressure
to induce ... efficiency in the management and use of resources, it can be argued that
margind factor productivities are lower in the defence sector”.

Such interpretations are not consstent with the underlying theoreticd modd.
Although this point seems to have gone unnoticed in the literature, technica
effidency in production holds in the modd by assumption: By imposng uniformity of
the factor productivity differentid for both factors via (4), studies based on the two-
sector Feder-Ram modd in fact assume unwittingly that the economy produces on the
efficient frontier of the production posshility st (eg. point A in Figure 1). In the
present context, technicd efficiency in production, which is reached when C
production cannot be raised without giving up some M production or vice versa,
requires the equdization of the margind rates of technicd subditution (MRTS)
between labour and capital across production sectors. Since MRTSy = Mrg/Mr. and
MRTSc = Crk/Cr, the efficiency condition can be restated in the form Mrg/Mr. =
Crk/Cr_ which is equivaent to assumption (4').



Figure 1

Cr

Y+

Mr

nx0: P<KMRT

The suggestion that a nonzero m measures the presence of some sort of sector-

specific inefficiency in the use of resources is flaved® A nonzero m arises whenever
the implicit price ratio P = Ry/P; used in the evduation of red GDP deviates from the
margind rate of transformation (MRT) between Cr and Mr, which measures the
amount of “butter” society must give up in order to produce another “gun”. When P <
MRT as in Figure 1a, nx0 and real GDP as caculated according to (3') would indeed
rise if resources ae moved from military to civilian production, or vice versa if
P>MRT and n»0 (Figure 1b). However, the GDP growth via factor re-adlocation is
not a result of shifting resources from a sector with inefficient intrasectoral resource
management due to lacking competitive pressure to a sector with less organizationa
dack. In the case of Figure 1, red GDP rises by moving resources from M to C,
because in Point A the vadue of a unit of Cr in terms of Mr goods (1/P) used in the

* Thislist of illustrative quotations could be continued ad /ib. See e.g. Huang and Mintz [1991:36],
Alexander[1995: 14] Murdoch, Pi and Sandler [1997:209] for further examples.

® The potential counter-argument that the approach is supposed to capture some sort of off-the-
production function behaviour is invalid. The production functions (1) which are used for the
derivation of the empirical growth equation (5) are specified for a given invariant level of intra-sectoral
organizational or X-efficiency. The model is by construction incapable of accounting for intra-sectoral
organizational inefficiencies.



cdculation of Y is higher than the socid cogt of producing another unit of Cr in terms
of Mr (UMRYT).

The deeper question whether such a resource move which raises measured red GDP
is actudly socidly desirable cannot be answered without knowledge as to whether the
relaive price P used in the cdculation of Y adequately reflects the socid margind
rate of subditution, i.e. the rate a which “society” is willing to trade off M for C. If it
does, a non-zero mreflects a Stuation where the economy-wide product mix and thus
the intersectora factor alocation in the economy as a whole is inefficient, yet this has
nothing to do with lacking effort or ability to trandform inputs into ouputs in the
individud sectors.

In addition to these theoretica issues, there are a number of econometric problems in
esimating the Feder Ram modd. In early studies the model was estimated usng cross
sectional data In this case the main problem was multicollinearity between the find
two terms in the esimating equation in equation 5 and a concern with usng possibly
indgnificant coefficients to compute the externdity effect. Expanded versons of the
mode added to this problem. When the model was esimated using time series data
the multicollinearity problem remained and others were added. Firdly, there was
often a lack of independent exogenous variation in the data, though this has been
overcome to some degree by the use of the pand data methods discussed below.
Secondly the modd is specified in growth rates which limits the dynamics to a single
lags. Attempts to provide a more generd gpecification increased the problems of
multicollinearity and identification of the composte coeffidents All of these
problems go some way to explan the variaion in the results encountered in the
empiricd andyses and when combined with problems of interpretation led to a sense
of dissatisfaction in a number of sudies.

4. Developing a Growth Model with Military Spending

The deficiencies of the Feder-Ram mode lead us to congder an adterndtive route. This
section develops a modd of the effect of military spending on growth performance
based on a modified Solow growth model with Harrod-neutrd technical progress as
operaionalised for cross-country anayss by Mankiw, Romer and Well [1992] and



adapted for pand data andyss by Knight, Loayza and Villanueva [1993] and Idam
[1995] among others. The incorporation of military expenditure follows Knight,
Loayza and Villanueva [1996;1993]. The key assumption is that the military spending
shae m= M/Y dffects factor productivity via a level effect on the efficency
parameter which controls labour-augmenting technica change.

The dating point is an aggregaie neoclassca production function festuring labour-
augmenting technologicd progress

D YO =K@ [AOLO,

where Y denotes aggregate red income, K is the real capitd stock, L is labour, and
the technology parameter A evolves according to

2 A(t) = A, e m(t)*,

where g is the exogenous rate of Harrod-neutrd technical progress and m is the share
of military expenditure in GDP. According to this specification, a permanent change
in m does not afect the long-run steady-state growth rate, but has potentidly a
permanent level effect on per-capita income aong the seady-state growth path and
affects trandtory growth rates dong the path to the new steady- sate equilibrium.

Together with the standard Solow modd assumptions of an exogenous saving rate s, a
congtant labour force growth rate n, and a given rate of capitd depreciation d, the
dynamics of capita accumulation are described by

ink, _ @-1ink,
- Se

@  k =ski-(g+n+dk, U 0

-(gt+n+d),

where ke=K/[AL] denotes the effective capitd-labour ratio and a is the constant
capital-output dadticity. The steady-date leve of ke is

\1/d-a)
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Linearizing (3) via a truncated Taylor series expanson around the dteady dtate and
using (4), we get

'ﬂlgtke =(@- (g +n+d)Ink,()- Ink']

®)
andsnceInye=In[Y/AL)] = alnke,

©®) %:(a- (g +n+d)iny.(0)- Iny],

where the steady-date leve of output per effective labour unit is

é l:Ia/(:L-a)
* S
N yv.=e—q
ggtntdy

Equation (6) approximates the transitory dynamics of output per effective labour unit

in a neighbourhood of the deady date. In order to operationaize (6) for empirica
work, we integrate (6) forward from t-1 to t and get

(8) Iny (t)=e’lny, t-D+@Q-¢e)ny , z°@-DYn+g+d).

Using (2), (7) and (8), Ye isrelated to observable per capitaincomey:= Y/L via

- In (1) =e” In y(c- 1) +(1- eZ)%on +£[|ns- |n(n+g+d)]g

+qlnm(¢) - e’qIinm(t- )+ (¢- (1- De’)g
Note that in the steady State per capitaincome evolves according to
(100 Iny () =Iny. +In4, +qinm” +gt,

hence é represents the dadticity of steady-gate income with respect to the long-run
military expenditure share, i.e. a permanent one-percent incresse in m shifts the
steady-state per-capitaincome path by e percent.

Equation (9) suggests the dynamic panel data model
o

(1) Iny, =giny, ,+a b;Inx,, +h +m+n,
j=1

where x;= s = (I1+dK)/Y, %o = n+g+d = AL/L + 0.05, xs = m=M/Y P, X4 = my.1;
a=e>0, 3=(1-6")a(1-8>0, &= -&4<0, &=€, &= -€¢= - &g, ¢ = g(t-(t-1)€&), ;i = (1-

&)Ao.
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For the empiricd andyss we follow Knight et a[1993] and Idam[1995] in tresting s,
n as variant across countries and time, while g and d are taken to be uniform time-
invariant congtants and A, is country-specific but, by congruction, time-invariant.

This model can be augmented to dea with human capitd. Following Mankiw, Romer
and Wel [1992], human capital is introduced into the modd by re-specifying the
aggregate production function as’

1) Y()=KO*H(@) [AOLOI™ ",

where H denotes the human capitd stock. Human capita per effective labour unit,
he:= H/(AL), and physical capitd per effective worker evolve according to

(12 h()=s5,5.0)- (n+g+dh(D), k() =5,7,0)- (n+g+d)k, (1) ,

where 5, and s¢ denote respectively the ratio of human and of physicd cepitd

investment to income, and human capita is assumed to depreciate at the same rate d
as physica capitd. The steady-state capitd stock levels are

) (la-b) ; 1(-a-b)
. €55t . €55t U
(13) k. :é—g , h, :é—g
egtntdyj egtn+dj

Proceeding in dmilar fashion to the derivation of (6), the trandtory dynamics of
income per effective worker in a neighbourhood of the steady state are gpproximated

by

© T=@eb-Ygrntaiing -yl

and the equation for income per actud worker which provides the basis for the
empiricd andyssisnow
(9)

a+t

] a b b i
Iny(t)=e*Iny(t-1)+@- e’)jln4, +——Ins, +——Ins, - ———| +g +d)ly
y()=e*Iny(e- 1) +( e)% o7 Snse g e L US| )]f)

+qlnm() - elqInm(t- D)+ (- (t- De’)g

suggesting the dynamic panel modd specification

® See Temple(2001:908) for some critical reflection on the plausibility of thisspecification.

12



5
(1) Iny, =ghy, ,+@ b,nx , +h +m+n,

j=1
where % = AH/Y, &€>0, 4=(1-)d(1-48)>0, = -(&4+3)<0, &=¢&, &= -€e= -
88, &=(1-€")a(1-48)>0, ¢ =g(t-(t-1)€) = g(1-€)t +ge’, 1i = (1-€)Ao,.
These models have been developed explicitly to ded with pand data and the
egtimation methods available are discussed in the next section.

5. Estimation Methods

A mgor problem in edimating growth models has been the lack of independent
exogenous variation in the data One way of overcoming this has been by pooling cross
section and time series data for a relatively homogenous group of countries (Murdoch et
a, 1997). There is a problem that the cross section and time series parameter may be
measuring different things, the former the long run and the latter the short run effects.
The pooled relation is then a weighted average of the two. Growth equations have been
most successful in cross sections, because of the difficulties of distinguishing the cyclica
demand sde effects from medium term supply sde growth effects.

Panel data methods provide a variety of approaches to attempt to deal with some of these
issues, with pooling the smplest form and fixed effect and random coefficient estimators
providing more flexible approaches. The pooled OL S approach

(14 yi=a+bx;+u

assumes dl parameters are the same for each country and invariant across time. The
fixed effects estimator

A5 yy=a;+bx;+uy

dlows the intercept to differ across countries which ignores dl information in the cross
sectiond relation. Time fixed effects can dso be dlowed for separatdly or together with
country fixed effectsin atwo-way fixed effect modd:

(16) yi=a,+a;+bx;+u

In dynamic models of the form

(17) yu=a;+bxi+ i +uy

the fixed effect esimator is not efficient, because of lagged dependent variable bias,
which biases the OLS estimator of é downwards. It is, however, conggent in the limit
when the number of time periods goes to infinity, and for samples of the Sze used
here the bias is smdl. If the parameters differ over groups there is a further

13



heterogeneity bias, which can be dedt with by esimating each equation individualy
and taking an average of the individuad estimates (Pesaran and Smith, 1995).

6. Empirical Results: Feder-Ram Approach

The data are for 28 countries over the period 1960-1997 for GDP, GDP per-capita,
and gross domedtic fixed capitd formation as a measure of investment. These ae
measured in congtant price US dollar values a 1990 exchange rates and price levels
(Source: World Bank). In addition, there are data on military expenditure as a share of
GDP from SIPRI. The sample conssts of two groups. 17 OECD countries (Germany,
France, Italy, Netherland, Belgium, UK, Denmark, Spain, Greece, Portuga, USA,
Canada, Japan, Ausdtralia, Norway, Sweden, Turkey) and 9 other countries (Argentina,
Brazil, Chile, Venezuda, South Africa, Maaysa, Phillipines, India, Isad, Pakistan,
and South Koreq).

To opeationdise the moded for empiricd application the indantaneous rates of
change of the variablesin (5') are replaced by their discrete equivadents giving
(15) DY =ap+a; O/ +ax /Y. +az; DM/M.; (M/Y.1)

+ay, DV/M,.; .

Edimating this eguation for the 28 countries give the results reported in Table 1 for
the one and two-way fixed effects and the Swamy random coefficient estimator.

Table 1: Feder-Ram Model

Expect Fixed Effects RCM
One Two
DLi/Lt-1 + 0.074 0.147 0.149
(0.8) (1.7) (0.3)
1t/Y 1 + 0.002 0.003 0.471
(1.2) (2.2) (2.7)
DM¢/Mi.1 (M/Y1) -+ -0.072 -0.008 11.150
(-0.7) (-1.5) (0.1)
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DM/M¢.1 -/+ 0.016 0.025 -0.161

(1.8) (2.9 (0.0)
t + -0.001 -0.0005
(-8.2) (-0.8)
g Size effect 0.016 0.025 -0.161
mExterndity -1.112 0.017

The one-way fixed effects mode provides poor results for a growth eguation with the
labour and cepitd variables indgnificant and the trend term dSgnificant but negative.
The military spending terms are dso inggnificant. Moving to a two-way fixed effects
model improves the dgnificance of the variables and gives both size and externdity
effects as pogtive. The random coefficient estimates differ with only the capitd term
ggnificant and ggnificantly larger in magnitude. Nether of the military expenditure
termsis dgnificant.

Thee are very disgppointing results and might lead us to condgder expanding the
model to introduce more sectors, as in Nikolaidou (2000) or to attempt to improve the
dynamics, as in Birdi and Dunne (2001). In this paper, however, our concerns over the

nature of the model lead us to search for an dternative gpproach.

7. Empirical Results: Modified Solow Growth Model

The dternative modd developed in section e suggests the dynamic pane data
specification

4
(1) Iny,=ghy,.,+3@ b, nx , +h +m+n,

j=1

where x;= s = (I1+dK)/Y, x = n+g+d = AL/L + 0.05, xs = m=M/Y , X4 = M.1.

From the development of the theory we have a number of expectations for the Sgns
and magnitudes of the coefficients g = & should be in the range 0<&<1 and should be
close to unity for the empiricdly relevant range of z = (41)(n+g+d)<0; by = (1-€)a/
(1- a) > 0, and the vaue for & jointly identified by & and & should be within the
typica range for the capital share in GDP of around 0.3 t0 0.5; b, = - b; <0; bs=q

15



measures the dadticity of long-run per-capita income with respect to the military
expenditure share, and b, =- € g =- gos.

Estimating the modd &ing the same data set as in section 6 gives the results in Table
2 below, for one and two-way fixed effects and the random coefficient models.

Table 2: Modified Solow-Type Model

Fixed Effects
One Two RCM
g=¢€>0 0.96 0.96 0.96
(149 (151) (9.1
b;=(1-¢)a/(1-a)>0 0.04 0.04 0.11
(8.8) (9.2 (2.7
b,=-b1<0 -0.05 -0.04 -0.14
(-4.9) (-4.8) (-1.2)
bs=q -0.04 -0.03 -0.06
(-5.3) (-3.5) (-1.0)
bs=-€q9=-gos 0.03 0.02 0.06
(3.7) (2.9 (1.2
hi=g(t—(t-1) &) 0.27 - 0.01
(1.5) (2.9)

These results provide edimates that are entirdy consstent with the expectations
developed from the theory. The coefficient on lagged log output g is podtive and
close to unity as we would expect, and the coefficient on the investment share, b, has
likewise the expected sign. The vaue for the capita-output dadticity & implied by the
estimated coefficients for & and & is 0.5 for the fixed effects models and thus broadly
in line with observable capitd share figures, while the implied & of 0.73 for the ECM
regression is rather high. The coefficient on the labour force growth term, b, is both
negative and close in absolute value to b1 and dgnificant for the fixed effects models.
The coefficient on the log of the military share b3 is negative and dgnificant for the
fixed effects modds, suggesting that a permanent one percent increase in m reduces
long-run per-capita income permanently by 0.03 to 0.04 percent.[or: ... Suggesting that
a permanent increase in m lowers the steady-state growth path of per-capita income
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permanently by 0.03 to 0.04 percent]. As expected, b, has the opposte sign to bz and
is of Imilar megnitude with dgnificant edimates for the fixed effects modes. The
trend parameter h; represents the impact of the rate of technicd progress, which is
assumed to be the same across dl countries. This is dgnificant and podtive for the
RCM modd and while positive for the one way fixed effects modd is not sgnificant.

Clealy both the sze and the sgnificance of the coefficients vary between the fixed
and the random coefficient models. The existence of heterogeneity will bias g towards
one, and s0 we might expect a decrease in the coefficient with he RCM, but in fact
the estimate is the same for dl moddls.

8. Conclusions

This paper has consdered the theoreticd and empiricd issues involved in estimating
growth modes to invedtigate the impact of military spending. It suggests tha the
commonly used Feder-Ram modd has a number of wesknesses and misnterpretations
and should not redly be the main tool of such andyses. A useful dternaive approach
is found to be to take a smple neoclasscd growth model and introduce an impact of
military expenditure through its effect on technology. Ancther issue consdered is use
of pand data, rather than smple cross-sections on averages. Estimates were made of
both the Feder-Ram and the new growth mode using one- and two-way fixed effects
models and a Swamy random coefficient estimator. This produced poor results for the
Feder-Ram modd, but much more promisng results for the new growth modd. The
use of this modd and of pand data methods for the rdaively long time series
avalable have been shown to be a potentidly important new development for
research in the area.
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