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Summarv 

After increasing during the first half of the decade, world military 
expenditures as a proportion of GDP have fallen eteadily since 1985. For 
the more than 120 countries covered in this study, military expenditures 
fell from an estimated 5.6 percent of GDP in 1985 to 4.3 percent, a 
decrease of 23 percent. In industrial countriee military expenditures 
fell to 3.4 percent of GDP in 1990 from 4.4 percent in 1986, and in Eastern 
Europe and the former Soviet Union (FSU), from 14.6 percent of GDP in 1985 
to 13.1 percent. Over the same period military spending in developing 
countries dropped from 5 percent of GDP to an estimated 3.8 percent. In 
the different regions, the North African countries decreaeed military 

spending to 3.9 percent of GDP in 1990; Middle Eastern countries, to 
8.1 percent; the Asian developing countries, to 3.5 percent; Western 
Hemisphere developing countries, to 2.1 percent; and in Sub-Saharan Africa 
military spending increased slightly to 3.2 percent of GDP. 

Empirical findings confirm that financial and economic variables 
influence military expenditures. Econometric analysis of these determi- 
nants suggests several factors that might explain the observed drop in 
military spending. Military expenditures tended to increase with GDP, 
population, inflows of external financing (either directly or indirectly 
through increasing government spending), and to be higher in countries 
that have a high ratio of central government expenditures to GDP. Small 
low-income and heavily indebted countries are found to generally spend less. 
Therefore, the decline in military spending after 1985 can be attributed to 
the slowdown in economic growth in developing countries throughout the 1980s 
and the decrease in economic activity in the industrialized countries in the 
latter part of the decade. 

Political factors are also found to have a strong impact on military 
spending decisions. Democratic countries spend the least. Countries 
involved in international war spend the most, followed by those engaged 
in civil war; monarchies, military governments, others (mostly one-party 
states), and socialist countries follow. The profound political changes 
of the past half-dozen years would therefore be expected to have a strong 
effect on military expenditure policies. The changes in Eastern Europe and 
the FSU are well known. In addition, 8 new democracies emerged between 
1983 and 1989 replacing 7 military governments. Since 1990, 15 countries 
have either fully implemented or made moves toward democratic government. 
In most of these countries military expenditures relative to GDP fell from 
1985 to 1990, due, at least in part, to internal political changes. other 
contributing factors are the improved world-wide security environment and 
the fall in military assistance. 

The other important factors are the improved world security environment 
and a fall in military assistance. For inetance, among countries that did 
not shift political categories, the majority of the countries in all groups 
lowered their expenditures, probably in reaction to these factors. 





I. Introduction 

Data presented in this paper indicates that a substantial drop in world 
military expenditures has occurred in recent years. In proportion to GDP, 
military spending fell by about 23 percent from 1985 to 1990. In 1990, 
military expenditures are estimated to be about $950 billion for the over 
120 countries considered in this study, however, if the same level of 
expenditures relative to GDP existed in 1990 as in 1986, expenditures would 
have been $1,225 billion. What is perhaps even more surprising is that this 
drop in expenditures for the world as a whole exceeds that of the U.S.A. and 
the Former Soviet Union (FSU), where expenditures fell by less than 
20 percent as a proportion of GDP. 

Questions remain as to whether this represents the beginning of a 
sustained downward trend in world military expenditures or a temporary 
aberration. In order to gain insights into future prospects and to 
ascertain the likely impact of key variables, a careful examination of past 
events could serve as a helpful guidepost. Thus, it is useful to examine 
the determinants of military expenditures in recent years. 

This study offers a variety of econometric estimates of the 
determinants of military expenditures in 125 countries over the period 1972-j 
90. The results are then used as a basis to investigate why military 
expenditures have fallen in recent years. To a large extent, this paper 
updates and improves on the analysis in Hewitt (1992). The differences are, 
first, the analysis is extended by two year, 1989 and 1990, and concentrates 
on the trends from 1985 to 1990 in more detail. Second, the present study 
provides estimates for disaggregated groups of countries. Third, the 
econometric analysis is improved though introducing corrections for 
autocorrelation within each country and for heteroskedasticity between 
countries. 

The paper is organized in the following manner. Section II is a 
discussion of the trends in world military expenditures. Section III 
discusses the econometric methodology and the main empirical results. 
Section IV examines factors that may have contributed to the decrease in 
military spending between 1985 and 1990. Section V concludes. Appendix 1 
describes the data; Appendix 2 provides a more detailed description of the 
econometric model and methodology; and Appendix 3 discusses the 
disaggregated results. Since Hewitt (1992) offers a reasonably 
comprehensive review of the literature, this paper omits this section. 

II. Trends in World Militarv Exnenditures. 1985-1990 

In the aftermath of the cold war, many analyst speculated that military 
expenditures in the U.S. and the FSU would plummet, while the impact on the 
rest of the world might go in either direction. In fact, considerable 
political resistance to decreases in the U.S. and the FSU has stalled major 
changes. Consequently, military expenditures in both have not lived up to 
expectations, falling by 15 percent in the U.S. and by 18 percent in the FSU 
in proportion to GDP. The extent to which military expenditures will fall 
in the future is uncertain. 
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Surprisingly, the average decrease in military expenditures in the rest 
of the world has exceeded that of the U.S. and the FSU. From 1985 to 1990, 
the world ratio of military expenditures to GDP fell by 23 percent from 
5.6 percent of world GDP to 4.3 percent (Table 1). lJ The reduction was 
widespread. Almost all regions on average decreased military expenditures 
significantly (by 10 percent or more). Among the 124 countries for which 
data was available, a total of 64 countries decreased military expenditures 
in proportion to GDP, 40 countries did not change military expenditure in 
proportion to GDP appreciably, and 20 increased military expenditures in 
proportion to GDP by more than 10 percent (Appendix Table 11). 

Total world military expenditures (in 1990 US dollars) rose from $842 
billion in 1985 to $941 billion in 1990, remaining virtually stable from 
1986 through 1990 (Table 2). If 1990 military expenditures had been 
5.6 percent of GDP, they would have reached $1,225 billion. u In 
contrast, between 1980 and 1985, total world military expenditures increased 
as a proportion of GDP from 5.2 to 5.6 percent. From 1980 to 1985, 48 
countries decreased military expenditures significantly in proportion to 
GDP, 39 kept expenditures at approximately the same proportion of GDP, and 
38 increased military expenditures in proportion to GDP by 10 percent or 
more. 

Military expenditures in the industrial countries fell by 23 percent to 
3.4 percent of GDP in 1990, 58 percent of total world military expenditures 
(Table 3). As percent of central government expenditures (CGE), military 
expenditures dropped from 15 percent in 1985 to 12 percent in 1990 and the 
overall level of CGE fell moderately in proportion to GDP. If the 
industrial countries had maintained the same proportion of military 
expenditures to GDP in 1990 as existed in 1985, they would have been $715 
billion, $165 billion higher than they actually were. Military expenditures 
in proportion to GDP remained highest in Eastern Europe, 13.1 percent and 
accounted for 27 percent of total world military expenditures. However, 
military expenditures in Eastern Europe decreased by 1.5 percentage points 
of GDP. 

lJ Data on military expenditures is derived mostly from the Stockholm 
International Peace Research Institute (SIPRI), see Appendix I. Although 
the accuracy of this data is unknown, the trends in data are probably more 
reliable. 

2J The dollar figures are derived using official exchange rate. The 
problems with this technique are well known, see Hewitt (1992) for a fuller 
analysis. 
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Table 1. World Military Expenditure as Percent of GDP, 1985-90 

1985 1986 1987 1988 1989 1990 1972-90 1972-88 
Average Average ll/ 

Total 5.6 5.3 5.2 4.8 4.6 4.3 5.1 4.9 

Industrial l/ 4.4 4.1 3.9 3.6 3.5 3.4 3.9 3.9 

Eastern Europe 2/ 14.6 14.9 15.1 14.7 13.3 13.1 12.4 9.9 

Developing countries 5.0 4.8 4.6 4.2 3.9 3.8 5.2 5.0 

Asian developing 3/ 4.4 4.3 4.1 3.8 3.7 3.5 5.7 4.9 

Middle East 4/ 11.0 9.7 9.6 9.2 a.7 8.1 10.0 10.1 

North Africa 5/ 5.8 5.4 4.7 4.6 4.4 3.9 7.2 7.6 

Sub-Saharan Africa 6/ 3.1 3.4 3.6 3.5 3.4 3.2 3.2 3.1 

Western Hemisphere 7/ 2.0 2.2 2.0 1.9 1.8 1.8 2.1 2.2 

Uiscellaneous categories 
of developing countries: 

Net creditor nations 8/ 

Heavily indebted 9/ 

Small Lou-income lO/ 

Hemorandus: 

Eastern Europe other than 
U.S.S.R. and East Germany 

Total rnntw of countries 124 124 123 122 121 120 

9.2 7.8 7.2 7.3 6.6 6.1 a.9 a.7 

2.1 2.3 2.2 2.0 1.9 1.8 2.6 2.3 

3.0 2.9 2.9 2.8 2.7 2.7 2.7 2.8 

3.3 3.4 3.3 3.2 2.5 2.8 3.4 . . . 

125 

Sources: SIPRI; and staff estimates. 

l/ Australia, Austria, Belgius, Canada, Derewk, Finland, France, Federal Republic of Germany, Greece, Ireland, 
Italy, Japan, Luxtirg, Netherlands, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom, 
United States. 

2/ Bulgaria, Czechoslovakia, German Democratic Republic Hungary, Poland, Romania U.S.S.R. Yugoslavia. 
3/ Bangladesh, China, Fiji, 

Province of China, Thailand. 
India, Indonesia, Korea, Malaysia, Myamw, Nepal, Pakistan, Sri Lanka, Taiuan 

4/ Bahrain, Cyprus, Iran, Iraq, Israel, 
Emirates, Yemen AR, Yemen FDR. 

Jordan, Kuuait, Lebanon, Oman, Saudi Arabia, Syrian AR, Turkey, United Arab 

5/ Algeria, Egypt, Libya, Uorocco, Tunisia. 
6/ Angola, Benin, Botsuana, Burktna Faso, Burundi, Cameroon, Central African Republic, Chad, Congo, Cote d’lvoire, 

Ethiopia, Gabon, Ghana, Guinea-Bissau, Kenya, Liberia, Madagascar, HaLaui, Mali, Mauritania, Hauritus, Mozambique, 
Niger, Nigeria, Ruanda, Senegal, Sierra Leone, Somalls, South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda, 
Zaire, Zanbia, Zinbabue. 

7/ Argentina, Bolivia,-Brazil, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, EL Salvador, 
Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, 
Uraguay, Venezuela. 

Panama, Paraguay, Peru, Trinidad and Tobago, 

8/ Iran, Kuwait, Oman, Saudi Arabia, Taiwan Province of China, United Arab Emirates. 
9/ Argentina, Bolivia, BrazIL, Chile, Congo, Costa Rica, Cote d’Ivoire, Ecuador, Egypt, Mexico, Morocco, 

Nicaragua, Nigerja, Peru, PhIlippines, Venezueal. 
lO/ Benin, Burklno Faso, Burundi, Cameroon, Central African Republic, Chad, Ethiopia, Ghana, Guinea-Bissau, 

Guyana Harti, Kenya, Liberia, Madagascar, Malawi, 
Sengeal, Sierra Leone 

Mali,-Mauritania, Uoxanbique, Myamw, Nepal, Niger, Rwanda, 
Somalia, Sri Lanka, Sucan, Tanzania, Togo, Uganda, Zaire, Zambia. 

ll/ Results from Hewitt (1991b). 
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Table 2. World Military Expenditure in Billion 1998 Dollars, 1985-90 

1985 1986 1987 1988 1989 1990 

Kotal 842 948 1,007 1,007 952 941 

Industrial 469 527 556 560 542 549 

Eastern Europe 222 274 307 308 274 258 

Developing countries 150 147 144 139 137 134 

Asian developing 48 48 50 53 53 50 

Middle East 66 61 58 49 48 50 

North Africa 11 10 10 10 9 7 

Sub-Saharan Africa 9 9 9 9 9 9 

Western Hemisphere 17 19 17 18 18 19 

Miscelianeous categories 
of developing countries: 

Net creditor nations 

Heavi Ly indebted 

Small lowincome 

46 

20 

3 

42 37 34 32 31 

21 20 20 20 19 

4 4 4 3 4 

Sources: SIPRI; and staff estimtes. 

- 

Table 3. World Military Expenditure Shares, 1985-90 

1985 1986 1987 1988 1989 1998 ,Apy;;rg 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Industrial 55.8 55.6 55.2 55.6 56.9 58.3 56.2 

Eastern Europe 26.4 28.9 30.5 30.6 28.7 27.4 28.8 

Developing countries 17.8 15.5 14.3 13.8 14.4 14.3 15.0 

Afian developing 5.7 5.1 5.0 5.2 5.6 5.3 5.3 

Middle East 7.8 6.4 5.7 4.9 5.0 5.3 5.9 

North Africa 1.3 1.1 1.0 0.9 0.9 0.7 1.0 

Sub-Saharan Africa 1.0 0.9 0.9 0.9 0.9 1.0 1.0 

Uestern Hemisphere 2.1 2.0 1.7 1.8 1.9 2.0 1.9 

Sources: SIPRI; and staff estimates. 



- 5 - 

Among the developing countries, military expenditures fell as a 
proportion of GDP from 5 percent in 1985 to 3.8 percent in 1990, continuing 
a downward trend that started around 1980. If military expenditures in 1990 
were at the same proportion of GDP as in 1985, they would have been $175 
billion, $40 billion higher. Middle East military expenditures were 
8.1 percent of GDP in 1990, 3 percentage points of GDP lower than in 1985. 
Military expenditures in proportion to GDP were lowest in the Western 
Hemisphere developing countries (1.8 percent). The Asian developing 
countries (3.5 percent), North Africa (3.9 percent), and Sub-Saharan Africa 
(3.2 percent) had ratios of military expenditures to GDP somewhat below the 
world average in 1990. Net creditor developing countries (6.1 percent) 
spent considerably more than average, heavily indebted (1.8 percent) and 
small low-income economies (2.7 percent) spent considerably less. 

In relation to central government expenditures, military expenditures 
fell from 17.8 percent of central government expenditures in 1985 to 
14.5 percent in 1990, a 19 percent drop (Table 4). The ratio fell in all 
but the Western Hemisphere. At the same time, central government 
expenditures as a share of GDP decreased from 31.3 percent in 1985 to 
29.6 percent in 1990 and fell in all regions except Sub-Saharan Africa 
(Table 5). This pattern indicates a general tendency to reduce the share of 
resources used by government and at the same time placing an above average 
burden of adjustment on the military budget. 

In the Asian Developing countries, central government expenditures 
(CGE) fell in proportion to GDP by 15 percent to 19.5 percent in 1990 while 
at the same time military spending in proportion to CGE fell by 6 percent to 
18 percent. Among the North African countries, CGE/GDP fell by 21 percent 
to 35 percent of GDP while at the same time ME/GE fell from 13 to 
11 percent. Thus in these country groups, there was a general decrease in 
CGE in proportion to GDP and at the same time military expenditures in 
proportion to CGE fell; thus military spending did not keep pace with other 
categories of government expenditure. In Sub-Saharan Africa, CGE/GDP 
increased by 23 percent, at the same time the proportion of CGE allocated to 
military expenditures fell by 14 percent. In contrast, among the Western 
Hemisphere developing countries CGE/GDP fell over 21 percent and ME/CGE rose 
nearly 9 percent. This is not surprising since the ratio of military 
spending to both CGE and GDP is the lowest in this region. 

The above trends indicate that substantial military expenditure 
decreases occurred in almost all parts of the world from 1986 to 1990. The 
decrease in international trade of military goods is even more pronounced 
(see SIPRI Yearbook). This study attempts to examine whether or not 
observable economic, financial, political, and geographic characteristics 
can explain these observed phenomena. An analysis of the determinants of 
military expenditures can provide insights into the reasons for the fall in 
expenditures and the factors that are likely to influence future levels. 
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Table 4. Military Expenditure in Percent of Central Govermumt Expenditure, X735-90 

1985 1986 1987 1988 1989 
1990 ,%;;‘% - 

Total 17.8 17.1 16.7 16.1 

Industrial 15.0 14.1 13.4 12.9 

Eastern Europe 30.1 29.7 30.1 29.7 

Developing countries 17.0 16.6 16.6 15.8 

Asian developing 19.1 18.6 19.5 19.0 

Middle East 28.7 27.3 27.1 26.3 

North Africa 13.2 12.3 12.0 11.5 

S&daharen Africa 12.7 12.6 12.2 11.9 

Uestern Hemisphere 6.9 7.4 7.1 7.1 

Iliscelhneous categories 
of developing countries: 

Net creditor nations 

Neavi ly indebted 

Small lowincome 

29.2 26.6 25.9 28.9 28.2 24.7 27.3 

7.1 7.6 7.4 7.2 7.2 7.2 7.3 

12.9 13.1 12.5 12.3 11.7 11.9 12.4 

15.9 

12.7 

30.4 

16.3 

17.9 

. . . 2/ 

12.0 

12.0 

7.1 

14.5 16.3 

11.7 13.3 

. . . 1/ 30.0 

16.1 16.4 

18.0 ta.7 

. . . 2/ 27.3 

11.2. 12.0 

10.9 12.1 

7.5 7.2 

Sources: SIPRI; and staff estimates. 

1/ Yugoslavia and East Germany are missing. 
2/ Central Govemnent Expenditure statisitcs are not reliable for Iraq, Syria and 
YelEll. 

Table 5. Central Govermmt Expenditure in Percent of GDP, 1985-90 

1985 1986 1987 1988 1989 
lpoo l;;(Sera e -d 

‘rota1 

Industrial 

Eastern Europe 

Developing countries 

Asian developing 

Uiddle East 

31.3 31.3 30.9 29.9 28.7 29.6 30.3 

29.4 29.1 28.9 28.0 27.7 . . . 28.6 

48.6 50.1 50.2 49.5 43.8 47.6 48.3 

29.2 29.0 27.8 26.4 24.2 23.4 26.7 

22.8 23.2 21.2 20.1 20.4 19.4 21.2 

38.5 35.4 35.6 35.1 -*. .__ 36.1 

North Africa 43.7 43.7 38.7 40.0 37.1 34.7 39.7 

Sub-Saharan Africa 24.1 27.3 29.3 29.3 28.5 29.7 28.0 

Western Hemisphere 29.6 29.2 28.5 26.9 25.0 23.5 27.1 

HisceLIanews categories 
of developing countries: 

Net creditor nations 

Heavily indebted 

Small Lou-income 

31.6 29.3 27.7 25.3 23.5 24.6 27.0 

29.5 30.8 29.9 28.5 26.2 24.5 28.2 

23.0 22.4 23.1 23.0 23.2 22.5 22.9 

Sources: SIPRI; and staff estimates. 



III. The Determinants of Militarv Exoenditures 

1. The demand for militarv exDenditures: econometric methodolozy 

The empirical portion this study examines the determinants of military 
spending from 1972-90 in 125 countries. The econometric specification 
employed is based on a public choice model whereby the political leadership 
of a country is seen as choosing the overall level of government 
expenditures.and the share to allocate to the military simultaneously. The 
leadership maximizes its own utility. The leadership's utility takes into 
account the preferences of its citizens to varying degrees, depending upon 
the political institutions in each country. The leadership faces an 
economy-wide budget constraint, a foreign financing constraint, and a 
revenue constraint. 

The solution to this model is a simultaneous equations system, see 
Appendix 2 for the full derivation. In the first eauation, military 
expenditures as a ratio of GDP (ME/GDP) is the dependent variable with the 
explanatory variables of central government expenditure as a ratio of GDP 
(CGE/GDP), GDP in US$ (purchasing power parity prices), population (POP), 
the level of foreign financing (FF), geographical variables and political 
variables. 

+ 7 ? + + 
ME/GDP - F[CGE/GDP, GDP$, POP, FF, geographical variables, 

+/? 
political variables], (LA) 

political variables (mutually exclusive dummy variables): 
war: international war 

civil war 

non-war: multiparty democracy (benchmark) 
socialist government (?) 
monarchy (?I 
military government (+> 
other (?I 

The expected signs follow from the rationale for the inclusion of the given 
variables. In general, such variables as central government expenditures 
and the financial variables are expected to have a positive effect on 
military expenditures since they increase the overall availability of 
resources. The impact of GDP and population is uncertain since offsetting 
tendencies exist. Because of the public good feature, one could expect 
ME/GDP could fall as GDP and population rise. However, because of the 
sharing the costs of the military and the fact that larger countries have 
the possibility of being major regional or global military powers, a 
positive association could exist. 

The geographic variables are included as indicators of cost factors of 
defending a nation. The political variables are included as rough 
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approximations of the political institutions in different countries, see 
Appendix 2 and Tables 8 and 9 below for further elaboration. The benchmark 
category is a multiparty democracy not engaged in war. Obviously the 
presence of war will increase the demand for military expenditures. 
Furthermore it is hypothesized that a country run by a military government 
will place a higher emphasis on military security. 

In the second eauation, CGE/GDP is the dependent variable with the 
determining factors of ME/GDP, a development index (DI), the political 
variables, and the availability of external financing, 

+ + -/+D + 
CGE/GDP - G[ME/GDP, DI, political variables, (l+FF)/GDP$]. (1B) 

In this equation, military expenditures are expected to have a positive 
influence. The development index is meant to be a proxy for the ability of 
the government to raise revenues and therefore is expected to be positive. 
Availability of foreign financing is expected to have a positive influence 
for essentially the same reasons. 

The specific equations estimated, derived by assuming a Cobb-Douglas 
utility function for the leadership, are as follows: 

WMEiJGDPi,) - B + Blln(GDPSit) + P21n2(GDP$it> + &ln(POPi) 

+ P41n(CGEit/GDPit) + P5ln(CBi> + &jln(mi) + B7ln(Ui) 

+ ,!%#D70i> + Bg(HD8Oi) + Blo(SLIEi> + B1lWFFit) 

+ political dummy variables(it) + uit, (2A) 

ln(CGEit/GDPit) = 7 + 7lln(MEit/GDPit) + 72(DIit) + 73(HD7Oi) 

+ 7/+(HD80i) + 75(SLIEi) + 76(PGFFit) + 

political dummy variables(it) 

+ year dummy variables(t) + cit. (2B) 

where: PGFF net flow of public and publicly guaranteed foreign 
financing, 

HD70 heavily indebted nations 1972-79 (dummy variable), 
HD80 heavily indebted nations 1980-88 (dummy variable), 
SLIE small low income economies (dummy variable), 
countries i = 1,...,125, 
years t = 1972,...,1988, 
CB coastal borders, 
LB land borders, 
LA land area. 
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The definition of each variable is available in Appendix 1 and the mean 
values are listed in Appendix Table 13. The various financial variables are 
included as proxies for the cost of foreign financing. In the first 
instance, the level of public and publicly guaranteed foreign financing is 
an indication of the level of concessional financing that a country 
receives. This level is likely to be highly correlated with the level of 
foreign grants- -unfortunately the World Bank series on grant receipts begin 
with data for 1980. The dummy financial variables--HD70, HD80, and SLIE-- 
are included to indicate the probable cost of commercial borrowing to the 
country. The high debt countries have been unable to borrow in some cases 
or must pay very high rates. The small low income economies generally have 
a poor credit rating and are subject to similar financing constraints. 

Three different techniques were used to estimate the above equations. 
In the first instance, Table 6, the three staged least squares (3SI.S) method 
is used without adjusting the data. This method produces results which are 
almost identical to those obtained in Hewitt (1992) in which two staged 
least squares (2SLS) was used with a slightly smaller sample. For the 
second set of results, Table 7, prior to running the regressions the data 
was transformed via a method suggested in Kelejian and Oates (1981) in order 
to correct for autocorrelation and heteroskedasticity. lJ The procedure 
requires separate data adjustments to each equation. Starting with equation 
(2A), first an OLS equation is estimated for each country. For those 
countries with a Durbin-Watson statistic of less than 1.57, it is concluded 
that autocorrelation is present and the appropriate correction is made. 
Then for each country, all the variable values are divided by the standard 
error of the appropriate country equation in order to correct for cross 
country heteroskedasticity. This was necessary because significant 
differences in the variance of regression for each country were found. 
Using the Goldfeld-Quant test (see Sayrs 1989), the ratio of the average 
variance of regression for one half the sample to the other half has an F 
Distribution. The ratio is found to be 196.3, which indicates that the 
variances are unequal with a 99 percent degree of confidence. Finally, the 
2SLS method is used to obtain coefficient estimates. 

The process is then repeated for equation (2B) in which central 
government expenditures is the dependent variable, see Appendix 2 for 
further details. The third set of estimates, Table 12a and 12b, uses the 
transformed data in a fixed effects framework and on the mean values for 
each country (see Section V). In each table there are five different 
estimates. The first is for the entire sample; the second for industrial 

I/ See the Kelejian and Oates (1981) Appendix "Autocorrelated Disturbance 
Terms in a Simultaneous-Equations Model" pages 296-299 and Kmenta (1986) pp. 
616-633. 
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Table 6. Three Stage Least Square Estimstions, 1972-90 

Asia, 
Industrial Latin America, 

countries and Developing Sub;;bt;ran Middle East and 
Full Sample Eastern Europe Countries North Africa 

Coeffi- Coeffi- Coeffi- Coef f i - Coeffi- 
cient t-ratio cient t-ratio cient t-ratio cient t-ratio cient t-ratio 

De!Zn~fvZ% 1 i tary 
expenditure to GDP 

Constant 
Real GDP in USS 
Real GDP in USS squared 
Population 
Ratio of cntr,. gov. exp. to GDP 

Land area (in square km) 
Land borders (‘in kilometers) 
Coastline (in kilometers) 

International war 
Civil war 
Militarv aoverrnRnt 
Monarchi - 
Socialist government 1972-85 
Socialist government 1986-90 
Other forms of government 

Net flow (PGFF) 
High-debt cmtries 1972-79 
High-debt cwntries 1980-90 
Smsll Lou-income economies 

R-squared 
N&r of observations 

El;;;i~y$~th respect to GDP 

Maxi- GOP 

DeK%n~fv%%‘gover-t 
expenditure to GDP 

Constant 3.320 
SIPRI military expend. to GDP -0.001 
Developnent Index 0.303 

International war 
Civil war 
Military goverrwnent 
Monarchy 
Socialist goverrvnent 1972-85 
Socialist government 1986-90 
Other forms of govermt 

0.236 
-0.086 

I!-;# 
0:391 
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-0.194 
-0.147 
-0.004 
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:2-g 
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"i:!: 
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0.380 

-_ 
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6.480 
-- 
-- 
__ 
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9:98 
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-_ 
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-1.72 
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-0.10 -- 
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Et 
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0.289 

8% 
0:323 

8-E 
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_- 
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7.20 
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2.97 
-- 
-- 
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-- 

0.;; 
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-0.46 
-- 
_- 
-- 
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I:87 
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%:! 
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3103 

i:E 

;:tJ 
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-5.810 
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8% 
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0.037 

1-z 
0:633 
1.130 

iE1 
0:393 
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:;-g; 
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3.100 
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'% 
8:39 

E3S 
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:pg 
-5:62 
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I-AZ 
0:146 

-- 

0.20; 
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-01383 

:;-g 
-0:344 
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15.00 
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2:76 
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K! 
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countries, Eastern Europe and the FSU combined; the third is for developing 
countries; the developing countries are split between sub-Saharan Africa and 
other regions of the world in the final two sets of estimates. 

2. EmDirical results 

Econometric specification are well known to have a significant impact 
on empirical results, Learner (1983). In the present case, the three sets of 
estimates are presented in order to check the robustness of various results 
through different econometric specifications. The introduction of the 
corrections for autocorrelation and heteroskedasticity produces results that 
are broadly similar, but by no means identical, to the original results. 
Normally, the corrections will only alter the degree of significance. 
However, when colinearity exists among the independent variables, it is 
possible that the signs of the estimated coefficient can switch. The switch 
in sign is an indication that the results obtained in any one equation are 
fragile. In some cases where this occurs, the linearity is obvious. For 
instance, there is clearly a relationship between the two GDP variables and 
population. Likewise, there is colinearity among the geographic variables. 
It is less clear why some of the signs of the form of government variables 
in the central government expenditure equation switch. 

In general, the results in Table 7, which uses the 2SLS on the adjusted 
data, are taken as the primary results for theoretical reasons. If the 
coefficients are significant in Table 7 and the signs are the basically the 
same in Table 6, the result will be deemed robust. If however, the 
coefficients in Table 6 have significant opposite signs, the result will be 
deemed unreliable. In the in-between cases, for instance when opposite but 
insignificant signs are found in Table 6, the result in Table 7 will be 
accepted with reservations. The results in Table 12 are subject to 
different interpretations, see below. 

a. The financial and demoeranhic determinants of military Wending 

The results confirm that financial variables influence the level of 
military expenditures across time and across countries. In the first 
equation, the elasticity of military expenditures with respect to central 
government expenditures is positive and significant, though considerably 
less than unity throughout. For the entire sample the elasticity is found 
to be 0.7; in the subsamples, the range is about 0.5 to 0.8 (Table 7). This 
implies that increases or decreases in the share of resources allocated to 
government leads to a somewhat less than proportional change in military 
spending. This result could be interpreted to imply some degree of 
resiliency. However, when central government spending rises due to an 
external or 'internal shock, such as sharp increases in interest costs 
experienced in the 198Os, there is no reason that this sort of increase 
should induce higher military spending. In fact some crowding out of 
military expenditures would be expected. On the other hand, if central 
government expenditures increase or decrease due to a general rise-or fall 
in the level of funding, this should have a direct positive impact on 
military spending. 
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In the second equation, military spending is found to lead to higher 
central government expenditures in most cases. However, for the industrial 
and Eastern European nations the sign varies between equations. Thus, it 
can be concluded that in the entire sample and in developing countries, 
increased military spending leads to increased central government spending 
while in the case of the industrial and Eastern European countries, the 
relationship is uncertain. 

Among the coefficients that show the least stability are those 
associated with GDP and population, not a surprise since a linear 
relationship obviously exists between these variables. The level of ME/GDP 
is clearly effected by GDP level, however, in some the relationship is 
comrex , the coefficient on ln(GDP) is negative and the coefficient on 
ln(GDP) squared is positive. J.J In others, a concave relationship is 
found, military spending is a superior good at low levels of GDP and then 
becomes an inferior good at high levels of GDP. Since different 
specifications give differing results, it is more likely that military 
spending is a normal good, remaining at an approximately constant proportion 
of GDP throughout. There appears to be somewhat more evidence favoring a 
concave relationship, see below. 

Unlike in the previous study, the coefficient on population is found to 
be positive and significant in most of the equations in Table 7. In Table 
6, the population coefficient is positive and significant in two cases and 
insignificant in the other three cases. The positive elasticity with 
respect to population provides some insight into the motivation for military 
expenditures. There are two competing theories as to how military 
expenditures might vary across countries of different size and wealth. One 
theory emphasizes the defensive nature of military expenditures. Since 
security is a pure public good, each nation might have a threshold level of 
military expenditures that it deems necessary to achieve a minimum level of 
protection. This hypothesis predicts that military expenditures would not 
rise with GDP beyond a certain point and would be insensitive to population 
size and therefore is rejected by the findings. Military spending is found 
to grow with population and GDP. There are two possible explanations for 
why larger, higher income countries spend more. First, it may be nearly 
impossible for the small nations to reach the threshold level. 
Alternatively, since a larger population enables a country to field a larger 
army, population will enhance a country's military potential. larger 
nations could gain more from military expenditures because of the prospect 
of becoming a regional or global military power. 

lJ Thus, at low levels of GDP, military spending is an inferior good, at 
high levels of GDP military spending is found to be a superior good. 
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Table 7. Two Stage Least Square Estimations, Adjusted Data, 1972-90 

Asia, 
Industrial Latin America 

coamtries and "Fy&yiE Sub-Saharan Middle East an 
Full Sample Eastern Europe Africa North Africa 

Coeffi- Coeffi- Coeffi- 
cient t-ratio cient t ratio "ZZ- 

Coeffi- 
t-ratio cient - t-ratio cient t-ratio 

DeIZZnZfvZb~YZLitary 
expenditure to GDP 

Constant 
Real CDP in USS 
Real Q)P in USS squared 
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Ratio of cntr. gov. exp. to CDP 

Land area (in square km) 
Land borders (in kilcmeters) 
Coastline (in kilometers) 

0.756 4.21 -0.016 -0.11 

-p.= 

0:137 

-yg 

3:92 

-1.100 4.870 -6.11 4.45 

5-13 0.6% 3.98 i-z . 1.99 

‘cyg -;.g 
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International war 1.250 21.00 
Civil war 1.100 15.70 
Hilitary govermnt 0.646 6-W 
Hqnarchy 0.871 
Socialist government 1972-85 
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0.413 7.18 

Socialist government 1986-90 0.245 4.08 
Other forms of goverrment 0.647 10.20 

Net flow of ext. financi 
"39 
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High-debt c-tries 19X?- 
High-debt c-tries 198lMO 
Small low-income economies 
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$.&7 -;.z 
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-0.143 -1.14 
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0.545 15.70 

__ -- 
-- __ 
-- _- 
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__ 
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-- __ 
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0.827 1.29 
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0.878 1.73 
:lp~ :;.lg 

-0:&x -1o:?o 

1.810 1.99 
:;A$ -3.48 

-0:m 2::: 

Adjustad R-Squared 
Umber of observations 

Eb;;izy;ith respect to GDP 

Haximun CDP 

0.761 
1507 

0.801 
910 

-i-E . -0.294 -0.260 -0.501 -0.295 
0.068 0.237 0.398 0.127 

expenditure to CDP 

constant 
SIPRI military expend. to GDP 
Development Index 

International war 
Civil war 
Military government 
bnarchy 
Socialist govermmt 1972-85 
Socialist goverwnt 1986-90 
Other forms of goverment 

Net flou of ext. financin (PCFF) 
High-debt countries 1972- 7 9 
High-debt countries 1980-90 
Small low-income economies 

1:-g $$.X& 

21700 9170 
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1.190 24.10 1.630 13.60 

-0.461 -6.95 -0.545 -4.79 

0.113 1.18 
-0.611 -4.84 

0.574 10.20 
0.403 3.03 
y9$ ye& 

0:821 15:so 

y;; -3.91 

0:392 -5% 
-- -- 

-- 
0.962 8.4; 

-0:464 !pl; ;p& -4188 

0.741 6.01 
-0.708 -3.13 

4.850 7.35 

-iEz -1-70 
-0:765 -:::t 

-0.492 -3.29 -- -- 
-_ -- 
-- -- 
-- -- 

1.220 7.73 
0.219 1.36 

-1.900 -2.16 

4.110 4.29 
-1.110 -4.05 
-y: -;A; 

12.600 1.76 3.500 7.52 0.584 0.90 
-0.160 -1.22 -0.388 -1.71 

y%; ;A; -0.186 0.567 -1.41 3.40 

-- -- 
-- -- 
-- -- 

Adjusted R-squared 0.838 0.867 0.824 
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2015 525 1491 408 
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The elasticity of military spending with respect to per capita income 
can be derived from the coefficients on GDP and population. In Table 7, the 
range over the entire sample is between 0.6 for low income counties to 0.9 
for high income countries. Thus, the elasticity is clearly less than unity. 
As per capita income rises, military spending also is found to rise, but by 
a lower percentage. 

The econometric results associated with the other financial variables 
is somewhat different from the previous study. The net flow of public and 
publicly guaranteed foreign financing (PGFF) has positive coefficients in 
Table 7 which are not significant, while in Table 6 some of the coefficients 
are negative. This implies that PGFF does not directly effect the ratio of 
mi1i.tar-y expenditures to GDP. However, in the central government 
expenditure equation, PGFF is found to be positive and significant for all 
equations except industrial and Eastern European countries. Thus, PGFF is 
still found to have an indirect positive effect on ME/GDP through increasing 
CGE/'GDP. lJ 

The high debt countries are found to spend less on the military than 
other countries and to have cut back military spending in the 1980s relative 
to the 1970s. This relationship holds for the entire sample and for the 
subsamples. In the second equation, high debt countries definitely had 
lower CGE/GDP than others in the 1970s and their CGE/GDP in the 1980s was 
definitely higher than in the 1970s. However, since the coefficients vary 
in different equations, it is uncertain as to how their CGE compared to 
others in the 1980s. In general, it appears that because of the higher 
interest cost that these countries had to pay, their central government 
expenditures rose in the 1980s to a level that approximates other countries. 

The small low income economies allocated a smaller share of GDP to the 
military than other countries. The results are mixed as to how their 
CGE/GDP stood in relationship to other countries. 

In the central government expenditures equation, the development index 
(DI) is used as a proxy for the level of development, see Appendix 1 for the 
definition. For the entire sample, a positive association between DI and 
CGE is found. This was expected since higher development is generally 
associated with a greater ability to raise revenues and thus CGE tends to be 
higher. In the disaggregated results, this continues to apply to the 
industrial and Eastern European countries. However, the opposite sign 
emerges among the developing countries, thus, developing countries with 
higher development levels have lower CGE/GDP. A possible explanation for 
this could be reverse causality--numerous studies have found.that higher CGE 
deters growth. 

lJ For Sub-Saharan Africa, this relationship is insignificant in Table 7, 
but is statistically significant in Table 6. 
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b. The political and geoaraohic variables 

The profile of the effect of the political variables on military 
spending is almost identical to that found in Hewitt (1992). The benchmark 
is a democratic government not engaged in conflict. All the coefficients 
associated with political variables are positive and therefore represent 
various tendencies to spend more on the military. The most significant 
coefficients are associated with international war and civil war. Next, in 
order of importance are monarchies, other forms of government, military 
governments, and socialist government in 1972-1985, and socialist 
governments in 1986-1990. socialist governments in 1986-1990 is a variable 
introduced to account for the possible effects of political changes in 
Eastern Europe, the FSU, and elsewhere since 1985. Indeed, it appears that 
these countries lowered their military spending somewhat in relation to 
other countries during this time period, but still spent more than 
democracies. 

The effect of form of government on CGE/GDP varies somewhat between 
equations. Countries involved in civil war spent less than democratic 
governments, monarchies spent less, and socialist governments in the period 
1973-1985 spent more. In most cases the countries with socialist 
governments prior to 1985 had a significantly lower CGE/GDP ratio in 1986- 
90. The signs on countries at war, military governments, and other 
governments vary across specifications leaving an uncertain conclusion. 

The above results suggest that the leadership of nondemocratic 
countries tend to have a higher preference for military expenditures than 
the population at large. Presumably, the policies of countries ruled by 
democracy reflect the more closely the preferences of the population at 
large, while with other regimes the policies are more likely to reflect the 
preferences of the leadership. Therefore, a move towards democratic rule, 
or possibly more open forms of government, is likely to induce lower 
military spending. 

The geographic variables display a somewhat unexpected pattern. The 
maintained hypothesis is that the geographic characteristics of a country 
would have an effect on the cost of defending a country and therefore on 
military spending. In Table 7, the strongest result is that a larger 
coastline induces greater military spending, and this conclusion is not 
contradicted by the results in Table 6 or 12. The same holds for land 
borders, but the results are slightly weaker. The evidence on the effect 
land area is uncertain. 

IV. Reasons Behind the Post-1985 Fall in Military Expenditures 

of 

The preceding econometric analysis suggests a number of factors that 
could explain the post-1985 decrease in military expenditures. Changes in 
economic and financial factors that effect the affordability of military 
expenditures is one possible explanation. A second explanation is changes 
in the priority attached to military spending- -brought about either by a 
change in government or a shift in external security factors. 
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1. Financial/economic factors 

The econometric analysis suggests that a change in the level of 
financial resources available to a country could alter the level of military 
spending and its ratio to GDP. Among the industrial countries, an economic 
slowdown is evident beginning in 1988 with a drop in the growth of real GDP 
from 4.3 percent in 1988 to an average of 2.4 percent, Table 8. Six of the 
G-'7 countries experienced a significant fall in their rate of growth. lJ 
Eastern Europe and the FSU also experienced a great decline in rates of 
growth. Among the developing countries, slow growth occurred in Sub-Saharan 
Africa, the Middle East, and the Western Hemisphere developing countries. 
These regions experienced negative real per capita GDP growth during 1985- 
90. Growth remained fairly brisk among the Asian developing countries. 

Further evidence of the impact of a slowdown in growth on military 
spending is suggested from comparing military expenditures during 1985-1990 
to movements in purchasing power parity per capita GDP (PPP). A strong 
correlation is found between ME/GDP and changes in the growth of PPP. a 

2. Political changes and security factors 

A great deal of political change occurred in the later part of the 
1980s. In addition to the well publicized changes in the former socialist 
countries, many developing countries moved towards more open political 
institutions. Table 9 provides a summary listing of the distribution of 
countries between the political variables, see Appendix 1 for a definition 
of each category. 2/ From 1983 to 1989, in addition to the socialist 
countries, eleven countries moved between political categories. While some 
of the changes were offsetting, a net increase in eight democracies occurred 
while there were seven less military governments. Furthermore, immediately 
after the time period covered in this study, the pace of change accelerated. 

u The growth figures in this section are taken from the October 1992 
World Economic Outlook. 

2J Among the countries that increased their military spending, a 
relatively high proportion also 60 percent experience a similar rise in PPP 
growth; in countries where the ratio of military spending to GDP remained 
the same, 50 percent also had a significant rise in PPP growth; while in 
countries that decreased their military spending in proportion to GDP, 42 
percent had a significant increase in PPP. 

3J This study does not provide the list of which countries fit into each 
category. The purpose of the political variables is to provide empirical 
insight into the determinants of military spending, rather than engage in 
categorizing different political regimes. 
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Table 8. Growth of Real GDP, 1985-90 

(In percent) 

1985 1986 1987 1988 1989 1990 

Industrial cuntires 3.3 2.8 3.2 4.3 3.3 2.4 

Eastern Europa 3.1 3.4 1.8 1.3 -0.2 -7.1 

Former Soviet Unioin 1.6 3.0 2.9 5.5 2.5 -0.4 

Developing C-tires 4.5 3.9 4.5 3.8 3.7 3.6 

Africa 4.0 2.1 0.3 3.6 3.2 1.0 

S&Saharan Africa 3.7 3.7 1.6 2.3 2.3 0.8 

Asia 6.9 6.9 8.1 8.9 5.3 5.5 

Middle East and Europe 1.8 -0.8 3.3 -1.0 3.8 5.4 

Western Heni sphere 3.4 4.3 2.2 0.4 1.0 -0.1 

Sources: International Monetary Fud, Uorld Econanic Outlook. 
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From 1990 to 1992, at least 15 countries switched political categories. JJ 
Although such changes did not have time to effect the political variables in 
the econometric analysis, it is quite likely that the events leading up to 
these changes had an influence on government expenditure policies prior to 
the actual change. 

Table 10 is a cross-tabulation of the political variables and changes 
in military spending from 1985 to 1990. The first column shows the number 
of countries in each category that reduced their military spending in 
proportion to GDP by more than 10 percent, column 2 lists the number of 
countries that did not change military spending as a proportion of GDP by 
more than 10 percent, and in column 3 the number of countries that increased 
military spending by more than 10 percent. In order to construct a summary 
statistic, the "rate", column 4, is obtained by subtracting column 1 from 
column 3 and dividing by the total number of countries in the category. 

For the entire sample, the rating is negative 35 percent, which means 
that considerably more countries lowered their military expenditures as a 
ratlo of GDP than raised them. All the categories of countries have a 
negative rating, the categories which had the greatest change include 
international war, democracies, and socialist governments, and post-1990 
transition countries; their ratings ranged between negative 40 to 63 
percent. Security improvements are likely to account for decreased military 
spending by countries at war, as well as decreased military aid resulting 
from the cessation of the cold war. The improved security environment 
brought about by the end of the cold war is also the likely explanation for 
the <decrease in military expenditures among the democratic countries. 
Alternatively, the decreased military expenditures in the socialist/ 
transition economies probably represents a reaction to internal political 
changes. The post-1990 transition countries probably decreased military 
spending in reaction to internal political changes that preceded the change 
in regimes. 

The rating for monarchies, military governments, countries engaged in 
civil war, and others forms of government varied between negative 14 to 
negative 27 percent. Thus these countries changed relatively less than 
average. The changes that did occur appear to reflect both internal 
political changes and external security improvements. Finally, countries 
that underwent a major political transition prior to 1990 had a rating of 
negatLve 27 percent, thus the number of countries that cut military spending 
was slightly below average. The reason for this relatively mixed reaction 
is in part that in a number of cases the change in political category 

lJ When a political change occurs, the country is placed in another 
political category in the following year. This is because the budget in 
force during the transition year was formulated by the preceding government. 
Clearly events preceding political changes can alter government policy. 
Furthermore, it is possible for a new government to immediately institute 
changes in budgetary allocations. 
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Table 9. Sunnary Statistics of Political Variables 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 199fl 

Countries at war 
International Uar 

Civil Uar 

7 9 9 9 9 9 9 9 9 a 8 

10 12 12 12 12 13 12 12 11 11 11 

Countries not at mar 
Bemocracy 

Military goverfmnt 

Monarch 

Socialist/Transition 

Others 

34 33 33 33 34 35 36 37 39 40 41 

32 31 31 31 30 28 28 28 28 26 24 

7 7 7 7 7 7 7 7 7 7 7 

14 14 14 14 14 14 14 14 14 14 14 

21 19 19 19 19 19 19 la 17 19 20 

Sources: Sivard (1998), SIPRI, Europa Uorld Yearbook. 

Table 10. Interaction Between Political Variables and Military Expenditures 

1 2 3 

Change in military Spending 

from 1985 to 1000 11 
_-------____________------- 

Lower No Change Higher 

4 5 

Rating Military 

Expenditures 

(3-1)/(1+2+3) 1998 

(By nut&r of countries) (In percent) (In biLIion $1 

C-tries at Uar 

International Uar 

Civil Uar 

Countries not at war 

Democracy 15 16 

Military goverrment 12 6 

Uonarch 4 0 

Others 9 5 

Socialist/Transition 2/ 7 6 

Transition countries 3/ 6 2 

Total 

Memorandun items: 

Post 1990 transition countries 

6 1 1 -62.5 32.7 

5 4 2 -27.3 3.3 

53 

9 

35 

3 

17 

3 

-48.4 559.1 

-25.0 15.9 

-14.3 20.0 

-27.8 13.9 

-42.9 274.6 

-27.3 21.3 

-35.5 

-40.0 

940.7 

18.6 

l/ The no change designation means that the ratio of military expenditures to GDP increased 

or decreased by less than 10 percent. 

2/ Countries that uere socialist prior to 1985. 

3/ Countires that changed categories from 1983-1989. 

4/ Countires that introduced democratic reforms from 1990-1992 or are in the process of 

introducing democratic reforms. 
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occurred because of a deterioration in the political situation, such as the 
outbreak of civil war or a military overthrow of the government. 

An additional security related financial factor is the level of 
military assistance. Clearly, both military and economic assistance from 
the FSU has fallen dramatically. Although no exact figures are available, 
the movement in arms exports, for which a large proportion are effectively 
aid financed, provides an indication. According to SIPRI estimates, 
U.S.S.R. arms exports fell from nearly $18 billion in 1987 to $4 billion in 
1991. Furthermore, U.S. miliary assistance has fallen from $ 5.8 billion in 
1985 to $ 4.8 billion in 1989. 

v. Conclusion 

A sizeable drop in military expenditures has occurred since 1985, the 
ratio of military expenditures to GDP has fallen by 23 percent. The 
foregoing analysis of the determinants of military expenditures provides 
some explanation for this observed drop. First, financial factors are found 
to have a significant effect on military spending. It is likely that the 
poor growth performance in many developing countries in the 1980s 
contributed to a decrease in military spending in proportion to GDP. 
Furthermore, the economic decline in the late 1980s among industrialized 
nations could have contributed to a decline in military expenditures. 

The second major category influencing military expenditures is the form 
of government. It can be surmised that the profound political changes that 
the world has witnessed in numerous countries in the recent past is in part 
responsible for the fall in military spending. For instance, there is 
evidence that the political changes in the former socialist countries have 
induced lower spending. Furthermore, the evidence suggests that the moves 
towards more democratic forms of governments in developing countries is 
likely to have a retarding effect on military spending. 

The final factor that could explain the drop in military spending is 
the improved security environment in the world. Although this analysis does 
not directly address this issue, there are indirect indications. The drop 
in military spending among democracies and countries at war is probably a 
result of a decrease in military tensions. Military assistance by the FSU 
fell as a result of the cessation of the cold war and internal economic 
problems. Additionally, the U.S. has decreased its military aid. It is 
likely other countries also cut back on military assistance. This study 
suggest that such factors would exert a strong downward effect on military 
spending. 
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Military Exnenditure Data 

The primary data sources for military expenditures is the Stockholm 
International Peace Research Institute (SIPRI), supplemented by the US Arms 
Control and Disarmament Agency (ACDA). The data sources for the other 
variables are based upon published data by the IMF, the World Bank, the 
United Nations, the U.S. Central Intelligence Agency, and national accounts. 

The SIPRI estimates of military expenditures were chosen because they 
are probably the most reliable and conform to a consistent definition. For 
the purposes of this study, two types of modification to the SIPRI data are 
made. First, the U.S.S.R. and China are among the countries omitted from 
the SIPRI data set. ACDA estimates for Chinese military expenditures are 
the only known time series source. In the case of the U.S.S.R., estimates 
of military expenditures are based on Steinberg (1990). Steinberg's 
estimates are provided in local currency, his definition is comprehensive 
and compatible with SIPRI's definition, and the latest estimates include an 
adjustment to account for price differentials within the U.S.S.R. The 
reader is cautioned that the military expenditure figures of both the 
U.S.S.R. and China are not as reliable as some of the other figures. 
However, it seems likely that they provide a credible estimate of the trend. 

The SIPRI figures represent total government outlays on the military 
including military pensions, military interest payments, and paramilitary 
expenditures; they exclude police. SIPRI follows the NATO convention of 
including military aid to other nations in the military expenditures of the 
donating country, and does not include aid receipts from other nations in 
the military expenditures of the recipient countries, 

SIPRI military expenditures - 

Ministry of Defense budget 
- non-military expenditures of the defense ministry 
+ military outlays of other ministries (including military pensions 

and interest payments) 
+ military aid to other nations 
- military aid receipts from other nations. 

Thus, the SIPRI military expenditures represent the domestic opportunity 
cost of military appropriations plus military aid to allies, or the total 
level of resources allocated for military purposes by a country, excluding 
expenditures funded by aid from foreign governments. 

There are a number of potential problems with the SIPRI estimates. 
First, SIPRI explicitly does not include aid financed military spending. 
Second, military expenditures are often hidden in the budgets of other 
ministries. Third, off-budget expenditures financed through other means are 
often omitted. For instance, expenditures financed through foreign loans, 
direct earmarked payments to the military of mineral revenues, or funds 
obtained through asset sales or profits of public enterprises maybe omitted. 
SIPRI does make some adjustments to account for these factors. For 
instance, in several countries direct payments to the military of revenue 



- 22 - APPENDIX I 

from petroleum or copper sales are added to the military budget. In others, 
adjustments are made when high imports of military goods are detected 
without a corresponding change in the Ministry of Defense budget. In a few 
cases, an in-depth examination of the budget is carried out to reclassify 
expenditures. However, particularly for the small low profile countries, 
the budget estimate are used without modification. 

The development index and form-of-government variables are constructed 
variables. The form-of-government variables are interdependent dummy 
variables constructed from descriptions in Sivard (1991), SIPRI Yearbooks, 
and the EuroDa World Yearbook. The benchmark is a multiparty democracy not 
engaged in internal or external conflict. In a monarchy, power is 
transferred through heredity. Where there is both multi-party democracy and 
a monarchy present, these are categorized as democracies. A military 
government refers to the means by which the authority gained power and the 
status of the ruler before taking power. A socialist government is one that 
does not fit into the other categories and where the self-proclaimed 
ideology of the leadership is consistent with socialist ideology. The 
category of others refers to states that do not unambiguously fit into one 
of the above groups, for instance, one-party states and politically unstable 
states. The number of countries in each category is listed in Table 9; 
certain countries change status over the time period under review. 

The concept for the development index, DI, comes from the United 
Nations Development Programme (UNDP) human development index. Among the 
attractive features of the UNDP index is its reliance on purchasing power 
parity (PPP) rates instead of official exchange rates in cross-country 
comparisons and the use of other indicators of the quality of life. The 
development index used herein is constructed in the following manner. The 
ratio of PPP per capita GDP (1980 real prices) to $7000 is calculated, and a 
weight of 0.8 is applied. Next, the ratio of life expectancy to 70 years is 
calculated, and a weight of 0.2 is applied. As with the UNDP index, all 
countries with a per capita GDP above a certain level ($7000) are assigned a 
value of unity. Implicit in this formulation is that $7000 is the level at 
which a country is considered developed. The same is true of the health 
index.. An expected life span of 70 years is considered an indication of 
reasonable health standards. This index differs substantially from the UNDP 
index. The UNDP index is based upon the log of per capita GDP as a ratio to 
$5000) in 1987 prices; life expectancy as a ratio of 78 years; and the 
literacy rate. The variables are given equal weight. Since yearly 
estimates of literacy rates are not widely available for individual 
countries, this variable could not be used in the present analysis. 
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A Public Choice Model of Demand for Militarv Exoenditures 

An econometric model designed to test the determinants of military 
expenditures in a cross-section of countries is developed in this Appendix. 
The model identifies the political, economic, financial, and geographical 
factors that are likely to influence government decisions on the level of 
military expenditures and provides a framework to test the relevant 
hypotheses. The model does not consider the interaction between military 
expenditures of allies and rivals. lJ 

The model employs a public choice framework that analyzes how the 
government chooses the level of resources to allocate to the military. The 
primary assumption is that the leadership selects policies with the goal of 
maximizing its own welfare, subject to national economic and political 
constraints. This assumption does not imply that the political leadership 
is necessarily selfish or uninterested in the welfare of its citizens; any 
consideration can enter into the welfare calculation of the leadership. To 
the extent that the leadership is concerned about the welfare of citizens, 
the welfare function will reflect this concern. 

In the model, the leadership of the country has to make two very 
important budgetary choices: (1) the size of the budget and therefore the 
ratio of private versus public use of resources in the economy, and (2) the 
mix of government expenditures between the military and others uses. The 
variables that enter the welfare function of the leadership are 

w * C[U, D, S; political variables], 

where W the welfare level of the political leadership, 
n the welfare function, 
U utility derived from private consumption, 
D the level of defense derived from military expenditure, 
S social welfare derived from social expenditures (approximated 

by nondefense government expenditures). 

The welfare function places relative weights on each of the three 
variables that determine welfare: private consumption, defense, and social 
expenditures. In order to keep the model simple and facilitate 
concentration on allocation of resources to the military, only two types of 
government expenditures are considered. While the other category includes 
interest payments, general government expenditures, and expenditures on 
economic services, for purposes of expositional ease it is referred to as 
social expenditures. The political variables are treated as state-of-nature 
factors that affect the environment in which the leadership operates or 
indicate the ideology of the leadership. Therefore, they determine the 
weights of the different elements in the welfare function. 

lJ In the initial stages a number of variables for rival and allies were 
included, see Hewitt (1992). However, inconsistent results were obtained 
and for simplicity they were omitted from subsequent computer runs. 
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The welfare function in its present form is not operational. A more 
convenient form can be obtained through transformations based on supply-cost 
relationships. Simple transformations will suffice for U and S since these 
are not the focus of the study, 

U = U(C) 
S - SC=), (2) 

where C private consumption, 
SE the level of social expenditures. 

A more careful consideration is warranted for defense. Defense, or the 
level of security, is influenced by a number of factors that affect the cost 
of (obtaining security. It is hypothesized that the cost function for 
defense is 

D - D(ME, POP, geographic variables), (3) 

where ME the level of military expenditure, 
POP population, 

Geographical variables: 
LA land area, 
LB length of land borders, 
CB length of coastal borders. 

Equation (3) captures the notion that the effectiveness of military 
expenditure in providing security benefits will vary from country to 
country. For instance, larger countries are likely to be more costly to 
defend than small islands and therefore Chile is expected to have a higher 
defense budget than Mauritius, all other things being equal. The effect of 
population size is ambiguous. A larger population could be more costly to 
defend; however, a large population also acts as a deterrent to external 
attack. 

The new welfare function, W, using equations (l), (2), and (3), is 

w = W(C, ME, SE; POP, geographic variables, political 
variables). (1') 

The econometric specification uses a Cobb-Douglas functional form, 

a1 o2 Q3 
W - AC ME SE , (4) 

In this formulation the state variables, which describe political, 
demographic, and economic conditions, are assumed to influence the 
parameters of the equation: al, a2, and a3; thus they determine the 
relative priority placed on C, ME, and S. Each parameters is also be 
assumed to take on a Cobb-Douglas functional form to arrive at equations 
(2A) and (2B) in the text. 
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The income constraint in this model is fixed by a number of 
interrelated equations. The government budget identities are, 

CGE - ME + SE, (5A) 

CGE - T+DF+FF, (5B) 

where CGE is central government expenditure, T is government revenue, DF is 
domestic financing, and FF is foreign financing. Since the government is 
seen as managing resource allocations within the economy, its budget 
constraint is determined by the total level of resources available to the 
economy, 

CGE - GDP - C + FF. (5C) 

Finally, since tax revenue is both a choice variable and a constraint, 

T/GDP - H(D1, form of government), (5D) 

where DI is a development index. Equation (SD) is a behavioral 
relationship. The level of development is hypothesized to affect the ease 
with which government can raise revenues; a higher level of development is 
generally associated with a higher tax base and greater administrative 
capacity to collect taxes. The form of government is also hypothesized to 
influence the ability to raise revenues; for instance, a socialist 
government may be in a better position to collect revenue than a 
nonsocialist government because a higher proportion of economic assets is 
government-owned. 

Combining the above equations yields the following maximization 
equation for the government leadership: 

Maximize r = W[C, ME, (CGE-ME)] + X[CGE - GDP + C - FF]. (6) 
C,ME,CGE 

Assuming a Cobb-Douglas welfare function, equation (4), the solution is 

ME - [q/(q+q)lCGE (7A) 

CGE = kq/(q+q)lME + [q/(y+q)l(FF + GDP). (7B) 

Equation (7) is a simultaneous equations system that determines the 
level of central government expenditure in the economy and proportion of the 
budget allocated to military expenditures. In the first equation, military 
expenditures are a simple proportion of the government budget, based on the 
relative priority of defense vis-a-vis social expenditures. In the second 
equation, central government expenditures have two determinants. In part, a 
proportion of total national economic resources (GDP + FF) is allocated to 
CGE based on the relative priority accorded to social expenditures vis-a-vis 
private expenditure. The other part of the equation indicates that CGE is 
also a function of ME. 
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By dividing equations (7A) and (7B) by GDP and allowing for the state 
variables' effect on the parameters of the function, the following general 
form of the simultaneous equations is obtained, 

+ 1 ? ? + 
ME/GDP - F[CGE/GDP, GDP$, POP, FF, geographical variables, 

+/? 
political variables], (W 

+ + -/+/? + 
CGE/GDP - G[ME/GDP, DI, government variables, (l+FF)/GDP$], (8B) 

where ME military expenditures in local currency, 
GDP GDP in local currency, 
GDP$ real GDP in U.S. dollars, 1980 purchasing power parity 

prices, 
POP population, 
CGE central government expenditures in local currency, 
FF foreign financing (in US dollars) 
DI a development index (see below), and 

form of government (mutually exclusive dummy variables, Appendix Table 3): 
multiparty democracy (benchmark) 
socialist government (+I 
military government (?I 
monarchy (?I 
other (7) 

political variables (mutually exclusive dummy variables): 
war: international war 

civil war 

non-war: multiparty democracy (benchmark) 
socialist government (?I 
monarchy (?I 
military government (+I 
other (?I 

The formulation separates direct and indirect influences on the level 
of military expenditures. The indirect influences are transmitted through 
the central government budget. Among the determinants of the level of 
central government expenditures are military expenditures, which are 
expected to have a positive influence, a development index, the form of 
government variables, and foreign financing. For example, consider a nation 
th,at experiences an increase in its development index. Since it is now 
easier to raise revenues, both its central government spending and its level 
of military expenditures will rise, even with constant political 
preferences. 

The direct influences on the level of military expenditures reflect the 
derived demand from the welfare function, which incorporates both the cost 
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function and income constraints. For example, consider two identical 
countries that differ only in the length of their land borders. The larger 
country will have a higher a2 value and will have higher demand for ME. 
Consequently, the larger country will have higher military expenditures and 
higher central government expenditures, even though the priority attached to 
defense is identical. 

The direct influence of real GDP on ME/GDP is quite complicated and 
interesting. Military expenditures are often viewed as a pure public good. 
Therefore, a country with a larger GDP will have more defense for a given 
proportion of GDP spent on the military due to economies of scale. This 

implies a negative sign. Conversely, a higher GDP represents more resources 
available for financing military expenditures and a lower opportunity cost, 
and this implies a positive sign. Since the two effects have opposite 
signs, the expected sign is uncertain. Similarly, the coefficient on 
population could be either positive or negative. A larger population can be 
more costly to defend, particularly if the military is involved in domestic 
politics. On the other hand, a large population implies an automatic 
deterrent. 

The financing variables present an interesting specification challenge. 
In the mechanical delineation of the model above, the level of foreign 
financing enters the determination of central government expenditures in the 
manner described in equation (8B). However, this formulation glosses over 
considerations of the cost of foreign financing and the ease of obtaining 
foreign financing. To account for this factor, a number of variables have 
been incorporated into the analysis that act as proxies for the cost of 
foreign financing. These variables are a dummy variable for the heavily 
indebted middle-income nations covering 1972-79, HD70; a dummy variable for 
heavily indebted nations covering 1980-90, HD80; a dummy variable for small 
low-income economies, SLIE; and the net flow of public and publicly 
guaranteed foreign financing as a r)atio of GDP, PGFF. In order to avoid 
simultaneity problems, the lagged values of PGFF are used; in addition, 
since the variable can take on negative as well as positive values, the log 
transformation could not be applied to the variable. The hypothesized 
effect of the three dummy variables on the level of central government 
expenditure is negative while the effect of PGFF is predicted to be 
positive. These four variables have also been incorporated into the 
military expenditures equation to determine whether the financing variables 
affect the mix of government expenditures. The hypothesis is that easier 
financing terms will allow governments to engage in the luxury of higher 
military expenditure, and therefore, HD70, HD80, and SLIE are expected to 
have negative signs and PGFF is expected to have a positive sign. 

As indicated above, the 3SLS method was used to estimate the equations 
in Table 6. The 2SLS method was used in Tables 7 and 12 with data adjusted 
for autocorrelation and heteroskedasticity. Furthermore, one equation in 
Table 8 is based on the fixed effect technique and the other on country 
means. 

The adjustment for autocorrelation and heteroskedasticitv follows 
descriptions in Kmenta (1986) and Kelejian and Oates (1981). For each 
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country an OLS estimate of military expenditures is carried out with the 
dependent variable ME/GDP and independent variables ln(GDP), ln(GDP) 
squared, PGFF, and CGE/GDP. If the Durbin-Watson statistic is below 1.57, 
autocorrelation is found to be present and the standard adjustment is made 
and the equation is re-estimated. The standard error of the equation for 
each country is then used to adjust for heteroskedasticity. Then a two 
staged least squares estimate is made with the adjusted data to derive the 
estimation results on the first equation. The process is then repeated to 
arrive at estimates for the second equation. The results produce much 
higher r-squares. However, since these r-squares are based on the 
transformed data, they are not subject to the normal interpretation. 
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Disaggregated Emoirical Results 

1. The fixed effects model and the means estimation 

Alternative estimates using the fixed effect technique and the between 
country estimates provide a disaggregated view of the impact of the 
independent variables on military expenditure policies. The between 
estimates based on the mean values of each country, Table 12b, concentrate 
on the way in which country characteristics effect the average level of 
military expenditures between nations. The fixed effect technique, Table 
12a, allows for a different constant (or intersect) for each country and 
therefore lumps differences between the countries into the constant. Only 
factors that vary within the countries will prove significant. Thus the two 
offer a disaggregated view of the main estimations in Table 7 where both 
differences between countries and within countries are examined 
simultaneously. When the two effects are disaggregated, many of the 
coefficients are found to be insignificant. This is expected because many 
of the independent factors vary both within countries and between countries. 

The results indicate that GDP has a concave relationship which is 
significant in Table 12a (positive coefficient on log GDP and a negative 
coefficient on log GDP squared). An insignificant weak convex relationship 
is found in Table 12b (negative coefficient on log GDP and a positive 
coefficient on log GDP squared). This implies that at low levels of GDP, 
within individual countries, military expenditures displays the attributes 
of a,superior good and at high levels of GDP it becomes an inferior good. 
However, when examining the different military expenditure policies between 
countries, the military expenditures appears to be a normal good. 

Central government expenditures and population are found to have a 
positive and significant effect on military expenditures in the fixed 
effects model. The relationship is insignificant in the between estimates. 

Among the political variables, war, civil war and other forms of 
governments have positive and significant coefficients in both the fixed 
effects and between estimations. Military governments are positive in both, 
but significant only in the fixed effects equation. Monarchy is positive 
but insignificant in both. The financial variables are insignificant in 
both, other than small low income economies which are found to spend less in 
the between estimation. 

In the central government expenditure equation, military expenditures 
are found to induce higher spending in both. The development index is 
positive and significant in the fixed effects but insignificant in the 
between estimate. The financial variables are insignificant in both for the 
most part. .Among the political variables, in the betweens estimate, 
international war, civil war, monarchies, and socialist governments from 
1986-90 have negative and significant coefficients while socialist 
governments prior to 1986 have a positive and significant coefficient. In 
the fixed effects estimates, international war and civil war have negative 
and significant coefficients while the others are insignificant. 
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2. Country zrouns 

The subsample estimates provide some insight into different demand 
relationships for military expenditures in different country groups. In 
general, however, the results are surprisingly similar among the different 
country group equations in Table 7. The second column in Table 6 and 7 
provides estimates for the industrialized countries combined with the 
Eastern European countries (including the FSU) and the third column provides 
combined estimates for developing countries. For both groups, military 
expenditures is found to increase with population and central government 
expenditures. 

For the industrial and Eastern European countries, the relationship 
with GDP appears to be concave. At low levels of GDP, ME/GDP falls as GDP 
rises. At higher levels of GDP, ME/GDP is positively related to GDP. Both 
coastline and land borders appear to have a positive effect on military 
spending. Socialist countries appear to have a higher ME/GDP during the 
entire time period, as do other forms of government. PGFF appears to have a 
positive and significant impact on ME/GDP. Turning to the bottom of Tables 
6 and 7, central government expenditures (CGE/GDP) are found to increase 
with military expenditures. The effect of the development index is 
uncertain. Among the political variables, other forms of government are 
found to have lower CGE, socialist governments are found to have higher CGE 
during 1972-85, while the relationship is uncertain during 1986-1990. 
Finally, the effect of PGFF on CGE is uncertain. 

Among the developing countries, the relationship between military 
expenditures and GDP is uncertain since the signs switch between Tables 6 
and 7. The financial and political variables have coefficients that are 
virtually identical to those obtained in the entire sample. Among the 
determinants of CGE, military spending and PGFF are found to have positive 
effects. The configuration of the coefficients on the political variables 
and financial variables is similar to those in the entire sample. 

The developing countries are partitioned into two groups, column four 
of Tables 6 and 7 provides estimates for the Sub-Saharan African countries 
and column five is the combined estimates for the other regions. Once 
again, the results are surprisingly similar. The signs and significance 
for population and CGE are approximately the same. For the sub-Saharan 
African countries, the effect of GDP is clearly convex. For countries with 
low levels of GDP, as GDP rises, military spending increases by a lower 
proportion. At higher levels of GDP, military expenditures are found to 
increase more rapidly than GDP. Net debtor countries, low income countries 
and democracies are found to spend less on the military. As for central 
government expenditures, higher military spending induces higher CGE. 
Military governments and other forms of government seem to have higher CGE, 
there appears to be a positive association with PGFF while small low income 
economies and high debt countries from 1972-1979 seem to have lower CGE. 
The effect of the development index is uncertain. In the equations covering 
Asia, Latin America, the Middle East, and North Africa, virtually identical 
results are obtained. 
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3. Individual country results 

In order to carry out the transformation of the data to correct for 
autocorrelation and heteroskedasticity, OLS estimations for each individual 
country (except Angola and Lebanon for which not enough observations exist) 
were carried out. Only five variables were available in these equations 
since most of the others are dummy variables vary mostly between countries 
rather than within countries. For about three-fourths of the countries the 
r-squared exceeded 0.5, nonetheless, in most cases none of the coefficients 
were significant due to the relatively small number of observations for each 
country. To summarize the results, in 31 cases central government 
expenditures have a positive and significant coefficient while in 2 cases 
the sign is negative and significant. In 16 cases GDP has a concave 
relationship with military expenditures and in 4 cases the relationship is 
convex and significant. Finally, in 9 cases PGFF has a positive and 
significant coefficient while in 3 cases the sign is negative and 
significant. These results provide some further support for conclusions 
derived in the cross section analysis. 
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Tabh 11. Country Rankings and Ratios of SIPRI 
Hilltuy Expenditure to GDP, 1980-90 
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fable 11. Country Rankirys and Ratios of SIPRI 
Military Fapenditure to GDP. 1980-90 
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Table 128. Fixed Effects Estimations, Adjusted Data, 1972-90 
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Table 12b. Between Estimations (Means), Adjusted Data, 1972-90 
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APPENDIX 

Table 13. Means, Maxima, and Minima, 1972-W 
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Sources: SIPRI, ACDA, Steinberg, published World Bank and IMF sources, Europa Uorld Yearbook; staff estimates. 
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