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FURTHER CAUSALITY EVIDENCE ON ARMS RACE, 

INFLATION AND ECONOMIC GROWTH  
  

Abstract. This paper examines the effects of expanding the ratio of defense 

spending on long-run inflation and economic growth by constructing an 

endogenous growth model and employing empirical approaches for China, Japan, 

South Korea, and Taiwan over the period between 1955 and 2010. By analyzing 

cointegration test results, it is found that: (1) the increase of the ratio of defense 

spending leads to a lower long-run inflation rate in China and Japan, but higher 

inflation rate in Taiwan; (2) the increase of the ratio of defense spending leads to a 

higher long-run economic growth, supporting the famously Benoit Hypothesis for 

China, Japan and Taiwan; (3) The results of bidirectional Granger causality test 

suggests that an arms race exists among the cross-country pairs of China and 

Japan, China and Taiwan, and the last pair, Japan and South Korea. Based on (1) 

to (3), as the ratio of defense spending increases, an arms race, higher economic 

growth and lower inflation coexist in China and Japan. These findings may also be 

an explanation of why, in view of economic performance, those arms race and 

disarmament issues have been advocated in recent years. 

Keywords: Benoit hypothesis; Causality; Defense spending; Economic 

growth; Inflation rate. 

 

JEL Classification: C82; H50; O23 

 

1. Introduction 

Scholarly debate has been raised for more than two decades about the 

relationship between defense spending and economic performance. One of these 

debates builds upon the contention that defense spending may cause inflation and 

further inhibit economic growth. Other debates argue that defense spending usually 

takes away enormous economic resources from other economic activities, therefore 

deterring economic growth. In view of the argument between defense spending and 

inflation, the affection between defense spending and economic growth is 

inconclusive. This study tries to fill this gap by constructing an endogenous model 
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to analyze the long-run dynamic interactions and by testing the multivariate co-

integration for the long-run relationship between variables as well as the arms race 

from the direction of causality tests for China, Japan, South Korea, and Taiwan 

over the period between 1955 and 2010. The reason for choosing these particular 

countries is that they are major participants in the North-East Asian region relating 

to potential military threats and conflict positions, and thus endure substantial 

defense burdens. In addition, long-spanned data is available for these specified 

countries which allows us to assess the co-integration and causal relationships 

between the variables examined in this study. 

There are three purposes of this study, divided into a theoretical and an 

empirical component. Firstly, in theoretical part of this study, we construct an 

endogenous growth model to analyze the relationship among the ratio of defense 

spending, inflation rate and economic growth as well as clarify the dispute of the 

Benoit Hypothesis. Secondly, in empirical part, we use the ADF test to determine 

whether there exists a stationarity of variables and examine the long-run 

relationship between defense spending and inflation rate, and between defense 

spending and economic growth by conducting co-integration tests for each country. 

The third objective is to test whether an arms race exists between country pairs 

using the Granger causality approach.               

The remainder of this paper is organized as follows: Section 2 constructs 

the analytical framework of the theoretical model, while Section 3 describes the 

empirical approaches. Section 4 reviews the data and empirical results. Finally, 

Section 5 summarizes the conclusions of this study. 

2. Literature Review 

Many empirical literature examining the relationship between defense 

spending, inflation, and economic growth which has been gathered for more than 

two decades, Brumm (1997), Murdoch et al. (1997), Aynur and Paul (2012), and 

Muhammad et al (2013) prove there is a positive relation between defense 

spending and economic growth supporting the famous Benoit Hypothesis (Ram 

,1995, Sandler and Hartley, 1995). Lipow and Antinori (1995), and Alper and 

Erman (2014) stress a negative linkage between defense spending and economic 

growth, while Huang and Mintz (1990, 1991) point out there is no significant 

effect of defense spending on economic growth. In addition, a third group led by 

DeRouen (1995), and Landau (1996) tends to give a context-specific explanation 

that varies from positive to negative effects. Payne (1990) finds no evidence to 

suggest that defense spending causes inflation by using the Granger causality test. 

More recently, Fordham (2003) shows that defense spending may lead to a higher 

inflation rate by investigating data for United States. 0Shieh (2002 a,b) uses an 

endogenous growth model to demonstrate that there exists an optimal defense 

spending ratio that maximizes the economic growth and social welfare in an 

alternative government resource allocation. Finally, Tzeng et al. (2008) sets up a 

monetary endogenous growth model and explain the undetermined relationship 

between the defense spending and inflation. They observe that the increase of 
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defense spending will cause unambiguous effects on the inflation and stimulate the 

economic growth.  

Based on the findings revealed by the evidence stated above, there is still 

no agreement as to the exact nature of the relationship among defense spending, 

inflation, and economic growth. As a result, constructing an endogenous growth 

model to explain the empirical findings regarding to the relationship among 

defense spending, inflation, and economic growth might provide an useful proxy to 

access the consensus.  

3. Theoretical model 

Consider an economy consisting of a government and large number of 

homogeneous infinite-lived households. Households produce a single composite 

commodity. They can be consumed, accumulated as capital and be paid as an 

income tax by households. The government provides defense security and public 

capital by means of spending on defense capital accumulation and investing in 

core infrastructure, respectively. Households’ utility U  comes from consumption 

C  and defense capital S . As indicated by van der Ploeg and Zeeuw (1990), the 

level of security enters into the Households’ utility function due to the fact that it 

provides security to the public and increases the feeling of national security by a 

higher level of defense capital (see Zou, 1995; Chang et al.,1996; Shieh et al., 

2002a,b; and Tzeng et al., 2008). As a result, the representative household seeks to 

maximize the discounted sum of instantaneous utilities as given by: 

0,)ln(ln),(
00

 





   dteSCdteSCU tt
,                     (1) 

where   is the constant rate of time preference and the parameter   measures the 

impact of the defense capital on household. 

Based on the fact that the defense sector and non-defense public sector 

may have a positive impact on private output reflecting as a spin-off effect which 

denotes that the defense sector will give a production externality to the private 

sector such as infrastructure, defense, training, education, and human capital 

enhancing activities. We assume that output Q  is produced with constant returns 

to scale technology that uses the private capital stock k , public capital stock R , 

and the defense capital S which these settings are widely used in the endogenous 

growth literatures such as Barro (1990), Rebelo (1991), and Turnovsky (2000b). 

That is, the production function is assumed to take a Cobb-Douglas form: 

    1,0,),,( 21

1 2121 
 

SRkSRkQQ                   (2) 

Eq.(2) implies that the both of the public capital stock and defense capital are non-

excludable and non-rival. The law of motion with real money balances is given by: 

 
m

m
                                                                                  (3) 
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where )/( PMm   is the real money balances with nominal money holdings M

and price level P ;   is the growth rate of the nominal money stock )/( MM  and 

  is the rate of inflation )/( PP . 

Let   and 1  denote the fraction of government spending devoted to 

defense sector and non-defense sector (core infrastructure of public sector), 

respectively. The government is assumed to finance its defense spending )( g by 

issuing money )( m  and finance its public spending g)1(  (i.e, investment in 

core infrastructure) by collecting income tax revenue )( Q . Hence the government 

budget constraint can thus be described as: 

    Qmg                                                                                  (4) 

mgS                                                                                   (5) 

QgR   )1(                                                                      (6) 

Eq. (4) shows the government’s budget constraint and at each instant of time, the 

government always balances its budget. Eq.(5) describes the linkage between the 

total stock of defense capital and the flow of defense spending g  financed by 

issuing money. Eq.(6) describes the linkage between the total stock of public 

capital and the flow of core public spending g)1(  financed by collecting 

income tax revenue. Using Eqs.(5) and (6) with )1/(/ 00  RS  initially, we 

have the following relation such as:  








1R

S
                                                                                        (7) 

As a result, using Eqs.(2)-(4), the budget constraint of households is given by: 

mCSRkmk  


 21211
)1(                              (8) 

where an overdot denotes the rate of change with respect to time, and   is a flat-

rate income tax. Households choose  0,, tkmC  in order to maximize Eq.(1) 

subject to Eq.(8). By letting   be the co-state variable associated with Eq.(8), and 

the transversality condition, 
tt ekem     limlim  given the initial real 

money balance 0m  and private capital stock 0k . The optimum conditions 

necessary for the households are: 

       ])1[(ln 21211
mCSRkSCH  




                   (9)   


C

1
                                                                                            (10a) 

                                                                             (10b) 

 
 21 )/()/)(1)(1( 21 kSkR                     

(10c) 
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21 )/()/)(1)(1( 21

 kSkR                                  (10d) 

Eq.(10a) shows that the marginal utility of consumption is equal to the sum of the 

shadow value of wealth. Eq.(10b) and (10c) indicate the optimal choices of real 

money balances and private capital stock, respectively. Eq.(10d) states the non-

arbitrage condition between real money balances and holding private capital stock. 

Differentiating Eq.(10a) with respect to time and substituting Eq.(10b) and (10d) 

into the resulting equation yields: 

 
 21 )/()/)(1)(1( 21 kSkR

C

C
                             (11) 

Eq.(11) is Keynes-Ramsey rule, which means that if the net marginal capital 

production is large (less) than time preference, the representative household will 

increase (decrease) their consumption in the next period of time. And from Eq.(5) 

and Eq.(6) , we have the growth rate of the defense capital: 
11 2111 )/()1()/()]1/([//

1 


   kSSQSgSS        (12) 

By substituting Eq.(3) and Eqs.(5)-(7) into Eq.(8), we have the economy’s resource 

constraint given as: 

          CSRkk 
 21211

)]1/()1[(
                                  (13) 

In order to solve the balance growth equilibrium, we define the following 

transformed variables: kCx /  and kSy /  similar to Futagami et al. (1993), 

Barro and Sala-I-Martin (1995). Combining Eqs.(5)-(7),(10d), and Eqs.(11)-(13), 

the dynamic system with respect to transformed variables can be itemized by the 

following equations: 

   
  

xy
k

k

C

C

x

x 11 11)1(])1)(1)1([(


       (14) 

xyy
k

k

S

S

y

y
     111 11 111 )1()1()1(


     (15) 

where 211   . At the steady state, the economy is characterized by 

0 yx  , and yx ˆ,ˆ  represent their stationary level, respectively.  

3.1 Long-run effects and the ratio of defense spending 

In this section, we investigate the long run effects of inflation rate and 

balanced growth rate following a rise in the ratio of defense spending in the steady 

growth equilibrium. We denote these results as proposition 1 and proposition 2, 

separately as the following. 

Proposition 1: An increase in the ratio of defense spending )( will lead to a 

lower inflation rate )ˆ( .  

From Eq.(10d), in the steady state, we have 

)(ˆ)1()1()(ˆ 111   
 y , and by using Eq. (14) and Eq.(15) 

with 0 yx  , we obtain: 
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 
0

]ˆ)1()1()1)[(1(

)]1()1(ˆ[)1(ˆˆ
11 














 y

yyy
                            (16) 

Differentiating Eq.(10d) with respect to   and substituting Eq.(16) into the 

resulting equation yields:  

0
ˆ)1()1)(1(

ˆ)1()1(ˆ 1111

2 










y

y







 

                                       (17) 

The results of Eq.(17) infers that once the ratio of defense spending increases, there 

must be a lower inflation rate. The key factor for this result can be tracked by 

Eq.(3) because the defense spending is financed by issuing money. To sustain the 

real money balance in steady state growth, the more money issued to finance the 

defense spending which implies a lower inflation will occur.  

The following proposition we focuses are on the economic growth rate 

following by an increase in the ratio of defense spending.  

Proposition 2: An increase in the ratio of defense spending )( stimulates the 

balanced economic growth rate )ˆ( . 

Given 0 yx   implies that ,,,,, SRkmC and Q  all grow at same rate. Let ̂  

be the steady-state economic growth rate that: 

         ̂/////  SSRRkkmmCC                                                (18) 

holds in the steady-state growth equilibrium. From Eq.(10a) and (10b), in the 

steady state, we have ])(ˆ[/  CC , and by using Eq.(17) and (18) we 

obtain: 

0
ˆ)1()1)(1(

ˆ)1()1(ˆ
)(

ˆ 1111

2 




















y

y

C

C











 
          (19) 

Eq.(19) shows that the increase in the ratio of defense spending will stimulate the 

balanced economic growth rate. This result also implies that the increase in the 

ratio of public spending will deteriorate the economic growth rate. On the other 

hand, if the government pursues a higher economic growth rate, expansion on 

public spending will be in vain. 

4. Empirical methodology  

4.1 Unit root test - Augmented Dickey Fuller (ADF) 

The assumptions of the classical time series model require that both series

｛ tx ｝and｛ ty ｝are stationary and errors have a zero mean and finite variance. 

Non-stationary variables may result in a spurious regression if the non-stationary 

properties of the variables are not reflected. Therefore, a unit root test is applied to 

determine whether variables are stationary individually before conducting causality 

tests. Unit roots are crucial in examining the stationarity of a time series because a 

non-stationary regressor can invalidate standard empirical results. The presence of 

a stochastic trend is determined by testing for the presence of unit roots in time 
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series data. In this study a unit root test is tested by using Augmented Dickey–

Fuller (ADF). 

The ADF test is referred to the t statistic of 2  coefficient of the following 

regression:  

tt

n

i

itt xxtx   



  1

1

1210
                                          (20) 

where  expresses the first differences operator with n  lags, t  is a stationary 

random error which adjusts the error of autocorrelation. The null hypothesis is that,

tx  is a non-stationary series and rejected when 2  is significantly negative         

( 0:;0: 220   HH ). This study uses the Akaike Information Criterion 

(AIC) to determine the optimal lag orders for Eq. (20) by selecting the grid of 

values for the number of lags ( n ) and obtaining the value of n  at which the AIC 

attains its minimum. 

4.2 Cointegration test 

The co-integration test in this study is conducted using the method 

developed by Johansen and Katarina (1990) which is widely used in many 

empirical studies such as Fatma and Levent (2010), Pavle and Mirjana (2010), and 

Timur et. al (2011). Once a unit root test has been confirmed for a data series, the 

co-integration can be defined as a systematic co-movement economic variables 

over the long run. The procedure of the Johansen co-integration test is based on a 

VAR model which employs the likelihood maximum (L-Max) procedure to 

determine the presence of co-integrating vectors. In this test, the L-Max statistic is:  

                 )ˆ1(ln)1,( 1max  rTrr  ,                                            (21) 

where 1
ˆ

r  is the estimated smallest eigenvalues, and T denotes the numbers of 

observed values. The null hypothesis of maximum co-integrating vectors r  is 

tested against the alternative hypothesis of maximum co-integrating vectors 1r . 

Therefore, the null hypothesis of maximum co-integrating vectors 0r  is tested 

against the alternative 1r . If all the series are integrated of the same order, then 

the presence of co-integration can be proceed and there must be a constant long run 

relationship corresponding to the long-run endogenous growth of variables.  

4.3 Granger-causality test 

The Granger causality test explains the bivariate relationship in variables. 

Suppose there are two variables, X and Y . They are used to evaluate whether the 

previous values of X are useful in predicting Y, and Y is considered Granger-

caused by X if X helps predict Y, and vice versa. Thus, the bivariate vector 

autoregression (VAR) model can be executed on the basis of Granger causality test 

as follows: 

t

m

i

iti

m

i

itit YXY 1

1

1

1

11  






                                               (22) 
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22  






                                                (23) 

where 1  and 2  are intercept terms,  , represent the estimate coefficients, 

and m  is the lag order of the model, selected according to the AIC. The null 

hypothesis supposes that X does not Granger-cause Y in Eq. (22) and Y does not 

Granger-cause X in Eq. (23), which could be represented as 01 i  and 02 i  

),...,2,1( mi  , respectively. This study applies the Wald statistics to examine the 

joint hypothesis of 01 i  and 02 i . The causality types of arm races among 

countries are analyzed in the following: 

Causality of Arms race between countries ( i and j  belong to specified country) 

‧ A unidirectional causality running from country i ’s defense spending to 

country j ’s defense spending. 

‧ A unidirectional causality running from country j ’s defense spending to 

country i ’s defense spending. 

‧ A bidirectional causality between country i ’s defense spending and country j

’s defense spending. 

‧ No causality between i ’s defense spending and country j ’s defense spending. 

5. Data and empirical findings 

5.1 Variables definitions and data  

In this empirical study, LGDP stands for the natural logarithm of real 

GDP, and the LIR denotes the natural logarithm of inflation rate ( pp / ). In 

addition, we divide the total government spending into the ratio of defense 

spending and public spending to GDP expressed in the natural logarithm, LDS and 

LPS. All of the above annual data are obtained from Taiwan Economic Journal 

Data Bank (TEJ); AREMOS of Taiwan Economic Data Center; China, Japan, 

Korea, and Taiwan Statistical Year Book (various issues) over the period 1955 to 

2010.  

5.2 Results of unit root tests 
The ADF unit root test is our first step to confirm the stationarity and the 

degree of integration of each variable. The ADF test results are presented in Table 

1 for the level term and the first difference of each of the variables. As seen in this 

table, all variables for China, Japan, and Taiwan are non-stationary of the 

integration of degree one - I(1)- in their level term but are stationary in their first 

difference. As for South Korea, the variables are in different integration orders 

where SKLGDP  and SKLDS  are I(0), and SKLPS  and SKLIR  are I(1) in their 

level term, this implies that the co-integration test can not be co-integrated because 

of the different integration orders of South Korea. Beside this, all variables in 

China, Japan, and Taiwan are stationary after their first difference.  
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Table 1:  ADF unit roots test r results 

 
5.3 Results of co-integration tests  

Table 2 shows the results of Johansen’s maximum eigenvalue test ( max ). This 

co-integration test is a trivariate system which includes the independent variables, 

LGDP and LIR, and the dependent variables, LDS and LPS. The Johansen’s 

max test show that one co-integration relationship between the variables exists 

for China, Japan, and Taiwan in this trivariate system. The trivariate co-integration 

results in Table 2 report that the ratio of defense spending affects long-run 

economic growth positively for China, Japan and Taiwan. The positive outcome is 

consistent with our theoretical evidence of proposition 2 and supports Benoit 

Hypothesis where the ratio of defense spending is found to stimulate economic 

growth. This result is also evidenced by the potential military threat among China, 

Japan, and Taiwan. For example, a country with a higher economic growth rate 

may expect to enhance its external or internal security by increasing defense 

spending. Before World War II, South Korea and Taiwan where under Japanese 

colonial rule until 1945. In Taiwan, security has been the major concern since 
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Mainland Chinese authorities have claimed that the use of force against Taiwan is 

one of the possible coercive measures to reunify the territory. Apparently, these 

results seem to be consistent with our empirical expectations and sustain our 

theoretical propositions. 

The trivariate co-integration results in Table 2 report that the increase of 

the ratio of defense spending leads to a lower long-run inflation rate in China and 

Japan, but higher inflation rate in Taiwan. In addition, Table 2 also shows that the 

increase of the ratio of defense spending leads to a higher long-run economic 

growth, supporting the famously Benoit Hypothesis for China, Japan, and Taiwan. 

Table 2: Johansen co-integration test results                      

 
5.4 Results of causality tests 

For cross-country studies, the causality test results in Table 3 show that 

there is an unidirectional causality running from China’s (Japan’s) defense 

spending to South Korea’s (Taiwan’s) defense spending, and no causality between 

South Korea and Taiwan. These results indicate no arms race between cross-

country pairs of China and South Korea, Japan and Taiwan, and the last pair, South 

Korea and Taiwan.   

Table 3 also shows a bidirectional casual relationship between the defense 

spending of cross-country pairs of China and Japan, China and Taiwan, and the last 

pair, Japan and South Korea. This result is in line with Kollias and Makrydaskis 
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(1997), Dunne et al. (2001), Chang et al. (2001), Dritsakis (2004), and Julide and 

Nadir, (2006) who report an arms race exists as a bidirectional causal relationship 

between defense spending of both countries. Apparently, an arms race in such 

cases of China-Japan, China-Taiwan, and Japan-South Korea are the wider 

geopolitical instability that has existed during the past few years increases the 

tensity of foreign security for each country pairs.  

Table 3: Granger causality test results of arms race between countries    

 

6. Conclusion 

Issues regarding economic performance and military stability in China, 

Japan, South Korea, and Taiwan have gone through decades of competitiveness, 

peaceful co-existence, and conflicts. The efficiency of a government spending 

allocation on economic performance has been a long controversial issue, and 

understanding the time series dynamics between defense spending and economic 

growth as well as between the military expenditures of rival states has drawn much 

attention in recent literature. For the internal aspect, allocating government 
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spending from public spending to defense spending may achieve a higher economy 

growth and a lower inflation; however, an arms race between countries may 

explain why the expansion of defense spending has stirred the dispute of armament 

and disarmament during recent years. For the external aspect, defense spending is a 

representative indicator of historical fluctuations and armament factors, not only a 

ratio of government expenditure but also an indicator of military deterrence 

capability. 

This study attempts to make some contributions to this line of research 

using theoretical and empirical components. In the theoretical part of this study, we 

construct an endogenous growth model to examine both the long-run inflation rate 

and economic growth when defense spending arises. In the empirical part of this 

study, we divide the government spending into defense spending and public 

spending and then test for the theoretical propositions by using Johansen co-

integration and Granger causality test within a trivariate framework in the 

following steps. First, ADF test is used to confirm the stationarity of variables, and 

second, the Johansen co-integration is employed to analyze the long-run 

relationship between inflation rate and economic growth when the ratio of defense 

spending increases. Finally, the Granger causality test is applied to determine 

whether an arms race exists. It is found that there is a co-integration relationship 

among China, Japan, and Taiwan, but not in South Korea. The trivariate co-

integration results also help to predict the long-run relationship between variables 

and show that (1) the increase of the ratio of defense spending leads to a lower 

long-run inflation rate in China and Japan, but higher inflation rate in Taiwan; (2) 

the increase of the ratio of defense spending leads to higher long-run economic 

growth in China, Japan and Taiwan. Therefore, based on (1) and (2), we see that in 

China and Japan, this trivariate framework is consistent with our theoretical 

evidences of proposition 1 and proposition 2, and supports the famously Benoit 

Hypothesis because the expansion of defense spending benefits the economic 

growth and decreases the inflation rate. 

The results of bidirectional Granger causality test suggest that an arms 

race exists among the cross-country pairs of China and Japan, China and Taiwan, 

and the last pair, Japan and South Korea. Comparing the co-integration results, as 

the ratio of defense spending increases, an arms race, higher economic growth and 

lower inflation coexist in China and Japan. These findings may also be an 

explanation of why in view of economic performance, those arms race and 

disarmament issues are advocated in recent years. From a methodological 

perspective, the endogenous model and empirical method of this can be extended 

to a more generalized multivariate application, where inflation rate, economic 

growth, and defense spending are explicitly influenced by other economic factors 

such as net capital flow, exchange rate, employment status, and other non-

economic factors such as military deterrence, government types, geographical 

distribution, etc. Future studies, in conjunction with these factors and other 

economic ones, may be needed in this perspective. 
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