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Summary 
 

Military expenditures are a costly investment especially if a government already has a 

strained budget to maintain. The aim of this report is to explore whether it is economically 

viable to motivate such investments and if such investments have other benefits than just 

the sake of having arms. This was done with the help of data from the World Bank and 

was analysed with respect to two different economic growth models in order to see if such 

a correlation could be found. The findings were to some degree inconclusive, as one 

model hinted that such a correlation could be found in the long run while the other model 

was more indecisive. Prior studies on this topic are somewhat diverse, but most studies 

conclude that military expenditures are negatively correlated with economic growth. The 

results of such effects would give military expenditures economic incentives but could 

also be used to motivate investments in further education, research, and government 

spending.  
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Introduction 
 

“To be prepared for war is one of the most effectual means of preserving peace” argued 

George Washington in 1790 when he was addressing both houses of congress. This 

argument can be backed up with the Keynesian theory stating that if public spending 

increased it could boost the economy in a time of need by hampering unemployment and 

replacing the decrease from private investments. A productive way of increasing such a 

spending could be argued to increase a country’s expenditure in its armed forces. This is 

due to the fact that the external defence of a country has since Adam Smith been argued to 

be one of the main tasks of the government. This would mean that spending money on a 

countries defence would be one of many effective ways of boosting one’s economy in a 

recession.  

 

On one hand it is often argued that increased trade and here especially arms trade would 

expand the motives to not start a war with that country, as one would not want to attack 

the supplier of goods and services and especially arms. On the other hand, some argue that 

war is unlikely to happen especially in politically stable places and that such spending is 

unnecessary and only contributing to arms races. It could also be argued that increased 

expenditure in defence would take a way able personnel from the private market. The 

people employed in the defence of a country could do something more productive in the 

private sector, especially now when the industry for producing weapons are highly 

advanced and when an extensive cyber security is demanded needing highly educated IT 

professionals and engineers. This is a so called crowding out effect and could affect the 

private market negatively leading to a shortage of able personnel that instead could do 

something more beneficial for the private market.  

 

In 2021 the total expenditures of arms were 2.08 trillion dollars according to data from the 

World Bank and the five biggest exporters of arms are the USA, Russia, France, Germany 

and Spain. The biggest spender 2021 in USD were however the USA, China, India, the 

United Kingdom and Russia. What can be seen is that there is a big overlap between the 

countries who export arms and the countries that have the largest expenditures. The 

countries who are not among the top five exporters but among the top five importers are 

China and India. They both have big populations and are relative newcomers to 

industrialisation compared to western Europe which can explain why. Nevertheless, all the 

countries that has a substantial arms industry also have a big civilian industry, are all high- 

or medium-income countries and have a highly educated work force. The question arises 

what the correlation and causation between these countries, do they have a big industry 

because they have spent a lot of money on their military industry that has in turn created a 

spillover effect due to the education level and the infrastructure needed to boost the 

economy.  
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The sales of arms could also have a positive effect on the economy and could give 

countries incentives to increase their arms industry. It could also provide them with 

weapons and military equipment for a better price than it would cost them to import 

equivalent equipment. Investigate European reported in 2022 that during the years 

between 2013 and 2020 member states of the European union would sale arms for 190 

billion euros. The countries Germany and France are leading the exports where they stand 

for about half of the total sum of the exports.  

 

SIPRI (Stockholm international peace research institute) also reported that between the 

years 2013 and 2022, arms imports to Europe increased by 47 percent. This is a trend that 

will most likely not subside due to the war in Ukraine. They also report that the USA is 

the largest exporter of arms representing 40 % of the world exports of arms, while India is 

the largest importer. 2020 SIPRI estimated the total financial value of arms trade to be at 

least $112 billion but pointed out that the figure is likely higher due to a lack of sufficient 

data. 

 

These numbers show the relevance of the arms trade and the effect it could have on the 

domestic economy.  

 

Background 
 

The defence growth nexus  
 

The defence growth nexus is the relationship between spending on the defence of a 

country and the economic growth of that country. For some countries their investment in 

their defence is vital for the economy because of the instability in the region and the 

predatory neighbours. Countries like this are for example Taiwan and South Korea. 

Despite the fact that they have spent a considerable amount of money on their defence 

they have had a strong economic growth. On the other hand, there are examples of 

countries that have spent a lot of resources on their defence but who have not had any 

success in their economic growth like the former Soviet Union. To complicate things 

further, both Japan and Germany had a rapid economic growth after the second World 

War without much military spending. Sub-Saharan Africa is an example of countries that 

have not had much economic growth and military spending (Dunn et al 2005). This gives 

us quite an inconclusive answer on how economic growth is affected by defence spending. 

Nevertheless, there are some theories that aim to explain this.  
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Demand side models are derived by the Keynesian multiplier effect and increased military 

spending would generate increased aggregate demand if there is capacity to spare. That 

would imply that increased spending in military defence would give the country more 

employment and increase the utilization of resources. Increased spending is often argued 

to increase the infrastructure of the country as well as the educational level when citizens 

are recruited into the army. The downside of this is often considered to be the crowding 

out effect since the government have a strained budget, it will require a tax increase or that 

the government cut down on something else in order to be able to finance the 

expenditures.  

 

The arms-growth nexus 
 

The arms-growth nexus assumes that an increase in production of arms would help a 

countries economy to grow due to different reasons. It could be argued as mentioned 

before that it could increase the infrastructure, research and development as well as 

education. It is argued that these investments will seep through to the private market by 

military invention and that they could be used in other ways and that the education taught 

in the army could be applicable in the private market as well. Another idea is that the 

export of arms would boost the economy due to the income from the arms trade. This 

increased income could be used by the government or by private companies to expand 

their operations, to reduce taxes or to increase public spending. This way of thinking 

would intuitively make sense due to the fact that many of the advanced nations are the 

main producers of arms and that it would make it spill over into other areas.  

 

This idea resonates with the theory of a non-linear growth effect that could be experienced 

due to interaction with military expenditure close to the interplay with military spending 

and threats. The reason for this could also be that advanced countries have an upper hand 

since they are economies of scale making the average unit of military arms cost less. The 

biggest spenders on military equipment are also often some of the biggest exporters of 

arms which makes instinctive sense. To purchase arms could be an expensive endeavour 

for less fortunate countries and it could be a balancing act on how much to spend on it 

versus to invest in another alternative. For example, the SAAB deal in south Africa was 

highly controversial due to the fact that South Africa did have few reasons to buy highly 

advanced fighter jets while having internal issues and no local threat among their 

neighbours. This specific case was investigated in if some kind of bribe were the reason 

for the purchase of the fighter planes (BBC news, 2013). Dunne and Tian (2013) argued 

that it often was high ranking officials interested in the deal that pushed these kinds of 

purchases through. This was more common in developing countries where the reason for 

military spending was not as obvious. 
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The expensive nature of arms trade has made countries resort to alternative options such 

as licence production and leasing of the most expensive equipment. In favour of this, 

Yakovlev (2007) argued that this could help importing countries to acquire technology 

from another country by reverse engineering and/or having to train military personnel to 

be able to produce and use this highly developed technology. It could also help the 

infrastructure of the country by forcing it to acquire new machines and other objects 

needed to produce and transport the equipment. Yakovlev (2007) later goes on to theorize 

about other benefits of licence production in their own country instead of relying on trade 

between other countries.  

 

Here he gives three arguments on why a country should resort to that action instead of 

traditional trade. The first one is that countries who have an internal production of arms 

are running a smaller risk of being dependent on other countries in case they were to 

become opponents. The second reason is the cost of arms, it is more likely that the 

military equipment is cheaper if it is produced and manufactured in the home country in 

comparison to them buying a fully finished product. The third reason that Yakovlev 

(2007) mentions is that importing arms could potentially be unpopular amongst the people 

and thus have negative political consequences. 

 

The reason why this scale of economics is interesting is because the United States, Russia, 

France, Germany and China were as stated above the biggest exporters of arms between 

2018 to 2022. Together they represent 76 % of all the market shares which is a 

considerable sum. The biggest spenders in military equipment are the United States, 

Russia, China, India and Saudi Arabia. They were followed by the United Kingdom, 

Germany and France. It can be noted that the biggest exporters are also the biggest 

spenders and that gives the impression that economies of scale play an important role in 

understanding this market (SIPRI, 2023). The countries mentioned above are to be 

considered as advanced countries having a large private industry. Those characteristics 

most likely reflect the nature of the production of military equipment. Yakovlev (2007) 

suggest that the relationship of military exports is simply a combination of technology in a 

country and the army spending. This in turn could have been affected by the economic 

development and how developed the political institutions were in that country.  

 

The big problem with the arms-growth nexus is the problem with increased military 

spending in general. That is that the money invested in arms deals and license production 

could be used as investments in the own country. This creates a kind of a crowd-out effect 

for the potential investments that could be used in better ways. This does also create an 

alternative cost for the investments that a country could do. These alternative costs can be 

increased public spending, lower taxes, increasing government loans or decreased supply 

of money. If a country instead would choose to invest in arms the opposite of this could 

then become a reality. (Dunne et al, 2005) 
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This problem is a complex one and many variables needs to be accounted for. As a result, 

a model to account for this needs to be advanced. Due to difficulties of accounting for all 

relevant data due to secrecy of this topic and that so many countries have such different 

conditions it could be a hard task to incorporate all of them. Dunne and Tian (2013) 

describe the start of researching this subject that researchers typically conducted case 

studies or a small number of states. Those studies often resulted in weak evidence or no 

evidence at all for a crowding out effect on public finances. So, in order to get a more 

conclusive result some researchers started to create large scale macro models.  

 

Similar studies conducted before the end of the cold war concluded that economic growth 

as a product of military spending cross-country showed that 38 % of them resulted in a 

negative result and around 42 % of the studies showing a unclear result. The studies that 

were conducted after the end of the cold war was showing similar result but more 

conclusive. Where about 53 % showed a negative correlation, 28 % were unclear and only 

19 % showed a positive correlation. This is the reason why two cross-country models 

were chosen to study this subject. 

Models  
 

The Solow growth model 
 

The Solow growth model was created by the economist Robert Solow in 1956 and argues 

that economic growth comes from population growth, savings, and technology. It is a 

model for the long run economic development, and it presupposes that an economy has a 

production function alike a standard Cobb-Douglas production function but with a larger 

focus on capital and labour. Additionally, in the Solow growth model, more variables are 

accounted for than it is in the original Cobb-Douglas model. The reason for adding an 

additional model were argued for in the following ways. An increase in population means 

that more people can work and, consequently, produce more goods. Furthermore, 

increased savings have the underlying property that more money can be used for 

investments. The variable technology affects economic growth by effectivization in 

machines, software or in other ways. These variables are treated as exogenous and since 

different countries have variations of population growth and degrees of savings countries 

will reach a steady state. Solow classified countries that have a fast population growth as 

poorer and countries that have a higher degree of savings as richer. He then predicted that 

poorer countries would grow faster than rich countries resulting in a cross-country 

convergence. 
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This augmented Solow growth model accounts for about 80 percent of the economic 

growth of countries which already is a lot but Mankiw et al (1992) argued that the model 

could still be improved. As a result, they added the variable for human capital. The 

reasoning behind this decision was that human capital played a too important role in order 

to not be included in the model. Because of this change Mankiw et al (1992) found out 

that human capital correlates with population growth and savings. This means that human 

capital will not be featured in any other way in the final model than as number of years in 

school in this paper.  

 

One variable that was not considered in the Solow growth model was military 

expenditures. However, this variable is of great importance in a model when researching 

how military expenditures correlates with economic growth. Dunne et al (2005) 

considered this and launched a model were the technology variable contained military 

expenditures into the model that Mankiw et al (1992) presented. These two were then 

combined by Yakovlev (2007) in the following way.  

 

𝑌(𝑡) = 𝐾(𝑡)𝛼𝐻(𝑡)𝛽[𝐴(𝑡)𝐿(𝑡)]1−𝛼−𝛽 

 

In this equation Y represents the aggregate real income, H the human capital, K the real 

capital. The variable L is labour, and A is technology. The technology variable is derived 

as such: 

 

𝐴(𝑡) = 𝐴0𝑒𝑔𝑡𝑚(𝑡)𝜃 

 

In this equation g stands for the exogenous rate of Harrod-neutral technological progress 

and m represents the military spending in GDP. By this definition a permanent change in 

M would not affect the steady state growth rate in the long run but it might have a lasting 

effect on the per capita income in the growth rates in the new steady state (Dunne et al, 

2005). 

 

After that, some of the dynamic effects of the model become more visible. Yakovlev, 

(2007) goes on describing the assumptions that the exogenous savings rate S, the constant 

labour force growth rate N and the depreciation of capital D display ordinary traits were 

human capital per effective worker (he=H/AL) and physical capital per effective worker 

(ke=K/AL) are calculated by the ensuing method: 

 

ℎ𝑒(𝑡) = 𝑠ℎ𝑦𝑒(𝑡) − (𝑛 + 𝑔 + 𝑑)ℎ𝑒(𝑡) and 𝑘𝑒(𝑡) = 𝑠𝑘𝑦𝑒(𝑡) − (𝑛 + 𝑔 + 𝑑)𝑘𝑒(𝑡) 
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In these equations 𝑠ℎ represents human capital and 𝑠𝑘 represents physical capital 

investments of the aggregated income. The depreciation of human capital is assumed to be 

the same as the depreciation of physical capital and is denoted with (𝑑). The steady states 

of human ℎ𝑒
∗  and physical capital 𝑘𝑒

∗ are denoted as: 

 

𝑘𝑒
∗ = [

𝑠ℎ
𝛽

𝑠𝑘
1−𝛽

𝑛+𝑔+𝑑
]

1

(1−𝛼−𝛽)

and ℎ𝑒
∗ = [

𝑠ℎ
1−𝛼𝑠𝑘

𝛼

𝑛+𝑔+𝑑
]

1/(1−𝛼−𝛽)

 

 

The dynamic income per effective worker close to the steady state are assumed to be: 

 
𝛿 𝑙𝑛 𝑦𝑒

𝛿 𝑡
= (𝛼 + 𝛽 − 1)(𝑛 + 𝑔 + 𝑑)[ln 𝑦𝑒(𝑡) − ln 𝑦𝑒

∗] 

 

Now the equation must be adapted for use in an empirical analysis. Thus, the formula for 

income per actual worker is: 

 

ln 𝑦(𝑡) = 𝑒𝑧 ln 𝑦(𝑡 − 1) + (1 − 𝑒𝑧) 

 

𝑥 {ln 𝐴0 +
𝛼

1 − 𝛼 − 𝛽
ln 𝑠𝑘 +

𝛽

1 − 𝛼 − 𝛽
ln 𝑠ℎ −

𝛼 + 𝛽

1 − 𝛼 − 𝛽
ln(𝑛 + 𝑔 + 𝑑) } + 𝜃 ln 𝑚(𝑡)

− 𝑒𝑧𝜃 ln 𝑚(𝑡 − 1) + (𝑡 − (𝑡 − 1)𝑒𝑧)𝑔 

 

In this equation θ denotes the elasticity of the steady-state income with regards to the 

long-run military expenditure together with 𝑧 ≡ (𝛼 − 1)(𝑛 + 𝑔 + 𝑑). The variables s and 

n are treated as variants across time and countries, g and d are constants that denote 

uniform time-invariants and 𝐴0 denotes the country specific as well as the time invariant.  

 

To simplify this model in order for it to be more suitable for analysis the dynamic panel 

model specification can be used to make the model: 

 

𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 = 𝛽0 + 𝛽1 ln 𝑦𝑖𝑡−1 + 𝛽2 ln 𝑠𝑖𝑡 + 𝛽3 ln(𝑛𝑖𝑡 + 𝑔 + 𝑑) + 𝛽4 ln ℎ𝑖𝑡 + 𝛽5 ln 𝑚𝑖𝑡

+ 𝛽6 ln 𝑚𝑖𝑡−1 + 𝜀𝑖𝑡 

 

In this model (nit + g + d) represents the population growth in the economy. This is the 

equation that will be the foundation of the analysis of this paper on how the Solow growth 

model affects economic growth depending on military spending.  

 

𝐺𝑟𝑜𝑤𝑡ℎ =  𝛼𝑖 + 𝛼𝑡 + 𝛽1𝑙𝑛𝑌𝑖𝑡−1 + 𝛽2 ln 𝑠𝑖𝑡 + 𝛽3𝑙𝑛𝑃𝑜𝑝𝑔 + 𝛽4 ln ℎ𝑖𝑡 + 𝛽5 ln 𝑚𝑖𝑡

+ 𝛽6 ln 𝑚𝑖𝑡−1 + 𝛽7𝑛𝑎𝑥𝑖𝑡 + 𝛽8𝑛𝑎𝑥𝑖𝑡−1 + 𝛽9(𝑛𝑎𝑥𝑖𝑡)(ln 𝑚𝑖𝑡) + 𝜀 
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The model used in the regression is the Solow growth model with net arms sale and net 

arms sales times military expenditure added. These two variables are denoted with NAXl as 

well as NAX(M) where the M represents the added military expenditures. The variable (nit 

+ g + d) was also changed to popg for simplicity and to have more consistency between 

the two models. This is the model that will be used to analyse the data gathered for this 

paper. The reason why arms export and arms export times military expenditure were 

added is because it could explain the profit gained from exporting arms. This has the 

potential to make arms expenditures economically justified not only in the way the 

defence arms nexus does that in order to create security for the economy to grow.  

 

The Barro growth model 
 

The Barro growth model was created in 1990 by the American economist Robert Barro. 

Barro saw that some of the poorer countries grow faster than other poor countries. He 

concluded that this was because of the human capital stock of the country and the ability 

to take advantage of new ideas, machinery, and technology. Another conclusion of Barro 

was that political instability and social unrest most likely play a big role in a country’s 

economic growth (Barro, 1990). Due to the focus on human capital the model allows for 

forms of government expenditures to have a higher representation in the results of the 

analysis. Barro assumed that the relationship between expenditures of the government and 

the produced economic growth is non-linear due to of the effects of tax distorting. The 

framework does also include agents that have a utility function which the government tries 

to maximize. The theoretical model is rather complex since it is describing the relationship 

between economic growth and the determinants of it. This issue is often avoided by using 

a Barro-style regression. These regressions describe which variables that should be 

included in the growth regression (Yakovlev, 2007). A Barro-style regression often 

includes investments as a share of GDP, per capita growth, population growth and a 

variable for human capital but Mylonidis (2006) wanted to include military expenditures 

into that model to see if it would change the outcome. That is the model that will be used 

in this paper as well and it is formulated as follows:  

   

𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 = 𝛽0 + 𝛽1𝑦𝑖𝑡−1 + 𝛽2𝑠𝑖𝑡 + 𝛽3𝑝𝑜𝑝𝑔𝑖𝑡 + 𝛽4𝑒𝑑𝑢𝑐𝑖𝑡 + 𝛽5𝑚𝑖𝑡 + 𝜀𝑖𝑡 

 

In this regression the variables for military spending of GDP, log of the average years of 

schooling, share of investment of GDP, Log of per capita GDP and population growth will 

be used. Alternative variables could have been used to include corruption, demographics, 

or surroundings as well. This was not done due to simplicity and the access of data. 

However, Aizenman and Glick (2003) did use some of those variables in their regression 

and found out that security and military expenditure influence the outcome of economic 

growth. Some countries could argue that corruption and instability in the region are more 

relevant to economic growth than other variables and that it also affects military spending 

to a high degree.  
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Rent seeking behaviour was also included in their model and the argument that they made 

was that corruption and the rent seeking behaviour would decrease the output in military 

expenditure. Nevertheless, regional instability and predatory neighbouring countries 

would increase the military spending due to the increased threat level. The threat of 

neighbouring countries would most likely increase the arguments for the defence growth 

nexus and would make it more prevalent in those instances. The result of Aizeman and 

Glick’s (2003) cross country study were that military expenditure negatively affects 

output, especially in countries that suffers from corruption in a higher regard. This study 

looked at 91 countries between the years of 1989 to 1998. 

   

𝐺𝑟𝑜𝑤𝑡ℎ =  𝛼𝑖 + 𝛼𝑡 + 𝛽1𝑙𝑛𝑌𝑙 + 𝛽2𝑆 + 𝛽3𝑃𝑜𝑝𝑔 + 𝛽4𝑙𝑛𝐻 + 𝛽5𝑀 + 𝛽6𝑁𝐴𝑋
+ 𝛽7(𝑁𝐴𝑋)(𝑀) + 𝜀 

 

This is the economical Barro-style regression that will be used to conduct this experiment. 

In this model most variables are the same as in Mylonidis (2006) regression except for the 

variables that denotes net arms export. Those variables are lagged real per capita GDP 

(Y1), investments as a share of GDP (S), population growth (Popg), average numbers of 

years of schooling (H), military expenditures as a share of GDP (M), net arms exports 

(NAX) and net arms exports times military expenditures as a share of GDP (NAX)(M). 

Dunne & Tian (2013) concluded that military expenditures most often come at an 

economic cost, and it would therefore be interesting to see if an additional arms export 

variable would change the result of that. 

 

When Yakovlev (2007) used this model in his paper he concluded that arms exports still 

had a negative effect on the economy but that it dampened the negative effects that 

military expenditures had on the economy. This is thus an important variable to include to 

get as good as possible of the effects that this has.  

 

Comparing the two models the Solow model has more ln variables than the Barro growth 

model. This change may create a difference in the result of the models because of the 

properties that the natural logarithms have, for example, it only presents positive and 

smaller values than the variables that have not been treated the same way. The Solow 

growth model also put a bigger emphasis on military expenditures as a share of GDP than 

the Barro growth model does. This is achieved by using military expenditures, the ln of 

military expenditures and ln lagged military expenditures. Different ways of treating the 

variable of military expenditures can give a different result and that makes the way of 

treating it that way relevant. Despite the changes the models are similar in many ways and 

it is the same variables that are being used to predict for the economic growth, only treated 

differently. 
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Method 
 

The years between 1990 and 2020 were selected to study due to their high relevance and 

the better accessibility of data. The goal of this paper is to look at as many countries as 

possible in order to get a clearer picture of the reality and to see if the models are still 

applicable this day. However, some of the countries, mostly former Soviet countries had a 

lack of data due to them being created within the relevant years. The same is true for the 

countries in the former Yugoslavia that also became independent after 1990. Other 

countries such as North Korea, Iraq and Cuba was also hard to get data about, most likely 

due to them not wanting to report the data to the World Bank. Moreover, most microstates 

are not included as well, this is due to them not having a large impact on the global stage 

in combination with a lack of publicly available data. It was more of a case of including 

all the countries that data could be gathered from rather than an exclusion of countries.  

 

All the data used in the paper was gathered from the World Banks web page which are to 

consider as a reputable source for the material. The data gathered from the World Bank 

was sorted into single years. This were instead transformed into five years intervals of, 

1990-1994, 1995-1999, 2000-2004, 2005-2009, 2010-2014 and 2015-2020. Afterwards, 

they were divided with the number of years that they represented. This was done in order 

to get a better representation of the years that each interval represented and to not let some 

of the outlying years distort the result as it otherwise could have done. Some of the 

variables were lagged, which was achieved by simply using the values during the years 

1990, 1995, 2000, 2005, 2010 and 2015. The variable for net arms export was calculated 

by taking the exports subtracted from the imports then divided by the total of exports and 

imports and lagged when needed.  

 

To be able to take the logarithm of them, a constant was added to some of the variables 

due to them having a negative value. This was done to all the values of that variable in an 

as small number as possible in order for it to affect the result of the regression as little as 

possible. One examples of this was the population growth that has been in decline in many 

parts of the world. The education variable was only gathered by every fifth year from 

1990 to 2010 due to the lack of data. It can be assumed that the years of education 

probably didn’t fluctuate much over the years like other variables might because it would 

take a long time for it to get an effect in the data, so this was not looked at as an issue. The 

data for 2015 was not available so in order to handle that a variable was constructed by 

taking the average of all the changes of the variable and then adding that on the data from 

2010. After that a ordinary least square (OLS) regressions were created with the help of 

the program Excel. This program was chosen because of its user friendliness and its 

availability. After that a Breusch-Pagan test for heteroscedasticity was done as well as a 

Ramsey RESET test. 
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Data description 
 

Economic growth can depend on many things, thus making it a complicated and complex 

subject to study. Wesley & Peterson (2017) researched specifically on how economic 

growth is affected by the population growth on a country’s economy. The result of the 

paper was that despite a population increase, the GDP per capita still increased. This is not 

completely obvious due to the fact that an increase in population can dilute the GDP per 

capita, but in the long run when people get productive it will increase the GDP per capita. 

The variable for education does have some issues too, Hausheck & Wößmann (2010) state 

that a year of education in Finland or South Korea is not equal to a year of education in 

Ghana or Peru. This is due to the knowledge that students accumulate over a year. They 

go on to argue that an extra year of education by itself does not necessarily increase the 

knowledge that students acquire. The education system around the world is differently 

effective simply put and how much the pupils learn will affect economic growth. This 

makes a variable like years of schooling a blunt instrument due to the variations that it 

measures. Despite this issue, it is still the best instrument we have in order to measure the 

educational level of a country. 

 

Both the models used are similar when it comes to the data that they use but they do have 

some distinctive differences. Most variables in the Solow style regression are subject to 

the natural logarithmic and use logged variables with the exception of net arms exports, 

whereas the Barro style regression does not implement this to the same extent as the 

Solow style regression but only in the variables for GDP per capita and education. The 

data were all gathered from the World Bank and the data collected were for 114 different 

countries over a 30-year period from 1990 to 2020. The data points collected were GDP 

per capita, number of years of schooling for both sexes over 25, population growth as a 

percentage, military expenditures as a percentage of GDP, Arms import in USD, Arms 

export in USD, Gross fixed capital formation, total population, and GDP per capita 

growth. Some of the countries had missing variables on the variables for arms export and 

import, which was then assumed to be 0 for those years.  

 

The World Bank is a sufficient source who has a good reputation and have a long 

experience in producing data. Despite this some countries could have incentives in hiding 

or adjusting its data that they report to the World Bank. This is due to the secrecy of the 

data and that some countries may have benefits from leaving out certain information. UN, 

(2019) reported that between 10 and 20 % of all arms trade is illicit and that such weapons 

often are transported from countries of former Yugoslavia and Soviet Union to Saharan 

Africa. This would obviously create a problem if 10 to 20 % of all arms exports and 

imports don’t show up, it would also create a problem with the variable of arms 

expenditure due to that the countries that buy illicit arms probably would like to hide it 

and not book it as a military expenditure. 
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The way data was handled was to not try and give an as unbiased picture of it as possible. 

The 5-year spans that the data were divided into are to be viewed in a positive light. Such 

spans will minimize abnormal years of one variable and thus make it more even and closer 

to the actual value. This was especially true for the arms exports and imports were in some 

years the exports and imports were zero. No specific effects are accounted for, but it could 

be interesting to investigate this in further research.  

 

The variable for population growth, military expenditures as a share of GDP and 

investments as a share of GDP were in some cases negative or zero and needed to be 

adjusted for ln due to the model. This was a problem and a constant needed to be added to 

the variables before using the ln function. In the variables for military expenditures and 

investments this constant was 0.005 due to the fact that the variables sometimes were zero. 

The number 0.005 is small, and it would probably not affect the variables too much but, it 

had to be larger for the population growth variable since some data points were negative.  

 

A small number like the one chosen might even be closer to the truth for some nations due 

to the fact that no country is completely defenceless and that there is most likely some sort 

of investment in defence present in the country. These investments might be too small for 

reporting them or they have not reported them at all like Vietnam between the years 1995 

to 2002. The constant 1,5 was added to the variable for population growth in order to be 

able to use the ln function on all the variables but the number was kept as small as 

possible in order to not adjust it too much. 1,5 is a large number in this context and this 

might have an effect on the result, but it was added to all countries to make it as fair as 

possible. The variable for education was also somewhat aggravating since it did not 

include the last variable for the years 2015 to 2020. This was dealt with by taking the 

average of all the former years increases or decreases and then adding it to the 2010-2014 

data points. This is as good of an estimate as one could get. 

 

Education is a slow-moving variable, and it could take a long time for a change in the 

school system to take effect in the economy. Hanushek & Wößman (2010) stated that a 

successful reform in the school system might take 20 to 30 years to increase in 0.5 

standard deviations. It would take an even longer time for the economy to see an effect 

due to the fact that the generation that first graduates after the change will only form a 

small percentage of the working population. In the long run this will be seen as positive 

force in the growth of the economy. This slow-moving variable is why such an estimation 

that is done in this paper makes sense, is not out of place and why it was implemented.  
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It could have had a bigger effect on variables that are easier to change like military 

expenditure which can fluctuate more due to politics and regional changes. The data for 

the education variable was also only found for every fifth year, which however, this did 

not pose any trouble for the models since it matched the way how the variables were 

lagged. Investments as a percentage of the economy would also not be obvious if they 

were increased. Savings could hamper the spending in the economy by the paradox of 

thrift that Keynes famously described. 

 

A Breusch-Pagan test was constructed for both models and the result for the Barro growth 

model from this test was that chi2 (7) = 212.54 and that Prob > chi2 = 0.0000. For the 

Solow growth model that chi2 (9) = 262.60 and the Prob > chi2 = 0.0000. These results 

indicates that one can reject the null hypothesis for both the models indicating that there 

was a correlation between the variables or even serial correlation. In order to combat this, 

robust standard errors were used in both models.  

 

This would lead Keynes described to a fall in aggregate demand creating a recession 

leading to a decrease in economic growth. Investments could also refer to investments in 

other countries, which would not help the country where the people that were investing is 

coming from. This does not mean that economic growth is hampered by investments, 

Turan et al, (2021) found out that countries do benefit a lot from investments. They 

divided countries into effective and ineffective governments and no matter the 

effectiveness, all countries benefitted by the investments.  
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Table 1: Explanation of variables used in both regressions. 

Variable name Variable Description 

Growth 

 

GDP per capita growth is the annual growth rate in 

percent of a country. It is calculated by taking the 

GDP per capita divided by midyear population. It 

does not account for depreciation of fabricated 

assets or the degradation of natural resources. 

 

Yl 

 

Per capita GDP lagged by a five-year period 

S 

 

Investments as share of GDP five-year average 

Popg 

 

Population growth five-year average 

H 

 

Mean years of schooling 25 years+ of age 

M 

 

Military expenditure as a share of GDP five-year 

average (ml denotes the lagged variable) 

 

NAX Net arms export 5 year-average calculated by 

(arms export-arms imports)/(arms export+arms 

imports) lagged variable is NAXl 

 

Pop Is the ln of the total population  

Note: All the variables are gathered from the World Bank and the variables in their 

original state is therefore defined by them.  
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Result 
 

The report studied 114 different countries over a period of 30 years that were divided into 

six different time periods. Some countries are mostly micronations and countries who are 

not willing to share their data with the World Bank had to be excluded due to a lack of 

data. It is estimated that those nations probably don’t have a large impact on the result of 

the paper due to these micro nations being small and not having a global impact. 

Additionally, the countries that were excluded are often isolated by trade embargos and 

don’t have a large trade. Some countries that were created after 1990 were also excluded. 

This can probably have some consequences on the result due to that many eastern 

European and Balkan countries were not represented in these models. 

 

This is due to the fact that many Eastern European countries were a part of the former 

Soviet Union and former Yugoslavia, which could potentially have some characteristics 

that could be overlooked when they were not a part of the data set. Some countries that are 

in the data set were a part of the former Soviet Union like (East) Germany, Ukraine, 

Poland and Russia. However, they are all quite large countries with a higher global 

participation. The same cannot be said about the former Yugoslav countries. 

 

The result that I want to show in the coming section contains both the Barro growth model 

and the Solow growth model. The reason for comparing these two cross country models is 

to make a comparison between them both and to see if there is a connection between them. 

If such a connection were to be found it would increase the robustness of the result. If not, 

it would be an interesting comparison to see how they behave with this dataset and to see 

how they contrast each other.  
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The Solow growth model 

 

Table 2: The result from the Solow growth model regression showing the relationship 

between all the variables, there significance level and the sample accuracy. 

Variable Coefficient ROBUST Std. 

Error 

p-value 

Intercept 5.162 1.438 0.00 

Ln Yl -0.430 0.175 0.014 

Ln S -0.025 0.076 0.740 

Ln Popg  -0.435 0.166 0.009 

Ln H 0.697 0.439 0.113 

Ln M -0.519 0.182 0.005 

Ln Ml 0.607 0.169 0.000 

NAXl -0.053 0.264 0.841 

NAX -0.967 0.327 0.003 

NAX × M 0.049 0.185 0.794 

 

Multiple R 0.356 

R Square 0.127 

Adjusted R Square 0.115 

Standard Errors 2.874 

Observations 684 

Note: Five-year average growth from 1990 to 2020. Robust standard error used to combat 

heteroscedasticity. The variables of significance has a p-value lower than 0.05. 

Coefficients determine the way the different variables correlate to economic growth. R 

square show how much is explained by the model.  

 

In the Solow growth model, we notice that GDP per capita, population growth, lagged 

education, military expenditure, lagged military spending and net arms export are 

variables of significance. The coefficient of GDP per capita is negative which is 

interesting, since would not expect it intuitively. This can be due to the fact that the rate of 

economic growth diminishes in countries with a higher GDP per capita.  
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This is according to the theory of the Solow growth model based on the phenomena that 

richer countries grow slower than poor countries (Mankiw et al, 1992). Population growth 

does also have a negative correlation with the economic growth of a country. This is 

surprising due to the fact that growth in population often is positive for the economy 

according to Wesley & Peterson, (2017) and not as the result shown negative. However, it 

could be caused by the fact that many countries with a high birth rate often tend to be 

poorer than countries with low or even negative birth rates. In the short run, Wesley & 

Peterson (2017) say that a high birth rate can lower the GDP per capita but in the long run 

the GDP per capita and the economic growth is likely to increase.  

 

The negative coefficient to determine the economic growth is obviously since many 

countries with a high population growth have negative economic growth or vice versa. 

The reason for this could be that many countries that the data were collected from are in 

those short run stages and that it will eventually be a positive effect of economic growth in 

the long run. Also, many advanced countries that have a stable economic growth have 

declining or a small increase in population and a combination of both would give 

population growth a negative coefficient. 

 

The variable for education had a positive coefficient. This is intuitive due to the fact that 

education and a higher level of human capital will lead to increased economic growth. 

This is exactly what Mankiw et al (1992) estimated in their paper. The variable for net 

arms export is negative which could be because most countries have a net importation of 

arms and that it, therefore would cost to import them. That would be consistent with the 

theory of the crowding out effect in the arms market that Dunne et al (2005) describes in 

their paper.  

 

I would say that these findings support to the arguments that were made and that it also 

confirms the conclusions drawn in Dunne & Tians (2013) paper. What is interesting is that 

the variable for military spending is negative while the lagged variable for military 

spending is positive. The reasons for this could be that the growth effect of military 

spending could take a couple of years to come into effect. This could be due to the 

education that military personnel get, R&D and other effects that could spill over into the 

privet market to increase economic growth.  

 

When looking at the R-square for this model we can see that this variable explains about 

12.7 % of the economic growth. This is comparatively small compared to other studies 

like the study done by Yakovlev, (2007). The result of this model confirms the theories 

about military expenditures and shows that net arms trade is negative for economic growth 

while education is positive for the economy. What could be noticed is that the log military 

spending is positive for economic growth and that could be due to some kind of spillover 

effect.  
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GDP per capita and population growth are negative for the economic growth which most 

likely are due to the fact that countries with higher GDP have a slower economic growth 

and that the more productive generations are still not old enough to become productive. I 

would say that the conclusions about GDP per capita confirms what Mankiw et al, (1991) 

concluded in their theory.  

 

The Barro growth model 

 

Table 3: The result from the Barro growth model regression showing the relationship 

between all the variables, there significance level and the sample accuracy.   

Variables Coefficients Robust Std.  

Error 

p-value 

Intercept 3.463 1.422 0.015 

Ln Yl -0.503 0.179 0.005 

S 0.088 0.021 0.000 

Popg -0.503 0.156 0.001 

Ln H 0.575 0.432 0.183 

M 0.027 0.147 0.857 

NAX -0.951 0.404 0.019 

NAX × M 0.038 0.167 0.820 

 

Multiple R 0.343 

R Square 0.118 

Adjusted R square 0.109 

Standard Error 2.885 

Observations 684 

Note: Five-year average growth from 1990 to 2020. Robust standard error used to combat 

heteroscedasticity. The variables of significance has a p-value lower than 0.05. 

Coefficients determine the way the different variables correlate to economic growth. R 

square show how much is explained by the model.  

 

This is the result of the Barrow-growth model. Evaluating the p-values shows that the 

lagged variable for GDP per capita, investments as a share of GDP, population growth and 

net arms exports are significant for the economic growth of a country. The other variables 

were not significant in this dataset. What can be noticed is that most variables that had a 

significant correlation have a negative correlation. Just as in the Solow-style model GDP 

per capita and population growth were negatively correlated with economic growth.  
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This could have similar reasons to them as to why they are not positively correlated as the 

same variables in the other model, that the many countries with a high population growth 

still had not become old enough to be productive and that countries with a declining 

population have started to experience slow economic growth. The variable for net arms 

export is negatively correlated. Furthermore, countries with high GDP per capita 

experience a decline in the pace of the economic growth. The only positively correlated 

variable in this model is the model for investments as a share of GDP. Thus, these findings 

match the theories and prior studies done by this variable by Turan et al, (2021).  

 

Looking at the R square, the model would only explain around 12% of the economic 

growth, which is little. It is marginally smaller compared to the Solow style growth model. 

This is probably due to the fact that this model has more variables but does not imply that 

it is not relevant for predicting economic growth. 

 

This model confirms that economic growth is hampered in economies that are more 

advanced. It also confirms that investments are a positive force for the economy as 

mentioned in previous papers. It is hard to say how military expenditures would impact 

the economic growth only by looking at this result but what can be noted is that net arms 

exports do negatively correlate with economic growth. Lagged economic expenditure are 

not part of this model and could therefore not be evaluated but it would have been 

interesting to see the result of that variable in this model because of the result in the Solow 

growth model. 
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Figure 1: Show the correlation between economic growth in countries and military 

spending. 

 
Note: Economic growth is measured from the changes in BNP, the x-axis represents 

military spending and the y-axis economic growth. 

 

When plotting the data of economic growth against military expenditures there is no clear 

pattern that can be distinguished. As one easily can see the countries to the right of the 

graph have an average economic growth or even negative growth while the countries left 

have a higher spread to their growth. This might be due to lack of taking account for 

different variables or insufficient data. The point was to show a clear and simple graph in 

order to easily see the connections between the two most important variables in the paper. 

The result from the graph shows the complexity of the subject.  
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Summary 

 

The results are to a large degree alike previous studies. The variables for GDP per capita 

and population growth pointed to a negative relationship between them and economic 

growth. The variable for economic growth could have a positive relation in the long run if 

the theories were to be trusted. Lagging variables that were to be affected by population 

growth could possibly show a more positive result and would therefore be interesting to 

study further. Net arms export is also denoted with a negative correlation between it and 

economic growth, most likely because of the fact that many countries import arms, thus 

crowding out investments in other areas of public goods. Lagged military expenditures are 

according to the Solow growth model positive for the economy, which is most likely due 

to spill overs to other areas in the economy that takes some time to have a noticeable 

effect. This effect was slightly larger than the negative effect that military expenditures 

had on the model. This can give empirical evidence that military expenditures do in fact 

increase economic growth in the long run. The Barro growth model is a bit more 

inconclusive in this area due to non-significant variables. To conclude, this subject is a 

complicated one, but the results pointed in the direction alike previous studies, that 

military expenditures and economic growth are negatively correlated.  
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Appendix 

Country Frequency Country Frequency 

Albania 6 Kyrgyz Republic 6 

Algeria 6 Lao 6 

Argentina 6 Lesotho 6 

Armenia 6 Luxembourg 6 

Australia 6 Malaysia 6 

Austria 6 Mali 6 

Bahrain 6 Malta 6 

Bangladesh 6 Mauritania 6 

Barbados 6 Mauritius 6 

Belgium 6 Mexico 6 

Benin 6 Mongolia 6 

Bolivia 6 Morocco 6 

Botswana 6 Mozambique 6 

Brazil 6 Myanmar 6 

Bulgaria 6 Namibia 6 

Burundi 6 Nepal 6 

Cameroon 6 Netherlands 6 

Central African Rep. 6 New Zealand 6 

Chile 6 Nicaragua 6 

China 6 Niger 6 

Colombia 6 Norway 6 

Congo, Dem. Rep. 6 Pakistan 6 

Congo, Rep. 6 Panama 6 

Costa Rica 6 Papua New Guinea 6 

Cote d’Ivoire 6 Paraguay 6 

Cyprus 6 Peru 6 

Czechia 6 Philippines 6 

Denmark 6 Poland 6 

Dominican Republic 6 Portugal 6 

Ecuador 6 Romania 6 

Egypt 6 Russia 6 

El Salvador 6 Rwanda 6 

Eswatini 6 Saudi Arabia 6 

Fiji 6 Senegal 6 

Finland 6 Sierra Leone 6 

France 6 Singapore 6 

Gabon 6 South Africa 6 

Gambia, The 6 Spain 6 

Germany 6 Sri Lanka 6 

Ghana 6 Sudan 6 

Greece 6 Sweden 6 

Guatemala 6 Switzerland 6 

Guyana 6 Tajikistan 6 

Haiti 6 Tanzania 6 

Honduras 6 Thailand 6 

Hong Kong 6 Togo 6 

India 6 Tunisia 6 

Indonesia 6 Türkiye 6 

Iran 6 Uganda 6 

Ireland 6 Ukraine 6 

Italy 6 UAE 6 

Jamaica 6 UK 6 

Japan 6 USA 6 
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Jordan 6 Uruguay 6 

Kazakhstan 6 Vietnam 6 

Kenya 6 Zambia 6 

Korea, Rep. 6 Zimbabwe 6 


