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Abstract 

The evolution of public debt in the euro area into unsustainable levels is discussed now more than ever 

after the recent financial crisis of 2008 and the European sovereign debt crisis that followed. With 

countries like Greece and Italy hovering around the level of 181.2- and 134.8 percent of GDP in public 

debt in 2018 (AMECO database), it is hard not to be worried about the future. Macroeconomic theory 

predicts that increased bond-financed government expenditure will crowd out private investment. This 

paper tests the credibility of this theory by empirically examining the effect of public debt ratios on 

private investment in 26 countries in the euro area from 1999 to 2018. By using panel data regression, 

accounting for fixed effects, it emerged that public debt ratios are negatively correlated with private 

investment as is predicted by the crowding out theory. However, no statistically significant negative 

correlation was found when introducing an instrumental variable, military expenditure. 
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1. Introduction 

The purpose of this paper is to examine whether the increased public debt ratio will crowd out private 

investments (Shortening as PDR and PI hereafter) in euro area countries. In other words, that increased 

public investments as the government issue more debt will reduce private investments. The aim is to 

provide concrete results of the effect PDR will have on the private sector and to serve as a basis for 

future policies, especially for countries that currently hold high public debt. The paper will not examine 

if crowding in- or out private investments harm the economy. This question is left open for future 

research. 

 

High PDR is nothing new in the euro area, however, after the financial crisis of 2008, many euro 

countries experienced dramatic increases in their public debt in what is often referred to as “The 

European debt crisis”. The average debt of all European Union countries increased by 20% between 

the year 2007 and 2010. Greece was already highly indebted before the crisis with 107.4% of GDP in 

2007 which increased to 144.9% three years later in 2010. Even countries with very low PDR before 

the crisis like Ireland (24.8% in 2007) were affected. In Ireland's case, their PDR nearly quadrupled in 

size to 92.5% in 2010 (Beker 2014, 3-4). 

 

The European Union have mechanisms in place to limit member states accumulation of excessive debt. 

For example, a debt rule from 1992 that limit the general government debt of member states to a 

maximum of 60 percent as a share of their GDP. However, the average PDR of the 27 member states 

at the end of the year 2018 was 77.8%, which is substantially higher than the debt rule limit (Eurostat). 

A total of 11 member states reported a higher PDR than 60% at the end of 2019. These countries can 

be punished with fines, sanction or closer surveillance in the future if they do not make progress in 

decreasing their debt ratio down to below the 60% limit (Lledó, Victor, Sungwook Yoon, Xiangming 

Fang, Smaba Mbaye, and Young Kim. 2017, 81).  

 

One very serious consequence of a high PDR is that the country is not able to pay back the debt and 

have to default which in turn can cause financial panic both domestically and internationally. An 

increased PDR can thereby be seen as an increased risk. Investors thereby demand a risk premium of 

higher interest to compensate for the risk of default (Juessen, F., Linnemann, L. and Schabert, A. 

2010). This higher interest rate can in turn crowd out domestic investments as the cost of borrowing 

becomes higher. 
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Some argue, however, that public debt is good for the economy as it stimulates economic growth. 

Checherita-Westphal & Rother (2012)  argues in their controversial paper “The impact of high 

government debt on economic growth and its channels: An empirical investigation for the euro area” 

that a non-linear relationship between the PDR and growth exist. Furthermore, the PDR has a positive 

effect on the long term growth until a PDR of 90-100%. This would mean that the European Union 

debt rule of a maximum 60% PDR hampers long-term economic growth as increasing the PDR further 

would still have a positive effect on the long-term economic growth. 

 

The origin of increasing PDR are many, and the effects that follow of increasing PDR is widely 

discussed among economists. This paper will focus on what effect the PDR have on the PI. Six 

empirical models that were constructed to methodically mitigate endogeneity bias is presented later in 

the paper. These models will test how the dependent variable PI is affected by changes in the 

independent variable PDR. The models are linear, logarithmic and quadratic form, including control 

variables, time- and entity fixed effects, and an instrumental variable. The dataset consists of 26 euro 

area countries observed over 19 years (1999-2018). This data is presented and analyzed later on in the 

paper. 

2. Literature review 

Friedman (1978) describes the crowding in- or out effect of deficit spending, and thereby increasing 

the government debt, in his paper “Crowding Out or Crowding In”. He voices his concern to the 

excessive deficit spending and public investments in the US by arguing that financing government 

spending through issuing government debt will have a “crowding out” effect on interest-sensitive 

private-sector spending. Friedman further distinguishes between “real crowding out” and “financial 

crowding out”. Real crowding out focuses on how government spending can crowd out capital and 

labour from the private sector when the economy is at full employment. And financial crowding out 

that can occur even if the economy is not at full employment, independently of the real crowding out. 

Friedman argues that because of this character of financial crowding out, it represents a stronger 

argument against deficit spending than the real crowding out that economists normally focus on. The 

financial crowding out can work through the “transaction crowding out” in which increased 

government spending will, in turn, increase the money demanded and given that the money supply is 

fixed, this will lead to higher nominal interest rates which increase the cost of borrowing and decrease 

investments. Or through “portfolio crowding out” which instead focus on how households substitute 

between holding money, bonds or capital as their wealth changes.  
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The financial crowding out effect is ambiguous as it does not necessarily have to crowd out private 

investments, but can instead crowd in some. Friedman argues that this is because of the portfolio 

crowding out effect and the fact that can be either positive or negative. 

 

A more modern view than Friedmans’ is that of Elmendorf and Mankiw (1999) that argues that the 

conventional view of the effect of increasing government debt is that the effect is different between 

the short- and long run. In the short run, when governments increase their debt by running a deficit, 

this raises the households disposable income and perhaps lifetime wealth. This will, in turn, increase 

the aggregate demand as household spending on goods and services increases. This is possible in the 

short run because of sticky wages and prices, but the aggregate demand effect will have less importance 

in the long run as wages- and prices adjust. And that in the long run, government debt will lead to 

lower investments which in turn will reduce the domestic capital stock and lower output and income 

as a consequence. 

 

Hubbard (2012) instead highlights that the effect can depend on who is holding government debt. 

Central banks in growing economies regularly purchase government debt to expand the money supply 

and in an attempt to keep prices constant (McCallum 1984). Hubbards argument is that government 

debt held by the central bank does not crowd out private investment since this a naturally occurring 

process for central banks in growing economies to hold prices constant. And that many empirical 

studies of government debt fail to include that the central bank may be the one holding the government 

debt which may be the source of ambiguous results.  

 

One important alternative theory that is often discussed within the field of government debt is the 

Ricardian equivalence theorem. Which states that consumers are rational and forward-looking, 

meaning that they will expect higher future taxes if the government accumulate more debt. If for 

example, the government finance a tax cut by increasing government debt, then rational forward-

looking consumers will save the increased income they get in the current period to be able to pay 

expected higher taxes in the future needed to pay back the debt. Thereby, the difference between 

financing government expenditure through increasing debt or increasing taxes have the same effect 

and are equal according to the Ricardian equivalence theorem. (Birch Sörensen & Whitta-Jacobsen 

2010, 439-444). Some economists argue that the capital stock remains constant and interest rates will 

not increase when the government debt is increased given that the Ricardian equivalence holds. 

Thereby no change in the private investment will occur due to a change in government debt.  
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This because an increase in government debt is offset by increased private savings since the consumers 

are forward-looking and knows that they will have to pay off government debt accumulated today by 

higher taxes in the future. This means that the capital stock remains constant since households have 

saved funds to smooth out their consumption over time. And that interest rates remain unaffected 

(Hubbard, 2012).  

 

Barro (1989) argues instead that the world in non-Ricardian and that, therefore, this assumption does 

not hold. Among his criticisms is that people do not live forever and thereby can transfer the cost of 

higher future taxes onto future generations. Furthermore, the discount rate is higher for a typical person 

compared to the government because of imperfect private capital markets and that future taxes and 

income are not known. Lastly, the Ricardian equivalence assumes full employment, which is a bold 

assumption that does not hold in reality.  

 

Just as Friedman (1978) argues that government debt can both crowd- in and out private investments, 

many economists have different views of the magnitude and the direction that the effect of government 

debt has on different macroeconomic factors. For example the effect on interest rates, which in turn 

can reduce investments as the cost of borrowing increases. While some economists including Friedman 

argues that the effect is large and positive, that increasing government debt will lead to high-interest 

rates, others have found empirical evidence that there is no effect on interest rates (Hubbard 2012, 

205-206).  

 

This paper is related to the previous work of Huang, Panizza & Varghese (2018) who studied the 

effects of government debt on total investments and corporate investments. They examined 172 

countries between the period of 1980-2016 and found a strongly statistically significant negative 

relationship between the government debt over GDP and the investment-to-GDP of a country. They 

then further researched how private firms and different industries were affected by government debt 

over GDP. The findings show that higher PDR levels reduce investments for industries that need more 

external financial resources and that it increases the sensitivity of investment to internally generated 

funds for firms that are already credit constrained. The latter part will not be examined in this paper. 

Instead, the focus will be on solely the effect on the PI and in a smaller sample of 26 euro area 

countries.  
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3. Theoretical framework 

In this section, three different ways of interpreting how public debt can crowd out investments are 

presented. The first explanation is from Elmendorf and Mankiw (1999) and uses national accounts 

identities. The second is by the use of a Cobb-Douglas production function from Hubbard (2012) to 

show that changes in the marginal product of capital (MPK) will influence the interest rate. Lastly, an 

explanation of the government budget identity and the fiscal policy mechanism from Carlin and 

Soskice (2006). It is important to understand that the theoretical frameworks build on assumptions that 

may not hold in reality.  

 

3.1 Reduced national savings 

Elmendorf and Mankiw (1999) argue that in the long run, government debt will crowd out domestic 

investments by decreasing national savings. The effect can then be explained by using the national 

income identity: 

 

𝑌 = 𝐶 + 𝑆 + 𝑇 (3.1) 

 

Where (Y) is national income, (C) is private consumption, (S) is private saving and (T) is taxes less 

government transfer payments. Which is equal to national output: 

 

𝑌 = 𝐶 + 𝐼 + 𝐺 + 𝑁𝑋 (3.2) 

 

Where (I) is domestic investments, (G) is government spending on goods and services and (NX) is the 

net exports of goods and services. By combining these two identities, it is possible to create an identity 

between the sum of private- and government savings, and domestic investments and net exports: 

 

𝑆 + (𝑇 − 𝐺) = 𝐼 + 𝑁𝑋 (3.3) 

 

The current account is defined as NX plus net interest receipts and the current account is defined as 

capital inflow less capital outflow, further denoted as the net foreign investments (NFI). The current 

account must equal to the capital account for the balance of payments to be equal to zero (Carlin and 

Soskice. 2006, p.315-317).   
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By assuming that the net interest receipt part of the current account is small enough to be neglected, 

then this gives the following identity: 

 

𝑁𝑋 = 𝑁𝐹𝐼 (3.4) 

 

Substituting the equation (3.4) into (3.3) yields the following identity: 

 

𝑆 + (𝑇 − 𝐺) = 𝐼 + 𝑁𝐹𝐼 (3.5) 

 

Elmendorf and Mankiw (1999) argue that if the Ricardian equivalence theorem does not hold and that 

the private savings will not increase by the same amount as public savings (T - G) decreases. Then, if 

the government increases its public debt by either decreasing taxes or increasing government spending 

while holding the other constant, either domestic investment or net foreign investment have to fall to 

compensate. 

  

3.2 Aggregate production function 

Hubbard (2012) argues describes how public debt can crowd out productive capital and raise interests 

by using a Cobb-Douglas production function: 

 

𝑌 = 𝐴𝐾𝛼𝐿(1−𝛼) (3.6) 

 

Where (Y) is output, (A) is the coefficient for multifactor productivity, (K) is the capital stock, (𝛼) is 

is the coefficient on capital in the production function and (L) is labour units. Hubbard (2012) argues 

that the interest rate (r) is determined by the marginal product of capital (MPK). And that the total 

return of capital (MPK*K) in the economy as a share of output (Y) is equal to 𝛼: 

 

𝛼 =  
𝑀𝑃𝐾 ∗ 𝐾

𝑌
(3.7) 

 

Therefore, the interest is determined by: 

 

𝑟 = 𝑀𝑃𝐾 =  𝛼 ∗
𝑌

𝐾
= 𝛼 ∗ 𝐴 ∗ (

𝐿

𝐾
)

(1−𝛼)

(3.8) 
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If government debt is assumed to fully crowd out capital then: 

 

𝜕𝐾

𝜕𝐷
= −1 (3.9) 

 

Given that these assumptions hold, then an exogenous change in government debt causes the interest 

rate to increase given that all other factors are held constant: 

 

𝜕𝑟

𝜕𝐷
=

𝜕𝑟

𝜕𝐾
∗

𝜕𝐾

𝜕𝐷
= 𝛼 ∗ (1 − 𝛼) ∗

𝑌

𝐾2
> 0 (3.10) 

 

Because 0 < 𝛼 < 1 and 𝑌, 𝐾 > 0. Output and capital cannot be negative and the coefficient on capital 

is assumed to be bigger than zero but less than one.  

This theory predicts that the interest will increase as government debt increases. An increase in the 

interest rates will increase the cost of borrowing and thereby have a negative effect on investments. 

 

3.3 Government budget identity 

How can governments finance an increase in government spending? The answer can be drawn by 

looking at the simple Government budget identity by Carlin and Soskice (2006, 176): 

 

𝐺 + 𝑖𝐵 ≡ 𝑇 + ∆𝐵 + ∆𝐻 (3.11) 

Note: 

G= government expenditure on goods and services in nominal terms 

iB= interest on the outstanding stock of bonds 

T= tax revenue measured net of transfers 

∆𝐵=new bonds issued in the current period 

 ∆𝐻=new high powered money printed by the government 

 

From this simple identity, it is easy to distinguish that the government have three options to choose 

from in order to finance their spending both on current projects (G) and on previously issued debt (iB). 

The first option would be to increase tax revenues (T), however, it’s not always easy for the 

government to raise tax revenues on short notice to finance unexpected changes in government 

spending. Instead, the government can issue bonds (∆𝐵) to acquire funds by increasing its outstanding 

government debt.  
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Last but not least, the government can choose to print more high powered money (∆𝐻). This option is 

however not that attractive as it can have devastating medium-run consequences. Printing high 

powered money can lead to increased inflation which in turn can have negative effects on the economy 

as the demand for real money balances decreases with increasing inflation. This can lead to lower 

levels of consumption, investments and output (Carlin and Soskice. 2006, 132-135, 191-193). 

 

If governments do not finance their expenditures by printing high powered money, and the tax 

revenues are not sufficient enough, then they have to resort to issuing bonds. However, financing 

government spending by issuing more debt does not come without costs either. More government debt 

can crowd out private investment. This is described in the next section. 

 

3.4 The fiscal policy transmission mechanism 

The crowding out effect of investments is described by Carlin and Soskice to work through the Fiscal 

policy transmission mechanism (Carlin and Soskice. 2006, 177): 

 

↑ 𝑔 →↑ 𝑦 →↑ (
𝑀

𝑃
)

𝐷

→↑ 𝑟 →↓ 𝐼 (3.12) 

 

Note: 

g = government expenditure 

y = GDP/output 

(
𝑀

𝑃
)𝐷= demand for money 

r = real interest rate 

I = interest-sensitive spending by the private sector (total investment – public investment) 

 

An increase in government expenditure will lead to an increase in a country’s output. This, in turn, 

will increase the money demanded which will have an upward pressure on the interest rate. In the short 

term, the change in the nominal interest rate will be the same as the change in the real interest rate, r, 

since prices will not have time to adjust and therefore there is no change in inflation. If the real interest 

rate increases, then the cost of borrowing increases and investments will inevitably fall. By looking at 

real-world examples, however, whether interest rates will increase as government expenditure (and 

PDR) increases becomes questionable.1  

 
1 See appendix figure 9.1, 9.2 and 9.3 for examples. 



 
 

9 
 

4. Data and Method 

This section starts with a presentation and discussion of the data used, followed by the model 

specifications. And lastly, a presentation of the method used in the study. 

4.1 Data 

The data used in this paper for gross fixed capital formations, general government gross debt, short- 

and long interest rates and the output gap was collected from the AMECO database, which is the 

annual macro-economic database of the European Commission's Directorate-General for Economic 

and Financial Affairs. The data for military expenditure as a share of GDP was collected from Eurostat. 

The dataset contains 26 countries with observations for all variables across the years 1999-2018. The 

availability of cross-sectional and time-series data allows for the use of panel data regressions.  

 

Key variables in the estimated model are PI and PDR. Another variable of interest is military 

expenditure as it is used to estimate the effect of the PDR that is not correlated with the error term 

through an IV-regression. PI is represented by gross fixed capital formation at current prices as a share 

of GDP and PDR is represented by general government gross debt as a share of GDP.  

 

Gross fixed capital formation “consists of resident producers’ investments, deducting disposals, in 

fixed assets during a given period.” (Eurostat. 2020) and is, therefore, a good proxy for domestic PI. 

Fixed assets have to be produced and thereby it does not include for example land or natural resources. 

Furthermore, fixed assets must be intended for the production of goods and services for more than a 

year (OECD. 2020). Fixed assets can be tangible, such as machinery or factories, or intangible for 

example as patents or intellectual property rights.  

 

The general government gross debt can be described as the nominal value of outstanding government 

gross debt at the end of the year consolidated between and within sectors of general government 

(Eurostat. 2020). The OECD (2020) describes that the general government debt consists of the central-

, state, local governments and social security funds controlled by these units together. The liabilities 

that sum up the government debt consists of currency and deposits, debt securities and loans. The stock 

of general government debt is then divided by each respective country’s GDP to express public debt 

as a share of GDP. 

 

Military expenditure is proxied by the general government total expenses on defence as a share of total 

GDP. The output gap is defined as the gap between the current- and potential GDP at constant prices. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Asset
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For long-  and short interest rates, central government 10-year bonds for long-, and 3-month intrabank 

for short interest rates are used. 

 

Table 4.1: Descriptive statistics 

Variable Observations Mean Standard 

deviation 

Min Max 

Private investments 

(%) 

520 18.411 3.584 7.717 33.724 

Public debt ratio (%) 520 58.674 33.809 3.766 181.210 

Long interest rates (%) 498 4.144 2.424 0.09 22.5 

Short interest rates 

(%) 

520 2.681 2.843 -0.5 18.77 

Output gap (%) 520 -0.341 3.312 -16.337 12.016 

Military expenditure 

(%) 

520 1.296 0.563 0.2    3.6 

 

Table 4.2: Outliers in PI, PDR and military expenditure 

Variable Greece Estonia Ireland Luxemburg 

Private 

investments 

(%) 

21.162 (2007) 

7.717 (2015) 

31.453 (2006) 

16.304 (2010) 

33.724 (2016) 

14.120 (2011) 

  

18.417 (1999) 

12.830 (2010) 

Public debt 

ratio (%) 

181.210 (2018) 

98.907 (1999) 

10.555 (2014) 

3.766 (2007) 

119.941 (2012) 

23.618 (2006) 

23.677 (2013) 

6.942 (2003) 

Long interest 

rates (%) 

22.5 (2012) 

3.59 (2005) 

 

11.39 (1999) 

4.17 (2005) 

9.6  (2011) 

0.74 (2016) 

5.52 (2000) 

0.25 (2016) 

Short interest 

rates (%) 

10.09 (1999) 

-0.33 (2017) 

7.81 (1999) 

-.33 (2017) 

4.63 (2008) 

-0.33 (2017) 

4.63 (2008) 

-0.33 (2017) 

Output gap 

(%) 

5.22 (2007) 

-16.337 (2013) 

12.016 (2007) 

-9.678 (2009) 

4.512 (2000) 

-5.651 (2009) 

5.853 (2000) 

-6.318 (2009) 

Military 

expenditure 

(%) 

3.6 (2003) 

2.0 (2018) 

2.4 (2016) 

1.1 (1999) 

0.6 (1999) 

0.3 (2015-2018) 

0.2 (1999-2000, 

2005-2007) 

0.5 (2010, 2018) 

Note: The top row in each cell is the maximum value for the given variable of that country. The bottom row is the minimum 

value for the given variable of that country.  
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From the descriptive statistics in Table 4.1, it becomes clear that the variation in the data between 

countries in the euro area is quite significant. The PDR, for example, varies from 3.766% for Estonia 

in 2007 to 181.210% for Greece in 2018. The PI does not vary as much as the PDR, from 7.717% for 

Greece in 2015 to 33.724% for Ireland in 2016. This noisy data can perhaps make it hard to estimate 

statistically significant estimators as there may be many other factors than the PDR that determine the 

PI.  

 

Four outlier countries are presented in Table 4.2 and by comparing these countries, it becomes clear 

that countries have all experienced their highest PDR after the financial crisis of 2008 even if they 

differ dramatically in their size of PDR. Similarly, they have all, except for Ireland, had their highest 

PI before the financial crisis and lowest PI after the crisis. Which indicates that there may be a negative 

correlation between the PI and the PDR. Ireland does not fit this narrative though. However, this is 

perhaps because Ireland experienced a major decrease in their PDR between 2013-2018 while other 

countries increased their PDR. Under the same period, as Irelands’ PDR was decreasing, they also 

experienced a dramatic increase in their PI. In other words, Ireland experienced the same negative 

correlation between their PDR and PI, but in the opposite way.  

 

4.2 Model specifications 

Six models are constructed and used to estimate the true population relationship between the PI and 

PDR. Their model specifications are presented and explained in the parts that follow and the variable 

specifications are summarized in Table 4.3. 

 

4.2.1 Basic OLS model 

To begin with, a basic general model is constructed to examine the correlation between the PI and the 

PDR through a standard linear regression: 

 

𝐼𝑐 = 𝛽0 +  𝛽1𝑃𝐷𝑅𝑐 + 𝑢𝑐  (4.1) 

 

Where 𝛽0 is the intercept, that is the value of the PI a country will have given that their PDR is equal 

to zero. 𝛽1 is the population coefficient of the PDR. This is the change in the PI from a one-unit change 

in the PDR. Since both variables are in percent form, this means that it is interpreted as the percentage 

change in the PI as a result of one percent change in the PDR. 
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𝑢𝑐 is the error term, and that is the variation in the data that cannot be explained by the model. In other 

words, it is the deviation of the true PI of observed countries in each period from the predicted PI from 

the model.  

 

4.2.2 OLS model including control variables 

The next step is to include control variables in the regular OLS model to mitigate omitted variable 

bias: 

𝐼𝑐 =  𝛽0 + 𝛽1𝑃𝐷𝑅𝑐 +  𝛽2𝑖𝑐
𝑠 + 𝛽3𝐺𝑎𝑝𝑐 + 𝑢𝑐 (4.2) 

 

In this multiple regression model, the interpretation of the population coefficients, 𝛽1, 𝛽2, 𝛽3, is still 

the change in the PI of a one-unit change in the observed variable (PDR, is or Gap) given that all other 

included variables are held constant. That means that the coefficient of the variable of interest, PDR 

(𝛽1), is the change in the PI of a one-unit change in the PDR given that both are and Gap is included 

and held constant. Thereby, these included variables are “controlled for” which mitigates omitted 

variable bias. This is explained in Section 4.3.1. Omitted variable bias down below. 

 

4.2.3 Panel data model 

The dataset used contains longitudinal data and therefore it is possible to control for time- and fixed 

effects of unobserved variables. Therefore, a panel data model is constructed as follows: 

 

𝐼𝑐𝑡 =  𝛽0 + 𝛽1𝑃𝐷𝑅𝑐𝑡 +  𝛽2𝑖𝑐𝑡
𝑠 + 𝛽3𝐺𝑎𝑝𝑐𝑡 + 𝛼𝑐 + 𝜆𝑡 + 𝑢𝑐𝑡  (4.3) 

 

Where: 𝜆𝑡 = 𝛿4𝐵42000 + ⋯ + 𝛿21𝐵212018 and 𝐵42000 = 1 if the year observed is the year 2000 and 

𝐵42000 = 0 otherwise. The year 1999 is used as a reference year, and therefore, is omitted to prevent 

perfect multicollinearity. And: 𝛼𝑐 =  𝛾4𝐷4𝐵𝑒𝑙𝑔𝑖𝑢𝑚 + ⋯ + 𝛾25𝐷25𝑈𝑛𝑖𝑡𝑒𝑑 𝑘𝑖𝑛𝑔𝑑𝑜𝑚 𝛾4𝐷4𝐵𝑒𝑙𝑔𝑖𝑢𝑚 = 1 If 

the country observed is that of Belgium and 𝛾4𝐷4𝐵𝑒𝑙𝑔𝑖𝑢𝑚 = 0 if any other country is observed. Austria 

is used as a reference country, and therefore, is omitted to prevent multicollinearity.  

 

The variable 𝛼 estimates the entity fixed effects that vary across entities but not overtime. In this case, 

it is the country-specific fixed effects such as norms that may differ across countries but stay constant 

within countries over time.  
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This variable is included to control for omitted variables that vary across countries but not overtime. 

By including an entity fixed effect variable, the model allows for country-specific intercepts during 

regressions given by 𝛼 that represent the effect of being in country 𝑐 (Stock & Watson 2015, 403-405).  

The variable 𝜆 estimates the time fixed effects that vary across time but remains constant for all entities. 

Like the previously mentioned entity fixed effects, specific intercepts are thereby allowed in the model 

but instead for each time-period where 𝜆 represent the effect of being in time-period 𝑡. Furthermore, 

this will control for omitted variables that cannot be observed that vary across time but not across 

entities. (Stock & Watson 2015, 407-409) This could in, for example, be bilateral financial regulations 

in the EU. New accounting- or credit rating rules can have a big influence on private investments. 

They may not change over shorter periods but remains the same for all countries as the policies apply 

to all EU countries. The panel used in the models is balanced as there are observations available for 

all variables across all countries and time-periods (Stock & Watson 2015, p.397). 

 

Panel data is a mix of cross-sectional and time-series data. Persistent in time series data is 

autocorrelation, that there is a correlation between variables over time. Autocorrelation emerges from 

the fact that the value of a variable one time period can influence the variable in the next time-period 

(Stock & Watson 2015, 411-414). One example of a variable in the model that is plausible to suffer 

from autocorrelation is the variable “output gap”. Large output gaps indicate that the economy is 

performing well above or below its potential and the economy soon will turn and move towards an 

equilibrium output. It is plausible to assume that the output gap will be smaller in the time-period 

thereafter. Therefore, the variable suffers from autocorrelation as the previous time-periods influence 

the time-periods that follow.  

 

4.2.4 Log-log model 

The relationship between the PDR and PI may not be linear and therefore a log-log model is 

constructed as follows to test if the relationship is logarithmic: 

 

𝑙𝑛(𝐼𝑐𝑡) =  𝛽0 + 𝛽1 𝑙𝑛(𝑃𝐷𝑅𝑐𝑡) + 𝛽2𝑖𝑐𝑡
𝑠 + 𝛽3𝐺𝑎𝑝𝑐𝑡 + 𝛼𝑐 + 𝜆𝑡 + 𝑢𝑐𝑡 (4.4) 

 

The interpretation of the population  coefficient of PDR, 𝛽1, in this model is the PDR elasticity of the 

PI. That is the percentage change in the PI resulting from a one percent change in the PDR. This is not 

changes in the absolute terms of the variables, but instead in their relative size.  
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A one percent change in the relative size of the PDR would, for example, be from 1.00% to 1.01% in 

absolute terms2. The elasticity can also be interpreted as how sensitive the PI is to changes in the PDR.  

 

4.2.5 Quadratic model 

Another possibility is that the relationship between the dependent- and the independent variable is 

quadratic instead of linear. A quadratic model is constructed as follows to test this hypothesis: 

 

𝐼𝑐𝑡 =  𝛽0 + 𝛽1𝑃𝐷𝑅𝑐𝑡 + 𝛽2(𝑃𝐷𝑅)𝑐𝑡
2 +  𝛽3𝑖𝑐𝑡

𝑠 + 𝛽4𝐺𝑎𝑝𝑐𝑡 + 𝛼𝑐 + 𝜆𝑡 + 𝑢𝑐𝑡 (4.5) 

 

ln (𝐼𝑐𝑡) =  𝛽0 + 𝛽1ln (𝑃𝐷𝑅𝑐𝑡) + 𝛽2(ln (𝑃𝐷𝑅))𝑐𝑡
2 +  𝛽3𝑖𝑐𝑡

𝑠 + 𝛽4𝐺𝑎𝑝𝑐𝑡 + 𝛼𝑐 + 𝜆𝑡 + 𝑢𝑐𝑡 (4.6) 

 

𝛽0 is still the intercept and 𝛽1is the slope of the PDR. The new quadratic coefficient, 𝛽2, indicates 

whether or not changes in the PDR differs for different values of the PDR. If this is the true population 

relationship, then changes in the PI from a one-unit change in the PDR will have different magnitude 

depending on the initial size of the PDR.  If 𝛽2 is positive, then the relationship is convex, if it instead 

is negative, then the relation is concave. This also allows the effect of a change in the PDR to be 

positive, zero or negative depending on the size of the PDR. Control variables and time- and entity 

fixed effects have the same interpretation as before. Equation (4.5) is in absolute terms while equation 

(4.6) is in logarithmic terms. 

 

3.2.6 Instrument variable model 

To isolate the effect of PDR on PI that is uncorrelated with the error term, 𝑢𝑐𝑡, A instrumental variable 

model was constructed as follows: 

 

𝐼𝑐𝑡 =  𝛽0 + 𝛽1𝑃𝐷𝑅𝑐𝑡 +  𝛽2𝑖𝑐𝑡
𝑠 + 𝛽3𝐺𝑎𝑝𝑐𝑡 + 𝛼𝑐 + 𝜆𝑡 + 𝑢𝑐𝑡 (4.7) 

 

Where 𝑃𝐷𝑅𝑐𝑡 =  𝜋0 + 𝜋1𝑀𝐸𝑐𝑡 + 𝜋2𝑖𝑐𝑡
𝑠 + 𝜋3𝐺𝑎𝑝𝑐𝑡 + 휀𝑐𝑡, and 𝑀𝐸𝑐𝑡 is an instrumental variable that is 

correlated with 𝑃𝐷𝑅𝑐𝑡 but not with the error term, 𝑢𝑐𝑡.  

 

𝜋0 + 𝑀𝐸𝑐𝑡 + 𝑖𝑐𝑡
𝑠 + 𝐺𝑎𝑝𝑐𝑡 are assumed to be exogenous and therefore not correlated with the error 

term, 𝑢𝑐𝑡. And 휀𝑐𝑡 is the problematic component of 𝑃𝐷𝑅𝑐𝑡 that is correlated with the error term, 𝑢𝑐𝑡. 

 
2 For examples of elasticity calculations see appendix Figure 9.4 
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The interpretation of the coefficients is the same as for the previous models. 𝛽1 however, is interpreted 

as the effect in PI of a change in the PDR that is uncorrelated with the error term.  

 

4.2.7 Variable descriptions 

 

Table 4.3: Variable descriptions  

 

Variable Symbol Definition 

Private investments 𝐼 The total sum of private investment as a share of 

GDP (%) 

Public debt ratio 𝑃𝐷𝑅 General government gross debt as a share of GDP 

(%) 

Short interest rates 𝑖𝑠 Interest rates of 3-month intrabank rates (%) 

   

Output gap 𝐺𝑎𝑝 Output gap from potential equilibrium output as a 

share of GDP (%) 

Military expenditure ME Military expenditure as a share of GDP (%) 

   

Entity fixed effect 𝛼 The fixed effect of an entity (country) 

   

Time fixed effect 𝜆 The fixed effect over time 

   

Error term 𝑢 Disturbance in data that cannot be explained by 

the model 

Country 𝑐 Observed country  

Time-period 𝑡 Country observed at time  

𝑡 = 1995, 1996, … , 𝑇 

Where 𝑇 = 2018 

 

4.3 Endogeneity issues  

The methodology of this paper is to systematically try to mitigate endogeneity issues by testing 

different models with the basic model of only PI and PDR as a reference point. The possible bias that 

this paper will cover is the following:  
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Omitted variable bias, misspecification of functional form, measurement error and error-in-variables 

bias, missing data and sample selection, simultaneous causality and heteroscedasticity. However, it is 

important to note that several other endogeneity issues are not covered that may be present in the 

model. 

 

4.3.1 Omitted variable bias 

Omitted variable bias arises when a variable that determines the dependent variable and is correlated 

with at least one of the independent variables is not included in the model. Given the complexity of 

macroeconomic effects and the many channels that the effect can come from, it is not unlikely that the 

model specified is incomplete and important omitted variables may exist. This can cause inconsistency 

and bias in the estimators of the model. (Stock & Watson 2015, 228-235) 

 

The omitted variable bias is however mitigated through several econometric techniques. For example, 

by including potential omitted variables into the model as control variables. Thereby removing parts 

of the error term that is correlated with the independent variable and instead including them into the 

model (Stock & Watson 2015, 235-238). The control variables used in the model is short interest rates 

and output gap as they are both correlated with PDR and PI.3 If it is not possible to observe omitted 

variables however, it is hard to include them. Unobservable omitted variables that do not change over 

time are controlled for by using panel data and fixed effects to control for unobserved variables. The 

use of the instrumental variable military expenditure mitigates the effect of the omitted variable bias. 

 

4.3.2 Misspecification of functional form 

Another possible source of bias in the estimated model comes from misspecification of functional 

form. The model used to estimate the relation between PI and PDR is linear. However, if the true 

population regression function is non-linear, then the result of the model will not estimate the true 

relation between PI and PDR. The bias from misspecification of functional form is similar to omitted 

variable bias as variables that changes the functional form of the regressors are omitted. If the true 

relation between PI and PDR is quadratic, and the quadratic form of PDR is not included in the 

estimated model, then omitted variable bias is present as a variable that determines the dependent 

variable and is correlated with at least one of the independent variables is omitted (Stock & Watson 

2015, 367-368). 

 

 
3 See correlation matrix in Figure 5.1 
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The solve for functional form misspecification, the variable of interest, PDR, was estimated in different 

functional forms other than the linear form. The first being the logarithmic form where both the 

dependent- and independent variables were transformed into a log-log model. This also allows for an 

estimation of the PDR elasticity of PI as described in the  

 

4.2.4. Log-log model.  

The second, a quadratic form, where the PDR is squared to examine if the effect on the PI is different 

for different values of the PDR. The real-world effect of a one percent change in the PDR may be 

smaller or larger depending on how indebted the country is to start with.  

 

4.3.3 Measurement error and error-in-variables bias 

Errors-in-variables bias can be present in our model if the data is somehow mixed up. It is possible 

that the data for one variable is mixed up and therefore the regression is done on the wrong regressors 

(Stock & Watson 2015, 368). Say that the data for PDR is accidentally mixed up and is in reverse 

order by year, that the true data for the year 1999 is labelled as the year 2018 etc. Then the regression 

is invalid as it would test the year 2018 PDR against the year 1999 PI etc. Thereby causing 

inconsistency in the estimators of the model as it is no longer estimating the same year for all variables. 

 

Measurement error can occur for several reasons. Countries might provide incorrect statistics either 

intentionally or by mistake. Countries may intentionally want to report lower PDR than their actual 

PDR to give the impression that their finances are better than what they are. Similarly, measurement 

error could occur due to typographical errors that happen by mistake. Simply that the data is typed in 

incorrectly were it was first entered. If the measured value of one or more of the independent variables 

is imprecise, then they will be correlated to the error term and the estimators of the model will be 

biased and inconsistent even if the sample size is large. (Stock & Watson 2015, 368-371) 

 

If the measurement error is on the dependent side instead, then the estimators will not be biased. The 

variance of the estimators, however, will be larger. To solve errors-in variable bias, the best way is to 

collect data that gives accurate data on the independent variables. However, this is not always possible 

to do if the data is collected by someone else, as in this paper. It is impossible to solve measurement 

errors “the best way” in this paper since the data is collected from external sources. Instead, this effect 

will be mitigated by using instrumental variables that are correlated with the actual value of the 

independent variable but not with the measurement error (Stock & Watson 2015, 371).  
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4.3.4 Missing data and Sample selection 

In the sample used to estimate the model, not all countries in Europe are included since data were not 

available for all countries across all variables and years. If the missing data is random or related to one 

of the regressors, then there is no bias from this effect. By related to one of the regressors means for 

example if the paper only examined countries with a PDR higher than 60%.  

The estimators would not be biased by excluding countries with a PDR below 60%. On the other hand, 

no conclusions regarding the countries with a PDR below 60% can then be drawn since they are 

excluded. However, the sample size decreases as observations are excluded because of the regressor 

or if the missing data is random. According to the law of large numbers, under general conditions, the 

estimated mean will be close to the true population mean if the sample size is large. And the central 

limit theorem states that the distribution is well approximated by a standard distribution if the sample 

is large (Stock & Watson. 2015, p.94-99). Reducing the sample size thereby lowers the consistency of 

the estimators and the normal distribution approximation. This can be considered a negative effect in 

the model even if no bias is present. Sample selection bias can, however, be present if the missing data 

is due to a sample selection method that is related to the dependent variable beyond the independent 

variables (Stock & Watson 2015, 371-372).  

 

The selection process of the sample used in this paper is assumed not to suffer from sample selection 

bias. As all countries in the euro area were included initially and only countries in which data could 

not be found for all variables and years (Albania, Montenegro, North Macedonia, Serbia, Romania, 

Turkey, Iceland, Norway and Croatia). Arguably, the missing data from these countries may not be 

random, but instead, related to the dependent variable. Evidence to support this fact has however not 

been found and the model is therefore assumed to not suffer from sample selection bias. 

 

4.3.5 Simultaneous causality 

The causality of the model may not only go in the direction that is being tested, namely from the 

independent variable of interest, PDR, to the dependent variable, PI. Instead, the causality can also be 

reversed. That the effect simultaneously goes from the dependent variable PI to the independent 

variable PDR. One can assume that a demand or supply shock to the PI can influence public 

investments since they compete in similar markets. If public investments increase, then the PDR will 

increase as more bonds are issued and vice versa. The reverse causality makes the independent 

variable, PDR, correlated with the error term, 𝑢𝑐𝑡.  
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Since it cannot be ruled out that the model suffers from simultaneous causality bias, the estimators 

may be inconsistent and biased (Stock & Watson 2015, 373-375). Through the implementation of a 

randomized controlled experiment or instrumental variables, it is possible to mitigate the effects of 

simultaneous causality bias. The latter option is used in this paper to mitigate bias in the estimators 

(Stock & Watson 2015, 374-375). 

 

4.3.6 Heteroskedasticity  

The error term is homoscedastic if the variance of the conditional mean of the error term given the 

variable of interest, X, is constant, C, for all observations and does not depend on the value, x, of the 

variable of interest. If the variance differs between observations and their values, then the error term 

is considered heteroscedastic. 

 

𝑉𝑎𝑟(𝑢𝑐|𝑋𝑖 = 𝑥) = 𝐶 (𝐻𝑜𝑚𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐) (4.8) 

 

𝑉𝑎𝑟(𝑢𝑐|𝑋𝑖 = 𝑥) ≠ 𝐶 (𝐻𝑒𝑡𝑒𝑟𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐) (4.9)  

 

To test whether the error terms are heteroscedastic two tests were performed. The first is a graphical 

test by plotting the residuals of the model and trying to see any patterns that indicate heteroscedasticity. 

By looking at Figure 4.1, it seems as if the residuals conditional mean differs for different values of 

the independent variables. The residuals are larger for lower values of PDR and the plotted residuals 

have a small cone-shape, which shows tendencies of heteroskedasticity. The second test performed is 

a Breusch-Pagan / Cook-Weisberg test for heteroskedasticity. Where the null hypothesis tested is that 

the error terms have constant variance, indicating homoscedasticity, and the alternative hypothesis is 

that the error terms do not have constant variance but instead is heteroscedastic. The result revealed a 

Chi2 of 22.37 and a p-value of 0.00. The Breusch-Pagan / Cook-Weisberg test for heteroskedasticity, 

therefore, gave strong evidence that the error terms are instead heteroscedastic. 
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Figure 4.1. Residuals plot 

 

Note: scatterplot of the residuals on the y-axis and PDR as % of GDP on the x-axis. The black circles depict all observations 

of their respective deviation from the predicted mean given the level of PDR. 

 

The solution for heteroscedastic error terms is to calculate the heteroskedasticity-robust standard error 

test in the regression. The model is estimated both with and without heteroskedasticity-robust standard 

errors to check if the estimators remain statistically significant when accounting for heteroskedasticity. 

 

4.3.8 Instrumental variables 

Endogeneity issues such as omitted variable bias and simultaneous causality described above can cause 

inconsistent regression estimators. Since endogeneity cause a correlation between the independent 

variable, PDR, and the error term, 𝑢𝑐𝑡, the estimated regressor may not be close to the true value (Stock 

& Watson 2015, 470-471). To mitigate these effects, an instrumental variable of military expenditure 

is introduced into the model to estimate the effect of PDR on PI that is not correlated with the error 

term. When using instrumental variables, it is important to distinguish between the exogenous 

variables that are determined outside the model and uncorrelated with the error term and the 

endogenous variables that are determined inside the model and is correlated with the error term. For 

IV-regression to be possible, the model needs to have at least as many instrumental variables as 

endogenous variables (Stock & Watson 2015, 470-472, 481-483).  



 
 

21 
 

By adding a valid instrumental variable, Z, it is possible to isolate only the uncorrelated effect of a 

one-unit change in the independent variable on the dependent variable. For an instrument to be valid, 

it must satisfy two conditions: 

 

(1) It must be relevant: 

𝐶𝑜𝑟𝑟 (𝑍𝑖, 𝑋𝑖 ) ≠ 0 (4.10) 

 

Which means that the variation of the instrumental variable, Z, must be related to the variation in the 

independent variable, X.  

 

And (2) it must be exogenous: 

𝐶𝑜𝑟𝑟 (𝑍𝑖, 𝑢𝑖 ) = 0 (4.11) 

 

The instrument variable, Z, cannot be correlated with the error term because then the estimated effect 

of the independent variable, X, through IV-estimation will still be correlated with the error term, u. 

And the OLS estimator will still be inconsistent (Stock & Watson 2015, 470-472). 

 

The instrumental variable used in this paper is military expenditure as a percentage of GDP. This 

variable was chosen since it is plausible to assume that it has an effect on the PDR. If a government 

wants to increase its expenditure on the military without cutting back on other public expenditure or 

increasing taxes or printing money to finance the expansion, then its reasonable to assume that they 

will increase their PDR by issuing more government bonds. Thereby the chosen instrument has 

relevance and fulfils the first condition of an instrumental variable as variation in military expenditure 

is related to the variation in the PDR.  

 

Table 4.4: correlation matrix of military expenditure, PI and PDR 

 

 Military 

expenditure 

PDR PI 

Military 

expenditure             

1.0000   

PDR 0.1865    1.0000  

PI -0.1898 -0.4427   1.0000 
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The results from the correlation matrix in Table 4.4 further supports the theory that the instrumental 

variable military expenditure is relevant as it is positively correlated with PDR. military expenditure 

is also negatively correlated with the PI with similar strength as PDR. Thereby, the variation in the 

instrumental variable military expenditure is related to the variation in both the independent- and 

dependent variable. However, it is assumed that the variation in the dependent variable, PI, from 

variation in the instrumental variable, military expenditure, is indirect and works through the 

independent variable, PDR. 

 

Furthermore, it is assumed that the instrumental variable is exogenous and thereby not correlated with 

the error term, u. If a government suddenly increases the expenditure on its military, it is plausible to 

assume that this will not prompt private actors to increase their investments because of this factor only. 

Thereby, the strict exogeneity condition in (2) is assumed to be satisfied. This means that the negative 

correlation between military expenditure and PI depicted in Table 4.4 can be explained as an indirect 

effect through PDR, given that the assumption of strict exogeneity holds. The effect of variation in the 

instrumental variable can be visualized as follows: 

 

𝑀𝐸 → 𝑃𝐷𝑅 → 𝑃𝐼 (4.12) 

 

IV-estimation of the independent variable coefficient, 𝛽1, can be estimated by performing a two-stage 

least squares estimation (TSLS). The estimator is calculated through two least-squares estimations. 

The first least squares estimation is of the instrumental variable and the independent variable: 

 

𝑋𝑖 =  𝜋0 + 𝜋1𝑍1𝑖 + ⋯ + 𝜋𝑚𝑍𝑚𝑖 + 𝜋𝑚+1𝑊1𝑖 + ⋯ + 𝜋𝑚+𝑟𝑊𝑟𝑖 + 𝑣𝑖 (4.13) 

 

Where π0 is the intercept and π1, … , πm are the slope and the estimated effect that one unit change in 

the IV have on the independent variable 𝑋𝑖. 𝑍1𝑖, … , 𝑍𝑚𝑖 are the instrumental variables, in the case of 

this paper, only one IV and that is military expenditure. and 𝑊1𝑖, … , 𝑊𝑟𝑖 are the endogenous control 

variables, in the estimated model, this is short interest rates and the output gap. The model used in this 

paper (Eq 2.7) is exactly identified since there is one IV for the endogenous variable, PDR. Through 

the first stage of TSLS, it is possible to decompose the effect of Xi into one problematic part that is 

correlated with the error term (𝑣𝑖) and another unproblematic part which is the effect that is 

uncorrelated with the error term, (𝜋0 + 𝜋1𝑍1𝑖 + ⋯ + 𝜋𝑚𝑍𝑚𝑖 + 𝜋𝑚+1𝑊1𝑖 + ⋯ + 𝜋𝑚+𝑟𝑊𝑟𝑖). The 

unproblematic part is uncorrelated with the error term since it is predicted by the exogenous IV. The 
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predicted values of 𝑋𝑖 from the first stage regression that is uncorrelated with the error term, (𝑢𝑖), is 

then used in a second stage regression to only get the unproblematic effect of 𝑋𝑖 on 𝑌𝑖. Thereby 

mitigating possible endogeneity bias that arises from a correlation between the independent variable 

and the error term (Stock & Watson 2015, 472-473, 481-484). 

 

The use of military expenditure may only explain little of the variation in the PDR and therefore be a 

weak instrumental variable. This is problematic since the first assumption of IV relevance is not 

fulfilled. By looking at the F-statistic of the first-stage regression, however, it is possible to test the 

hypothesis that the coefficient of the instrument is zero and have no effect on the instrumented variable. 

The result of the first-stage least squares regression is presented in the results section below in Table 

5.7 (Stock & Watson 2015, 488-490).  

5. Empirical results 

In this section, the results of the different regressions constructed to mitigate endogeneity are presented 

in tables and figures. A short explanation of each aspect follows for each part.  

 

5.1 Omitted variable bias 

A correlation matrix is presented in Table 5.1 to check if the control variables are correlated with PI 

and if multicollinearity exists among the chosen variables. The results of the omitted variable 

regressions are presented in Table 5.2 where control variables are included in columns (2) - (5). 

Followed by a further explanation of the results from the regressions.
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Table 5.1: Correlation matrix omitted variable bias 

 

 PI PDR Short 

interest 

Long 

interest 

Output 

gap 

PI 1.0000     

PDR -0.4288    1.0000    

Short 

interest 

0.3285   -0.2976    1.0000   

Long 

interest 

-0.0151    0.0467    0.6545    1.0000  

Output gap 0.6024   -0.3649    0.2172   -0.2695    1.0000 

 

As can be seen in the correlation matrix of Table 5.1, all potential control variables are correlated with 

the dependent variable, PI. All potential control variables are also correlated with the independent 

variable of interest, PDR. This indicates that the variables are potential omitted variables as they are 

determinants of at the same time as they are correlated with PDR. Long interest rates, however, does 

seem to have a very week correlation with both the dependent- and the independent variable, indicating 

that it is potentially not a very influential omitted variable. Furthermore, the correlation matrix 

indicates that no perfect multicollinearity is present as none of the variables is perfectly correlated. 

The VIF test in Figure 9.4 in the appendix further proved that the variables are not perfectly 

multicollinear as the VIF-values are below 5 (Studenmund 2014, 273-274). 
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Table 5.2: Testing control variables in equation (4.2) 

 

 (1) (2) (3) (4) (5) 

 PI PI PI PI PI 

PDR -0.0469*** -0.0400*** -0.0454*** -0.0283*** -0.0229*** 

 (0.00418) (0.00424) (0.00430) (0.00384) (0.00385) 

      

Short 

interest 

rates 

 0.287*** 

(0.0504) 

  0.244*** 

(0.0434) 

      

      

Long 

interest 

rates 

  0.00717 

(0.0595) 

  

      

      

Output gap    0.535*** 0.519*** 

    (0.0392) (0.0382) 

      

Years 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 

      

Countries 26 26 26 26 26 

      

Constant 21.16*** 19.99*** 21.02*** 20.25*** 19.27*** 

 (0.283) (0.344) (0.377) (0.252) (0.300) 

N 520 520 498 520 520 

R2 0.196 0.243 0.184 0.409 0.443 

Note: Standard errors in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 

 

  



 
 

26 
 

The first basic regression model in column (1) PDR is statistically significant (p<0.001) and have a 

negative relation with PI as is predicted by economic theory. However, the R2 is generally quite low 

(0.196) which means that the model is not explaining the variation of the true population PI that well. 

The effect of PDR drops by a small margin from -0.0469 to -0.0400 when controlling for the short 

interest rates in column (2). This indicates that the original model in column (1) likely suffers from 

omitted variable bias as it included the effect of short-term interest rates on PI and thereby 

overestimated the effect that PDR has on the PI. Both estimators are statistically significant and the R2 

is increased, which means that the model is now describing the variance of the data better. The long-

term interest rate is considered to be a weak control variable as it is not statistically significant, nor 

does it have a significant impact on the PDR coefficient. Controlling for the output gap seems to have 

a significant impact as it cuts the effect of PDR nearly in half. This means that the effect the PDR in 

the basic model in column (1) is biased upwards as it includes effects from the output gap, thereby 

overestimating the negative effect that the PDR have on the PI. Furthermore, this dramatically 

increases the R2. Both the short interest rates and the output gap are thereby included as control 

variables in the model and can be shown in column (5) to have a significant joint on the effect of the 

PDR on the PI while all variables remain statistically significant. 

 

5.2 Panel data regression 

The results of the panel data regressions are presented in Table 5.3 where both time-and fixed effects 

are included in columns (2) - (6) with clustered standard errors. Below follows a further explanation 

of the results from the regressions. 
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Table 5.3: Panel data regressions in equation (4.3) 

 

 (1) (2) (3) (4) (5) (6) 

 PI PI PI PI PI PI 

PDR -0.0469*** -0.114*** -0.0901*** -0.0888*** -0.0599*** -0.0533*** 

 (0.00418) (0.0136) (0.0133) (0.0129) (0.0129) (0.0132) 

       

       

Short 

interest 

rates 

   0.275* 

(0.109) 

 0.426*** 

(0.0949) 

       

       

Output 

gap 

    0.376*** 

(0.0696) 

0.434*** 

(0.0699) 

       

       

       

Years 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 

       

Countries 26 26 26 26 26 26 

       

Time 

fixed 

effects 

No No Yes Yes Yes Yes 

       

Country 

fixed 

effects 

No Yes Yes Yes Yes Yes 

       

Clustered 

standard 

errors 

No Yes Yes Yes Yes Yes 

       

Constant 21.16*** 25.11*** 24.57*** 22.78*** 23.03*** 20.02*** 

 (0.283) (0.800) (0.850) (1.147) (0.811) (1.121) 

N 520 520 520 520 520 520 

R2 0.196 0.439 0.520 0.538 0.604 0.644 

Standard errors in parentheses 

* p < 0.05, ** p < 0.01, *** p < 0.001 

R2 indicates within country explanatory power for (2) – (6) 
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By including fixed effects into the model in column (2), the estimated negative coefficient of PDR 

increases by more than double that of the basic regression in column (1). This indicates that the basic 

model suffers from omitted variable bias as the negative effect of PDR on PI is greatly underestimated 

when not accounting for fixed effects. The results are statistically significant in column (2) even when 

applying clustered standards to account for heteroscedasticity and autocorrelation. Furthermore, the 

R2 is increased significantly, which indicates that the model explains the variation in the data better 

when accounting for fixed effects. Adding the time fixed effects in column (3) have a small effect on 

the estimated coefficient of PDR and indicates that the model in column (2) perhaps overestimated the 

negative effect of PDR. Moreover, the R2 is improved slightly. However, this could also be a 

consequence of adding more variables. When controlling for the short interest rates and the output gap 

in the columns (4) and (5), the result is the same as that of the standard regressions in the previous 

section. The estimated negative effect of PDR decreases when controlling for both variables. However, 

controlling for the output gap proves to have a bigger effect on the estimated coefficient.  

 

The estimated negative effect of PDR is decreased once more when adding both the time- and country 

fixed effects while simultaneously controlling for short interest rates and the output gap in column (6). 

On the other hand, the estimated negative effect is bigger than without including time- and country 

effects, -0.0229 in column (5) Table 5.2 compared to -0.0533 in column (6) Table 5.3. The big 

variations in the estimated model further support the notion that the basic regression model suffers 

from omitted variable bias. However, all models have been statistically significant and estimate that 

the effect of PDR is negative. This is in line with the classical economic theory of the crowding out 

effect. 

 

5.3 Log-log transformation 

Here, the results of different log-log model regression are presented in Table 5.4 and thereafter 

compared and explained. Note that the dependent variable PI is in logarithmic form in columns (2) -

(4).  
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Table 5.4: Logarithmic transformation regressions in equation (4.4) 

 

 (1) (2) (3) (4) 

 PI Log PI Log PI Log PI 

PDR -0.0469***    

 (0.00418)    

     

Log PDR  -0.113*** -0.325*** -0.141*** 

  (0.0110) (0.0482) (0.0334) 

     

Short 

interest 

rates 

   0.0223*** 

(0.00480) 

 

     

Calculated 

elasticity 

 -0.149 -0.363 -0.170 

     

Output gap    0.0291*** 

    (0.00440) 

     

Years 1999-2018 1999-2018 1999-2018 1999-2018  

      

Countries 26 26 26 26  

     

     

Time fixed 

effects 

No No No Yes 

     

Country 

fixed 

effects 

 

No No Yes Yes 

Clustered 

standard 

errors 

No No Yes Yes 

     

_cons 21.16*** 3.329*** 4.151*** 3.367*** 

 (0.283) (0.0434) (0.186) (0.144) 

N 520 520 520 520 

R2 0.196 0.167 0.434 0.683 

Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 

R2 indicates within country explanatory power for (3) and (4) 
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The included variables remained strongly statistically significant with a p-value<0.001 with clustered 

standard errors when transforming both the dependent- and independent variable to logarithmic in 

columns (2) - (4). Furthermore, it is clear in column (2) that the estimated coefficient of PDR is still 

negative in logarithmic form. When accounting for country fixed effects in column (3), the result is 

similar to when country fixed effects were included in column (2) in previous Table 5.5. The estimated 

coefficient of log PDR nearly tripled in size, which could indicate bias in the previous model in column 

(2) as the effect of log PDR was greatly underestimated when not controlling for country fixed effects. 

The estimated coefficient of log PDR decreased, however, to  (-0.141) when including control 

variables and time fixed effects. The interpretation of the estimated coefficient of log PDR in column 

(4) can be interpreted as the PDR elasticity of PI. That is the effect that one-percent change in the size 

of PDR has on PI in percent. The estimated relationship between the PDR and the PI is still negative, 

which further supports the initial theory that the true population correlation is negative. Manual 

calculations of the elasticities in previous models can be found in column (6) and are calculated as 

follows: 4 

∆𝐼
𝐼

∆𝑃𝐷𝑅
𝑃𝐷𝑅

=  
𝑃𝐷𝑅

𝐼
∗  

∆𝐼

∆𝑃𝐷𝑅
=

𝑃𝐷𝑅

𝐼
∗ 𝛽1̂ = 𝑃𝐼 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑃𝐷𝑅 (5.1) 

 

That is the percentual change in PI as a result of a one-percent change in the PDR. The estimated 

elasticities in columns (2) – (4) are consistent with these manually calculated elasticities. Which 

indicates that the estimated log PDR coefficient is the true population elasticities.  

 

5.4 Quadratic transformation 

This section starts with a visual representation of the possible quadratic relationship between the PDR 

and the PI in Figure 5.2. Followed by a presentation of the quadratic form PDR regressions results in 

Table 5.5 and explanations for both parts. Note that the squared term of PDR in Table 5.5 is altered 

in scale for easier interpretation of the estimated coefficient.5 

 

  

 
4 The mean values of PDR and PI are used in the calculations and they can be found in Appendix Figure 9.7.  
5 The data used is altered in scale as follows: (

𝑃𝐷𝑅

100
)2 for easier interpretation of the coefficient 
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Figure 5.2: PDR and PI scatterplot linear and quadratic prediction 

 

 

Note: scatterplot with PI on the y-axis as a share of GDP and PDR on the x-axis as a share of GDP. Black circles depict 

all observations and their respective PDR and PI. The dotted line represents a linear prediction of the estimated mean of 

all observations. The dashed line represents a quadratic prediction of the estimated mean of all observations. 

 

As can be seen in Figure 5.2 scatterplot versus fitted values in both linear and quadratic predictions, 

there is a potential quadratic relation between the PI and the PDR as the dashed line that depicts the 

quadratic prediction deviates from the linear predicted mean. The deviation between the linear- and 

quadratic prediction is however very small. Furthermore, what can be seen is a convex form of the 

quadratic prediction. Given that this relation is true, it would mean that the effect of a change in the 

PDR will have a greater impact on the PI for countries with low- rather than high PDR. Results of the 

quadratic regressions are presented in Table 5.5 below. 
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Table 5.5: Quadratic form transformation regressions in equation (4.5) and (4.6) 
 

 (1) (2) (3) (4) (5) (6) 

 PI PI PI PI PI Log PI 

PDR -0.0469*** -0.114*** -0.131*** -0.0826*** -0.0826***  

 (0.00418) (0.00582) (0.0149) (0.0134) (0.0220)  

       

Log PDR      0.158 

      (0 .189) 

       

Log PDR 

(squared) 

     -0.0440 

(0.0269) 

       

       

PDR/100 

(squared) 

  1.030  

(0.861) 

1.864* 

(0.734) 

1.864 

(1.210) 

 

 

       

       

Short 

interest 

rates 

   0.418*** 

(0.0585) 

0.418*** 

(0.0585) 

0.0220*** 

(0.00480) 

       

Output gap    0.457*** 

(0.0375) 

0.457*** 

(0.0688) 

0.0279*** 

(0.00365) 

       

Years 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 

       

       

Countries 26 26 26 26 26 26 

       

       

Time fixed 

effects  

No No No Yes Yes Yes 

       

Country 

fixed 

effects  

No Yes Yes Yes Yes Yes 

       

Clustered 

standard 

errors 

No No No No Yes Yes 

       

       

Constant 21.16*** 25.11*** 25.60*** 20.95*** 20.95***   2.888*** 

 (0.283) (0.354) (0.544) (0.739) (1.357) (0.328) 

N 520 520 520 520 520 520 

R2 0.196 0.439 0.440 0.648 0.648 0.697 

Standard errors in parentheses 
 * p < 0.05, ** p < 0.01, *** p < 0.001 

R2 indicates within country explanatory power for (2) – (6) 
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Throughout the tests in column (1) – (5) in Table 5.5, the variable of interest, PDR, remains 

statistically significant with a p-value<0.001. When first introducing the squared term of the PDR into 

the regression in column (3) with country fixed effects, then the estimated coefficient of the squared 

PDR does not appear to be statistically significant. Which indicates that the true population relation 

between the PI and the PDR may not be quadratic but instead linear as in the columns (1) and (2). 

However, when introducing control variables and time fixed effects in column (4), then the quadratic 

term becomes statistically significant with a p-value<0.05. On the other side, when clustered standard 

errors are introduced to account for heteroscedasticity and autocorrelation then the estimated 

coefficient of the quadratic PDR is not statistically significant with a p-value<0.05 as the standard 

errors are larger. This result is ambiguous and questions whether or not it can be said with certainty 

that the true population relation is quadratic.  

 

Figure 5.3: log PI and log PDR scatterplot quadratic prediction 

 

 

Note: scatterplot with log PI on the y-axis and log PDR on the x-axis. Black circles depict all observations and their 

respective log PDR and log PI. The dashed line represents a quadratic prediction of the estimated mean of all observations. 
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A possible quadratic relationship can be seen in the scatterplot of log-PI and log-PDR in Figure 5.3. 

The quadratic relationship depicted is negative in contrast to the positive non-linear predictions in 

columns (3) - (5). This would mean that the estimated effect of the log PDR on the log PI is larger for 

countries with already high PDR. The results from equation 2.6 in column (6), however, show that 

neither log PDR or the squared term of log PDR are statistically significant which indicates that the 

relationship in log-log terms is not quadratic but rather linear. The reason why the scatterplot of Figure 

5.3 paint a deceiving picture that a quadratic relation exist while the regression does not support it may 

be because of the outlier observations with very high debt ratio to the far right in the figure. These high 

PDR observations skew the predicted values and weigh down the predicted values. Meanwhile, if those 

outlier observations are excluded, the quadratic relationship becomes much less prominent. 

 

5.5 IV regression 

Lastly, the results of the IV regressions are presented in Table 5.5 followed by an explanation of the 

findings. Note that the dependent variable in column (1) and (2) is not the PI but rather military 

expenditures (as a share of GDP) which is the instrumental variable used in the regressions.  

Furthermore, the columns (3) - (5) are the models with instrument variables included and therefore the 

columns of interest.  The F-statistics is also included in Table 5.5 to determine the strength of the 

instrumental variable from the first stage regression in column (1) and (2), and to indicate the joint 

significance of the regressors. Scatterplots of military expenditure against PDR and PI can be found in 

the appendix, Figure 9.5 and Figure 9.6 for a visual representation of the correlation between the 

instrumental variable and the dependent- and independent variables. 
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Table 5.6: IV regressions in equation (4.7)  

 
 (1) (2) (3) (4) (5) (6) (7) 

 PDR PDR PI PI PI PI PI 

Military 

expenditure 

(as a share of 

GDP) 

11.16*** 

(2.584) 

 

-8.487** 

(2.915) 

     

        

        

PDR   -0.114*** -0.116** -0.116 -0.127** -0.127 

   (0.00582) (0.0447) (0.0888) (.0499) (0.139) 

        

Short interest 

rates 

     0.344*** 

(.0856) 

0.344 

(0.213) 

        

        

Output gap      0.263* 

(0.121) 

 0.263 

(0.294) 

        

Years 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 1999-2018 

        

Countries 26 26 26 26 26 26 26 

        

Instrument 

variable 

No No No Yes Yes Yes Yes 

        

        

Country 

fixed effects 

No Yes Yes Yes Yes Yes Yes 

        

Time fixed 

effects 

No No No No No Yes Yes 

        

Clustered 

standard 

errors 

No No No No Yes No Yes 

        

Constant 44.20*** 69.68*** 25.11*** 25.22*** 25.22*** 24.35*** 24.35** 

 (3.653) (3.849) (0.354) (2.627) (5.211) (2.992) (8.3) 

N 520 520 520 520 520 520 520 

R2 0.035 0.017 0.439 0.439 0.439 0.558 0.558 

F-statistics 18.66 63.66 26.31 19.5 . 21.76 0.75 
Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 

R2 indicates within country explanatory power for (2) – (7) 

Instrumented variable: PDR  

Instrument: Military expenditure (as share of GDP) 
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The first two columns (1) - (2) is the result of the first stage least squares regression. Column (1) 

represents the result of the first stage regression with no fixed effects where the estimated coefficient 

of military expenditure is positive and statistically significant at a P-value<0.001. This indicates that 

the instrumental variable is relevant and that PDR increases as military expenditure increases. The F-

static is above 10 which further supports the assumption of relevance as it is not considered a weak 

variable. The result of the first stage least squares regression differs however when fixed effects are 

accounted for in column (2). The estimated coefficient is then negative which is opposite of the 

standard regression and what is predicted of from the theoretical framework. The estimated coefficient 

is however statistically significant with a p-value<0.01 and the F-statistic computed to be 63.66, which 

indicates that the instrumental variable is not weak.  

 

The predicted values of PDR from the first stage least squares is used to estimate the coefficient of 

PDR in column (4). The estimated coefficient of the PDR is still negative and statistically significant 

with a p-value<0.01. Furthermore, the estimated coefficient does not deviate by any large margin from 

the standard country fixed effects regression of the PI and the PDR in column (3) (-0.114 to -0.116). 

This result indicates that the probability that the standard fixed effects model suffers from endogeneity 

bias such as simultaneous causality is low given that the instrumental variable is relevant and 

exogenous.  

 

On the other hand, the included variables lose their statistical significance when introducing clustered 

standard errors in column (5). And since the model potentially suffers from heterogeneity and 

autocorrelation, clustered standard errors are preferred to compensate for this characteristic. This 

means that the fact that the estimated coefficient of the PDR may be zero. And therefore, the possibility 

that PDR does not affect the PI cannot be ruled out. 

The result is similar when introducing time fixed effects and control variables into the model in 

columns (6) and (7). Without clustered standard errors in column (6), all included variables are 

statistically significant and the estimated coefficient of the PDR is once again negative. This result 

indicates that a crowding out effect on PI is present in the true population. However, all included 

variables lose their statistical significance when using clustered standard errors in column (7). It is 

thereby not viable to exclude the possibility that the true population coefficient of the PDR may be 

zero or positive and that previous models are biased. 
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6. Discussion 

The empirical results of this paper mainly indicate that there is a negative relationship between the 

PDR and the PI. Which is in line with the results of Huang, Panizza & Varghese (2018) and the 

predictions of the theoretical framework. However, it is important to point out that not all regressions 

are statistically significant. When introducing the instrumental variable of military expenditure to 

mitigate bias such as simultaneous causality and errors-in-variables bias, the relationship became less 

obvious. Which indicates that previous models may suffer from some form of bias. Possibly that 

causality goes both ways and that the model suffers from simultaneous causality. The results of the 

instrumental variable-regression are statistically significant when not using clustered standard errors. 

However, the variables lose their statistical significance when introducing clustered standard errors. 

This result is in line with the ambiguous results from other previous research of the subject. Both 

Friedman (1978) and Hubbard (2012) pointed out that the result can go in both ways and that 

economists are divided on the true relationship between the PDR and the PI. As presented in 4.1 Data, 

the PDR for the sample vary significantly. The data is perhaps too noisy to give a statistically 

significant result. And the reason for these ambiguous results can be that there are many factors other 

than the PDR that determine the PI. For example, if the central bank is holding the government debt 

as Hubbard (2012) argued. Another reason why no statistically significant result was found is perhaps 

that Barro (1989) is incorrect in his arguments that the Ricardian equivalence does not hold in reality. 

This paper, similar to Emendorf and Mankiw (1999), relies on the assumption that the Ricardian 

equivalence does not hold. And that households are not forward-looking and increase their savings in 

the event of increased government debt because they know that they will have to pay it back in the 

future. If the world instead has Ricardian tendencies, however, then households will smooth out their 

expected income to keep PI rather stable even if the PDR changes.  

 

It is hard to justify recommending any explicit policies based on the results of this study since the 

result of the instrumental variable-regressions are ambiguous. The true population relationship 

between the PDR and the PI can be positive or even zero, which means that there is no correlation at 

all. However, the results throughout the other tests have consecutively shown a statistically significant 

negative relation between the PDR and the PI. Given that this is the true population relationship, that 

would mean that increasing the PDR by issuing more bonds will crowd-out the PI of the economy. 

Whether or not crowding out PI is a negative- or positive effect on the economy will not be researched 

further in this paper. The results from this paper could, however, serve as a basis for future research 

into the subject. 
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However, given that many countries in the euro area have been struggling with increasing PDR since 

the financial crisis of 2008, the result of this paper may be of importance to policymakers in the euro 

area. One reason why countries increase their PDR is that they cannot finance their increased expenses 

through taxes or printing money. Since increasing PDR seemingly crowds out PI, then this could lead 

to a notorious cycle of increasing PDR. Lower PI may lead to fewer jobs in the private sector or less 

production from private firms since they do not invest enough in new productive capital. This could, 

in turn, lead to less revenue for the government since their tax base from firms and income diminishes 

given that the government does not take over the jobs or production lost by the private sector. This 

simultaneous causality could also be the reason why the negative correlation between the PI and the 

PDR became less clear when introducing an instrumental variable.  

 

On the other hand, it could be the case that the chosen instrumental variable is not exogenous and 

thereby violates the second assumption of instrumental variable regression of strict exogeneity. If a 

large amount of military equipment comes from the private sector, then this could prompt higher 

private investments as the firms that operate in this market might want to increase their supply to meet 

the new demand for military equipment. Thereby there is a correlation between the instrumental 

variable and the error term. This could be the cause of the statistically insignificant estimators of the 

instrumental variable regression. 

 

Further research 

One interesting area for future research would be to look into how the effect on PI of a change in PDR 

differs depending on who is holding government debt as highlighted by Hubbard (2012). For example, 

testing the crowding out effect when using the public debt not held by the central bank as the 

independent variable. As previously mentioned in the paper, the PDR among the euro area countries 

varies quite significantly. And a possible source to the ambiguous results could be that the data was 

too noisy and the relationship could thereby not be described. It could thereby be of interest to research 

if the crowding out effect of PI is present when studying the smaller samples of countries with more 

homogenous PDR. The results of the quadratic regressions show that it can be the case that the effect 

differs between countries of high- and low PDR. Instead of researching countries with very big 

differences in PDR, it could be easier to find a causal effect for a smaller population of countries with 

similar PDR. For example, comparing countries above- and below a PDR of 60% to see if there is any 

difference between them or to research if the causal effect is clearer with more homogenously indebted 

countries.  
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Lastly, it could be of interest for future research to examine the effect of the PDR on the different 

sectors of PI. For example, how household investments react to changes in the PDR. Or how firm 

investments are affected by changes in the PDR similar to the work of Huang, Panizza & Varghese 

(2018). 

7. Conclusion 

This paper began by giving a short introduction into the subject of public debt and the recent dramatic 

increase in public debt in the euro area after the financial crisis of 2008. After the introduction followed 

a short introduction to previous work by economists. Starting with less recent and more conventional 

views of public debt by Friedman (1978), and Elmendorf and Mankiw (1999) and Barro (1989). And 

then a more modern alternative view of the public debt by Hubbard (2012) who pointed out that the 

effect of the PDR may differ depending on who is holding the public debt. The theoretical framework 

is based upon three different ways that the PDR can crowd out investments. Namely, through decreased 

national savings by Elmendorf and Mankiw (1999), through the interest rates resulting from changes 

in the marginal product of capital by Hubbard (2012) and lastly through the government budget identity 

and the fiscal policy mechanism by Carlin and Soskice (2006). Six different models were constructed 

to methodically mitigate the endogeneity bias in the estimators. 

 

The results of the paper are that a negative correlation between the PDR and the PI exists both when 

controlling for omitted variables such as interest rates, output gap and time- and fixed effects both in 

absolute and in logarithmic terms. These results are statistically significant. Furthermore that a possible 

positive quadratic relationship may be present, meaning that the effect of the PI resulting from changes 

in the PDR is higher for countries with already low PDR, and the other way around, that the effect is 

lower for countries with already low PDR. These results are, however, not statistically significant when 

using clustered standard errors to account for heteroskedasticity and autocorrelation. Thereby, it is 

unlikely that the true population relationship is quadratic. The negative correlation between the PDR 

and PI becomes less clear when introducing an instrumental variable, military expenditure, to estimate 

the unbiased effect of the PDR on the PI. The estimated coefficient of PDR is not statistically 

significant in the IV regression with clustered standard errors. This indicates that the model suffers 

from some form of bias. Simultaneous causality is the most likely source of this bias since it is plausible 

that the causality goes both ways and this causes a biased estimator. The conclusion of this paper is 

thereby that it cannot be determined that a negative correlation exists between the PDR and the PI with 

absolute certainty. Any policies are thereby not recommended based on this paper as it is not possible 

to exclude that the correlation between the true population PI and PDR may either be zero or positive. 
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9. Appendix 

Figure 9.1: Public debt ratio and interest rates Sweden 1995-2018 

 

 

Note: Annual data from 1995-2018 where the solid line represents public debt as a share of GDP, the dashed line 

represents nominal interest rates on 10-year government benchmark bonds and the dashed dot line represent the 3-month 

STIBOR nominal interest rate. With the year on the x-axis, interest rates on the left y-axis and public debt as a share of 

GDP on the right y-axis. Source: AMECO database 
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Figure 9.2: Public debt ratio and interest rates Italy 1995-2018 

 

 

Note: Annual data from 1995-2018 where the solid line represents public debt as a share of GDP, the dashed line 

represents nominal interest rates on 10-year government benchmark bonds and the dashed dot line represent the 3-month 

interbank rates. With the year on the x-axis, interest rates on the left y-axis and public debt as a share of GDP on the right 

y-axis. Source: AMECO database 
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Figure 9.3: Public debt ratio and interest rates United Kingdoms 1995-2018 

 

 

 

Note: Annual data from 1995-2018 where the solid line represents public debt as a share of GDP, the dashed line 

represents nominal interest rates on 10-year government benchmark bonds and the dashed dot line represent the 3-month 

interbank rates. With the year on the x-axis, interest rates on the left y-axis and public debt as a share of GDP on the right 

y-axis. Source: AMECO database 
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Figure 9.5 Scatterplot of military expenditure and PDR 

 

 

Note: scatterplot with PDR on the y-axis and military expendifure on the x-axis. Black circles depict all observations and 

their respective PDR and military expenditure. The dashed line represents a linear prediction of the estimated mean of all 

observations. 
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Figure 9.6 scatterplot of military expenditure and PI 

 

 

Note: scatterplot with PI on the y-axis and military expendifure on the x-axis. Black circles depict all observations and 

their respective PI and military expenditure. The dashed line represents a linear prediction of the estimated mean of all 

observations. 

 

Figure 9.7 VIF test for multicollinearity 

 

Variable VIF 1/VIF 

PDR 1.22 0.818635 

Output gap 1.15  0.868550 

Short interest rates 1.10 0.911601 

Mean VIF 1.16  

 

  


