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Abstract  

This study contributes to research about the relationship between government 

spending and Gross Domestic Product and examines if causality exists in four 

different income groups of a total sample of 103 countries, which covers the period 

1990-2016. The study is extended to the relationship between government spending 

and Human Development Index, unemployment, as variables that can represent an 

alternative measure of humans’ well-being instead of Gross Domestic Product. The 

author applies Vector Error Correction Model and Toda-Yamamoto approach to 

detect the causality between variables, after cointegration analysis. An Impulse 

Response Function is applied to specify the effect, in case that causality is detected. 

The empirical findings of this study suggest that government spending is an 

important factor only for high-income countries, in terms of people’s well-being. In 

other words, public expenditure is a tool for government in rich countries to improve 

people’s well-being. Furthermore, empirical results reject Keynes’ theory about 

government spending and GDP and confirms Wagner’s law.  
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1. Introduction 

The importance of government spending (GS) in terms of economic efficiency has 

been both supported and questioned by researchers, while, in our era, political 

parties are divided about public expenditure.  

Wagner (1890) first supported the existence of causality running from Gross 

Domestic Product (GDP) to government spending, by arguing that an increase of 

economic activity leads to an expansion of government activities, as government 

tries to reach the proper level of regulation and functioning in an expanding 

economy. A few decades later, Keynes (1937) claimed that an inverse causality 

occurs because fiscal stimulus is a necessary tool to boost the demand of an 

econ0my, especially during a recession. By way of explanation, government 

spending affects economic growth in a positive way. 

Based on the theories of Keynes and Wagner, researchers looked into the 

relationship between GDP and public expenditure. Regarding Keynes’ Theory, 

several have found a negative impact of government consumption expenditure to 

GDP growth in country and panel level (Tanninen, 1999; Grier and Tullock, 1989; 

Engen and Skinner, 1992; Hansson and Henrekson, 1994; Butkiewicz and 

Yanikkaya, 2011), a fact that rejects Keynes’ theory. Butkiewicz and Yanikkaya 

(2011) argue that, in an endogenous growth model, high government spending 

reduces the incentive to save and, thus, harms investments and subsequently 

harms economic growth. In addition, a potential negative effect of GS to GDP can 

be attributed to the fact that government spending forces out private investment 

(Feldmann, 2006) and, as a result, reduces international competitiveness 

(Alesina and Perotti, 1997). Even more, a large public sector should be financed 

by high taxes, which harm private investment (Alesina et al., 2002). On the other 

hand, among else, Arghyrou (1998) found that an increase in GS does not have 

necessarily an impact on GDP and vice versa, while Lin (1994) concluded to a 

positive impact of GS to economic growth (EG). 

Previous research about Wagner’s law focused mainly in country level and not in 

an extended sample. Supportive empirical results for the law have been found 
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among else by Loizides & Vamvoukas (2005) and Lamartina & Zaghini (2001). In 

contrast, Babatunde (2011) finds no support for the law.  

This study extends the research on the relationship between government 

spending and GDP to 103 countries for the period of 1990-2016 and examines if 

causality exists in both directions, for four different income groups of countries. 

After using four different methods to check for unit root process in the sample 

and three approaches to check for cointegration between variables, the author 

applies Vector Error Correction Model (VECM) for cointegrated and Toda-

Yamamoto (TY) causality tests for both cointegrated and not cointegrated 

variables, in order to detect the causality between variables. Toda-Yamamoto 

approach ignores the problem of potential misspecification of unit root and 

cointegration tests and the fact that variables may not be cointegrated, an 

obstacle for further causality analysis via traditional Granger causality analysis or 

Error Correction Model. The author runs an Impulse Response Functions 

analysis to specify if the effect between variables is positive or negative. 

GDP can reflect human well-being in economic terms for a country or for a group 

of countries. However, as UN (1990) underline, economic growth is an important, 

but not a sufficient condition for human development (HD). In this manner, 

human development (“the process of widening people's choices”, United Nations, 

1990, Human Development Report 1990, p. 10) and unemployment (UNEMP) as 

well are included in the analysis and replace GDP, as variables that represent 

people’s well-being beyond economic prosperity. Previous research about the 

connection between government spending and Human Development Index 

(HDI), unemployment, is poor. That is, an extra contribution of this study is 

analysis for the causality between GS and HDI, unemployment rate.  

The empirical results of this study prove that government spending matters only 

for high-income economies, in terms of well-being. At the same time, findings of 

this study reject Keynes’ theory and confirms Wagner’s law for rich countries. The 

differentiation of the results between income groups can reflect among else a 

better effectiveness of institutions on spending public funds, in rich countries.  
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2. Theory 

2.1 Wagner versus Keynes  

John Maynard Keynes and Adolph Wagner were the first to support that a 

causality exists between government spending and GDP. 

Keynes’ theory (1937) faces government expenditure as an exogenous factor that 

can affect economic growth in the long run and corrects short-run cyclical 

fluctuation. According to the theory, fiscal stimulus is a necessary factor to boost 

demand especially when a recession occurs, since an expansion of fiscal policy by 

governments stimulates economic activity and generates employment (Al-Faris, 

2002). Moreover, in line with Keynes’ theory, government can boost the economy 

by borrowing money from the private sector and then return it through spending 

programs (Mitchell, 2005). In other words, Keynes’ theory supports a positive 

causality running from GS to GDP. The theoretical basis is the Keynesian 

investment multiplier (Jhingan, 1994, cited by Ajudua and Davis, 2015), which 

highlights that investment spending causes multiple increases in GDP, regardless 

if it’s public or private.  

Nevertheless, empirical studies have rejected Keynes’ Theory (among else: 

Tanninen, 1999; Grier and Tullock, 1989; Engen and Skinner, 1992; Hansson and 

Henrekson, 1994; Butkiewicz and Yanikkaya, 2011). One of the reasons for the 

negative effect of GS to EG, according to Butkiewicz and Yanikkaya (2011), is that 

in an endogenous growth model high government spending reduces the incentive 

to save and harms investments, a fact that negatively affects growth of GDP.  

Empirical findings proving that Keynes’ Theory holds have been found as well, 

but are limited. Among else, Lin (1994), Odhiambo (2015), Ebaidalla (2013), Liu 

et al. (2008) concluded to a positive impact of GS to EG. Differences on the 

impact of GS to EG for every country or group of countries can be partially 

explained by the structure (Lin, 1994) of government spending (e.g. the 

percentage of expenditure for education and health) and different model 

specifications (among else: Feige and Pearce, 1979). 
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Previous studies have also focused on the impact of different sectors of 

government spending to GDP. Among else, Dao (2012) detected the relationship 

between GDP growth and government spending on health and education. 

Regarding government spending on education specifically, Blankenau et al. 

(2007) found a positive impact on EG for developed countries. Previous research 

has been found as well for the relationship between government spending on 

defense and EG (Brumm, 1997; Mintz and Stevenson, 1995; Abu-Bader and Abu-

Qarn, 2003; Heo, 2010). 

The most known theory about the inverse relationship between GS and GDP, is 

Wagner’s law (Bird, 1971). The law considers GDP as an endogenous factor for 

government spending. Wagner (1890, 1912) used a sample of industrialized 

countries and found that an increase of economic activity leads to an even higher 

expansion of government activities. Three facts support the law. First, public 

administrative and protective functions extend concurrently with population 

density and urbanization to maintain efficient functioning. Secondly, demand for 

public services is rising when income rises and, third, state should increase 

spending to meet the requirements when technology improves. In this manner, 

use of public expenditure as a policy tool seems impotent. 

Economists are divided about Wagner’s law, since previous empirical research 

showed mixed results. The validity of law has been supported among else by 

Yousefi and Abizadeh (1992), Chang (2002), Kumar et al. (2012), Husnain (2011), 

Iniguez-Montiel (2010), Govindaraju et al. (2011) and Al-Faris (2002). 

On the other hand, no long-run causality running from GDP to GS was detected 

by Ansari et al. (1997), Huang (2006), Singh and Sahni (1984), Henrekson (1993), 

Afxentiou and Serletis (1991). Except of different econometric models, time 

period is an important factor for the results (Lamartina and Zaghini, 2011) for 

Wagner’s law. 

Kelly (1997) rejected the approach of examining the direct relationship between 

GS and GDP, by arguing that this perspective “ignores the varied impacts on 

growth of the many components of government expenditure” (p. 78). In this 
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respect, Carr (1989) detected a positive bias concerning the relationship of the 

two variables. 

It should be underlined that previous studies, especially for Wagner’s law, have 

mainly focused on country level or include a small group of countries and don’t 

look for the effect in income group level, a fact that highlights the contribution of 

this study. 

Concluding, previous empirical studies have mostly rejected Keynes’ theory, 

while results for Wagner’s law are mixed and more limited. 

A few researchers focused also on the optimal size of government in terms of 

economic growth. This being the case, Chobanov and Mladenova (2009) 

calculated the optimal size of GS to 25% of GDP for OECD countries. The 

respective percentage for a sample of 81 countries is 10,4%. Altunc and Aydın 

(2013) found the optimal level at 20%, 22% and 25% for Romania, Bulgaria and 

Turkey, respectively, while Hajamini and Falahi (2014) at 16,2% and 16,9% for 

low-income and low-middle income countries, respectively. 

 

2.2 Government Spending and Human Development Index  

GDP can reflect human well-being in economic terms for a country or for a group 

of countries. No previous theory connects directly the two variables. That said, 

HDI can be hypothesized in this study as another variable that represents 

humans’ well-being and, as a result, the relationship between GS and HDI is 

examined. 

Economic well-being is represented into HDI as Gross National Income per 

capita. Analytically, dimensions of HDI are long and healthy life, knowledge and 

a decent standard of living, which are represented by three equally weighted 

indexes: life expectancy, education and income. Education is measured by mean 

of years of schooling for adults aged 25 years and expected years of schooling for 

children of school entering age, health by life expectancy at birth and, finally, 

living standard by Gross National Income per capita (PPP, US dollar).  
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As United Nations Development Programme mention in 2011 Report (p. 168), 

there are two steps to calculate HDI: the creation of dimension indices and 

aggregation of them to create HDI. Concerning the more complicated first step, 

maximums represent the highest observed values in the time series and 

minimum values are set at 20 years for life expectancy, at 0 years for both 

education variables and at $100 for per capita gross national income. That said, 

it is underlined that “the low value for income can be justified by the considerable 

amount of unmeasured subsistence and nonmarket production in economies 

close to the minimum, not captured in the official data” (p. 168).  

Dimension Index=
actual value−minimun value

maximum value−minimum value
 

   

A key difference of HDI and one of the reasons that the index is chosen for this 

paper, is that focuses more on citizens’ quality of life, than in wealth. The 

advantage of HDI is noticed if the index is compared with World Development 

Report (published annually by World Bank, since 1978). World Development 

Report considers reduction poverty as the fundamental objective and, as a result, 

gives more weight to income and economic growth.  

Previous research in the field of the relationship between HD and GS is limited, 

especially in terms of HDI and general government consumption expenditure, 

respectively. Researchers have examined the relationship between GS and HDI 

in terms of individual sectors of government spending and different categories of 

human capital and not, in addition, in terms General Government Final 

Consumption Expenditure (GGFCE) and HDI, respectively. Davies (2009), 

Martins and Veiga (2014), to the best of my knowledge, are the only ones that 

included both the variables in their analysis, in order to find the optimal size of 

government. However, it wasn’t examined if causality exists between the two 

variables. Davies (2009) ended up that optimal GS is larger with respect to HD, 

than with respect to GDP. Different efficiency of government expenditure in 

terms of HD is noticed (Prasetyo and Zuhdi, 2013) among countries, while the 

most efficient can be developed or developing economies.  
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That being said, a negative impact of corruption on HD is detected by Akay 

(2006) and it is a possible factor that can differentiate the results between groups 

in this study.  

 

2.3 Government Spending and Unemployment  

Unemployment is used in this study as an alternative measure for human’s well-

being, instead of GDP. Hence, the relationship for GS and unemployment is 

included in the analysis.  

Economic theory for the connection between the two variables has been 

developed in previous studies. A potential negative effect of GS can be attributed 

to the fact that government spending forces out private investment (Feldmann, 

2006) and, as a result, reduces international competitiveness (Alesina and 

Perotti, 1997) and harms employment. At the same time, a large public sector 

should be financed by high taxes in order to be viable. A high tax rate would harm 

private investment (Alesina et al., 2002), a fact that can reduce employment.  

Previous studies have noticed a negative effect of a large GS to employment rate 

(Abrams, 1999; Christopoulos et al., 2005; Feldmann, 2006, 2010; Christopoulos 

et al., 2002). In contrast, Young and Pedregal (1999) found that a reduction in 

government spending led to an extention of higher unemployment rates in United 

States. In general, research for the two variables is limited and examines the 

specific government expenditure for labour market and the effect on 

unemployment (e.g., Holden, 2011). 

Previous studies that connect pairs of variables examined in the paper, are 

presented in Table 1. Table 2 is about previous studies that have used Toda-

Yamamoto approach to detect the causality between GS and GDP. The limited 

research highlights the contribution of this paper. Regarding the relationship 

between GS and HDI, GS and UNEMP, no previous empirical studies that apply 

TY approach are found.  
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Table 1: A summary of previous research  

Authors  Variables Sample  Period  Empirical method 

Altunca and Aydin (2013) GGFCE, GDP 3 countries  1995-2011 Armey curve 

Amin (2011) GGFCE, GDP Bangladesh 1976-2009 ARDL  

Arghyrou (1998) GGFCE, GDP Greece 1965-1995 Granger causality 

Chen and Lee (2005) GGFCE, GDP  Taiwan 1979-2003 Armey curve 

Chobanov and Mladenova (2009) GGFCE, GDP 28 countries 1970-2007 Scully model 

Cooray (2009) GGFCE, GDP 71 countries 1996-2003 Cobb–Douglas function  

Grier and Tullock (1989) GGFCE, GDP 113 countries 1951-1980 Pooled regression 

Hajamini and Falahi (2014) GGFCE, GDP 32 countries 1981–2007 Armey curve 

Hansson and Henrekson (1994) GGFCE, GDP 14 countries 1970-1987 Production function approach 

Heitger (2001) GGFCE, GDP 21 countries 1960-2000 Generalized Least Squares 

Kelly (1997) GGFCE, GDP 73 countries 1970-1989 OLS 

Landau (1983) GGFCE, GDP 96 countries 1961-1976 OLS 

Lin (1994) GGFCE, GDP 62 countries 1960-1985 OLS 

Loizides and Vamvoukas (2005) GGFCE, GDP 3 countries  1948-1995 ECM 

Tulsidharan (2006) GGFCE, GDP India 1960-2000 ECM  

Odhiambo (2015) GGFCE, GDP South Africa 1970-2013 ARDL 

Prasetyo and Pudjono (2013) GGFCE, HDI 82 countries 2007-2011 Data Envelopment Analysis 

Martins and Veiga (2014) GGFCE, HDI 156 countries 1980-2010 Dynamic Model 

Davies (2009) GGFCE, HDI 154 countries 1975-2002 Generalized Method of Moments 

Abrams (1999) GGFCE, UNEMP Group of 7  1984-1993 OLS 

Feldmann (2006) GGFCE, UNEMP 52 countries  Mixed Random Effects model  

Feldmann (2010) GGFCE, UNEMP 19 countries 1985-2002 Random Effects model 

Christopoulos et al. (2002) GGFCE, UNEMP 10 countries 1961-1995 Abrams curve 

Christopoulos et al. (2005) GGFCE, UNEMP 10 countries 1961-1995 Abrams curve 

 

Table 2: Government spending, GDP and Toda-Yamamoto approach  

Authors (Year) Sample  Period  Result 

Muse et al. (2013) Nigeria 1961-2011 No causality between GS and EG 

Rehman et al. (2010) Pakistan 1971-2006 Unidirectional causality from GDP to GS 

Pahlavani et al. (2011) Iran 1960–2008 Unidirectional causality from GDP to GS 

Ziramba (2008) South Africa 1960-2006 Bidirectional causality between GS and GDP 

Ajayi and Aluko (2016) Nigeria 1985-2014 No causality between GS and GDP 
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2.4      Expected results 

Based on the theory mentioned in Parts 2.1, 2.2 and 2.3, a causality between GDP 

and government spending can be detected bidirectionally or in one direction.  

This study gives also the chance to specify the results between income groups. 

Empirical findings of this paper can prove which countries are more efficient in 

terms of government spending when it comes to people’s well-being. Butkiewicz 

and Yanikkaya (2011) support that GS reduces growth in countries with 

ineffective governments, because in an endogenous growth model high 

government spending reduces the incentive to save and, thus, harms investments, 

a fact that reduces EG.  

In this manner, it is more possible to detect a causality in rich developed 

countries, due to stronger institutions. Based on these results, further research 

can look into factors that leads to different results between income groups. 

Moreover, level of corruption can possibly differentiate the results between the 

groups in this paper. As an example, in a less corrupted country, government 

spending can be more effective compared to a more corrupted country that has 

the same level of GS (% of GDP), if previous research that show the negative 

impact of corruption on economic growth (Tanzi and Davoodi, 1997; d’Agostino 

et al., 2016; Mo, 2001; Gyimah-Brempong, 2002) is taken into account. 

Regarding the causality running from HDI to government spending and vice 

versa, it is ambiguous, due to lack of previous research.  

The same fact applies for the relationship between government spending and 

unemployment.  

However, the lack of previous research strengthens the contribution of this study.  
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3. Variables 

Period between 1990 and 2016 for 103 countries is used as sample, after adjusting 

for missing data. The number of countries in UN reports of HDI was 130 in 1990 

and 181 in 2016. As is described in Limitations, Part 7, poor countries suffer from 

limited data and are taken out of the sample. 

 The sample is then divided into four income groups, according to World Bank 

income groups of economies (2018). Only for the relationship between GS and 

unemployment, the period is adjusted to 1991-2016. Grouping of countries 

according to the level of income, has been used by Niu et al. (2013) as well. 

Table 3: Income groups of countries 

Income groups  

(number of countries) 

Countries 

Low-income countries  

(14) 

Benin, Burundi, Central African Republic, Guinea, 
Mali, Mozambique, Nepal, Niger, Rwanda, Senegal, 

Sierra Leone, Tanzania, Uganda, Zimbabwe. 

Lower middle-income countries  

(21) 

Bangladesh, Bolivia, Cameroon, Cote d'Ivoire, 
Egypt, El Salvador, Ghana, India, Indonesia, 
Kyrgyzstan, Mauritania, Mongolia, Morocco, 

Nicaragua, Pakistan, Philippines, Sri Lanka, Sudan, 
Tunisia, Ukraine, Vietnam. 

Upper middle-income countries  

(27) 

Albania, Algeria, Armenia, Belize, Botswana, 
Brazil, Bulgaria, China, Colombia, Costa Rica, 
Cuba, Dominican Republic, Ecuador, Gabon, 

Guatemala, Guyana, Jordan, Malaysia, Mauritius, 
Mexico, Namibia, Paraguay, Peru, Romania, South 

Africa, Thailand, Turkey. 

High-income countries  

(41) 

Argentina, Australia, Austria, Bahrain, Barbados, 
Belgium, Brunei Darussalam, Canada, Chile, 
Cyprus, Czech Republic, Denmark, Finland, 
France, Germany, Greece, Hong Kong SAR, 
Iceland, Ireland, Israel, Italy, Japan, Korea 
(Republic of), Kuwait, Luxemburg, Malta, 

Netherlands, New Zealand, Norway, Panama, 
Portugal, Russian Federation, Saudi Arabia, 
Singapore, Slovak Republic, Spain, Sweden, 

Switzerland, United Kingdom, United States, 
Uruguay. 
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3.1 Government Spending 

Government spending is expressed by GGFCE (% of GDP). Data are collected 

from World Bank. As OECD mentions in its iLibrary, GGFCE is composed by 

expenditures for collective (example: defense) and individual consumption 

(example: health care).  

According to OECD, it can be measured between government output-payments 

made for goods and services produced by government and the relevant output for 

fixed capital formation. Specific sectors of GS are not used in this study due to 

lack of data. 

 

3.2 Gross Domestic Product  

Data are collected from World Bank and GDP is measured in US dollars. 

According to OECD’s iLibrary, “GDP is the standard measure of the value of final 

goods and services produced by a country during a period minus the value of 

imports”. OECD adds that GDP “provides only a limited measure of people's 

material living standards”.  

Government spending constitutes a component of Gross Domestic Product 

equation, by the accounting method of expenditure approach. According to 

OECD Glossary, GDP is “the sum of the final uses of goods and services (all uses 

except intermediate consumption) measured in purchasers' prices, less the value 

of imports of goods and services, or the sum of primary incomes distributed by 

resident producer units”. 

𝐺𝐷𝑃 = 𝐶𝑂𝑁 + 𝐺𝑆 + 𝐼𝑁 + (𝐸𝑋 − 𝐼𝑀) 

CON = Household Consumption Expenditures 

IN = Gross Private Domestic Investment 

GS = Government Consumption and Gross Investment Expenditure 

EX = Gross Exports of Goods and Services 

IM = Gross Imports of Goods and Services 
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3.3 Human Development Index 

HDI takes prices between 0 and 1. Data are collected from UN database. 

Amartya Sen, which inspired the creation of HDI, criticized opulence (wealth, 

commodity possession) and utility (desire, fulfilment) when it comes to persons’ 

well-being. Interest about HD had already been expressed from “early founders 

of quantitative economics” and “pioneers of political economy”, (Anand and Sen, 

2000, p. 2031) such as Adam Smith and Antoine Lavoisier.  

Nonetheless, critics have been raised for HDI (Hicks, 1997; Klugman et al., 2011; 

Trabold-Nübler, 1991, Ogwang, 1994) and focus on the fact that HDI doesn’t 

capture inequality. The Inequality-adjusted Human Development Index (IHDI) 

was introduced in 2010 Human Development Report. Despite that IHDI is “the 

actual level of human development” (p. 87) while HDI reflects the “potential” 

(“maximum IHDI that could be achieved”, means when no inequality exists) HD 

(p. 87), IHDI is not used in this paper because of the lack of data for the previous 

decades.  

Moreover, Ravallion (1997) argues that regression line is downplayed in HDI, 

meaning a risk that expected effect of growth can be dismissed. As he supports, 

“tendency to focus on the residuals jeopardizes the HDRs’ policy 

recommendations” (p. 636). Last, HDI reports doesn’t emphasize further policies 

to promote growth than public spending on education and health. Moreover, the 

Index doesn’t include information such as security and environmental 

parameters.  

Several researchers proposed their own modified indexes to measure HD (Bilbao-

Ubillos, 2013; Herrero et al., 2010; Harttgen & Klasen, 2012; Blancard and 

Hoarau, 2013; Grimm et al., 2008; Sharma, 1997; Noorbakhsh, 1998; 

Chakravarty, 2003; Mazumdar, 2003). 
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3.4 Unemployment 

Data are collected also from World Bank database.  

Unemployment is the rate of people without a job out of the total number of 

citizens that can work. According to OECD’s iLibrary, unemployment refers to 

“aged 15 and over who were without work during the reference week, available 

for work and actively seeking work during the previous four weeks including the 

reference week”.  

Unemployment is not included in GDP or HDI equation and is one of the 

variables that can reflect people’s well-being. 
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4. Methodology 

4.1 Diagnostic Checking 

Two problems should be considered before applying the methodology: 

heteroscedasticity and autocorrelation.  

Heteroscedasticity, or the absence of homoscedasticity, occurs when error terms 

of random variables are characterized by different variances. In the presence of 

heteroscedasticity, OLS estimators appear to be inefficient but, still, unbiased. As 

a solution to potential impact of heteroscedasticity, variables are turned into 

logarithms, following among else the approach of Niu et al. (2013). LHDI 

represents the logarithm for HDI, LGS for GS, LGDP for GDP and LUNEMP for 

UNEMP. 

Autocorrelation (AC) refers to the problem of correlated residuals, when patterns 

appear in the residuals. It leads to unreliable hypothesis testing since it causes 

misleading standard errors through the regression model. In this study, extra lags 

are added to optimal number of lags for VECM and Toda-Yamamoto approach in 

order to avoid or reduce the effect of AC. This method is more analytically 

explained in Part 5.3. 

 

4.2 Panel Unit Root Tests and Panel Cointegration Tests 

Panel unit root tests are performed to check the stationarity of the variables.  

The most commonly used test is performed, ADF (Dickey and Fuller, 1979), 

following among else Amiri and Ventelou (2012). The null hypothesis for ADF 

test indicates the presence of unit root (γ = 0), while a rejection of H0 shows that 

variables are stationary.  

The optimal lag length is decided by SIC, following among else Konya (2000), 

Amiri and Ventelou (2012). 
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Δy𝑡 = 𝛼 + 𝛾𝑦𝑡−1 + ∑ (ф𝑗Δy𝑡−𝑗)
𝑝−1

𝑗=1
+ 𝑒𝑡* 

 

             t = period of time 

            α = intercept 

            φ = coefficient 

 

 

Three approaches (H0: unit root) for UR testing are considered additionally in 

this study, in order to have a better picture about stationarity: Levin, Lin & Chu, 

PP - Fisher and Im, Pesaran and Shin.  

If variables are integrated in the same order, panel cointegration tests should be 

performed. Pedroni (H0: no cointegration), Kao (H0: no cointegration) and 

Johansen - Fisher (H0: no cointegration) approaches are the main tests used to 

check for cointegration (long-run equilibrium).  

The optimal lag length is decided by SIC, following among else Konya (2000), 

Amiri and Ventelou (2012).  

 

4.3 Causality Tests and Toda-Yamamoto approach 

Testing causality, or the process of one variable contributing to the production of 

another, is the main topic in this study. It should be underlined that correlation 

does not necessarily mean causality. 

Cointegration, if detected, proves causality but not the direction of the causality 

between variables. As a result, a causality test should be performed. If a bivariate 

cointegrated system with stationary variables in first differences, a causality of at 

least one direction exists (Engle and Granger, 1987).  

 
 

*The equation includes intercept and not time trend.  
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In case that evidence exists for cointegration, VECM is applied in this study to 

check for causality between variables, following among else Hondroyiannis and 

Papapetrou (1996), based on Engle and Granger (1987). 

Toda-Yamamoto approach (1995) is applied both when variables are cointegrated 

or not cointegrated. Toda-Yamamoto causality test avoids any misspecification of 

cointegration testing and overcomes different order of integration at level and 1st 

differences. Toda-Yamamoto approach can be used when two variables are 

differentiated at level and in 1st differences and estimates VAR in levels and, thus, 

minimizes the risks associated with a misspecification of the order of integration 

and the detection of cointegration among variables (Mavrotas and Kelly, 2001; 

Wolde-Rufael, 2004; Wolde-Rufael, 2005). A Wald test (Toda and Yamamoto, 

1995) is performed to detect long-run causality, while the first differences of the 

variables detect the short-run causality. 

The hypotheses for TY causality tests are the same with traditional Granger 

causality test:  

H0: Variable Y does not Granger-causes variable X 

H1: Variable Y does Granger-causes variable X 

As Amiri and Ventelou (2012) put it by citing Wolde-Rufael (2004), TY approach 

augments ‘‘the correct VAR order, k, by the maximal order of integration, say 

dmax’’ (p. 71). The (k + dmax)th VAR order is then calculated and the coefficients of 

the last lagged dmax vector are ignored (Wolde-Rufael, 2004, 2005) and, after, 

Toda-Yamamoto (1995) approach ‘‘ensures that the usual test statistic has the 

convenient asymptotic distribution for which well-founded inferences can be 

carried out’’ (Amiri and Ventelou, 2012: p. 542).  

Three bivariate VAR models are used for causality tests: 

𝛶 = 𝛽0 + ∑ 𝛽1𝑖(𝛶𝑡−𝑖)

𝑛

𝑖=1

+  ∑ 𝛽2𝑖(𝛸𝑡−𝑖)

𝑛

𝑖=1

+  𝑒𝑡1 

𝛸 = 𝛽5 + ∑ 𝛽3𝑖(𝛶𝑡−𝑖)

𝑛

𝑖=1

+  ∑ 𝛽4𝑖(𝛸𝑡−𝑖)

𝑛

𝑖=1

+  𝑒𝑡2 
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Where Y, X are replaced by LGS, LGDP, LHDI and LUNEMP to represent the 

three pairs of variables in this study: LGS – LGDP, LGS – LHDI, LGS – LUNEMP. 

 

Under Toda-Yamamoto, VAR models takes the following form: 

 

𝛶 = 𝑎0 + ∑ 𝑎1𝑖(𝛶𝑡−𝑖)

𝑛

𝑖=1

+ ∑ 𝜑1𝑗(𝛶𝑡−𝑗)

𝑑𝑚𝑎𝑥

𝑗=𝑛+1

 +  ∑ 𝑎2𝑖(𝛸𝑡−𝑖)

𝑛

𝑖=1

+ ∑ 𝜑2𝑗(𝛸𝑡−𝑖)

𝑛

𝑗=𝑛+1

 +  𝑒𝑡1 

 

𝛸 = 𝑎0 + ∑ 𝑎3𝑖(𝑋𝑡−𝑖)

𝑛

𝑖=1

+ ∑ 𝜑3𝑗(𝛸𝑡−𝑗)

𝑑𝑚𝑎𝑥

𝑗=𝑛+1

 +  ∑ 𝑎4𝑖 (𝛶𝑡−𝑖)

𝑛

𝑖=1

 + ∑ 𝜑4𝑗(𝛶𝑡−𝑖)

𝑑𝑚𝑎𝑥

𝑗=𝑛+1

 +  𝑒𝑡2 

 

Where Y, X are replaced by LGS, LGDP, LHDI and LUNEMP to represent the 

three pairs: LGS – LGDP, LGS – LHDI, LGS – LUNEMP. 

 

4.4 Effects  

To detect the effect (positive or negative) of causality between variables, IRFs is 

applied, following among else Granger et al. (2000).  

IRFs is a one-time and one-unit positive shock (exogenous impulses) to a VAR 

model. Analytically, it identifies the responsiveness of one variable when a shock 

occurs to the error term of every equation in VAR system. From a macroeconomic 

point of view, in this study it will be a tool to observe (if causality is detected) the 

reaction of GDP, HDI and UNEMP to a shock in fiscal policy and vice versa. 

The same one-time and one-unit positive shocks are used for all the income 

groups, for every pair of variables.  

Since ordering of the variables is necessary for IRFs (Sims, 1981), Cholesky 

approach is selected, following among else Farzanegan (2011). 
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5. Results 

5.1 Diagnostic Checking 

Logarithms are used to eliminate or fully correct the potential problem of 

heteroscedasticity.  

In this study, this approach fully corrects or eliminates heteroscedasticity 

between variables, after running a pooled regression. The Breusch-Pagan test for 

panel data shows that heteroscedasticity is fully corrected for most of the 

relationships between variables. In order to have a better picture, diagrams of 

residual and independent variable are presented in the Appendix.  

As a mean to reduce the effect of autocorrelation, eight extra lags are added to the 

optimal number of lags for Toda-Yamamoto approach and VECM for low, lower 

middle and upper middle-income countries. Concerning high-income countries, 

the number raises to fifteen. The relative diagrams are presented in the Appendix.  

 

5.2 Panel Unit Root Tests and Panel Cointegration Tests 

Variables are stationary when null hypothesis of unit root is rejected in 5% 

significance level. Unit root tests in this study showed mixed results for variables.  

According to ADF, Levin, Lin & Chu, PP – Fisher test, cointegration tests can only 

be applied for LGS-LGDP, LGS-LHDI and LGS-LUNEMP for low-income 

countries, since variables are integrated in 1st differences.  

Im, Pesaran and Shin test prove that no cointegration analysis can be further 

applied for all income groups, since variables for every pair are not integrated in 

1st differences. The results are analytically presented in Table 4. 

The following cointegration analysis show that variables for low-income 

countries are cointegrated, so VECM is applied to detect the causality. Table 5 

provides a summary of cointegration tests. 

Details about the tests described above, can be found in the Appendix. 
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Table 4: Results of Unit Root tests  

Variables/Statistic 
Levin, Lin 
& Chu ADF - Fisher PP - Fisher  

Im, Pesaran 
and Shin 

Low-income countries   Level   
LHDI √ X X X 

LGS √ √ √ √ 

LGDP √ X X X 

LUNEMP √ X X X 

  First differences   
LHDI √ √ √ √ 

LGS √ √ √ √ 

LGDP √ √ √ √ 

LUNEMP √ √ √ √ 

Lower middle-income countries   Level   
LHDI √ √ √ X 

LGS √ √ √ √ 

LGDP X X X X 

LUNEMP √ √ √ √ 

  First differences   
LHDI √ √ √ √ 

LGS √ √ √ √ 

LGDP √ √ √ √ 

LUNEMP √ √ √ √ 

Upper middle-income countries   Level   
LHDI √ X X X 

LGS √ √ √ √ 

LGDP √ X X X 

LUNEMP √ √ √ √ 

  First differences   
LHDI √ √ √ √ 

LGS √ √ √ √ 

LGDP √ √ √ √ 

LUNEMP √ √ √ √ 

High-income countries   Level   
LHDI √ √ √ √ 

LGS √ √ √ √ 

LGDP √ X X X 

LUNEMP √ √ X √ 

  First differences   
LHDI √ √ √ √ 

LGS √ √ √ √ 
LGDP √ √ √ √ 
LUNEMP √ √ √ √ 

 

 

 

 

 

 

√ Significant at 1% or 5% 

X Not significant at 1% or 5% 
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Table 5: Results of Panel Cointegration tests 

Low-income Pedroni Kao Johansen – Fisher 

LGS-LGDP √ √ X 

LHDI-LGS √ √ √ 

LGS-LUNEMP √ √ √ 

 

 

5.3 Causality Tests and Toda-Yamamoto approach 

VECM is applied to detect the causality for low-income countries, due to evidence 

for cointegration. However, mixed results of unit root tests for lower middle, 

upper middle and high-income countries indicate that Toda-Yamamoto approach 

is the preferable causality test for these groups. Toda-Yamamoto approach is used 

for low-income countries as well, in order to have a clearer picture about 

causality. 

The optimal lag length for both approaches is determined via AIC, following 

among else Mishra (2014). 

Extra lags are added in order to eliminate autocorrelation, in both VECM and TY 

approach. Details are presented in the Appendix. 

VECM test shows that only LGS causes LHDI for low-income countries in both 

short and long run. Regarding Toda-Yamamoto tests, no causal relationships are 

detected for lower middle-income countries. At the same time, LDHI appears to 

cause LGS in the short run and LUNEMP causes LGS in long run for low and 

upper middle-income countries, respectively. Finally, a bidirectional causality is 

detected for LHDI and LGS for a short and long-term, while the same results 

appeared for LGDP and LGS. Moreover, UNEMP seems to Granger-cause GS in 

both short and long-run for rich countries.  

The results are presented analytically in Table 6, 7. Details are presented in the 

Appendix. 

 
 

 

√ Variables are cointegrated 

X Variables are not cointegrated   



 

 21 

 

 

 

 

Table 6: Results of VECM tests 

Group of countries/ 
Variables  
(dependent - independent) 

Coefficient of 
cointegrated 
model* 

Chi-square of 
Wald test*** 

Low-income   
LHDI → LGS X X 

LHDI ← LGS √ √ 

LGDP → LGS X X 

LGDP ← LGS X X 

LUNEMP → LGS X X 

LUNEMP ← LGS X X 

 

 

 

 

Table 7: Results of Toda Yamamoto tests 

Granger 
causality\Groups 

 

Low-income 
countries 

Lower 
middle-
income 

countries 
 

Upper 
middle-
income 

countries 
 

High-income 
countries 

 

Long-run     

LHDI → LGS X X X √ 

LHDI ← LGS X X X √ 

LGDP → LGS X X X √ 

LGDP ← LGS X X X √ 

LUNEMP → LGS X X √ √ 

LUNEMP ← LGS X X X X 

Short-run     
LHDI → LGS √ X X √ 

LHDI ← LGS X X X √ 

LGDP → LGS X X X √ 

LGDP ← LGS X X X √ 

LUNEMP → LGS X X X √ 

LUNEMP ← LGS X X X X 
 

 
 
 

√ Causality exists between variables  
X Causality doesn’t exist between variables 
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5.4 Effects  

The first two years after the shock are considered as the short-run period in this 

study, while long-run period is between 3rd until the end of 10th year after the 

shock.  

For high-income countries, an increase to government spending tend to reduce 

the level of GDP in short run, according to IRFs analysis for a 10-year period. The 

effect changes after 3,5, 4,5 and 6,5 years and remains negative until 10th year. 

Regarding the inverse relationship, a shock to GDP tends to decrease the size of 

government the first 5 years, but the sign changes after then.  

Regarding the relationship between government spending and Human 

Development Index, an increase on GS appears to have a positive impact on the 

level of HDI in low-income countries, in the long run. The effect is slightly 

negative the first two years. In high-income countries, a shock on GS affects 

negatively HD the first 5 years but the impact becomes also positive since then. 

Concerning the inverse relationship, a shock to HDI leads to an increase of GS 

after 3 years in high-income countries, while until then the impact is limited. At 

the same time, an improvement to HD tends to reduce the size of government for 

low-income economies in the shorty run. 

Finally, a shock on unemployment rate has a negative impact on government 

spending in the long run, for upper middle and high-income countries. Moreover, 

the effect is negative for high-income countries in short run.  

The results of IRFs analysis are concluded in Table 8. The graphs about Impulse 

Responses Functions analysis are presented analytically in Appendix. 
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Table 8: Results of IRFs analysis 

(Independent variable → 
Dependent variable) 

Effects Year of change 

Low-income countries    

   

Short-run   

LHDI ← LGS Slightly Negative - 

LHDI → LGS Negative - 

   

Long-run   

LHDI ← LGS Positive - 

   

Upper middle-income countries     

   

Long-run   

LUNEMP → LGS Negative - 

   

High-income countries    

   

Short-run   

LHDI → LGS None 3 

LHDI ← LGS Negative 5 

LGDP → LGS Negative - 

LGDP ← LGS Positive 3,5 

LUNEMP → LGS Negative - 

   

Long-run   

LHDI → LGS Positive - 

LHDI ← LGS Positive - 

LGDP → LGS Negative/Positive 5 

LGDP ← LGS Negative/Positive/Negative 4,5/6,5 

LUNEMP → LGS Negative  
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6. Discussion  

Causality between government spending and GDP is detected only for high-

income countries or, in other words, fiscal policy is more important for 

governments in rich economies. A potential explanation can be the persistent 

existence of corruption in less rich or poor income countries, since corruption 

reduces public spending efficiency (Tanzi and Davoodi, 1997; Gupta et al., 

2000; Gupta, 2001; Shleifer and Vishny, 1993; Rajkumar and Swaroop, 2008; 

d’Agostino et al., 2008). That said, cautions about this theory have been 

expressed by Dzhumashev (2014), who notices that corruption improves 

economic efficiency only when the GS is above the optimal level and, as a result, 

an optimum level of corruption is possible in terms of EG. In addition, 

according to Lin (1994), differences on the impact of GS to EG between 

countries or group of countries can be partially explained by the structure of 

government spending. 

The results of this study reject Keynes’ Theory about government spending and 

its impact on economic growth. The negative impact for high-income countries 

in the long run is in accordance with (previous researches used a different 

sample than this study) previous studies (among else: Butkiewicz and 

Yanikkaya, 2011; Tanninen, 1999; Grier and Tullock, 1989; Engen and Skinner, 

1992; Hansson and Henrekson, 1994; Butkiewicz and Yanikkaya, 2011), since a 

high level of GS reduces the incentive to save and harms investments. Findings 

contradict Lin’s (1994) conclusion. Contrarily, the impact of an increase of GS to 

GDP is positive in a short-run period (2 years), in accordance with Loizides and 

Vamvoukas (2005) who, however, found a positive impact in long-run as well. 

At the same time, Wagner’s law is confirmed for high-income countries in the 

long run, after a negative effect of EG to GS the first 5 years. Alternatively, a 

growth in GDP leads to an increase of government expenditure in a long run. 

Support for Wagner’s law has been found among else (previous researches use a 

different sample than this study) by Loizides & Vamvoukas (2005) and 

Lamartina & Zaghini (2001), while among else Babatunde (2011) finds no 

support for the law.  
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Concerning the causality between GS and HDI, the contribution of this study is 

higher, due to lack of extended previous research. In low-income countries, 

empirical results showed that an increase in GS leads to a slight decrease of HDI 

the first two years, but the impact becomes clearly positive in the long run. In 

group of high-income countries, a positive shock in GS has a positive impact on 

the level of HDI in the long run as well, following a negative effect the first 5 

years. About the inverse causality, in high-income countries, the effect of HDI 

on GS is negligible the first 3 years, before it becomes positive. In other words, 

an improvement in HD leads to an increase of government size. This effect is 

detected only in short run for low-income countries. A differentiation factor for 

the results between group of countries can be corruption, which has a negative 

impact of corruption on (Akay, 2006). The fact that a causality running from GS 

to HDI is detected for both low and high-income countries supports the 

conclusion of Prasetyo and Zuhdi (2013), that the most efficient countries in 

terms of HD can be developed or developing economies.  

Finally, this study concluded that GS doesn’t affect unemployment rate but 

rather an inverse relationship exists, in contrast to previous research (Abrams, 

1999; Christopoulos et al., 2005; Feldmann, 2006, 2010; Christopoulos et al., 

2002; Young and Pedregal, 1999; Battaglini and Coate, 2011; Brückner and 

Pappa, 2012; Rendahl, 2016). That said, an increase in unemployment rate 

appears to reduce government spending in upper middle-income and high-

income countries, in long-run and in both short and long-run, respectively. The 

phenomenon can be possibly explained by the austerity that is implemented in 

crisis periods, when unemployment increases dramatically. As an example, in 

Greece, a lot of austerity measures that reduced the amount of government 

spending have been applied after 2009, when crisis started and unemployment 

rate increased dramatically. That can be an extra contribution of this study, 

since no previous research has examined this relationship. 
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7. Limitations  

This study includes limitations that, alongside, are suggestions for further 

research.  

First, the sample is unbalanced in terms of number of countries for every 

income group. That is, data are more limited for poorer countries and, thus, a 

lot of them have been taken out of the sample. As a result, 41 countries compose 

the high-income group. The number is decreased as the income becomes lower. 

Upper middle-income group consist of 27 countries, while lower middle and 

low-income groups include only 21 and 14 countries, respectively.  

Secondly, IHDI is a better variable than Human Development Index to 

represent humans’ well-being, as it takes into account inequality. Nevertheless, 

HDI is used in this study instead, due to lack of data for IHDI which was created 

in 2010. 

Finally, heteroscedasticity and autocorrelation are not fully corrected in some 

cases. Nonetheless, by using logarithms and extra lags respectively, 

heteroscedasticity and autocorrelation effects are significantly reduced, as is 

shown in Appendix.  

 

8. Policy implications 

Empirical results of this study prove that only rich economies are effective in 

terms of economic growth via fiscal policy. Analytically, findings suggest that 

governments in high-income economies should reduce the size of public 

expenditure and focus on private sector if their purpose is to boost economic 

growth in the long run. On the contrary, fiscal stimulus can be used to accelerate 

economic activity in the short run. That can happen, for example, if a 

government needs to increase its public support.  

Governments in rich economies can likewise use fiscal policy in order to boost 

human development in long run. The positive effect comes on average after 3 

years and government has to suffer a negative impact on human development 
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until then. Coetaneous, public expenditure is a tool to improve human 

development in very poor countries, in the long term.  

Last, this study shows that public expenditure is not a mechanism for 

government to reduce unemployment rate. 

 

9. Conclusion 

This study examines the potential causality between government spending and 

people’s well-being, which is represented by Gross National Product, Human 

Development Index, unemployment rate. The sample is constituted of 103 

countries (periods used: 1990-2016, 1991-2016), which are divided into four 

different income groups.  

After checking for unit root and cointegration, Vector Error Correction Model is 

applied to detect causality between cointegrated variables, while Toda-

Yamamoto approach is used to detect the causality between variables that are 

cointegrated or not cointegrated. In case that causality exists, Impulse Response 

Functions analysis is applied to examine if the effect is positive or negative. 

In addition to the adoption of four different income groups for the relationship 

between government spending and Gross Domestic Product, the lack of previous 

research for the relationship between government spending and Human 

Development Index, unemployment for such a large sample, plus the application 

of Toda-Yamamoto approach, is a motivation for contribution. Besides, another 

feature is that Impulse Response Functions instead of regression analysis is used 

to detect the effect of causal relationships in short and long run. 

Empirical results of this prove that government spending is an important factor 

only for high-income countries. Moreover, the findings show that Keynes’ Theory 

for government spending and Gross Domestic Product, doesn’t hold. In contrast, 

this study proves that Wagner’s law holds. 

This study proves, also, that fiscal stimulus affects positively human development 

in low and high-income countries. Regarding the inverse relationship, an 
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improvement to human development reduces the government size on low-

income countries, while the opposite occurs for high-income countries of the 

sample. 

Last, findings suggest that a positive shock on unemployment tends to decrease 

government spending in high (in short and long-run) and upper middle-income 

(in short-run). 

Further research can focus on specific sectors of government spending (i.e., 

health, education) and the potential causality to Gross Domestic Product, Human 

Development Index and unemployment. Along with, it could be more reliable if a 

same or similar number of countries is used for every different income group. 

Moreover, researchers can replace Human Development Index with Inequality-

adjusted Human Development Index. Regarding the methodology, 

heteroscedasticity and autocorrelation effects should fully be corrected and 

Autoregressive Distributed Lag model can be preferred instead of Vector Error 

Correction Model and Toda-Yamamoto approach. 
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10. Appendix 

Table 9: Descriptive statistics 

Variables Obs. Mean  St. Dev.  Minimum Maximum 

Low-income       

HDI 378 0.377 0.083 0.199 0.569 

GS 378 13.92 4.24 2.00 28.30 

GDP  378 6.95 7.40 0.63 48.21 

UNEMP 364 3.55 2.39 0.3 11.7 

Lower middle-income       

HDI 567 0.568 0.099 0.331 0.768 

GS 567 12.74 4.72 4.10 43.50 

GDP  567 106.65 333.12 0.77 2,274.22 

UNEMP 546 6.83 4.15 0.4 18.33 

Upper middle-income       

HDI 729 0.671 0.064 0.478 0.810 

GS 729 15.33 5.72 2.00 39.90 

GDP  729 274.32 1,007.96 0.35 11,190.99 

UNEMP 702 10.2 6.92 0.49 33.47 

High-income      

HDI 1.107 0.835 0.062 0.660 0.951 

GS 1.107 18.47 5.17 3.00 76.20 

GDP  1.107 843.79 207.42 0.20 18,624.47 

UNEMP 1.066 7.15 4.23 0.7 27.5 

 

Table 10: Correlation matrix 

Groups Variables of the same group GS HDI GDP UNEMP 

 GS 1 0.06 0.08 -0.05 

Low-income  HDI 0.06 1 0.67 0.06 

 GDP 0.08 0.67 1 0.09 

 GS 1 0.17 -0.17 0.05 

 UNEMP -0.05 0.06 0.09 1 

Lower middle-income HDI 0.17 1 0.12 -0.03 

 GDP -0.17 0.12 1 -0.22 

 GS 1 0.06 -0.03 0.33 

 UNEMP 0.33 -0.03 -0.22 1 

Upper middle-income HDI 0.06 1 0.14 -0.2 

 GDP -0.03 0.14 1 -0.16 

 GS 1 0.16 -0.06 0.33 

 UNEMP 0.33 -0.25 -0.16 1 

High-income HDI 0.16 1 0.28 -0.13 

 GDP -0.06 0.28 1 -0.04 

 GS 1 0.16 -0.06 0.04 

 UNEMP 0.04 -0.13 -0.04 1 
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Table 11: Unit Root tests  

Variables/Statistic 
Levin, Lin 
& Chu ADF - Fisher PP - Fisher  

Im, Pesaran 
and Shin 

Low-income countries   Level    
LHDI **-2.12844 25.6266 8.13817 1.80917 

LGS **-1.93687 **47.1403  **45.8020 *-2.53916 

LGDP 2.16650 3.19082 3.13326 5.40051 

LUNEMP *-1.91079 32.0670 22.1530 -0.97609 

  First differences    
LHDI *-6.50263 *103.551 * 122.574 *-7.01129 

LGS *-15.3014 *237.008 *243.983 *-15.9110 

LGDP *-9.85123 * 151.987 * 184.856 *-10.2647 

LUNEMP *-4.63550 *76.8503 *101.480 *-5.18955 
Lower middle-income countries   Level    
LHDI *-6.06331                         *87.5708 *106.170 0.35499 

LGS *-4.56189 *118.334 *84.5652 *-5.69391 

LGDP -0.73234 26.2486 25.6541 5.27380 

LUNEMP *-3.41917 *89.1134 *61.7680 *-3.37584 

  First differences    
LHDI *-7.27251 * 149.596 *195.176 *-7.77314 

LGS *-16.8046 *302.894 *350.950 *-16.7049 

LGDP *-13.7508 *224.798 *236.638 *-12.6267 

LUNEMP *-13.6132 *247.958 *254.107 *-13.7961 
Upper middle-income countries   Level    
LHDI **-4.47213 43.4870 62.3532 2.32450 

LGS *-3.26934 *83.6076 *83.3188 *-2.88631 

LGDP **-2.20473 20.0145 21.8326 4.24582 

LUNEMP *-1.93781 *94.4663 *72.8734 *-2.99097 

  First differences   
LHDI *-10.0989 *238.154 *296.866 *-11.4507 

LGS *-19.9812 *407.699 *449.130 *-19.6917 

LGDP *-16.0481 *296.385 *320.242 *-14.6810 

LUNEMP *-12.9399 *277.636 *283.346 *-13.8278 
High-income countries   Level    
LHDI *-13.8304 *190.598         *302.143 *-4.03228 

LGS *-3.89175 *126.122        **110.550 *-3.64961 

LGDP *-3.95470 47.4621 43.8886 2.32280 

LUNEMP *-3.00840 *141.343 96.0612 *-3.74853 

  First differences    
LHDI        *-15.5024 *392.522 *431.123 *-15.3497 
LGS *-21.3010 *543.453 *586.144 *-21.4499 
LGDP *-17.6901 *391.521 *402.306 *-15.8328 
LUNEMP *-15.0027 *377.730 *382.115 *-15.1928 

 

 

 

 

 

 

*Significant at 1%, **significant at 5%. 

Tests are performed in intercept. 

SIC is used as lag selection criterion. 
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Table 12: Pedroni Panel Cointegration test  

Countries/Dependent-

independent variable Statistic 

Weighted 

Statistic 

Low-income   

LHDI-LGS   

Panel v-Statistic -2.963296 -2.940798 

Panel rho-Statistic 2.259485 2.252611 

Panel PP-Statistic 1.759581 1.623423 

Panel ADF-Statistic 1.730235 1.264891 

Group rho-Statistic 3.596976 - 

Group PP-Statistic 3.298731 - 

Group ADF-Statistic 2.740128 - 

   

LGS-LHDI   

Panel v-Statistic *3.445947 *2.325186 

Panel rho-Statistic *-2.630809 *-2.678492 

Panel PP-Statistic *-2.878556 *-3.688268 

Panel ADF-Statistic *-3.647425 *-3.895301 

Group rho-Statistic -1.274843 - 

Group PP-Statistic *-3.320987 - 

Group ADF-Statistic *-3.534862 - 

   

LGDP-LGS   

Panel v-Statistic   -2.707982 -2.649544 

Panel rho-Statistic 2.184032 1.892648 

Panel PP-Statistic 1.863847 1.389239 

Panel ADF-Statistic 1.608731 1.391871 

Group rho-Statistic 3.100619 - 

Group PP-Statistic 2.817497 - 

Group ADF-Statistic 2.548961 - 

   

LGS-LGDP   

Panel v-Statistic *2.150419 *2.007019 

Panel rho-Statistic *-2.343015 *-2.918901 

Panel PP-Statistic *-2.922232 *-4.095892 

Panel ADF-Statistic *-3.619739 *-4.370571 

Group rho-Statistic -1.425340 - 

Group PP-Statistic *-4.294458 - 

Group ADF-Statistic *-4.207683 - 

   

LUNEMP-LGS   

Panel v-Statistic -0.601011  -0.282455 

Panel rho-Statistic 1.213185 0.526770 

Panel PP-Statistic 1.001982 -0.143777 

Panel ADF-Statistic 0.382608 -0.118954 
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Group rho-Statistic 1.763602 - 

Group PP-Statistic 0.597899 - 

Group ADF-Statistic 0.413830 - 

   

LGS-LUNEMP   

Panel v-Statistic *2.991595 *2.079388 

Panel rho-Statistic *-1.758679 *-1.840149 

Panel PP-Statistic *-2.275164 *-2.496603 

Panel ADF-Statistic *-3.872067 *-2.625743 

Group rho-Statistic -0.686962 - 

Group PP-Statistic *-2.517795 - 

Group ADF-Statistic *-2.966429 - 

 

 

 

Table 13: Kao Panel Cointegration test  

Countries/Dependent-

independent variable ADF t-Statistic 

Low-income  

LHDI-LGS 0.009933 

LGS-LHDI *-3.578700 

LGDP-LGS 0.785598 

LGS-LGDP *-3.658716 

LUNEMP-LGS *-1.703618 

LGS-LUNEMP *-3.235762 
 

 

 

Table 14: Johansen – Fisher Panel Cointegration test 

Group of countries 
 

Fisher Statistic** 
(None) 

Fisher Statistic** 
(At most 1) 

Low-income   
LGS-LHDI *55.90 *41.69 
LGDP-LGS *58.99 17.45 
LUNEMP-LGS *65.92 *58.67 

 
 
 
 
 
 

*Null hypothesis of no cointegration is rejected in 5% significance level. 
**Tests are performed in intercept and auto lag selection (SIC). 
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Table 15: Toda-Yamamoto approach 

Granger causality\Groups 
 

Low-income 
countries 

Lower middle-
income 

countries 
 

Upper middle-
income 

countries 
 

High-income 
countries 

 

Long-run     

LHDI → LGS 18.69204 (12) 6.638 (12) 10.176 (12) *31.927 (18) 

LHDI ← LGS 120.5560 (12) 7.726 (12) 14.845 (12) *39.776 (18) 

LGDP → LGS 6.803163 (10) 11.532 (10) 17.682 (13) *111.005 (17) 

LGDP ← LGS 9.542097 (10) 11.100 (10) 11.124 (13) *53.740 (17) 

LUNEMP → LGS 7.929501 (10) 4.135(9) *24.612 (11) *21.030 (12) 

LUNEMP ← LGS 3.583001 (10) 8.227 (9) 7.367 (11) 18.792 (12) 

Short-run     

LHDI → LGS *20.31419 (11) 5.900718 (11) 6.423175 (11) *31.852 (17) 

LHDI ← LGS 18.74946 (11) 6.432870 (11) 12.71902 (11) *41.423 (17) 

LGDP → LGS 6.358486 (9) 8.208538 (9) 14.54925 (12) *92.636 (16) 

LGDP ← LGS 8.731308 (9) 10.47181 (9) 14.66426 (12) *51.980 (16) 

LUNEMP → LGS 6.600724 (9) 4.382696 (8) 16.53127 (10) *24.364 (11) 

LUNEMP ← LGS 1.466738 (9) 6.628946 (8) 6.853120 (10) 13.595 (11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Null hypothesis of no causality is rejected at 5% significance level.  

Optimal number of lags is presented in parentheses and is decided by AIC and one extra lag is 

added due to Toda-Yamamoto approach.  

Also, extra lags are added in order to eliminate autocorrelation. 

Analytically: 

-Eight extra lags are used to reduce the impact of AC, which are added to the optimal number of 

lags (according to SIC).  

-For high-income countries the number of extra lags raises to 15. 
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The total number of lags used are presented into parentheses. 

 

 

Table 16: VECM approach 

Group of countries/ 
Variables  
(dependent - independent) 

Coefficient of 
cointegrated model** 

Chi-square of 
Wald test*** 

Low-income   
LHDI → LGS 1.058564 (12) 12.23240 
LHDI ← LGS *-0.013628 (12) *20.61741 
LGDP → LGS -0.082429 (10) 10.35273 
LGDP ← LGS -0.003827 (10) 5.391800 
LUNEMP → LGS -0.080263 (10) 7.962479 
LUNEMP ← LGS -0.001258 (10) 3.341361 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Null hypothesis of no causality is rejected at 5% significance level.  

Optimal number of lags is presented in parentheses and is decided by AIC and one extra lag is 

added due to Toda-Yamamoto approach.  

Eight extra lags are used to reduce the impact of AC, which are added to the optimal number of 

lags.  

**Error correction term is the peed of adjustment towards equilibrium. 

If the coefficient is negative and significant, there is a long-run causality running from 

independent to dependent variable. 

***To detect the short-run causality, a Wald test for the coefficients of the model is used.  

The null hypothesis is that no short-run causality exists between the dependent and the 

independent variable. 
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Autocorrelation graphs 

 
Low-income*------------------------------------------------------------------------- 

 

 
 
 
 
 

*Pooled OLS, U = residual, 8 extra lags, dependent – independent. 
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Lower middle-income*-------------------------------------------------------------- 
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*Pooled OLS, U = residual, 8 extra lags, dependent – independent. 
Upper middle-income*-------------------------------------------------------------- 

 

 
 
 
 
 
 
 
 

*Pooled OLS, U = residual, 8 extra lags, dependent – independent. 
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High-income*------------------------------------------------------------------------- 
 
 

 

 
 
 
 
 

*Pooled OLS, U = residual, 15 extra lags, dependent – independent. 
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Heteroscedasticity graphs* 

 
Low-income-------------------------------------------------------------------------- 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
*The graph includes residuals and independent variable. 
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Pooled OLS regression is used. 
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Lower middle-income--------------------------------------------------------------- 
 
 

 
 



 

 43 

 



 

 44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 45 

Upper middle-income--------------------------------------------------------------- 
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High-income--------------------------------------------------------------------------- 
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Impulse Responses Functions graphs 
 

Low-income---------------------------------------------------------------------------- 
 
 
 

 
 
Upper middle-income--------------------------------------------------------------- 
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High-income--------------------------------------------------------------------------- 
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