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Abstract:
This study investigates the effect of climate change on economic growth. In the study, it has been
used over the period from 1996 to 2014 for EU-28 countries. We applied endogeneity,
cross-sectional dependence and slope homogeneity tests. Then, we used panel unit-root and panel
cointegration tests. Estimated random coefficient panel regression results show that increasing
carbon emission contributes to economic growth in North and East Europe regions countries,
relatively cold side. In South-West Europe countries, coefficient of CO2 is insignificant. Increasing
carbon emission positively effect on economic growth through especially agricultural and tourism
sector outputs in North and East Europe regions.
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Introduction 

Climate change means an increase in average surface temperatures 

caused by increasing greenhouse gases. Increasing greenhouse gases 

cause climate change. (Pachauri and Reisinger, 2007) In 2015, world 

carbon dioxide (CO2) emissions constitute 72% of emitted greenhouse 

gases.  Carbon dioxide emissions are the most important factor of climate 

change. (Tumlin, 2012). There is positive and significant correlation 

between carbon emission and temperature (Lee, 2016)  

In 2017, share in global GDP of the European Union is 16.52%.Carbon 

emission, one of the most important indicators of climate change, 

represents about 10% of total global emissions in EU. According to the 

International Energy Agency (IEA), global carbon emissions grew by 1.4% 

in 2017. World GDP grew by 3.9% in 2017. EU is the world’s second-

largest economy according to GDP, generating 19.2 trillion dollars that is 

%16.52 share of the world’s GDP in 2017. Eurostat estimates that in 2017, 

CO2 emissions increased by 1.8% compared with the previous year. The 

share of the European Union in global total CO2 emissions remained at 

9.6% in 2016.  

There are many effects of climate change on economic growth: negative 

and positive. Some of the negative aspects of climate change include loss 

of land and forest area, water supplies, increased energy demand for 

cooling, loss of agricultural output, decreasing tourism sector income. Some 

positive outcomes of climate change include increased agricultural 

production, lower heating costs, transport infrastructure, tourism resorts, 

insurance and health sector.  

Climate change affected differently on regions and sectors in Europe 

(Kondrup, 2017). The effect of climate change differs between sectors in 

Europe, there are differences between Northern and Southern Europe 

regions (Jacop et al, 2017). Climate change will affect different regions of 

the world, in the agricultural sector (Parry et al, 2004) The effect of climate 

change will be different in the vary regions of Europe, with increasing yields 

in Northern regions, and yield decreases in Southern regions. The Southern 

Europe will experience negative developments for agriculture sector 

(Kelemen, 2009) 
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Ciscar (2009) proved that Southern Europe is sensitive region to climate 

change. However, Northern Europe has positive effects in agriculture. In 

Southern Europe, the crop yields decreased over the period 1976–2005 

due to temperature change. In Northern-Central Europe, the yield has 

increased since 1976, linked to the climate change. It is observed losing 

yield in Southern Europe and increasing yield in Northern Europe 

(Chloupek et al, 2004). Behrens (2010) found that impact of global climate 

change on agriculture sector will be vary in the Northern, Southern and 

Eastern Europe. Northern Europe may positively affected by climate 

change, but Southern Europe may negatively affected. In Northern Europe, 

farming has no sensitive to climate change. Agriculture in Northern 

European will be positively affected from higher temperatures. In Northern 

Europe countries, productivity could increase 40-50% by the 2080s. 

(Ciscar, 2009) 

In Europe, tourism is an important sector. Climate change may effect on 

tourist flows. In the Fourth Assessment Report of the IPCC, climate change 

will affect tourism in many different ways. Amelung and Moreno (2012) 

showed that Southern Europe countries will less affirmative to tourism, 

while Northern Europe countries will better, than climate change. Northern 

Europe region may gain from warmer temperatures while the Southern 

Europe region will be droughts, in summer. (Behrens, 2010) 

Our research aims to analyse the impact of carbon emissions on economic 

growth and to determine regional differences with random coefficient model 

(RCM) in EU-28 countries over the period 1996-2013.  

Literature Review 

There are many researches, has not any consensus, on the linkage 

between economic growth and carbon emission using by Granger causality 

for one country and countries. (Zhang and Cheng (2009), Soytas and Sarı 

(2009), Halicioglu (2009), Chang (2010), Tiwari (2011), Pao and Tsai 

(2011), Xue et al. (2014), Magazzino (2016), Wang et al (2016))   

Zhang and Cheng (2009) examined the linkage among economic growth, 

energy consumption and carbon emissions applying Granger causality over 

the period 1960-2007 in China. The study shows that carbon emissions and 

energy consumption has no effect on economic growth. Chang (2010) 
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researched the link between carbon emissions, energy consumption and 

economic growth with Granger causality over the period 1981-2006 in 

China. The study showed bi-directional causality running from GDP to 

carbon emissions. Tiwari (2011) analyzed the causality among energy 

consumption, CO2 emissions and economic growth using Granger 

causality in India. The results of the study indicate that carbon emission has 

negatively affect on economic growth. Pao and Tsai (2011) examined the 

link between carbon emissions, energy consumption and economic growth 

using the Grey prediction model (GM) for the period of 1980-2007 in Brazil. 

The consequences of the study show that there is a bi-directional causality 

among income, energy consumption and carbon emissions. Magazzino 

(2016) investigated the link among CO2 emissions, energy consumption 

and economic growth by using VAR over the period 1970–2006 in Italy. The 

results of Toda and Yamamoto Granger non-causality test show that there 

are bi-directional causality between carbon emissions and economic 

growth.  

Climate change effects on country’s economy. Furthermore, climate change 

has a heterogeneous effects within countries. (O’Brien, Sygna and Haugen, 

2004; Parry et al., 2007; Lucas and Simone, 2011). Temperature and 

precipitation are important inputs in agriculture sector, so that the widely 

effects of climate change will be on agriculture. (Cooper, 2000; Parry and 

others, 2007). Gregory, Ingram and Brklacich (2005) suggested that climate 

change is important for agriculture, but its differencied among regions. 

Mendelsohn and Dinar (1999) proved that increasing temperatures has 

been negatively impacted on grain yields. Mendelsohn, Dinar and Sanghi 

(2001) and Mendelsohn and Williams (2004) present that climate change 

will positively impact cool areas and negatively affect hot areas. Bozkurt 

and Akan (2014) studied the relationships between economic growth, CO2 

emissions and energy consumption using by VECM in Turkey for the period 

1960-2010. They found that carbon emissions have negatively impact on 

economic growth. Stolyarova (2009) analyzed the relationship between 

carbon emissions and economic growth using the Hierarchical Clustering 

on Principal Components (HCPC) in 93-countries for the period 1960-2008. 

They show that carbon emissions positively determined by GDP. Omri 

(2013) investigated the link between energy consumption, carbon 
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emissions and economic growth using simultaneous equation model over 

the period of 1990-2011. They revealed that carbon emissions negatively 

effect on economic growth. Brown et al (2005) examined link between 

climate variables and economic growth using data for 180 nations. This 

study showed that precipitation negatively effect on economic growth. 

Mulatu et al. (2016) investigated carbon emissions effect on agricultural 

productivity and household welfare using Computable General Equilibrium 

(CGE) model. The results show carbon emissions negatively effect on 

agricultural productivity and household welfare.  

There are two lines of empirical literature in environmental economics: the 

environmental Kuznets curve (EKC) hypothesis and environmental 

convergence.  

The EKC states that environmental deterioration increases with income 

until a turning point after which it decreases for higher levels of income. 

Nasir and Rehman (2011) and Hassan et al. (2015),  Narayan and Narayan 

(2010), Alam et al. (2016) found that inverted U-shaped curve the link 

between CO2 emission and economic growth. These results supported 

EKC hypothesis. Hassan et al. (2015) investigated the main factors 

impacting carbon dioxide emissions pattern from economic growth, 

inequality and poverty in Pakistan using panel error correction model. 

Findings showed that EKC hypothesis is supported in Pakistan. Narayan 

and Narayan (2010) investigated that whether the EKC hypothesis is valid 

in 43 developing countries. They found that EKC is supported in these 

countries. Alam et al. (2016) examined the nexus among carbon dioxide 

emission, economic growth, energy consumption and population growth in 

Brasil, China, India and Indonesia using linear and quadratic ARDL error 

correction model. They found evidence EKC hypothesis is valid for Brasil, 

China and Indonesia. Apergis and Ozturk (2015) studies did not supported 

inverted-U shaped. Apergis and Ozturk (2015) tested EKC hypothesis for 

14 Asian countries and they found that the support of the EKC hypothesis. 

Mir and Storm (2016) assess EKC hypothesis using production and 

consumption based carbon dioxide emissions per capita and GDP per 

capita in forty-countries. As a result of linear, quadratic and cubic fixed 

effect panel regression model, they found that monotonically increasing 

relation between per capita GDP and carbon dioxide emissions. 
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Environmental convergence has been a rich subject following economic 

growth literature. Convergence theory is referred to "catch-up effect." 

Environmental convergence occurs if countries with low emissions of 

pollutants per capita increase their level of emissions, while the opposite 

applies to high emissions countries. Researchers have recently extended 

that work by focusing on the environmental convergence hypothesis, a 

concept taken from the economic growth literature (Strazicich and List 

(2003), Brock and Taylor (2010), Nguyen-Van (2005), Miketa and Mulder 

(2005), Mulder and de Groot (2007), Criado et al. (2011)). Strazicich and 

List (2003) examine the convergence properties of carbon emissions over a 

panel dataset of 21 industrial countries from 1960 to 1997. They find 

evidence that carbon emissions patterns have converged. Brock and Taylor 

(2010) investigated the EKC with modified approach and connect the EKC 

to Solow model using CO2 data in 173 countries for the period of 1960-

1998.  They use the beta convergence approach and find statistically 

significant convergence across 165 countries between 1960 and 1998. 

Nguyen Van (2005) finds no convergence in per capita CO2 in developed 

and developing countries. Miketa and Mulder (2005) analyzed energy-

productivity convergence (the inverse of energy intensity) across 56 

developed and developing countries in 10 manufacturing sectors, and 

found that crosscountry differences tended to decline, particularly in less 

energy-intensive sectors. Mulder and De Groot (2007), also considering the 

OECD, but with a greater degree of sectoral disaggregation, found that, for 

most of the 14 economic sectors they considered, lagging countries tended 

to catch up with technological leaders in energy productivity. Criado et al. 

(2011) proved that pollution rises rapidly in faster growing economies. But 

there is convergence so tahat countries with higher levels of pollution are 

more likely to reduce pollution faster than countries with low levels of 

pollution.  

 
Data and Methodology 

Data 

The aim of the study is to investigate the impact of climate change on 

economic growth following basic production function, y=f(K, L) in EU-28 

countries. EU-28 countries includes Austria, Belgium, Bulgaria, Croatia, 
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Republic of Cyprus, Czechia, Denmark, Estonia, inland, France, Germany, 

Greece, Hungary, Ireland, Italy, Latvia, Lithuania,  Luxembourg,  Malta, 

Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 

Sweden and the UK. 

It has been specified regions, where countries belong, to investigate 

whether there are different effects of CO2 emission on economic growth 

between regions in the EU-28 countries. Northern and Eastern Europe 

Countries include Bulgaria, Czechia, Hungary, Poland, Romania, Slovakia, 

Denmark, Estonia, Finland, Ireland, Latvia, Lithuania, Sweden and United 

Kingdom. Southern and Western Europe Countries covers 

Austria, Belgium, Croatia, Republic of Cyprus, France, Germany, Greece, 

Italy, Luxembourg, Malta, Netherlands, Portugal, Spain. Dataset covers the 

period 1996-2013. We used GDP growth (%), gross fixed capital formation, 

labor force participation rate, carbon dioxide emissions (metric ton per 

capita) variables and data is collected from World Bank. 

In works about climate change, selecting proxy variables is very important. 

GHG emission levels, atmospheric GHG concentration levels, global mean 

temperature, sea-level rise and intensity of extreme events are the most 

generally used proxies. In the study, carbon emission was selected as a 

proxy of the climate change. Because, as shown in the Graph 1, CO2 

emission has strong positive relation with surface temperature and there 

are many studies which has used CO2 emission proxy as a climate change. 

Lee (2016) show that there is positive relation past atmospheric 

CO2 concentrations and reconstructed temperatures. (Potter, 1995; Parry 

et al., 2007; Dell et al, 2008).  
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Figure 1. Average CO2 Emission and Global Surface Temperature 

 

  Source: NASA 

Table 1. Descriptive Statistics 

Variables Mean Standard 
Deviation 

Maximum Minimum 

GDPG 2.513 3.618 -17.950 12.230 

GCF 22.435 4.077 5.390 37.100 

LFPR 69.403 5.490 57.500 80.900 

CO2 8.391 3.887 2.682 24.824 

Source: calculated by author. 
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Methodology  

The study follows basic production function, y=f(K, L) 

We added carbon dioxide emission proxy for climate change. 

𝐺𝐷𝑃𝐺𝑖𝑡 = 𝛼𝑖𝑡 + 𝛽0𝑖𝑡𝐺𝐶𝐹𝑖𝑡 + 𝛽1𝑖𝑡𝐿𝐹𝑃𝑅𝑖𝑡 + 𝛽2𝑖𝑡𝐶𝑂2𝑖𝑡 + 𝜀𝑖𝑡 (1) 

 

where t=1,…14 time period; i=1,…,28 EU countries, GDPG, GDP Growth 

(%); GCF, Gross Fixed Capital Formation; LFPR, Labor Force Participation 

Rate; CO2 and Carbon Dioxide Emissions (metric ton per capita). 

 

Results 

Firstly, it will determined whether endogeneity, cross-sectional dependence  

and slope homogeneity.  

Durbin-Wu-Hausman Endogeneity test   

The Durbin-Wu-Hausman test was used to test the endogeneity. 

(Chi2(1)=12.865, P-Value=0.000). The null hypothesis of “no endogeneity” 

was rejected, suggesting that the ordinary least squares estimates might be 

biased and inconsistent. When the methodological issue is the endogeneity 

of variable X, then a standard econometric method includes the 

econometric instrumental-variable (IV) method for linear regression. 

However, we will not use that method. The method makes a much stronger 

assumption than the RCM. 

 

Cross-sectional Dependency Tests 

In the study, when T<N, Pesaran’s (2004) CD, Friedman’s (1937) and 

Frees’ (1995) statistics will used. Pesaran (2004) cross-sectional 

dependence (CD) test, as follows, 

𝐶𝐷 = √
2𝑇

𝑁(𝑁 − 1)
(∑ ∑ 𝜌𝑖𝑗

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

) 
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Friedman (1937) statistic, as follows,  

𝑅𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
2

𝑁(𝑁 − 1)
∑ ∑ 𝑟𝑖𝑗

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

 

Frees’ (1995, 2004) statistic is given by 

Raverage
2 =  

2

N(N − 1)
∑ ∑ rij

2

N

j=i+1

N−1

i=1

 

 

Table 2 gives Pesaran CD, Frees’ and Friedman’s test statistics. The 

results represent the null hypothesis of cross-sectional independence is 

rejected. Findings require using panel unit-root tests, considered cross-

section dependence.  

Table 2. Cross-sectional Dependency Tests 

Model Pesaran (2004) Frees (1995) Friedman (1937) 

Fixed Effect 45.801*** (0.000) 4.573*** 
(0.000) 

204.737*** 
(0.000) Random Effect 46.097*** (0.000) 4.569*** 

(0.000) 
204.768*** 

(0.000) Note: The p-values are in parentheses. ***, **, and * are the significance for 
at 1%, 5% and 10% levels. 

 

Slope Homogeneity Test  

Slope homogeneity test, to determine of whether slope coefficients of the 

cointegration equation are homogeneous, developed by Swamy (1970). 

Pesaran and Yamagata (2018) improved Swamy’s slope homogeneity test 

and formed two test statistics; ∆̃ and ∆̃𝑎𝑑𝑗.  

∆̃= √𝑁 (
𝑁−1𝑆̅−𝑘

√2𝑘
) ~𝑋𝑘

2 (𝑓𝑜𝑟 𝑙𝑎𝑟𝑔𝑒 𝑠𝑎𝑚𝑝𝑙𝑒) (3) 

 

∆̃𝑎𝑑𝑗= √𝑁 (
𝑁−1𝑆̅−𝑘

𝑣(𝑇,𝑘)
) ~𝑁(0, 1) (𝑓𝑜𝑟 𝑠𝑚𝑎𝑙𝑙 𝑠𝑎𝑚𝑝𝑙𝑒) (4) 

N denotes number of cross-section unit; S denotes the Swamy test statistic; 

k denotes independent variables. If p value of the test is larger than 5%, the 
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null hypothesis is accepted at a 5% significance level and the cointegrating 

coefficients are considered homogenous. 

We test the hypothesis of slope homogeneity using the test developed by 

Pesaran and Yamagata (2008). The result of test is showed in Table 1. The 

test reject the null hypothesis of the slope homogeneity. The null hypothesis 

of slope homogeneity is can be rejected because the probability values 

bigger than 0.05. This is the evidence of slope coefficients are 

heterogeneous. Heterogeneous exists across EU-28 countries; we should 

employ heterogeneous panel data models. The Random Coefficient Model 

(RCM) is suitable heterogeneous panel.  

Table 2. Pesaran and Yamagata (2008) Slope Homogeneity Tests 

Slope Homogeneity 
Tests 

Δ statistic P value 

∆̃ test 0.953 0.184 

∆̃𝑎𝑑𝑗  test 0.431 0.457 

Note: ***, **, and * are the significance for at 1%, 5% and 10% levels. 

 

Pesaran (2003, 2005) CADF Panel Unit-Root Test 

We used the second-generation panel unit-root test of Pesaran (2003, 

2005). Cointegrated Augmented Dickey Fuller (CADF) test take into 

consideration the cross-sectional dependence. Table 3 shows the results of 

CADF test. As a result of test, the null hypothesis of unit root is rejected and 

all variables are I(1).  

Table 3. Pesaran (2003, 2005) CADF Panel Unit-Root Test 

Variables t-bar Z (p value) 

Level   

GDPG -1.718    0.115  (0.546) 

GCF -1.332 2.116 (0.983) 

LFPR -1.505 1.220 (0.889) 

CO2 -1.230 2.644 (0.996) 

First Difference   

DGDPG -2.112 -1.928** (0.027) 
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DGCF -2.613 -4.530*** (0.000) 

DLFPR -2.461 -3.738*** (0.000) 

DCO2 -2.716 -5.065*** (0.000) 

Note: The critical values for t-bar %1(***), %5 (**) and %10 (*) for meaning 
level respectively -2.32, -2.15 and -2.07. The critical values for Z test 
statistics %1, %5 and %10 for significance level respectively -2.326, -1.645 
and -1.282. 

 

Westerlund (2007) cointegration test, which allows cross-sectional 

dependence, are used. Table 4 include the result of Westerlund (2007) 

cointegration test for the EU-28 panel. The null hypothesis of no 

cointegration is rejected. Therefore, all variables are cointegrated.  

Table 4. Westerlund (2007) Panel Cointegration Test  

Statistics Value Z 

𝐺𝜏 -2.950 -2.651*** (0.004) 

𝐺𝛼 -5.204 6.084 (1.000) 

𝑃𝜏 -13.658 -1.721*** (0.043) 

𝑃𝛼 -5.168 4.164 (1.000) 

Note: 𝐺𝜏 and 𝐺𝛼 are group mean statistics; Pτ and Pα are panel test 
statistics. ***, **, and * are the significance for at 1%, 5% and 10% levels. 

 

The results of random coefficient model (RCM) is presented in Table 5. 

Coefficient of capital formation is positive and significant for Estonia, 

Finland, Germany, Greece, Latvia, Lithuania, Netherlands, Portugal, 

Romania, Spain, United Kingdom and insignificant for the other EU 

countries. The coefficient of labor force is negative and significant only for 

Latvia and United Kingdom. Results are consistent with the Omri (2013) 

and Shahbaz et al. (2012) studies. They suggest that capital has a positive 

impact on economic growth, while labor force has a negative impact. 

Negative impact of labor force on economic growth in Latvia and United 

Kingdom may be due to low productivity of labor force.  
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Table 5. The Estimation of RCM Model (Dependent Variable: Economic Growth) 

 DCO2 DLFPR DGFCF Intercept 

EU-28 2.264* (0.006) -0.412 (0.148) 0.494* (0.004) 0.197 (0.245) 

Northern and Eastern Europe EU-28 Countries 

Bulgaria 4.429* (0.015) -0.713 (0.192) 0.179 (0.556) 0.298 (0.198) 

Czechia 1.980 (0.120) -0.311 (0.520) 0.595 (0.090) 0.213 (0.374) 

Estonia 2.540* (0.028) -0.747 (0.138) 0.712* (0.032) 0.237 (0.260) 

Finland 1.753* (0.021) -0.394 (0.409) 0.831* (0.011) 0.183 (0.425) 

Hungary 4.683* (0.015) -0.593 (0.269) 0.132 (0.705) 0.398 (0.097) 

Ireland 0.458 (0.794) -0.397 (0.436) 0.384 (0.237) 0.074 (0.737) 

Latvia 5.818* (0.002) -1.329* (0.014) 0.658* (0.041) 0.478*(0.033) 

Lithuania 4.674*(0.008) -0.238(0.655) 0.785* (0.02) 0.252 (0.266) 

Poland 3.510* (0.002) -0.706 (0.140) 0.365 (0.123) 0.165 (0.504) 

Slovak Rep. 3.990* (0.038) -0.484 (0.288) 0.365 (0.245) 0.267 (0.266) 

Slovenia 3.751* (0.042) -0.321 (0.556) 0.372 (0.291) 0.193 (0.422) 

Sweden 4.294* (0.007) -0.677 (0.184) 0.449 (0.186) 0.341 (0.166) 

U. Kingdom 3.098* (0.011) -1.072* (0.038) 0.850* (0.018) 0.444 (0.092) 

Southern and Western Europe Countries 

Austria -0.726 (0.569) -0.440 (0.412) 0.364 (0.305) 0.089 (0.717) 

Belgium 1.083 (0.315) 0.822 (0.090) 0.321 (0.376) -0.093 (0.715) 

Croatia 2.350(0.219) -0.289 (0.57) 0.106 (0.757) 0.062 (0.800) 

Cyprus 1.805 (0.146) -0.102 (0.800) 0.225 (0.515) 0.011 (0.963) 

France 1.194 (0.504) -0.639 (0.217) 0.635 (0.077) 0.140 (0.595) 

Germany 4.606*** (0.007) -0.097 (0.848) 0.802* (0.021) 0.322 (0.177) 

Greece -0.361 (0.826) -0.176 (0.737) 0.542* (0.05) 0.0521 (0.828) 

Italy 4.109* (0.010) -0.755 (0.160) 0.431 (0.151) 0.384 (0.131) 

Luxembourg 0.768 (0.378) -0.355 (0.489) -0.061 (0.863) 0.118 (0.584) 

Malta -0.857 (0.561) 0.021 (0.966) 0.441 (0.194) 0.026 (0.908) 

Netherlands 2.128 (0.105) -0.841 (0.070) 0.935* (0.009) 0.417 (0.091) 

Portugal -0.644 (0.655) -0.292 (0.557) 0.700* (0.031) 0.107 (0.646) 

Romania 2.436 (0.179) -0.086 (0.871) 0.663* (0.048) 0.160 (0.473) 

Spain -0.090 (0.943) -0.342 (0.416) 0.673* (0.024) 0.127 (0.612) 

Note: ***, **, and * are the significance for at 1%, 5% and 10% levels. 

 

Results show carbon emissions positively impact on economic growth in 

Northern and Eastern Europe Countries, included Bulgaria, Estonia, 

Finland, Hungary, Latvia, Lithuania, Poland, Slovak Republic, Slovenia and 

Sweden, United Kingdom and in only two Southern and Western Europe 
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countries, Germany and Italy. Carbon emissions have no significant impact 

on economic growth in Southern and Western Europe countries excluded 

Italy and Germany; namely, Austria, Belgium, Croatia, Republic 

of Cyprus, France, Greece, Luxembourg, Malta, Netherlands, 

Portugal, Romania, Spain. 

 

Conclusion  

This paper aims to investigate the effect of climate change (carbon 

emission proxy) on economic growth for EU 28 countries, over the period 

1996-2015 for EU-28 countries using by random coefficient panel data 

model. For this purpose, we applied endogeneity, cross-sectional 

dependence, slope homogeneity, panel unit-root and panel cointegration 

test. Then, we used random coefficient model (RCM) to estimation. Panel 

regression results show that coefficient of carbon emissions and capital 

formation are positive and significant and coefficient of labor force is 

statistically insignificant. Results show that carbon emission has a positive 

significant effect on economic growth in Northern and Eastern Europe EU-

28 countries.  This relation is insignificant in Southern and Western Europe 

EU-28 countries. This result supported by Mendelsohn, Dinar and Sanghi 

(2001) and Mendelsohn and Williams (2004), O’Brien, Sygna and Haugen 

(2004), Parry and others (2007), Lucas and Simone (2011), Gregory, 

Ingram and Brklacich (2005). Consequently, the effect of climate change on 

economic growth is different between North (cold) - South (hot) countries. It 

is imported that consider this different effect of climate change on economic 

growth in future related works.  
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