
 

 

 

Abstract—This study investigates the impact of foreign direct 

investment (FDI), economic growth and energy consumption on 

carbon emissions in ten selected countries which the total carbon 

emissions in the world), including five developing countries (China, 

India, Brazil, Mexico and Indonesia) and five developed countries 

(European Union, the United States, Canada, the United Kingdom 

and Japan). This paper employs a panel quantile regression model 

that takes unobserved individual heterogeneity and distributional 

heterogeneity into consideration. Moreover, to avoid an omitted 

variable bias, certain related control variables are included in our 

model. Our empirical results show that the effect of the independent 

variables on carbon emissions is heterogeneous across quantiles. 

Specifically, the effect of FDI on carbon emissions is positive and 

significant for developed countries. Energy consumption increases 

carbon emissions, with the strongest effects occurring at middle 

quantiles for developed countries. Among the high-emissions 

countries, greater economic growth to reduce emissions. The results 

of the study also support the validity of the halo effect hypothesis in 

higher-emissions countries. However, we find little evidence in 

support of an inverted U-shaped curve in the developing countries. In 

addition, a higher level of trade openness can mitigate the increase in 

carbon emissions, especially in low- and high-emissions nations. 

Finally, the results of the study also provide policymakers with 

important policy recommendations. 

 

Keywords—Carbon emissions, Economic growth, FDI, Energy 

consumption, Panel quantile regression  

I. INTRODUCTION 

N recent years, the issue of atmospheric environment 

pollution caused by the excessive carbon emissions is 

gradually received extensive attention of the international 

community. It is a global environmental pollution problem 

involved in social production, life and other fields. Therefore, 

not only it will affect development of the economy in the 

future, but also it is the choice of the current economic 

development path. In addition, it will also affect the policy 

choice in countries around the world, and the distribution of 

the pattern of economic interests. In view of the world 

economic development, countries all present the obvious stage 

characteristics. The main developed countries have finished 

the industrialization development of high energy consumption 

and high carbon emission, industry structure is mainly 

composed of the third industry which is low energy 

consumption and low carbon emissions. However, developing 
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countries are still in the process of industrialization, economic 

development pattern is given priority to the second industry, 

which are high energy consumption and high emissions. Who 

should take the primary responsibility for greenhouse gas 

emissions, countries producing the products and services or 

the consuming countries? 

      The two most important variables related to environmental 

degradation are economic growth and energy consumption. 

Although they have become decisive factors in environmental 

pollution, the majority of studies limit their analyses only to 

environmental pollution, particularly CO2 emissions, which 

correlate with energy consumption and economic growth. 

Energy consumption and economic growth alone may not 

explain CO2 emissions Therefore, we  need to consider other 

variables that are associated with carbon emissions. 

Foreign direct investment (FDI) inflows have rapidly increased 

during the past three decades in almost every region of the 

world, thus revitalizing the long debate in both academic and 

policy spheres about their advantages and related costs. 

Indeed, FDI inflows may provide direct capital financing, 

generate positive externalities, and consequently stimulate 

economic growth through technology transfer, spill over 

effects, productivity gains, and the introduction of new 

processes and managerial skills. By contrast, they are also 

considered as one of the major factors that could lead to 

environmental degradation. Foreign direct investment (FDI) 

mainly influences the environment through technical effect, 

structural effect and scale effect. But FDI plays an active role 

in the technical and structural effects, which is beneficial to the 

reduction of carbon emission intensity, but the increase of FDI 

plays an important role in the increase of carbon emissions. 

Therefore, the pollution fees caused by CO2 emissions should 

also be taken into account when evaluating the value of 

economic growth. On one hand, it is highly possible that 

consumption of fossil fuels will positively influence economic 

growth since fossil fuels are inputs of production process. On 

the other hand, causality can also be expected to run from 

economic growth to CO2 emissions through the income effect. 

Some researchers proposed the concept of the environmental 

Kuznets curve (EKC), which is an inverted U–shape 

relationship between economic growth and environment 

quality. This might be taken to suggest future energy. 

     Economic growth often shows the rapid increase of energy 

consumption and the large amount of CO2 emissions. And for 

the time being, the "high energy consumption and high 

emissions" developing mode sustains the economic growth of 

developing economies, as well as some developed countries. 

Therefore, the whole world is now facing with the great 
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pressure to reduce increasing CO2 emissions, and from the 

macroeconomic perspective, the rising energy consumption 

greatly impact energy price and its fluctuations in the world 

market. It is quite needed to solve the current issue of energy 

consumption and CO2 emissions to maintain the economic 

growth. In addition to these issues, existing studies also fail to 

find the evidence of a consensus concerning the impact of 

economic growth on CO2 emissions. Although the 

Environmental Kuznet Curve (EKC) hypothesis postulates an 

inverted U-shaped relationship between economic growth and 

CO2 emissions, there is some evidence that the EKC 

hypothesis is a linear relationship (Khalid and Muhammad, 

2013) and an N- shaped relationship (He and Richard, 2010), 

and some find that the EKC hypothesis is invalid. Several 

reasons may explain the considerable differences in 

conclusion: The samples used for analysis are different. The 

model and the method employed to estimate the relationship 

vary and the control variables included in the model are 

diverse. The paper argues that the main shortcoming of these 

studies is that the result may be biased due to neglect of 

distributional heterogeneity. This paper examines the 

determinants of CO2 emissions considering distributional 

heterogeneity in panel quantile regression framework. 

         The motivation behind using a panel quantile regression 

fixed effect model on emissions is threefold: First, we employ 

the panel data framework to research the determinants of CO2 

emissions in developing countries and developed countries 

because it has the advantage over focusing on a single country 

of providing more informative data, more variability, more 

degrees of freedom and thus greater efficiency in estimation. 

However, tradition regression techniques focus on mean effect, 

which may lead to under or over estimate the relevant efficient 

or even failing to detect important relationship. Moreover, 

panel data model accommodates the special heterogeneity 

indicated by region specific, non-observable and time-invariant 

intercepts. Therefore, it makes sense to examine the 

determinants of CO2 emissions for developing countries and 

developed countries within the panel data framework. Second, 

this method can describe the entire conditional distribution of 

the dependent variable; therefore, it helps us obtain a more 

complete picture of the factors associated with pollutant 

emissions. Especially, quantile regression estimators provide 

one solution to each quantile. Using this methodology, we can 

assess the determinants of emissions throughout the 

conditional distribution, especially in the countries with the 

most and least emissions. From a policy perspective, it is more 

interesting to know what occurs at the extremes of a 

distribution.  

II. METHODOLOGY AND DATA 

    The quantile regression technique was introduced in the 

seminal paper by Koenker and Bassett (1978). This method is 

a generalization of median regression analysis to other  

quantiles. The conditional quantile of   given  is as follows 

                                                        (1) 

We study the effect of FDI, economic growth，trade 

openness，energy consumption， industrial structure, and 

financial development on carbon emissions by modifying the 

specifications of previous studies. But the variable of industrial 

structure, financial development and trade openness is control 

variable. We specify  the  conditional quantiles function for 

quantile τ as follows 

             (2)  

    where the countries are indexed by i and time by time t. 

is the emissions indicator. 

    This study will investigate the impact of foreign direct 

investment (FDI), economic growth(GDP), energy 

consumption, trade openness, industrial structure and financial 

development on carbon emissions over the period from 1982 

to 2013. This study will separate three groups to examine. The 

first group will select five developed countries which are 

largest producers of total CO2 emissions, including European 

Union , the United States, Canada , the United Kingdom  and 

Japan. The second group will consider five developing 

countries which are the largest producers of CO2 emissions, 

including China, India, Brazil, Mexico and Indonesia. The last 

group will examine ten countries including selected five 

developed countries and five developing countries. Our data 

are collected from the World Development Indicators of the 

World Bank, and all variables are transformed into natural 

logarithms prior to empirical analysis. (Detail about the data 

are provided in TABLE I). 

 

 

 

 

 
                                        TABLE I: 

VARIABLE DEFINITIONS 

Variable Definition Source 

CO2 
Carbon dioxide emissions (metric 

tons per capita) 

World 

Development 

Indicators 

EC 
Energy consumption (kg of oil 

equivalents per capita) 

World 

Development 

Indicators 

GDP 

Economic growth (real GDP per 

capita constant USD at 2005 

prices) 

World 

Development 

Indicators 

TO Trade openness (% of GDP) 

World 

Development 

Indicators 

IND 

The industrial structure (the share 

of the tertiary industry sector in 

GDP) 

World 

Development 

Indicators 

FDI 
Foreign direct investment, net 

inflows (% of GDP) 

World 

Development 

Indicators 

FIN 

Financial development, domestic 

credit to the private sector(% of 

GDP) 

World 

Development 

Indicators 
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III.   EMPIRICAL RESULTS AND ANALYSIS 

  Before estimating the panel quantile regression models, we 

test whether the variables used are stationary. We conduct 

three unit root tests: the IPS, ADF-Fisher Test and the Fisher-

PP test. TABLEII, TABLEIII, and TABLEIV present the 

results of the panel unit root tests for three selected group. 

These results indicate that the null hypothesis of the existence 

of a unit root could not be rejected for all of the variables at 

the selected level. However, the unit root null hypothesis for 

all of the variables at the first difference could almost be 

completely rejected at the 1% level. Therefore, an empirical 

analysis that uses the first difference sequence is necessary. 

As the results of the panel unit root tests indicate that the 

variables contain a panel unit root, we can proceed to examine 

whether there is a long-run relationship among these variables 

using the Johansen Fisher  panel cointegration test. In the 

Johansen-type panel cointegration test, results are known to 

depend heavily on  the VAR system lag order. 

TABLEII:  

PANEL UNIT ROOT TESTS (DEVELOPED COUNTRIES) 

Variable CO2 EC GDP TO IND FDI FIN 

Level        

IPS  0.9995  0.9994  0.7001  0.2121  0.0344  0.0055  0.0012 

Fisher-ADF  0.9998  1.0000  0.8334  0.1674  0.0301  0.1260  0.0004 

ADF-PP  0.9991  1.0000  0.9181  0.1560  0.3290  0.1422  0.8768 

First Different       

IPS   0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

Fisher-ADF  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

ADF-PP  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

TABLEIII:  

PANEL UNIT ROOT TESTS (DEVELOPING COUNTRIES） 

Variable CO2 EC GDP TO IND FDI FIN 

Level        

IPS  0.0524  0.9693  0.7567  0.0890  0.3190  0.4417  0.9021 

Fisher-ADF  0.0310  0.5636  0.8274  0.1087  0.3661  0.4081  0.8701 

ADF-PP  0.0300  0.5363  0.8191  0.3420  0.8760  0.0938  0.8594 

First Different       

IPS   0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

Fisher-ADF  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

ADF-PP  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

TABLEIV: 

 PANEL UNIT ROOT TESTS (ALL COUNTRIES) 

Variable CO2 EC GDP TO IND FDI FIN 

Level        

IPS  0.9732  1.0000  0.6223  0.0531  0.0628  0.2050  0.2050 

Fisher-ADF  0.8998  1.0000  0.8068  0.0750  0.0902  0.1804  0.1804 

ADF-PP  0.3750  0.9781  0.9577  0.1797  0.7040  0.0004  0.0004 

First Different       

IPS   0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

Fisher-ADF  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

ADF-PP  0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  0.0000 

     To control for the distributional heterogeneity, the quantile 

regression with fixed effects in Koenker (2004) is used.  Table 

presents the results of the panel quantile regression estimation. 

The results are reported for the 5th, 10th, 20th, 30th, 40th, 

50th, 60th, 70th, 80th, 90th and 95th percentiles of the 

conditional emissions distribution. Overall, the empirical 

results indicate that the impacts of various factors on carbon 

emissions are clearly heterogeneous. 

     Regarding FDI, we can observe that the impact of FDI on 

carbon emissions is clearly heterogenous.  At the 5th quantile, 

the coefficient of ΔFDI is positive and significant for 

developing countries and developed countries, except the third 

group (selected ten countries). The positive coefficient of 

ΔFDI is insufficient to support the pollution haven hypothesis 

in the low-carbon countries. However, the coefficient of 

developing countries are negative (20th,30th, 40th), but 

insignificant imply that the coefficient of developing countries 

are negative (20th, 30th,40th), but insignificant, imply that the 

influence of ΔFDI on carbon emissions is negative. For 

developed countries and all countries (the third group) is 

positive and significant at the  middle and high quantiles (from 

40th to 95th),imply that the influence of  FDI  on carbon 

emissions is positive and the effect is more significant in high-

emissions countries .These results support the halo effect 

hypothesis in high emissions countries.(The results illustrates 

TABLEV)        

     Similarly, regarding economic growth, we can observe that 

impact of economic growth on carbon emissions is also clearly 
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heterogeneous. There are some significant differences across 

different percentiles in the conditional distribution of ΔCO2. 

The coefficient of ΔGDP is highly significant and has a 

negative sign at the low quantile (5th, 10th, 20th, 30th). For 

developing countries,with the carbon emissions increasing, the 

coefficient of ΔGDP is rising and significant from 5th to 70th  

quantile. At 90th  quantiles, the  coefficient of ΔGDP becomes 

insignificant and then turns negative,which initially increases 

and then decreases (at 95th) along with the increase in the 

ΔCO2 quantiles.For developed countries, the coefficient of 

ΔGDP first decreases and then stabilizes and finally decrease 

while the carbon emissions is increasing. These results do not 

support the conventional wisdom of EKC hypothesis that the 

level of environmental pollution first increase with income and 

then stabilizes and declines. Overall, compared with previous 

research, these results provide not only evidence that tests the 

validity of EKC hypothesis but also a more complete picture 

of economic growth in pollution emissions. Specifically, our 

results show that the  coefficient of ΔGDP is negative and 

significant from the 5th quantile to 60th quantile in the first 

group (developing countries) and the third group (all selected 

countries). However for developed countries, the  coefficient 

of ΔGDP is negative and significant from the 60th  quantile to 

95th quantile , implying  that a higher economic growth level 

can mitigate the increase in carbon emissions in high-

emissions countries. (The results illustrates TABLEVI)        

TABLE V:  

THE COEFFICIENT OF ΔFDI IN QUANTILE REGRESSION 

Quantile Developing countries  Developed countries All countries 

 
coefficient P value  coefficient P value coefficient P value 

5 .0366651 0.024  .115485 0.000 .0073616    0.682     

10 .0267387 0.292  .0712358    0.001      .0203893     0.009      

20 -.0614148 0.068   .1110611    0.000      .0338581    0.325     

30 -.0386265 0.360  .1238426    0.000      .0526755    0.148     

40 -.0118605 -.0118605  .1126922    0.000      .0978774    0.003      

50 .0114664 0.672  .1218214    0.000      .0822841    0.005      

60 .0138846 0.506  .1038079    0.000      .1158132    0.000      

70 .0212235 0.278  .1111845    0.000      .1281874    0.000      

80 .0305358 0.152  .1310402    0.000      .1356565    0.000      

90 .0196725 0.211  .1560666      0.000      .1498866    0.000      

95 .0281443 0.039  .1536877    0.000      .1466074    0.000      

TABLE VI: 

 THE COEFFICIENT OF ΔGDP IN QUANTILE REGRESSION 

Quantile Developing countries Developed countries All countries 

 
coefficient P value coefficient P value coefficient P value 

5 -1.786877    0.000     -4.596078    0.012     -1.247003    0.000     

10 -1.586642    0.000     -7.115063    0.014     -1.393027    0.000     

20 -1.028061    0.003     -8.869867    0.002     -1.259139    0.003     

30 -.9497801    0.031     -4.474916    0.079     -.9466009    0.034      

40 -.7658716    0.023     -4.659759    0.081     -1.22408    0.002     

50 -.5867954    0.037     -4.296795    0.090       -1.049581    0.004     

60 -.4592835    0.035     -6.92845    0.006     -1.037843    0.001     

70 -.4030014    0.048     -8.359112    0.003     -.1682017    0.638     

80 -.1772356    0.421      -10.6805    0.001     .3190807    0.329     

90 .101455    0.532     -12.37621    0.000     .3552213    0.178     

95 -.217721    0.121     -10.52143    0.000     .5400853    0.047      

 Furthermore, the coefficient of  ΔEC is positive and 

significant for developing countries. The results imply that 

energy consumption increases by 1%, the level of carbon 

emissions increases by 1.213%-1.933%, which is consistent 

with our expectations because energy consumption is expected 

to cause more carbon emissions. However, for developed 

countries, only at the 5th to 50th quantile, the coefficient of 

ΔEC is negative and significant (except 5th and 30th quantile), 

which indicates that the impact of energy consumption on 

carbon emission is small. (The result illustrates at TABLE VII) 
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TABLE VII:  

THE COEFFICIENT OF ΔEC IN QUANTILE REGRESSION 

Quantile   Developing countries       Developed countries All countries 

 
coefficient P value  coefficient P value coefficient P value 

5 1.933629 0.000  -.0118725 0.006 -.0082538 0.330 

10 1.749787 0.000  -.0053187 0.424 -.0012678 0.881 

20 1.862032 0.000  -.0111043 0.088 -.008271 0.610 

30 1.824124 0.000  -.0143886 0.016 -.0152879 0.373 

40 1.679002 0.000  -.0098076 0.113 .0035186 0.816 

50 1.485489 0.000  -.0008235 0.888 .0077623 0.573 

60 1.493355 0.000  .0015019 0.794 -.004224 0.732 

70 1.446559 0.000  .0032587 0.603 .000187 0.989 

80 1.387233 0.000  .007793 0.285 .0005414 0.966 

90 1.299558 0.000  .0061829 0.393 .0031765 0.754 

95 1.213437 0.000  .011755 0.026 .0034503 0.741  

IV. CONCLUSION AND POLICY RECOMMENDATIONS 

The main aim of this study is to explore the impact of FDI, 

economic growth and energy consumption on carbon 

emissions. We use panel quantile regression method to achieve 

the objectives. This method takes the unobserved individual 

heterogeneity and distributional heterogeneity into 

consideration. In addition, to avoid an omitted-variable bias, 

certain related control variables are included in the model. We 

believe that panel quantile regression models can help us 

obtain a more complete picture of the factors that affect carbon 

emissions. This study covers the annual sample period from 

1970 to 2013 in ten selected countries.  

        The three group shows that in different stages of 

economic development, leading industries of national 

economy may differentiate; so may the production and 

development of leading industries and the level of the impacts 

primary energy consumption and carbon emissions. Energy of 

constant change and transformation is an important symbol for 

human society development. Once the countries intend to 

promote economic growth and promoting economic 

development, it will surely produce a large amount of carbon 

emissions, and damage to the natural environment and climate 

change. What’s more, the current international traditional 

energy reserves and environmental carrying capacity are 

limited; hence every country can't continue to keep the current 

economic growth model. Therefore, it is significant for the 

developed countries and developing countries to deal with 

energy consumption and carbon emissions issues with 

effective measures.  

       Based on the results of the study, the following policy 

implications must to be pursued in to  improve environmental 

quality in the world. Firstly, host countries should attempt to 

estimate the environmental impact of FDI before introducing 

foreign investors into the country according to the pollution 

haven hypothesis and the halo effect hypothesis in different 

countries. Moreover, high-emissions countries should improve 

the level of FDI. Secondly, in terms of energy consumption, 

energy development program to shift from  fossil fuels, such  

as oil, to clean  and  renewable energy, based on the  existing 

condition of each country. Third, our findings suggest that 

high-carbon emissions countries could benefit the most from 

the economic growth. Therefore, carbon emissions control 

measures should be tailored differently across low-emissions 

and high-emissions nations. 
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