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Governance, urbanization, and pollution: A
cross-country analysis of global south region
Devi Prasad Dash1, Smruti Ranjan Behera2*, D. Tripati Rao3, Narayan Sethi4 and
Nanthakumar Loganathan5

Abstract: This paper investigates the impact urbanization, industrialization, cor-

ruption, human development, energy consumption, and foreign direct investment

(FDI) on carbon dioxide (CO2) emissions of 61 developing economies of the global

south region of Asia, Africa, and Latin America during the period 1990–2015. The

empirical results show that the effect of corruption on CO2 emissions is indeed

heterogeneous and contradictory. Specifically, results exhibit that due to immature

economic system, and policy paralysis, corruption penetrates the developing

economies, and eventually cause carbon emission and pollution. Furthermore,

results reveal that FDI guided by clean development mechanism and involved in

emission reduction projects in the developing economies play a predominant role to

curb the CO2 emission, pollution, and environmental degradation.
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1. Introduction
In recent years, burgeoning literature in environmental economics has focussed on the relation-

ship between environmental degradation and corruption. The development policy community

widely believes that eradicating corruption not only brings back growth but also helps in restoring

environmental quality (Heckelman & Powell, 2010). However, past studies find that corruption

reduces environmental stringency to a large extent (Cole, 2007; Lopez & Mitra, 2000; Mauro, 1995).

Therefore, reduction in corrupt practices in decision making could be the best possible way to

address the increasingly tangible threats of environmental degradation by framing efficient policy

frameworks and adoption of suitable strategies (Lægreid & Povitkina, 2018; Payne, 1995).

Corruption and environmental degradation constitute a greater challenge for sustainable eco-

nomic development in developing and lower developed countries (Seldadyo & De Haan, 2011;

Q. Wang et al., 2015). However, corruption is often relating to some specific cases in developing or

developed countries and hence it is hard to quantitatively measure the extent of corruption in

a society. Therefore, under these circumstances, many organizations or studies tried to construct

some indicators or proxy variables to investigate the corruption status (Zhang et al., 2016). Since

the 1990s, numerous corruption indicators have been constructed to examine the link between

corruption and macroeconomic factors, and environmental degradation. For instance, corruption

index published by the World Bank,1 the Corruption Perception Index (CPI) published by the

Transparency International (TI),2 and the corruption index in the International Country Risk

Guide (ICRG) published by the Political Risk Services (PRS)Groups,3 have provided important instru-

ment for empirical and quantitative research in environmental economics. Moreover, the OECD

surveys, titled, “convention on combating bribery of foreign public officials in international business

transactions and related documents”, indicate that while corruption is a common concern in both

developed and developing countries, but comparatively it has a greater effect on CO2 emissions in

developing than in the developed countries.4 Notwithstanding, the mechanics of corruption lead-

ing to CO2 emissions and pollution, because of the imperfect environmental regulation and the

complexity of environmental issues, corruption runs deeply into legislation to law enforcement,

and consequently affect the ecological systems and environmental quality.

In general, the literature has focused on the direct and positive effects of corruption on CO2

emissions using standards of environmental regulations, and the indirect effects of corruption employ-

ing its impact on economic growth (Aparicio et al., 2016; Choi, 2015; Hakkala et al., 2008; Mauro, 1995;

Van Soest et al., 2016). Using the panel data of 94 countries for the period 1987–2000, Cole (2007)

examines the direct and indirect effects of corruption on carbon emissions and finds that corruption

not only directly affects carbon emissions due to weak environmental regulations but also indirectly

affects carbon emissions through economic growth. Corruption may make it difficult to implement

environmental policies, and thus, can affect the levels of CO2 emissions. Callen and Long (2015) find

overwhelming evidence on the relationship between political networks, weak institutions, and election

fraud. Winbourne (2002) finds that corruption might contribute to the development of environmental

damaging policies and practices. The literature on the linkage between corruption and economic

growth indicates that power and economic interests affect corruption, and corruption causes

a significant loss of socioeconomic benefits.

Shleifer and Vishny (1993) argue that corruption is one of the most serious threats to good

governance, proper development of economic systems and political stability. In non-OECD transi-

tional developing countries, only an improving democracy has a significant effect on political and

economic conditions leading to better environmental quality (Rodrik & Wacziarg, 2005). Banerjee

et al. (1997) explain why government bureaucracies are often associated with red-tape, corruption,

and lack of incentives. As a result, corruption might set back economic and social development
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with misallocation of resources, higher transaction costs, political inefficiency, dilution of trade

patterns and domestic vs. foreign investment. He also finds that the effect of corruption on CO2

emissions across countries are turning out to be complex, because of multiple measures of

corruption, differences in economic attainments, diverse political settings, and different levels of

CO2 emissions among countries.

A large number of theoretical and empirical studies have investigated the relationship between

corruption and environmental quality (Fredriksson & Svensson, 2003; Fredriksson et al., 2004;

Leitao, 2010; Lopez & Mitra, 2000; Welsch, 2004). In theoretical works, it has been argued that

corruption is harmful to environmental quality through its negative effect on environmental

regulation and policy stringency, which increases pollution and decreases environmental quality.

Using theoretical frameworks, Fredriksson and Svensson (2003), Fredriksson et al. (2004) argue

that corruption reduces the stringency of environmental regulations. It might be quite possible

that the environmental quality affected by corruption is an important factor to explain the impact

of corruption on economic growth. The pioneering work of Lopez and Mitra (2000) examine the

theoretical implications of government corruption and rent-seeking behavior under the existence

of the Environmental Kuznets Curve (EKC). They find that although corruption does not likely to

preclude the existence of an inverted U-shape EKC for any level of per capita income, however, the

pollution levels because of the corruption in the government system always dominate the opti-

mum level of social welfare. Damania et al. (2003) explore the linkages between trade policy,

corruption, and environmental policy, and find that corruption reduces environmental policy

stringency. In a similar vein, “pollution heaven hypothesis (PHH)’ has gained much attention in

recent days contends that pollution-intensive industries move from developed countries with

stringent environmental regulations to developing countries with lax environmental regulations

(Bu et al., 2011; M. Cole et al., 2011; Copeland & Taylor, 2004; Eskeland & Harrison, 2003).

Table 1 summarizes the findings of previous studies related to urbanization, governance, and

pollution across different countries’ contexts.

Our paper contributes to the existing literature in two ways: first, it demonstrates the effects of

both urbanization and governance on carbon emission rates. Nevertheless, this paper evaluates

the effect of urbanization and governance on pollution and the environmental degradation of the

developing countries.5 Moreover, in place of governance, specifically, this study takes the com-

bined effect of governance integrity and transparency upon the CO2 emission rates. The govern-

ance integrity measures government accountability with administration and quality of governance,

whereas the transparency measures the overall mechanism in government functioning.6 Both

parameters measure the level of governance of emerging economies such that they can directly

or indirectly affect the CO2 emission rates. Furthermore, as the sample countries are from the

global south region, and these countries show different levels of governance integrity with trans-

parency index. Therefore, it is worthwhile to quantitatively assess the direct and indirect effect of

urbanization and governance on CO2 emissions of global south countries. Using the system-GMM

estimates to demonstrate the possible heterogeneity and endogeneity in addition to the com-

monly used simple OLS regression approach, this paper investigates whether the influence of

urbanization and governance substantially raises the CO2 emissions rate in global south countries.

Second, it particularly focuses on the set of 61 developing economies from the global south

region of Asia, Africa, and Latin America. The choice of these sets of developing economies is

pertinent due to the urban development and ever-increasing pollution since the 1990s in this

region. Moreover, according to the 2018 Revision of World Urbanization Prospects produced by the

Population Division of the UN Department of Economic and Social Affairs (UN DESA) 55% of the

world’s population lives in urban areas, which is further expected to increase to 68% by 2050. The

urban population of the world has grown rapidly from 751 million in 1950 to 4.2 billion in 2018.

Asia, despite its relatively lower level of urbanization, is home to 54% of the world’s urban

population, whereas Africa is home to 13% of the total world urban population. Besides,
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Table 1. Literature review summary

Author(s) Period Data Country Methodology Results

Z. Wang et al. (2018) 1996–2015 Panel BRICS Economies PLS Corruption has a significant effect on
economic growth and carbon emission.

Lægreid and Povitkina
(2018)

1972–2014 156 Countries DCCE An adverse effect of GDP per capita on
CO2 emissions is not profound in the
case of rich well-governed economies.

Candau and Dienesch
(2017)

2007–2010 Count data Three groups of countries
based on governance

Negative binomial Corruption lowers environmental
quality.

Adu and Denkyirah (2017) 1970–2013 Panel West African economies FE, and RE Economic growth increases emissions in
the short-run but does not decrease in
the long run.

Zhang et al. (2016) 1992–2012 Panel 19 APEC economies Quantile Regression The effect of corruption on CO2 emission
is heterogeneous across countries and
there exists an inverted U-shaped
relationship between corruption and
carbon emission.

Ozturk and Al-Mulali
(2015)

1996–2012 Time Series Cambodia GMM, 2SLS Control of corruption and better
governance reduce pollution.

Sahli and Rejeb (2015) 1996–2013 Panel MENA Region GMM Corruption affects pollution positively.

Goel et al. (2013) 2004–2007 Panel 100 Economies, MENA
Region

2SLS MENA regions have higher pollution
rates; economies with higher corruption
and shadow economy have lesser
pollution rates.

Krishnan et al. (2013) 2004–08 Cross-section study 105 Economies SEM Proper management of e-govt. the
system reduces environmental
degradation via depressing corruption.

Biswas et al. (2012) 1999–2005 Panel 100 Countries FE The relationship between the shadow
economy and the pollution level is
dependent on corruption.

Ivanova (2010) 1999–2003 Panel 39 European Economies MLE Countries with effective regulation are
likely to have relatively high emissions
of sulfur dioxide.

(Continued)
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Table 1. (Continued)

Author(s) Period Data Country Methodology Results

Heckelman and Powell
(2010)

1995–2005 Panel 82 Countries OLS The impact of corruption decreases
once economic freedom increases.

Leitao (2010) 1981–2000 Panel 94 countries IV Increase in corruption impacts sulphur
emission via increase in income.

Chang and Chang (2010) 1997–2004 Panel 62 Countries Threshold VAR Corruption has no adverse impacts on
environmental pollution in countries
with high corruption regime.

Koyuncu and Yilmaz
(2009)

1980–2000 Panel 100 Countries WLS The relationship between corruption and
deforestation are positive and
significant.

Bernauer and Koubi (2009) 1971–2006 Panel 107 cities FE, RE Democracy, presidential forms of
government are better quality
compared to parliamentary form.

Pellegrini and Gerlagh
(2006)

1997 Panel EU Economies OLS Corruption is the key indicator in
explaining the environmental indicator.

M. A. Cole et al. (2006) 1982–92 Panel 33 Countries FE, OLS, and IV-2SLS If corruption is high, FDI leads to lesser
environmental stringency.

Bhattarai and Hammig
(2001)

1972–91 Panel 66 Countries of Asia, Africa,
and Latin America

OLS, F.E, and FGLS Improvements in political institutions
and macroeconomic policy curtail
deforestation.

Notes: FE, RE, OLS, WLS, IV, FGLS, GMM, 2SLS, SEM, PLS, MLE, IV-2SLS, VAR, DCCE represents the fixed effects, random effects, weighted least squares, instrumental variables, feasible generalized least

squares, generalized methods of moments, two-stage least squares, Structural Equation Modelling, Partial Least Squares, maximum likelihood, instrumental variables-two-stage least squares, vector

autoregression, dynamic common correlated effects estimator, respectively.
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projections show that urbanization combined with the overall growth of the world’s population

could add another 2.5 billion people to urban areas by 2050, with close to 90% of this increase

taking place in Asia and Africa. In the future, global south region countries, specifically, India,

China, and Nigeria will account for 35% of the projected growth of the world’s urban population

between 2018 and 2050. By 2050, it is projected that India will have added 416 million urban

populations, followed by China 255 million and Nigeria 189 million.

Our empirical results exhibit the evidence of a positive and significant relationship between

urbanization, industrialization, and carbon emissions in the global south region. We find that an

increase in demand-based energy consumption contributes more to the CO2 emission. Empirical

results suggest that the rising trend of pollution declines when the governance and political

institutions improve. Furthermore, we find a positive and significant relationship between trans-

parency in the government mechanism and CO2 emission, which suggests that corruption facil-

itates pollution in the emerging economies. Notwithstanding, we argue that pollution can be

curbed largely by improving the governance and transparency in the government systems.

Besides, results exhibit that FDI guided by the clean development mechanism (CDM) established

by the Kyoto Protocol has reduced the carbon emission into a substantial level in the global south

countries.

The rest of the paper is structured as follows. Section 2 outlines the empirical strategy, econo-

metric specifications, and data description of the study. Section 3 discusses the empirical results,

while Section 4 concludes the research findings.

2. Empirical strategy
This section first describes the econometric specification followed by a detailed description of data

considered for the analysis.

2.1. Econometric specifications

In this section, we specify the empirical model to estimate the impact of human development

index (HDI), foreign direct investment (FDI), urbanization, governance, transparency in the govern-

ment functioning, and energy consumption on carbon emission rates across 61 developing econo-

mies of the global south region. Our empirical specification is given as follows:

CO2it ¼ α1 URBit þα2 PECit þα3 GOIit þ α4 TIit þα5 HDIit þ α6 FDIit þ θi þϕt þ εit (1)

where CO2it is the carbon dioxide emission of the country i for a year t.7 The α1 to α6 represent the

vector of parameters representing variables such as urbanization (URB), primary energy consump-

tion (PEC), governance integrity (GOI), transparency (TI), human development index (HDI) and FDI

for country i in year t. Furthermore, the cross-section i varies over 61 developing economies of Asia,

Africa, and Latin America, whereas t varies from 1990 to 2015. The developing counties are

selected based on their income classification criteria of World Bank, 2017 (see Appendix A).

Furthermore, θi , ϕt , εit represent the country-specific, time-specific, and idiosyncratic error

terms, which follow the usual assumptions of normal distributions. Furthermore, to estimate the

impact of urbanization upon carbon emission, we incorporate the joint effects of governance

integrity and transparency. Our specification after the introduction of the interaction factor is

specified as follows:

CO2it ¼ α1 URBit þα2 PECit þα3 GOI� TIit þα4 HDIit þ α5 FDIit þ θi þϕt þ εit (2)

where GOI×TI represents the interaction effect of governance (GOI) and transparency(TI).

Moreover, the interaction effect captures the overall governance credibility and can be a better

estimate to analyze the impact of urbanization on carbon dioxide emissions. Furthermore, as

urbanization and industrial growth go hand-in-hand, and urban-led growth can capture the

industrial-led growth, therefore, to evaluate the impact of industrialization upon CO2 emission,

we estimate an alternative specification, where we incorporate the industrialization in the place of
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urbanization. Therefore, after introducing the industrialization variable, the empirical specification

can be read as follows:

CO2it ¼ α1 INDit þα2 PECit þα3 GOIit þα4 TIit þα5 HDIit þα6 FDIit þ θi þϕt þ εit (3)

where INDit represents the industrialization of the country i in the year t. Similarly, like Equation (2),

we are also interested to estimate the impact of the interaction effect of government account-

ability and transparency. Therefore, our empirical specification can be read as follows:

CO2it ¼ α1 INDit þα2 PECit þα3 GOI� TIit þα4 HDIit þα5 FDIit þ θi þϕt þ εit (4)

2.2. Data sets

Our sample consists of 61 developing economies of the global south region of Asia, Africa, and

Latin America over the period 1990–2015. We choose the countries based on the availability of

data from 1990 to 2015. Data for our paper come from different sources. The dependent variable,

carbon dioxide emission (CO2) measures the total amount of carbon dioxide emission from the

total energy consumption measured in terms of million metric tonnes. The CO2 data is taken from

the Energy Information Administration (EIA) database of the USA Government. Industrialization

(IND) is defined as the industrial development and we measure it through industrial value-added

as the percentage of GDP. Industrialization indicates the increase in net industrial output in terms

of overall industrial growth in a year. Annual industrial growth is taken from the database of World

Development Indicators (WDI), World Bank. Similarly, urbanization (URB) data are taken from the

database of WDI, World Bank.8 Furthermore, primary energy consumption (PEC) data is taken from

the energy information administration (EIA) database of the USA government.

Governance integrity (GOI) measures government and democratic accountability in terms of

overall administration and quality of governance. The data of GOI is taken from the Heritage

Foundation database. GOI is one of the important components of economic freedom and its score

varies from zero to 100. For instance, a country with a score near 100 has a high level of

governance standard. The Transparency Index (TI) shows the overall transparency in terms of

government mechanism and functioning and it indicates the level of corruption prevailing in

government systems. Moreover, the transparency index score varies from zero to 100, and its

data is taken from the Williams index of transparency. The data of Foreign Direct Investment (FDI)

is taken from WDI, World Bank. The human development index (HDI) is taken from the United

Nations Development Programme (UNDP) database. The HDI score varies from zero to one.

Countries score near to one exhibit the high human development conditions, and countries score

close to zero indicate the low human development conditions.9

The governance integrity and transparency index are important components to measure the

level of corruption in the developing countries. More specifically, the transparency index could be

considered as a proxy variable to measure the level of corruption in developing countries. Figures 1

and 2 provide plots of (logged) CO2 emissions vs. governance integrity and transparency index,

respectively. Figure 1 indicates that as governance integrity improves then carbon emission facil-

itates to slow down gradually over the period 1990–2015. Similarly, the scatter plot and line

diagram in Figure 2 indicate that while transparency index improves, the rate of carbon emission

supposed to be declined, however, it shows that while transparency in the Government system

improves, the rate of carbon emission has increased. This suggests a robust investigation of the

relationship between transparency in government mechanism and CO2 emission of the 61 devel-

oping economies in the global south region.

Table 2 reports the descriptive statistics and correlation matrix of key variables when we take

the full-sample data. The results indicate that there exists a positive and significant relationship

between carbon dioxide emission and urbanization. Furthermore, results show that the coefficient

of industrialization is positive and statistically significant. This indicates that urbanization leads to

industrialization and carbon emission in the global south region, which threats to decrease the air

quality and environmental standard of living. Notwithstanding, industrialization facilitate
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urbanization and the combined effect of industrialization and urbanization has significantly raised

the carbon emission rates. Furthermore, one plausible explanation is that urban facilities in global

south countries are growing rapidly with the expansion of infrastructure advancement, and also

growing income facilities in rural and urban areas leading to more use of energy and technology.

Eventually, the urbanization and industrialization cause an increase in energy consumption, which

expedite the carbon emission rates. We find that transparency in government mechanisms has

a negative correlation with urbanization but it does not have any significant correlation neither

with industrialization nor with carbon dioxide emission. Interestingly, government integrity has

a positive and significant correlation with urbanization, industrialization, and carbon emission.

Thus, it suggests that an increase in urbanization and industrialization contributes to carbon

emission both directly and indirectly, despite improved transparency in governance. Furthermore,

results reveal that increase in human development leads to more urbanization, industrialization,

and pollution as well. We find evidence of a positive relationship between transparency, account-

ability of government integrity and human development. Finally, we find a positive and significant

correlation between FDI and most of the variables in our study except TI. This indicates that FDI

moves through corrupt practices in the global south region, such that improvement in transpar-

ency of the government mechanism may deter FDI inflows to the region.
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Figure 1. CO2 emissions and

governance integrity (both in

natural logs, 61 countries,

1990–2015).

Source: Own computations
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cussed in Section 2.2.
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3. Empirical results and discussions
We present the baseline result using OLS and quantile regression first, followed by a robustness

check using the GMM estimator’s results and its analysis.

3.1. Baseline findings

Table 3 reports baseline findings, considering full panel with OLS and quantile regressions. Our

empirical analysis considers quantile regressions at 50th and 75th quantiles. Equation (1) is

regressed with different specifications including time and country-specific effects. In specification

1, we find that the OLS estimates of urbanization and carbon emission rates coefficients are

negative and significant. However, results further indicate a positive and significant relationship

between urbanization and emission rates, while trimming data by 50% and 25%, respectively (see

Columns 4 and 5, Table 3). This shows that urbanization, especially at the later stages of devel-

opment, contributes more to carbon emission. Similarly, the coefficients of PEC are found to be

positive and significant, which indicates that an increase in overall energy consumption is posi-

tively contributing to carbon emission (see Columns 1 to 5). Besides, results exhibit a positive and

significant relationship between transparency index and carbon emission rate. This suggests that

politically stable regimes induce more industrial and urban-led growth, which results in environ-

mental degradation. Similarly, the estimate of the coefficient of HDI indicates that improvements

in human living conditions lead to an increase in pollution in the region. Result suggests that an

increase in primary energy consumption followed by rising economic opportunity, better access to

personal vehicles lead to more atmospheric pollution (see Columns 1 to 6).

Nevertheless, we can get more insights into the results by introducing the interaction effect of

governance and transparency parameters. In order to do so, we introduce the interaction effect of

government integrity and government transparency. The coefficient of the interaction between

governance integrity and transparency index is found to be negative and significant, while we

control the time and country-specific effects. It indicates that an increase in governance account-

ability and transparency reduce carbon emission rates significantly. Next, the coefficients of HDI

Table 2. Descriptive statistics and correlation of the key variables

CO2 URB IND PEC TI GOI HDI FDI

Mean 1.419 1.668 1.347 1.042 1.280 1.075 0.556 0.483

Median 1.303 1.692 1.505 0.819 1.612 1.380 0.600 0.475

S.D. 0.815 0.181 0.509 1.144 0.688 0.644 0.186 0.365

Max 3.964 1.967 1.930 5.492 1.875 1.851 0.827 2.211

Min 0.000 1.215 0.000 0.000 0.000 0.000 0.000 −1.965

CO2 1.000

URB 0.328*
(0.000)

1.000

IND 0.087*
(0.005)

0.078*
(0.001)

1.000

PEC 0.276*
(0.000)

0.242*
(0.000)

0.143*
(0.000)

1.000

TI 0.022
(0.353)

−0.049*
(0.049)

0.018
(0.464)

0.089*
(0.004)

1.000

GOI 0.212*
(0.000)

0.184*
(0.000)

0.189*
(0.000)

0.198*
(0.000)

−0.116*
(0.000)

1.000

HDI 0.359*
(0.000)

0.383*
(0.000)

0.131*
(0.000)

0.307*
(0.000)

0.067*
(0.007)

0.397*
(0.000)

1.000

FDI 0.061*
(0.001)

0.015
(0.540)

0.127*
(0.000)

−0.012
(0.616)

−0.049*
(0.048)

0.210*
(0.000)

0.073*
(0.003)

1.000

Note: P values are reported in parentheses under the values of coefficients. (*), (**) and (***) denote the estimates

significantly different from zero at 1%, 5% and 10% levels, respectively.
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are found to be positive and significant over most of the specifications, which state that increases

in human development lead to more pollution due to higher energy consumption possibly due to

more vehicle usages, domestic energy consumption, and rising per-capita income (see Columns 1

to 5, Table 3). The coefficient estimates of FDI exhibits a positive and significant relationship with

carbon emission. More specifically, in specifications 1 and 2, results indicate that a 1% increase in

FDI has increased the carbon emission rate from 0.022% to 0.048%, respectively.

Nevertheless, in quantile regression, the coefficients of FDI are negative and significantly differ-

ent from zero (see Columns 3, 5, and 6, Table 3). This suggests that FDI has substantially decreased

the carbon emission rates of the developing economies of the global south region. One plausible

inference is coming from this empirical exercise that most of the developing economies in the

global south region are participants of clean development mechanism (CDM) established by the

Kyoto Protocol (Intergovernmental Panel on Climate Change [IPCC], 2007), which provides emis-

sion reduction projects and generate certified emission reduction units (CERs) may be traded in

emissions trading schemes. Besides, CDM objectives to allow the annex I and II countries to

provide financial and technical support to the “economies in transition” (EITs), developing econo-

mies and non-annex I countries (mostly low income) to assist them in reducing their greenhouse

gas emission (climate change mitigation) and manage the impacts of climate change (climate

change adaptation).10 Eventually, empirical results exhibit that foreign capital in the way of FDI

from annex I and II countries to the developing and low developed countries have directly and

indirectly curbing the carbon emission rates of the global south region. However, the substantial

effects in reducing the carbon emission rates because of foreign capital could be quite compre-

hensive, while we discuss the empirical results over different sub-regions of global south countries.

The sub-regions empirical results are discussed in the Sub-section 3.3.

Table 3. Baseline findings, determinants of CO
2
emission (full-panel)

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

OLS OLS Quantile
(50th)

Quantile
(75th)

Quantile
(50th)

Quantile
(75th)

URB −0.263*
(0.090)

−0.353*
(0.092)

0.368*
(0.075)

0.205*
(0.047)

0.299*
(0.088)

0.226*
(0.053)

PEC 1.575*
(0.039)

1.871*
(0.045)

2.007*
(0.036)

2.071*
(0.023)

1.576*
(0.057)

2.021*
(0.034)

GOI −0.029*
(0.009)

0.018
(0.022)

−0.030*
(0.013)

TI 0.202*
(0.012)

0.016
(0.018)

0.005
(0.011)

HDI 0.077*
(0.030)

0.199*
(0.030)

0.544*
(0.080)

0.030
(0.049)

0.146***
(0.089)

−0.105*
(0.053)

FDI 0.022*
(0.010)

0.048*
(0.011)

−0.130*
(0.035)

−0.026
(0.022)

−0.156*
(0.040)

−0.062*
(0.024)

GOI×TI −0.051*
(0.005)

0.149*
(0.015)

0.036*
(0.009)

Constant 1.024*
(0.129)

1.417*
(0.133)

−0.002
(0.002)

0.758*
(0.077)

0.229**
(0.139)

0.734*
(0.083)

Time Effect Yes Yes

Country
Effect

Yes Yes

R2 0.981 0.979

Pseudo R2 0.606 0.662 0.628 0.666

Notes: Standard errors are reported in parentheses. (*), (**) and (***) denote the estimates that are significantly

different from zero at 1%, 5% and 10% levels of significance respectively.
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3.2. Baseline findings with industrialization

To estimate the impact of industrialization on carbon emission, we specify an alternative empirical

specification. Furthermore, we evaluate the impact of industrialization in the place of urbanization, to

see how changing economic structure, i.e., industrial growth affects carbon emission rate in the

global south countries. Table 4 reports the baseline and quantile regression results for full-panel. The

empirical results report that industrialization exhibits a positive impact on carbon emission rate while

incorporating both time and country-specific effects. This suggests that industrial-led growth in the

region leads to more carbon emission rates (see Columns 1 and 2).

Similar to earlier specifications, we find positive and significant estimates of PEC and industrial

growth led to industrialization across different specifications (see Columns 1 to 6). The results

further support the positive relationship between HDI, and PEC, TI with carob emission rates. It

states that improvements in both human developments through per-capita income and govern-

ance transparency induce more energy consumption in the long-run, which in turn increases the

carbon emission in the developing countries. The significant estimates of FDI suggest that

higher the inflows of foreign capital and industrial-led growth, higher will be the emission rate

in the developing economies of the global south region (see Columns 1 and 2, Table 4).

Notwithstanding, in the quantile regression, the coefficient estimates of FDI are found to be

negative and significantly different from zero (see, Columns 3 and 5, Table 4). This indicates that

FDI followed by the guidelines of the CDM has substantially reduced the carbon emission rates

of the developing countries. Furthermore, followed by the CDM established by the Kyoto Protocol

(IPCC, 2007), the annex I and II countries must be taken part in certain emission reduction

projects in developing economies. In sum, FDI from advanced industrialized countries curbs the

energy consumption and carbon emission rates in the emerging markets. Moreover, another

Table 4. Baseline findings, determinants of CO
2
emission (full-panel)

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

OLS OLS Quantile
(50th)

Quantile
(75th)

Quantile
(50th)

Quantile
(75th)

IND 0.042*
(0.009)

0.041*
(0.009)

−0.083*
(0.025)

−0.074*
(0.011)

−0.097*
(0.031)

−0.075*
(0.016)

PEC 1.570*
(0.039)

1.857*
(0.041)

1.993*
(0.036)

2.095*
(0.015)

1.607*
(0.061)

2.046*
(0.032)

GOI −0.027*
(0.009)

−0.012
(0.013)

−0.009
(0.009)

TI 0.201*
(0.012)

0.017
(0.018)

0.008
(0.008)

HDI 0.070*
(0.029)

0.192*
(0.030)

0.924*
(0.076)

0.036
(0.032)

0.364*
(0.091)

−0.017
(0.019)

FDI 0.017**
(0.010)

0.044*
(0.011)

−0.068**
(0.036)

−0.006
(0.015)

−0.079**
(0.043)

−0.027
(0.022)

GOI×TI −0.049*
(0.005)

0.159*
(0.016)

0.030*
(0.008)

Constant 0.611*
(0.035)

0.888*
(0.032)

0.527*
(0.056)

1.174*
(0.024)

0.674*
(0.062)

1.156*
(0.032)

Time Effect Yes Yes

Country
Effect

Yes Yes

R2 0.981 0.979

Pseudo R2 0.605 0.665 0.624 0.668

Notes: Standard errors are reported in parentheses. (*), (**) and (***) denote the estimates that are significantly

different from zero at 1%, 5%, and 10% levels, respectively.
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important implication of the findings is that some emerging markets like India and China allow

those FDI who may produce fewer emissions.11

On the other hand, the effect of industrialization on carbon emission might change, while we

incorporate the governance interaction effect with the transparency index. To evaluate the interac-

tion effect, Equation (4) is further estimated and the results are reported in Table 4. The reported

results in Column 1, Table 4 indicate that the coefficient of industrialization is positive and significant

at the conventional level of significance. Furthermore, coefficients of PEC over different specifications

exhibit positive and statistically significant (Columns 1 to 6). The important variables of interest, i.e.,

the interaction effect of governance integrity and transparency exhibit positive signs at the different

percentile of quantile regression. This suggests that the higher the interaction effect, the higher would

be the carbon emission rate. However, the coefficient of the interaction effect is negative and

significant at OLS estimates, while the specification controlling time and country-specific effect.

This suggests that better governance with transparency in the Govt. system help in reducing the

carbon emission rate substantially (see Column 2, Table 4). Moreover, empirical results of the inter-

action effect of governance integrity and transparency index at OLS and quantile regressions are

contradictory (see Columns 2, 5, and 6 in Tables 3 and 4). The quantile regression, relative to the OLS

regression has certain advantages is that the quantile regression estimates are more robust against

outliers in the response measurements.12 Eventually, quantile regression results are widely accepted

as it considers the median-based regression at different points in the conditional distribution of the

explained variable. Thus, based on this argument, we could consider accepting the results obtained

by quantile regression. Empirical results indicate that governance integrity and transparency index

interaction effect has surged the carbon emission. Another implication is that despite these factors

help in reducing the emission rates both have significantly raised the carbon emission and pollution.

This also suggests that there are certain loopholes in government transparency and governance

accountability. It could be perceived that the developing economies over the period attempt to

reduce their corruption by improving the transparency in the government system. However, the

reduction in corruption cannot starkly reduce carbon emission and pollution, rather, it surges the

pollution, and also this validates our empirical results.

3.3. Baseline findings, sub-regions

To estimate the relationship between urbanization and carbon emissions rate, we further divide

the full-panel into different sub-panels based on World Bank income classification criteria.13 The

sub-panels results are reported in Table 5. The results in Column 2 and 3 show that the coefficient

of urbanization is negative and significant in the case of upper-middle Asian economies, whereas

it is positive and significant in the case of lower-middle African and Latin American regions. One

plausible reason could be that while upper-income Asian economies may be doing a significant

amount of investment in green energy projects, but low developing regions of Africa and Latin

America may be facing a significant amount of deforestation due to the rapid expansion of

urbanization. Furthermore, the increase in PEC has a positive and significant influence on emission

intensity across all sub-regions (see Columns 1 to 4). This suggests that a huge increase in coal, oil,

and natural gas consumption of the developing economies has precipitated CO2 emission and

environmental degradation.

Next, we estimate the alternative specification, Equation (3) where industrialization is taken as

the explanatory variable, in place of the urbanization. The empirical results show that industria-

lization has a positive effect on carbon emission, especially in the Asian economies (see Columns 5

and 6, Table 5). This suggests that industrialization facilitates urbanization, and infrastructure

development in the Asian region, which further increases the use of energy consumption speci-

fically oil and gas consumption. In sum, the reckless use of oil and gas consumption to raise

industrial expansion for economic growth brings unwarranted carbon emission and degrades the

environment. As we discussed earlier, we further find that the coefficients of PEC are positive and

significant across all sub-panels. This means that the rapid expansion of auto sectors in the

emerging markets has significantly raised the non-renewable energy like oil and gas consumption,
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which further hike the pollution. Empirical results exhibit that the improvement in governance

integrity reduces the carbon emission in the low developing regions of Asia, Africa, and Latin

America. Similarly, the transparency index has increased the carbon emission and consequently

pollution level in the Asian developing countries. However, it reduces the carbon emission and

pollution levels in middle Africa and Latin American countries substantially. The result in second

and third specifications suggests that an improvement in human development has reduced the

carbon emission rates in the Asian and Latin American countries.

Nevertheless, we apply the interaction effect between governance and transparency index, to

evaluate its role on carbon emission and environmental degradation across different sub-panels of

the global south countries. Table 6 reports the interaction effect results. Results exhibit that the

coefficients of urbanization are negative and significantly different from zero (see Columns 1, and

2, Table 6). This indicates that urbanization in the Asian economies reduces the carbon dioxide

emission rate substantially. This is possible because especially China and Japan are doing huge

investments in the green economy project to avoid the negative consequences of erratic urbaniza-

tion. On the other hand, the effect of energy consumption is positive and significant across all sub-

groups of developing economies. This indicates these developing economies are using a huge

amount of non-renewable recourses to increase their economic growth to reduce poverty.

Furthermore, the results suggest that an increase in the quality of governance and transparency

Table 5. Baseline findings, determinants of CO
2
emission (sub-panels)

(1) (2) (3) (4) (5) (6) (7) (8)

URB 0.109
(0.108)

−1.533*
(0.218)

0.991*
(0.198)

0.151
(0.157)

IND 0.085*
(0.018)

0.135*
(0.041)

−0.077*
(0.016)

0.011
(0.008)

PEC 1.232*
(0.094)

1.840*
(0.064)

1.459*
(0.169)

0.618*
(0.111)

1.180*
(0.093)

1.804*
(0.068)

1.171*
(0.164)

0.631*
(0.112)

GOI −0.056*
(0.024)

−0.008
(0.023)

−0.074*
(0.014)

0.018
(0.012)

−0.051*
(0.023)

−0.010
(0.015)

−0.072*
(0.014)

0.019
(0.012)

TI 0.153*
(0.022)

0.291*
(0.025)

−0.103
(0.072)

0.047
(0.053)

0.158*
(0.021)

0.257*
(0.028)

−0.155*
(0.073)

0.043
(0.053)

HDI 0.223*
(0.080)

−0.123*
(0.062)

−0.153*
(0.067)

0.242*
(0.033)

0.215*
(0.078)

−0.153*
(0.066)

−0.086
(0.062)

0.227*
(0.031)

FDI 0.043**
(0.025)

0.067**
(0.038)

−0.006
(0.012)

−0.026*
(0.011)

0.013
(0.015)

0.141*
(0.039)

0.010
(0.011)

−0.025*
(0.010)

Constant 0.565*
(0.214)

3.204*
(0.376)

−0.664**
(0.348)

1.336*
(0.361)

0.603*
(0.063)

0.431*
(0.072)

1.250*
(0.138)

1.608*
(0.0154)

Time
Effect

Yes Yes Yes Yes Yes Yes Yes Yes

Country
Effect

Yes Yes Yes Yes Yes Yes Yes Yes

No of obs. 468 312 390 416 468 312 390 416

Region Lower
Middle
Asia

Upper
Middle
Asia

Lower
Middle

Africa and
Latin

America

Upper
Middle

Africa and
Latin

America

Lower
Middle
Asia

Upper
Middle
Asia

Lower
Middle

Africa and
Latin

America

Upper
Middle

Africa and
Latin

America

R2 0.975 0.983 0.980 0.994 0.976 0.981 0.980 0.994

Notes: All specifications are OLS estimations. All variables are converted into the natural log. Standard errors are

reported in parentheses. (*), (**) and (***) denote the estimates that are significantly different from zero at 1%, 5% and

10% levels of significance respectively. Columns 1, 2, 3, 4 represent the regression of CO2 to the urbanization, while

rest of the explanatory variables are remaining unchanged, similarly, Columns 5, 6, 7, and 8 represent the regression

of CO2 to the industrialization in place of urbanization, while rest of the explanatory variables are remaining

unchanged.
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in the Govt. system has reduced the carbon emission rate substantially. This further suggests that

a credible governance structure can play a key role in environmental sustainability.

The negative and significant coefficients of FDI in the third, fourth, and eighth specifications

suggest that FDI has considerably reduced the pollution in the African and Latin American

countries. It further suggests that as these countries are receiving a lack of foreign funds due to

their adverse regional effect (Asiedu, 2002), the contribution of FDI to increase pollution is con-

siderably less. This result is consistent with the earlier findings of full-panel results.

Notwithstanding, although these region has received less amount of FDI, however, FDI guided

by the CDM established by the Kyoto Protocol reduces the carbon emission of the FDI-recipient

economies in the African and Latin America.

Nevertheless, we find other supporting evidence from the alternative specification in the con-

sequent model, where industrialization is positively contributing to pollution in the Asian econo-

mies (see Columns 5 and 6, Tables 5 and 6). The low developing Asian regions experience sporadic

increases in PEC, FDI, HDI, and population growth after 2000. Therefore, these collective forces

have a considerably negative consequence to accelerate pollution, global warming, and climate

change. Furthermore, results reveal that across most of the specifications, the interaction effects

are negative and significantly different from zero. This suggests that improvement in governance

and reduction in corruption curb the pollution rate substantially, all else is the same. Specifically, in

our opinions, when the economy stays at a highly developed stage, and environmental regulations

and protection recognition of citizens in the society would be improved. In that stage, lower

Table 6. Baseline findings, determinants of CO
2
emission (sub-panels)

(1) (2) (3) (4) (5) (6) (7) (8)

URB −0.034
(0.035)

−1.375*
(0.262)

0.952*
(0.201)

0.170
(0.167)

IND 0.077*
(0.019)

0.227*
(0.047)

−0.071*
(0.016)

0.012
(0.008)

PEC 1.291*
(0.099)

1.958*
(0.075)

1.517*
(0.165)

0.604*
(0.110)

1.250*
(0.098)

1.924*
(0.076)

1.277*
(0.159)

0.617*
(0.110)

GOI×TI −0.114**
(0.060)

−0.092
(0.073)

−0.154*
(0.040)

0.006
(0.007)

−0.101**
(0.059)

0.001
(0.007)

−0.152*
(0.040)

0.066**
(0.036)

HDI 0.228*
(0.079)

0.084
(0.071)

−0.162*
(0.066)

0.244*
(0.032)

0.221*
(0.078)

−0.001
(0.002)

−0.105**
(0.062)

0.229*
(0.031)

FDI 0.051**
(0.026)

0.285*
(0.042)

−0.003
(0.003)

−0.026*
(0.010)

0.026
(0.027)

0.286*
(0.041)

0.012
(0.013)

−0.024*
(0.010)

Constant 1.016*
(0.216)

3.008*
(0.452)

−0.769*
(0.336)

1.394*
(0.352)

0.874*
(0.056)

0.388*
(0.082)

0.981*
(0.056)

1.697*
(0.112)

Time
Effect

Yes Yes Yes Yes Yes Yes Yes Yes

Country
Effect

Yes Yes Yes Yes Yes Yes Yes Yes

No of obs. 468 312 390 416 468 312 390 416

Region Lower
Middle
Asia

Upper
Middle
Asia

Lower
Middle

Africa and
Latin

America

Upper
Middle

Africa and
Latin

America

Lower
Middle
Asia

Upper
Middle
Asia

Lower
Middle

Africa and
Latin

America

Upper
Middle

Africa and
Latin

America

R2 0.972 0.975 0.980 0.994 0.973 0.975 0.979 0.994

Notes: All specifications are OLS estimations. Standard errors are reported in parentheses. (*), (**) and (***) denote the

estimates that are significantly different from zero at 1%, 5%, and 10% levels, respectively. Columns 1, 2, 3, 4

represent the regression of CO2 to the urbanization, while rest of the explanatory variables are remaining unchanged,

similarly, Columns 5, 6, 7, and 8 represent the regression of CO2 to the industrialization in place of urbanization, while

rest of the explanatory variables are remaining unchanged.
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corruption may lead to a decrease in carbon emissions, which is similar to the results of Jetter

et al. (2015). Notwithstanding results also validate that the region which cannot control the

corruption due to bad governance and low transparency in the system experience higher CO2

emission and pollution (see Column 6, Table 6). Eventually, we can say that the effect of corruption

on CO2 emissions in developing countries appears dependent on the level of government integrity

and transparency in the government mechanism and functioning.

3.4. Robustness checks

We need to consider the endogeneity issues in the empirical model, which is present in the basic

OLS and quantile regression. To avoid the endogeneity problem, we start with estimating

Equations (1)–(4) by introducing Blundell and Bond (2000) system Generalized Methods of

Moments (GMM) estimates. The system-GMM estimate has the advantages over difference GMM

because earlier one includes more instruments as compared to the later. System GMM estimators

replace the Difference GMM estimators by a system of instruments in levels along with lagged first

difference used as the instruments (Selaya & Sunesen, 2012). Furthermore, the validity of the

system GMM can be assessed by analyzing the Sargan over-identification test and autocorrelation

of the residuals.

Our empirical results show that coefficients of lagged values of dependent variables are positive

and significant for all sub-regions (see Columns 1 to 5, Table 7). Empirical results reveal that the

coefficient of urbanization is positive and significant in the case of full-panel (see Column 1, Table

7). However, the impact of urbanization is changing over different sub-panels due to regional

differences. Furthermore, we find a positive and significant relationship between PEC and carbon

emission across all sub-panels. This suggests that these countries are using a huge amount of

energy consumption, i.e., the especially a maximum amount of non-renewable energy recourses

are using to build their infrastructures like rail, road, and aviation, etc. As these countries engage in

using huge energy consumption such that it facilitates to increase CO2 emission, pollution, and

climate change.

Nevertheless, in most of the specifications across different sub-groups of the countries, the

estimates of HDI, FDI and GOI exhibit insignificant coefficients. However, we notice a positive and

significant relationship between transparency index and carbon dioxide emission across most of

the sub-groups of different sets of countries. This suggests that a slight improvement in transpar-

ency in the government mechanism may cause carbon emissions over the year due to higher

urban led growth (see Columns 1 to 3, and 5, Table 7). This means that in our opinions, in the early

stage of economic development, the economic foundation in a country is relatively weaker.

Therefore, under these circumstances, the prevalence of corruption may rapidly break the eco-

nomic system, which may eventually cause CO2 emissions and environmental degradation to

become more serious. As we discussed before, we further estimate Equation (2) by replacing

industrialization in place of urbanization. For most of the sub-regions, our empirical results reveal

that industrialization has no significant relationship with carbon emissions. However, we find that

a 1% increase in industrialization leads to 0.029% increase in carbon emission for the full-panel of

countries. This suggests that industrial led growth in developing countries leads to more carbon

emission and pollution (see, Column 1, Table 8).

Next, for all sub-regions of countries, empirical results show that coefficients of HDI and FDI

exhibit no significant estimates. Furthermore, for low developing economies of Asia, we find that

an increase in government transparency leads to more carbon emission rates. It indicates that

a transparent government mechanism induces industrial growth, which leads to more pollution-

led development in the low developing economies in Asia (see Column 2, Table 8). Also, we analyze

the impact of urbanization on carbon emission by introducing the interaction effect of governance

integrity and transparency. The results of estimated regression Equation (2) show that the coeffi-

cients of urbanization are positive and significantly different from zero in the case of the full-panel

of countries. However, in the case of a highly developing Asian region, the effect is reversed. In the
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presence of interaction effect, the relationship between human development and carbon emission

is negative and significantly different from zero. This suggests that improvement in human devel-

opment conditions potentially reduces the carbon emissions of developing countries (see Column

1, Table 9). Furthermore, we find that the post estimation system-GMM results are found to be

robust and consistent for most of the specifications.

On the other hand, we empirically analyze the impact of industrialization on CO2 emission by

including the interaction effect of governance integrity and transparency. The system-GMM esti-

mated results show that industrialization has a positive and significant impact on carbon emission

(see Table 10). This suggests that industrial development through infrastructure advancement

causes the expansion of urban and rural areas, which subsequently increase the living standard of

the citizens across most of the emerging economies. Thus, the direct vs indirect linkage between

industrialization and urbanization causes a cyclical and unwarranted demand for energy consump-

tion. As a result, the rapid growth in industrialization may bring about increased CO2 emissions.

The results of the interaction effect show that improvement in governance and transparency

in the government system reduces carbon emissions substantially. However, its effects are

considerably less in the full-panel of developing countries. One vital reason could be that, as

most of the 61 sample countries are underdeveloped countries, and these countries follow the

process of erratic and unsystematic urbanization, default governance, and lack of credibility in

the government system. Besides, in our opinions, in the early stage of economic development,

the political and economic institutions in a country are often relatively weaker and government

order has not been well established. Under these circumstances, the prevalence of corruption is

Table 7. Determinants of CO
2
emission

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

CO2 (−1) 0.113*
(0.030)

0.488*
(0.150)

0.553
(0.467)

0.087
(0.086)

0.613***
(0.374)

URB 0.234*
(0.058)

−0.405
(0.424)

−3.938
(3.030)

3.099**
(1.872)

1.607
(1.378)

PEC 1.932*
(0.048)

0.767*
(0.274)

1.897*
(0.244)

−0.592
(0.556)

0.472***
(0.293)

GOI −0.007*
(0.001)

0.014
(0.013)

−0.011
(0.010)

0.008
(0.007)

−0.059
(0.050)

TI 0.015*
(0.001)

0.014*
(0.005)

0.025*
(0.009)

−0.010
(0.008)

0.010***
(0.006)

HDI −0.149*
(0.025)

−0.055
(0.051)

0.053
(0.051)

0.148
(0.133)

−0.233
(0.232)

FDI −0.002
(0.002)

−0.012
(0.017)

0.021
(0.020)

0.007
(0.012)

0.003
(0.003)

Constant 0.388*
(0.128)

1.108
(1.102)

6.573
(4.279)

−4.091***
(2.633)

−2.284
(2.270)

Region Full-Panel Lower Middle
Asia

Upper Middle
Asia

Lower Middle
Africa and Latin

America

Upper Middle
Africa and Latin

America

No of obs. 1525 450 300 375 400

No of
instruments

55 55 55 55 55

Wald chi-square 3299.72* 104.77* 128.24* 130.50* 135.81*

Sargan P value 0.428 0.999 0.999 0.999 0.999

AR(1) P value 0.056 0.131 0.334 0.787 0.139

AR(2) P value 0.977 0.191 0.642 0.983 0.917

Notes: All specifications are System-GMM estimations. Standard errors are reported in parentheses. (*), (**) and (***)

denote the estimates that are significantly different from zero at 1%, 5%, and 10% levels, respectively.
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not completely wiped out and it may break the immature economic system. Therefore, improve-

ment in transparency of the government mechanism and functioning may eventually curb CO2

emissions, but not up to a large extent. Furthermore, results exhibit that the interaction effects

are not significant for the rest of the sub-regions of different sets of countries. Similarly, we find

a very marginal positive impact of FDI on carbon emissions in the case of full-panel of countries

(see Column 1, Tables 9 and 10). This suggests that as the environmental regulations are strictly

followed by some emerging economies in Asia and upper-middle Asia, the effect of FDI on

carbon emission is considerably less. More specifically, the south Asian and upper-middle Asian

countries are inviting the MNCs from annex I and II countries, those are usually pass through

the environmental standards, and willing to invest in the CDM emission reduction projects

followed by Kyoto Protocol. As a result, FDI does not necessarily bring negative consequences

in the form of increasing CO2 emissions and pollution to the FDI-recipient countries.

Looking at the coefficients of the interaction between governance integrity and transparency

(TI), and human development (HDI), we can say that a credible government mechanism and curb

in corruption lead the countries towards the sustainable human development, which in turn

reduces the carbon emission rates significantly (see Columns 1, 2 and 3, Table 10). Overall, results

exhibit that the carbon emission rate has been considerably less in the Asian countries as

compared to the African and Latin American countries. This indicates that compared to the

African and Latin American regions, the Asian growing economies follow stringent environmental

laws to controlling deforestation in recent years.

Table 8. Determinants of CO
2
emission

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

CO2 (−1) 0.129*
(0.032)

0.377*
(0.174)

−0.150
(0.102)

0.344
(0.297)

0.391
(0.271)

IND 0.029*
(0.009)

0.005
(0.006)

0.214
(0.192)

0.003
(0.003)

−0.004
(0.005)

PEC 1.916*
(0.042)

0.579*
(0.287)

1.952*
(0.308)

1.366*
(0.637)

0.628
(0.463)

GOI −0.008*
(0.001)

0.012
(0.014)

0.045
(0.052)

−0.007
(0.007)

−0.020
(0.021)

TI 0.012*
(0.001)

0.013*
(0.005)

0.018
(0.014)

−0.003
(0.004)

0.008
(0.005)

HDI −0.111*
(0.017)

−0.061
(0.059)

−1.022
(0.725)

0.019
(0.017)

0.636
(0.462)

FDI −0.002
(0.001)

0.009
(0.021)

0.111
(0.100)

0.002
(0.002)

0.003
(0.005)

Constant 0.711*
(0.053)

0.694*
(0.206)

1.268*
(0.587)

0.549*
(0.246)

0.287
(0.242)

Region Full-Panel Low Middle Asia Upper Middle
Asia

Lower Middle
Africa and Latin

America

Upper Middle
Africa and Latin

America

No of obs. 1525 450 300 375 400

No of
instruments

55 55 55 55 55

Wald chi-square 5135.69* 55.39* 307.70* 59.74* 546.39*

Sargan P value 0.417 0.999 0.999 0.999 0.999

AR(1) P value 0.036 0.238 0.753 0.131 0.227

AR(2) P value 0.991 0.474 0.719 0.446 0.360

Notes: All specifications are System-GMM estimations. Standard errors are reported in parentheses. (*), (**) and (***)

denote the estimates that are significantly different from zero at 1%, 5%, and 10% levels, respectively.
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4. Conclusions
In this paper, we have analyzed the role of industrialization, urbanization, and corruption on carbon

dioxide emission rates via different channels. Utilizing indicators like human development, foreign

direct investment (FDI), governance integrity, and transparency being used the proxy measure of

corruption; we find a positive and significant relationship between urbanization, industrialization, and

carbon emission across the 61 developing economies of the global south region. Empirical results

reveal a positive relationship between transparency in government mechanism and carbon emission,

indicating the role of corruption to raise the pollution of emerging economies. Eventually, corruption

and corrupt environmental policies have substantially increased carbon emission and pollution.

Furthermore, we find that FDI curbs the carbon emission rates significantly. This indicates that FDI

guided by CDM established by Kyoto Protocol participates in reducing the carbon emission reduction

projects, specifically renovating the power plants or installing solar or hydroelectricity plants in

developing countries. Therefore, FDI involved in CDM projects has reduced CO2 and GHG emissions

and pollution to a large extent. Moreover, results also suggest that FDI significantly reduces the carbon

emission rates of upper-middle Africa and Latin American countries. Nevertheless, empirical results

exhibit that human development and rapid growth in demand-based energy consumption, migration

to cities facilitate higher pollution in developing countries. Our empirical results explain the predomi-

nant role of governance and transparency in government mechanisms in curbing CO2 emissions.

However, results exhibit a mixed impact of governance integrity and transparency on curbing CO2

emission rates of the developing economies. Specifically, our findings suggest that the economy at the

initial stage of economic development cannot fully implement government policies to wipe out

corruption in the government system of the developing economies. Therefore, under this circum-

stance, the mere presence of corruption and policy paralysis rapidly breaks the immature and fragile

economics system, which causes CO2 emission and environmental degradation.

Table 9. Determinants of CO
2
emission

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

CO2 (−1) 0.097*
(0.029)

0.095
(0.094)

0.005
(0.005)

−0.027
(0.025)

0.716*
(0.232)

URB 0.181*
(0.052)

0.864
(0.851)

−3.622**
(2.099)

4.788*
(2.227)

0.488
(0.454)

PEC 1.992*
(0.058)

1.696*
(0.365)

2.262*
(0.371)

−0.640
(0.702)

0.520**
(0.270)

GOI × TI −0.005*
(0.0009)

−0.012
(0.013)

0.152
(0.123)

−0.017
(0.014)

−0.094
(0.082)

HDI −0.163*
(0.035)

−0.126
(0.091)

−0.149
(0.142)

−0.084
(0.067)

−0.005
(0.004)

FDI 0.004**
(0.002)

−0.014
(0.014)

0.026
(0.025)

0.005
(0.004)

−0.001
(0.002)

Constant 0.496*
(0.094)

−0.469
(0.415)

4.987*
(1.263)

−6.106*
(3.142)

−0.592
(0.541)

Region Full-Panel Lower Middle
Asia

Upper Middle
Asia

Lower Middle
Africa and Latin

America

Upper Middle
Africa and Latin

America

No of obs. 1525 450 300 375 400

No of
instruments

54 54 54 54 54

Wald chi-square 3468.26* 208.26* 200.03* 181.00* 604.97*

Sargan P value 0.463 0.990 0.990 0.983 0.993

AR(1) P value 0.055 0.732 0.888 0.949 0.079

AR(2) P value 0.624 0.295 0.449 0.495 0.728

Notes: All specifications are System-GMM estimations. Standard errors are reported in parentheses. (*), (**) and (***)

denote the estimates that are significantly different from zero at 1%, 5% and 10% levels of significance respectively.
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From a policy perspective, we find that the effect of corruption in terms of governance integrity

and transparency are found to be more visible in some high-income countries in Asia, Africa, and

Latin America. By reducing corruption, high-income economies could be able to attain environ-

mental sustainable growth. At the same time, high as well as low-income developing economies of

the global south could focus on alternative renewable sources of energy like solar, wind, and

thermal. Although, our focus was on two important aspects of governance: integrity and transpar-

ency, yet these measures deemed to be insufficient to measure the specific forms of environ-

mental governance to address the corruption of developing countries. Future research could look

into these specific aspects of corruption while addressing the environmental challenges of the

developing economies.
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Table 10. Determinants of CO
2
emission

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

CO2 (−1) 0.114*
(0.030)

0.647*
(0.176)

0.237
(0.216)

0.489**
(0.280)

0.463**
(0.274)

IND 0.027*
(0.005)

−0.030*
(0.015)

0.131
(0.090)

0.013
(0.012)

−0.003
(0.003)

PEC 1.980*
(0.053)

1.198*
(0.227)

1.494*
(0.215)

1.116*
(0.541)
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(0.600)
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−0.012
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(0.014)

0.017*
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−0.053
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0.655
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FDI 0.003**
(0.001)

−0.023
(0.016)

−0.039
(0.041)

0.002
(0.003)

0.002
(0.003)

Constant 0.748*
(0.041)

0.371*
(0.180)

0.677*
(0.324)

0.438**
(0.236)

0.167
(0.162)

Region Full Panel Lower Middle
Asia

Upper Middle
Asia

Lower Middle
Africa and Latin

America

Upper Middle
Africa and Latin

America

No of obs. 1525 450 300 375 400

No of
instruments

54 54 54 54 54

Wald chi-square 4697.41* 297.40* 615.78* 73.01* 1484.25*

Sargan P value 0.458 0.991 0.980 0.990 0.970

AR(1) P value 0.033 0.082 0.124 0.139 0.218

AR(2) P value 0.633 0.184 0.799 0.439 0.388

Notes: All specifications are System-GMM estimations. Standard errors are reported in parentheses. (*), (**) and (***)

denote the estimates that are significantly different from zero at 1%, 5% and 10% levels of significance respectively.
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Notes
1. http://data.worldbank.org/indicator/IQ.CPA.TRAN.

XQ.
2. http://www.transparency.org/.
3. http://www.prsgroup.com/about-us/our-two-

methodologies/icrg. Note that ICRG staff collect
political information and financial and economic
data and convert these into risk points for each
individual risk component on the basis of
a consistent pattern of evaluation. The political risk
assessments including corruption are made based
on the subjective analysis of the available infor-
mation (see, Zhang et al., 2016). Furthermore,
Zhang et al. (2016) used the ICRG data to construct
the democratic accountability variable, and studied
the effect of corruption on CO2 emission in APEC
countries.

4. h t t p : / / www . o e c d . o r g / d a f / a n t i - b r i b e r y
/ConvCombatBribery_ENG.pdf.

5. A bad environmental quality connotes the evidence
of pollution in the countries. Since carbon emission
constitutes the highest percentage among the
polluting particles emitting to the air, we consider
carbon emission as the proxy for pollution in this
paper. Notwithstanding, if the governance of the
developing countries is very poor then it has a bad
consequence in the form of increasing the pollution
and degrade the environmental condition. This
further aggravates the CO2 emissions and green-
house gas emissions, etc.

6. See, Section 2, and Appendix A, Table A1, for
detailed discussion and construction of the
variables.

7. Note that this paper specifically investigates relation-
ship between carbon emission rates with the set of
regressors discussed in Equation (1). Moreover, in
addition to the explanatory factors like HDI, FDI, URB,
if the governance and transparency index of the
developing countries is poor means the countries
have serious loopholes in the government system.
The governance indicator measures the government
accountability in terms of administration and quality
of governance. From the governance standard, we
can presume, whether a country has an effective
government system or not. An economy without an
effective government mechanism impacts economic
growth negatively. Similarly, transparency index
indicates the level of corruption in the government
systems. Both governance and transparency con-
note the quality of government mechanism in the
system. Hence, these factors also directly or indir-
ectly signify the level of corruption in the economy.
Low degree of governance also indicates the high
level of corruption in an economy. Therefore, if the
level of corruption is high and if the policies are not
properly regulated then it has serious negative con-
sequences. The negative consequences of govern-
ance and transparency can be easily observed
through the pollution and GHG emission of the
developing countries. More specifically, in order to
measure the level of environmental air pollution
across the sample developing economies, we con-
sider the CO2 emission as proxy variable in place of
pollution.

8. Note that in place of urbanization, we have simply
taken the number of people living in urban areas.
Moreover, due to unavailability of the data across 61
developing countries, we cannot incorporate the
other dimension of urbanization like distance of city
centre to the urban households, urban facilities in
terms of physical (road, rail, and air connectivity) and
technical infrastructures (mobile/telephone, and
internet access per 1000 inhabitants), pedestrian
areas, waste disposal facility, urban traffic plan, etc.

9. See Appendix A, Table A1 for detailed description of
the variables.

10. Annex I countries include 43 parties to the united
nations framework convention on climate change
(UNFCC) including the European union. These par-
ties are classified as industrialized developed
countries and “economies in transition” (EITs). The
14 EITs are the former centrally-planned (Soviet)
economies of Russia and eastern Europe. Similarly,
Annex II of the parties listed in annex I of the
convention, and 24 are also listed in annex II of the
convention, including the European union. In addi-
tion, annex II parties include countries from the
members of the organization for economic coop-
eration and development (OECD). Non-annex
I parties to the UNFCC are mostly low-income
developing countries. Least-developed countries
(LDCs) include 49 parties to the UNFCC are low-
income countries, and are given very special status
under the treaty because of their limited capacity
to adopt the effects of climate change.

11. The Kyoto Protocol´s Clean Development
Mechanism (CDM) allows the industrialised coun-
tries in reducing national carbon emissions mitiga-
tion projects in developing countries, such as
renovating power plants or installing solar panels.
India is one of the world´s largest hosts of clean
development projects. From 2003 to 2011, a total
of 2,295 projects—around one-quarter of the glo-
bal total—had been registered with India´s
Designated National Authority for the Clean
Development Mechanism. For instance, China and
India has registered five coal-fired electricity plants
with the CDM projects. The five plants are eligible to
receive 68.2 million CERs over a 10-year period with
an estimated value of 661 million euros
($919 million) at a CER price of 9.70 euros. See
http://cdmpipeline.org/for data on CDM projects. In
addition, for further details, see Benecke (2009).

12. Standard OLS summarize the average relationship
between a set of regressors and the explained
variable based on the conditional mean function E
(y|x). This provides only a partial view of the rela-
tionship. However, when we are interested in
describing the relationship at different points in the
conditional distribution of y, quantile regression
provides better robust results in that case.
Notwithstanding, apart from the conditional mean
function of linear regression, we may consider the
relationship between the regressors and explained
variable using the conditional median function Qq
(y|x), where the median could be the 50th percen-
tile, or quantile q, of the empirical distribution. The
quantile regression estimator is asymptotically
normally distributed. Furthermore, median regres-
sion is more robust to outliers than least squares
regression, and is semiparametric as it avoids
assumptions about the parametric distribution of
the error process.

13. See Appendix A, Table A2 for detailed classification
of countries.
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Appendix A

Table A1. Definition, description, and sources of the variables

Variables Unit Description Source Expected Sign

Carbon emission
(CO2)

Million metric
tonnes

Burning of fossil fuels and
manufacture of cement

EIA database,
USA
Government

Negative

Urbanization
(URB)

Percentage of
the total
population

People living in urban areas WDI, World
Bank

Positive

Industrialization
(IND)

Percentage of
total economic
growth

Increase in net industrial output
in terms of overall industrial
growth

WDI, World
Bank

Positive

Primary Energy
Consumption
(PEC)

Quadra-billion
btu

Total energy consumption of
a country in a year

EIA, the USA
government

Positive

Govt. Integrity
(GOI)

Index Government accountability in
terms of overall administration
and quality of governance

Heritage
Foundation

Negative

Transparency
Index (TI)

Index Overall transparency in terms of
government mechanism and
functioning

Williams Index
of transparency

Negative

Human
Development
Index (HDI)

Index Overall human development
indicating the key dimensions
like a long and healthy life, being
the knowledgeable and decent
standard of living

United Nations
Development
Programme
(UNDP)

Positive

Foreign Direct
Investment
(FDI)

Billions (in
current US $)

Net inflows of foreign capital WDI, World
Bank

Positive

Notes: To avoid spurious regression in the model, all variables are converted into a natural logarithm. Govt. Integrity,

transparency, HDI variables are in the form of an index.

Table A2. Classification of countries based on the criteria of World Bank Income Classification,
2017

Lower Middle Asia Upper Middle Asia Lower Middle Africa
and Latin America

Upper Middle Africa
and Latin America

Bangladesh, Bhutan,
Cambodia, India,
Indonesia, Jordan,
Kyrgyzstan, Laos,
Mongolia, Myanmar,
Pakistan, Philippines, Sri
Lanka, Syria, Tajikistan,
Uzbekistan, Yemen,
Vietnam

Azerbaijan, China, Iran,
Iraq, Kazakhstan,
Lebanon, Malaysia,
Maldives, Russia,
Thailand, Turkey,
Turkmenistan

Bolivia, Angola,
Cameroon, Congo, Cote
D Ivoire, Egypt, Ghana,
Kenya, Mauritania,
Morocco, Nigeria, Sudan,
Swaziland, Tunisia,
Zambia

Brazil, Argentina,
Colombia, Ecuador,
Paraguay, Peru,
Suriname, Venezuela,
Algeria, Botswana,
Equatorial Guinea, Gabon,
Libya, Mauritius, Namibia,
South Africa

Source: World Bank Income Classification Criteria, 2017 provided by World Bank
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