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Abstract: The economic size of the Indian economy and its status as one of the major global emitters
of carbon emissions makes the country a good place to study the determinants of environmental
degradation in India. The study aims at analyzing the impact of energy, export variety, and foreign
direct investment (FDI) on environmental degradation in India in the context of environmental
Kuznets curve (EKC) hypothesis. The long run relationship was found between variables of the study
through a cointegration test, whereas long run estimates were obtained through cointegration and
dynamic ordinary least squares (DOLS). Results of the study reveal that energy consumption, export
variety, FDI, and income positively contributed to environmental degradation in India. Results also
unveil that the EKC hypothesis does not exist in India. Causality analyses document unidirectional
causality from income and FDI to environmental degradation, and bidirectional causality was
witnessed between energy consumption and environmental degradation and between export variety
and environmental degradation in the long run. The long run and the short run causality highlight
that India has to forego the short run economic growth in order to improve its environmental
quality and reduce global carbon emissions; however, it will not affect its long term economic
development process.

Keywords: carbon emissions; energy consumption; export variety; FDI; India; income

1. Introduction

The degradation of environmental quality is one of the causes of global warming and climate
change. Global warming and climate change have adverse effects on economy, cropping pattern, food
security, and livelihoods. The climate change could affect production of rice, wheat, and maize in
tropical zones, and extreme heat events are likely to be more intense and last longer. Moreover, climate
change not only affects socio-economic systems but also adversely affects human health and welfare.
Human activities contaminate the environment, which could lead to morbidity, malnutrition, and
shortening of life spans. Thus, for these genuine issues, global warming and climate change are core
issues for researchers and policy makers around the globe. The international community has concern
for environmental degradation as well, but it only focuses on the activities or emissions responsible for
global warming and climate change. The emissions of greenhouses gases (GHG) have implications
for global warming, climate change, and ecological imbalances. Since the industrial revolution, there
has been a continuous increase in GHG and carbon emissions, which constitute a major portion of
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GHG and accounts for about 76% of GHG. Industry, energy, land-use, agriculture, and forestry are
major sectors of GHG emissions. One can blame a region or a country for global warming and climate
change; nevertheless, each and every region and country is responsible to some extent. As far as
India is concerned, it surfaced as the fourth major contributor of carbon emissions from fossil fuel and
cement industry in 2013, following China, the US, and the EU [1]. However, it is worthy to mention
that on the basis of per capita carbon emissions from the aforementioned sectors, India fell in the
bottom 100 among 196 countries [2].

Until the 1980s, the Indian economy was considered a closed economy. There were quantitative
restrictions on trade, and the average tariff was above 200%. Taxes on foreign trade were above 28% of
the total tax revenue for the Indian government in 1990. India had a deficit in foreign trade, and to
address the shortage of foreign reserve, the Indian government initiated reforms in the early 1990s.
These reforms were designed to open up its economy to the world for trade and investment. These
reforms resulted in a reduction of average non-agricultural tariffs, which fell below 15%, and the
imports quota was abolished. Since then, the Indian economy has been performing well, witnessing
remarkable progress on some socio-economic indicators. Gross domestic product (GDP) per capita has
more than quadrupled, infant mortality has significantly decreased from above 88 to below 40 (per
1000 live births), and life expectancy has increased from 58.5 to 66.5. Trade as a percentage of GDP
increased from 15.2 to 53.33 between 1990 and 2014. The Indian economy grew at 5.53% in the 1990s,
and its maximum annual GDP growth of 8.85 was recorded in 1999. The economy grew at an annual
growth rate of 7.25 in the 2000s, where its maximum and minimum annual growth rates were recorded
in 2010 and 2003, respectively [3].

India has a huge number of skilled managerial and technical experts, as well as cheap labor and
a huge market, which makes it a preferred destination for foreign direct investment (FDI). The strong
suitability of the Indian economy for foreign investment lies in information technology in addition to
other significant areas, such as apparels, chemicals, jewelry, pharmaceuticals, and auto components.
Policy regarding FDI was restrictive until the 1980s, which hindered FDI in the past. Reforms in the
early 1990s and deregulation of the economy from time to time attracted good foreign investment
into India, and FDI as a percentage of GDP increased from 0.07 to 1.66 between 1990 and 2014.
FDI policy was further liberalized in 2014, the sectors prohibited from FDI were opened, and now FDI
is even allowed in the defense sector through the Indian government. Some sectors disproportionately
attracted FDI—for instance, the automobile industry, computer software and hardware, construction,
chemicals, telecommunications, services, and power. Since 2000, the total FDI mounted to more than
$350 billion USD [2]. Figure 1 presents the economic performance and carbon emissions trends in
India. During 1990 and 2014, the Indian economic growth (EG) was around 6.5%, whereas the lowest
EG was recorded in 1991. The Indian economy achieved its highest ever EG in 2010. Since 1990, there
has been a continuous increase in carbon emissions (logCE) per capita (logY) of India [3].
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Figure 1. Economic performance and carbon emissions over the years in India.
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The economic size of the Indian economy and its status as one of the major emitters of carbon
emissions globally makes the country a good location to study the determinants of environmental
degradation in the context of the environmental Kuznets curve (EKC) hypothesis. Energy is treated
as a very crucial determinant of environmental degradation in the context of EKC hypothesis testing
in a country [4-8]. Other important factors of environmental degradation that have drawn attention
from researchers in testing the EKC hypothesis are trade [5-7] and FDI [9,10]. The individual impact of
exports and imports on environmental degradation is very crucial for policy implications [11]. Very few
studies have determined the effect of exports on environmental degradation [12-15]. This paper makes
itself distinct from others studies on the basis of two main contributions to existing literature. First, FDI
is used as a potential contributor to environmental degradation in India in multi-variant cointegration
analysis. Second, this study is unique in the sense that it is the first study to analyze the impact of
export variety on environmental degradation, as we were not able to trace any paper that treated
export variety as a potential factor of environmental degradation in the Indian context. The reason is
that the producers offer diversified products to meet consumers’ wants, as consumers love variety.
Additionally, they believe that one can not only earn more profit by offering product variety range
in the product line but could also avoid direct competition by producing a greater range of variety.
However, offering a greater range of variety leads to reckless production processes, which leads to
environmental issues [16]. The other point to consider is that export variety specifically measured
through exports commodities enables us to know whether the production process when generating
product variety in India is good enough to secure environmental quality or if it is detrimental to the
environment. Besides this, the inclusion of export variety also enables us to know how much the
private sector in India is taking responsibility for environmental quality. Thus, this study recommends
some policy measures regarding how the Indian government can mitigate environmental degradation.

This paper is organized as follows: the next section describes the literature review, the third
section presents materials and methods along with the model of the study, and results are interpreted
in the fourth section. The fifth section of the article is devoted to a discussion of our results, and the
last section concludes the article.

2. Literature Review

Grossman and Krueger [17] established an inverted U-shape relationship between national
income and environmental degradation. This relationship is referred to as the environmental Kuznets
curve (EKC) hypothesis in the literature. The EKC hypothesis postulates that in the initial stage
of development, an increase in national income is also followed by an increase in environmental
degradation. Then, a stage is reached in the developmental process of a country after which an increase
in national income is not followed by an increase in environmental degradation. The reason is
that nations usually do not care for environmental quality in initial levels of development, as they
extensively utilize the natural resources. However, once a certain level of income is achieved, nations
try to care about environmental quality, as certain environmental issues cause health issues and
difficulty in sustaining economic development.

A good number of empirical studies confirmed the EKC hypothesis, and some of those empirical
studies are discussed here. For instance, Nasir and Rehman [5] found the impact of energy and trade
on carbon emissions in Pakistan in the context of EKC hypothesis. They applied a cointegration
technique to determine the long run relationship between the aforementioned variables of the study.
They also derived the long run estimates through the cointegration technique. They concluded that
the EKC hypothesis was valid in the case of Pakistan in the long run. Moreover, they documented
that energy and trade aggravated carbon emissions, thus deteriorated the environmental quality in
Pakistan. They opined that energy inefficiency, the lack of sound sharing of renewable energy in total
energy, and the trade structure of Pakistan were responsible for environmental degradation.

Tang and Tan [10] investigated non-linear relationships between income and carbon emissions for
Vietnam. They found that carbon emissions, income, energy, and FDI were cointegrated in the long run.
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Their results also revealed that the EKC hypothesis exists in Vietham. Energy consumption stimulated
carbon emissions in the study period, whereas FDI lessened the carbon emissions. They found a feedback
effect between FDI and carbon emissions and between income and carbon emissions and also confirmed
unidirectional causality from energy to carbon emissions. They concluded that FDI is not just helping
Vietnham in economic pace but it is also helping to improve the environmental quality.

Mohammed et al. [18] studied the effects of energy, financial development, and government
expenditure on carbon emissions in Venezuela. This study found that variables of the study were
in the long run relationship, and the long run estimates showed that the EKC hypothesis holds in
Venezuela. Moreover, government expenditure and energy aggravated environmental degradation,
whereas financial development restrained the environmental degradation in Venezuela. They argued
that financial institutions can help the government implement sustainable energy policies.

There is also large number of empirical studies that did not find the EKC hypothesis. Here, we
discuss some such empirical studies. For example, Soytas, Sari, and Ewing [4] examined the EKC
hypothesis for the USA. They included labor and fixed capital formation as control variables in the
emission-energy-growth nexus. They employed the Toda and Yamamoto granger causality procedure
along with generalized impulse response and variance decompositions to examine the EKC hypothesis.
Their study results nullified the existence of the EKC hypothesis in the USA. They concluded that
energy consumption is the main contributor of emissions in the long run, and there is no sign of
trade-off between income growth and carbon emissions. They also opined that the USA should not
adopt policy to reduce carbon emissions at the expense of income loss. The USA has to design policies
related to production and consumption of energy for combating carbon emissions instead of hurting
economic pace. Similarly, the study carried out by Tan, Lean, and Khan [19] did not find the EKC
hypothesis in Singapore. Moreover, in a study conducted by Gill, Viswanathan, and Hassan [20],
the EKC hypothesis was analyzed for carbon emissions through the cointegration technique. They
concluded that the EKC hypothesis is not valid in case of Malaysia. They also documented that
renewable energy has a negative influence on carbon emissions, thus they recommended the Malaysian
government come up with a special renewable energy policy to mitigate carbon emissions.

Naradda Gamage, Kuruppage, and Haq [8] examined the EKC hypothesis in Sri Lanka by
considering tourism and energy consumption along with income level and carbon emissions.
They tested the time series data for stationarity before establishing the long run relationship between
variables of the study. Long run estimates were produced through the cointegration test. The results
of their study did not affirm the EKC hypothesis in Sri Lanka. They recommended that energy
conservation policies and exploring new projects of renewable energy sources can help Sri Lanka to
mitigate environmental degradation. Moreover, environmental policies will not restrict the economic
pace of the Sri Lankan economy. It can be concluded from the studies conducted on the EKC hypothesis
that the confirmation of the EKC hypothesis depends on variables selection as well as time period
and methodology—for instance, Dinh and Shih-Mo [9] and Tang and Tan [10] conducted the study for
the Vietnamese economy to check the EKC hypothesis; the former studies did not confirm the EKC
hypothesis, while the latter study did.

Economic development needs energy, and energy emissions are hurting the environmental
quality across the globe. Thus, energy production and consumption has grabbed the attention of
researchers as potential factors of environmental degradation. Numerous studies have considered
energy as a potential factor of environmental degradation, such as Soytas, Sari, and Ewing [4],
Nasir and Rehman [5], Ozturk and Acaravci [21], Shahbaz et al. [22], Haq, Zhu, and Shafiq [7],
and Gamage, Kuruppage, and Haq [8], among others. Moreover, economic development of world
economies has kept pace with globalization of economies. The technology and knowledge diffusion
among economies became possible through integration as a result of trade openness. In the last few
decades, more economies have opened themselves to trade and FDI. Thus, the role of FDI in economic
development has received attention from researchers, but researchers are also interested in the effect of
FDI on environmental quality in the host country. The effect of FDI on environmental quality in the
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host country is not clear in the literature. The economics that are less regulated in terms of environment
receive more FDI, and this is referred to as the pollution haven hypothesis [23-27]. However, this is not
always the case, and FDI may bring improvement in environmental quality in the host country [28,29].
When FDI improves environmental quality in the host country, it is referred to as the halo hypothesis.

Acharyya [30] investigated the impact of FDI on economic growth and environmental degradation
in India between 1980 and 2003 in two distinct models. He concluded that FDI has a marginal effect on
economic growth, whereas as the FDI effect on environmental degradation is quite large. However,
he asserted that the FDI attraction to India cannot be based on the pollution haven hypothesis and
pointed out that FDI sharing dirty industries has been decreasing since the mid-1990s. Similarly,
in a panel setting for BRIC (Brazil, Russia, India, China), Pao and Tsai [31] found the effect of FDI
and economic growth on environmental degradation. Moreover, their study also confirmed the EKC
hypothesis in BRIC countries.

Dinh and Shih-Mo [9] investigated the EKC hypothesis in the Viethamese economy along with
energy consumption and FDI over the period of 1980 to 2010. Their results showed that the EKC does
not hold in Vietnam, as income and its squares term came out insignificant. They also concluded
that FDI does not have a significant effect on environmental degradation, and energy is significantly
adding to environmental degradation. The granger causality analysis confirmed that the pollution
haven hypothesis prevailed in the Vietnamese economy and suggested that steps are to be taken to
enhance energy infrastructure and ensure energy conservation policies in order to increase energy
efficiency and lessen wastage of energy.

Kivyiro and Arminen [32] carried out an empirical study for six sub-Saharan African countries to
determine the roles of energy and FDI in the EKC hypothesis. The bounds test of the cointegration
result assured the existence of the long run relationship between variables of interest. The results of
their study supported and confirmed the EKC hypothesis in the Democratic Republic of the Congo,
Kenya, and Zimbabwe. They suggested that the EKC hypothesis holds in those countries, which
are at low levels of economic development, as the aforementioned countries have low per capita in
the sample. Regarding FDI impact on environmental degradation, two distinct outcomes appeared
from the study. The pollution haven hypothesis is valid in Kenya and Zimbabwe, as FDI is positively
associated with environmental degradation in these countries. They found the opposite case for
the Democratic Republic of the Congo and South Africa, where the halo effect hypothesis is present
as far as FDI effect is concerned on environmental degradation. They argued that the pollution haven
and halo effect hypotheses do not depend on whether a country is a net importer or exporter of oil in
their sample.

The globalization of production and trade of manufactured goods is the striking pattern of
emissions embodied in international trade [1]. World trade structure has changed with time, and more
goods as well as more variety of goods are traded than decades ago. This is why trade also received
attention from researchers as a factor of environmental degradation [5,7]. The impact of trade on carbon
emissions is dubious, as Nasir and Rehman [5] concluded that trade accumulates carbon emissions
in Pakistan, whereas Ertugrul et al. [6] found that trade does not have a significant effect on carbon
emissions in Brazil, Korea, or Thailand. However, trade has a positive impact on carbon emissions in
China, India, Indonesia, and Turkey [6]. Haq, Zhu, and Shafiq [7] studied the relationship between
carbon emissions, income, energy consumption, and trade openness for the Moroccan economy over
the period of 1971 to 2011. Their results affirmed that variables of the study are cointegrated in the
long run. Their results did not support the EKC hypothesis for said economy and documented that
energy consumption is responsible for environmental degradation, whereas trade had improved the
environmental quality over the study period. They suggested that the Moroccan government reduce
environmental degradation by insuring more energy production from new and renewable resources.
Furthermore, they emphasized that any step in order to combat environmental degradation in the
Moroccan economy will not hurt economic pace and that environment awareness is essential to the
masses, which can be developed through education and other awareness programs in Morocco.
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It can be deduced from the literature on the EKC hypothesis that researchers included other
relevant variables to test the EKC hypothesis. Table 1 summarizes some of the relevant literature on
the EKC hypothesis in a single country case. The last column of Table 1 shows whether the study
validated the EKC hypothesis.

Table 1. Summary of literature of single country study on the environmental Kuznets curve (EKC).

Author(s) Variables EKC Validation
Soytas et al. [4] CO,, GDP, GDP?, GRFC, LB, E Not Valid
Nasir and Rehman [5] CO,, GDP, GDPZ, E, TR Valid
Ertugrul et al. [6] CO,, GDP, GDPZ, E, TR Valid
Naradda Gamage et al. [8] CO,, GDP, GDP%,E, T Not Valid
Dinh and Shih-Mo [9] CO,, GDP, GDP?, E, FDI Not Valid
Tang and Tan [10] CO,, GDP, GDP?, E, FDI Valid
Mohammed et al. [18] CO,, GDP, GDP?, E, FD, GE Valid
Tan et al. [19] CO,, GDP, GDP?, E Valid
Ozturk and Acaravci [22] CO,, GDP, GDP?, E, EMP Not Valid
Shahbaz et al. [23] CO,, E, GDP, GDP?, URB Valid
Pao and Tsai [31] CO,, GDP, GDP2, E Valid
Kivyiro and Arminen [32] CO,, GDP, GDP?, E, FDI Valid

Some of the empirical studies were confined to causality analysis. For instance, Zhang and
Cheng [33] conducted a study to find out the effect of income and energy consumption on environmental
degradation along with other variables in China. Their analysis covered a period from 1960 to 2007.
Results of their study confirmed that long run causality is running from economic growth to energy
consumption and from energy consumption to carbon emissions, and they did not find any evidence
that either energy consumption or carbon emission is causing economic growth in the long run.
They recommended that China curb carbon emissions by adopting efficient energy policies, which
would not hurt economic growth in the process. Likewise, Xuemin [14] conducted a study to figure
out the causal relationship between exports and environmental degradation in the Chinese economy.
He found a long run relationship between exports and environmental degradation and concluded that
there is bidirectional causality between exports and carbon emissions over the period of 1988 to 2007.
He also concluded that exports have a positive impact on carbon emissions in short run, and exports are
an important factor of environmental degradation in China. Similarly, a study by Michieka, Fletcher,
and Burnett [15] analyzed the causal relationship between coal consumption, exports, trade openness,
and carbon emissions in China. Results of their study indicated unidirectional causality from exports
to carbon emissions and from coal consumption to exports. They suggested that restriction of coal
consumption would hurt exports but it would lessen environmental degradation by decreasing carbon
emissions. The studies conducted by Alam et al. [34] for India and Hwang and Yoo [35] for Indonesia
found that carbon emissions and energy consumption are the causes of each other in the long run. On the
bases of the causal relationship between economic growth and carbon emissions, it was suggested that
energy conservation and environmentally friendly policies can be initiated and can maintain sound
economic growth.

3. Materials and Methods

3.1. Theoretical Background and Empirical Model of the Study

Since the early 1990s, the nexus of income level and environmental degradation has received
immense attention from researchers, both theoretically and empirically. Some researchers argued and
found that the relationship between environmental degradation and economic growth is non-linear.
This non-linear relationship between income level and environmental degradation is referred as the
EKC hypothesis [17]. The EKC hypothesis shows an inverted U-shape curve between income and



Energies 2019, 12, 1076 7 of 18

environmental degradation. In the initial development process of the economy, neither public nor
private sectors are concerned with environmental quality, as they want to create more job opportunity.
However, this increase in income at the early stage of development comes at the expense of environment
quality. After continuous growth and an increase in the income of the people, a break-point of income
is reached where both public and private sectors start to think about environmental quality. Numerous
studies included the square of the income along with income level to examine the EKC hypothesis.
Some of the studies confirmed the presence of the EKC hypothesis—for instance, Ang [36], Ozturk and
Acaravci [37], and Ahmed and Qazi [38]. In contrast, there are empirical studies such as Soytas et al. [4],
Akbostanci et al. [39], Arouri et al. [40], Kareem et al. [41], Ozturk and Al-Mulali [21], Haq, Zhu, and
Shafiq [7], and Naradda Gamage, Kuruppage, and Haq [8] whose studies did not approve the EKC
hypothesis. Conversely, income and its square are perfectly correlated, leading to the problem of
multicollinearity. Thus, one can test the EKC hypothesis by comparing the long run and the short run
coefficients of income to verify the EKC hypothesis [42].

Energy consumption as a determinant of environmental degradation has also received attention
from researchers, and expectedly so, considering energy is the most essential element of economic growth
and development. Researchers have argued that energy consumption is linked with environmental
degradation through economic activities, and the causality between energy and economic growth may
be unidirectional or bidirectional. Some studies found and concluded that energy brings high economic
growth and consequently high emissions, thus energy consumption is responsible for environmental
degradation [43—45]. On other hand, Yu and Jin [45], Jobert and Karanfil [46], and Karanfil [47], among
others, argued that high economic growth raises the demand for energy consumption, and thus high
energy consumption leads to environmental degradation.

Researchers have also paid attention to the role of foreign trade as a factor of environmental
degradation. The effect of foreign trade on the environment is dubious. There are studies such as
Lucas et al. [48], Birdsall and Wheeler [49], Grether et al. [50], and Haq, Zhu, and Shafiq [7] whose results
showed that foreign trade is beneficial for the environment. On other hand, Lopez [51], Beghin et al. [52],
Cole et al. [53], and Nasir and Rehman [5], among others, found that foreign trade is responsible
for emissions and thus concluded that foreign trade is harmful for the environment. Most studies
considered trade variable as a trade ratio to GDP as a measurement of foreign trade openness, and
Agras and Chapman [11] considered it as a poor indicator of trade. Exports and imports are to be taken
individually as variables in order to distinguish between the impacts of exports and imports on the
environment [11,54]. Few studies determined carbon emissions embodied in exports—for instance,
Ahmad and Wyckoff [12] and Weber et al. [13]. Similarly, Xuemin [14] and Michieka and Fletcher and
Burnett [15] concluded that exports leads to carbon emissions. Thus, this study also follows Michieka,
Fletcher, and Burnett [15] and Xuemin [14] to include exports as a factor of carbon emissions. However,
exports variety is used as a variable instead of exports values. The reason is that the export-led growth
hypothesis is tested through export variety ever since the pioneer work of Feenstra [55] on product
variety. Funke and Ruhwedel [56], Funke and Ruhwedel [57], and Saviotti and Frenken [58], among
others, determined the impact of export variety on economic growth. Rebelo and Silva [59] applied the
entropy index to determine export variety and examined the effect of export variety on economic growth.
Thus, one can consider export variety as a potential factor of environmental degradation. The other
point to consider is that export variety specifically measured through exports commodities enables us
to know whether the production process (when generating product variety in India) is good enough
to secure environmental quality or if it is harmful to the environment. Besides this, the inclusion of
export variety also enables us to know how much the private sector in India is taking responsibility for
environmental quality.

There are a number of factors responsible for attracting FDI in a country, and one of the factors
is lackadaisical environmental taxes in developing countries. This is the reason that FDI is also
considered as a factor of environmental quality. Gorg and Strobl [28] and Albornoz et al. [29] concluded
that FDI improves the environment in the host country, whereas Xing and Kolstad [23], Cole and
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Elliott [24], and Cole, Elliott, and Fredriksson [25] argued that FDI is responsible for the deterioration
of environmental quality in the host country. However, there may be cases where FDI does not have
a significant influence on the host country’s environment [9]. Thus, in light of the above discussion,
this study developed the empirical model as is written in Equation (1):

logCEy = g + B1logYr + B2logEC: + B3logF DIy + B4logX Vi + e; 1)

where CE, Y, EC, FDI, and XV are carbon emission, income, energy consumption, foreign direct
investment, and export variety, respectively. B, is the coefficient of the respective variable, t presents
the time period, and ¢; is the error term. Moreover, log presents the natural log of the respective
variable. One of the advantages of the log-linear model is dealing with heteroskedasticity at an earlier
stage of analysis.

3.2. Variables, Data, and Econometric Technigues

A number of researchers proxy environmental degradation by carbon emissions [5,7,8,19]. Therefore,
this study also uses carbon emissions as a proxy for environmental degradation in India. Data on carbon
dioxide emissions are taken from British petroleum [60] and are measured as the equivalent to a million
tons of oil. The reason for considering carbon emissions instead of carbon emissions per capita is that
the Kyoto Protocol demands for reduction in the percentage of emissions from the total emissions base
instead of reduction in per capita emissions [34,61]. Real per capita is used as a proxy for income and
is measured in US dollars with 2005 as a base year. Energy consumption per capita is measured in kg
of oil equivalent. Data on income, energy consumption, and FDI are gathered from the World Bank
online database [3]. Export variety is determined through entropy index. In order to measure export
variety in India, the disaggregated exports at the five-digit Standard International Trade Classification
(SITC) level data are collected from the United Nations commodity trade statistics (UNCOMTRADE)
database [62] and classified into industrial sectors by using NACE (for the French term “nomenclature
statistique des activités économiques dans la Communauté européenne”) revision classifications. NACE
is the acronym used to designate classification of economic activities by the European Union. This study
follows Boschma, Minondo, and Navarro [63] to measure export variety through the entropy index.
This study analyzes the data from 1983 to 2014. We employ the Johansen and Juselius [64] cointegration
test (hereafter JJ) to examine the long run relationship. This test is based on trace statistics and maximum
eigenvalue statistics. The null hypothesis of no cointegration can be rejected if trace statistics and
maximum eigenvalue statistics are greater than their critical value. The trace statistics and maximum
eigenvalue statistics are provided in Equations (2) and (3) as follows:

n
Atrace = =T Y In(1—A)) 2
j=r—1

Amax(r,7+1) = =TIn(1 - A)) (3)

Johansen [65] also predicted Afygce and Ay critical values.

We also apply the vector error correction model (VECM) following Nasir and Rehman [5], Tang
and Tan [10], and Haq, Zhu, and Shafiq [7], among others, who used the VECM to get the long run
and the short run causality. The VECM takes variables in the system at difference, and the number of
equations is determined by the number of variables. Each equation is comprised of the difference of
the dependent variable on the left side and lags of the difference of independent variables on the right
side of equation, and each variable works as a dependent variable in the VECM. In the case of our
study, there are five variables, thus there are five equations in the VECM procedure, written as follows:
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q1 q2 93 q4
AlogCE; = A1+ Y. B1AIogCE; i+ Y. BaAlogY; i+ Y. B3AIogEC;_;+ Y. BasAlogFDI;_;
i=1 i=1 i=1 i=1 (4)
q5
+ '21 BsAlogX Vi i + P1z1-1 + €1
1=

92 gl 93 74 95

AlogY; = Ay + ‘Zl B2AlogY;_;i + _21 B1AlogCE;_; + 121 B3AlogEC;_; + _Zl BaAlogFDI;_; + ‘21 BsAlogXV;_; ®)
i= i= i= i= i=

+ozi—1 + €2t

q3 q1 q2 74
AlogEC; = Az + Y. B3AIogEC;_;+ Y. B1AIogCE; i+ Y. BaAlogY; i+ Y. BaAlogFDI;_;
i=1 i=1 i=1 i=1

95 (6)
+ '21 BsAlogX Vi + ¢3zi 1 + €3t
1=
q4 q1 q2
AlogFDI = Ag + L BaAlogFDI; ; + L B1AlogCE;_; + L BaAlogY;_;
i=1 s l:1q5 i=1 (7)
+ '21 B3AlogEC,; + '21 BsAlogX Vi + pazi—1 + €at
1= 1=
95 q1 92 93
AlogXVy = As+ Y BsAlogXVi_i+ Y., B1AlogCE;_;i 4+ Y. BaAlogY; i+ Y. B3AlogEC;_;
i=1 i=1 i=1 i=1 (8)

q4
+ '21 ,34AZOgFDIt,i + 5241 + €5¢
i=

where A presents the difference operator, the size of ¢ catches up the speed of adjustment from any
external shock in the previous period, z;_1 is the error correction term (ECT), and ¢; is the error term
that is normally distributed.

Long run estimates can be obtained from the ]J cointegration, but we also apply dynamic
ordinary least squares (DOLS) in order to corroborate the long run estimates obtained through the JJ
cointegration test. The DOLS method can be attributed to Stock and Watson [66], and this method can
be applied when variables of the study are integrated of order one. DOLS works better to examine
the long run relationship between exploratory and explanatory variables. The results are free from
problems of serial correlation and simultaneous bias, as leads and lags of explanatory variables are
included in the DOLS process. Another advantage of DOLS is that it eradicates the feedback effect in
the cointegration system. The estimation of DOLS model is presented in Equation 9.

9k
Yy =G0+ 21X+ Y Y O0ilXjj+ )
j=—qi=1

where A is the lag operator, y; is the exploratory variable, and x; is the vector of explanatory variables.

4. Results

Usually, the mean and variance of the time series data are not constant because most of the time,
series data carries unit root. Thus, analyzing the time series data without checking for unit root leads
to spurious regression. Therefore, to get rid of this problem, the time series data have to be tested for
unit root. For this purpose, this study applies augmented Dickey-Fuller (ADF) [67] and Dickey-Fuller
generalized least squares (DF-GLS) [68]. Table 2 presents the unit root test results. Study variables
are trended at their level, as results of unit root confirm that variables are non-stationary. However,
these unit root tests show that variables are stationary when they are considered at first difference,
thus variables are integrated of order one.
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Table 2. Results of unit root tests.

At Level At First Difference
Test Variable t-Statistics Variable t-Statistics
log(CE) 0.05 Alog(CE) —5.12 ***
log(Y) 312 Alog(Y) —4.04 %%
ADF log(EC) 0.77 Alog(EC) —4.36 ***
log(FDI) —2.48 Alog(FDI) —b5.73 ***
log(XV) ~1.94 Alog(XV) — —5.63%
log(CE) 0.67 Alog(CE) ~ —5.17 ***
log(Y) 0.54 Alog(Y) —3.69 ***
DEGLS — 5e(EC) ~0.36 Alog(EC)  —4.35 %
log(FDI) —0.50 log(FDI) —4.62 ***
log(XV) —1.83 log(XV) —4.77 ***

*** Significance at 1% level.

After knowing the order of integration, we employ the JJ cointegration test to examine the long
run relationship among study variables. It is necessary to know the lag length for the JJ cointegration
test, as it is sensitive to lag selection. Results of the different lag selection criteria are shown in
Table 3. The lag identified is one by criteria, such as Akaike information criterion (AIC), Hannan-Quinn
information criteria (HQ), and Schwarz information criterion (SIC). Now, we can proceed to the JJ
cointegration. The results of the JJ cointegration test are provided in Table 4. The trace statistics and
maximum eigenvalue statistics confirm the presence of one cointegration vector. Thus, these results
assure us that the long run relationship exists between variables of the study. This confirmation of
the long run relationship guides us in producing long run estimates based on the JJ cointegration
and DOLS.

Table 3. Lag length selection criteria result.

Lag AIC HQ SIC
0 —9.039095 —8.964386 —8.805562
1 —17.1748* —16.7265*  —15.77360 *
2 —16.99025 —16.16845 —14.42139

* lag order selected by the criterion. AIC = Akaike information criterion, HQ = Hannan-Quinn information criteria,
SIC = Schwarz information criterion.

Table 4. Cointegration tests results.

Hy}l)\(l)l’:llllesis ﬁ;‘;g?ﬁ:s‘;z Trace Statistics Critical Value l\g:::i;iesn Critical Value
r=0 r>1 80.72424 *** 69.81889 33.96230 ** 33.87687
r<l1 r>2 46.76195 47.85613 24.34298 27.58434
r<2 r>3 22.41896 29.79707 13.61751 21.13162
r<3 r>4 8.801450 15.49471 6.056727 14.26460
r<4 r>5 2.744723 3.841466 2.744723 3.841466

*** Significance at 1% level. ** Significance at 5% level.

Table 5 shows the results of the long run estimates. The variables are treated in log form, thus
we can interpret coefficients as elasticity of the respective variable. Moreover, these long run results
confirm that all the explanatory variables are the determinants of environmental degradation in India,
as all of them have significant effects on environmental degradation. The long run results show that
the coefficient of income is significant with a positive sign. A 1% increase in income increases carbon
emissions by 0.53-0.63%. The coefficient of energy has a positive and significant effect on carbon
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emissions. Its magnitude ranges from 0.40 to 0.51, suggesting that a 1% increase in energy consumption
leads to a 0.40-0.51% increase in carbon emissions. The coefficient of FDI is significantly positive,
but its impact on carbon emissions is marginal, as it ranges from 0.04 to 0.06, and a 1% increase in FDI
leads to 0.04-0.06% in environmental degradation. The coefficient of export variety is significantly
positive, and its magnitude ranges from 0.59 to 0.82. The export variety coefficient can be interpreted
as a 1% increase in export variety and enhances carbon emissions by 0.59-0.82%.

Table 5. Long run estimates.

Dependent Variable: log(CE)

R JJ Cointegration Test DOLS
egressors
Coefficients t-Statistic Coefficients t-Statistic
log(Y) 0.30 ** 1.99938 0.26 ** 1.918169
log(EC) 1.01 *** 3.70467 0.90 *** 3.514150
log(FDI) 0.04 *** 4.51036 0.06 *** 6.173981
log(XV) 0.82 *** 4.76041 0.59 ** 2.673292

*** Significance at 1% level. ** Significance at 5% level. DOLS = dynamic ordinary least squares, JJ] = Johansen
and Juselius.

Table 6 displays the short run estimates. The short run results show that export variety is the only
explanatory variable among the regressors that has a positive impact on environmental degradation.
The rest of the explanatory variables do not have significant impact on environmental degradation.
The error correction term is significant with an expected negative sign, suggesting the model is in
equilibrium. This result also highlights that the model corrects itself from any external shock per
annum by 33%. Furthermore, the short run and the long run income coefficients did not prove that
the EKC hypothesis exists in India. As pointed out by Narayan and Narayan [42], if the long run
income coefficient is smaller than the short run coefficient, then this phenomenon would indicate the
presence of the EKC hypothesis. Furthermore, heteroskedasticity and autocorrelation problems are not
witnessed. Also, the model passes the normality diagnostic test. Stability of the model is tested through
cumulative sum of recursive residual (CUSUM) and cumulative sum of squares of recursive residual
(CUSUMQ)), as presented in Figures 2 and 3. The plots of both CUSUM and CUSUMQ statistics
are well within the critical bounds at 5% level of significance, and thus validate the stability of all
coefficients in the ECM model.

Table 6. Short run estimates.

Dependent Variable: Alog(CE)

Regressor Coefficient t-Statistic
C 0.03 2.26**
Alog(Y) 0.14 0.59
Alog(EC) 0.41 1.29
Alog(FDI) 0.01 1.48
Alog(XV) 0.14 1.68 (*)
ECT(-1) —0.33* —1.71*
R? 0.315359
Diagnostic Tests
LM serial correlation 0.53 (0.59)
Heteroskedasticity 0.43 (0.82)
J-B Normality 1.12 (0.57)

** significance at 5% level. * significance at 10% level. (*) probability is 0.11.
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Table 7 presents the results of the short run and the long run causality obtained through the VECM.
The long run causality is presented in the last column of the table, and the significance of the t-statistic
of the ECT suggests a long run causality. These results indicate that there is unidirectional causality
running from income and FDI to carbon emissions in the long run. There is two-way causation between
carbon emissions and energy consumption and between carbon emissions and export variety in the
long run. Short run causality analysis confirms that a feedback effect exists between carbon emissions
and income. This causal relationship indicates that if India tries to reduce carbon emissions, it will
hinder economic growth in the short run. Like long run causality, a feedback effect is present between
carbon emissions and energy consumption in the short run. A unidirectional causality is found from
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FDI and export variety to carbon emissions. Similarly, a unidirectional causality is found from energy
consumption, FDI, and export variety to income in the short run.

Table 7. Causality results.

. Short Run (F-Stat.) Long Run (t-Stat.)
Variable
Alog(CE)  Alog(Y)  Alog(EC) Alog(EDI) Alog(XV) ECT

Alog(CE) - 8.66 *** 4.77 ** 4.17 ** 4.22** —2.42**

Alog(Y) 12.36 *** - 5.14 ** 4.68 ** 4.93 ** 1.24
Alog(EC) 3.50 ** 0.74 - 121 0.69 —2.60 **
Alog(FDI) 1.20 0.01 0.20 - 1.55 —0.03
Alog(XV) 0.10 0.25 0.12 0.46 - 2.35**

*** significance at 1% level. ** significance at 5% level.

5. Discussion

The results of the study show that energy consumption, export variety, FDI, and income are the
determinants of environmental degradation in India. Income is found to have a positive and significant
effect on environmental degradation, and this finding is consistent with Narayan and Narayan [42],
Ertugrul et al. [6], and Makarabbi et al. [69], who also concluded positive and significant effects of
income on carbon emissions in the case of India. Regarding income, our study shows that income
elasticity is less than unity [42], whereas Erutgrul et al. [6] found that income elasticity is greater
than unity in the case of India. This finding can refer to the scale and the composition effects of
economic growth. More production (scale effect) deteriorates environmental quality, and economic
structure of the economy adds to environmental degradation, as the economy is on the move from
agricultural based to manufacturing and services based economies (composition effect). The long
run results indicate that energy significantly aggravates carbon emissions and is thus responsible for
environmental degradation. This finding is similar to the study of Makarabbi et al. [69], who also
found a positive and significant effect of energy on carbon emissions in India. In the last couple of
decades, India has achieved tremendous economic progress, and that enhances the demand for energy,
which of course is needed for development. However, it seems that India is not using energy efficiently,
and the proportion of energy production from renewable resources of energy is not enough to reduce
carbon emissions. Instead (and unsurprisingly), energy consumption is worsening the environmental
quality in India, as energy consumption from fossil fuels has increased from 45.5% to 73.6% of total
energy consumption during the study period. In the last three decades, electricity production from coal
sources has increased from 51% to above 71% of the total coal consumption [3]. India has experienced
an increase in conventional energy consumption, as coal consumption increased from 407.04 to 5.71
million tons, lignite consumption increased from 30.23 to 43.90 million tons, crude oil consumption
increased from 130.11 to 222.55 million metric tons, natural gas consumption increased from 31.33 to
34.64 billion cubic meters, and electricity increased from 411,887 to 9,671,650 gigawatt (GW) hours
between 2005-2006 and 2013-2014. Electricity generation constitutes over 83% of the total lignite
consumption and is also the biggest consumer of coal. Similarly, steel and cement industries (dirty
industries) are the second and third biggest industries of coal consumption in India.

Regarding the effects of energy consumption, it is alarming that the install capacity of renewable
energy—which is approximately 38 GW [70]—is not enough to reduce carbon emissions. This might
be the reason that the government of India has revised their renewable energy target of 175 GW until
2022. Major banks and non-banking financial companies have endorsed an amount of Rs. 712,015.4
million to finance the various renewable energy projects and distributed Rs. 295,295.7 million against
the authorized amount since February 2015. Banks (public, private, and foreign banks operating in
India) committed to providing loans for the renewable energy projects (78.75 GW) during the span of
the next five years [70]. The Indian government commitment to combat emissions and to get energy
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from renewable sources shows how much the Indian government is concerned with the environment.
These commitments from the Indian government can be attributed to the economic size of the country.

The results show that FDI has a significant impact on environmental degradation, but its impact
on carbon emissions is marginal. This finding is consistent with Kivyiro and Arminen [32], who found
a positive impact of FDI on carbon emissions in the cases of Kenya and Zimbabwe, opposite to the
findings of Tang and Tan [10], whose results indicated a negative impact of FDI on carbon emissions in
Vietnam. After the early reforms in the 1990s, India attracted a good amount of FDI, and its total outlay
stood at $350 billion USD between 1990 and 2014. Large amounts of FDI inflow in the case of India
can be attributed to the scale effect, and also it can be deduced that the pollution haven hypothesis
regarding FDI is prevailing in India.

Now, we turn to an explanation of export variety—a variable that this study suggests be
included in the energy-emission-growth nexus. This study finds that export variety is depleting the
environmental quality. Our finding is different from the study of Shahbaz et al. [22], who determined
the effects of exports on environmental degradation and found that exports hinder environmental
degradation. However, our finding can be justified on the ground that firms always try to offer
a range of variety of their products (referred to the scale effect of production), but a good amount of
resources are devoted by firms to offer this variety. Thus, in order to enhance export variety, firms
in the production process are not using resources efficiently, and the depletion of resources for more
variety is accumulating carbon emissions in the environment in India. This finding also highlights that
technology adopted by firms is not environmentally friendly. The production technical effect would
indicate whether or not production techniques and technology improve environmental quality.

The positive impact of FDI and export variety is asking for the check on the private sector.
The Indian government has to take steps to make FDI environmentally friendly, and FDI has to
be made compelling to follow environmental regulations set by the government and international
organizations. Similarly, the government has to encourage FDI in renewable energy projects to
achieve the revised renewable energy target of 175 GW by 2022. Firms have to be allowed to import
environmental friendly (green) technology with minimum possible tariffs in order to produce goods
and services with low emissions. Similarly, firms—especially those with excess pollution—have to be
asked to change their production techniques and to use energy efficiently, thus these firms become
smaller emitters of GHG. Besides this, special incentives have to be provided for firms and industries
to ensure efficient use of energy and to become less polluting. Environmental and growth policies
have to be adopted with care to promote the concept of green growth and to alleviate the climate
change phenomenon.

Additionally, this study also addresses how the explanatory variables identified in the study
affect environmental degradation in the short run in the case of India. The short run results indicate
that export variety is the only explanatory variable that has a positive impact on environmental
degradation. The rest of the explanatory variables do not have significant impact on environmental
degradation. Moreover, the results confirm that the model of the study is in equilibrium and would
correct itself from any external shock within four years of span. Furthermore, the results do not
indicate the validity of the EKC hypothesis in India. Makarabbi et al. [69] also did not find the presence
of the EKC hypothesis in India. Moreover, the causality analysis postulates that India has to forego
economic growth in the short run in order to improve environmental quality, but this will not affect
long term growth. Besides, the feedback effect between carbon emissions and energy consumption
highlights that India has to increase their share of renewable energy in the energy mix, thus the effect
of energy on the environment can be reduced in the future. Similarly, steps are required from the
Indian government to encourage bioenergy, as pointed out in study [71], as bioenergy will ensure the
reduction of GHG. Thus, India can mitigate climate change and global warming. This study suggests
that in order to get a good picture of the impacts of exports and FDI on environmental degradation
in India, a sector level study is needed to identify the sectors that are responsible for environmental
issues in India.
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6. Conclusions

This study explores the relationship between carbon emissions, energy consumption, export
variety, FDI, and income for the Indian economy. The time series data are analyzed over a period
from 1983 to 2014. Unit root tests results declare that variables of the study are integrated of order one.
The cointegration test confirms the long run relationship between variables of the study, thus income,
energy consumption, FDI, and export variety are the determinants of environmental degradation in
India. Long run estimates based on the cointegration analysis and DOLS show that income, energy
consumption, FDI, and export variety have positive significant impacts on environmental degradation
in India. Export variety also positively influences carbon emissions, even in the short run. This finding
can be explained on the ground that in order to enhance export variety, firms in the production process
are not using resources efficiently, and the depletion of resources for more variety is accumulating
carbon emissions in the environment in India. The long run and the short run coefficients of income
do not confirm that the EKC hypothesis holds in India. The causality analysis reveals that there is
one-way causation from income and FDI to carbon emissions and two-way causation exists between
energy consumption and carbon emissions, as well as between export variety and energy consumption
in the long run. In the short run, two-way causation is found between energy consumption and carbon
emissions, and granger causality is running from FDI and export variety to carbon emissions. Income
and carbon emissions are causing each other. It can be deduced from causality analysis that India has
to sacrifice short run growth to improve environmental quality and lessen global carbon emissions.

One of the limitations of the study is that this study considers carbon emissions as a proxy
for environmental degradation in India. In future studies, it is advised to consider GHG such as
BaleZentis et al. did [71]. Another limitation of the study is that this study considers energy
consumption, thus future studies can include renewable energy and bioenergy instead of testing
the EKC hypothesis in India. This study is restricted to the impact of export variety and FDI on carbon
emissions, thus the impact of these determinants can be underestimated as far as environmental
degradation is concerned. Because this study did not determine the effects of export variety and FDI
on local air pollutants and water pollution, it is recommended that future studies should consider the
effects of export variety and FDI on local air pollutants and water pollution.
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