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Abstract

Background: Economic growth in different economies comes with a cost of
environmental degradation. The environment-growth nexus has come to the
spotlight since scientists as well as policy-makers point out the threat of climate
change and global warming all around the world. Nepal faces problems of
pollution day by day raising a question about sustainable growth in the country.
Such sustainability can be achieved by exploiting the water resources of the
country which can be further used to generate cleaner forms of energy.

Objective: This paper examines the interconnection between environmental
degradation and economic growth in Nepal under the Environmental Kuznets
curve’s framework and causal framework. These frameworks also incorporate
energy variables such as electricity production, electricity and oil consumption at
a disaggregated level to understand the energy growth nexus in Nepal.

Method: The Auto-Regressive Distributed Lag model followed by TY Non-
Granger Causality tests and variance decompositions are incorporated in the
study to examine the EKC hypothesis and the nexus between energy and growth
is analyzed through a multivariate framework.

Conclusion: Our result does not show the presence of the EKC hypothesis in
the case of Nepal. However, the causal framework indicated that a percentage
increase in electricity generation would lead to a reduction in carbon dioxide by
0.7%. The variance decomposition results showed that the impact of CO, on
GDP would decrease with horizons getting longer. On the other hand, the impact
of electricity generation on CO, on was found to be 78% in the longer horizon.

Implications: Nepal should harness its potential of generating hydroelectricity
to reduce environmental pollution as well as increase economic growth.
Substituting the cleaner form of energy such as hydroelectricity can help in
reducing the consumption of fossils and fuels as well as help in mitigating the
pollution level in Nepal. This will further allow Nepal to be self-reliant since it
has huge potential for generating hydroelectricity.

Paper Types: Research Paper
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Introduction

Human activities have affected the natural environment all over the world. The growth led development
paradigm through rapid urbanization and industrialization resulted in severe pollution everywhere.
According to IEA (2018), 14,766 metric tons (mt. tons) of CO, emissions are generated from coal,
11,415 mt. tons from oil, 7,104 from natural gas and remaining 228 mt. tons from other sources. NASA
declared 2020 to be the hottest year posing more threats in the future. The rapid industrialization,
urbanization and changing consumption habits have been the major drivers of the CO, emissions. The
ever-increasing carbon emissions have accordingly put threats to nature’s ecosystem and environment
that have far bearing consequences for the economic prosperity and sustainable development (Epple
et al., 2016). Climate change and global warming have been the immediate consequence of increasing
CO, and other greenhouse gas emissions. Accordingly, there has been a surge in academic interest on
examining the nexus between CO, emissions and economic growth in many countries.

Testing Environmental Kuznets’s Curve (EKC) hypothesis in the context of emission and economic
growth relationship has been an appealing approach (Dinda, 2004). The original hypothesis propounded
by Kuznets (1955) asserted an inverted U-shaped relationship between economic growth and inequality.
Following the similar framework, the literature that emerged in the 1990s especially test the hypothesis
if the economic gains such as the increase in income or economic growth are coming at the expense of
environmental degradation such as CO, emissions (Grossman & Krueger, 1995). Since CO, emissions
and energy use pattern are closely related, the later literature also aimed to examine a relationship
between energy consumption, CO, emissions and economic output related variables (Kaika & Zervas,
2013).

While there has been a considerable amount of literature available in the global and regional contexts,
lesser is known especially in a country like Nepal where the abundance of natural resources and
vulnerability of climate change. This paper aims to contribute to existing literature specifically testing
the presence of the EKC hypothesis for Nepal as well as examining the energy consumption, CO,
emissions and economic output in a multivariate regression framework. Generating such evidence on
energy consumption, pollution and economic growth is important for a country like Nepal in several
accounts.

First, Nepal is highly vulnerable and fragile to climate change and global warming. For example, it
is ranked fourth, eleventh and thirtieth in terms of vulnerability to climate change, earthquake and
flood risks respectively (UNDP, 2020). Home of several highest mountain peaks of the world, elevated
geographic terrain with human settlements and intense diversities on its ecology makes Nepal not only
unique in its geographical landscape but also prone to climate change and global warming. Glacier
melting, increasing frequency of extreme natural calamities such as landslides, drought, and abnormal
rains are already being documented in Nepal (Wester et al., 2019). It is, therefore, important to generate
evidence on emissions-output nexus and bring it into the public and policy discourses as early as
possible.

Second, Nepal possesses the potential for renewable energy production. Hydroelectricity, wind and
solar powers have immense production possibilities (AEPC, 2014). The early evidence of growth—
emission nexus may help Nepal accelerate the pace of clean energy production and substitute bio-mass
and fossil fuels with the sources of clean energy. Evidence show bai-mass and fossil fuels can be
substituted (Awasthi & Adhikari, 2019). These substitutions help Nepal on achieving economic growth
from lesser emissions in general and reduce ever-increasing import bills of fossil fuels, lower energy
bills to the households and gains in individual health in particular.

Third, it is also important to know to what extent the growth-emissions nexus are attributable to
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Nepal’s activities. It is now established that climate change and glacier melting happenings in Nepal
are not only attributable to emissions and resource depletion in Nepal but are also closely connected
with emissions in the region (Gurung et al., 2019). On the other hand, glacier melting, extreme events
like floods, landslides, etc. have also implications for the livelihood of billions of individuals in the
region, particularly in India. Therefore, evidence on the emissions-output nexus would help Nepal to
put forward its climate change agenda on regional and global forums.

Despite such importance, the literature on the Nepalese context is quite limited. For example, Dhungel
(2014) examines a causal relationship between energy consumption and economic growth in Nepal.
This paper however does not take the CO, emissions into account. Bastola and Sapkota (2015) consider
the energy consumption, pollution and economic growth relationship using Johansen and ARDL co-
integration approach. Nepal and Paija (2018), with refinement in methodology, particularly using
an augmented vector error correction model and addressing potential omitted variable biases by the
inclusion of variables such as population, gross fixed capital formation among others, explored the
relationship between real output, emissions and energy consumption in Nepal.

The second objective of the paper is similar to those of Bastola and Sapkota (2015) and Nepal and
Paija (2018). We proceed with the twofold motivation for writing this paper. First, we explicitly test the
EKC hypothesis in the Nepalese context. Second, we consider fossil fuel (oil) consumption, electricity
consumption and electricity production into the model. The earlier notable studies of Bastola and
Sapkota (2015) and Nepal and Paija (2018) for Nepal have taken the energy consumptions in aggregates.
This disaggregation and inferences therein are particularly important for Nepal as electricity remains a
viable option to substitute fossil fuel consumption implying that Nepal can accelerate economic growth
with clean energy consumption. Our findings also confirm that CO, emissions get associated with fossil
fuel consumption in particular.

The remaining section of this paper is organized as follows. Section 2 examines the available literature
focusing both on theory, methods and empirical studies. Section 3 delineates the methodology with a
focus on time series econometric analysis as this study aims to estimate the causal relationship between
the variables of interest. Section 4 discusses the key results and discussions of the major findings.
Finally, Section 5 concludes the study with a brief note on the implication.

Review of Literature

The oil price shock of the 1970s and the subsequent strong emergence of sustainable development
arguments aroused the interest of economists in examining the relationship between energy
consumption and economic output (Mandal et al., 2016). These interests were particularly helpful
in designing new energy policies specifically aimed at gaining energy efficiency and promoting
alternative energy production. With the extension and applications of the Kuznets Curve Hypothesis
in the 1990s including in the environmental and ecological economics, the interest was also to include
the environmental degradation variables such as carbon emissions into energy consumption-economic
output nexus studies (Kaika & Zervas, 2013). The available literature on energy consumption-economic
output relationship studies can be broadly summarized as i) study examining energy consumption and
economic output relationship ii) examining environmental degradation measured by carbon emissions
and other greenhouse gases and economic output relationship and iii) testing the relationship combining
both (i) and (ii) i.e., examining energy consumption, emissions and economic output relationships
(Nepal & Paija, 2018; Ozturk, 2010). In line with the objectives of the paper, we however limit our
discussion to (ii) and (iii) set of literature. Indeed, Oztruk (2010) provides a comprehensive review of
the first set of literature that typically looks into the energy consumption-growth nexus.

With growing environmental and ecological concerns, a set of literature in the1990s emerged examining
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the relationship between environmental degradation and economic growth. The carbon emission was
considered as a proxy for environmental degradation owning to both data availability and significant
contributor to environmental pollution. This set of literature particularly tests the EKC hypothesis.
Dinda (2004) provides a comprehensive account of the mainstream EKC concerns while Mardani et al.
(2017) review major empirical evidence.

The results from previous studies under the EKC framework can be categorized into three groups
based on how economic growth and environmental degradation are associated in different countries
or cross countries contexts. The first group includes the literature that confirms the EKC hypothesis.
In their seminal paper, Grossman and Krueger (1995) estimated the environmental impacts of the
North American Free Trade Agreement (NAFTA) and confirmed the presence of the EKC hypothesis.
The authors found a positive relationship between output and environmental degradation variables
such as S02, black soot and SPM (Suspended Particles) and a negative relationship in the later
stage of development. Testing the EKC hypothesis was further amplified by a study by Shafik and
Bandyopadhyay (1992) that supports the presence of the EKC hypothesis in both time series and cross-
country analysis. The subsequent studies of Panayotou (1993), Selden et al. (1994) and Holtz-Eakin
and Selden (1995) also favor the presence of EKC. The recent studies also support the presence of the
EKC hypothesis the suggesting its testing is still a relevant academic concern. Examples include Al-
Mulali et al. (2016), Hanif (2017), Ulucak and Bilgili (2018) and Shittu et al. (2018) among others.
Not surprisingly, the extension over the years has been to examine country-specific cases, regional or
group of economies and improvement in the estimation methodology.

The second group includes the studies which show that a U-shaped curve rather exists instead of an
inverted U-shaped relationship in the EKC framework. For example, Lantz and Feng’s (2006) study
in Canada favors a U-shaped relationship between economic growth and CO, emissions contrary to
an inverted U relationship asserted by the EKC hypothesis. Likewise, Twerefou et al. (2016) show
that the economic growth was positive only when CO, emission also increased in Ghana. Moreover,
they also modelled trade openness and energy consumption and established positive linkage with CO,
emissions. Along with the existence of U-shaped curve, Park and Lee (2011) also established presence
of N-shaped curve in some regions of Korea. They analyzed EKC hypothesis in 16 regions of Korea
using panel data for 16 years and found the outcomes to be heterogeneous across the regions. Energy
consumption was found to be the major cause of air pollution in Korea.

The third group indicates the non-existence of the EKC hypothesis. For example, Aung et al. (2017)
investigated an association between economic growth and environmental pollution in Myanmar using
time series data from 1970 to 2014. They incorporated greenhouse gases such as CO,, CH, and N,O
as the proxy of environmental pollution and GDP as a measure of economic growth. Their findings
indicated GDP and CO, to be positively associated to each other in short run as well as long run, thus
refusing that environmental Kuznets curve exists in Myanmar. Likewise, Adu and Denkyirah (2019)
used panel data for Western African countries to examine the EKC curve and concluded that CO,
emissions increased economic growth in the short run. However, their relationship was not strong in
the long run. Hence, they confirmed the non-existence of the EKC curve in the West African countries.

However, simply looking at pollution-economic growth nexus was criticized on several grounds.
These mainly include omitted variable bias, time-series properties of data and spurious regression, and
identification of time effects (Stern, 2017). Accordingly, a multivariate time series analysis has been
widely used to examine the emission-growth nexus. The emission variable is added into the energy
consumption-growth nexus as a primary cause of environmental pollution.

For example, Soytas et al. (2007) explored the Granger causality between income, energy consumption

and carbon emissions with the inclusion of growth affecting variables such as labor and gross fixed
capital formation. Based on the Granger causality analysis, the paper found that energy consumption
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granger-causes carbon emission while income does not. Halicioglu (2009) also followed a casual time
series analysis to examine the relations between CO, emissions, trade, energy use and income for
Turkey. The study finds a cointegrating relationship from energy consumption, income and foreign trade
to carbon emissions followed by a long run casuality from carbon emissions, energy consumption and
foreign trade to income. Likewise, Alshehry and Belloumi(2015) analyzed the link between per capita
energy consumption, per capita GDP, price of crude oil and CO, emission per capita in Saudi Arabia for
the period of 1971-2010. Bidirectional causality was detected between CO, emissions and economic
growth in the long run. Moreover, unidirectional causality was detected from energy consumption to
CO, emissions. However, variance decomposition analysis showed very less contribution of economic
growth to CO, emissions. One standard deviation shock in CO, explained economic growth by 4.918%.
The impact of CO, on economic growth kept decreasing in the longer horizons as per the forecast error
variance decomposition. Mohiuddin et al. (2016) analyzed connections between economic growth,
energy and CO, using time series spanning from 1971- 2013. The VEC model showed that there was no
granger causality between GDP and CO, in any direction. However, results showed that a percentage
increase in energy production led to 13.7% rise in CO, emissions in the long run. The impulse response
analysis showed that energy production, electricity consumption and GDP contributed to CO, emissions.

In Nepal, less literature has examined the energy growth nexus. Dhungel (2008) examined a relationship
between energy consumption and GDP indicating a unidirectional casual running from GDP to energy
consumption. However, this paper ignored the emission variable taking into account. Bastola and
Sapkota (2015) included an emission variable and found a long-run relationship when CO, emissions
and electricity consumptions were dependent variables in the case of Nepal. They found long run
relationships when CO, emissions and energy consumptions were dependent variables. They found
two-way feedback between CO, and energy consumption and one-way causality from GDP to CO, and
energy consumption from the Granger causality test. Nepal and Paija (2018) also looked into emission,
energy consumption and growth nexus with the inclusion of growth accounting variables such as gross
fixed capital formation population. They found that carbon dioxide emission Granger causes economic
growth. However, there was no feedback from electricity consumption to economic growth.

Despite all the existing studies, the EKC hypothesis has not been tested in the case of Nepal yet.
Further, existing studies take energy consumption aggregates whereas the disaggregation of such
energy consumption could provide better inferences as discussed in the introduction section. This study
aims to bridge this literature gap.

Research Methods

Theoretical Framework

Kuznets (1955) initially postulated the connection between income inequality and economic growth.
An increase in the GDP of a country does not necessarily uplift the living standards of all its citizens.
The economic growth might benefit the richer segments of the society, while the living standards of the
poorer counterparts get deteriorated. Kuznets argued that such income inequality increases during the
initial stage of development of a country. Whereas in the long run, income inequality declines along
with economic growth when an economy achieves a threshold level of income. He expressed that the
rise in economic growth worsens income inequality due to urbanization and industrialization in the
early stages of development of the country. Whereas, in the later stages, income inequality declines
along with economic growth. Such a relationship forms a bell-shaped curve or an inverted U-shaped
curve which has been established as the Kuznets curve.

From the 1990s onwards, Kuznets’ contribution took a new dimension. The empirical studies showed
the same relationship in the case of environmental degradation and per capita income. The evidence
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showed that environmental degradation worsens along with the economic growth in the short- run.
Meadows et al. (1972) argued that the natural resources are finite and such finiteness would prevent a
country from growing economically if the environmental degradation continues. The EKC hypothesis
suggests that environmental degradation should decline for an economy to achieve economic growth
in the long run. Therefore, previous studies suggest that the relationship between environmental
degradation and per capita income would form a similar kind of an inverted U-shaped curve.

Figure 1. Environmental Kuznets Curve

Environmental degradation

Economic growth

)

Empirical Strategy

We examine the existence of the EKC hypothesis in the case of Nepal employing time series data
spanning from 1990 to 2018. Along with the EKC hypothesis, we also estimate the relationship
between energy, economic growth and environmental pollution in a multivariate causal framework.
The variables in the study include CO, emissions measured in kilotons (kt.), electricity production (EP)
and electricity consumption (EC) measured in gigawatt hours (Gwh), oil consumption (OC) measured
in kilotons oil equivalent (ktoe) and real Gross Domestic Product (GDP) in million rupees. The data
of real gross domestic product is obtained from the quarterly bulletin of Nepal Rastra Bank. Time
series data on CO, emissions, electricity production, electricity consumption and oil consumption are
extracted from the data bank of the International Energy Agency. Although the data on other energy
variables were available before 1990, the data on electricity generation was not available before 1990.

Many of the studies include the squared and cubed terms of GDP to capture the parabolic nature of the
EKC curve. The problem of multicollinearity might exist in such modeling specifications (Narayan &
Narayan, 2010). However, multicollinearity is not taken into account by most of the studies although
it is one of the concerns. Literature argued that multicollinearity was not a problem while estimating
the EKC curve (Attari et al., 2016; Lieb, 2002). Moreover, several studies examined the EKC curve
in various nations using a time series approach incorporating growth and energy variables (Adebayo,
2020; Mohiuddin et al., 2016; Usman et al., 2019). Usually, the time series are highly correlated to
each other and also high R? value is normal in time series analysis. Along with including squared term
to capture the turning points of the EKC curve, the studies also model relevant energy variables such
as electricity consumption and electricity production to establish a causal relationship between growth
and energy variables (Jiang et al., 2021; Kong & Khan, 2019).

Since we want to test the presence of the EKC curve as well as estimate causal links between the
variables, we conduct two linear models with and without the inclusion of the squared term in this
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paper. The former allows us to test the existence of the EKC curve in Nepal, whereas the latter helps
us understand causal links among the variables. Following the linear model specified by Aung et al.
(2017) in their study, the CO, emission can be expressed as a function of its determinants as follows:

€0,, = f(GDP,, GDP? EP, EC;, 0Cy,) ]
€Oy, = f(GDP, EP, EC,, 0C,,) [21

The linear relationship among the variables is established by taking logarithms on both sides of the
equation. Such transformation allows us to calculate elasticities of CO, concerning the explanatory
variables.

INCO,, = ay + $1InGDP, + ¢ InGDPE + p3InEP; + ¢ InEC, + ¢slnOC, +€;  [3]

InCO,, = @y + ByyInEP; + BylnEC, + B3;ln0C, + Py;InGDP; + €, [4]

The causal relationships among the variables are tested using a multivariate framework for which
different functional relationships as presented in the next section. The ARDL bounds testing framework
followed by Toda & Yamamoto’s (1995) Granger-causality approach is incorporated to assess long-run
relationships and direction of causality among the time series respectively.

EP, = f(CO,,,EC,,0C,,GDP,) [5]
EC. = f(CO,, EP,, 0C,,GDP,) [6]
0C, = f(CO,,, EP, EC,,GDP;) [7]
GDP; = f(C0,,,EP,,EC,,0C,) [8]

Unit Root Testing

The unit root testing procedure is a prerequisite in any time series analysis. If the time series is not
stationary, the regression may lead to spurious results. The unit root test allows us to pinpoint the order
of integration for each time series. To proceed with the ARDL model, the order of integration of the
time series should either be 1(0) or I(1). Thus, the ADF test, P-P test and KPSS test are used to detect
the order of integration of time series in this study. Moreover, Zivot & Andrew’s (2002) stationarity
test is also conducted to detect the order of integration in the presence of structural breaks in the time
series. The Z-A unit root test pinpoints the break date in time series where the t-statistic from the ADF
test is minimum.

ARDL Model

The ARDL method is utilized to test whether there is any long-run association among the time
series due to several reasons (Pesaran et al., 2001). First, since the sample size is very low due to the
unavailability of data, the ARDL method is employed since it is the most suitable method in the small
sample size providing more robust results. The small size also provides robust results given that the
diagnostic tests pass all the tests (Akbota & Baek, 2018). Secondly, the order of integration, whether
1(0) or I(1), would not make any difference while estimating the equations under the ARDL model.
However, the estimation process would crash in the presence of I(2) series. The ARDL (p.q,.,9,,9;,9, )
equation formulation of the equation (2) is presented as follows:
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P
AlnCO;, =a,+ ) ByAInCO,,_; + X1 BoAInEP,_; + X2 B3 AlnEC,_; +
=1

Y8 BuAlnOC,_; + X2, Bs;AlnGDP,_; + Y11InCOz,_, + y12InEP,_; + y13InEC,_; +

¥14In0C_y +y15InGDP_y + Uy [9]
q1
AInEP, = ay + ¥P_, B AInEP._; + » i B2iAINCO,, , + XF B3 AINEC,; +
i=
Y3 BuAInOC,_; + X1 BsiAINGDP,_; + ¥51InCO;, | + V22InEP,_y + ¥53InEC,_; +
Y24In0Ce_y + ¥25InGDP_y + Uy [10]

q1
AlnEC, = az + XP_, By AInEC,_; + § _ OﬁziAlnCOZt_l. + 22 B AlnEP,_; +
=

Y BuAInOC,_; + X1 BsiAINGDP,_; + v3,InCO,, | + V32InEP,_; + y33InEC,_; +
¥34In0Cr_; + ¥35InGDP,_; + Us, [11]

q1l
AlnOC, = a, + ¥F_; By AInOC,_; + ) i BiAINCO,, , + 2P B3 AINEP,_; +
=

Z?=30 ,B4_L'AZTLECt_L' + Z?:O ﬁSiAlnGDPt_i + y41lnC02t_1 + }/4zlnEPt_1 + }/43lnECt_1 +
Y44In0Cy_1 + Y45InGDP;_y + Uy [12]

g1
AInGDP, = as + X!, B1;AlnGDP,_; + ) OﬂziAlnCOZt_L. + 272 By AInEP,_; +
=

2?230 By AINEC, _; + Z?:o BsiAlnOC;_; + y51InCO;,_; + Vs52InEP;_1 + ys53nEC,_1 +
Y54In0Ci_q + ¥55InGDPr_y + Us, [13]

First, equations (9) to (13) are estimated using OLS and respective F-statistics computed to check
the joint significance of the lagged variables in the ARDL method. Next, the calculated F-statistics is
compared to the two sets of asymptotic critical values namely lower bound and upper bound values
(Pesaran et al., 2001). The hypothesis for the bounds test can be set as follows:

Ho:V1i # Vai # V3i * Vai * Vsi

Hi: Vi = Y2i = V3i = Yai = Vsi

The cadlculated” F-statistic” is’compared with 1Tower and upper bound critical vélues. The first level
value is calculated assuming that time series are integrated of order zero while the latter is calculated
assuming that time series is integrated of order one. If the F statistic lies below the lower bond critical
values, the null hypothesis of no cointegration cannot be rejected. The test is inconclusive if the F
statistic lies between the lower bound and upper bound values. If the F statistic is greater than the upper
bound critical values, the null hypothesis is rejected concluding that there is a long-run relationship
among the variables. If the cointegration is established, the conditional ARDL (p,q,,q,,4,,q,) model is
estimated as follows:

P
InCOz, = ar+ ) BulnCOs_; + Lo BulnEPi + Ty PylnECeos + Ty fuulnOC,s +
20 BsilnGDP,_ + €1 [14]

ql

lnEPt =aq + Zle ,[)’u-lnEPt_i + Z OﬁZilnCOZt—i + Z?zzo ,Bg,-lnECt_L- + Z?=30 ﬁ4iln0Ct_i +
i=

20 BsilnGDP._; + € [15]
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ql

INEC, = @y + Sy BulnBCe i+ ) BulnCOs_ + 82, BulnEP,; + X2, BulnOC,_ +
=0

Z oﬂSLInGDPt i + €3¢ [16]

ql

anCt = aq + 257:1 ﬁli anCt—i + Z ﬁzilnCOZt_i + Z?:zo ﬁ3ilnEPt_i + Z?=30 ﬂ4ilnECt_i +
i=0

%) BsilnGDP,_; + €4, [17]

INGDP, = a; + Y., By InGDP,_; + Z BulnC0,, . + 3 ByilnEP,_; +
Y BulnEC,_; + Xi%) BsilnOC,_; + €5 [18]

ECM Model

The error correction terms of cointegrated equations in the form of residuals are estimated from the
conditional ARDL models in the previous section and their lagged values are plugged in the equation
(19) to obtain short-run dynamics.

AlnCO,, a Bir Bz Bz Bus Pis] [nCOz ] [61] [?t]

[ AlnEP, ] [az] [321 B2z B2z Paa 325] [lnEPt i ] [32] 2

AIEC, | = laz|+ X0 A[Bs1 sz Bz Bsa Bas|x | mEC_; |+ |85 |[ECT,_4] + | 3t|

Aln0C; la4J Ba1 Paz Paz Pas Pas InOC,_; 84 Cat
s Bsi Bsz PBss Bsa Bss InGDP,_; 85

AlnGDP,
Where AlnCO,,, AInEP,, AInEC ,AInEC, and AInGDP, capture short-run dynamics and J, represents the
speed of adjustment showing the error correction to converge back to the original equilibrium. The
ECT_, is the error correction term obtained from the long-run cointegration equation. The error terms

represented by €, are serially uncorrelated stochastic terms.

[19]

TY Non-Granger Causality Test, Impulse Response and Variance Decomposition

The estimated ARDL model avoids spurious regression and provides robust results, however, it does
not detect the direction of causality. Hence, the Granger Causality test modified by Toda and Yamamoto
(1995) is employed. The TY Non-Granger Causality test has several advantages over the standard
Granger Causality testing procedure. First, it can be applied in the case of non-stationary time series,
unlike the standard Granger Causality test. Second, it can be applied even when the time series has a
mixed order of integrations. This model is performed under the VAR framework as presented in the
following equations:

k+dmax

k+dmax
Ke=ackSaadert ) "X F XAt ) By b v (20)

k+dmax

K+ dmax
Yie = a; + Xhey apYeoi + Z aZ]YL' -j + 20 BaiXe- z"'z ﬁszt—j + vy [21]

Where X represents the carbon dioxide (InCO,) and Y, represents the vector of independent variables
used in the study. The K represents optimal lag length chosen by the criteria and d_  represents the
maximum order of integration of the time series. The variance decomposition and impulse responses
graph are estimated using the T-Y approach which uses augmented VAR.
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Data Analysis and Result
Descriptive Statistics

Table 1 presents summary statistics of the variables used in this study. CO, represents carbon dioxide
emissions in metric tons (mt.). EP represents electricity production and EC represents electricity
consumption both measured in Gigawatt hours (Gwh.). OC represents oil consumptions measured in
kilotons oil equivalent (Ktoe.) and GDP stands for Gross Domestic Product in million rupees.

Table 1: Descriptive Analysis

Statistics CO, EP EC ocC GDP
Mean 3686.2069 2390.0345 2310.34 885.172 51045.263
Median 2900 2404 1900 720 48100.432
Maximum 11200 4898 6500 2657 88781.666
Minimum 900 839 700 243 25650.89
Std. Dev. 2551.8514 1236.4783 1553.42 579.726 18090.565
Skewness 1.6219 0.3061 1.1478 1.7256 0.4318
Kurtosis 5.0481 1.9669 3.6107 5.5329 2.1061
Jarque-Bera 17.7843 1.7425 6.8192 22.1452 1.8668
Probability 0.0001 0.4184 0.0331 1.55E-05 0.3931
Observations 29 29 29 29 29
Correlations
CoO, 1
EP 0.8846 1
EC 0.9723 0.9585 1
oC 0.9948 0.8821 0.9699 1
GDP 0.9083 0.9843 0.9694 0.9004 1

Table 1 shows the descriptive statistics of all the macroeconomic variables with a sample size of
29. The null hypothesis of normality is rejected for CO,, EC and OC whereas the null hypothesis of
normality cannot be rejected for EP and GDP. Every time series except EP and GDP exhibit right-tail
(positive skewness). The CO,, EC and OC have heavier tails following platykurtic distribution, while
the remaining variables follow a leptokurtic distribution with lighter tails. The correlation analysis
shows that all the coefficients are greater than 0.8, indicating a very strong association among all the
time series variables. The plots in figure 1 show that all the endogenous variables are rising with time.
The plots of carbon dioxide and oil consumption reveal a sharp increase in the year 2015.

Figure 2: Time Series Plots
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Unit Root Test

The order of integration of time series is checked by employing different unit root testing techniques.
Since the bounds testing procedure can be applied only in the presence of 1(0) or I(1) time-series, it
is important to assess the stationarity property of the time series using the unit root testing approach.

Table 2: Unit Root Tests (t- statistic)

ADF PP KPSS
Level
InCO, -1.6011 -1.6011 0.1157
InEP -1.9519 -2.0744 0.1282*
InEC -2.1773 -2.3552 0.1793**
InOC -1.2657 -1.5002 0.1177
InGDP -3.1295 -3.0373 0.1160
First Difference
AInCO, -2.5757 -5.5385%** 0.1520
AInEP -4.7462%** -4.7705%*%* 0.1159
AInEC -5.81071%** -5.5875%** 0.3320
AlInOC -4.7635%** -4.7635%** 0.1898
AlnGDP -5.3873%** -6.7243%** 0.1476

Notes: *, ** and *** represent significance levels at 10%, 5% and 1% respectively. ADF = Augmented
Dickey-Fuller; (P-P) = Phillips-Perron; KPSS = Kwiatkowski—Phillips—Schmidt—Shin
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In Table 2, the null hypothesis of having unit-roots for all-time series can be rejected in their first
differences as per P-P and KPSS tests whereas, the ADF tests show non-stationary of CO, in its first
difference. Such discrepancy is common and evident in several of the available studies (Frimpong &
Oteng-Abayie, 2007). On top of that, the P-P and KPSS tests have an advantage over the standard ADF
test since these tests correct for a coefficient from AR(1) and test the null hypothesis of stationarity
respectively (Ibrahim et al., 2011). Moreover, the correlogram, as well as the graph in Figure 2, does
not refute that CO, is non-stationary in its first difference.

Table 3: Zivot-Andrews Structural Break Unit Root Test

Variables ZA Test for Level ZA Test for First Difference

T-statistic  Break Outcome T-statistic  Break Outcome
InCO_2 -3.4656** 2006 Stationary ~ -4.8180%** 2002 Stationary
InEP -4.1877*** 1999 Stationary ~ -5.2398*** 1999 Stationary
InEC -2.8604 2005 Non- -5.5734*** 1999 Stationary

Stationary

InOC -2.5804** 2004 Stationary ~ -5.9311** 2008 Stationary
InGDP -4.0208 2002 Stationary ~ -6.7446%** 2002 Stationary

Notes: *, ** and *** represent significance levels at10%, 5% and 1% respectively.

The null hypothesis of having unit-roots may not get rejected due to the presence of structural breaks
in the time series. Therefore, a structural break unit root testing procedure is followed to test the unit
root test hypothesis in the presence of structural break. The unit root test method developed by Zivot
and Andrews (2002) is undertaken so that the structural break date in the series can be exogenously
determined. The test concludes that all the time series are integrated of the order less than 2.

Bounds Test

The bounds testing procedure developed by Pesaran et al. (2001) is a prerequisite to determining the
long-run association among the time series. However, it is necessary to determine the optimal lag
length before proceeding with the test. Table 4 shows the lag length as per various criteria under the
VAR model. In this paper, the lag length of 1 is selected based on SIC criteria and the bounds test is
carried out further. The bounds test gives two sets of values at 1(0) and I(1). The calculated upper and
lower bound statistics are then compared to the set of critical values (Pesaran et al., 2001).

Table 4: VAR Lag Selection

L Final Akaike Schwarz Hén;;?:_
Lag . (.)g LR Statistic Predictor = Information Information " .
Likelihood o . o . Information
Error Criterion Criterion .
Criterion
0 204.141 NA 1.53E-13 -15.319 -15.077 -15.249
1 323.99 184.383* 1.08e-16* -22.615 -21.163* -22.197
2 342.423 21.269 2.28E-16 -22.109 -19.448 -21.343
3 384.135 32.086 1.32E-16 -23.395% -19.524 -22.280*

Note: * indicates lag selected according to various criteria.

The lag selection is vital in any time series analysis to avoid the problem of autocorrelation. The SIC
value was found to be the lowest when the lag is 1 period as suggested by Table 4. The SIC lag is used
since it is robust in the case of small sample sizes. Hence, a maximum lag of 1 period is selected before
proceeding to the bounds testing method.
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Table 5: Bounds Test Results

Dependent Variable SIC Lags F-Statistics Outcome
f(InCO,|InGDP, InGDP?,InEP, InEC,In0C) (1,0,0,0,1,0) 3.6974 Cointegration
f(InCOL|InEP,InEC, In0OC, InGDP) (1,1,0,0,0)  3.9210 Cointegration
f(nEP|InCO0,,InEC,In0OC,InGDP) (1,0,1,0,0)  0.4553 No
f(nEC|InC0O,, InEP,In0OC,InGDP) (1,0,0,1,0)  7.5573 Cointegration
f(nOC|InCO,, INEP,INEC,InGDP) (1,0,0,0,0)  5.5238 Cointegration
f(nGDP|InCO,,InEP, InEC,In0OC) (1,0,1,0,0)  24.5305 Cointegration
Critical Values (Pesaran et al., 2001a) 1(0) 1)

1% significance level 3.29 4.37

5% significance level 2.56 3.49

10% significance level 2.2 3.09

Table 5 presents the results of the bounds test that shows that there are four co-integrating equations out
of five at a 5% significance level. The F-statistics of InCO 2, InEC,InOC and InGDP are greater than
the upper bounds at a 5% level of significance. However, the F-statistic for InEP is 0.4553 which is less
than the lower bound at a 5% level of significance. Therefore, there is no co-integration when InEP is
a dependent variable. Except for electricity production as the dependent variable, all other variables
show that there are long-run relationships among the time series. Hence, ARDL long-run and error
correction models can be estimated.

Table 6: Long Run Coefficients

The EKC Framework
Variables Coefficient t-statistic
InGDP -11.063 -1.268
InGDP? 1.367 1.354
InEG 0.168 0.420
InEC -1.039 -1.102
InOC 0.956 4.450%%*
C 25.337 1.274
R™2 0.626.
Causal Framework
. InCO, InEC InOC InGDP
Variables
Coeff. t-stat Coeff. t-stat Coeff. t-stat Coeff. t-stat
InCO 2 - - 0.317 1.332 0.767 5.034*** 0.241 1.374
InEG -0.501 -2.009** 0.432 2.615%** -0.230 -1.052  0.165 1.040
InEC 0.363 0.917 - - 0.653 1.565 0.242 1.037
InOC 0.692 3.853*** 0.095 0.437 - - -0.067 -0.4
InGDP 0.7 1.144 0.546 1.305 -0.569  -0.980 - -
C -1.312  -0.751  -2.071 -1.948* 1.501 0.883 2.766 17.982%**
R™2 0.44 0.59 0.40 0.31

https://doi.org/10.3126/qjmss.v3i1.41524 150 QJMSS (2021)



G.C. & Adhikari : Nexus between CO, Emissions, Energy use and Economic Growth in Nepal.

Model 1 presents long-run coefficients from the EKC framework. The coefficients for GDP and
GDP? are found to be insignificant. Moreover, the coefficients of GDP should be positive and that for
the squared term should be negative for the EKC hypothesis to be validated. In model 2, the causal
relationship between the growth and energy variables is determined. The results reveal that electricity
generation and oil consumption are significantly associated with the carbon dioxide emissions in Nepal.
One percent rise in oil consumption results in a 0.7% increase in carbon dioxide level. Since Nepal
is heavily dependent on fuel and renewable sources of energy, this result is plausible in the case of
Nepal. Similarly, a one percent increase in electricity generation can be attributed to a 0.5% decrease in
carbon dioxide emission at a 5% level of significance. This result corresponds to the conclusion drawn
by Suman (2021) which argues that the adoption of a renewable form of energy reduces greenhouse
gas emissions. The negative coefficient of InNEG when InOC is dependent variable reveals that there is
a negative association between electricity generation and oil consumption. Thus, the level of carbon
dioxide emissions can be reduced if Nepal produces more electricity in the long run. The EC model
shows that there is a positive relationship between electricity generation and electricity consumption in
Nepal. However, there is misspecification of the functional form in this model as shown by Table 9 that
estimates from the EC cannot be considered robust. The relationship between economic growth and
electricity consumption is insignificant. This result is similar to the findings of Nepal and Paija (2019)
that examined the relationship between energy and growth under classical production function. Both
the EKC and causal frameworks confirm that there is no relationship between GDP and the level of
carbon dioxide in the long run. Since Nepal is yet in the developing phase, the EKC hypothesis might
not hold in the present scenario.

Table 7: Short Run Coefficients

EKC Framework
Variables Coefficient t-statistic
AlnGDP -7.665 -0.884
AlnGDP? 0.978 1.047
AInEG 0.311 1.297
AInEC -0.012 -0.039
AlnOC 0.620 4.519%**
ECT(-1) -0.771 -4.708%**
Causal Framework
. AlnCO, AInEC AlnOC AlnGDP
Variables
Coeff.  t-stat Coeff. t-stat Coeff. t-stat Coeff. t-stat
AlnCO, - - 0.134 1.600 0.614 5.528*** (0.085 2.867***
AInEG -0.066  -0.299  0.266 2.584*** -0.017 -0.084 -0.050 -1.163
AInEC 0.398 1.370 - - 0.393 1.503  -0.012  -0.200
AlnOC 0.574 3.955%** 0.200 2.114** - - -0.017  -0.475
AlnGDP 0.683 1.612 0.213 0.930 -0.490 -1.17 - -
ECT(-1) -0.77  -4.25%%*%  _0.524 -4.38*** _0.618 -3.45%** .0.264 -10.86***

In the short run, a one percent increase in carbon dioxide emission leads to an increase in GDP by
0.09% under the causal framework. However, the feedback is not significant from InCO, to InGDP.
The error correction terms in all four models are negative and significant which implies that any kind
of disequilibrium in the short run due to shocks converges back to the equilibrium in the long run.
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All the coefficients of the error correction term are between 0 and -1 which shows that the short-run
disequilibrium tends to converge back to the long-run equilibrium. The GDP is seen to have the lowest
speed of adjustment of 26.4% and CO_2 level to have the highest speed of adjustment of 77% per

annum.

Table 8: Diagnostics and Stability Tests

EKC Framework

Diagnostics

Statistics

Normality (J-B)

Serial Correlation y? (1)

1.039 [0.595]
0.238 [0.154]

Ramsey RESET (F ) 0.132[0.719]
ARCH Test % (1) 0.769 [0.758]
B-G test 0.773 [0.096]
Causal Framework

Dependent Variables InCO, InEC InOC InGDP
Diagnostics
Normality (J-B) 0.993[0.609] 0.279[0.870] 0.341[0.843]  0.649[0.723]
Serial Correlation y* (1) 0.010[0.919] 1.938[0.164] 0.873[0.320]  0.181[0.671]
Ramsey RESET (F__) 0.633[0.436] 8.102[0.01] 0.076[0.786]  0.009[0.924]
ARCH Test * (1) 0.538[0.463] 0.483[0.487] 0.018[0.892]  0.297[0.586]
B-G test 10.065[0.122]  6.078[0.415] 8.425[0.134]  2.199[0.901]

The diagnostic tests show that all the models are normally distributed. There is no serial correlation
in all the time series. Similarly, all models are free from heteroscedasticity which ensures unbiased
estimates. There are no misspecifications of functional form in all the models except when InEC is the
dependent variable. Therefore, estimates from all empirical models except for InEC are found to be
unbiased. The CUSUM and CUSUMQ tests check overall stability and structural breaks in the models.
The cumulative sum of recursive residuals of the models are calculated and they are plotted against
lower and upper bounds of the 95% confidence interval. If the plots fall between the 5% critical bands,
the model is deemed to be stable and vice-versa. The CUSUM plots in Fig. 3 and 4 reveal that all the
models are stable. There are structural breaks according to the CUSUMQ plots in CO_2, Electricity
Consumption and Oil Consumption. However, the plots return to the 5% confidence interval after the

breaks in the series.

Table 9: TY Non-Granger Causality Test of Causal Framework

The direction of non-Granger causality N X2 Prob.
InEG # InCO, 27 24.0195 0.0000
InCO, # InEG 3.8540 0.0496
InEC # InCO, 27 3.7732 0.0521
InCO, % InEC 3.8734 0.0491
In0OC # InCO, 27 0.0711 0.7897
InCO, # In0OC 0.4737 0.4913
InGDP #InC0, 27 5.7565 0.0164
InCO, # InGDP 0.5065 0.4767
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The direction of non-Granger causality N x? Prob.
InEC # InEG 27 2.5510 0.1102
InEG # InEC 3.2533 0.0713
InOC # InEG 27 0.9131 0.3393
InEG # InOC 18.5163 0.0000
InGDP # InEG 27 4.3203 0.0377
InEG # InGDP 3.4204 0.0644
lnOC # InEC 27 2.4720 0.1160
InEC #In0C 4.2869 0.0384
InGDP # InEC 27 10.0144 0.0016
InEC #InGDP 6.0065 0.0143
InGDP # InOC 27 2.8671 0.0904

Apart from the findings of the long-run cointegrating relationships in a multivariate framework, the
causality among the variables is presented in table 10. The TY non-Granger causality test results show
that bidirectional causality exists between electricity generation and carbon dioxide emissions at a 5%
level of significance. This result is in line with the long-run coefficient of the InCO, model that shows
a negative relationship between carbon dioxide emissions and electricity generation. Shrestha and
Shakya (2012) has also examined the implication of reduction of CO, emissions in Nepal and found
that such policy would lead to electricity generation and rise in domestic employment of the country.
Therefore, electricity generation can help in reducing the environmental pollution in Nepal. Similarly,
there is two-way causality feedback between electricity consumption and GDP. However, there is
a unidirectional causality from GDP to electricity generation. The development of hydroelectricity
plants can help Nepal to meet its energy demand as well as become independent in energy production
(Poudyal et al., 2019). Such independence can also allow Nepal to export its energy resources to other
countries. Although there is no long-run relationship between carbon dioxide emissions and economic
growth, the results also show that economic growth Granger causes carbon dioxide emissions in Nepal.

Generalized Impulse Response and Variance Decomposition

The Granger causality test shows if there is any relationship between the trends of two variables.
However, it does not depict the innovations in one variable due to the changes in another variable. The
variance decomposition and impulse response allow us to analyze how one variable reacts to the shock
in another variable. A percentage standard deviation shock in the Gross Domestic Product of Nepal
explains carbon dioxide emissions by 10.79% in shorter horizons and by 1.33% in the longer horizons.
The impact of carbon dioxide emissions on the Gross Domestic Product of Nepal is found to decline
along with horizons getting longer as per the Impulse Response Function (IRF) graph whereas the
impact of forecast error variance decomposition of electricity generation on carbon dioxide emissions
was about 4% in shorter horizons and gradually increased to 78% in the longer horizons. The gradual
increase in the impact can be seen in the second period as depicted by the impulse response in Figure
4. However, energy consumptions including both oil and electricity were found to be almost the same
in all horizons.

As for the forecast error variance decomposition of GDP, the innovations in GDP are explained mostly
by themselves up to the 6th period. However, 46% of the forecast error variance in GDP is explained
by electricity generation in the longer horizons. Hence, electricity generation has a strong influence on
the GDP in the long run. The impact of changes in carbon dioxide emissions on the changes in GDP
was found to be increasing in the shorter horizons. However, the influence of carbon dioxide emissions
on GDP is found to be declining in the longer horizons. This result is also indicative of a positive
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linkage between environmental pollution and economic growth only in the short run as shown by the
short-run coefficients of the ARDL model. The impulse response also shows the response of GDP due
to changes in CO, emissions to be declining in longer horizons. Therefore, carbon dioxide emissions
have a positive effect on economic growth only in the short run but not in the long run.

Conclusion

This paper intends to examine the relationship between energy production and use, environmental
degradation and economic growth at a disaggregated level. In line with the existing methodologies and
studies, we used the EKC hypothesis as well as a multivariate framework to observe such relationships.
The study found that there was no long-run relationship between carbon dioxide emissions and the
economy in Nepal. Hence, the EKC hypothesis does not hold in the case of Nepal as of now. The
results were in line with several studies which found the non-existence of the EKC hypothesis in many
countries (Mazzanti et al., 2011; Wang & Lu, 2011). On the other hand, the causal framework showed
that an increase in electricity production reduces carbon dioxide emissions in the long run. The forecast
error variance of carbon dioxide emissions and declining trend of impulse response graph also shows
that it is greatly influenced by electricity generation in the long run. Moreover, two-way feedback
between oil consumption and carbon dioxide emissions was found in the long run. Therefore, Nepal
should adopt a cleaner form of energy such as hydroelectricity instead of fossils and fuels to mitigate
the problem of environmental pollution. Production of hydroelectricity can help Nepal reduce the CO,
level and increase economic growth at the same time. Although CO 2 level and economic growth
are positively related in the short run, Nepal has the potential to reduce the pollution level through
electricity generation in the long run.

One of the major limitations of this study includes a small sample size because of the unavailability of
the data. However, the diagnostics show that the estimations of the EKC framework and multivariate
models are stable overall. Despite such limitations, the results are quite notable in the context of Nepal
where fossils and fuels are used heavily as an energy source and have huge potential of generating
cleaner forms of energy on the flipside. The threat of environmental pollution can be mitigated if Nepal
can harness the potentiality of producing hydroelectricity. Substituting hydroelectricity for fossils and
fuels not only benefits the environment but also helps Nepal to become a self-reliant country in terms
of energy production. This will further boost the economic growth of Nepal.

References

Adebayo, T. S. (2020). Revisiting the EKC hypothesis in an emerging market: An application of ARDL-based
bounds and wavelet coherence approaches. SN Applied Sciences, 2(12), 1-15.

Adu, D. T., & Denkyirah, E. K. (2019). Economic growth and environmental pollution in West Africa: Testing the
environmental Kuznets curve hypothesis. Kasetsart Journal of Social Sciences, 40(2), 281-288. https://
doi.org/10.1016/j.kjss.2017.12.008

AEPC. (2014). Alternative Energy Promotion Centre National Rural and Renewable Energy Programme. 1-50.
https://aepc.gov.np/uploads/docs/2018-07-10_AEPC-NRREP Booklet 2014.pdf

Akbota, A., & Baek, J. (2018). The environmental consequences of growth: Empirical evidence from the Republic
of Kazakhstan. Economies, 6(1), 0—11.

Al-Mulali, U., Solarin, S. A., & Ozturk, I. (2016). Investigating the presence of the environmental Kuznets curve
(EKC) hypothesis in Kenya: An autoregressive distributed lag (ARDL) approach. Natural Hazards, 80(3),
1729-1747. https://doi.org/10.1007/s11069-015-2050-x

Alshehry, A. S., & Belloumi, M. (2015). Energy consumption, carbon dioxide emissions and economic growth: The
case of Saudi Arabia. Renewable and Sustainable Energy Reviews, 41,237-247. https://doi.org/10.1016/j.
rser.2014.08.004

https://doi.org/10.3126/qjmss.v3i1.41524 154 QJMSS (2021)



G.C. & Adhikari : Nexus between CO, Emissions, Energy use and Economic Growth in Nepal.

Attari, M. L. J., Hussain, M., & Javid, A. Y. (2016). Carbon emissions and industrial growth: An ARDL analysis for
Pakistan. International Journal of Energy Sector Management, 10(4), 642—658. https://doi.org/10.1108/
IJESM-04-2014-0002

Aung, T. S., Saboori, B., & Rasoulinezhad, E. (2017). Economic growth and environmental pollution in Myanmar:
An analysis of environmental Kuznets curve. Environmental Science and Pollution Research, 24(25),
20487-20501. https://doi.org/10.1007/s11356-017-9567-3

Awasthi, S., & Adhikari, N. (2019). Potential inter-fuel substitution between hydroelectricity and fossil fuels in
Nepal. Economic Journal of Development Issues, 25(1), 26-46.

Bastola, U., & Sapkota, P. (2015). Relationships among energy consumption, pollution emission, and economic
growth in Nepal. Energy, 80, 254-262.

Data & Statistics - IEA. (n.d.). Retrieved August 23, 2021, from https://www.iea.org/data-and-statistics/data-brow
ser?country=WORLD?country=NEPAL

Dhungel, K. R. (2014). Does remittance in Nepal cause Gross Domestic Product? Empirical evidence using Vector
Error Correction Model. International Journal of Econometrics and Financial Management, 2(5), 168—
174. https://doi.org/10.12691/ijefm-2-5-1

Dinda, S. (2004). Environmental Kuznets curve hypothesis: A survey. Ecological Economics, 49(4), 431-455.
https://doi.org/10.1016/j.ecolecon.2004.02.011

Epple, C., Rangel, S. G., ... M. J.-T., & 2016, U. (2016). Secretariat of the Convention on Biological Diversity
managing ecosystems in the context of climate change mitigation: A review of current knowledge and
recommendations to support ecosystem-based mitigation actions that look beyond terrestrial forests. In
Biblioteca.Cehum.Org (Issue 86). http://biblioteca.cehum.org/bitstream/123456789/268/1/SCBD. CBD
Technical Series 86 Managing Ecosystems in the Context of Climate Change Mitigation A review of
current knowledge and recommendations to support ecosystem-based mitigation actions.pdf

Frimpong, J. M., & Oteng-Abayie, E. F. (2007). The impact of external debt on economic growth in Ghana: A
cointegration analysis. Journal of Science and Technology (Ghana) 26 (3).

Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the environment. The Quaterly Journal of
Economics, 110(2), 353-377. https://doi.org/10.2307/2977834

Gurung, J., Chettri, N., Sharma, E., Ning, W., Chaudhary, R. P., Badola, H. K., Wangchuk, S., Uprety, Y., Gaira,
K. S., Bidha, N., Phuntsho, K., Uddin, K., & Shah, G. M. (2019). Evolution of a transboundary landscape
approach in the Hindu Kush Himalaya: Key learnings from the Kangchenjunga Landscape. Global
Ecology and Conservation, 17, €00599.

Halicioglu, F. (2009). An econometric study of CO2 emissions, energy consumption, income and foreign trade in
Turkey. Energy Policy, 37(3), 1156-1164.

Hanif, 1. (2017). Economics-energy-environment nexus in Latin America and the Caribbean. Energy, 141(September
2017), 170-178. https://doi.org/10.1016/j.energy.2017.09.054

Holtz-Eakin, D., & Selden, T. M. (1995). Stoking the fires? CO2 emissions and economic growth. Journal of
Public Economics, 57, 85—-101. https://doi.org/10.18848/1835-7156/cgp/v02i03/37070

Ibrahim, J., Long, Y., Ghani, H. A., & Mohd Salleh, S. I. (2011). Weak-form efficiency of the foreign exchange
market in the organization for economic cooperation and development countries: Unit root test.
International Journal of Business and Management, 6(6), 55—65.

Jiang, Q., Khattak, S. I., & Rahman, Z. U. (2021). Measuring the simultaneous effects of electricity consumption
and production on carbon dioxide emissions (CO2e¢) in China: New evidence from an EKC-based
assessment. Energy, 229, 120616.

Kaika, D., & Zervas, E. (2013). The environmental Kuznets Curve (EKC) theory-Part A: Concept, causes and the
CO2 emissions case. Energy Policy, 62, 1392-1402.
Kong, Y. S., & Khan, R. (2019). To examine environmental pollution by economic growth and their impact in an

environmental Kuznets curve (EKC) among developed and developing countries. PLoS ONE, 14(3), 1-28.
https://doi.org/10.1371/journal.pone.0209532

https://doi.org/10.3126/qjmss.v3i1.41524 155 QJMSS (2021)



G.C. & Adhikari : Nexus between CO, Emissions, Energy use and Economic Growth in Nepal.

Kuznets, S. (1955). Economic growth and income inequality. The American Economic Review, 45(1), 1-28. http://
www.jstor.org/stable/1811581

Lantz, V., & Feng, Q. (2006). Assessing income, population, and technology impacts on CO2 emissions in Canada:
Where’s the EKC? Ecological Economics, 57(2), 229-238.

Lieb, C. (2002). The environmental Kuznets curve — A survey of the empirical evidence and possible causes.
Discussion Paper Series, 391. https://www.econstor.eu/bitstream/10419/127208/1/dp391.pdf

Mandal, S. K., Chakravarty, D., Mandal, S., & Chakravarty, D. (2016). Is environmental Kuznets curve a universal
phenomenon?: - An econometric analysis of the existing studies. Journal of Developing Areas, 50(6),
261-276.

Mazzanti, M., Montini, A., & Zoboli, R. (2011). Economic dynamics, emission trends and the EKC hypothesis:
New evidence using NAMEA and provincial panel data for Italy. SSRN Electronic Journal, 1. https://doi.
org/10.2139/ssrn.970270

Mohiuddin, O., Asumadu-Sarkodie, S., & Obaidullah, M. (2016). The relationship between carbon dioxide
emissions, energy consumption, and GDP: A recent evidence from Pakistan. Cogent Engineering, 3(1).
https://doi.org/10.1080/23311916.2016.1210491

Narayan, P. K., & Narayan, S. (2010). Carbon dioxide emissions and economic growth: Panel data evidence from
developing countries. Energy Policy, 38(1), 661-666.

Nepal, R. & Paija, N. (2018). Closing the evidence gap: Energy consumption, real output and pollutant emissions
in a developing mountainous economy. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3099890

Nepal, R., & Paija, N. (2019). Energy security, electricity, population and economic growth: The case of
a developing South Asian resource-rich economy. Energy Policy, 132(May), 771-781. https://doi.
org/10.1016/j.enpol.2019.05.054

Ozturk, 1. (2010). A literature survey on energy—growth nexus. Energy Policy, 38(1), 340-349.

Panayotou, T. (1993). Empirical tests and policy analysis of environmental degradation at different stages
of economic development. World Employment Programme Research. https://ideas.repec.org/p/ilo/
ilowps/992927783402676.html

Park, S., & Lee, Y. (2011). Regional model of EKC for air pollution: Evidence from the Republic of Korea. Energy
Policy, 39(10), 5840-5849. https://doi.org/10.1016/j.enpol.2011.06.028

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level relationships.
Journal of Applied Econometrics, 16(3), 289-326.

Poudyal, R., Loskot, P., Nepal, R., Parajuli, R., & Khadka, S. K. (2019). Mitigating the current energy crisis
in Nepal with renewable energy sources. Renewable and Sustainable Energy Reviews, 116(September),
109388. https://doi.org/10.1016/j.rser.2019.109388

Selden, T. M., Daqing, S., Selden, T., & Dagqing, S. (1994). Environmental quality and development: Is there a
Kuznets curve for air pollution emissions? Journal of Environmental Economics and Management, 27(2),
147-162.

Shafik, N., & Bandyopadhyay, S. (1992). Economic growth and environmental quality: Time-series and cross-
country.  https://books.google.com.np/books?hl=en&lr=&id=UQ3sA9v_dr8C&oi=fnd&pg=PA1&dq=
Shafik+and+Bandopadhya+(1992)&ots=a0lxFFobZJ&sig=iK69-F4f55EPHKb-5 ztHvymrj8&redir
esc=y#v=onepage&q&f=false

Shittu, W. O., Hassan, S., & Musibau, H. (2018). Revisiting the environmental Kuznets curve in Malaysia: The
interactive roles of deforestation and urbanization. /nternational Journal of Green Economics, 12(3/4),
272. https://doi.org/10.1504/ijge.2018.10019146

Shrestha, R. M., & Shakya, S. R. (2012). Benefits of low carbon development in a developing country: Case of
Nepal. Energy Economics, 34(3), S503—-S512.

Soytas, U., Sari, R., & Ewing, B. T. (2007). Energy consumption, income, and carbon emissions in the United
States. Ecological Economics, 62(3—4), 482—489.

Stern, D. I. (2017). The environmental Kuznets curve after 25 years. Journal of Bioeconomics 2017 19:1, 19(1),

https://doi.org/10.3126/qjmss.v3i1.41524 156 QJMSS (2021)



G.C. & Adhikari : Nexus between CO, Emissions, Energy use and Economic Growth in Nepal.

7-28. https://doi.org/10.1007/S10818-017-9243-1

Suman, A. (2021). Role of renewable energy technologies in climate change adaptation and mitigation: A
brief review from Nepal. Renewable and Sustainable Energy Reviews, 151(July), 111524. https://doi.
org/10.1016/j.rser.2021.111524

Toda, H. Y., & Yamamoto, T. (1995). Statistical inference in vector autoregressions with possibly integrated
processes. Journal of Econometrics, 66(1-2), 225-250.

Twerefou, D. K., Adusah-Poku, F., & Bekoe, W. (2016). An empirical examination of the environmental Kuznets
curve hypothesis for carbon dioxide emissions in Ghana: An ARDL approach. Environmental & Socio-
Economic Studies, 4(4), 1-12.

Ulucak, R., & Bilgili, F. (2018). A reinvestigation of EKC model by ecological footprint measurement for high,
middle and low-income countries. Journal of Cleaner Production, 188(March), 144—157. https://doi.
org/10.1016/j.jclepro.2018.03.191

UNDP. (2020). Energy, environment, climate and disaster risk management. https://www.np.undp.org/content/
nepal/en/home/energy-environment-climate-and-disaster-risk-management/in-depth.html

Usman, O., lorember, P. T., & Olanipekun, I. O. (2019). Revisiting the environmental Kuznets curve (EKC)
hypothesis in India: The effects of energy consumption and democracy. Environmental Science and
Pollution Research, 26(13), 13390-13400.

Wang, S. Y., & Lu, W. C. (2011). The relationship between income and NSP in Zhejiang province: Is there an
environmental Kuznets curve? Energy Procedia, 5, 1737-1741.

Wester, P., Mishra, A., Mukherji, A., Shrestha, A. B., & Change, C. (2019). The Hindu Kush Himalaya Assessment.
In The Hindu Kush Himalaya Assessment. https://doi.org/10.1007/978-3-319-92288-1

Zivot, E., & Andrews, D. W. K. (2002). Further evidence on the great crash, the oil-price shock, and the
unit-root hypothesis. Https://Doi.Org/10.1198/073500102753410372, 20(1), 25-44. https://doi.
org/10.1198/073500102753410372

Annex:

Figure 2: Difference and Correlogram Graphs of InCO,
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Figure 3: CUSUM and CUSUMQ for EKC Framework
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Table 10: Variance Decomposition
Period S.E. InCO, InEG InEC InOC InGDP
Variance Decomposition of InCO,
1 0.04171 100 0 0 0 0
2 0.04982 82.4169 3.82428 0.10973 2.85506 10.7941
3 0.06668 55.3428 31.2221 0.28334 4.79275 8.35896
4 0.08777 34.4639 57.1888 0.16503 3.11002 5.07227
5 0.10274 254946 67.8767 0.37586 2.33921 3.91357
6 0.12165 23.3567 70.5185 1.45927 1.85418 2.81139
7 0.1377 19.9373 74.467 1.56804 1.80377 2.22392
8 0.15484 19.0828 75.5592 1.71966 1.76468 1.87369
9 0.16966 17.5303 77.3719 1.89654 1.61276 1.58851
10 0.18519 17.1869 77.7997 2.11454 1.5654 1.33351
Variance Decomposition of InNEG
1 0.03822 7.80729 92.1927 0 0 0
2 0.05328 12.3991 86.4683 0.00071 1.1255 0.0064
3 0.06529 21.7445 72.6832 0.08541 5.32428 0.16265
4 0.07678 25.1078 67.077  0.45074 5.93041 1.43405
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