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The study attempts to examine and teliraj Sharma
whether or not there is a long-run relationshipepartment of Economics
between CQ emissions and GDP. Furthermore, tH&M. (P.G.) College, Chandausi
Environment Kuznets Curve hypothesis is beild.J.P. Rohilkhand University
tested to see if there is any evidence of a naalinBareilly-243006, India.
relationship between the two. The current studssurajsharma@yahoo.com
employs a multivariate framework that includes,CO
emissions (in kt), GDP (constant 2010 US dollaW,anurut L ochav
GDP squared, and energy use (kg of oil equival&htD. Scholar
per capita). The study employs annual data fr&ohool of Humanities and Social
World Bank Group's World Development IndicatofSciences,
database for the aforementioned variables from 197.D. Goenka University
to 2014 for empirical analysis. We apply approgrigsurugram, India.
econometric techniques to our model, with C@anurutl101l@gmail.com
emission serving as regressand and GDP, GDP
squared, and energy consumption serving as
regressors. The study finds in India, both the long
run and short run ARDL estimates of GDP and GDP
squared point to an EKC. The short run GDP or
income elasticity of C® emission, on the other
hand, is slightly lower than the long run income
elasticity. The positive GDP coefficient and negati
GDP squared coefficient show that India is
following the inverted U-shaped EKC, in which
environmental degradation increases with increased
national income and then decreases with increased
income effect and use of other renewable resources
for consumption and production. However, the
positive and significant coefficient of energy use
consumption shows that with increased demand for
energy, CQ emissions will rise steadily in the
future. Furthermore, after reaching a certain ineom
level, the increased income effect may outweigh the
increased energy consumption effect, and,CO
emissions may begin to fall from a certain upper
level.JEL Classifications: C5; Q@5
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. INTRODUCTION

Environment is a primitive concern in today’s coiél he global economy has been
developing at an exponential rate over the last tmgades, however the brunt of this
development is being borne by the environment. Beoa development and environmental
degradation go hand in hand. This phenomenon issumed through the use of
Environmental Kuznets Curve, EKC. The paper shigtis bn India’s economic development
and its impact on the environment over the yearging from 1971-2014. The technological
advancements over the years have led to a tradeebffeen environment and growth. This is
now deemed as necessarily true and unavoidable. HKE translates into higher
environmental depletion or higher environmentalstonption upon attaining higher levels of
growth or higher income. This simply points to tfaet that more natural resources are
exploited for a country to reach higher income armgher development. The EKC measures
the relationship of income and environment deptetience forming an inverted-U shape of
the curve. The pioneer works in this area were[fl]and [3] who first explored the concept
of EKC taking base of original Kuznets Curve [4].

Reference [1] in 1991 studied the relationship leetwveconomic growth and GO
emissions. The study was started in 1990s whewdthkel had started being together after the
Earth Summit in Rio, Brazil. The global issue afr@tic change was highlighted, and this
provided stimulus to further study. Since then, E&@Gined high interest and attention from
most economist and environmentalist consistin@o8[ 5, 6, 7, 8, 9, 10, 11, 12, 13, 14].

It summarizes EKC as when the income increasesafoeconomy, the level of
environment depletion or natural resource conswmnpticreases, and beyond a threshold the
increase in the former is assisted with an incréasiee latter as well. This gives an inverted
U-shape to the curve known as Environment Kuznets€ The definition of EKC has been
given in the World Development Report 1992, as,eView more economic activities mean
more environmental pollution bases on the assumpti@t technology, preference and
environmental investment are constant,” “but peoplepay more attention to environment
issues and resolve it with increasing income, cgumsetly, environmental pollution level will
decrease.” In short, with economic development ramey focus, environment quality will
first be depleted for the worse and then will b@raved for the better.

This hypothesis has been proven with empirical @wes. The reasons for the
inverted U-shape are that firstly, there is incoshasticity for environment quality demand.
Humans tend to spend more on environment improvemkeen their income increases. This
means that health is a luxury, which comes witthéidevel of income. The second reason is
the economies of scale. When the economic growtiegsirring, it exerts pressure on natural
resources. These natural resources are consunegedatd higher than their rate of renewal.
Another aspect of the same is that higher levepmiduction leads to higher level of
pollution. The earth acts as a sink, but the capadithe sink is limited. Beyond this, once
the growth has started increasing, the economysteéndnvest in sustainable technology
which helps improve environment quality.

The third and final reason for the shape of the EK@s linkage to international
trade. The free trade leads to increase in poliutReference [15] in their study developed a
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model which showed the effects of free trade onirenment depletion. The model was
empirically proven to state that free trade is Ifiera to the environment, however, another
empirical analysis [16] using data from Chinese ofacturing industry proved that free trade
is indeed harmful to the environment in the short however, it turns out to be beneficial in
the long run. Hence, forming a U-shaped EKC

II. REVIEW OF LITERATURE

When the economy is developing over the years, placed on the increasing side of
EKC, that is as the income increases, the envirohhepletion increases as well. Following
the increase, the economy reaches the peak whedewbl of depletion is highest, beyond
this, the level of income increases and the depietf environment starts decreasing. This
translates to the fact that as the income increasdsthe country becomes developed, it
invests back into environment protection. This scenhas been commonly observed in most
developing and developed economies over decadese 8arlier studies (13, [17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29], have alreastgldished the existence of EKC. These
studies include both developing and developed nationcluding OECD countries.
Furthermore, in their study of Asian countries fed on the period 1990-2011 for 14
countries. The results of the study were in linéghwampirical analysis and listed that the
Asian countries were in on an inverted-U shape EKC.

Moreover, [31] and [18] took a case study of Frarj8@] used data from Canada,
[21] analyzed Spain and [27] took OECD countriedarrthe scanner to verify the existence
of EKC and found strong support for the same. Tienpmenon of EKC was examined and
found true for countries like Turkey in [33] andnisia in [34] as well.

However, there is enough literature which do nqipsut the existence of EKC at all.
These includes [35, 36, 37, 38, 39, 40], and thdiss mostly include developed American
and European economies. Many of the studies lide 34, 41, 42, 43, 44, 45, 46, 47, 48],
provides mixed results for EKC depending on thecfiom, type of pollutant, pool of
countries and time considered which creates vdit\an results. Further, [49] in their study
of Vietnam found that the EKC was applicable omythe long run but not in the short run.
This left us with a question of applicability andbility of EKC. So, this paper tries to test
the applicability and viability of EKC for India ithe long run and short run as well.

As far as India is concerned, the economy has eshth 3.17 trillion Dollar in 2021
from just 321 billion Dollar in 1990 [50]. The grokwtrajectory has been tremendous over the
years and economy grows at 6.9 percent over theguieyear with some shocks in the years
2000 and 2008, when the growth has just droppeglGgoercent. The per capita GDP has
risen from 367 US dollar in 1990 to 2277 US Dollar2021. The value for COemissions
(kt) in India was 2,238,377 (1.7 metric tons peapiteg as of 2014 which was just a value of
6,19,154 (0.71 metric tons per capita) in 1990idnsl positioned 8 after China (10,291,926
kt) and United States of America (5,254,279 ktTi@, emissions world-wide. Moreover, the
value for energy use (kg of oil equivalent per tapor consumption in India was just at 1662
as of 1990 which risen to 1922 in 2014. India hasnba developing economy for the last
couple of decades, the environmental degradatidndia has been rising as speedily as the
rate of growth (see Appendix). The concern of emvinental degradation is not new to India.
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It is the first country to have actively insertasddaamendment into its Constitution to allow
the State to protect and improve the environmensébeguarding public health, forests and
wildlife [11]. In this context, there are concermger energy efficiency front at the outset of
global warming and achieving high economic growtithvgustainable development is the
need of time [51].

Here, [11] successfully brought out the EKC relatibetween environmental
productivity of three pollutants, such as $Sitrogen dioxide (N@ and suspended
particulate matter, and income with the analysistates level industrial data during 1991-
2003. Similar study has been conducted by [52] wdoaer air pollution and income
relationship at the household level based on thiohl&e Sample Survey (NSS) over the
period from 1983 to 2000. The result validated E€C hypothesis as appropriate for
exploring observations in rural households. Refezg®3] used a pooled cross-country time
series data to incorporate the effect of goodsetradd trade policy orientation of EKC
hypothesis. The study found that the reason forangwsloping portion of EKC is the export
of manufacturing goods by industrialized countreesl the downward sloping portion is
contributed to import of manufacturing goods byustlialized countries.

Reference [54] analyzed sectoral contributions @ €missions in India using Input
Output model and found power sector to be the lsigbentributor of emissions followed by
manufacturing, steel and road transportation. Refs [55] examined the causal relationship
of energy consumption, output and carbon emisstwnehergy dependent Brazil, Russia,
India and China (BRIC) countries and uses panel ftatthe period of 1971-2005. The study
supported EKC hypothesis but does not find anyengd of causality running from output to
emissions, however, energy consumption is being stneng contributor of emission.
Reference [56] showed a positive picture and opithed detailed MARKAL simulations
projects that with energy consumption and aggresase of renewable energy systems in
India, carbon emissions decrease steeply afteyeghe 2040 which solidify the efforts made
towards sustainable development.

Reference [57] examined the case of India usingreamhic modelling approach and
found strong bidirectional causality between enesgyg emission but no such causality is
found between energy — income and emission — incéte&rence [24] analyzed the time
series data for India from 1971 to 2008 and cordtinthe existence of EKC and long run
relationship among energy, output and emissions.stady also found that G@mission to
be highly elastic with respect to per capita incoemed energy consumption which
necessitates the apt environmental policy framewlork India. Further, [58, 59] also
supported the EKC for India. However, [60] madeepatture from inverted U shape EKC
and have developed an N shaped relationship betesgssion and economic growth for
India and China for the period of 1971-2012.

In this context, we found mixed results on EKC {fodia. Previous studies in
literature have either used sectoral analysis ot pbcountries for estimation of EKC and
very few of them has seen the scenario on natiemal data taking big time series to capture
the whole essence of EKC. Many of them are veryaold few of them which are new, took
too many variables in a small time series which mesylts into specification bias. It is thus
very important to revisit the issue with maximuna#able years’ time series to understand

Copyright © 2022 Authors Page | 128



Futuristic Trends in Social Sciences
ISBN: 978-93-95632-75-1
IIP Proceedings, Volume 2, Book 4, ParChapter 1
RELATIONSHIP BETWEEN ENERGY USE, INCOME
AND CO, EMISSION IN INDIA: AN ARDL APPROACH

the energy, output, emission relationship to drgwprapriate economic policies using
advanced econometric analysis.

I11.RESEARCH METHODOL OGY

Data: The present study uses multivariate framewek includesCO, emissions (in
kt), gross domestic product (constant 2010 US dolimuare of gross domestic product and
energy use (kg of oil equivalent per capita). Fopeical analysis the study uses annual data
for the aforementioned variables from 1971 to 20 data has been collected from World
Development Indicators (WDI) database of World B&rkup.

Model specification: The study attempts to analged test, whether there exists a
long run relationship between G@mission and GDP or not. In addition, Environment
Kuznets Curve (EKC) hypothesis is being tested ital fany evidence of non-linear
relationship between the twdn this context “(1)” has been used to test the ehaahd
multivariate model with C@emission as the regressand (dependent variabbeing set up
as:

€O, = f(GDP,,SQGDP,,EU,) 1)

Where CQ, GDP, SQGDP and EU stands for £#nissions (in kt), gross domestic
product, square of gross domestic product and gnesg (kg of oil equivalent per capita).
The aforementioned equation has been used aftgoregicted quadratic fit ranging from
time period 1 to 60 where 1 corresponds to 197168ncbrresponds to 2030 (see appendix).

Further, both the regressand and regressors averted into the logarithmic form so
that the coefficients can be interpreted as thstielty of the regressand with respect to the
respective regressor in “(2)". The expected signth® regressors are indeterminate, and we
test the hypothesis based on the signs and statidignificance of the coefficients or
estimatorsfi; to see the effect of respective regressor orp €Mission. According to
literature and theory, the coefficiefi is expected to be positive afigd (square of GDP) to
be negative. If it is possible to reject the nuyipbthesis §i;: # 0) study concludes that GDP
has positive or negative effect on £€mission. The sing d¢f; (energy use) is expected to be
positive which indicates that more energy use asamption leads to more carbon emission.

In (COz); = Bo + B1In(GDP,) + B2In(SQGDP,) + B3ln(EU,) + |, (2)

In simple words what the study hypotheses is thagrove an EKC in the context of
India, the expected sign of GDP should be statifyicsignificant and positivept > 0), the
expected sign of square of GDP is significantlyate@ (@i < 0) and the sign of EU should
be significantly positivef{i > 0). The said hypotheses with positive coefficiehGDP and
negative coefficient of square of GDP suggests #stncome or GDP increases, £0
emission, first increase and then decrease. It pteposes that in the early stages of
development with increased rates of utilisatiorfaaftors of production (especially natural
resources) or undergoing industrialisation, carbomnssions increase very rapidly. However,
with increased income or GDP, the composition @neeny changes very rapidly and share
of services increases in national income. The asmwd use of renewable resources, green
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technology, increased income effect makes it péssoreduce the level of carbon emission
in economy.

To start the testing procedure, first, the studgsusugmented Dickey-Fuller test and
Phillips-Perron test for testing the presence af roots in the variables of interest. The result
gets validation and order of integration of sersesertain if both the tests give similar results.
The study proceeds further to check for cointegreimong the variables.

ARDL bounds test for cointegration: The ARDL bountésting approach was
developed by [61] and this study uses the sameleéAtbsting the co-integration among
variables, the ARDL bounds test uses unrestrictedr €orrection model (ECM) using F
statistics to validate the significance of estimias. The Wald test is applied to determine the
long run relationship among variables. Here thenbisuest is performed on “(3)".

Aln(CO,),; =
Ao + X710:AIn(CO3),; + X[ d;AINGDP,_j + Yo AINSQGDP,_; +
Z?zoylAlnEUt_l + Alln(COZ)t_l + AzlnGDPt_l + AglnSQGDPt_l + A4lnEUt_1 + “t
(3)
Whereln(C0,); is a vectorj, is constant; p, g, m, n are optimal lag ordgrsis a

vector of error term (unobservable zero mean wintdse vector process; serially
uncorrelated or independent).

The ARDL model is such that the regressand is atiom of its lagged values, the
current and lagged values of regressors (or exagemariables) in the model. Before
applying ARDL bounds test it is necessary to chibekappropriate lag order for the model
and from different lag order criteria like AIC, SBIHQIC etc. the study uses the rule of
majority to choose the optimal lag order for theamentioned model. Here, the lag orders
(e.g., p, g, m, n) may not necessarily be the ssamdep lag is used for the regressand.

In bounds test, the calculated F statistics is @eyb with critical values of F at
different significance level. These critical (obt#ated) values are in pair of lower and upper
bounds for each level of significance. The null diyyesis of no co-integration is rejected if
F-calculated is greater than the upper bound afiti@lue of F at a particular level of
significance. The null hypothesis is accepted dafculated is lower than the lower bound
critical value of F and the result is inconclusivé--calculated lies between the lower and
upper bound critical values of F at a particul&eleof significance.

Johansen’s co-integration test: To give supporARDL bounds testing result, the
study uses Johansen cointegration test. This iegollie construction of the VAR model at
the levels of the variables. The VAR model is spedias:

X;=Hu+ Z?_1Bixt—i + & (4)

Where X is a vector of variables (In (GI) In (GDP), In (SQGDP) and In (EU)), U is
a vector of constant termf,is a matrix of VAR parameters for lageiis the vector of error
terms. Two likelihood tests viz. the Maximum Eigalue test and the Trace test are
considered by Johansen cointegration test to deternthe number of cointegrating
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equations. Both the tests test the null hypothekis cointegrating equations against the
alternative hypothesis of n cointegrating equatiovizere n is the number of variables in the
system.

Further, to estimate the long and short run el&gtiand relationship among
regressand and regressors, the study employs lbavify “(5)” to estimate the short run
estimation;

14 q
Aln(C0,), = By + Z  BuiAIn(COp),.; + Z _ BubinGDP, ;¢
Yk=0B3kAINSQGDP, i + Y1 ofaiAINEU,  + aECT, 4 + & (5)

The estimates of long run elasticity or relatiopsdepends on the first two steps
where the study finds any evidence of co-integratimong variables using a defined ARDL
model and coefficient of short run elasticity astiraated using differenced series. To capture
the joint significance of the short run towardsdamn, the Wald test is used whergin
“(5)") denotes the error correction term (ECT). EGRould be negative, statistically
significant and the value of ECT should be betw8eand 1 which shows the speed of
convergence for any short run shock towards lonmgequilibrium.

The study performs various diagnostic tests to iomnthe reliability, validity and
stability of the estimations of ARDL model. The teesare performed to check for any
autocorrelation, serial correlation, heteroskeddagtiand non-normality in abovementioned
model. To check the stability in the model cumuiatsum (CUSUM) and cumulative sum
squared (CUSUMsQq) tests are applied proposed Qy [62

Granger causality test: Here, the final step iknow the direction of causality among
variables of interest. The traditional or ordin@gusality test was proposed by [63] which
represents that if a variable X is influenced bg thgged values of variable Y and lagged
values of X itself then Y Granger causes X and weesa. This relationship may be
unidirectional or bidirectional or both. The tessull hypothesis of no Granger cause or the
variables are independent of each other. Howevdmary Granger causality test has some
limitations like specification bias and problemspiurious regression [64].

An advancement to ordinary granger is proposed 8] pnd [66] which uses
augmented VAR procedure. It provides Wald stasistiased on chix) squared distribution
and also known as modified Wald (MWald). This testy be used even if the series are not
co-integrated. The test uses following VAR equation testing Granger causality in the
model.
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In(CO,),
InGDP,
InSQGDP,| ™
InEU,
a, [311,i B1z2i PBisi 314,;’] In(CO,),_;
a; +yk |B21i B22: B23i B24i|| InGDP,_; +
as =1 Bs1i PBazi PBazi Bsail[INSQGDP,,
@4 Bsi Bazi Bazi 344,iJ InEU,_;
Bitk+j Bizk+j Basksj Brapsj|[ M(CO2) i | gy
5 dmax Baik+j Bazk+j PB23i+j ﬁ24,k+j| InGDP,_y_; I & (6)
I=1 B3vk+j Bszk+j B3z i+ B34,k+j|[lnsQGDPt—k—jJ &3
Bsiksj Bazi+j Basi+j Baarsjll IMEU_;_; 4

Where the variables are same as defined earl@rewious equations, k is the number
of lags,a is the vector of constans are parameter matricesyf is the highest order of
integration for the variables in the model. Thedgtuses VAR Granger/Block exogeneity
Wald test to capture the relationship among vaeslaind MWald test for Granger causality
test.

IV.ECONOMETRIC ANALYSISAND DISCUSSION

To investigate for any co-integration among vaeaband analyse the relationship
between regrassand and regressors, the studytdéssd for unit root properties of the
variables using augmented Dickey-Fuller test [@],a&1d Phillips-Perron test [69] to natural
logs of our variables of interest. The result of Af@st denotes that all the variables have unit
root at levels but the*1difference of all variables are stationary or diat have any unit
roots. This indicates that all the variables ategrated at order 1 or called | (1).

Table 1: Unit Root Tests

Variables Augmented Dickey- Phillips-Perron Test Outcome
Fuller Test (Lag 1) (Lag 1)
Levels I-Difference Levels I-Difference
In (COy) 0.328 -4.276*** 0.318 -6.333*** I (1)
In (GDP) 3.059 -4.174%** 3.530 -6.485*** I (1)
In (SQGDP) 3.352 -3.918** 3.934 -6.139*** (1)
In (EV) 3.007 -2.819* 3.768 -4.739%** [ (1)

Note: *, ** and *** denote 0.05, 0.01 and 0.001 &\f significance, respectively.

In (CQOy), In (GDP), In (SQGDP) and In (EU) symbolises tia¢ural log of CQ
Emission, Gross Domestic Product, Square of GDPEanailgy Use or consumption,

respectively.

The Phillips-Perron test supports the result reggblty ADF and indicates that natural
logs of CQ emissions (in kt), GDP, GBRand energy use (kg of oil equivalent per capita)
have unit roots at level but become stationaryirat tlifference which suggests that all
variables are integrated at order 1.
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Further, to investigate any co-integration amongaides the study employed ARDL
bounds test and uses F statistic to come to a usioal. Before calculating F statistic, the
study chooses optimum lag length using AIC critéxégause for every optimum lag length
the F statistic changes its value. For choosingraph lag length using AIC criteria we take
minimum value of AIC.

From the ARDL testing we compare the calculatedtdtissic with the lower and
upper critical bounds at 1 percent and 5 percevel lef significance using [61] critical
bounds. It can be seen from table 2 that calcul&tedatistics (5.915) is greater than the
upper critical bounds at 1 percent and 5 percergldewhich indicates the presence of co-
integration and makes us reject null hypothesismfo-integration among variables using
CO, emission as dependent variable. We come to a wsioadl that all variables are co-
integrated using COemission as regressand for India over 1975 to 204ih indicates
there may exists a long run relationship betweervdriables in the sample period for India.

Table 2: Results of boundstest of co-integration

Estimated model In (COy) =1 (In (GDP), In (SQGDP), In (EUV))
Optimal lag length (AIC) 1,1,1,1)
F statistics (Bounds test) 5.915**
Critical values 10.0 percent 5.0 percent 2.5 perceri.O percent
Lower bound 1 (0) 2.72 3.23 3.69 4.29
Upper bound | (1) 3.77 4.35 4.89 5.61

Note: *, ** and *** denote 0.05, 0.01 and 0.001 &\f significance, respectively.

The table above shows different F statistics valaetndia by using AIC. The critical values
are taken from [61].

The Johansen test is also applied to check forcarptegration and strengthen our
comments. The Johansen co-integration test uses &nad max-eigen value statistic to test
the null hypothesis of no co-integration. Resulthe table 3 reveals that according to both
the statistics, null hypothesis of no co-integmgtaguation is rejected in favour of at most one
co-integrating equation by both the test statistisshe tabular value (shown in parenthesis)
are less than the computed ones. But none of stetaistics could reject the null of at most
one or two co-integrating equations. Thereforendly be concluded that all the variables in
the system are co-integrated when we take natagalof CQ emission as the dependent
variable and there is only one co-integrating eignatn system.
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Table 3: Johansen Cointegration Test

Specifications Hypothesised No. of | Trace | Max-Eigen Outcome
Cointegrating Eq. | Statistic Statistic
None 63.42* 38.8850*
In (CO,) =f(In (47.21) (27.07) Q)
(GDP), In (SQGDP), At Most 1 24.5369| 20.3341 | Cointegrating
In (EV)) (29.68) (20.97) Equation)
4.2028 3.172
At Most 2 (15.41) | (14.07)

Note: Values in the parenthesis represents thieairnitalue of the respective statistic at 0.05
level of significance.*and ** denote 5% and 1% lewksignificance respectively.

The long run ARDL estimates of GDP and square oP@Dints out towards an EKC
in India. It can be seen from table 4 that the ficieht of GDP with respect to G@&@mission
is positive and significant which indicates thathwincreased economic growth gémission
increased very rapidly in India. Ceteris paribugl, percent increase in GDP is leading to
13.78 percent increase in g@mission (environmental degradation). On the oltzerd, the
coefficient of GDP squared (SQGDP) is negative sigdificant (-0.24) which confirms the
existence of EKC (inverted U-shaped relation betweeonomic growth and environmental
degradation) in India for study period.

Table4: ARDL long run and short run results

Dependent variable: In (CO,) ¢ ARDL (1,1,1,1)
Longrun results

Variable Coefficients Standard Error
In (GDP) 13.78965** 0.6638933
In (SQGDP) -0.247503*** 0.0131623
In (EU) 1.9071*** 0.2113793

ECM ARDL results (short run)

Aln (GDP) 10.78841* 5.020055

Aln (SQGDP) -0.2054301* 0.0940174

Aln (EV) 0.4706569 0.3265068
ECTi1 -0.658868*** 0.1530453
Constant -124.9424*** 31.30984

R-squared = 0.6776 Adj. R-squared = 0.6131 F(7,35)= 9686.08***

Note: *, ** and *** denote 0.05, 0.01 and 0.001 &\f significance, respectively.

Moreover, the coefficient for energy use or constiompis found to be positive and
significant (1.90) which shows that energy use amstimption is positively linked to GO
emission. Ceteris paribus, a 1 percent increasen@rgy use or consumption leads to 1.9
percent increase in GGemission in long run according to the coefficiémt(EU;). The
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findings get support from previous studies like][3#0], [33], [71] and, [72] who found
energy use to be the most important contributo€C@ emission and in accordance with
energy-growth-emission framework. For India, itiear that energy consumption pattern is
giving rise to CQ emission and thereby environmental degradationaidong run
phenomenon with increased energy use or consumption

The short run ARDL model illustrates that short @DP or income elasticityA(n
(GDP)) of CQ emission is somewhat less that the long run incelasticity. Ceteris paribus,
a 1 percent increase in GDP leads to 10.78 pernergase in C@emission in short run
which was 13.78 percent in long run. Moreover, ghert run coefficient of energy use
illustrates that in short run too energy use isitpaty and significantly linked to C®
emission but the short run energy use elasticityery low compared to long run elasticity
which is not a welcoming situation for Indian ecomnpoand pointing out towards inefficient
energy systems in India.

The results may indicate excessive use of non-rebkwenergy sources or
consumption in long run mainly fossil fuel-basecemy use which is resulting in higher
GDP or income elasticity of GQemission in long run compared to short run. Herg very
important to mention that higher income elastisited CQ emission both in short and long
run must be achieved in order to nullify or at teamintain the negative environmental
effects (carbon footprints).

The adjustment term (EQJ) indicates that the errors of the previous perwwidsbe
corrected in current period which is negative agdiBcant at 1 percent level of significance.
So, -0.65 is the adjustment speed which is highdtistically significant suggesting a
relatively quick speed of adjustment back to thegloun equilibrium. The result specifically
states that deviation from the long-term G#nission path is corrected by 65.0 percent over
the following year, significant at 1 percent level.

The specified ARDL model satisfies all diagnosasts and results have been shown
in table 5. Firstly, the DW statistic of 1.88 ingsi that there is no autocorrelation in the
residuals, which is supported by Breusch-Godfrey tdgt (p>0.05) and indicate no serial
correlation and lastly, white test for heteroskéiddag, and Jarque Bera normality test
indicate the absence of heteroscedasticity andhoomality in the model.

Table5: Diagnostic tests

Diagnostictest | DW statistics| B-G LM test (1) White test J-B Normality test

Result 1.884002 | 0.000(0.9998) 30.16 (0.3070)  0.3351 GXp4

Note: Figures in parentheses are correspondinduesa

Further CUSUM and CUSUMsq tests have been appbedheck the stability of
specified ARDL model (Fig 1). It can be seen froig E that both CUSUM and CUSUMsq
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are between upper and lower critical bound of ®&ent level of significance and hence
corclude that our specified ARDL model and estimatesstable

Figure 1: Plot of cumulative sum of recursive residuals and cumulative
Sum of squares of recursive residuals (at 5% significance)

Table6: VAR Granger Causality/Block Exogeneity Wald Test Results (Specification 1)

Lags(2)

Dependent Variable Independent Variable DoF v’
Aln (GDP! 1 0.0933¢

Aln (COy) Aln (SQGDP 2 566.98***
Aln (EU) 2 0.1177!
All 5 8965.9***
Aln (CCy) 2 5.463.

Aln (GDP) Aln (SQGDP 2 97.674***
Aln (EU) 2 10.78**
All 6 131.35***
Aln (CCy) 2 5.71¢

Aln (SQGDP) Aln (GDP! 1 6.2344°
Aln (EU) 2 11.315*
All 5 16.614**

Aln (EU) Aln (CCy) 2 7.617°
Aln (GDP 1 1.937¢
Aln (SQGDP 2 1099.9***
All 5 8384.7***

Note: *, **, and *** denote 5%, 1% an0.1% level of significance, respective

Granger causality test results indicate econonoatir and energy use do not gran
cause C@emission but the combined effect of economic gro@bBP), square of GDP ai
energy use do granger cause, emission. There is unidirectional causality betw€xt,
emission and GDP running from (; emission to GDP (economic growth). Similarly, ene
use or consumption granger cause GDP or incomeestigg increased demand of ene
leads to economic growth. e study also finds unidirectional causality betwee@,
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emission and energy use or consumption running f@@ emission to energy use or
consumption and bi-directional causality betweemasg of GDP and energy use or
consumption which get supports from earlier studlies[73, 74] and [75].

V. CONCLUSION AND POLICY IMPLICATIONS

To investigate for any evidence of EKC for Indiamoeomy, the study uses data from
1971 to 2014 on selected indicators from WDI dadabd he study hypothesises that there
exist an EKC for Indian economy using ARDL modele \@mploy appropriate econometric
techniques to our model where £€@mission is used as regressand and GDP,’GDR
energy use is used as regressors. The studyrfusstigates for unit roots in data. The ADF
and PP test denotes that all the variables hauveranti at levels but the 1st difference of all
variables are stationary and thereby all varialdes integrated of order 1. Further, to
investigate any co-integration among variablesstuely employed ARDL bounds test and
Johansen co-integration test. The tests concluakeaththe variables in the system are co-
integrated when we take natural log of T€nission as the dependent variable and there is
only one co-integrating equation in system.

Both the long run and short run ARDL estimates @fFGand square of GDP points
out towards an EKC in India. However, the short GDP or income elasticity of GO
emission is somewhat less than that of the longmoome elasticity. The positive coefficient
of GDP and negative coefficient of GBRlustrates that India is following the inverted U
shaped EKC where in first environmental degradatolh be increasing with increased
national income and afterwards it (environmentagrddation) will start decreasing with
increased income effect and use of other renewabdources for consumption and
production. However, the positive and significaoeficient of energy use or consumption
illustrates that in future with increased demandeoergy CQ emission will be increasing
steadily. Further, after reaching threshold incoleeel, increased income effect may
overcome energy consumption effect and,Cé&nission may start decreasing from a
threshold upper level. The results indicate towapadicy implications in advancing
sustainable energy sources in India because ertagyand will increase over the years.
National income must increase rapidly to overcoheeissue of excessive emission because
more resources and funding would be needing to vernarbon footprint.
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Figure Al: Plots of the data series and fitted and predicted values
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