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Abstract

The role of financial development for the environment has been extensively debated but the empirical results largely
remain inconclusive. Empirical studies generally assume symmetric relationships, which can produce biased results. This
study investigates the role of asymmetries in shaping the relationship of financial development (FD) with the environ-
ment by employing nonlinear autoregressive distributed lag (NARDL) model over the period 1972-2018.The structural
unit root test of Zivot and Andrews indicates that all variables are integrated of order one and bound tests confirm long
run relationship between the variables. The results validate the asymmetric association between FD and the environ-
ment as CO, emissions are largely affected by negative shocks in FD in the short and long run. The dynamic multiplier
analysis also supports the results by showing the dominance of a higher impact of a negative component of FD on carbon
emissions than a positive component. This study concludes that assuming the symmetric effect of FD on CO, emissions
might be misleading. The study suggests that the policy makers may strive to achieve high growth rates using environ-
mentally friendly financial development. Moreover, the negative asymmetric impact of FD needs to be considered in
the development of financial sector.
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1 Introduction

Economic policies are largely focused on achieving high
and sustained growth rates. However, prioritizing growth
rates also adversely affects the ecosystem services. Increas-
ing energy use along with increasing economy’s growth
can lead to higher air and water pollution, loss of biodiver-
sity and global warming. Among all greenhouse gases, CO,
emission is considered as serious threat to the environ-
ment as it comprises almost 75% of total greenhouse gass
[1, 2]. There are various causes of high carbon emissions
such as population growth [3], financial development (FD)
[4], energy consumption, urbanization and trade openness
[5, 6].

From the last few years, the relationship between FD
and environmental quality has become important with
the expansion of green financing. Green financing helps
to control the growth of carbon emissions by facilitating
climate friendly and carbon-reducing projects. Moreover,
FD decreases the level of CO, emissions by providing the
research and development projects, introducing new and
environmentally friendly technologies, and by facilitating
financial and technical assistance to firms [7, 8].

Whereas, FD can also pollute the economies by damaging
the ecosystem services. Because the extensive use of energy
for production leads to higher CO, emissions, depletion of
natural resources and health related issues [9-12]. Moreover,
financial assistance of financial market leads to more pur-
chase of machinery and automobiles which in turn increase
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the carbon emissions [13]. Thus, financial sector can create
environmental related issues by increasing the process of
production and economic growth [4, 14-16]. The empirical
results largely remain inconclusive. Empirical studies gener-
ally assume symmetric relationships, which can be mislead-
ing. This study aims to investigate the asymmetric impacts
of FD on CO, emissions for Pakistan.

Pakistan is facing the issue of deteriorating air quality
because of rapid increase in carbon dioxide and nitrogen
oxide emissions [17]. In Pakistan, more than 60% of elec-
tricity is produced through thermal sources, which cause
high carbon emissions. Pakistan contributes 0.8% in global
greenhouse gases, but it faces disproportionately large
consequences of climate change. An estimated annual
cost of environmental problems in Pakistan amounts to
6% of its GDP [18].

According to Khan [19] financial development mostly
increases the level of carbon emission in Pakistan through
the channel of economic growth. The State Bank of Paki-
stan (SBP), however, has taken the step to control envi-
ronmental stress in the economy by promoting clean
investment projects. SBP has signed an agreement with
International Finance Corporation (IFC) to facilitate green
financing [20]. JS Bank of Pakistan has approved Green Cli-
mate Fund (GCF). This motivates us to study the relation-
ship between FD and environmental quality for Pakistan.

The study contributes in the literature by examining
the asymmetric impacts of FD on CO, emissions for Paki-
stan over the period 1972-2018. The asymmetric effect is
captured by employing NARDL technique. NARDL is con-
sidered an efficient technique for exploring asymmetric
impact where asymmetry explains whether positive or
negative effect is dominant. To the best of our knowledge,
this is the first study which investigates the asymmetric
effect of FD on CO, emissions in Pakistan. The previous
studies mostly explored symmetric effects of FD on carbon
emission. In the presence of asymmetric effects of FD on
environment assuming symmetric relationships can give
misleading results. This study examines the asymmetric
impact of FD on the environment by employing NARDL.

The remaining study is structured in following sequence
adapted from Engo [21]: Sect. 2 provides the related litera-
ture review. Section 3 explains the hypothesis specifica-
tion, data and methodology. Section 4 reports the results
and their interpretation. Finally, Sect. 5 concludes the
study.

2 Literature Review

Financial development plays a vital role in influencing
environmental quality [22]. The literature suggests both
positive and negative effects of financial development on
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the environment. Yuxiang and Chen [11] argued that finan-
cial development reduces the emissions level by provid-
ing financial assistance to domestic firms for environmen-
tally clean technologies. Moreover, Frankel and Rose [23]
argued that financial market efficiently provides financial
resources to domestic firms to support eco-friendly tech-
nologies for production processes.

Contrary, financial development can also lower the
quality of environment in following ways [11]. Financial
assistance to domestic firms can enhance the manufac-
turing activities, which lead to high CO, emissions and
land degradation. Similarly, FD can enhance the level of
CO, emissions if it attracts such foreign investment which
promotes high energy consumption in the host county.
Moreover, consumer credit leads more automobiles and
machinery which consume more energy.

Other than assuming the only theoretical viewpoints,
various studies have empirically analyzed the relationships
between FD and CO, emissions. Using panel data analysis,
a group of the studies shows that FD decreases the CO,
emissions. Al-Mulali et al. [24] by taking the panel data of
129 countries show that FD leads to better environment
through its negative influence on carbon emissions. Sid-
dique et al. [6] by employing panel cointegration examine
the FD and CO, nexus for South Asia over the time period
1983-2013.They explore that FD reduces the carbon diox-
ide emissions. Majeed and Mazhar [25] examine the rela-
tionship of FD with the environment quality using a global
panel data. They also confirm the favorable role of financial
sector for the quality of environment.

Some studies find mixed evidence. For example,
Onanuga [26] investigates the FD and carbon dioxide
emission nexus for Sub Saharan Africa. He argued that FD
reduces the carbon emissions in upper middle-income
countries and increases the carbon emissions in lower
middle-income and low-income countries. Some studies
show that FD deteriorates the environment. For exam-
ple, Tsaurai [11] examines the relationship between FD
and CO, for West African countries and finds out that FD
increases the CO.,.

Many studies found out mixed evidence on the rela-
tionship of FD with environment by employing ARDL
approach of estimation using time series data. On one
side, Jalil and Feridun [27] for China, Shahbaz et al. [28] for
Indonesia and Alom et al. [29] for Bangladesh show that
FD decreases the CO, emissions. On the other hand, Zhang
[12] for China, Shahbaz and Lean [9] for Tunisia, Tang and
Tan [10] for Malaysia and Boutabba [30] for India examine
the CO, and FD nexus. One major limitation of these stud-
ies is that they employ linear ARDL approach to investigate
the relationship of FD with the environment.

Recently, some studies reinvestigated the relation-
ship between FD and the environment by employing
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non-linear ARDL. Ahmad et al. [31] investigated the asym-
metric impact of financial development on carbon emis-
sion for China over the period 1980 to 2014 by employing
NARDL. They showed that there exists a symmetric asso-
ciation between FD and carbon emission. Whereas, Lahiani
[32] showed that FD has asymmetric impact on carbon
emission in the case of China by applying NARDL.

In sum, many studies such as Zhang [12], Tang and Tan
[10], Yuxiang and Chen [8], Onanuga [26], Ahmad et al.
[31], Lahiani [32] have investigated the FD and CO, nexus.
However, these studies conducted empirical analysis by
employing ARDL approach of estimation. Whereas, Ahmad
et al. [31] and Lahiani [32] examined the asymmetric
impact of FD on carbon emission for China. To the best
of our knowledge, the asymmetric association between
FD and the environment is not explored in the context of
Pakistan. This study fills this research gap by empirically
investigating the asymmetric effects of FD on carbon diox-
ide emissions for Pakistan over the period 1972-2018.

3 Hypothesis specification, data
and methodology

3.1 Hypothesis

Our aim is to explore the type of relationship between
FD and environmental quality that whether association
between concerned variables is symmetric or asymmet-
ric. Thus, the proposed null and alternative hypothesis is
as follows:

Ho There is asymmetric relationship between FD and CO,
emissions.

H, There is symmetric relationship between FD and CO,
emissions.

3.2 Data and data sources

This study explores the asymmetric association between
FD, economic growth, energy use and carbon dioxide
emissions for Pakistan over the period 1972 to 2018. The
data of all variables is taken from World Bank [33]. The
dependent variable is CO, emissions. Whereas, FD, eco-
nomic growth and energy use are taken as explanatory
variables. All the variables are taken in the log form. The
description of the variables is presented in Table 1.

3.3 Empirical model

Following the study of Ahmad et al. [17] the simple regres-
sion model in linear form can be written as

CO2, = 6, + 6,FD, + 6,EG, + 8;EU, + ¢, (1)

where, CO, is carbon dioxide emissions, FD is financial
development, EG is economic growth and EU is energy
use.

3.3.1 Model specification: ARDL

To explore the impact of FD on carbon dioxide emissions,
we first use the standard method of ARDL. Equation 2 rep-
resents ARDL framework

ACO2, = 2,+ p,CO2,_, + p,FD,_; + B53EG;_,

p q
+ BaEUy + ) 0, ACO2,; + ) ay AFD,

i=1 i=0

r S
+ 2 a; AEG,_; + 2 a,AEU,_; + €,

i=2 i=0 (2)
In Eq. 2 the coefficients attached with difference opera-
tors (a,a5,a50,) measure short run dynamics, whereas, the
terms with first lagged captures the long run relationship.
In the next step, to estimate the short dynamics the error
correction model (ECM) can be expressed in following

form:

q
ACO2, = 2,+ Y @ACO2; + Y ayAFD,
i=0
r S
+ ) @ AEG,  + ) agAEU, ; +nECT,_y + p;

i=2 i=0
3)
where, ECT, is the error correction term and n indicates

the speed of adjustment. We expect the negative relation-
ship between ECM and dependent variable.

3.3.2 Model specification: NARDL
The long run relationship between variables can be esti-

mated through ARDL, ECM, and Granger causality. But
these linear models do not consider the nonlinear nature

Table 1 Data source and description

Variables Description Data source

Kilotons (kt)
% of GDP

World Bank [33]
World Bank [33]

CO, emissions

Financial development
(domestic credit to private
sector)

Economic growth (GDP) Constant 2010 US$  World Bank [33]

Energy consumption Kilograms of oil World Bank [33]
equivalent per

capita
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of the variables. To consider the nonlinear behavior of vari-
ables, Shin et al. [34] developed the method of NARDL by
extending the Pesaran et al. [35] bound test approach.

The methodology of NARDL has been previously used
by Ibrahim [36] for investigating the oil and food prices
nexus, Bildirici and Ozaksoy [37] for the association
between economic growth and woody consumption in
South Africa, Bayramoglu and Yildirim [38] for the energy
use and economic growth nexus in USA and Fareed et al.
[39] for the nexus of tourism, terrorism and economic
growth and Kumar et al. [40] for the asymmetric relation-
ship between tourism and growth in Cook Island.

CO2, = B, + BT FDT + B5 FD; + B3EG, + B4EU, + ¢, 4

Equation 4 is the modified version of Eq. 1 in which
the FD is composed into two separate groups namely
positive and negative groups. Here, our parameters are;
B = (o By By B3, Py) and FD, = FD, + FDS + FD; are
the vector of unknown long run (LR) parameters. Where
FDfandFDt‘ represent the partial sum of negative and
positive variation in FD,:

t
+ _ +
FD} = Z AFD;
/:

t

Z x(AFD;,,0), FD; = ZAFD‘ me (AFD;,0)

(5)

The above-mentioned equation is based on positive

and negative partial sum decomposition for examining

the asymmetric effect of FD on CO,. Equation for NARDL

is constructed following the methodology of Shin et al.
[34]:

ACO2; = w,+6,CO2,_; ++95FD; ,+0;FD; ,

p
+ 14EG_y + T5EU,_; + ) [;ACO2,

i=1

a
+ ) (@FAFD] + @7 AFDL)
i=0
h n
+ ) 0AEG,_ + ) p AU, + £,
i=2 i=0 (6)

where (p, a, h and n) are the lag order. In Eq. 4 there is a
chance of problem of hidden cointegration because of
which Eq. 4 is not able to deliver correct interpretation of
estimated asymmetric coefficient. To tackle this problem
restrictio+n is imposed on_coefficient of Eq. 4 such as
By = 9 /51and B, = 03 /51.The SR (short run) effect
of increase in FD on carbon emission is estimated with
Yo ®,.+ whereas the SR impact of reduction in FD on
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carbon emission is estimated with "/ &.". So, this equa-
tion estimates the asymmetric impact of both SR & LR
impact of FD on carbon dioxide emissions.

The ECM (error correction model) of Eq. 6 is portrayed
as:

p a
ACO2, = ) T,ACO2,_; + ) (W AFD}, +¥; AFD,_)
i=1 i=0
h n
+ ) PAEG  + ) HAEU;  +QECT, , +¢,

i=2 i=0
(7)
where IT;, P;and H; are the SR coefficients and ¥, ¥ rep-
resent the short run symmetry adjustment. Moreover, Q,
refers to coefficient of error correction term.

The process of NARDL consists of following steps; The
first step in NARDL is to apply unit root test. The purpose
of unit root test is to confirm that all the variables are
integrated of order 0 or 1 or have mixed results, but no
variable is integrated of order 2. To find the order of coin-
tegration the traditional “Augmented Dickey Fuller”and
“Phillips Perron” test of unit root are applied.

In the next step, through the method of Ordinary Least
Squares Eq. 6 is formulated. In other words, in this step
we generate the positive and negative series of FD as
we want to examine asymmetric impact of FD on carbon
dioxide. After formulating the Eq. 6 for improving the
final form of NARDL model general to specific method
has been employed by lowering insignificant lags. In
the next step, a test for estimating the long LR associa-
tion between the variables (included in the model) is
employed by adopting the procedure of bounds test-
ing techniques. The test consists of Wald F-test. The null
hypothesis is, H,: 6, = 19; =0d; =y, =75 =0 whereas
alternative is H:6; # 95 # 05 # v, # 75 # 0. Lastly, with
the presence of cointegration the SR and LR asymmet-
ricimpact of FD on carbon dioxide is estimated. Moreo-
ver, “asymmetric cumulative multiplier effect” of one %

changein FD:_,. and FD,_, is formulated as:

b b

0C02,,, 244

K=Y ——2.K; Lb=12,3...
b ; OFD} , Z OFD;_,

j=0
It should be observed that as b— oo K — /], &K —f;.

4 Results and discussion

The initial step in time series investigation is to check sta-
tionarity of series. The stationary of variables is essentially
important for ruling out the possibility of spurious esti-
mates. The ARDL bound test specifies that there should be
no variable integrated of order two [l (2)] in the analysis.



SN Applied Sciences (2020) 2:827 | https://doi.org/10.1007/542452-020-2627-1

Research Article

Table 2 Unit root tests: augmented Dicky-Fuller (ADF) and Phillips—
Perron (PP)

Variables Level 1st difference

ADF PP ADF PP
Cco, 0.901 0.709 — 7.503*** — 7.406%**
FD —2.545 —2.298 — 5.137%** — 5.103%**
EG —-1.422 —1.467 — 4.703%** — 4.774%%*
EU 0.262 0.154 — 5.574%** — 5.575%**

*** Represents significance at 1%. Where, CO2 carbon emissions, EU
energy use, FD financial development and EG economic growth

Table 3 Unit root test: Zivot and Andrews

Variables  Level 1st Difference
t-statistic  Year of break  t-statistic Year of break
co, —1.264 1993 —5.594*** 2004
FD -3.192 2005 —6.632*** 2009
EG —4.408 1988 —5.656*%** 1993
EU —2.905 2008 —6.125** 2007

*** and ** represents significance at 1% and 5%. Where, CO2 car-
bon emissions, EU energy use, FD financial development and EG
economic growth

This study applied ADF and PP tests by including both
intercept and trend components of the series. Table 2 illus-
trates the results obtained from these tests indicating that
EG, CO,, FD and EU are integrated of order one [l (1)]. In
other words, these variables are non-stationary at level but
become stationary at first difference, thereby fulfilling the
condition that no variable is integrated of order two [l (2)].

However, according to Perron [41] the results from
ADF can be misleading when there are structural breaks
in the data. Therefore, to confirm the integrating order of
variables in the presence of structural breaks, Zivot and
Andrews [8] unit root test is also applied and the results
are represented in Table 3. The findings validate that all
the variables used are | (1) and hence there is no series
integrated of order 2 in the model.

After analysing the stationary the next step is to select
the optimal lag and estimate the co-integrating relation-
ship among the variables. Table 4 presents optimal lag
specification criteria. This study selected the specification
with the lags of (1, 0, 2, 0) based on Akaike Information
Criterion (AIC).

This study employed Autoregressive distributed lag
(ARDL) approach presented by Pesaran et al. [35]. One
of the advantages of ARDL bound test is that it does
not impose restriction on co-integration. Table 5 repre-
sents the results obtained through ARDL bound test. The
results show that long run association exists between the

variables as the null hypothesis of no co-integration is
rejected.

After detecting the presence of long run relationship
among the variables, the long run coefficients are esti-
mated through ARDL approach. The results reported in
Table 6 imply that the LR effect of FD on the environment
is significant and positive. As the estimates indicate that
1% increase in FD leads to 0.12% incline in CO2 emissions.
This rise indicates that the banking sector in Pakistan is
not inducing environment friendly investments. To put
differently, practicing green banking is not prevalent in
Pakistan. The credit availability to private sector is available
without any discrimination between clean and non-clean
utilization of energy. Hence, FD takes place in Pakistan at
the expense of rise in CO,. This finding is in accordance
with Ahmad et al. [31] for China. The association between
energy usage and CO, is significantly positive. The coef-
ficient suggests that CO, emissions rise by 0.851% as a
result of 1% upsurge in energy use. The result supports the
findings of Ahmad et al. [31]. Furthermore, 1% increase in
economic growth also raises CO, emissions by 0.91%. This
finding is supported by number of studies such as Ahmad
etal.[31] and Lahiani [32].

Moving to the short run association between CO, emis-
sions and its potential determinants, Table 7 shows that
the error correction mechanism exists. Further, conver-
gence of variables to equilibrium is speedy since the ECT
is negative and significant at 1% level of significance. The
lag term of economic growth is negative and significant at
5% level of significance in the short run. However, energy
use and FD are boosting CO, emissions in Pakistan.

5 Estimates of non-linear auto regressive
distributed lag (NARDL)

NARDL is employed to estimate the asymmetries in long-
run and short-run associations between FD and CO,
emissions. The results of NARDL bounds test is reported
in Table 8. The calculated F-statistics (5.429) exceeds the
upper bounds critical value at 1% level of significance indi-
cating that no-linear co-integration exists.

Moving to asymmetric ARDL, Table 9 represents esti-
mated long run coefficients. The results show that there
is asymmetric long-run relationship between FD and CO,
emissions. Due to the positive shock in FD, there is no sig-
nificant impact on CO, emissions. However, the emissions
decrease by 0.182% because of the negative shock in FD. It
implies that as FD decreases, production scale declines and
carbon emissions fall significantly. Furthermore, decrease
in FD also affects services related to consumption credit,
thereby impeding the expansion of social consumption of
various goods such as automobiles and electrical devices
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Table 4 Optimal lag selection

criteria

Table 5 ARDL bound test

Model AIC* BIC Hannan-Quinn Adjusted R-sq Lag specification
21 —4.657635 —4.365074 —4.551100 0.998916 ARDL (1,0, 2,0)
27 —4.637046 —4.428074 —4.560950 0.998848 ARDL (1,0, 0,0)
12 —4.609541 —4.275186 —4.487788 0.998884 ARDL (1, 1,2,0)
20 —4.609184 —4.274829 —4.487431 0.998884 ARDL (1,0,2,1)
26 —4.588559 —4.337792 —4.497243 0.998815 ARDL (1,0,0,1)
18 —4.588378 -4.337612 —4.497063 0.998815 ARDL (1,1,0,0)
24 —4.588272 —4.337505 —4.496956 0.998815 ARDL (1,0, 1,0)
19 —4.582169 —4.206019 —4.445196 0.998874 ARDL(1,0,2,2)
3 —4.573856 —4.197706 —4.436883 0.998864 ARDL (1,2,2,0)
1 -4.561150 —4.185000 —4.424177 0.998850 ARDL (1,1,2,1)
9 —4.543409 —4.250848 —4.436875 0.998785 ARDL (1,2,0,0)
25 —4.541733 —4.249172 —4.435198 0.998783 ARDL (1,0,0,2)
17 —4.539872 -4.247311 —4.433337 0.998781 ARDL (1,1,0,1)
23 —4.539778 —4.247217 —4.433244 0.998781 ARDL (1,0,1,1)
15 —4.539603 —4.247042 —4.433068 0.998780 ARDL (1,1,1,0)
10 —4.533690 - 4115745 —4.381497 0.998838 ARDL (1,1,2,2)
2 —4.525227 -4.107283 —4.373035 0.998828 ARDL(1,2,2,1)
1 —4.497431 —4.037692 —4.330019 0.998814 ARDL (1, 2,2,2)
8 —4.495049 —4.160694 —4.373296 0.998749 ARDL (1,2,0,1)
6 —4.494644 —4.160289 —4.372891 0.998748 ARDL (1,2,1,0)
16 —4.493129 —4.158773 —-4.371375 0.998746 ARDL (1,1,0,2)
22 —4.493008 —4.158652 —4.371254 0.998746 ARDL (1,0,1,2)
14 —4.491092 —4.156736 —4.369338 0.998744 ARDL (1,1,1,1)
7 —4.448670 —4.072520 -4.311697 0.998713 ARDL (1, 2,0,2)
5 —4.446321 —4.070171 —4.309348 0.998710 ARDL (1,2,1,1)
13 —4.444410 —4.068260 —4.307437 0.998707 ARDL (1,1,1,2)
4 —4.400145 —3.982201 —4.247953 0.998672 ARDL (1,2,1,2)

AIC Akaike Information Criterion and BIC Bayesian Information Criterion

*Represents optimum selected lag order.

(Cetin et al. [42]). Similarly, ineffectively performing stock

market reflects slow growth, thereby decreasing the con-

F-statis-  5.379 . -
tics (%) fidence of investors. As a result, production and consump-

tion activities are reduced, thereby lowering energy use
10 Lower bound 2.72 Upper bound 377 and carbon emissions [13, 12]. Furthermore, the results
> Lower bound 3.23 Upper bound 435 show that there is significant difference in CO2 emis-
25 Lower bound 3.69 Upper bound 435 Sjons in response to negative and positive shock in FD.
1 Lower bound 3.69 Upper bound 435

The findings also reflect asymmetry in the form of sign of

Null Hypothesis: No co-integrating relationship exists

Table 6 Long run results of

ARDL
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the coefficients. Therefore, there is asymmetric impact of
FD on carbon emissions in Pakistan considering different
significance, elasticity’s direction and the variation in FD.

Variables Long-run coefficient Standard error t-statistics
Constant —17.095%* 0.365 —46.791
Financial development 0.120%** 0.041 2917
Economic growth 0.906*** 0.041 18.418
Energy use 0.851%** 0.169 5.035

**¥ * represents 1% and 10% level of significance
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Table 7 Short run estimates

Variables Short-run coefficient Standard error t-statistics
of ARDL
AFinancial development 0.101** 0.038 2.631
AEconomic growth 0.643%** 0.200 3.214
AEconomic growth (— 1) —0.486** 0.235 —2.064
AEnergy use 0.715%** 0.151 4.742
ECT(-1) —0.841%%* 0.147 -5.713
Diagnosis tests
R? 0.999 Adjusted R? 0.998
F-statistics 6145.283 Log Likelihood 102.481
(0.000)
im 0.461 s 0.394
(0.562) (0.821)

**x * represents 1% and 10% level of significance. x?_y: LM test for serial correlation and y?_;: Jarque-

Bera normality test

Table 8 Results of NARDL bound test

F-statistics 5.429

10% Lower bound 2.45 Upper bound 3.52
5% Lower bound 2.86 Upper bound 4.01
2.5% Lower bound 3.25 Upper bound 4.49
1% Lower bound 3.74 Upper bound 5.06

Null Hypothesis: No co-integrating relationship exists

Among control variables, the economic growth is strong
and significant contributor to the rise in carbon emissions.
This coefficient is close to the coefficient obtained from
ARDL model. The positive association between economic
growth and carbon emissions implies that the rise in GDP
is achieved at the cost of environmental degradation. The
demand for manufactured goods increases with higher
income levels. Resultantly, industrialization takes place
leading to environmental damage in the absence of eco-
friendly production techniques. This result is in line with
the findings of Aye and Edoja [43]. The impact of energy
use on carbon emission is also positive and statistically sig-
nificant. This positive sign implies that the sources which
are used for fulfilling energy requirements in Pakistan are
not environment friendly. In Pakistan most of the energy
requirements are based on combustion of fossil fuel. This

source of non-renewable energy is one of the major rea-
sons of high emissions in the atmosphere (Aye and Edoja
[43]).

Turning to the short-run estimates, the results show
that CO, emissions react to asymmetric variations in FD
even in the short-run. However, the size of asymmetry
between CO, emissions and negative shock in FD is high
and significant. The results show that the positive shock
in FD is insignificant suggesting that the rise in FD cannot
significantly contribute to the rise in CO, emission in Paki-
stan. Therefore, the increase in FD cannot raise the carbon
emissions and the fall in FD can decrease the emissions in
Pakistan. Moreover, the error correction term is negative
and significant confirming that adjustment towards equi-
librium takes place and its pace is fast. In diagnostic tests,
adjusted R-square suggests that our model has a good fit,
Lagrange multiplier test for autocorrelation shows that
there is issue of autocorrelation and Jarque-Bera test
indicates that residuals are normally distributed. The Wald
test also fails to accept the null hypothesis of LR symme-
try, thereby re-confirming the presence of LR asymmetric
effects of FD (Table 10).

We also disintegrate negative and positive components
of FD through asymmetrical ARDL approach. Figure 1
represents the disintegrated negative component while

Table 9 Long run results of

Variables Long-run coefficient Standard error t-statistics
NARDL
Constant —19.284%** 2179 —8.847
Financial development®* 0.023 0.089 0.258
Financial development™ 0.182%** 0.065 2.795
Economic growth 1.068%*** 0.140 7.623
Energy use 0.626*** 0.237 2.637
**¥ * represents 1% and 10% level of significance
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Table 10 Short run estimates

Variables Short-run coefficient Standard error t-statistics
of NARDL
AEconomic growth 0.781%*** 0.234 3.334
AEconomic growth (— 1) —0.515%* 0.236 —-2.182
AEnergy use 0.567*** 0.200 2.833
AFinancial development* 0.021 0.081 0.260
AFinancial development™ 0.165%** 0.069 2.388
ECT(-1) —0.906*** 0.157 -5.739
Diagnosis tests
R? 0.999 Adjusted R? 0.998
F-statistics 5.306 Log Likelihood 103.246
(0.000)
Xim 0.425 s 1.025
(0.578) (0.598)
Wald test 7.728
(0.005)
**x % represents 1% and 10% level of significance. y% ,, LM test for serial correlation and x?, 5 Jarque-
Bera normality test
0.0 1.4
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20 1T R - P..@€@
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Fig. 1 Negative component of financial development

Fig. 2 shows positive constituent of FD obtained through
NARDL.

After analysing NARDL model the stability of the param-
eters is checked. Figure 3 illustrates that the parameters
and variance are stable based on cumulative sum (CUSUM)
and CUSUM of the squares at the 5% level of significance.

For plotting non-linearity, the dynamic multiplier graph
is presented. This graph assesses the adjustment of asym-
metry in LR because of negative and positive shocks in FD.
The asymmetric adjustment is evident from positive and
negative change curves at a particular time period. The
dynamic multiplier graph in Fig. 4 shows that the nega-
tive shocks of FD has stronger effect on CO, emissions as
compared to the positive shocks.
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Fig.2 Positive component of financial development

6 Conclusion

This study examines the relationship among FD, economic
growth, energy use and carbon emissions for Pakistan over
the period 1972-2018. The empirical analysis is done by
employing ARDL and NARDL models. The empirical results
of NARDL validate the asymmetric associations between
FD and CO, as the emissions are largely affected by nega-
tive shocks in FD. The finding of ARDL shows that in the
long run FD has significantly positive impact on carbon
emissions in Pakistan. Furthermore, the dynamic multiplier
analysis demonstrates that the negative shock of FD has
stronger effect on CO, as compared to the positive shocks.
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Moreover, the impact of economic growth and energy use
is positive and highly significant indicating that both are
the major contributors to enhanced carbon emissions in
Pakistan.

Based on these findings, this study recommends sev-
eral policies. First, as fall in FD negatively affects CO,
emissions, the policy makers may consider the devel-
opment of financial sector while formulating environ-
ment protection policies. This can be done by regulat-
ing financial institutions and providing loan facilities
for clean and carbon-free projects. Second, the impact
of negative shocks in FD may also be worth consider-
ing while formulating financial sector policies. Third, as
the result show that economic growth and energy use
enhance carbon emissions, Pakistani government may
strive to achieve high growth rate while decreasing car-
bon emissions through less utilization of coal. Similarly,
reduction in the emissions maybe achieved by utilizing
environment friendly sources of energy.

Multiplier for LDCP (+)
— = Multiplier for LDCP (-)
- Asymmetry Plot (with C.I.)

Further, it is evident from the findings that FD is a
crucial determinant of CO, emissions in Pakistan there-
fore, future forecast regarding FD and CO, may be taken
under consideration concerning China Pakistan Eco-
nomic Corridor (CPEC)' relevance in Pakistan’s economy.
This study suggests that future studies can employ same
methodology for other developing countries. Moreover,
analysis can be done by applying other significant deter-
minants of carbon emissions such as trade balance, vec-
tor specialization, globalization, total employment, and
global value chain.
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