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Abstract

Environmental degradation is a natural and socioeconomic cause-effect phenomenon that is widespread all over the
world. The current study investigates the impact of socioeconomic factors on dimensions of environmental degradation
in Pakistan for the period of 1984 to 2017. The impact of socioeconomic factors on dimensions of environmental degrada-
tion is investigated using the augmented Dicky-Fuller unit root test and the autoregressive distributed lag bounds test.
The cumulative sum of recursive residuals and the cumulative square sum of recursive residuals were used to check the
stability of the socioeconomic parameters on dimensions of environmental degradation of three investigated models.
The study observed a negative and significant impact on environmental degradation in all three models. The analysis
incorporated that FDI, per capita GDP, industrialization and the total population have a positive and significant effect
on environmental degradation in the long run; as FDI, per capita GDP and total population increase, this will cause
environmental degradation to increase. The rural population and agricultural land have an insignificant association
with environmental degradation. The present study also indicates that dimensions of the environmental degradation
in Pakistan are mostly influenced by the governance. However, this research will help the policy makers to understand
the importance of the governance and environmental degradation.
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1 Introduction

Environmental degradation is one of the severe challenges
of this time. The word environmental relatively often tends
to be related to a particular kind of human impact on the
biosphere with the natural system. This circumstance dif-
ferentiates it from the word ecology which can be catego-
rized as a conception of the interdependence within an
ecosystem [1]. Environmental degradation is a big prob-
lem not only for local areas, but for the whole planet on
a global scale. When the pollutants accumulate in our
atmosphere, it creates the concept of the greenhouse

effect. It is the basic cause of the global warming. Such
high scale warming affects wind and sea water circula-
tion patterns globally, but also directly or indirectly effects
local climatic conditions with changes in the patterns of
precipitation and temperature. As the global temperature
increases, the arctic ice melts more rapidly that increases
the sea level [2, 3]. There are particularly five indicators
of environmental degradation: Greenhouse gas emission,
air contamination, water contamination, deforestation and
land degradation that directly damage the environment
through human actions [4]. Environmental degradation
like land degradation, CO,, NO,, water pollution and soil
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erosion is an outcome of poor governance and lack of
monitoring of the rules and regulation [2, 5, 6].

Pakistan potentially faces a substantial climate change
challenge [7]. During the previous 50 years, typically the
annual mean temperature inside Pakistan has increased by
around 0.5 °C [8]. Usually, the amount of heat absorption
trend in days and nights has grown nearly five times in
the previous 3 decades. However, the temperature in Paki-
stan is usually likely to rise by 3 to 5 °C relating to a global
warming scenario [9, 10]. This increasing temperature
has influence on different industries which include water
availability, plant growth, forests, biodiversity conservation
and animals. Pakistan lies among the developing countries
around the world with a 5.79% gross domestic product
growth and per household earnings around $1641 [11,
12]. Large areas of Pakistan experience high heat index,
resulting in the reduction in agricultural yield, environ-
mental deterioration and the reduction in forest covered
area. The heat index is a threat to the green sector in all
Pakistan like Southern Punjab, Southeastern Baluchistan
and almost covered all areas of Sindh also extending up
to north eastern Baluchistan in Pakistan [13].

In the context of the environmental degradation, Paki-
stan is facing the ecological degradation problems. With
the greater heat trapped in the earth’s surface, the CO,
emissions reached till 1% of the total planet emissions.
Pakistan’s metropolitan wind streams contaminants which
are probably the most severe in the world. The contamina-
tion directly affects the activities on the ecosystem and
creates the social disharmony and economic instability.
The regular level of contaminants in huge metropolitan
communities of Pakistan is approximately four times
higher than that of the World Health Organization limits
[14]. The primary reason for air contamination is NO,. Basi-
cally, the NO, is an expression used to describe two types
of oxides of nitrogen: nitric oxide (NO) and nitrogen diox-
ide (NO,). The primary nitrogen oxides discharged from
vehicles.

The deforestation is the other factor of the environmen-
tal degradation. The forest cover in Pakistan remains lower
than 2.23% of total land [15, 16]. The major outcome of the
deforestation is the biodiversity loss. The habitat conser-
vation is very important for the stemming this loss. The
reduction in the forest area resulted in the reduction in the
woody biomass. It shows the long-term relationship with
the environmental degradation and social disharmony [17,
18]. The association between environmental degradation
and socioeconomic factors becomes the major issue and
becomes the focal point of research. Generally, there are
three main schools of thought in relation to the causal
relationship between FDI, GDP, economic growth and
environmental degradation. The first thought is related
to the empirical studies which tested the validity of the
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environmental Kuznets curve (EKC) hypothesis. The sec-
ond school of thought is the examination focused on the
relationship between socioeconomic factors and environ-
mental degradation. The final stream is the examination
of the hypothesis that there is a fundamental relationship
between industrialization and GDP that is represented by
FDI flows and CO, emissions [19-21]. The linkage between
environmental degradation and economic growth is
directly affected by governance [22, 6].

There are many researchers in the worldwide who stud-
ied CO,, NO, and DEF, GDP, FDI, governance and popula-
tion growth [23, 24]. Researchers claimed that trend of CO,
emissions varies in developed and developing countries.
The increase in GDP is the source of the of CO, emissions
in a poor country, but in the case of developed countries
the pollution tends to decrease due to good governance
and increase in income level [25]. Chen and Huang [26]
described the link between NO, emission and economic
growth; the study claimed the long-run relationship
between GDP, FDI, energy use and CO, emissions. Cohen
et al. [27] also reported the trend relationship between
emissions and GDP from the cyclical connection. Meyer
et al. [28] stated that deforestation and GDP have the neg-
ative relationship within a cyclic way.

The governance is a multidimensional concept and con-
sists of six dimensions like voice and accountability, politi-
cal stability, government effectiveness, regulatory quality,
rules of law and control of corruption [29]. The definition
and measurement of governance are given in “Appendix”.
The governance plays important role to define business
environment, economic security and policies for foreign
direct investment within the country. Moreover, inter-
national agencies have right to comment and rank each
country’s governance situation and allocate a score and
rank on the basis of six dimensions of governance annu-
ally. The industrial revolution brought explicit changes in
the society of England, European continents first and later
it affected the developing nations. The invention of the
steam engine and use of coal as a primary source of energy
leads the industrial revolution. Huge industrial develop-
ment kept the foundation of urbanization by creating
opportunities of employment and higher wages. Nowa-
days, expansion of the industrial sector and urbanization
started to affect the quality of the environment, especially
in developing nations where due to lack of governance
and use of conventional technology, emission of green-
house gases significantly contributes to environmental
degradation. The CO, emission, NO emission and Defor-
estation are the basic indicators of the environmental deg-
radation [30, 31].

Good governance and well-integrated policy responses
help to minimize the environmental degradation chal-
lenges. In developing nations, government policies and
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decision about the business environment and foreign
direct investment affect environment quality [32]. For
instance, Michael Kugelman, deputy director and sen-
ior associate for South Asia with the Woodrow Wilson
Center’s Asia Program, showed deep concerns about the
environmental impacts of China Pakistan Economic Cor-
ridor (CPEC) in Pakistan. Similarly, government policies
regarding irrigation system and industrialization affect
water resource and air quality. Therefore, environment
quality is not only determined by the capacities of envi-
ronmental authorities, but other external factors (enabling
environment) are also a key determinant of environment
degradation.

An improved political institution attracts foreign direct
investment which helps the economy to uplift, but at the
same time it contributes toward the environmental perfor-
mance [33]. Thus, only the powerful legislation, successful
enforcement of law and provision of improved public ser-
vices save the economy form excessive emissions of CO,
and NO [34]. However, the aim of this study is to develop a
link between two complex concepts governance and envi-
ronment degradation; whereas environment degradation
indicates depletion of air, water and soil resources or unde-
sirable changes to the environment, governance means
actions or manners of governing a state. The specific
objectives are included to estimate the impact of govern-
ance on determinants of environmental degradation and
some other variables such as foreign direct investment,
industrialization, transportation, population, urbanization,
and agricultural land.

2 Materials and methods
2.1 Data

The effect of governance on environmental degradation
was investigated hypothetically. Particularly, three models
are formed to evaluate and assess the connected hypoth-
esis with dependent and independent variables. The CO,
emission, NO, emission and deforestation were taken as
the dependent variables, while the governance, foreign
direct investment, gross domestic product per capita,
industrialization, transportations, urbanization, population
growth and agriculture land were taken as independent
variables. The investigated span consists of the 33 years
from 1984 to 2017. The data were obtained from the World
Development Indicators (WDI) and International Country
Risk Guide (ICRG).

2.2 Econometric models

In order to keep the main focus and to investigate the
effect of governance on environmental degradation
dimensions, the specific three outputs and input functions
(models) are included in the study.

2.2.1 Model 1

Output and input function used for CO, emission is as
follows:

CO, = f, + p,Gov + p,FDI + p;GDP + g,Pop + fsIndu + p
(2.1

2.2.2 Model 2

Output and input function used for NO, emission is as
follows:

NO, = g, + p,Gov + p,Tran + f;GDP
+ f,Pop + fsFDI + fgIndu + p

2.2.3 Model 3

Output and input function used for DEF (deforestation)
is as follows:

DEF = f, + f,Gov + f,Indu + p;FDI + g,Pop + fsUrbn + fcAL + p
(2.3)
where CO,, NO, and DEF are total carbon dioxide emis-
sions (metric tons per capita), nitrous oxide emissions and
total deforestation of Pakistan. The Gov is the governance
with the range 0 to 1. FDI and GDP are the total foreign
direct investment and gross domestic product per capita,
respectively. Pop and Indu are the population growth rate
and industrial GDP at current factor cost, respectively. Tran
and Urbn are the total transportation and urban, respec-
tively. AL is the agricultural land. u is the error term.

2.3 Experimental investigation

In the current research, an investigation of the impact
assessment of socioeconomic factors on dimensions of
environmental degradation in Pakistan has been made
using the statistical techniques. The broadened Dickey
larger method was used to gather data. The autoregressive
distributed lag model (ARDL) bond test approach (2001)
was used to check the relationship between dependent
and independent variables for longer-run time series. The
experimental investigation procedure conducted in this
study follows four steps.

SN Applied Sciences

A SPRINGER NATURE journal



Research Article

SN Applied Sciences (2020) 2:468 | https://doi.org/10.1007/542452-020-2231-4

Step 1: To check the stationary of data, the unit root
test has been used. Unit root test investigates the sta-
tionarity of time series data. In statistics, a unit root test
is reliable either time series variable is non-stationary
and possesses a unit root. It is also known as a differ-
ence stationary process. This test creates a stationary
series of observations. The null hypothesis of augmented
Dicky-Fuller (ADF) unit root the presence of a unit root
and the alternative hypothesis is no unit root. Data will
be considered as stationary if it possesses zero mean,
constant variance and covariance, and non-stationary if
it has an unpredictable mean as compared to a nonzero
mean. Stationary time series produce more reliable
results, hence reliable for policy makers.

Step 2: Augmented Dickey Fuller (ADF) test was used
to examine the sequential relationship associated with
the data [31]. The test continues to be continued running
upon mis-step terms making use of the second demand
slacked subordinate variable. The invalid hypotheses
convey that there will be no serial partnership in the
data option of stationarity within the data. The heading
with the condition has been shown in ADF test equation
in each model.

P
CO, = ay + ¢, CO,_; + 2 @ ACO,_y + ¢

(2.4)
k=1
P
NO, = iy + INO,_; + D B ANO,  +e¢, (2.42)
k=1
P
DEF =y, + 7, DEF_, + ) 6, ADEF_ + €5 (2.4b)

k=1

Here, CO,, NO, and DEF are the dependent variables
and ¢, €, and ¢; are the mistake terms. CO,_; NO,_; and
DEF_, indicate slacked subordinate variable. The model
outcomes in information serially uncorrelated, which
implies that no serial relationship between dependent
variables and independent variables.

Step 3: Environmental degradation indicators (CO,
emission, NO, emission, Deforestation) taken as depend-
ent variables and socio-economic indicators like govern-
ance, foreign direct investment, gross domestic product
per capita, industrialization, transportations, urbaniza-
tion, population growth and agriculture land as inde-
pendent variables in the estimated models. In order to
check the high order lagged dependent variables, this
study used the bound test. The null hypothesis states
that there is no long-term relationship between depend-
ent and explanatory variables alternative to long-term
relationship of variables [31, 35]. The estimates of the
models show a rejection of our null hypothesis stating
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that there is a long-term relationship between govern-
ance as an explanatory variable with environmental deg-
radation of the county, since the F-calculated value is
greater than the F-tabulated value. The lagged variables
were further employed in the model using the Akaike
Information and Schwartz Bayesian criterion. ARDL
model equations estimated for our model are given as
follows:

ARDL equation for output and input function used for
CO, emission

N N N
CO, =oxp + ) & ACO,_;+ Y &, AGov_; + )’ oz AFDI
i=1 i=0 i=0
N N N
+ ) oy AGDP_; + ) s APop_; + ) 4 Alndu_,
i=0 i=0 i=0

+ &; CO,_;+ g Gov_;+ 4 FDI_,
+ ;9 GDP_;+ ;7 Pop_;+ ;5 Indu_; + p1
(2.5)
ARDL equation for output and input function used for
NO, emission

N N N
NO, = fio+ D, AANO, ; + )’ f,AGov_; + ) fsATran
i=1 i=0 i=0

N N N
+ ) B4AGDP_; + ) fsAPop_; + ) S AFDI_;
i=0 i=0 i=0
N
+ Z pyIndu_; + ggNO, _; + f,Gov_; + fyTran_,
i=0
+ f,,GDP_; + p,,Pop_; + B13FDL_; + ByaIndu_; + u2
(2.6)
ARDL equation for output and input function used for
DEF (deforestation)

N N N

DEF = 7o+ . 7, ADEF_; + ) 7,AGov_; + ) y3Alndu_,
i=1 i=0 i=0

N N N
+ Y 74AFDI+ )’ ysAPop_; + ) ysAUrbn_,
i=0 i=0 i=0
N
+ ) 1;AAL + 7gDEF_ + 79Gov_; + yyglndu_,
i=0
+ 111Dy + r1,Pop_y + 743Urbn_y + y148,AL_; + 3,
(2.7)

In this autoregressive distributed lag model, a denotes
the short-term coefficient, 8 denotes the long-term coef-
ficient, and maximum lag length is denoted by N.

Step 4: The stability test is used. The combined sum
of recursive residual (CUSUM) and cumulative sum
of square of recursive residual (CUSUM square) are
given to examine the long operate and short operate
security from the partnership, separately. In previous
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examinations, these types of tests were used to check
the protection of the design. This test continues to be
utilized as a percentage of strength in our model [36, 37].

3 Results and discussion
3.1 Empirical analysis

The significance of the all dependent and independent
variables has been investigated using the empirical analy-
sis of the models. The long-run and the short-run relation-
ships between dependent and independent variables are
investigated using the ARDL cointegration test. After that,
a diagnostic test was used to check the data normality. The
stability test was also used for the investigation of the sta-
ble model. The empirical analysis included: unit root test,
ARDL bound testing, Breusch-Godfrey serial correlation
LM test, heteroscedasticity and stability test.

3.1.1 Unitroot test

The unit root test investigates whether time series data
are constant/stationary. Without stationary, the empirical
analysis shows the results would be ambiguous. A station-
ary series is characterized as a series that tends to come
back to its mean value and fluctuate round it within a con-
sistent range, while a non-stationary series is character-
ized as a series, its value varies time to time, place to place
and region to region, and its variance increases with the
sample size [38]. Therefore, to investigate the statistical

Critical value for ADF at level

stationarity of time series data is very important to find
out the most reliable results, while the non-stationary
time series shows only time-varying mean or variance.
If the time series is assimilated and unified at the order
0, then this is called stationary. In other ways, if the time
series is at order 1, this is called non-stationary. Figure 1a,
b represents the results of unit root tests for all dependent
and independent variables at the level and first difference
value. If the absolute value of the ADF test is smaller than
a certain value like 1% or 5% level of significance, then the
null hypothesis cannot be reject. So, all the investigated
variables in the all models are not observed in the 1 order.
Some variables lie in the order 0, and some in the 1 order.
So, there is no unit root problem observed in investigat-
ing variables. CO,, NO,, DEF, GDP, Urbn and AL (Fig. 2b)
are found to be stationary at level with intercept, while
Tran, Gov, GDP, FDI, Pop and Indu (Fig. 2b) are stationary
at the 1st difference with the intercept. From the detailed
investigation, it is stated that some variables observed
stationarity at level. While, others be measured stationary
at 1st differences. In this condition, the ARDL bound test
approach would be used for cointegration.

3.1.2 Bound test

The autoregressive distributed lag (ARDL) test is used
to estimate the long-run and short-run relationships in
economic time series. Time series presents the long-run
relationship. Thus, the bound test is implemented on the
time series data. To estimate the impact of Governance
and other socioeconomic parameters like foreign direct
investment, Gross Domestic Product (GDP) per capita,

. Critical value for ADF at Ist Difference
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industrialization, transportations, urbanization, popula-
tion growth and agriculture land environmental deg-
radation parameters like CO,, emission, NO, emission
and deforestation (DEF). This input and out put function
measured using the Bound test. Governance and other
socioeconomic parameters like foreign direct investment,
gross domestic product (GDP) per capita, industrializa-
tion, transportations, urbanization, population growth
and agriculture land have been taken as the independent
variables. The bound test investigates whether cointegra-
tion exists or not in the selected variables. If the relation-
ship exists, then the null hypothesis is rejected. Figure 3a,
b reveals that F is very more important along with 95%

A 95 % confidence Interval
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conviction crack and 90% sureness interval; it rejects our
null hypothesis that is Hy which shows that there is abso-
lutely no long-term relationship among modeled variables
in all three models and alternative hypothesis is like H,
that explains that there exists a long-term cointegration
among the modeled variables. The results also show that
F value described the greater value than the upper bound
value 10% and 5% for models 1, 2 and 3. However, the
null hypothesis is rejected and the alternative hypothesis
is accepted. Due to the rejection of the null hypothesis,
cointegration is found between the investigated depend-
ent and independent variables.
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Breusch-Godfrey Correlation LM test

Table 1 The Breusch-Pagan-Godfrey heteroscedasticity test
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Fig. 4 The Breusch-Godfrey serial correlation LM test for models 1,
2and3

3.1.3 Serial correlation

The current investigation used the Breusch-Godfrey serial
correlation LM test to check the autocorrelation in errors.
The Breusch-Godfrey serial correlation LM test is used
to find out the residuals from the model that has been
considered for regression analysis. Therefore, this serial
correlation LM test is used to measure the relationship
between dependent and independent variables over a
specific period of time in all models. The results depict that
probability and chi-square value of test exceed from 5 and
10% level of significance (Fig. 4). It accepts the null hypoth-
esis and rejects the alternative hypothesis. Therefore, no
serial correlation for models 1, 2, 3 is observed during the
investigation.

3.1.4 Heteroscedasticity

Heteroscedasticity is used to estimate the correla-
tion coefficient in the reliability analysis of the models
1, 2 and 3. In order to perceive the heteroscedasticity,
the Breusch-Pagan-Godfrey test is investigated. The
Breusch—-Pagan—Godfrey test is used to detect the hetero-
scedasticity of error in the regression. Heteroscedasticity
means variance of error is increasing, but not equal, while
homoscedasticity is important in regression analysis. If the
assumption of homoscedasticity is not fulfilled, regression
analysis can not be used. Therefore, this study used the
Breusch-Pagan-Godfrey test to check the assumption
of homoscedasticity with the null hypothesis. The results
revealed that probe. Value is greater than 0.05 for all three
models. It accepts the null hypothesis and rejects the
alternative hypothesis which shows the homoscedastic-
ity (Table 1).

Model 1

F-statistic value 1.491855 Prob.F(14,17) 0.2147
Obser*R? 17.64112  Prob. chi-square (14)  0.2236
Scaled explained SS 4581286 Prob. chi-square (14)  0.9908
Model 2

F-statistic value 0.680853 Prob. F(14,17) 0.7688
Obser*R? 12.46755  Prob. chi-square (14)  0.6433
Scaled explained SS 3.058424 Prob. chi-square (14)  0.995
Model 3

F-statistic value 1.001501 Prob. F (10, 20) 0.4744
Obser*R? 10.34367  Prob. chi-square (14)  0.4109
Scaled explained SS 2.804546 Prob. chi-square (14)  0.9857

3.1.5 Stability test

This study used the CUSUM test for OLS residuals. It is
based on the cumulative sum of the recursive residu-
als and the sum of square of residuals. This test is used
to find instability between dependent and independent
variables. If the plot of recursive residuals is between the
standard error band, plus and minus two standard errors,
the parameters of the OLS equations are stable, and if
residuals are outside the standard error bands, it suggests
instability in the parameters of the equation. The plot of
both cumulative sum of recursive residual and cumulative
sum of square of residual recursive for models 1, 2 and 3
lies between two critical lines (Figs. 5, 6, 7).

3.2 Impact on CO, emission
3.2.1 Descriptive statistics

Table 2 depicts the descriptive statics values of the CO,
emission function. The results show that the probability
value of all variables is greater than 0.05, which indicated
that the data are normally distributed. In the detailed exam-
ination, it states that the probability values of the selected
variables were included: CO, (0.321), the Gov (0.317), FDI
(0.198), GDP (0.817), Pop (0.099) and Indu (0.401). The mini-
mum values for CO, (0.480), the Gov (0.271), FDI (0.178),
GDP (—1.45), Pop (1.95) and Indu (17.94). The maximum
value of the Indu is 25.52. The observed maximum val-
ues included: CO, (0.99), the Gov (0.546), FDI (3.66), GDP
(5.478), Pop (3.341) and Indu (25.52).

3.2.2 Autoregressive distributed lag (ARDL) model:
dependent variable is CO, emission

The results of ARDL for model 1 are reported in Table 3. The
value of the error correction model term is $=0.391(0.002),
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Fig. 6 a Cumulative sum of recursive residual and b cumulative sum of square of residual recursive (model 2)

Fig. 7 a Cumulative sum of recursive residual and b cumulative sum of square of residual recursive (model 3)
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Table 2 Des?cr.iptive sta.tistics of co, Gov FDI GDP Pop Indu

the CO, emission function
Mean 0.767641 0.430412 1.008421 2.041709 2.427890 21.26865
Median 0.766580 0.440972 0.728144 2.147733 2.237086 21.59126
Maximum 0.991030 0.546296 3.668323 5.478160 3.340328 25.52832
Minimum 0.480295 0.270833 0.178192 -1.449514 1.954080 17.94227
SD 0.150156 0.056716 0.825654 1.733693 0.440734 1.603583
Jarque-Bera 2.270183 2.298319 39.75062 0.405059 4.623295 1.826964
Probability 0.321393 0.316903 0.198320 0.816662 0.099098 0.401125
Observations 34 34 34 34 34 34

Table 3 Estimation of autoregressive distributed lag (ARDL)-based
coefficient value: dependent variable is CO, emission

Explanatory Coefficient Standard error  T-statistic Pvalue
variables

Gov —-0.180674 0.127906 -1.412558 0.1758
Gov (-1) -0.401868 0.148584 —2.704659 0.0150
FDI 0.007319 0.007768 0.942209 0.3593
FDI(=1) —0.004273 0.009205 -0.464180 0.6484
FDI (-2) 0.013622 0.007105 1.917071 0.0722
GDP 0.000390 0.001938 0.201077 0.8430
GDP (-1) 0.001405 0.002067 0.679666 0.5059
GDP (-2) 0.007325 0.002029 3.610262 0.0022
Pop 0.873530 0.293499 2976264 0.0085
Pop (—1) 2.229252 0.610252 3.653006 0.0020
Pop (-2) 1.652295 0.365830 4516563 0.0003
Indu 0.002693 0.002234 1.205175 0.2446
Indu (-1) 0.007359 0.002314 3.179981 0.0055
C 1.826834 0.291249 6.272420 0.0000

R?=90.959501
Adjusted-R?=50.913216
F-statistic = 23.8653 [0.000]

indicating that the model is stable; if any error creates the
hurdle in the model from its equilibrium path, it will con-
verge toward equilibrium with the speed of 39% adjust-
ment of disturbance in one year. Only Pop has shown a sig-
nificant and positive relationship with CO, emission for the
short-term period. It means as population increases, this
will cause an increase in CO, emission, while all independ-
ent variables have shown a positive and significant asso-
ciation with the CO, emission for the long-term period. The
value of F-statistic is 23.865. It indicates that the model is a
good fit. The value of R? indicates that the 95% variation in
CO, is explained by the modeled variance. The single unit
increase in FDI that brings 0.0174 unit changes inside CO,
emission. Whether FDI found to be positive to increase CO,
emission in the Pakistan. Similarly, the results of the short-
term period indicate the consistent sign of the coefficient
in the model with the long-term period.

The results revealed that the synchronicity of the posi-
tive and significant relationship between FDI and CO,
makes the strategies to reduce the carbon emission in the
environment. Such policies and strategies would helpful
for the regulation and enhance the relation between FDI
and the environment. The result also shows that such poli-
cies create links for the reduction in the CO, emission with
regulation of FDI and GDP environment link. Similarly, the
ARDL investigation depicts that per capita GDP has the
positive link with the CO, emission. The coefficient value
of the per capita GDP is found to be significant with a value
of 0.004.

The results also show that a one percent increase
(decrease) in GDP will 0.004 percent increase (decrease)
in CO, emission. In the detailed investigation, it is stated
that this outcome is supporting the results observed [39,
40, 22]. These investigated studies show that that the per
capita GDP is directly linked with CO, emission that boost
toward the environmental degradation. Figure 8a reveals
that the trend of the CO, emission is found to be increased
with a rate of 0.476 metric tons per capita. R? value is
0.866 observed during the investigated period from 1984
to 2017. After further investigation, it is stated that CO,
emission decreased from 2007 to 2017. There is likely due
to improvement and development of the green belt in
Pakistan. The GDP per capita was stable during this span.
Figure 8b also shows the percentage change of the CO,
emission inter-annually. The high change was observed in
the year of 1995 and 2003. In the detailed examination, it
is stated that per capita GDP in the same years increased.
This shows the significant positive relationship of the CO,
emission and per capita GDP.

3.3 Impact on NO, emission
3.3.1 Descriptive statistics

Table 4 represents the descriptive statics values of the NO,
emission function. The results revealed that the probability
value of all variables is greater than 0.05, which shows that
the all the data in the model 2 are found to be normally
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Fig.8 The CO, emission trend a total change in Pakistan CO, emission and b % change in Pakistan CO, emission

Table 4 Descriptive statistics of

- . NO, Gov Tran GDP Pop FDI Indu
the NO, emission function

Mean 11.88029 0.430412 52.25380  2.041709 2427890 23.36896  21.26865
Median 12.00247  0.440972 5415880  2.147733 2237086  24.21259  21.59126
Maximum 13.98814 0.546296 71.22066 5.478160 3.340328 29.78608  25.52832
Minimum 7931114 0.270833  34.57587 -1.449514 1.954080 15.38607 17.94227
SD 1.380649 0.056716  10.48349  1.733693 0.440734 4.151071  1.603583
Jarque-Bera 8223623  2.298319  1.246479  0.405059 4623295 2359601 1.826964
Probability 0.106378 0316903 0.536204 0.816662 0.099098 0307340 0.401125
Observations 34 34 34 34 34 34 34

distributed. After the detailed investigation, it is stated
that the probability values of the selected variables in
the model 2 included: NO, (0.106), the Gov (0.317), GDP
(0.816), Tran (0.536), Pop (0.099), FDI (0.307) and Indu
(0.402).

The minimum values were for NO, (7.931), the Gov
(0.271), Tran (34.57), GDP (-1.449), FDI (15.39), Pop (1.955)
and Indu (17.94). The maximum value of Tran is 71.22. The
observed maximum values included: NO, (13.988), the Gov
(0.546), FDI (3.66), Tran (71.22), GDP (5.478), FDI (29.78),
Pop (3.341) and Indu (25.52).

3.3.2 Autoregressive distributed lag (ARDL): dependent
variable is NO, emission

The results of ARDL for model 2 are reported in Table 5.
The value of the error correction model term is 3=0.361
(0.0053), indicating that the model is stable; if any error
disturbs the model from its equilibrium path, it will con-
verge toward equilibrium with the speed of 36% adjust-
ment of disturbance in one year. The results revealed that
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governance shows a significant and negative association
with the emission of nitrogen oxide (NO,) for the short-
term period. It means as governance improves, the emis-
sion of NO, will reduce. However, all modeled variables
have a positive and significant association with the NO,
emission in the long-term period. The value of F-statistic is
30.556. It indicates that the model is a good fit. The value
of R? indicates that the 96% variation in NO, is explained
by the modeled variance.

The results also show the negative relationship
between Indu and NO, emission. The coefficient value
shows the long-term relationship of the NO, emission and
Indu. With the increase in the pressure of the Indu, the
NO, emission will increase in the environment that leads
toward the environmental degradation. The single unit
increase within Indu will result in 0.5012 unit reduction in
NO, release. Similarly, Tran and NO, also show the positive
and significant relationship. One unit increase in Tran that
will bring the 0.0563 unit increase in NO, emission. The
coefficient value of the Tran is found to be significant with
value 0.0808. This is likely due to increase in the number
of the vehicles. Over the span of the last two decades, the
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Table 5 Estimation of autoregressive distributed lag (ARDL)-based
coefficient value: dependent variable is NO, emission

Explanatory Coefficient Standard error  T-statistic Pvalue
variables

NO, (-1) 0.360701 0.111798 3.226372 0.0053
Gov —-3.236764 1.736471 —1.863990 0.0808
Tran 0.008891 0.014746 0.602914 0.5550
Tran (1) 0.030639 0.016754 1.828687 0.0861

Tran (-2) 0.014240 0.013088 1.088023 0.2927
GDP 0.052579 0.048215 1.090522 0.2916
GDP (-1) 0.116074 0.049826 2.329583 0.0333
GDP (-2) 0.126882 0.043349 2.926986 0.0099
Pop 9.365965 6.426393 1457422 0.1643
Pop (- 1) 26.74763 10.94648 2443492 0.0265

Pop (-2) 18.49435 5.094050 3.630579 0.0022
FDI 0.023141 0.024009 0.963847 0.3495

Indu 0.061708 0.053710 1.148910 0.2675

Indu (—1) 0.109765 0.048977 2.241148 0.0396
Indu (-2) 0.149011 0.049441 3.013908 0.0082
C 17.21334 3.229184 5.330552 0.0001

R?=0.966271

Adjusted-R?=0.934650
F-statistic=30.55769 [0.000]

number of motor vehicles has risen from 2.71 million to
nearly 9.08 million. The highest increase is found in a two-
stroke engine and diesel vehicles [41]. With the increase in
the number of the vehicles, the emission rate of the NO,,
is 11% increasing in Pakistan [42]. Motor vehicles release
around 90 percent of the total hydrocarbons, NO,, and
CO, in Pakistan. The basic cause of the NO, emission is the

Pakistan NOX emission
[T NOX emission R2 =0.761 A

change in emission =4.11 ( metric tons per capita)

2
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N N
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\
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number of the vehicles. NO, is produced when nitrogen
and oxides in the environment combine at high temper-
ature. So, the high amount of the nitrogen and oxygen
release in the atmosphere increases the NO, emission [16].
The number of the vehicles is directly linked with the pop-
ulation. With the increase in the population pressure, the
number of the vehicles is found to be positively significant.
Therefore, Pop and NO, emission show the positive and
long-term relationship. The one unit increase in POP will
increase the1.7405 unit increase in NO,. Furthermore, GDP
and NO, also show the positive long-term relationship. The
single unit increase in per capita GDP will bring 0.4623 unit
changes in NO, emission.

Figure 9a reveals that the trend of the NO, emission
increased with a rate of 4.11 metric tons per capita. R?
value was 0.761 during the investigated period of 34 years
from 1984 to 2017. After detailed examination, it is stated
that NO, emission increased from 1996 to 2017. There is
likely due to the increase in the number of the vehicles
and population pressure. Tran and Pop increased during
this investigated period. Figure 9b also shows the percent-
age change in the NO, emission inter-annually. The high
change was observed in the year of 1996 and 2001. In the
detailed examination, it is stated that Pop and Tran in the
same years increased. This shows the a significant positive
relationship between the NO, emission and Pop and Tran

3.4 Impact on deforestation
3.4.1 Descriptive statistics

Table 6 depicts the descriptive statics values of the DEF
function. The results display that the probability value

Pakistan NOX emission
I Positive Change I Negative Change B

-40 d— ' ' ' I |
2015 1985 1990 1995 2000 2005 2010
Year

Fig.9 Show the NO, emission trend a total change in Pakistan NO, emission and b % change in Pakistan NO, emission

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:468 | https://doi.org/10.1007/542452-020-2231-4

Table 6 Descr.iptive statistics of DEF Gov Indu FDI Pop Urbn AL

the DEF function
Mean 0.215026  0.430412  21.26865 1.008421 2427890 3.365917  46.87091
Median 0.215091 0.440972 2159126  0.728144 2237086  3.237386  46.78160
Maximum 0318424  0.546296 2552832 3.668323  3.340328 4.175389  48.64570
Minimum 0.121970  0.270833 17.94227  0.178192 1.954080 3.015060  45.66988
SD 0.044283  0.056716 1.603583  0.825654  0.440734 0.353832  0.798487
Jarque-Bera 0.208646  2.298319 1.826964  39.75062  4.623295  7.397627 1.050225
Probability 0.900934 0316903  0.401125 0.198320 0.099098 0.204753  0.591489
Observations 34 34 34 34 34 34 34

of all variables is greater than 0.05, which indicated that
the data are normally distributed. After the thorough
and detailed study of the 34-year span, it is stated that
the probability values of the selected variables included:
DEF (0.901), the Gov (0.317), Indu (0.401), FDI (0.198), Urbn
(0.205), Pop (0.099) and AL (0.592). The minimum values
for DEF (0.121), the Gov (0.270), Indu (17.94), FDI (0.178),
Urbn (3.017), Pop (1.955) and AL (45.669). The maximum
value of the AL is 48.65. The observed maximum values
included: DEF (0.318), the Gov (0.546), Indu (25.52), FDI
(3.66), Pop (3.341), Urbn (4.176) and AL (48.646).

3.4.2 Autoregressive distributed lag (ARDL): dependant
variable is DEF

The results of ARDL for model 3 are reported in Table 7. The
value of error correction model term is 3=0.261 (0.004),
indicating that the model is stable; if any error disturbs the
model from its equilibrium path, it will converge toward
equilibrium with the speed of 26% adjustment of distur-
bance in 1 year. The results revealed that governance has a
significant and negative relationship with deforestation for
the short-term period. It means good governance reduces

the deforestation. The good governance makes the good
polices for the reduction in the deforestation. Further-
more, the rich peoples are also involved in the cutting and
selling of the plants like concept of timber mafia. This is
generally likely due to the lack of the implementation of
the forest management techniques and laws. This hurdle
in the implementation of the political instability and bad
governance. Therefore, governance is directly linked with
the deforestation.

The results indicate that the rural population has neg-
ligible impact on environmental degradation in the short
run as well as in the long run, while urban population has
a significant and positive association with environmental
degradation. The result reveals that as urban population
(urbanization) increases, it will increase the CO, emission
which increases environment degradation in short-run
and long-run periods (8=0.0078, prob. 0.00006 in the
short run, while in the long run 3=0.102439, prob. 0.0009).

Similarly, deforestation has significant positive associa-
tions with environmental degradation in the short-run as
well as in long-run period $=0.028134 prob. 0.00001, in
the short-run period, while in the long run §=0.272315,
prob. 0.0001 (Table 8). The results of CointEq (- 1) indicate

Table 7 Estimation of

. o Explanatory variables Coefficient Standard error T-statistic Pvalue

autoregressive distributed lag

(ARDL)-based coefficient value:  pgf (—11) 20.260510 20.123280 2.113157 0.00337

dependent variable is DEF Gov ~0.319702 0.182837 ~1.748560 0.0957
Indu ~0.011025 0.005186 ~2.125949 0.0462
Indu (- 1) ~0.016861 0.005547 ~3.039477 0.0065
FDI 0.010216 0.015666 0652117 0.5218
FDI(-1) ~0.035393 0.020035 —1.766567 0.0926
FDI (-2) 0.022004 0.015164 1451079 0.1623
Pop 0.163964 0.062045 2.642666 0.0156
Urbn ~0.168046 0.087073 ~1.929949 0.0679
AL ~0.003566 0.012452 ~0.286342 0.7776
C 1.257491 0.713018 1.763616 0.0931
R*=0.716869

Adjusted-R?=0.575303
F-statistic=5.063865 [0.001]
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Table 8 Estimation of autoregressive distributed lag (ARDL)-based
coefficient value: dependent variable is CO, emission with defor-
estation, rural and urban population

ARDL cointegrating and long-run form

Dependent variable: CO,

Variable Coefficient  Std.error t-statistic Prob.

Cointegrating form

D (RP) —0.000000 0.000000 -—-0.472748 0.6418
D (UP) 0.078394 0.019056 4.113960 0.0006
D (Deforestation) 0.028134 0.0043 6.542790 0.0001
CointEq(—1) —-0.765274 0.188551 —4.058707 0.0007
Long-run coefficients

RP —0.000000 0.000000 —0.453429 0.6554
up 0.102439 0.026037 3.934319 0.0009
Deforestation 0.272315 0.052564 5.180636 0.0004
C —3.399979 2.064948 —1.646520 0.1161

that the model is stable, if any shock causes to deviate the
model from its trend growth path, it will come back to the
equilibrium path at the speed of 76% adjustment in one
year and the remaining will settle accordingly.

Moreover, industrialization (Indu) has a positive and sig-
nificant association with DEF. It means as industrialization
increases, DEF will also increase. The single unitincrease in
Indu brings the 0.03322 unit increase in the DEF. Industri-
alization increases the human-based anthropogenic activi-
ties on the earth. These activities included the overcon-
sumption and overexploitation that cause the air pollution
in the environment. Such mechanism leads toward the
deforestation. With the increase in the population pres-
sure on earth, the human-based anthropogenic activity
increases that make the positive relationship between Pop
and DEF. Similarly, in the short-term period, population

Pakistan Deforestation

10

change in deforestation =-0.0442

[ Deforestation  R2 =0.090 A

AL

has a positive and significant association with DEF. While
urbanization has a negative and significant association
with DEF. However, in the long-term period all modeled
variables found a significant association with the DEF. The
value of F-statistic is 5.064. It indicates that the model is a
good fit. The value of R? indicates that the 71% variation
in DEF is explained by the modeled variance.

Figure 10a reveals that the trend of the DEF decreased
with a rate of —0.0442. R? value was 0.090 observed
during the investigated period of 34 years from 1984
to 2017. After detailed examination, it is stated that
DEF increased from 1984 to 1994. There is likely due to
increase in the population pressure and anthropogenic
activities. Urbn and Pop increased during this investi-
gated period. Figure 10b also shows the percentage
change in the DEF inter-annually. The high change was
observed in the year of 1985 and 2010. In the detailed
examination, it is stated that Indu, Pop and Urbn in the
same years increased. Therefore, this shows the sig-
nificant positive relationship of DEF and Pop, Urbn and
Indu. In the detailed examination, it is observed that
the increase in the deforestation in the year of 2010 was
due to heavy flood in Pakistan [43]. Kirsch et al. [21] sup-
ported this result that the severe flood of 2010 affected
the land use pattern in Pakistan. Therefore, land use
pattern decreased during this high level deforestation
positive change

The current empirical study found negative and signifi-
cant cointegration among governance and environmental
degradation in the long run, which suggests that as gov-
ernance improves, environmental degradation will reduce.
Therefore, sustainable development can be achieved
with the help of good environmental governance. So this
study showed that policies and plans should be devised
to improve governance in order to achieve a good quality

Pakistan Deforestation
I Positive Change M Negative Change B
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Fig. 10 The trend of the deforestation area a total change in Pakistan deforestation and b % change in Pakistan deforestation
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of the environment. Shaari et al. [44] also claimed that FDI
has positive cointegration with environmental degrada-
tion; as FDI increases, it will also increase environmental
degradation. Results are indicating that FDI leads to the
emission of greenhouse gases that causes poor quality
of the environment. Therefore, policymakers of the host
country should have the knowledge of the threshold for
peak inflow of FDI to have a good balance between envi-
ronment and FDI growth [19, 21].

Moreover, the study found a positive and significant
association between economic growth and environmental
degradation, so this study suggests that the government
should devise the policies for green growth rather than
economic growth. This study also found that population
growth has a positive and significant relationship with
environmental degradation. The results of this study are
consistent with the Malthus theory of population; the find-
ings suggest the government should educate its people to
focus on the quality of children rather than quantity. The
government should also develop policies to control human
activities regarding the consumption of natural resources
to control environmental degradation. This investigation
also found that industrialization increases environmen-
tal degradation, but no doubt the developed economies
made rapid development after the industrial revolution,
which recommends that industrialization is a prerequisite
of economic growth. So the government should develop
policies, not to control industrialization, but for the emis-
sion of greenhouse gases from industrialization. The gov-
ernment should impose a carbon tax on industries to regu-
late the emission of greenhouse gases and the government
design policies to promote the green industry.

4 Conclusion
In the current research, an impact assessment of the

socioeconomic factors is investigated on different dimen-
sions of environmental degradation using the statistical
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models |, 2 and 3. The study found a negative and signifi-
cant impact on environmental degradation in all three
models. Results indicated that as governance improves,
it will cause to reduce CO, emission, NO, emission and
deforestation that will improve the quality of the envi-
ronment. Similarly, the analysis incorporated that FDI,
per capita GDP, industrialization and the total population
have a positive and significant impact on environmental
degradation in the long run; as FDI, per capita GDP and
total population increase, it will cause to increase environ-
mental degradation.

According to the results, the rural population has an
insignificant association with environmental degradation,
while the urban population has a significant and positive
association with environmental degradation. Similarly,
agriculture land has an insignificant association with envi-
ronmental degradation and deforestation has a significant
and positive impact on CO, emission. Results indicated
that as deforestation increases, it will increase CO, emis-
sion which will deteriorate the environmental quality. In
the future, researchers can utilize other proxies like an eco-
logical footprint to measure environmental degradation.
Moreover, in the future quality of institutions can be taken
as the moderator to strengthen the favorable results and
weaken the undesired results.
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Table 9 Appendix of variables and its description

Variable name

Description

Sources

Control of corruption

Government effectiveness

Political stability and
absence of violence/
terrorism

Rule of law

Regulatory quality

Regulatory quality

Control of corruption captures perceptions of the extent to which public power is exercised for private
gain, including both petty and grand forms of corruption, as well as "capture" of the state by elites
and private interests. Estimate gives the country’s score on the aggregate indicator, in units of a
standard normal distribution, i.e., ranging from approximately — 2.5 to 2.5

Government effectiveness captures perceptions of the quality of public services, the quality of the civil
service and the degree of its independence from political pressures, the quality of policy formulation
and implementation, and the credibility of the government’s commitment to such policies. Estimate
gives the country’s score on the aggregate indicator, in units of a standard normal distribution, i.e.,
ranging from approximately —2.5 to 2.5

Political stability and absence of violence/terrorism measures perceptions of the likelihood of political
instability and/or politically-motivated violence, including terrorism. Estimate gives the country’s
score on the aggregate indicator, in units of a standard normal distribution, i.e., ranging from
approximately —2.5 to 2.5

Rule of law captures perceptions of the extent to which agents have confidence in and abide by the
rules of society, and in particular the quality of contract enforcement, property rights, the police, and
the courts, as well as the likelihood of crime and violence. Estimate gives the country’s score on the
aggregate indicator, in units of a standard normal distribution, i.e., ranging from approximately —2.5
to 2.5

Regulatory quality captures perceptions of the ability of the government to formulate and implement
sound policies and regulations that permit and promote private sector development. Estimate gives
the country’s score on the aggregate indicator, in units of a standard normal distribution, i.e., rang-
ing from approximately —2.5 to 2.5

Regulatory quality captures perceptions of the ability of the government to formulate and implement
sound policies and regulations that permit and promote private sector development. Estimate gives

WDI

WDI

WDI

WDI

WDI

WDI

Voice and accountability

the country’s score on the aggregate indicator, in units of a standard normal distribution, i.e., rang-

ing from approximately —2.5 to 2.5

Voice and accountability captures perceptions of the extent to which a country’s citizens are able to

WDI

participate in selecting their government, as well as freedom of expression, freedom of association,
and a free media. Estimate gives the country’s score on the aggregate indicator, in units of a stand-
ard normal distribution, i.e., ranging from approximately —2.5 to 2.5
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