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Abstract
In this modern era, environmental pollution is the biggest problem attached to industrialization. This study tries to ensure the
relationship between industrialization and CO2 emissions in Pakistan for the time period 1980–2018 by using nonlinear ARDL
model while controlling for urbanization, GDP, and human capital variables as a likely factor of CO2 emissions. Our foremost
study objective is to examine whether or not the outcome of industrialization on CO2 emissions is symmetric or asymmetric for
Pakistan that is one of the core suppliers to CO2 in South Asia, as the emissions were 0.82 million tons in 2018. Our result
approves the presence of an asymmetric effect of industrialization shocks on CO2 emissions both in the short run and long run.
The results reveal that industrialization increases emissions and deindustrialization decrease emissions, in short as well as long
run, in Pakistan. Moreover, our finding also advises that urbanization and GDP variables have exerted a positive impact on CO2
emissions. Based on the findings, some policy suggestions are proposed for Pakistan.
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Introduction

The manufacturing sector in Pakistan has been going through
a crisis since the decade of 1990s. Pakistan is, in fact, suffering
from what Rodrik (2016) has characterized as premature

deindustrialization – a situation where manufacturing output
and employment suffer at low-income levels before the indus-
trial transformation has taken place. The term appears to have
been first used by Dasgupta and Singh (2006). Traditional
industries were destroyed, and millions of Pakistanis were
thrown out of employment. Unfortunately, modern
manufacturing industries were not sufficient to increase em-
ployment and output, leading to deindustrialization (Bagchi
1976). The share of manufacturing in GDP has stagnated
and even shrinking in Pakistan. Therefore, it should be noted
that deindustrialization effects environmental quality by
lowing industrial activity (Lin et al. 2015). Such deindustrial-
ization is considered as an indication of less emission of CO2.

In the decade of 1990s, Pakistan industries have grown
well in the South Asian region. After this, deindustrialization
began in Pakistan. As evident from Fig. 1, industrialization of
Pakistan has been decreased from 15.45 in 1990 to 13.66% in
2000. Reindustrialization started in Pakistan for short period
from 2000 to 2005; industrialization increased from 13.66 in
2000 to 17.48% in 2005. Again, Pakistan’s deindustrialization
began in 2006. After 2005, the share of industry value added is
on the persistent decrease in Pakistan. Positive industrializa-
tion occurs as productivity grows in manufacturing, and neg-
ative industrialization happens because of stagnation in pro-
ductivity in manufacturing sector in Pakistan. Therefore,
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findings revealed that deindustrialization is stronger in the
case of Pakistan. The phenomenon of deindustrialization
prominently existed in developing countries as well as in
Pakistan (Rodrik 2016).

The industrialization report 2015 prepared by the United
Nations Industrial Development Organization (UNIDO) has
ranked nations in terms of its industrial performance. Pakistan
has been ranked 80 out of 148 countries, above-bordering and
non-bordering nations, for instance, China (no. 3), India (no.
39), Iran (no. 59), Sri Lanka (no. 75), and Bangladesh (no. 77)
(UNIDO, 2015). Pakistan is the lowest in this rank. The wors-
ening situation of industrialization in Pakistan reveals that
industrial sector progress has mostly been unnoticed in the
local policies. Pakistan has the potential for its industrial sec-
tor development as compared to other developing nations,
considering the fast economic growth and enormous labor
force. Climate change is industrial-induced, and progress is
required on multiple fronts. Policies that ignore the industrial
sector cannot provide a general approach to fight this chal-
lenge. This paper would be helpful for manufacturing regula-
tion and making policies that can reduce CO2 emission in
Pakistan. Currently, Pakistan is at the lowest level of industri-
alization in South Asia and has a small emission of CO2.

There are also numerous studies that emphasized on iden-
tifying the driving forces of Pakistan’s CO2 emissions, such as
the energy consumption and economic growth (Danish and
Baloch 2017; Khan et al., 2019a Rehman et al. 2019); agri-
culture value added (Gokmenoglu and Taspinar 2018; Ali
et al., 2019a); agricultural, industrial, and service sector
(Akram et al. 2019); macroeconomic instability (Khan
2019); financial development and financial instability (Javid
and Sharif 2016; Shujah-ur-Rahman et al., 2019); road trans-
port (Rasool et al., 2019); income inequality and economic
growth (Baloch et al. 2017); urbanization (Farhani and
Ozturk 2015; Al-mulali and Ozturk 2015; Al-mulali et al.

2015; Shahbaz et al. 2017; Ali et al., 2019b; Khan et al.,
2019b); and globalization (Khan et al., 2019a); none of these
studies focuses on the implications of industrialization for the
CO2 emissions in context of Pakistan. There is also a limited
number of studies that found the linear industrialization im-
pact on CO2 emissions in globe (Shahbaz et al. 2014; Li and
Lin 2015; Xu and Lin 2015; Ahmad and Zhao 2018; Liu and
Bae 2018; and Pata, 2017). The complete empirical literature
is silent about the asymmetric relationship between industri-
alization and CO2 in the world.

The existing body of studies offers a significant gap in
different ways. First, previous studies on CO2 emissions did
not integrate industrialization in Pakistan (Shahbaz et al.,
2014; Khan et al., 2019a). However, industrialization has been
the core factor to explain the process of urbanization, energy
consumption, and economic growth (see Danish and Baloch,
2017; Ali et al., 2019a). Second, previous studies employed
linear ARDL for estimation that gives the biased results prob-
lem (Pata 2017; Liu and Bae 2018). This study has new em-
pirics in environmental economics. None of the previous stud-
ies addressed the deindustrialization impact on CO2 and did
not incorporate deindustrialization variables in their models.
However, the current study provides the nonlinear ARDL re-
sults to check the positive as well as negative shocks of indus-
trialization on CO2 emission along with urbanization, GDP,
and human capital. However, a detailed and up-to-date analy-
sis of Pakistan is still lacking. A study that can measure the
influence of industrialization processes on CO2 emissions of
Pakistan is also needed in a controversial situation.

The link between industrialization and carbon emissions
was observed very regularly in globe, but there is specific
and limited work on the nonlinear relationship between indus-
trialization and CO2 in Pakistan. This paper fulfills this gap by
inspecting the nonlinear association between industrialization
and CO2 emission in Pakistan. This study is valuable for
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Fig. 1 Pattern of industrialization
in Pakistan
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environmentalists, government, industrial researchers,
policymakers, and civilians in evaluating and understanding
how industrialization affects CO2 emission in both ways, i.e.,
positively and negatively. Additionally, this is the first study
on Pakistan that considers asymmetric effects. Therefore, it
implies that industrialization structural change affects CO2
in different ways. Previous studies, compared to this one, have
parsimonious models.

This study is divided into four sections: Next section sum-
marizes the literature review. Section 3 presents the method-
ology, model, and data. Section 4 discusses the empirical find-
ings and discussion. Section 5 concludes the study with some
policy implications.

Literature review

The industrialization has been considered as a crucial factor
for nations to develop and grow. Therefore, it is assumed that
manufacturing is an engine for economic growth. It has the
potential for economic growth and development.
Industrialization states to a procedure that manufacturing
share started to increase at a certain phase of development in
the economy. However, the previous couple of decades have
seen a noteworthy decrease in the relative share of
manufacturing in developing countries. This switch procedure
of manufacturing has been described as deindustrialization.
According to literature, deindustrialization means in the re-
duction of manufacturing share in total employment (Palma
2005). It has also been defined as a fall in the manufacturing
share both in GDP and employment (Tregenna 2008).

The two aspects, degree of income per person and share of
manufacturing in total output, are crucial points for defining the
nature of deindustrialization. In view of these two points, we
present the idea of premature deindustrialization, which is pre-
dominant in developing nations. The common concept of pre-
mature deindustrialization has been defined as deindustrializa-
tion that begins at a lower level of per capita income or low
share of the industrial sector to GDP (Rodrik 2016). In devel-
oping countries, it is the general argument that economic
growth and industrialization are the integrated part of each other
and that it became a source of improvement in the economic
agent, which occurred in Europe in the nineteenth century be-
cause of the industrial revolution (Fei and Ranis, 1999).
However, numerous literature explained the negative effects
of industrialization process on the air quality. Lopez (2007)
described the cases of sub-Saharan Africa and Latin America
where structural changes are due to the natural resource’s deg-
radation. Moreover, the researcher used the specific word “per-
verse structural change” to explain the structural variations of
this kind, which are the following: (a) environmental erosion
and (b) in both sectors, agriculture, and non-agriculture, wages
are stationary or falling among unskilled labor force.

Similarly, the opportunity cost has been declining in non-
agriculture sector due to environmental degradation. It can be
considered as a fuel for the development process which is
noticeable in literature. There are many other examples that
explain the structural changes that occurred due to environ-
mental degradation in many developed regions. In many
countries like China and India, environmental problem be-
comes a hot issue and forced the public to change their envi-
ronmental behavior to protect their environment against the
industrialization process. During the current eras, a lot of work
has been done at the overall industry level as well as on spe-
cific sector-wise to check the industrialization impact on the
CO2 productions. The findings of some studies revealed that
there is a positive relationship between industrialization and
CO2 focusing on the overall relations at the industry level by
ignoring its subdivisions (Shahbaz et al. 2014; Chandio et al.
2019). So, further studies focus on this issue and investigated
the industrial sectors across various nations. According to
Akbostancı et al. (2011), CO2 emissions is found to be a big
determinant of the manufacturing industry in Turkey. The
same results were found in the energy sector and in different
countries of North America and Asia-Pacific (Sheinbaum-
Pardo et al. 2012; and Moya and Pardo 2013).

Similarly, Shahbaz et al. (2014) used the ARDL model to
examine the influence of industrialization on CO2 emission
during the time period 1975 to 2010. They found environmen-
tal Kuznets curve (EKC) between industrial development and
CO2 emission. Notwithstanding industrialization and urbani-
zation has been thoroughly researched by researchers to cap-
ture the regional urban releases (Gurney et al. 2009). At the
national level as well as city level, there are a lot of studies that
exist on the relationship between industrialization and CO2
emission. Most of the studies worked on this relationship at
the national level, and they found the positive link among the
industrialization and CO2 discharge while ignoring the differ-
ent phases of development (Sadorsky 2014). Further, the stud-
ies try to explore this environmental issue and find the impact
of industrial sector development phase on CO2 emissions
(Martinez-Zarzoso and Maruotti 2011). However, Zhu et al.
(2012) inspected the link between urbanization and CO2
using the sample of twenty emerging nations during the time
period 1992–2008; they found in their study that there exists a
nonlinear relationship between them instead of inverted-U
pattern. There are some studies that worked on the city level
to handle these issues. Among them, Fragkias et al. (2013)
revealed that smaller towns are more energy-efficient as com-
pared to big towns. A similar finding is found by Yuelan et al.
(2019) in China. However, Liu and Sweeney (2012) discov-
ered opposite results which concluded that big cities are more
energy-efficient and reduce energy consumption and that CO2
discharge from per household reduced.

In China, wide research is going on energy efficiency and
on reducing the CO2 emission, and they are considering the
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industrialization as a tool. According to the general industry
perspective, Zhu et al. (2012) determined that CO2 was the
most central outcome which was received through the indus-
trialization process. Moreover, there are many studies that
worked on the link between industrialization and CO2
emission. Sun et al. (2011) determined a positive link between
twin variables. They revealed that the share of heavy indus-
tries increases from 71.52 to 77.12% in 2012. In recent years,
heavy industries (cement, iron and steel, and power industry)
are responsible for CO2 emissions in China. However, Wen
et al. (2015) displayed that the steel and iron industry devel-
opment increases the CO2 emission in short run while reduc-
ing in the long run because of improving energy-efficient
technology. By considering the connection between industri-
alization and CO2 emission, there are many similar studies
that found a strong correlation between the two in China. At
national level, some studies showed the positive link between
the concerned variables (Sadorsky 2013). Due to this attribute,
there is an increased in demand for private transport, public
infrastructures like road network, sanitation, and drainage sys-
tem and production of steel and cement for the construction in
urban areas.

Some latest studies also discussed the effect of industriali-
zation on CO2 emissions. A study by Mahmood et al. (2019)
in Pakistan found robust long-run relationships between in-
dustrial production and carbon emissions. This study also
revealed that earlier stages of development also matter in
carbon emissions. Anwar et al. (2019) study the industrializa-
tion of partner countries of Belt and Road economies. The
study noted the unidirectional causality running from indus-
trialization to emission of CO2 and stressed to environment-
friendly policies. Based on data from developed economies,
Dong et al. (2019) elucidated that the highest carbon emis-
sions are found in some developed economies due to indus-
trialization. Therefore, this implies that industrialization has a
similar effect on carbon emission in worldwide. Nasrollahi
et al. (2018) found similar results in MENA countries who
noted that the effect of industrialization on carbon emissions
is generally significant, while Opoku and Boachie (2019)
found insignificant results in African countries.

Furthermore, Liu and Bae (2018) described that CO2 emis-
sions are due to urbanization in long run and have a causal
positive link between the concerned variables in China. The
same empirical results have been found in China when studies
are conducted at city level (Hua et al. 2018). Since, in China,
Shanghai showed expended urbanization and spatial features
of carbon of soil organic which has boosted the CO2 emission.
Though industrialization, as well as urbanization, has been
empirically discussed extensively in China context, however,
there are two core limitations. First point is that all the studies
have been conducted at national level. There are few studies
found which are at regional level. Therefore, provincial het-
erogeneity in CO2 emissions and its important determinants at

inter-provincial level is ignored which needs attention.
Second, to check the impact of industrialization and urbaniza-
tion on CO2 emission, most of the studies used the linear
model. This study is different from the previous researches.
Therefore, this study examines the relationship between in-
dustrialization and carbon emissions by using the linear and
nonlinear parametric regression approach in Pakistan.

Methodology

Variables and data description

For this study, we have employed the time series data over the
period 1980–2018, and we have used industrialization (IND),
urbanization (URB), GDP per capita (GDP), and human cap-
ital (HC) as independent variables, while carbon dioxide emis-
sions (CO2) is our dependent variable. The sources of the data
are the Human Development Index (HDI) and World
Development Indicators (WDI). For better results, GDP vari-
able has been converted into a logarithm. Table 1 symbolizes a
detailed description of the variables and data sources.

Descriptive statistics and correlation matrix are offered
in Table 2. Descriptive statistics cover the period from
1980 to 2018 for Pakistan. The mean of CO2, IND,
URB, GDP per capita, and HC are 0.71mt, 14.19%,
32.57%, 848.87 $, and 5.41 years, respectively, while
the standard deviation are 0.15mt, 1.09%, 2.55%,
167.02$, 2.13 years, respectively. Based on descriptive
statistics, our results show that all the macro variables
are normally distributed having mean zero and constant
variance. The correlation matrix exposes a positive rela-
tionship between the fundamental variables. For example,
industrialization is positively related to CO2, and some
other finding is also positive for urbanization and CO2

emissions. A positive relationship is established for GDP
with CO2 emissions. An adverse effect is found with hu-
man capital and CO2 emissions. Urbanization, GDP, and
human capital are positively associated with industrializa-
tion. A positive association of GDP and human capital is
established with urbanization. Lastly, there is also a pos-
itive association between human capital and GDP.

Specification of the model

The basic purpose of our effort is to examine the IND rela-
tionship with CO2 in Pakistan. Further, the study of Shahbaz
et al. (2014) and Du and Xie (2019) measured IND in their
model. We continued their studies by taking IND as indepen-
dent variable; moreover, we also consider URB in model that
is one of the key causes of pollution commonly by following
the appropriate theoretical background of the EKC hypothesis
which is reliable with the Lin et al. (2015), Pata (2017), and
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Liu and Bae (2018). The common associations betweenmacro
variables are offered in the following linear regression model:

CO2;t ¼ β0 þ β1INDt þ β2:URBt þ β3GDPt þ β4HC

þ μt ð1Þ

where CO2, t denotes the emission of carbon dioxide in
time t, INDt shows industrialization in time t, URBt indicates
urbanization in time t, GDPt signifies GDP per capita in time t,
and HCt shows human capital in time t. Similarly, β0 is a
constant term; β1, β2, β3, and β4 are particular coefficients,
while μt is the error term. The above Eq. (1) is a long-run
model, and it only offers us long-run estimations. In order to
get short-run estimates, we readjust the error correction sys-
tem into Eq. (1). To that end, we have followed ARDL ap-
proach as suggested by Pesaran et al. (2001) given below in
Eq. (2).

ΔCO2;t ¼ δ0 þ ∑p
n¼0δ1ΔCO2;t–k þ ∑p

n¼0δ2ΔINDt–k

þ ∑p
n¼0δ3ΔURBt–k þ ∑p

n¼0δ4ΔGDPt–k

þ ∑p
n¼0δ5ΔHCt–k þ π1CO2;t−1 þ π2INDt−1

þ π3:URBt−1 þ π4GDPt−1 þ π5HCt−1 þ vt ð2Þ

The main advantage of Eq. (2) is that it can give
short- and long-run estimates in a single equation. In

specification (2), coefficients attached with Δ variables
represent short-run estimates, whereas π2→π5 normal-
ized π1 represent the long-term coefficients, and νt is
the error term. However, for long-run estimates to be
effective, we need to check whether there is the exis-
tence of cointegration among long-run variables. For
this purpose, we need to check the joint significance
of lagged level variables by applying F-test recommend-
ed by Pesaran et al. (2001). Nevertheless, the values of
the F-test they suggested for long sample and for small
samples like ours we relied upon the values of F-test
proposed by Narayan (2005). If the calculated F-
statistics of bounds testing approach is greater than their
critical values, we can confirm the presence of
cointegration among long-run variables, which validates
our long-run estimates. In the opposite scenario, where
critical values are not significant, we will perform an-
other test of cointegration known as error correction
modeling (ECM). In this test, we develop an error cor-
rection term (ECMt-1) with the help of normalized long-
run variables from Eq. (1). In the next step, we replace
this ECMt-1 with lagged level variables in Eq. (2).
Depending upon the critical values proposed by
Banerjee et al. (1998), if the values of ECMt-1 are neg-
ative and significant, we can approve cointegration
among long-run variables. Another advantage of
ARDL approach is that the critical values we consider
can account for the integrating properties of the vari-
ables. Hence, we can use the variables with order of
integration either 0 or 1 or blend of both. As most of
the macro variables are either I(0) or I(1), therefore,
there is no need to perform pre-unit root testing.
However, to endorse that no variable is I(2), we have
performed the Augmented Dickey-Fuller (ADF) and
Phillips-Perron (PP) unit root tests.

Then, in this paper, we want to check whether the impact of
industrialization on CO2 emission is symmetric or asymmet-
ric. To that end, we adopted nonlinear ARDL technique by
Shin et al. (2014), for the reason that it documents asymmetric
effects which are due to the positive and negative shocks on
macroeconomic variables (Mensi et al. 2017). It is the extend-
ed version of a linear ARDL model. The method of NARDL
has been used by numerous scholars in environmental eco-
nomics so far like Munir and Riaz (2019) and Rahman and

Table 1 Variables description
Variables Symbol Definition Data source

Carbon dioxide emissions CO2 CO2 emissions (metric tons per capita) WDI

Industrialization IND Industrial value added (% of GDP) WDI

Urbanization URB Share of urban residents in total population WDI

GDP per capita GDP GDP per capita (constant 2010 US$) WDI

Human capital HC Average total year of schooling HDI

Table 2 Descriptive statistics and correlation matrix

CO2 IND URB GDP HC

Descriptive statistics

Mean 0.716 14.19 32.57 848.87 5.41

Std. Dev. 0.156 1.099 2.556 167.02 2.13

Min 0.411 11.98 28.06 556.40 1.80

Max 0.947 17.48 36.66 1196.59 8.70

Correlation matrix

CO2 1

IND 0.546 1

URB 0.940* 0.424* 1

GDP 0.903* 0.478* 0.879* 1

HC − 0.741* 0.403* 0.886* 0.983* 1

*, **, and ***show significance level at 1%, 5%, and 10%
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Ahmad (2019). This technique is rare and near to reality
in IND-carbon dioxide emission nexus in the context of
Pakistan. Our key purpose is to check that IND has
either asymmetric or symmetric effect on CO2 emissions
in Pakistan. In order to familiarize asymmetric effects,
we follow Shin et al. (2014) and decompose the IND
into two variables, one representing industrialization and
one deindustrialization. Therefore, IND is separated into
two parts where one has positive shocks (IND+

t), while
the other has negative shocks (IND−

t): The model form
is:

INDþ
t ¼ ∑

t

j¼1
ΔINDþ

t ¼ ∑
t

j¼1
max ΔINDþ

t; 0ð Þ ð3Þ

IND−
t ¼ ∑

t

j¼1
ΔIND−

t ¼ ∑
t

j¼1
max ΔIND−

t; 0ð Þ ð4Þ

Eqs. (3) and (4) are two partial sum variables. Specification
(5) is another error-correction model that is considered as the
asymmetric or nonlinear ARDL. To get nonlinear ARDL
equations, we replace two partial sum variables, IND+

t and
IND−

t in Eq. (2):

ΔCO2;t ¼ δ0 þ ∑p
n¼0δ1ΔCO2;t–k þ ∑p

n¼0δ2IND
þ
t–k

þ ∑p
n¼0δ3IND

−
t–k þ ∑p

n¼0δ4URBt–k

þ ∑p
n¼0δ5GDPt–k þ ∑p

n¼0δ6HCt–k

þ π1CO2;t−1 þ π2IND
þ
t−1 þ π3IND

−
t−1

þ π4URBt−1 þ π5GDPt−1 þ π6HCt−1 þ vt ð5Þ

After estimating Eq. (5), we will perform Wald tests
to confirm short-run joint asymmetry and long-run
asymmetry. The null of the Wald test which confirms
or rejects the short run combined asymmetry is
∑δ2k = ∑ δ3k. If we can reject this null hypothesis, it
means the effects of industrialization on CO2 emission
are asymmetric in short run. Similarly, the long-run
asymmetric impacts of industrialization will be con-

firmed once we can reject the null hypothesis (π2
þ�

π1

= π3
−
=π1

) of Wald test.

Results and discussion

The results of ADF and PP unit root tests are reported in
Table 3. The results of ADF test statistic show that all the
variables are nonstationary at the level and the null hypothesis
of ADF shows the existence of unit root. This also implies that
all the series are integrated at I(1). The PP test statistic shows
that the series is unit root at level, but we found to be station-
ary at 1st difference, except urbanization variable, which im-
plies the mix order of integration. However, in our model,
none of the variables is integrated of order two. These results
are also justified by the ARDL model. As per Akaike infor-
mation criterion (AIC), the optimal lags of the ARDL model
are (2, 2, 1, 3, 2, 0).

Our foremost objective of the study is to assess the sym-
metric and asymmetric impacts of IND on CO2 in Pakistan.
The short-run and long-run estimates of linear and nonlinear
ARDL models are offered in Table 4. In the linear ARDL
model, the coefficient of IND is positively significant at 5%
level in short run and long run, which suggests that IND re-
leases the CO2. Numerical estimates of IND confirm that 1%
increase in industrialization will raise CO2 by 0.676% in long
run. This result is in favor of Shahbaz et al. (2014) and Pata
(2017). This implies that old technologies and energy
consumption in industries cause CO2 in Pakistan. Another
possible reason is industrialization increases energy
consumption that is one possible source of carbon emission.
This finding is also dissimilar from Li and Lin (2015) who
argue that industrialization has a negative and significant ef-
fect on environments in the low-, middle-, and high-income
nations.

In short run, URB exerts a significant positive influence on
carbon emissions at the 10% level of significance. In long run,
coefficient of URB is significant at 10% level with an elastic-
ity of 0.457, respectively. Our finding is similar to that of Liu
and Bae (2018) for China and Pata (2017) for Turkey. This
outcome favors the scholars who determine a positive impact
of urbanization on CO2 (Pata, 2017; Ali et al., 2019b; and
Khan et al., 2019b). This result implies that Pakistan is the
fastest urbanized country, and the common sources of energy
are fossil fuels in cities. Urban people tend to use more house-
hold machines and transportation, thereby endorsing

Table 3 Results of the unit root
test ADF test statistic PP test statistic

variables Level 1st difference Decision Level 1st difference Decision

CO2 − 2.43 − 5.84** I(1) − 2.31 − 6.08** I(1)

IND − 2.71 − 7.32** I(1) − 2.68 − 7.87** I(1)

URB − 1.09 − 3.51** I(1) − 4.51** − 3.71** I(0)

GDP − 0.33 − 3.76** I(1) − 0.95 − 3.77** I(1)

HC − 0.76 − 3.83** I(1) − 0.72 − 3.93** I(1)

Environ Sci Pollut Res (2020) 27:13692–13702 13697



increased CO2 in Pakistan. Another possible reason is indus-
trialization, and urbanization growth jointly increases the con-
sumption of energy-intensive goods and services like appli-
ances, electricity, and transport; hence, they both are strong
ingredients of carbon emission generally.

However, the coefficient of GDP is significant at 10% lev-
el, which suggests that high level of income increases the CO2

in long run. A similar result is found in short run. The prior
literature has also informed a positive connection between
GDP and CO2 (Lægreid and Povitkina, 2017; Hafeez et al.

Table 4 Long- and short-run
estimates ARDL NARDL

Coefficients S.E T-stat Coefficients S.E T-stat

Panel A: short-run estimates

ΔCO2t − 1 − 0.896** 0.216 − 4.149 − 1.006** 0.244 − 4.122
ΔCO2t − 2 − 0.449* 0.231 − 1.949 − 0.531** 0.254 − 2.094
ΔINDt 0.012** 0.005 2.585

ΔINDt − 1 − 0.014** 0.004 − 3.812
ΔINDt − 2 − 0.011** 0.005 − 2.431
ΔINDt − 3 − 0.008 0.005 − 1.627
ΔINDt

+ 0.029** 0.014 2.071

ΔINDt − 1
+ 0.012 0.014 0.851

ΔINDt − 2
+ − 0.014 0.014 − 0.998

ΔINDt
− − 0.021* 0.012 − 1.750

ΔINDt − 1
− − 0.014 0.009 − 1.537

ΔURBt 0.836* 0.450 1.857 0.883* 0.504 1.751

ΔURBt − 1 − 0.923** 0.443 − 2.082 − 1.100 1.162 − 0.947
ΔURBt − 2 0.641 0.803 0.798

ΔURBt − 3 − 0.275 0.252 − 1.090
ΔGDPt 0.617** 0.252 2.448 0.628* 0.355 1.770

ΔGDPt − 1 − 0.699* 0.362 − 1.933 − 0.653* 0.388 − 1.683
ΔGDPt − 2 0.562** 0.259 2.174 0.875** 0.344 2.545

ΔHCt − 0.021 0.020 − 1.020 − 0.012 0.023 − 0.522
Panel B: long-run estimates

IND 0.676** 0.306 2.209

IND+ 0.471* 0.281 1.676

IND− − 0.531* 0.292 − 1.818
URB 0.457** 0.208 2.197 0.398** 0.187 2.128

GDP 1.108* 0.657 1.686 1.286* 0.780 1.650

HC − 0.443 0.565 − 0.783 0.052 0.123 0.420

C − 28.932 31.248 − 0.926 0.320 9.417 0.034

Panel C: diagnostic tests

F 6.621*

ECMt − 1 − 0.179 0.132 − 1.356 − 0.233** 0.115 − 2.026
LM 1.310 1.668

RESET 0.366 0.388

CUSUM S S

CUSUMSQ S S

ADJ.R2 0.988 0.988

WALD-short run 4.347**

WALD-long run 3.444*

a. The critical value of t-ratio is significance level at the 10% (5%) level is 1.64(1.96).

b. The critical values for LM, RESET, and Wald tests are significance at 5% (10%) level is 3.84 (2.71), and both
statistics are distributed as χ2 with one degree of freedom.
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2018). This finding is not surprising that when Pakistan is
increasing the domestic production, it defiantly used more
energy consumption. That is one of the basic sources of CO2

in Pakistan. This study has nullified the conventional results of
Lin et al. (2015) in the case of Nigeria that as the living stan-
dard of people gets better, they diffuse CO2 emission. Finally,
the results show a negative and insignificant effect of HC on
CO2 emission in short run as well as long run. It implies that
HC is not a determinant of CO2 in Pakistan. The reality of HC
is not ignored in environmental quality in developed and de-
veloping countries. This negative relationship is due to the fact
that HC raises society’s income level which permits persons to
install renewable energy sources. Education enhances
environment-related information and stimulates pro-
environmental practices (Wijaya and Tezuka 2013 and
Ahmed and Wang 2019). All such practices have adversely
impacted the CO2. The linkage between HC and CO2 is pos-
itive and insignificant for Pakistan. This implies that education
do not improve air quality in Pakistan. Overall, the results
specified that all the coefficients are according to our
expectations.

Panel C shows the outcomes of several diagnostic tests.
Lagrange multiplier (LM) test is statistically insignificant in
most models, supporting autocorrelation-free residuals.
Another diagnostic is Ramsey’s RESET test; all statistics are
insignificant in almost all models that imply that models have
a proper functional form. We select general to specific model
form that does not hurt from any heteroskedasticity and serial
correlation problem. From diagnostics tests, the stability of the
model is verified through CUSUMand CUSUMSQ.We show
stable estimates by “S” and unstable ones by “US”. Almost all
estimates are stable in ARDL, and model has experience of a
good fit. Therefore, the favored ARDLmodel is more efficient
and even reliable.

How do the results change if we apply the nonlinear ARDL
model? Again, we report short- and long-run estimates and
diagnostics of the nonlinear ARDL in Table 4. Due to high
disparities in IND, we have used asymmetric ARDL model to
capture the negative and positive shocks. The positive shock
means industrialization, and negative shock means deindustri-
alization. The long-run outcomes tell that the estimates are
negative and positive for decreased IND as well as increased
IND. For instance, the elasticity of increased IND (decreased)
signifying that CO2 emissions is + 0.471 (− 0.531), implying
that 1% increase (decrease) in IND is estimated to increase
(decrease) CO2 by + 0.471% (− 0.531%), is also moderate
significant in the model. This finding is also in line with the
position of Du and Xie (2019) on China; they found that IND
leads to environmental issues. Considering the different statis-
tical direction of the expected elasticities, variation in IND
appears to have an asymmetric or nonlinear effect on CO2 in
the long run. The coefficient of deindustrialization is greater
than industrialization which shows that deindustrialization

effect is higher on CO2 than industrialization in Pakistan,
which implies that the country is not performing well in in-
dustrial sector in the last few years. Deindustrialization helps
Pakistan to reduce CO2 emissions. The similar results are also
obtained in short run.

Based on these findings some possible reasons are: First,
the economy of Pakistan highly dependent on the agricultural
sector and still lags behind in the industrial sector in the last
decade that cannot lead to environmental problems.
Therefore, deindustrialization produces less pollution that is
one of the additional benefits in Pakistan. Second, our empir-
ical finding reveals that deindustrialization improves the envi-
ronment positively; low growth in industrial sector and con-
tribution remained low in GDP last few years. Third reason is
the energy crisis in Pakistan, particularly in gas, oil, and elec-
tricity sector; industries in Pakistan are focusing on use of
substitute sources such as solar panels, batteries, inverters,
etc., which are environment-friendly energy sources.
Fourthly, the negative association between industrialization
and CO2 could be a consequence of deindustrialization in
Pakistan. Fifth, over the previous few years, industrialization
has suffered a significant setback in Pakistan due to financial,
infrastructural, and structural problems. A number of industry
owners have moved to other businesses, like education and
real estate sectors, naming problems of regulatory bottlenecks,
security and high risk, Chinese import penetration, overreli-
ance on foreign technology, and energy crises. Mostly heavy
industries were close down, and some remaining industries are
not performing well in Pakistan. Therefore CO2 emission is
on the decline in Pakistan. Pakistan has started numerous pro-
grams for environmental pollution, but industrialists are not
willing to obey these standards due to weak law enforcement.
Pakistan’s government develops low-carbon society in which
it banned plastic bags. Furthermore, the estimated long-run
coefficients demonstrate that URB and GDP are also signifi-
cant factors for CO2 emissions in the twin periods, while the
results of ARDL model are also maintained in the NARDL
model.

A few post-estimation diagnostics are also reported for the
nonlinear model. From the Wald test, the null hypothesis of
short- and long-run symmetry is rejected; this implies that it
offers short- and long-run asymmetric effects of IND on CO2.
The calculated short- and long-term estimates are very crucial
and approved a cointegration relationship among the vari-
ables. While F-test of the nonlinear ARDL is statistically sig-
nificant at 10% level, it indicates that cointegration holds
among the variables. The error correction term (ECT) coeffi-
cient denotes the speed of adjustment of the short-term devi-
ations to the long-term equilibrium. Moreover, the amount of
ECT is (− 0.233) and significant at 10% levels. Thus, ECM
test also supports cointegration in CO2 emission model. The
ECM infers that CO2 readjust very rapidly to their long-run
equilibrium, with a rate of 23% each year in the occurrence of
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other quantified variables. Similarly, nonlinear ARDL is a
preferred model. The ARDL and NARDL models pass the
main tests including R2, LM, and RESET. The results also
show that short-run and long-run asymmetries are verified in
the nonlinear model of the Pakistan, Wald statistic reported as
Wald-short run, and Wald-long run in Panel C are significant.

Conclusion and policy implications

A considerable number of environmental economists usually
blame that industrialization enhances CO2 emissions. But
still, there is no known empirical study to check the role of
IND on the environmental quality in Pakistan, and little atten-
tion is given in the past to check the negative and positive
shocks of IND through asymmetric ARDL techniques in the
globe. The key contribution of this effort is to check the effects
of industrialization and deindustrialization on CO2 for
Pakistan by applying a new asymmetric ARDL approach by
covering the period of 1980–2018. It also examines the influ-
ence of URB, GDP, and HC on carbon emission in Pakistan.
All the variables are stationary at first difference except one.
The long-run results indicate that estimated coefficients of
IND are negative and positive. For example, the elasticity of
IND increases (declines) referring to CO2 emissions is +
0.471(− 0.531) in the long-run and suggesting significant re-
sults in short and long run; hence, this asymmetric relationship
is significant for policymakers. Our empirical consequences
suggest that IND can lead to CO2 that is measured as one of
the basic elements of environments in Pakistan in short run as
well long run.

This study recommends that deindustrialization should de-
crease CO2 emissions in Pakistan. Deindustrialization in
Pakistan is one of the unique cases. The deindustrialization
effect is also supported in Pakistan where the growth rate of
the industrial sector is low. Therefore, URB has also a critical
role in CO2, so there is a need to have control of urbanization
and using renewable and clean energies in industries as well as
households. URB is connected with CO2 emissions due to its
effect on energy consumption and overpopulation. Similarly,
an increase in GDP, which shows improvement in living stan-
dards, enhances the problem of CO2 emission; however, this
impact is modest in Pakistan. According to results, HC also
has an insignificant positive effect on CO2 emission in
Pakistan. Overall, we found that IND, URB, and GDP have
significant positive effects on CO2 emission in Pakistan.
Clearly, the results are Pakistan specific. Moreover, CUSUM
and CUSUMSQ tests reveal the stability of the selected
model.

Based on these outcomes, several important policy recom-
mendations are suggested. First, there should be robust and
forceful edges to promote industrialization; therefore, the gov-
ernment could enable environmental-friendly industrial

practices in Pakistan. Furthermore, there are various types of
industries in Pakistan, but no one is specifically focusing on
CO2 production controls. Furthermore, energy-efficient indus-
tries should be encouraged locally. There is a need to increase
awareness among the manufacturers to address environmental
problems in Pakistan. Also, in the industrial sector, use of
atmosphere-friendly technology should be boosted. The gov-
ernment should focus on environmental rules and regulations.
Second, environmental taxes should be levied to minimize the
impact of industrialization on the environment and control
unplanned industrialization in Pakistan. Industrial and urban-
ization sector reforms can play a significant role in reducing
CO2 emission in Pakistan. The government should focus on
clean and green energy consumption in industries by adding
environmental rules for the unclean industries. On the other
side, regulatory organization should offer financial incentives
to the industries which are promoting the role of clean and
green technology during their manufacturing process.
Pakistan needs to redesign its environmental and industrial
policies. The government should focus more on “Billion
Tree Tsunami” that will help to absorb carbon emissions.
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