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Abstract
This study applied the logarithmic mean Divisia index (LMDI) model to identify and discuss the main drivers of Pakistan’s CO2

emissions over the period 1990–2016. The study examined the effects of five factors based on Pakistan’s three main economic
sectors while considering the 11 types of fuels consumed in that country. The results showed that the energy structure effect is the
greatest driving force of CO2 emissions in this country, followed by scale effect and economic structure effect. Energy intensity is
the main contributor to reducing Pakistan’s carbon emissions throughout the study period. A comparative review at the sectoral
level shows that the industrial sector for which coal is the main source of energy supply is the one that contributes the most to CO2

emissions in Pakistan. Alongside this sector is the tertiary sector, where the transport sub-sector imposes rules of conduct based
on a growing Pakistani population. Meanwhile, deforestation would be the main cause of CO2 emissions from the agricultural
sector in Pakistan, as energy consumption in this sector remains very low. Improving energy efficiency through the intensification
of clean energy is urgently needed if Pakistan’s environmental goals are to be achieved.
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Introduction

Fossil fuels, which continue to play a dominant role in today’s
global energy systems, have been the driving force behind the
industrial revolution and the technological, social, and

economic development of our planet in recent years. In
2017, global primary energy consumption increased by
2.2%, about double the growth in consumption in 2016
(1.2%) (BP 2018). Oil consumption increased from 3234
Mtoe in 1990 to 4390 Mtoe in 2016, while consumption of
natural gas and coal increased from 1664 to 3035 and 2220 to
3731 Mtoe over the same period, respectively (IEA 2019).
Although they have contributed to the production of goods
and services necessary for the well-being of populations, the
consumption of these energies has led to a high concentration
of carbon dioxide (CO2) in the atmosphere. Global CO2 emis-
sions increased from 19.89 GtCO2 in 1990 to 32.31 GtCO2 in
2016 and are expected to reach 530 and 650 ppm in 2050 and
2100, respectively (IEA 2017; Van Ypersele 2015). To this
end, if we want to achieve the goal of maintaining tempera-
tures below 2° (UNFCCC 2015), humanity must find a bal-
ance between the role of energy in social and economic de-
velopment and the need to reduce dependence on fossil fuels,
especially in developing countries.

Despite decades of internal political conflict that has re-
duced the level of its foreign investment, Pakistan is one of
the energy-intensive and high-carbon developing countries.
Mainly dominated by the tertiary sector (56.5%), followed
by the agricultural (24.4%) and industrial (19.1%) sectors
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(CIA 2019), Pakistan’s economic growth has been relatively
strong in recent years, rising from 4.45% in 1990 to 1.6 and
5.7% in 2010 and 2017, respectively. Alongside this economic
growth, the population is growing at an annual rate of 2% and
is currently estimated at more than 195 million inhabitants
(WDI 2019). This strong economic and demographic devel-
opment is accompanied by a high energy consumption whose
main sources are coal (5.39%), oil (28.44%), natural gas
(26.18%), Biofuel (35.26%), hydropower (3.29%), nuclear
power (1.32%), and other renewable energies (0.09%).
Pakistan’s energy consumption increased from 42.91 Mtoe
in 1990 to 95.7 Mtoe in 2016 (IEA 2019), which has contrib-
uted not only to improving Pakistan’s economic and social
development but also to increase its environmental pollution
(i.e., CO2 emissions).

In Pakistan, emissions from the energy sector are divided
into two main groups, namely fuel combustion emissions and
fugitive emissions. Of the total CO2 emissions from fuel com-
bustion, 52% comes from burning liquid fossil fuels, 36%
from burning natural gas, and the rest from burning solid fossil
fuels (Nielsen 1974). The country’s total CO2 emissions have
increased from 55.97 to 155.27 MtCO2 in 1990 and 2016,
respectively (IEA 2019). These CO2 emissions are increasing
at an annual growth rate of 6% and are expected to reach 400
MtCO2 in 2030. Based on the 2008 emissions level,
Pakistan’s current vision is to reduce its greenhouse gas emis-
sions by 30% by 2025 (Shaikh and Tunio 2015). However,
when we look at the current level of CO2 emissions in this
country compared to 2008 (130.52 MtCO2), we can see that
these emissions have increased by about 16%. This shows
Pakistan’s chances of not meeting its greenhouse gas mitiga-
tion vision, given the country’s political, economic, and socio-
cultural indicators. Therefore, it is clear that Pakistan is
looking for the solutions needed to achieve its GHG vision.

In the field of energy-related environmental pollution, many
models have been used to examine the determinants of CO2

emissions, including the logarithmic mean Divisia index
(LMDI) model (Ang and Choi 1997), Stochastic Impacts by
Regression on Population, Affluence, and Technology
(STIRPAT) model (Zhou and Liu 2016), index decomposition
analysis (IDA) model (Ang and Wang 2015), Kaya model
(Kaya 1990), and structural decomposition analysis (SDA)
model (Ang and Wang 2015). Because of its perfect decom-
position, the coherence of the aggregation, the independence
of the path, and its ability to manage zero values (Ang 2004;
Ang and Liu 2001; Ang and Zhang 2000; Ang et al. 1998), the
LMDI model is the most used among all these models. In
recent years, the LMDI method has been widely used in envi-
ronmental studies to identify and analyze the factors that
influence CO2 emissions at different scales and in different
economic sectors. Moutinho et al. (2018) applied the IMDI
model to break down carbon emissions into six effects in the
23major, highly developed renewable energy countries. In this

study, which covered a period of 26 years from 1985 to 2011,
they found that there are different positive and negative
impacts of the change in behavior of CO2 emissions in
Europe compared with the rest of the world. Karmellos et al.
(2016) applied the LDMI to analyze CO2 emissions from 28
EU countries and found that in times of economic growth, the
main factor offsetting the effect of activity was the decrease in
electricity intensity in most countries, while the contribution of
all other factors appears later. To evaluate and analyze the
factors affecting CO2 emissions in the Chinese provinces dur-
ing the period 2000–2014,Wang and Feng (2017) also applied
the LMDI model. They concluded that economic output and
the effects of demographic change were the main contributors
to increased CO2 emissions in China, while energy intensity
played an important role in reducing these emissions. Engo
(2018) applied the LMDI model in evaluating the decoupling
relationship between CO2 emissions and economic growth in
Cameroon over the period 1990–2015. He found that the effect
of population change followed by energy intensity and
economic activity contributed to the increase of CO2

emissions in that country, while the economic structure effect
and the emission factor contributed to reducing these carbon
emissions. Sumabat et al. (2016) applied the LMDI model to
identify drivers of CO2 emissions from the energy sector in the
Philippines during the period 1991–2014. The results showed
that improving the standard of living and the growth of eco-
nomic activity could have a negative impact on this country’s
CO2 emissions. Like these studies, the LMDI model has been
applied in several other studies to identify the main factors that
affect CO2 emissions. Among these studies, we found those of
Mousavi et al. (2017), Román-Collado and Morales-Carrión
(2018), Cansino et al. (2015), Achour and Belloumi (2016),
Roinioti and Koroneos (2017), and Engo (2019a, b).

Meanwhile, previous studies have assessed the factors af-
fecting CO2 emissions in a single sector and these studies were
particularly intense in developed and emerging economies. In
addition, available studies on the energy issue and their ad-
verse environmental effects in the context of Pakistan have
only examined the causal link between economic growth
and energy consumption. Thus, they presented strong evi-
dence of causality between the two factors (Danish et al.
2018; Khan et al. 2018; Mirza and Kanwal 2017; Lahiani
2018; Shahzad et al. 2017; Hassan et al. 2019). However, no
study has yet been conducted to identify the main factors
influencing CO2 emissions in Pakistan. To this end, based
on an extended Kaya identity, this study applied the logarith-
mic mean Divisia index model to identify and discuss the
main drivers of Pakistan’s CO2 emissions over the period
1990–2016. The analyses were carried out in the country’s
three main sectors of economic activity, namely the agricul-
tural sector, the industrial sector, and the tertiary sector. In
addition, this study took into account the 11 types of fuels
used in Pakistan’s economic development, i.e., natural gas,
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lignite, fuel oil, coke oven coke, blast furnace gas, other bitu-
minous coals, gas-diesel, other kerosene, motor gasoline, avi-
ation gasoline, and liquified petroleum gases. Thus, this study
attempts not only to break the literature gap but also to com-
plement the previous studies in the context of Pakistan. This
study provided indicators that can be used by policymakers to
develop long-term carbon reduction strategies that will enable
Pakistan to effectively achieve its GHG mitigation vision. In
addition, the results of this study can serve as a reference for
other developing countries whose political, economic, and
consumption patterns are similar to those of Pakistan.

The rest of this paper is organized as follows. The
BMethodology and data sources^ section presents the decom-
position analysis methodology used in this study. The results
of the study are presented and discussed in the BResults and
discussions^ section, while we conclude the study in the
BConclusion and policy implications^ section.

Methodology and data sources

Decomposition method

According to Kaya, four main factors, including population,
carbon intensity, economic activity, and energy intensity, are
responsible for the observed changes in a country’s CO2 emis-
sions. He founded a model that consists of interconnecting
these four factors in the form of a product, as expressed in
Eq. 1 (Kaya 1990).

C ¼ C
E
� E

GDP
� GDP

P
� P ð1Þ

where C, E, GDP, and P designate CO2 emissions, energy
consumption, gross domestic product, and population, respec-
tively. (IC ¼ C

E ), (IE ¼ E
GDP ), (G ¼ GDP

P ) denote carbon in-
tensity per unit of energy consumption, energy intensity con-
sumed to produce a unit of GDP, and GDP per capita. In this
paper, the carbon intensity of Eq. 1 has been extended to
decompose the change in Pakistan’s CO2 emissions into six
main factors: emission factor (F), energy structure (S), energy
intensity (I), economic structure (Y), economic activity (G),
and the population (P). To this end, we rewrote Eq. 1 as rep-
resented in Eq. 2, and the application of the additive approach
of the LMDI model between a baseline year (0) and a target
year (t) (Ang 2005) allowed to obtain Eqs. 3 to 7.

C ¼ Ci

Ei
� Ei

Tei
� Tei

GDPi
� GDPi

GDP
� GDP

P
� P

¼ F � S � I � Y � G� P ð2Þ

ΔCtot ¼ ΔCt−ΔC0 ¼ ΔCF þ ΔCS þ ΔCI þ ΔCY þ ΔCG þ ΔCP ð3Þ

ΔCF ¼ L Mt;M 0
� �� ln

Ft

F0

� �
ð4Þ

ΔCS ¼ L Mt;M 0
� �� ln

St

S0

� �
ð5Þ

ΔCI ¼ L Mt;M 0
� �� ln

I t

I0

� �
ð6Þ

ΔCY ¼ L Mt;M 0
� �� ln

Y t

Y 0

� �
ð7Þ

ΔCG ¼ L Mt;M0
� �� ln

Gt

G0

� �
ð8Þ

ΔCP ¼ L Mt;M 0
� �� ln

Pt

P0

� �
ð9Þ

where M = F × S × I × Y ×G × P and L Mt;M 0
� � ¼ Mt−M0

lnMt−lnM0 ;
In addition, (Ci), (Ei), (Tei), and (GDPi) refer to the amount of
carbon emitted by the fuel type (i), the quantity of fuel of type
(i) consumed, the total quantity of all fuels consumed in a
given sector, and the GDP produced by a given economic
sector, respectively. (ΔCF, ΔCS, ΔCI, ΔCY, ΔCG,
and ΔCP) identify the effect of total change in CO2 emissions,
the emission factor, the energy structure effect, the energy
intensity effect, the economic structure effect, the economic
activity effect, and the population effect, respectively.
Equation (3) equals to zero (ΔCF = 0) given that the emission
factor of the fuel types is constant.

Data sources

This study applied to annual data covering a period of 26 years
from 1990 to 2016. These data were all collected from the
databases of the World Bank and the International Energy
Agency (IEA 2019; WDI 2019). Data related to population,
GDP per capita, and energy consumption are estimated in
million, in constant 2010 US$, and in tonnes of oil equivalent
(Toe), respectively. The CO2 emissions data for the different
economic sectors are estimated in million tonnes of CO2

(MtCO2) and were determined from the following equation,
where (γi) is the carbon emission factor per type of fuels (see
Table 1) (IPCC 2006).

C ¼ ∑11
i¼1Ci ¼ ∑11

i¼1Ei � γi ð10Þ

Results and discussions

The results presented in the appendix Table 6 shows
that carbon intensity has increased by 0.022 tCO2,
which corresponds to a growth rate of 115.38% in ab-
solute values of Pakistan’s total CO2 emissions over the
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period 1990–2016, as shown in Table 2. Although at-
tributable to the strong economic and demographic
growth experienced by Pakistan during this period, the
results of this study suggest that it is urgent to optimize
the country’s energy structure. However, to better under-
stand the reasons for this high rate of carbon growth, it
is necessary to examine in detail the effects of the main
factors that influenced these emissions during the study
period.

The effects of demographic change and economic
activity (scale effects)

In this paper, we found that scale effects contributed to
increasing Pakistan’s CO2 emissions by 22.25%, which is
consistent with other decomposition analysis studies.
Tables 2 and the Appendix Table 6 show that the total
cumulative effect of the demographic factor is 0.0025
tCO2, which corresponds to an 11.5% increase in total
CO2 emissions of Pakistan over the period 1990–2016.
From a sectoral point of view, this factor has contributed

to increasing the country’s CO2 emissions by 12.27, 7.5,
and 105.55% in the industrial, tertiary, and agricultural
sectors, respectively (see Tables 3, 4, and 5). This shows
that the effect of population change on CO2 emissions in
Pakistan is greater in the agricultural and industrial sec-
tors. However, it should be noted that the total population
of Pakistan increased by 44.26%, from 107,678,614 in
1990 to 193,203,476 in 2016, which contributed to the
increase in energy needs, particularly in the transport
and industrial sectors. Thus, the country’s economic
growth was supported by high energy consumption during
the study period, which also contributed to increasing the
effect of economic activity on total CO2 emissions by
0.0023 tCO2, or 10.75%, as shown in Table 6 in the
Appendix and Table 2. As in the case of the demographic
factor effect, the economic activity effect contributed to
increasing Pakistan’s CO2 emissions by 8.64, 7.49, and
63% in the industrial, tertiary, and agricultural sectors,
respectively (see Tables 3, 4, and 5). This also shows that
the effect of this factor is greater in the country’s agricul-
tural and industrial sectors. There are three main reasons
for this situation. First, these two sectors alone employ
about 70% of Pakistan’s workforce (CIA 2019). Second,
the intensification of agricultural activities, which current-
ly accounts for about 25% of Pakistan’s GDP, has led to
deforestation and thus increased CO2 emissions. Third,
coal, the most polluting source of energy, still represents
a large part of Pakistan’s energy supply. Furthermore,
Pakistan’s GDP per capita has risen from 741.8 constant
2010 USD in 1990 to 1179.41 constant 2010 USD in
2016. Therefore, the Pakistani government should imple-
ment policies to optimize its economic growth path and
improve its energy intensity.

The economic structure effects

As shown in the Appendix Table 6, the total cumulative effect
of the economic structure is 0.0016 tCO2, which corresponds

Table 2 The cumulative results of the decomposition of Pakistan’s CO2

emissions from economic growth during the period 1990–2016 in
percentage

ΔCS ΔCI ΔCY ΔCG ΔCP ΔCtot

1900–1995 − 1.98 0.7 − 0.22 1.14 1.62 1.26

1995–2000 − 8.68 9.88 0.98 0.8 2.46 5.45

2000–2005 − 291.66 52.43 2.71 3.38 2.85 − 230.28
2005–2010 434.15 − 82.05 3.08 1.87 1.61 358.67

2010–2016 − 53.75 11.34 0.8 3.55 2.93 − 35.11
1990–2016 78.06 − 7.69 7.36 10.75 11.5 115.38

Source: authors’ own computation

Table 3 The cumulative results of the decomposition of Pakistan’s CO2

emissions in the industrial sector during the period 1990–2016 in
percentage

ΔCS ΔCI ΔCY ΔCG ΔCP ΔCtot

1900–1995 40.58 − 3.67 − 1.84 3.89 5.36 44.32

1995–2000 − 201.61 − 6.3 0.71 1.16 3.48 − 202.54
2000–2005 72.69 − 9.8 3.39 2.68 2.16 71.12

2005–2010 − 11.92 − 0.32 − 1.64 0.49 0.83 − 12.56
2010–2016 0.08 − 1.08 − 0.17 0.4 0.42 − 0.33
1990–2016 − 100.17 − 21.19 0.43 8.64 12.27 142.73

Source: authors’ own computation

Table 1 The types of fuels consumed in Pakistan and their emission
factor

Fuel type (Ei) γi (kgCO2/GJ)

Other bituminous coal 25.8

Coke oven coke 29.2

Blast furnace gas 70.8

Lignite 27.6

Gas-diesel 20.2

Fuel oil 21.1

Other kerosene 19.6

Motor gasoline 69.3

Aviation gasoline 70

Liquified petroleum gases 63.1

Natural gas 15.3

Source: (IPCC 2006)
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to a 7.36% increase in absolute value of Pakistan’s total CO2

emissions over the period 1990–2016, as shown in Table 2.
Regarding the three economic sectors considered in this
study, Tables 3, 4, and 5 show that, unlike the industrial
and tertiary sectors where the economic structure effect
has contributed to increasing CO2 emissions by 0.43 and
6.05%, this factor has reduced carbon emissions by −
3.62% in the agricultural sector during the period under
review. These findings, which are in line with those of
other studies, suggest structurally that the tertiary sector
is the largest contributor to CO2 emissions in Pakistan’s
economic growth. Currently, this sector alone accounts for
more than 50% of Pakistan’s GDP and has increased
steadily throughout the study period, from 43.34% in
1990 to 52.77% in 2016. In the same vein, energy con-
sumption has been important in this sector, given that its
energy intensity has increased from 0.0034 to 0.0043 Toe
per capita during the same period. Due to the increasing
need for mobility of the population, energy consumption
in the tertiary sector has been mainly driven by the trans-
port sub-sector. Therefore, the Pakistani government
should pay particular attention to the transport sector to
reduce carbon emissions from the tertiary sector.
Meanwhile, it should be noted that the share of the agri-
cultural sector in Pakistan’s GDP has remained virtually

stable over the study period, while that of the industrial
sector has decreased from 22 to 18% in 1990 and 2016,
respectively. These poor economic conditions are mainly
due to political instability, which has contributed not only
to reducing the country’s investment intensity but also to
reducing its carbon intensity in the agricultural and indus-
trial sectors.

The energy structure effects

We have noted in previous studies that the effect of energy
structure on CO2 emissions is unstable, which means that it
can contribute to reducing carbon emissions, as it can also
help to increase them. In this study, Tables 2 and the
Appendix Table 6 show that the cumulative total effect of
the energy structure is 0.017 tCO2, which corresponds to a
78.06% increase in total CO2 emissions from Pakistan over
the period 1990–2016. This factor was, therefore, the main
driver of Pakistan’s CO2 emissions during the period under
study and was mainly important in the tertiary sector
(81.78%), as shown in Table 4. Figure 1 shows that between
1990 and 2016, liquified petroleum gases (LPG), aviation
gasoline, natural gas, and fuel oil contributed to increas-
ing CO2 emissions by 66.66, 36.3, 13.21, and 2.23%,
respectively. This means that these fuels were the main
factors related to the growth of CO2 emissions due to
the energy structure effect in Pakistan’s economic devel-
opment. This situation could be explained by the growing
consumption of these fuels, particularly in the country’s
transport and commercial sectors, achieving in Pakistan
over the study period. Meanwhile, Table 3 shows that
the energy structure effect contributed to reducing CO2

emissions in the industrial sector by − 100.17%, which
can be explained by the decrease in energy consumption
from sources such as other kerosene, coke oven coke,
blast furnace gas, gas, and fuel oil. Figure 2 shows that
during the period 1990–2016, the use of these fuels (i.e.,
other kerosene, coke oven coke, blast furnace gas, natural
gas, and fuel oil) contributed to reducing CO2 emissions
in the industrial sector by − 159.76, − 12.62, − 11.5, −
7.29, and − 0.48%, respectively. Therefore, intensification
of energy policies to optimize these fuels is needed to
decarbonize Pakistan’s industrial sector. The Government
of Pakistan is expected to increase its energy efficiency
through renewable energy, in order to effectively reduce
its carbon intensity in the industrial and tertiary sectors.

The energy intensity effect

Previous studies of decomposition analyses show that en-
ergy intensity is an important CO2 mitigation force, which
was also verified in this study, where we found that the
total cumulative effect of this factor is − 0.0017 tCO2 (see

Table 4 The cumulative results of the decomposition of Pakistan’s CO2

emissions in the Tertiary sector during the period 1990–2016 in
percentage

ΔCS ΔCI ΔCY ΔCG ΔCP ΔCtot

1900–1995 − 8.47 1.2 0.12 0.29 0.45 − 6.39
1995–2000 26.67 9.28 0.69 0.46 1.46 38.59

2000–2005 − 254.84 45.26 1.69 2.36 2.008 − 203.52
2005–2010 363.15 − 68.2 2.84 1.47 1.2 300.47

2010–2016 − 44.72 9.61 0.69 2.88 2.37 − 29.15
1990–2016 81.78 − 2.83 6.05 7.49 7.5 105.66

Source: authors’ own computation

Table 5 The cumulative results of the decomposition of Pakistan’s CO2

emissions in the agricultural sector during the period 1990–2016 in
percentage

ΔCI ΔCY ΔCG ΔCP ΔCtot

1900–1995 − 143.47 6.6 45.34 64.46 − 27.05
1995–2000 − 66.07 6.32 11.86 32.34 − 15.54
2000–2005 − 52.52 − 17.26 5.28 8.23 − 56.26
2005–2010 − 2.66 0.7 0.47 0.47 − 1.01
2010–2016 − 0.17 0.009 0.02 0.02 − 0.12
1990–2016 − 264.92 − 3.62 62.99 105.55 437.09

Source: authors’ own computation
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Appendix Table 6 ). This means that the energy intensity
effect has helped to reduce Pakistan’s total CO2 emissions
by − 7.69% over the period 1990–2016, as shown in
Table 2. Although having played an important role in
reducing Pakistan’s CO2 emissions, Table 2 shows that
over five periods, energy intensity reduced carbon emis-
sions by − 82.05% between 2005 and 2010, while contrib-
uting to emission growth in other periods. This suggests
that the effect of energy intensity on Pakistan’s CO2 emis-
sions remains less powerful. The decrease in energy in-
tensity observed over the period 2005–2010 is mainly due
to the extensive application of energy-saving technologies
and the improvement of the level of management, where-
as the increase in energy intensity per unit of GDP per
capita may explain the negative role played by this factor
in the country’s economic growth over the other four pe-
riods. However, the results of this study as presented in
the Appendix Table 6 indicates in detail that the effect of

this factor has shifted from positive to negative, which
could mean that Pakistan has used more energy-efficient
technologies or switched to more energy-intensive indus-
tries year after year. At the sectoral level, Tables 3, 4, and
5 show that energy intensity also contributed to reducing
CO2 emissions by − 21.19, − 2.83, and − 264.92% in the
industrial, tertiary, and agricultural sectors, respectively.
This shows that the effect of energy intensity in reducing
CO2 emissions in Pakistan is greater in the agricultural
and industrial sectors, compared with the tertiary sector,
which accounts for more than half of the country’s GDP.
Meanwhile, it should be noted that the energy intensity per
unit of GDP in the agricultural sector is very low and that gas-
diesel is until now the main fuel used in this sector. This is
why the energy intensity effect is important in this sector,
while the energy structure effect remains imaginary.
Although consuming highly polluting energy sources, the
proper switching of fuels used in Pakistan’s industrial sector
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could be the main reason for the reduction of CO2 emissions
due to the energy intensity effect. The reduction of carbon
emissions due to the energy intensity effect of the tertiary
sector is mainly due to the use of more energy-efficient tech-
nologies in the majority of Pakistan’s utilities. In addition, the
effect of energy intensity is smaller in Pakistan’s tertiary sec-
tor, as the energy intensity per unit of GDP per capita in this
sector remains very high due to the increased transportation
needs.

Conclusion and policy implications

Conclusion

This study applied the logarithmic mean Divisia index model
to identify and discuss the main drivers of Pakistan’s CO2

emissions over the period 1990–2016. The analysis was con-
ducted in the three main economic sectors of the country (i.e.,
agricultural, industrial, and tertiary sectors), taking into ac-
count the 11 types of fuels used in Pakistan’s economic devel-
opment. The main results of this study can be summarized as
follows.

At the end of this study’s analyses, which were based on
five factors, we found that the energy structure effect was the
greatest force that contributed to increasing Pakistan’s CO2

emissions over the period 1990–2016, followed by the effects
of demographic change, economic activity, and the economic
structure. As in other studies and contrary to the previous four
factors, the energy intensity effect was the main factor con-
tributing to the reduction of this country’s CO2 emissions dur-
ing the study period.

At the sectoral level, we found that total CO2 emissions
increased by 142.73% in absolute value in the industrial sec-
tor. The effects of demographic change, followed by the ef-
fects of economic activity and structure, contributed to the
increase of carbon emissions, whereas the effects of energy
structure and intensity contributed to reducing emissions in
this sector. In the tertiary sector, total CO2 emissions increased
by 105.66% in absolute value and the energy structure effect
was the main force contributing to this increase, while the
energy intensity effect was the only factor that reduced carbon
emissions in this sector. The total CO2 emissions of the agri-
cultural sector increased by 437.09% and the effects of energy
intensity and economic structure played an important role in
reducing these emissions, compared with the scale effect that
contributed to increased carbon emissions.

Policy implications

In order to develop a low-carbon economy, the Government of
Pakistan should pay particular attention to the following pol-
icy recommendations:

1. In this study, we found that scale effects contributed
to increasing CO2 emissions. As the economy grows
and standards of living improve, the Pakistani pop-
ulation tends to consume more energy to ensure a
comfortable life and easy travel, which will put
more pressure on reducing environmental pollution.
Thus, a preventive information policy aimed at
modifying resident behavior can be used to reduce
environmental pollution.

2. The results of this study showed that the energy struc-
ture effect was the largest driving force of Pakistan’s
CO2 emissions over the study period, suggesting that
the country’s energy structure needs to be optimized.
Fuel switching has great potential for reducing this
country’s CO2 emissions, particularly in the industrial
sector. Currently, Pakistan’s industrial sector is still
heavily dependent on coal. It is, therefore, possible
to reduce CO2 emissions from this sector by switching
from coal to fuels with lower carbon emission factors,
and more particularly renewable energies. In addition,
the use of more energy-efficient industrial processes,
technical improvements, and energy savings are strat-
egies that the Government of Pakistan needs to imple-
ment to reduce carbon emissions resulting from its
economic growth.

3. Because of its key role in reducing the CO2 emissions
of the three economic sectors identified in this study,
energy intensity must continue to be given special
attention by the government. Therefore, Pakistan
should encourage the efficient use of coal by increas-
ing the share of washed raw coal and substituting the
direct combustion of coal for electricity by developing
a large size at high temperatures. It is also important
to improve the efficiency of energy use, particularly in
energy-intensive sectors, while encouraging imports
of energy-intensive products. In addition, increasing
the share of renewable energy in the country’s energy
mix is a very effective way that Pakistan needs to
implement not only to reduce energy intensity per unit
of GDP per capita but also to reduce its carbon
emissions.
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