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Abstract 13 
 14 
Global warming regarded as the major global issue over the past few decades, whereas carbon 15 
dioxide (CO2) emissions have been cited as one of the main causes of this problem. Therefore, this 16 
study aims to investigate the effect of energy consumption, economic development, and population 17 
growth on high CO2 emitting sectors of Pakistan such as transportation, industrial, and household. 18 
The data used in this study from 2000 to 2018. We employed novel Grey Relational Analysis 19 
(GRA) models to assess the connection between Gross Domestic Product (GDP) per capita, 20 
population, energy consumption, and CO2 emission. Further, the Hurwicz method was used to 21 
analyze which factor contributing more to CO2 emission. Result reveals that CO2 emission, Gross 22 
Domestic Product per capita, population and energy consumption showed a strong association 23 
among all sectors. Whereas population contributes more to intensifying CO2 emissions in the 24 
transportation sector of Pakistan. This study provides useful insights for policymakers to take 25 
preventive and corrective measures to overcome CO2 emissions as well as sustainable 26 
development.  27 
 28 
Keywords: CO2 emissions; energy consumption; transportation; household; grey relational 29 
  model; Pakistan 30 
 31 
Highlights 32 

- This study focuses on transportation, industrial and household sectors of Pakistan.  33 
- We explore multidimensional relationship of energy, economic development, population 34 

growth and CO2 emissions. 35 
- Population contributes more to intensifying CO2 emissions in the transportation sector of 36 

Pakistan. 37 
- Useful Insights benefit for decision makers and policy makers take corrective measures in 38 

CO2 emission reductions. 39 
 40 
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 Environmental pollution, caused by the concentration of CO2 emissions, has become the 43 

most important concern in the current debate on sustainable development and environmental 44 

protection. Most scientists have identified CO2 is a major cause of global warming through 45 

greenhouse effects (Mallick & Tandi 2015). According to the Intergovernmental Panel on Climate 46 

Change (IPCC) report of 2019, human interference accounts for 80% of global CO2 emissions, 47 

such as fuel combustion through vehicle travel, construction. Whereas, manufacturing processes 48 

have also been identified as a significant source of CO2, and corrective actions are required when 49 

making country-level policy decisions (IPCC 2019) 50 

CO2 emissions influenced by many factors, including fossil-fuel energy consumption, 51 

industrial activity rates, and the population (Heede 2014). Energy has become a key factor in the 52 

world economy, both in terms of consumption and production. Whereas, the extensive use of 53 

energy has resulted in CO2 emissions globally (Azomahou 2005).  54 

 In the past decade, researchers, industry experts, and various government agencies around 55 

the world have paid more attention to reporting on CO2 emissions and defining methods to mitigate 56 

climate change, leading to significant increases over related research publications. Additionally, 57 

Lu et al. (2016), studied the construction industry's CO2 emissions and provided insight into 58 

various industry’s CO2 emissions. As shown by Hammond and Norman (2012), the study of past 59 

trends in CO2 has become a useful strategy for understanding current emissions and thus predicting 60 

future emissions. Additionally, the world economy is developing at a normal pace of 3.4 % every 61 

year, and the population will expand in 2040 from the present 7.4 billion to 9 billion approximately 62 

(World Energy Outlook, 2017). As reported by the International Energy Agency (IEA) 2016, the 63 

growth rate in large cities will elevate from 22 (the present megacities number) to 100 quadrillions 64 

British thermal units (Btu) till 2050 ( U.S. Energy Information Administration, 2016). 65 
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 While the transportation industry contributes 23 % to the world’s whole CO2 emission, 66 

whereas the consumption level is about 25% of the world’s energy (Mohsin et al. 2019a). However, 67 

it is expected that energy consumption of the transportation sector is going to elevate in 2040 68 

reaching the level of 155 quadrillions Btu (Sarkodie & Owusu 2016). 69 

 However, in developing nations, the transportation industry energy consumption is 70 

consistently expanding, and this increment is expected up to 30% because of improved living 71 

standards (Liu & Xu 2016). In addition to this, atmospheric pollution issues, for example, CO2, 72 

Nitrogen Dioxide (NO2), Sulphur dioxide (SO2), and micro particles hazardously affecting 73 

wellbeing as a result of the transportation industry. In any case, CO2 performs a noteworthy job in 74 

damaging the air quality and causes serious health issues. Therefore, all these elements also make 75 

climatic changes quite fragile and lead towards the deteriorating of the environment (Ratti and 76 

Vespignani, 2016). 77 

 Pakistan is regarded as prone to ecological fluctuations and inclined towards environmental 78 

deterioration because of CO2 emission from the major sectors like transportation, industries, and 79 

household. Since the most recent decade, the antagonistic effects of environmental variation are 80 

noticeable because the expansion of atmosphere catastrophes, for example, earthquakes, and 81 

floods, etc. in the locale. Nonetheless, the immensity to which the of 2010 flood-affected Pakistan 82 

was unusual and it turned out to be evident that the environmental variation incidents can happen 83 

on a massive level (Tariq et al. 2017). 84 

 Pakistan incorporates the transition to economic activities, and therefore, the region is the 85 

focal point of the spectacular pattern of the world, for example, environmental change, misusing 86 

the resources, energy crisis, and water security issues. The transportation part emission 87 

demolishing the economic and social advantages in Pakistan. Financial development, combined 88 
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with the most noteworthy pace of population storm in the entire globe, applies intense pressure on 89 

environment and energy demand (Flachsland & Creutzig 2011).  90 

 A few investigations were conducted to survey the anthropogenic emission and finished up 91 

fast economic growth, improving living standards increasing in CO2 emissions. Because of this 92 

increasing rate in traffic, the massive CO2 emission caused by extraordinary changes in the 93 

atmosphere and local climate produces photochemical pollution, smog, and fog (Mohsin et al. 94 

2019b). Further, Cherp et al. (2018) carried out an investigation and identified atmospheric 95 

pollution majorly affects general wellbeing, radioactive forces and climate model. Therefore, air 96 

pollution attributes are required to demonstrate their sources, characteristics, and chemical 97 

compositions (Löffler et al. 2010). The target of this investigation is to build up a system to break 98 

down the integrated effect of energy consumption, pollution growth, and Gross Domestic Product 99 

(GDP) per capita on CO2 emissions Further, it explores the inter-temporal relationship them 100 

(Shahbaz & Hussain 2019).  101 

 Contributions to this field of research includes addressing endogeneity issues in acquiring 102 

the CO2 emission factors, we utilized a novel mathematical model, Grey Relational Analysis 103 

(GRA) models and Conservative (Maximin) criteria method to both analyze and compare the 104 

average impact of CO2 emission in Pakistan.This study is providing the expected new insights 105 

gained from our methods include; an analysis of relationships between energy consumption, 106 

economic development, and population growth on high CO2 emitting sectors of Pakistan such as 107 

transportation, industrial, and household. Further this study is testing to see which factor 108 

contributing more to CO2 emission, and the application of new modeling techniques to develop 109 

more accurate results. Additionally, we see the GRA results as a foundation for understanding 110 

important for decision-makers and researchers as we uncover new insights as to meaningful 111 
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factors. Since the transport, industrial and household sectors in Pakistan is to be maximized CO2 112 

emission to enhance and validate the consistency of results. 113 

 The structure of the paper is organized as follows: Section 2 presents literature review 114 

sector-wise. Section 3 represent data grey relation models. Section 4 presents numerical results 115 

and discussions. Finally, section 5 concludes the major findings and suggest policy implications. 116 

2. Literature Review 117 

 There is extensive literature that establishes a causal relationship with mixed findings 118 

between energy consumption and economic activity. Several studies have found that the causality 119 

runs from the consumption of energy to the growth of economies which means that the 120 

conservation of energy can be detrimental to economic growth (Khan et al., 2019; Gökmenoğlu 121 

and Taspinar, 2016; Zeb et al., 2014). About 19% of growth rate was reported in Pakistan’s 122 

transportation sector from the year 1990 to 2015 which is regarded to be a tremendous pace, and 123 

inefficient transportation could be improved (Ahmad & Puppim 2016). A complete list of 124 

registered engine vehicles in Pakistan were17,715,428 according to the estimated figure in 2015 125 

(Aadil et al. 2018). At the same time, Pakistan Railway diminished its delivery shipment whereas 126 

this method of transport was noteworthy and it was at its crest during the 1950s, which was in 127 

charge of 73% of the cargo traffic and it was declined later and reported less than 5% in 2015. 128 

Moreover, about 90% of the travelers are dependent on the transport sector and at present, nearly 129 

95% of inland shipments are handled (Qamar & Saeed 2016). 130 

 The transportation industry added more than 10 percent to the GDP at the national level 131 

and about 25-26 percent to federally public schemes. Moreover, the number of vehicles out 132 

together is significantly higher as it was before i.e. 2 million in the 1990s and reached nearly 17 133 

million in the year 2015, with a substantial growth rate, while more than 80 percent is comprised 134 
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of cars and motorbikes. In addition, 2-stroke motors contributed about 5.6 million out of entire 135 

vehicles while trucks and diesel transports were over 4 million till 2015. These kinds of vehicles 136 

in transportation are a drastic way of expanding CO2 emission and polluting the environment 137 

(Holmberg and Erdemir, 2017; Shahbaz et al., 2017).  138 

The transportation area expends 35% of energy consumption in Pakistan. However, it 139 

produces about 29% of all CO2 emissions. Energy consumption from the transportation sector is 140 

anticipated to reach a level of 52 percent by the year 2040 (U.S. Energy Information 141 

Administration | International Energy Outlook 2016). These days the energy consumption is a hot 142 

issue (Ouyang & Lin 2015). Ramanathan, (2006) used Data Envelopment Analysis (DEA) from 143 

1980 to 2001 to analyze the relationship between CO2 emissions, GDP per capita, consumption of 144 

energy and population growth simultaneously. Ramanathan observed the high economic growth 145 

rate globally in 1980’s due to lower CO2 emission at a given level of energy. Moreover, the 146 

efficiency index has fallen over the next eight years, varied with a declining trend in the next 7 147 

years and then started to grow from the year 1996 to 2001. Kim (2017), has decomposed and 148 

evaluated the specific feature of energy consumption affecting the industrial sector using 149 

Logarithmic Mean Divisia Index (LMDI) techniques significantly over the past 20 years from 150 

1991 to 2011. In addition to the additive LMDI methods, he also used multiplication methods to 151 

determine what variable influences energy consumption. 152 

    Pakistan’s energy consumption is fundamentally dependent on imported oil for energy 153 

production. The consumption of oil in Pakistan was 216.69K barrels in 1990-91 whereas this figure 154 

nearly multiplied until the year 2017 to 588.62K barrels (Sindhu et al. 2018). Conversely, oil 155 

generation was left only 62 barrels in 2017, against the 440 barrels of utilization. Such 156 

environmental issues which are triggered by the human interface using the natural resources, for 157 
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example, trade liberalization, growing population , urbanization and industrialization all can 158 

increment pollution and environmental degradation. 159 

 With the purpose of minimizing the expanding level of CO2 emission and climate 160 

variations, the Conference of Parties (COP) and the United Nations Framework Convention for 161 

Climate Change (UNFCCC) in 2015, consented to diminish the worldwide temperature to 2 degree 162 

centigrade which will be above pre-industrial levels by the end of 2020 (Inglesi-Lotz and Dogan, 163 

2018; Dogan and Seker, 2016). Subsequently, climate fluctuations and environmental 164 

sustainability has become a hot topic at a national level and also, around the globe to plan 165 

renewable energy production (Solaymani et al., 2015; Steffen et al., 2018). An economy may go 166 

on a sustainable economic track if consumption of energy includes an optimal mixture of 167 

nonrenewable and renewable energy (Khan and Ghouri, 2011; Zeb et al., 2014) with the goal that 168 

the policy and decision-makers must know the respective contribution of energy resources sources 169 

on economic development and CO2 emission (  Shahbaz et al., 2016). 170 

Similarly, Bhattacharya et al. (2017) investigated the 85 industrial countries by using OLS 171 

method and observed the negative effect of renewable energy consumption on CO2 emissions. 172 

Wang et al. (2018) used GRA models to select 11 influencing factors which cause CO2 emissions 173 

and serious threat to the environment. Further,  Ikram et al. (2020), investigated the relationship 174 

of renewable energy consumption, agriculture, ISO 14001 and CO2 by applying novel GRA 175 

models in SAARC countries. Economic development and industrialization are constantly resulting 176 

in an increase in energy consumption (Shanthi 2018). The demand for electricity consumption in 177 

the year 2000 expanded from 47 billion kilowatt-hours and in 2015/16, it reached 90 billion 178 

kilowatt-hours (International Energy Agency (IEA) 2016) 179 
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 Bölük and Mert, (2015) focused on environmental degradation, economic growth, and 180 

energy consumption inferred that significant amounts of energy consumption are fundamental for 181 

economic development. Simultaneously, it has turned into a critical reason of environmental 182 

degradation in developing and developed nations.  183 

Inadequate ecological resources, environmental markets, and administrations facilities 184 

have no charge in Pakistan  and environmental issues, for example, non-optimal costs are 185 

increasing because of scarcity in ecological markets (Zafar et al. 2019). In such a developing 186 

economies environment is considered to be an insufficient resource, and it is unachievable to 187 

expect to attain such desirable resources (Bakhsh et al., 2017; Baig & Baig 2014).  188 

However, Liu and Sweeney (2012) observed that the big cities are more energy-efficient 189 

and reduce energy consumption and that CO2 discharge from per household reduced. Whereas,  190 

Several studies findings reveal that industrialization has a positive relationship with CO2 emission 191 

which focusing on the overall relations at the industry level by  ignoring its subdivisions (Chandio 192 

et al., 2019). So, further researchers focus on this issue and investigated the industrial sectors 193 

across various nations. According to Sözen et al., (2016) , manufacturing industry found to be a 194 

big contributor of CO2 emissions in Turkey . 195 

Environmental pollution is viewed as proportional to the devastation of air, sea creatures, 196 

fuel, supplied food, and safety (Hillman and  Ramaswami, 2010;  Ikram et al., 2019). However, it 197 

is important for maintaining the air quality by keeping it clean and fresh in light of the fact that it 198 

guarantees purified lakes and supports landscape and wildlife. It gives assets and resources, for 199 

example, water, land, forests, and minerals which are the foundation of economic development. 200 

Further, it assimilates the economic activities, for example, utilizing unsafe items and can offset 201 
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them which aids to protect the genetic diversity,  ozone layer, and environmental variations 202 

(Yuksel and Kaygusuz, 2011; Cloke et al., 2017). 203 

In this study, we have employed mathematically model namely GRA model to compute 204 

the weights and Conservative (Maximin) criteria method was used to prioritize the intensify factors 205 

that can overcome the CO2 emission. This study also bridges the gap in the literature by exploring 206 

the association between the use of energy consumption, economic development, population growth 207 

as well as high emitting CO2 emissions sectors of Pakistan.  208 

3. Methodology   209 

This section discusses the approach used within this study for our data collection, along with 210 

the grey models used for analysis. 211 

3.1 Data  212 

Pakistan's CO2 emission and population data were taken from the World Bank website 213 

from 2000 to 2018. Whereas the data of GDP per capita was taken from the Ministry of Finance 214 

and World Bank collectively. We have investigated the top three major sectors of Pakistan which 215 

are the major cause of CO2 emissions i.e. transport, the industry, and the household. Further, 216 

energy consumption data was taken from CEIC database (https://www.ceicdata.com). For these 217 

sectors, the CO2 emission data was abstracted from the Economic Survey of Pakistan 2017-2018. 218 

All the factors effecting CO2 emission used in this study showed the historical inclined trends from 219 

2000 to 2018. Grey system software version 8.0 was used to assess the relation of CO2 emission 220 

between sectors from 2000 to 2018 by a grey relational approach. The current analysis and 221 

modeling methodology was used for the first time in this study to assess the sector-wise impact on 222 

CO2 emissions in context of Pakistan. 223 

3.2 Grey Relational Analysis (GRA) models  224 
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GRA models are also known as Grey Incidence Analysis (GIA) models and generally 225 

regarded as a preliminary part of the new theory of grey systems (Badri & Wang 2017). The 226 

theory of the grey system was based on the incredible work performed in 1982 by a Chinese 227 

scientist, Professor Julong Deng, which is used from that time in various areas of learning for 228 

handling vulnerability issues for poor information and largely obscure processes. An 229 

important advantage of utilizing this approach is its applicability even for small data samples 230 

(Javanajdadi 2017) 231 

 In 1985, Professor Deng presented GRA's model with the concept of the grey relational 232 

grade (GRG). As reported by Wang and Ye  (2017), it is observed that the grey incidence 233 

model is superior to statistical models of system analysis. The main advantage of the grey 234 

incidence model is to overcome the unknown problems in any process which lack’s physical 235 

details and ambiguous mechanical function and working design (Ikram et al., 2020; Javed & 236 

Liu, 2018b). The fundamental idea of Grey Incidence is utilizing the degree of proximity for 237 

a geometric curve in an open data structure to assess their associations whether they are close 238 

or not (Liu et al., 2017, p.68). 239 

3.2.1 GRA model of Deng’s degree 240 

Several GIA models have been developed by various researchers, but Professor Deng's 241 

proposed model (1985) tends to be more influential and effective and plays a key role in grey 242 

system theory decision-making methodology (Bayramoglu and Hamzacebi, 2016). 243 

 Nonetheless, taking the original concept of this model into consideration, several real-244 

life problems in various fields, either related to theoretical or empirical questions, look for 245 

consideration to use this approach (Zuo et al., 2016). According to Ikram et al., (2019) below 246 

are the two sets of data shown by X0 and X1 for the estimation of Deng's gray incidence: 247 
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i. The first step involved the computation of the initial image of X0 and Xi, i=1, 248 

2, …, m, where:  249 

  250 

ii. The second step calculates the difference of sequence  and  i=1, 2,3, …, m, as: 251 

  252 

iii. The third step includes the difference of maximum and minimum which is written 253 

as: 254 

               255 

iv. Further, the fourth step calculates the coefficients of grey incidence (sometimes 256 

termed as, Grey/Point relation coefficients) by using the following formulae: 257 

  258 

Where, the distinctive coefficient is represented by ξ and assume to be ξ=0.5 as a distinctive 259 

coefficient.While behind this presumption there is no significant reason and attention is still 260 

being investigated to be proven wrong among analysts (Javed & Liu 2018a). 261 

v. The last fifth step is estimated the grey relational degree (GRG) also known as 262 

Deng’s degree of grey incidence as: 263 

   264 

If we change this fractional form of 1/n with weights wk, then, it can be written as: 265 

   266 

Also, if the impact for each factor is not the same on the system, then the sum of weights will 267 

be equivalent to one i.e.  ∑𝑤𝑙 = 1. This description is available in (Sarıkaya & Güllü 2015). 268 

! " " # $% & % % & % &# # ' (#"#$#% & )& * #! " !" #" # " # " # " $ " %′ = = ′ ′ … ′ = …

!! ′ !" ′

! " #$ % $ % $ % $ $ %" &$ %" $ %%" " #"&"'" " (!" # # "! ! " " " $ " %∆ = ′ − ′ ∆ = ∆ ∆ … ∆ = …! ! ! !

( )!"# !"# $!" "# $= ∆ ( )!"# !"# $! " !# $= ∆

( ) ( ) ( )! " !#$ " $#%# # " $#%# # #!
" # $ % ! "
! $ #

$ ξγ ξ
ξ

+
= ∈ = … = …
∆ +

( )( )! !
"

" # "$%$ $ &
!

" "
#

" $
!

%γ γ
=

= = …∑

! " ! # "$%$& $ '( ( ) )!" ! # " $% " &γ γ= ∑ = × = …



 

12 
 

This means  implies that the weighting parameters are equally distributed, while  is an 269 

unequally distributed weighting scheme that is common in real-life challenges. Therefore, the 270 

ongoing debate shows that the first half of Deng's relational model can be linked effectively as 271 

each free factor is equally weighted in the top three CO2 emitting sectors in Pakistan. 272 

3.2.2 Absolute degree of GIA model 273 

  Xu and Li (2018), Zhicai and Li (2018), demonstrated that the Deng GIA provides 274 

insight on the impact of the GIA components (represented through the Grey dataset sequence), 275 

and offers a clear insight into the relations between these factors while the absolute 276 

degree grey incidence analysis, is also known as the absolute GRA model. In any case, both 277 

models are intended to reach the primary goal by analyzing the geometrical vicinity of the 278 

succession curves through their specific manner and attained a considerable worth in the 279 

research. 280 

The following are the steps to determine the absolute Grey Incidence in two equal time 281 

intervals evenly between X0 and X1: 282 

• In the first step,  and are the zero starting point which are calculated on the basis 283 

of the interval sequence in X0 and X1. 284 

• The second step involves the computation of  &   . 285 

• Lastly, the absolute degree of grey incidence (ɛ01) is estimated through the time 286 

interval sequence i.e. X0 and X1. For that, the following formula is mentioned below: 287 

    288 

Further details on the GIA models i.e. Deng’s incidence, the absolute relational model and 289 

their characteristics, (Liu et al., 2017, Chapter 5) is recommended further. 290 
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Definitions 291 

Definition I: Deng Degree of GRA model  292 

       Deng’s GRA model proposed the Deng degree of grey incidence or GRG which is also 293 

known as Deng’s grey incidence analysis (DGIA) model. It is presented as: 294 

    295 

 Or 296 

    297 

Where γ0i (L) denotes the coefficient of grey relational or sometimes, coefficient of grey 298 

incidence. The first equation of the DGIA model denotes the weighted form of GRA / DGIA 299 

and the second is a non-weighting (or equal weight) scheme. 300 

Definition II: Absolute Degree Grey Incidence Analysis (ADGIA) 301 

The Absolute GRA model introduced the concept of the absolute degree of grey relation that 302 

is also known as the ADGIA model. It is written as follows: 303 

𝜀!" =	 (1 + |𝑠!| + |𝑠"|) 	(1 + |𝑠!| + |𝑠"| + |𝑠! − 𝑠"|)⁄  304 

Definition III: Zero-scale point image 305 

Let the system behavior data sequence represent as and C indicate the 306 

satisfying sequence operator, and  then C is point operator 307 

starting from zero and XiC is known as Xi's zero-scale point image. XiC is often written as308 

. 309 

We assume that (Huang, Shen, & Liu, 2019; Dong et al., 2017) Xi and Xj are the same in length 310 

as one time-interval sequence variables and Xi and Xj  are the following zero-starting point 311 

images: 312 
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    313 

    314 

Then 315 

   and ,  316 

The absolute difference between 𝑠# − 𝑠$ is calculated as: 317 

   318 

Definition IV: Second Synthetic Degree of Grey Incidence Analysis (SSDGIA) model 319 

The Second Synthetic GRA model or the SSDGIA model proposed by (Javed & Liu 2018a)   320 

is given as: 321 

    322 

 Where ϼij is a Second synthetic degree of grey incidence/grey relation (SSGRG), γij is 323 

denoted as Deng’s degree of grey incidence (GRG) and ɛij denotes the absolute degree of grey 324 

relation (absolute GRG). The Grey incidence model of Deng relies on the coefficient of 325 

grey relation/incidence at certain points, furthermore, the absolute relational model relies on 326 

an integrated (comparatively broader) perspective (Liu et. al., 2017b). The SSDGIA 327 

determines the overall relationship between two sequence levels and an integral role. The first 328 

synthetic grey model methodology (SDGIA) was introduced in conjunction with absolute and 329 

relative grey incidence (Javed & Liu 2018a). GRA models have three types of proximities 330 

namely partial proximity, integral proximity and inclusive proximity respectively. If Deng’s 331 

GRA model relates partial closeness/proximity, then absolute GRA relates integral 332 
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closeness/proximity between two data sequences, whereas the second synthetic GRA aims to 333 

reveal a more comprehensive closeness /inclusive proximity (Ikram et al., 2020)  334 

 The SSDGIA model was developed based on the SDGIA model's working standard. It 335 

is recommended to consider θ=0.5 when making decisions with a view to achieving a thorough 336 

positioning that equally combines the advantages of the two terms, i.e. γ and ε, without 337 

preferring one over the other and, if appropriate, θ could be changed. If someone wants to 338 

endorse γ, then the θ calculation might get decreased at that point, but if you want ε then the 339 

total value can also be increased at that point. 340 

4 Result and Discussion 341 

The results of the GRA models such as Deng GRG, Absolute GRG and SSGRG between 342 

energy consumption, population, GDP Per capita and CO2 emission of  highly emitting sectors of 343 

Pakistan for the year 2000 to 2018 are shown in Tables 1 to 3.. The classification of grey models 344 

is as follows: Absolute GRG and second synthetic ranges from 0 to 1 and Deng GRG ranges from 345 

0.5 to 1. Also, it is considered to be strongly associated if it is close to one and weak as it deviates 346 

from 1. 347 

In the case of the transportation sector, the calculation results show that energy consumption 348 

in Pakistan has a great influence on CO2 emission and ranked 1st among GDP Per capita and 349 

population under the Absolute GRG model. Considering the Deng GRG and SSGRG model, the 350 

estimates are 0.60172 and 0.73326 which also indicates that the transport sector plays a prominent 351 

role in CO2 emissions. While the ranking is different for GDP Per capita and population factor in 352 

Absolute GRG when compared with Deng GRG and SSGRG which can be seen in Table and 353 

Figure 1. 354 
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 The quantity of imported oil in 1990 was nearly 9.96 million tons, and it expanded to 13.87 355 

million tons in the year 2011/2012, and in 2015, it elevated up to 16 million tons (January 1999). 356 

The overall impact of the transportation sector on environmental degradation can be confirmed by 357 

the facts and figure that the transportation sector contributed nearly 8 million tons of oil which 358 

means it participated more than half in the total energy consumption (Danish & Baloch 2018).  359 

 Likewise, manufacturing sectors have an increasing proportion of GDP and are 360 

economically viable aid in emerging nations such as Pakistan, but at the same moment, they are a 361 

hazardous cause of CO2 emissions and other Greenhouse Gas (GHG) emissions. Consistent energy 362 

consumption in both domestic and commercial industries, households and the transport industry is 363 

a major factor in Pakistan's environmental degradation and air pollution. Our results endorsed the 364 

study of Wang et al. (2017), that also showed the positive effect of energy consumption with CO2 365 

in transport sector. This result raises the importance of energy consumption as an alternative source 366 

and suggests that reduction of CO2 emission is possible through its extra use. 367 

Table 1. Evaluation of Transport sector in Pakistan through Grey models 368 
Transport 
Sector 

Absolute 
GRG 

Rank Deng GRG Rank Second 
Synthetic 
GRG 

Rank 

Energy 
Consumption 

0.86479 1st  0.60172 1st  0.73326 1st  

GDP Per 
Capita 

0.74074 3rd  0.58144 2nd  0.66109 2nd  

Population 0.83418 2nd  0.48545 3rd  0.65981 3rd  
 369 

 In Table 2, the estimation results show that in the industrial sector of Pakistan, the 370 

population is strongly associated with CO2 emissions measured by Absolute GRG and SSGRG. It 371 

indicates the large influence of this factor on CO2 emissions. While in the model ofDeng GRG, 372 

the population factor in Pakistan is ranked as second and seems to be less influenced when 373 

compared with the other two grey models. The estimates for the population are 0.99464, 0.62330 374 

and 0.80897 for Absolute GRG, Deng GRG, and Second Synthetic GRG model respectively. 375 
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While the GDP per capita in Deng GRG is 0.65226 for the industrial sector and ranked first. It 376 

shows that among the energy consumption and population factor, GDP per capita is showing more 377 

association with CO2 emissions. As a consequence, air quality is decreasing, urban congestion is 378 

generated, and circumstances are deteriorating in metropolitan areas, while there are tradeoffs 379 

between economic growth and environmental preferences. For example, the shift from organic 380 

agriculture to modern agricultural tools has proven to be detrimental to the environment but 381 

economically useful.   382 

Table 2. Evaluation in Industrial sector of Pakistan through Grey models 383 
Industrial 
Sector 

Absolute 
GRG 

Rank Deng GRG Ranks Second 
Synthetic 
GRG 

Ranks 

Energy 
Consumption 

0.46229 3rd 0.50890 3rd 0.46059 3rd 

GDP Per 
Capita 

0.78061 2nd 0.57966 1st 0.68013 2nd 

Population 0.88953 1st 0.50850 2nd 0.68901 1st 
 384 

 Considering the Household sector of Pakistan, the estimation of grey relational models are 385 

mentioned in table 3. Now, it can be seen clearly that the population in Pakistan's household sector 386 

is strongly associated with the CO2 emissions measured by the Absolute GRG and SSGRG. And, 387 

it shows the significant impact of this factor on CO2 emissions. Moreover, the energy consumption 388 

estimates are 0.46229, 0.50890, and 0.46059 for the Absolute GRG, Deng GRG, and the Second 389 

Synthetic GRG, respectively. While in the Deng GRG model, Pakistan's population factor is 390 

ranked second and third as energy consumption. It appears to be less affected as compared to the 391 

population. For the Absolute GRG, Deng GRG, and Second Synthetic GRG, the population 392 

estimates are 0.88953, 0.50850 and 0.68901 respectively. 393 

 By and Large, Pakistan would reduce CO2 with a similar proportion. Consumption of 394 

energy per capita expanded to 519 (oil equivalent in kg) in 2015 from figure 280 (kg of oil equal) 395 

in the year 1971. Additionally, the population in Pakistan increased from 163.93 million in 2016 396 
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to 200 million and this rate of growth is about 2.75 percent per year. In 2015, the proportion of 397 

consumption for fossil fuel energy in the total energy consumption combine increased to sixty-398 

four percent while it was 35.60 percent in the year of 1971, which resulted in a higher CO2 emission 399 

rate (Shahbaz & Sinha 2019).  400 

Table 3. Evaluation in Household sector of Pakistan through Grey models 401 
Household 
sector 

Absolute 
GRG 

Ranks Deng GRG Ranks Second 
Synthetic 
GRG 

Ranks 

Energy 
Consumption 

0.69401 3rd 0.51511 3rd 0.60456 3rd 

GDP Per 
Capita 

0.86409 2nd 0.65226 1st 0.75817 2nd 

Population 0.99464 1st 0.62330 2nd 0.80897 1st 
 402 

 403 

Figure 1: Energy consumption, Population and GDP per capita comparative grey relational 404 
evaluation of transport, industrial and household sector. 405 
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 406 
 Table 4 represents the ranking through Grey Relation association between Energy 407 

consumption, Population and GDP per capita contributing more to CO2 emission in three major 408 

sectors of Pakistan. To make it simpler, the ranking position for each grey model has been used in 409 

every sector with respect to the corresponding variable that has been displayed. In the 410 

transportation and household sector, raking criteria is identical for Deng GRG and SSGRG. While 411 

in the industrial sector, the ranking position is the same for absolute GRG and SSGRG model 412 

which shows that the population is contributing more to CO2 emissions. After that, CO2 emission 413 

is more influenced by GDP Per capita. The SSGRG comparative analysis of energy consumption, 414 

GDP per capita and population of all three sectors is presented in Figure 2. 415 

 This massive population increase and rising demand for energy for economic activity have 416 

intimidatingly expanded the fuel waste. It increased by 3000 (metric tons of oil equivalent) in the 417 

year of 2015 from 10628,916 (metric tons of oil equivalent) in 1971, and still, it accounts for 34 418 

percent of the total consumption of energy. Therefore, the upward trend of the transport, the 419 

industrial sector's CO2 emissions and the rate of population growth indicate a strong and positive 420 

relationship (Saidi et al. 2018). The consumption of non-renewable energy like diesel fuel 421 

was used in production of electricity for household sector which cause CO2 emission (Bashir et 422 

al., 2018).  423 

Table 4. Sector wise Ranking criteria contributing in CO2 emission 424 
Sectors Grey Relational Models Ranking description 
 
Transport Sector 

Absolute GRG Energy Consumption> Population> 
GDP Per Capita 

 Deng GRG Energy Consumption> GDP Per 
Capita> Population 

 Second Synthetic GRG Energy Consumption> GDP Per 
Capita> Population 

   
Industrial Sector Absolute GRG Population> GDP Per Capita> 

Energy Consumption 
 Deng GRG GDP Per Capita> Population> 

Energy Consumption 
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 Second Synthetic GRG Population> GDP Per Capita> 
Energy Consumption 

   
Household sector Absolute GRG Population> GDP Per Capita> 

Energy Consumption 
 Deng GRG GDP Per Capita> Population> 

Energy Consumption 
 Second Synthetic GRG Population> GDP Per Capita> 

Energy Consumption 
 425 

4.1 The Hurwicz criteria:  426 

 The Hurwicz Criterion is sometimes termed as Realism Criterion. This methodology is 427 

used for making decisions in uncertainty. It is utilized in decision making where we face the 428 

number of decision alternatives and uncertain state of nature. This procedure used the steps 429 

outlined in Gaspars-Wieloch (2014: p.783-784) and Taha (2007; 2014). Hence, we require to 430 

optimize the grey relationship between Pakistan's various sectors and the economic parameters, 431 

the decision would be defined as: 432 

𝑚𝑎𝑥𝐿%{𝛼𝑚𝑎𝑥Cj	v8𝐿&, 𝐶%; + (1 − α)minCj	v8𝐿&, 𝐶%;} 433 

 Before applying it, a decision-making scheme must be established, as shown in Table 5. 434 

Table 5. Defines the decision parameters 435 
Goal Measuring Grey Relation (Association) between 

Energy consumption, Population and GDP per 
capita and CO2 within Transport sector, Industrial 
sector and Household sector 

State of Nature/Criteria (Cj ); 
k = 1,2,…,n 

Energy Consumption (C1) 
GDP Per Capita (C2) 
Population (C3) 

  
Alternative Actions (Li); 
p=1,2,…,m 

Grey Relation was superior in Transport sector (L1) 
Grey Relation was superior in Industrial sector (L2) 
Grey Relation was superior in Household sector (L3) 

 436 

Here, we have n = 3, m = 3, and output =v (𝐿&, 𝐶% 	) whereas k = 1, 2, 3 and p = 1, 2, 3. Further,	𝐿", 437 

𝐿', and 𝐿(	denotes the grey relation was superior in Transport, industrial and household sectors. 438 



 

21 
 

While C1 is the criteria for energy consumption, C2 is for Population, and C3 denotes the criteria 439 

for GDP per capita. 440 

    Table 6. The Criteria action Matrix 441 
Second Synthetic 
GRG 

C1 C2 C3 

L1 0.73326 0.66109 0.65981 
L2 0.60456 0.75817 0.80897 
L3 0.46059 0.68013 0.68901 

The SSDGRG-based Matrix is presented in Table 6. Furthermore, it describes the second synthetic 442 

grey relation between decision actions and decision criteria. 443 

 444 

Figure 2: SSGRG comparative analysis of Population, GDP per capita and Energy Consumption  445 

4.2 The Conservative (Maximin) criteria 446 

 This maximin criterion often referred to as pessimistic criterion, is used to make uncertain 447 

decisions. Since the transport, industrial and household sector in Pakistan is to be maximized, a 448 

maximin criterion is calculated as: 449 
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 450 

Based on the result of the maximin criterion, the estimation results provide evidence that there is 451 

a strong association between population and CO2 emissions in the transportation sector of Pakistan. 452 

CO2 emissions in the sector of transport are greatly influenced by the population and play a major 453 

role. 454 

 The agricultural land in Pakistan has continually increased from 242790 Square Kilometers 455 

in 1971 to 265500 Square kilometers (34 percent) in 2011 and is presently 47 percent in 2015 456 

(Pakistan Economic Survey, 2018.). Whereas the elevated growth rate of the population reduces 457 

the hectares per individual from 0.31 hectares in the year 1971 to 0.10 hectares per individual in 458 

the year of 2015, this enormous demand in Pakistan for food has proven to be a significant reason 459 

for environmental degradation and deforestation. The capacity in the environmental system to 460 

devour waste released by economic activity is not counterbalanced with the growing population in 461 

Pakistan. As a consequence, the increasing growth rate of the population is deteriorating the natural 462 

environment due to increased levels of consumption of energy, increasing trends and their adverse 463 

effects of population growth on environmental degradation (Mir et al. 2017).  464 

 Our findings inferred that an increase in population growth in Pakistan resulted in 465 

environmental degradation and emissions from transport. The results found that the environmental 466 

impact was negative. It also shows that the growth of the population is a significant cause of 467 

economic growth whereas, an adequate plan is required for sustainability conservation. Thus, the 468 

alarming growth of population is responsible for the excessive use of natural, non-renewable and 469 
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renewable resources resulting in ecological and environmental degradation. Growing populations 470 

are alarmingly using oxygen, food, and other necessities.  471 

5 Conclusion 472 

 The massive growth in CO2 emissions have provoked a great deal of concern among 473 

policymakers. To reduce CO2 emissions, consideration has been paid extensively, to the part of 474 

affluence in CO2 emissions. This study is taking a step forward to assess the degree of association 475 

between Energy consumption, Population, and GDP per capita and CO2 emission within the 476 

transportation sector, Industrial sector and Household sector from 2000 to 2018 in Pakistan. The 477 

three grey relation models named Deng GRG, absolute GRG and second synthetic GRG model 478 

were applied for our research. This could be used as a viable alternative to conventional data 479 

analysis techniques. The estimated outcomes showed that the methodology of grey relational 480 

models was adequate and implemented successfully. 481 

 Moreover, the decision analysis matrix was used in the second synthetic GRG model which 482 

indicated that the CO2 emission in the transport sector is strongly associated with the population 483 

sector in Pakistan. This shows that we need to build up some policies to control that part of the 484 

population which heavily relies on the transportation sector. As the population grows, the demand 485 

for the transportation sector increase with the passage of time which will eventually causes CO2 486 

emission.  487 

 More investigations can be made on the provincial level to keep checking on a small scale. 488 

So that it can be controlled on time which is causing CO2 emissions and more economic parameters 489 

can be added for extensive research. Furthermore, we can add more grey relational approaches to 490 

conduct comparative analysis if the variables are extended. This study has proposed the policy as 491 

follows: 492 
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• Emissions control policies should track the production of coal-fired power, thermal 493 

power, and gas-fired power. To reduce their adverse environmental impact, the 494 

quality of coal production and other fuels must be enhanced. 495 

• The institutional structure ought to be planned in such a manner that important 496 

organizations of government linked to the energy industry should have well-497 

characterized jobs and duties and shared decision-making powers. The effective 498 

development of renewable energy policies requires institutional coherence. 499 

Coordination and exchanging information between these fundamental 500 

organizations will improve effectiveness and can help with gaining ground to 501 

renewable energy source plans. 502 

• Capacity-building projects ought to be launched for regulation agencies, ministries, 503 

financial establishments, and different utilities due to a broad spectrum of skills and 504 

capabilities that are required for policy and decision making, management, and 505 

legislative design for project planning, funding, development, execution, and 506 

assessment. It is also essential to increase the skill base of the workers through 507 

training in moving quickly towards a market for renewable energy. 508 

• The accessibility of data on site-specific demand for renewable energy, potential 509 

availability, exploitable level, price and efficiency of renewable techniques is 510 

essential for a number of prospective stakeholders including policymakers, 511 

regulators, utilities, designers and distributors of renewable technologies, other 512 

prospective buyers, researchers to take steps in the growth and advancement of 513 

renewable energy technologies. 514 

• Energy efficiency and conservation actions with a reduction in any transmission 515 

shortfall should be considered laterally. It is anticipated that energy conservation 516 

and effectiveness can be used to preserve about 17 percent of the country's 517 

electricity. Electrical applications like fans and lights, which account for 67 percent 518 

of local energy use, should be supported as energy-saving equipment. 519 

• Provinces should also have a collective agreement to deal with the issue of energy 520 

security and environmental sustainability. In addition, the government should 521 

motivate the zero-level emissions policies of the energy infrastructure. If the 522 
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government campaigns for the establishment of renewable energy projects, foreign 523 

direct investments in the renewables division can also be attracted. 524 

• Potential public transport and transit system should be planned to reduce 525 

dependency on personal vehicles like cars and motorcycles, which become helpful 526 

to reduce GHG emissions in city areas. 527 

• Some policies should be introduced that boost the return to human capital, promotes 528 

gender equality, increase the availability of birth control methods and all have the 529 

potential to reduce the rate of fertility. A decrease in population growth leads to an 530 

increase in the growth of per capita income and a direct reduction in CO2 emissions. 531 

• By eradicating trade-offs between long-term benefits and short-term economic 532 

expenses, such policies can overcome free-rider effects, which sometimes 533 

complicate solutions to environmental problems of a global or international nature. 534 

• It is necessary to produce environmentally friendly and energy-saving electrical 535 

appliances that contribute positively to environmental conservation by reducing the 536 

impact of electricity on CO2 and other polluting emissions. 537 

 538 
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