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ABSTRACT 
 

Urbanization has posed some tremendous challenges which are related to environmental stresses 
through increased energy consumption. These challenges have drawn attention to the need to 
implement urbanization with sustainable energy consumption globally. The present study aims to 
identify the urbanizing factors that cause energy consumption in the SAARC countries. The South 
Asian Association for Regional Cooperation is considered in the study during the period of 1975-
2014. The data are analyzed by using simple statistics and econometric techniques, such as the 
ordinary least squares (OLS) method for the country level. The study has found that all urbanizing 
variables significantly affect energy consumption with different levels in different countries, as 
shown by the OLS method. The coefficient of GDP is statistically significant at 1% level of 
significance for Bangladesh, Pakistan and Sri Lanka, while at 5% and 10% levels for India and 
Nepal, respectively. The coefficient of the industrial sector share in GDP is statistically significant at 
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1% level of significance for Bangladesh, Nepal and Pakistan. The result shows that a 1% increase 
in the service sector’s share in GDP leads to a reduction in energy consumption of 0.15%, 0.34% 
and 1.61%, respectively, in Bangladesh, Nepal and Sri Lanka. The result for urban population 
indicates that a 1% increase in urban population leads to an increase in energy consumption by 
1.94%, 2.32%, 0.85% and 3.87%, respectively, for Bangladesh. India, Nepal and Sri Lanka. Green 
technology and energy efficiency technologies to use in the industries, encourage using public 
transportation, sustainable energy and urbanization are potential policy recommendations. 
 

 

Keywords: Energy consumption; urban population; population density; the SAARC countries. 
 

1. INTRODUCTION 
 

Urbanization and energy consumption are two 
aspects of modern economies with high potential 
to impact sustainable development [1]. 
Urbanization is a demographic process where an 
increasing share of the national population lives 
within urban settlements [2,3]. Urbanization and 
economic development are related, and the 
concentration of city resources like labor and 
capital is a part of this process [3]. Rahman [3] 
explained that urbanization is considered as the 
engine for economic growth as well as economic 
development, as 80% of the economic output 
originates in the urban regions where energy has 
a vital role to play. Energy is crucial for economic 
development in any country and an essential 
component for improving the socio-economic 
conditions, getting education, raising income, 
improving life-styles and so on (Anker-Nilssen, 
2003; Mahadevan and Asafu-Adjaye, 2007; 
Rehman and Rashid, 2017). In recent decades, 
economic growth has led to a significant increase 
in energy consumption, and the energy demand 
has increased annually by 39% on average in the 
world [4]. 
 

Urbanization leads to a series of challenges in 
natural resources and the ecological environment 
[5]. According to the International Energy Agency 
(IEA) [6], global energy resources supply consist 
mainly of natural gas (24%), coal (27%), oil 
(36%), hydro (6%), nuclear (6%) and renewable 
energy (about 1%), that means more than 80% 
of these energy resources are fossil fuels [4]. 
The consumption of energy in urban areas has 
significantly created an alarming situation for 
environmental degradation, especially the fossil-
fuels-based energy use [7,5]. In addition, 
urbanization is a global phenomenon and an 
important factor for any country’s growth process 
that requires immense energy sources but is also 
a threat to global warming and degradation of the 
environment [8]. 
 

It is predicted that 68% of the world's population 
will be urban citizens by 2050, much of which will 
occur in Africa and Asia, notably in the SAARC 

countries, which will add 20% more city dwellers 
by this period [9]. According to the International 
Monetary Fund (IMF) data, South Asia has 
represented 3% of the world's area, 21% of the 
world's population and 3.8% of the global 
economy, as of 2015 [10]. Additional urban 
infrastructure is needed to support the 
unprecedented growth of these countries, so it is 
a cause for more resource consumption, exerting 
additional pressure on the already fragile 
ecosystems of these countries [11,12]. However, 
this region faces a threat of energy security, as it 
has not only a limited capacity of energy 
resources, mainly nonrenewable sources, but is 
also subject to/challenged by the volatile and 
higher prices of energy, urbanization, and 
population growth [13]. In addition, the use of 
mostly nonrenewable sources of energy is one of 
the main causes of carbon dioxide emissions and 
environmental degradation in the area [7,13]. 
 

In addition, national economic development 
policy focuses on getting better quality of life for 
its citizens without reducing the energy resources 
of the country in this region (that is related to 
SDG Goal 7- affordable and clean energy) [14]. 
This study aims to examine how urbanization 
affects energy consumption in the SAARC 
countries. The study deals the impact of 
urbanization on energy consumption for the 
country level. It analyses time series aggregate 
data, both for trend in urbanization and energy 
use, and to identify the urbanization factors 
influencing consumption of energy at the national 
level. 
 

2. OVERVIEW OF THE LITERATURE 
 

The majority of previous studies in different 
countries have shown that urbanization has a 
direct impact on energy consumption. For 
example, Parikh and Shukla [15], Zhao and 
Zhang [16], identified three main reasons why 
urbanization increases energy use per capita: 
demand for industries and infrastructure; demand 
for transportation; and household demand to 
increase the quality of life. It is a common 
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phenomenon to see an upward energy demand 
for urbanization from developed to developing 
economies. Urban households consume 50% 
more energy than rural households per capita, 
which indicates that continued urbanization will 
promote the growth of national energy 
consumption [16]. More importantly, the 
increased use of personal transportation is 
another cause for the rising energy usage 
[15,17]. A large urban population represents a 
larger labor force for large-scale production, but 
inputs must be assembled from greater 
distances, and products must be sold over larger 
market areas, and this will have a positive effect 
on energy use through increasing use of different 
transport modes [18]. Another important reason 
is that a higher household income can ensure 
higher quality lifestyles; this makes the demand 
for energy to increase in the urban areas [19]. 
 
Other studies have argued that urbanization 
could lead to a decrease in energy resources 
available [20-22]. They have argued that 
urbanization has led to lower per capita energy 
consumption through energy efficiency, mostly in 
developed countries like Canada, and the USA 
[20,21]. Lin and Ouyang (2014) also agreed with 
this statement by using the Environmental 
Kuznets Curve. They have found an inverted U-
shaped relationship between energy demand 
and economic growth in the long run. Energy 
consumption increased as urbanization 
increased in the early stages, then, after energy 
consumption reached a peak level, an increase 
in urbanization was related to a decline of energy 
use. This was largely attributed to the 
enhancement of energy efficiency. Similarly, 
Poumanyvong and Kaneko [23]; Yassin and 
Aralas [24] explained that urbanization could lead 
to an increase in social awareness and the 
economies of scales for urban public 
infrastructure to protect the environment by the 
ecological modernization theory. This theory 
argued that urbanization is a process of social 
restructuring which has encouraged a structural 
change from an industrial to a service-based 
economy and has indirectly reduced the negative 
impact on the environment [23,24]. 
 
Sadorsky [25] explained that energy intensity 
tends to highly correlated with developed 
countries than developing countries but income, 
urbanization and industrialization etc. affect 
energy intensity also. As a result, it is difficult to 
measure to the impacts of urbanization on 
energy intensity because on the one side, 
urbanization increases energy consumption 

through increase of consumption and production; 
it leads to increase in energy efficiency through 
economies of scale on the other side [25]. 
 
A study by Azam, Khan, Zaman and Ahmed 
(2015) has found that urbanization growth has a 
significantly positive effect on energy 
consumption. Similarly, Gasimli et al. [26] 
showed that there is long-term relationship 
between energy consumption, trade, 
urbanization and carbon emissions in Sri Lanka. 
However, the increasing density of the urban 
population causes the deterioration of air quality 
due to, for instance, the increase in electricity 
consumption, the number of automobiles, and 
the loss of tree cover as a result of urban 
development [27]. 
 
Besides, the growth of urbanization in developing 
countries is higher compared to developed 
countries [28]. Energy demand is expected to be 
affected dramatically by the growth and density 
of urban areas in developing countries. Some 
studies have investigated the impacts of 
urbanization on energy consumption in 
developing countries or regions [29,28,20,18, 
15,5,30,16]. 
 
Rapid urbanization has posed some tremendous 
challenges which are related to environmental 
pressures, due to energy consumption [31], and 
these challenges have drawn global attention. A 
similar study by Afridi et al. [7] in the SAARC 
countries, pointed out that more than 20% of the 
world’s population lives in this region, and the 
average urban population in these countries 
represents 34%. However, the urban population 
grew by 130 million over the period 2001 to 2011 
and it is expected to rise by almost 250 million by 
2030 in this region. The growth has led to an 
increase in the demand for energy that depends 
on traditional energy sources. 
 
However, half of the world population is living in 
urban areas, and urban cities consumed more 
than 50% of the overall energy and produced 
over 60% carbon dioxide (CO2) emissions, which 
contributes to global warming [32,33]. 
Meanwhile, CO2 emissions are rapidly increasing 
from developing countries, especially from China, 
India, and the ASEAN (Brunei, Cambodia, 
Indonesia, Laos, Malaysia, Myanmar, the 
Philippines, Singapore, Thailand, and Vietnam) 
region since 2005; these countries accounted for 
almost 50% of the world's CO2 emissions [34,35]. 
Zhu and Peng [36] referred to three different 
channels through which urbanization affects CO2 
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emissions. First, an increase in the city’s 
population will increase residential consumption 
and energy demand, thereby producing a surge 
in CO2 emissions. Second, urbanization generally 
boosts demand for housing and naturally raises 
the demand for housing material, which is known 
as the major source of CO2 emissions. Thirdly, 
the clearing of trees and grassland activities, as 
demand for housing will increase, which 
determine emission of the carbon stored in the 
trees. Therefore, urbanization has posed some 
tremendous challenges which are related to 
environmental stresses, through increased 
energy consumption [31]. These challenges have 
drawn global attention to the need of 
implementing urbanization with sustainable 
energy consumption in the world. As the above 
arguments indicate, more empirical analyses 
from different contexts are required in order to be 
able to generalize existing knowledge of the 
effects of urbanization on energy use. 
 

3. METHODOLOGY 
 

3.1 Study Area and Data Source 
 

The South Asian Association for Regional 
Cooperation (SAARC) provides a platform for the 
peoples of South Asia. There are seven founder 
members, namely Bangladesh, Bhutan, India, 
Maldives, Nepal, Pakistan, and Sri Lanka, in this 
association established in 1985, and Afghanistan 
joined in 2005 [37]. According to International 
Monetary Fund (IMF) data, this region represents 
3% of the world's area, 21% of the world's 
population and 3.8% of the global economy, as 
of 2015 [10]. According to number of population 
India is the first largest country in this region 
followed by Pakistan, Bangladesh, Afghanistan, 
Nepal, Sri Lanka, Bhutan and Maldives [10]. In 
this study we compared the relationship between 
urbanization and energy consumption in five 
selected SRRAC countries (i.e., Bangladesh, 
India, Nepal, Pakistan and Sri Lanka) by using 
national-level secondary data (Appendix A). 
These countries are selected because of not only 
availability of data but also their vital importance 
to an emerging region like SAARC. The data 
collected from the World Development Indicators 
database (WDI) [38] during the period of 1975 to 
2014. 
 

3.2 Estimation Method 
 

The multiple linear regression model is used in 
order to identify the effects of urbanizing 
variables on energy consumption for the SAARC 
countries. The GDP per capita, the share of the 

industry sector in GDP, the share of the service 
sector in GDP, urban population growth rate and 
urban population are the explanatory variables, 
as urbanization factors, and total energy use is 
the dependent variable in this study. The 
application of any regression model requires the 
time series of the concerned variables to be 
stationary which means that the mean and 
variance of each variable do not vary 
systematically over time [33,39,40]. In addition, 
there are three steps to estimate multiple linear 
regression using time series data as follows. 
 
3.2.1 Unit root test 
 
It is necessary to examine whether the time 
series of the variables are stationary before 
performing the regression analysis [40,41]. The 
Augmented Dickey–Fuller [42] (ADF) test is 
employed to examine unit roots for stationarity 
[43], and determine the order integration of the 
variables in country by country basis. For this, 
the ADF test requires the equation as follows: 
 

                    

 

   

         

 
Where t is the trend variable,    is a pure white 
noise error term and                   
                  and so on. The test for a 

unit root has the null hypothesis that     . If the 
coefficient is statistically different from 0, the 
hypothesis that   contains a unit root is rejected. 

 
3.2.2 Co-integration test 

 
The next step is cointegration test that is testing 
hypotheses concerning the relationship between 
variables when they are nonstationary [13,43-46] 
For instance, if two or more series are 
themselves non-stationary, but a linear 
combination of them is stationary, then the series 
are said to be cointegrated [43,44]. More 
importantly, regression analysis is said to be 
done best, by linear and by ordinary least 
squares method, with the help of a cointegration 
test [43]. We employed Johansen’s procedure to 
test for cointegration between the two series. The 
Johansen tests are on the rank of the coefficient 
matrix П of the equation Johansen and Juselius 
[47] and have the following form: 

 
                               

      
The null hypothesis for r cointegrating vector is 
    П has a reduced rank, r<k 
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Where    is a k*1 vector of I (1) variables of 

         . П  is k*k matrices of unknown 
parameters, and the coefficient matrix contains 
information about the long-run relationship. The 
reduced rank condition implies that the process 
    is stationary and    is non-stationary. The 
presence of distinct cointegrating vectors can be 
obtained by determining the significance of the 
characteristics roots of П. We use both the trace 
test and the maximum eigenvalue test to 
determine the significance of the number of 
characteristic roots that are not different from 
unity. The critical values for these tests                                            
are tabulated in Johansen and Juselius                        
[48]. 
 
3.2.3 Ordinary least squares (OLS) method 
 
If cointegration tests are satisfied and all the 
variables are cointegrated, the next step to find 
the parameters of all the selected variables. The 
study employed the OLS method to find the 
regression estimation because of its simplicity 
and popularity [40]. The relationship between a 
dependent variable (Y) and an independent 
variable (X) can be postulated as a linear 
regression [41]: 
 

   
 
  

 
    

 
where  0 and  1 are regression coefficients and 
parameters while u is an error term. The 
estimated least squares regression is given by 
 

    
 
 
  

 
 
   

 
This is known as simple linear regression which 
is used to estimate coefficients for the equation. 
For multiple linear regression with n

 
explanatory 

variables (X1…….. Xn), the estimated least 
squares regression is written as follows: 
 

    
 
 
  

 
 
  
      

 
 
   

  

 

3.3 Model Specification 
 
In order to analyze the link between energy 
usage and urbanization variables in 
selected SAARC countries, a multivariate 
framework based on the concept of the energy-
urbanization nexus is used [49,33]. The energy 
consumption ‘EC’ as a function of urbanization 
‘U’ reads 

                                                                         
 

where “F” is a linear homogenous function and ‘t’ 
the time index. The two core components of 
urbanization are population urbanization (PU) 
and economic urbanization (EU) [50]. Economic 
urbanization is assessed using three variables: 
per capita GDP (GDP), the industrial share of 
GDP (SIG), and the service share of GDP (SSG). 
However, indices of population urbanization 
include the urban population (UP) and the urban 
population growth rate (UPG) [50]. In order to 
perform a thorough data analysis, this study 
attempted to include urban population, urban 
population growth rate, per capita GDP, industrial 
and service sector's share of GDP, and urban 
population as indicators in the energy function 
(Based on equation 1). In light of this expansion, 
the energy usage function may be written as 
follows: 
 

                                        (2) 
 
In this study, we transform all the series into 
logarithms to attain direct elasticities. The model 
for the empirical equation is as follows: 
 

       
 

                                     

                     

                                                                                   
 

where     and     represent ln(  ) and error term 
respectively of the ith country at t time 
respectively. Most importantly, 

              represent the long-run 

elasticities of the dependent variable with respect 
to the independent variables. It is hypothesized 
that the coefficients signs of all the explanatory 
variables are expected to be positive. The 
description of the variables is provided in Table 
1. 
 

4. RESULTS AND DISCUSSION 
 

4.1 Descriptive Statistics 
 
The descriptive statistics have revealed that 
there are significant variations in the correlation 
between the urbanization variables and energy 
consumption across the countries during the 
1975–2014 period. Table 2 shows the variability 
in the per capita electric power usage and four 
commonly used urbanization factors in different 
countries by using simple tools. Frist, the mean 
for the per capita electric power consumption in 
India was much higher compared to other 
countries. However, increased economic 
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activities is the main cause of the upward trend 
of per capita electric power consumption, as both 
the industrial and the services sectors are 
significantly correlated in the process of 
urbanization. From Table 2, according to average 
per capita GDP, Sri Lanka is the 1

st
 position and 

India is in the second position followed by 
Pakistan, Bangladesh and Nepal. It is evident 

that country-wise similar pattern is true for the 
mean of sectoral share of industry in the GDP 
and of the share of service sectors in GDP. 
However, the growth rate of urban population in 
Bangladesh was 5.30% whereas in Nepal, 
Pakistan, India and Sri Lanka the growth rate of 
urban population were 5.22%, 4.30%, 2.97% and 
1.11% respectively. 

 
Table 1. Description of the variables 

Variable Label Definition Unit of Measurement 

Energy consumption EU Per capita electric power 
consumption 

Per capita Kwh 

GDP per capita GDP GDP divided by population by the 
end of year 

$ per capita (2010 
prices) 

Share of Industry sector SIG The ratio of Industry sector value 
added in GDP 

Percent 

Share of Service sector SSG The ratio of Service sector value 
added in GDP 

Percent 

Urban population  UP The percentage of the urban 
population in the total population 

Percent 

Urban population growth UPG Population density at the end of 
year 

Persons/Skm 

Source: Authors’ own design 
Note: Kwh= Per hour Kilo watt; Skm=Square Kilometer; $= US dollar 

 
Table 2. Descriptive statistics of the variables for 1975-2014 

 

Variables Statistical tools Bangladesh India Nepal Pakistan Sri Lanka 

Per capita 
electric 
power 
consumption  

Mean 105.69 358.64 52.14 189.90 245.39 
Standard deviation 23.34 53.41 11.41 34.15 35.90 
Coefficient of 
variation 

0.23 0.15 0.24 0.20 0.16 

Per capita 
GDP 

Mean 516.99 781.11 418.92 623.03 1656.30 
Standard deviation 47.90 92.15 33.92 71.24 216.26 
Coefficient of 
variation 

0.08 0.10 0.073 0.10 0.12 

Sectoral 
share of 
industry in 
GDP 

Mean 21.49 27.49 15.44 22.35 27.73 
Standard deviation 1.55 0.90 1.74 1.28 0.94 
Coefficient of 
variation 

0.08 0.03 0.12 0.07 0.03 

Sectoral 
share of 
services in 
GDP 

Mean 46.81 39.86 35.28 43.78 50.21 
Standard deviation 2.70 1.33 2.54 1.72 2.04 
Coefficient of 
variation 

0.07 0.04 0.08 0.05 0.04 

Urban 
population 
(% of total 
population) 

Mean 21.79 26.66 11.10 22.42 18.41 
Standard deviation 1.91 0.87 1.05 1.53 0.09 
Coefficient of 
variation 

0.1 0.03 0.11 0.08 0.05 

Urban 
population 
growth rate 
(%) 

Mean 5.30 2.97 5.22 4.30 1.11 
Standard deviation 0.93 0.18 0.73 0.51 0.26 
Coefficient of 
variation 

0.14 0.06 0.16 0.10 0.25 

Source: Authors’ calculation from WDI data 
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As a result, among all countries urban population 
also increased as a percentage of total 
population. Urban population growth differs 
across countries due to the fact that the urban 
areas, urban population densities and other 
socioeconomic characteristics of urban 
households in all SAARC countries are not 
similar. Because educated people realize to 
control family size as a way of enhancing their 
income and economic condition of their 
households. The mean value for all factors has 
risen over the four periods. Though absolute 
variability has increased for some factors and 
has decreased for others, this trend is also true 
for the relative measures of variability. 
 

4.2 Impact of Urbanization Factors on 
Energy Consumption 

 
Three methods are employed to examine which 
urbanization factors are influencing the energy 
consumption at the country level. First, the ADF 
unit root test is used for checking the stationarity 
of all variables. Second, the Johansen 
cointegration [47] test is used to examine the 
cointegration among these variables. Then, the 
OLS method is employed to estimate the 
coefficients of the variables. 
 
4.2.1 Unit root test results 
 
 For the unit root test, two cases have been 
considered in this study. In case one both 
constant and trend terms are included (at the 
level form) and in case two, only the constant 
term (at the level form and first difference) is 
included in the equation. We have chosen this 
option because macroeconomic variables tend to 
exhibit a trend over time. As a result, it is more 
appropriate to consider the regression equation 
with constant and trend terms at level form. 
Since first differencing is likely to remove any 
deterministic trend in the variables, regression 
should include only the constant term. The 
results of the ADF unit root test for the country 
level are shown in Table 3. The unit root test 
results support that most of all variables for all 
countries are integrated of order one in case 2, 
but the results are different in case 1. The results 
indicate that the majority of the time series for the 
five different countries are non-stationary, when 
the variables are defined at the first differences 
with constant term. While in the case of SIG and 
SSG for Bangladesh, GDP for India, GDP and 
SIG for Nepal, SIG for Pakistan, and UPG for Sri 

Lanka, the null hypothesis of unit root defined at 
levels can be rejected at 5 % level of significance 
indicating the stationary time series, i.e., I (0), the 
EC for all five countries becomes stationary 
when the series are differenced once; the null 
hypothesis of unit root can be rejected after first 
differencing at 5% level of significance. This 
indicates that the variables are integrated of 
order 1, i.e., I (1). It indicates that most of all 
variables at the country level are found as non-
stationary at level but stationary at the first 
difference from Table 3. The I (1) variables may 
have utility in further econometric analysis, if 
these variables are cointegrated with each other. 
 

4.2.2 Johansen cointegration test results 
 

In the next step, we take EC as the dependent 
variable, and GDP, SIG, SSG, UP and UPG 
together as the independent variables, and then 
the Johansen cointegration among them is 
tested. Table 4 shows the Johansen 
cointegration relationship between the variables. 
The results of Table 4 indicate that, in the case of 
Bangladesh, starting with the null hypothesis of 
no cointegration (r =0) among the variables, the 
trace statistic is 226.90 and exceeds the 95% 
critical value of the λtrace statistic (critical value is 
95.75). 
 

Hence it allows us to reject the null hypothesis 
(r= 0) of no cointegration vector, in favor of the 
general alternative r ≥1 concluding that at least 
one cointegration relationship exists among 
energy consumption from gross domestic 
product (GDP), the industrial share in GDP, the 
service share in GDP, urban population and 
urban population growth. While the null 
hypothesis of r ≤1,…….., r ≤ 5 cannot be rejected 
at 5 percent level of confidence. On the other 
hand, λmax statistic rejects the null hypothesis of 
no cointegration vector (r =0) against the 
alternative (r= 1) as the calculated value λmax (0, 
1) = 91.71. This exceeds the 95% critical value 
(40.07). Thus, on the basis of λmax statistic it is 
found that one long run cointegration exists 
among energy consumption from gross domestic 
product, the industrial share of GDP, the service 
sector sectors share of GDP, urban population 
and urban population growth. In the case of the 
remaining SAARC countries (India, Nepal, 
Pakistan and Sri Lanka), the results are similar to 
those obtained in the case of Bangladesh. The 
λtrace and λmax statistics predict the presence of 
one cointegrating relationship among these in the 
selected SAARC countries. 
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Table 3. Results of ADF unit root test for the countries 
 

Variables Bangladesh India Nepal Pakistan Sri Lanka 

Case 1a: Model with constant and trend terms [level form] 

LNEC 0.055 -0.141 3.865 -0.332 2.493 
LNGDP 1.316 -1.723 -1.254 -2.012 -0.300 
LNSIG -5.14 -2.714 -1.565 -3.467 -2.672 
LNSSG -4.437 -2.582 -1.676 -2.747 -2.549 
LNUP -4.624 -3.071 -0.795 -2.569 -5.214 
LNUPG -2.224 -2.161 -1.083 -3.679 -5.309 

Case 1b: Model with only constant term [level form] 

LNEU -4.014 -4.104 -2.960 -2.757 -0.821 
LNGDP 5.965 2.912** 2.189** -1.886 2.703 
LNSIG -4.114** -2.165   -3.119**     -3.518** -2.498 
LNSSG -3.899** 0.228 -3.268 -0.614 -0.980 
LNUP -0.731 0.885 -1.701 -2.274 -1.927 
LNUPG -2.205 -1.338 0.824 -0.318 -3.212** 

Case 2: Model with only constant term [first difference] 

∆LNEC -6.813* -5.157* -7.212* -4.757* -6.308* 
∆LNGDP -3.815** 5.902* -6.673* -4.412** -4.509* 
∆LNSIG -6.623* -2.497** -4.860* -7.963* -6.460* 
∆LNSSG -6.936* -6.077* -7.629* -5.589* -7.273* 
∆LNUP -3.049** -2.567 -1.033 -2.365 -2.917** 
∆LNUPG -4.391** -4.357** -4.556* -3.385** -7.015* 

Note: * and ** indicate statistical significance at 1% and 5% level of significance, respectively. 

 
Table 4. Results of the johansen cointegration test 

 

H0 H1 Test statistics 5% Critical 
values 

H0 H1 Test statistics 5% Critical 
values 

Bangladesh 

                          λtrace                            λmax 

r=0 r>0  226.90*  95.75 r=0 r>0  91.71*  40.07 

r≤1 r>1  135.18*  69.818 r≤1 r>1  59.45*  33.87 

r≤2 r>2  75.738*  47.85 r≤2 r>2  48.00*  27.58 

r≤3 r>3  27.73  29.79 r≤3 r>3  16.69  21.13 

r≤4 r>4  11.04  15.49 r≤4 r>4  11.02  14.26 

r≤5 r>5  0.016  3.84 r≤5 r>5  0.016  3.84 

India 

                           λtrace                           λmax 

r=0 r>0  171.19*  95.75 r=0 r>0  67.37*  40.07 

r≤1 r>1  103.82*  69.81 r≤1 r>1  37.73*  33.87 

r≤2 r>2  66.08*  47.85 r≤2 r>2  25.70  27.58 

r≤3 r>3 40.38* 29.79 r≤3 r>3 20.80 21.13 

r≤4 r>4  19.57*  15.49 r≤4 r>4  14.75*  14.26 

r≤5 r>5  4.82*  3.84 r≤5 r>5  4.82*  3.84 

Nepal 

                           λtrace                            λmax 

r=0 r>0  118.38*  95.75 r=0 r>0  42.67  40.07 

r≤1 r>1  75.70*  69.81 r≤1 r>1  26.61  33.87 

r≤2 r>2  49.09*  47.85 r≤2 r>2  23.21  27.58 

r≤3 r>3  25.87  29.79 r≤3 r>3  18.17  21.13 

r≤4 r>4  7.69  15.49 r≤4 r>4  6.85  14.26 

r≤5 r>5  0.83  3.84 r≤5 r>5  0.83  3.84 
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H0 H1 Test statistics 5% Critical 
values 

H0 H1 Test statistics 5% Critical 
values 

Pakistan 

                           λtrace                            λmax 

r=0 r>0  131.94*  95.75 r=0 r>0  64.11*  40.07 

r≤1 r>1  67.82  69.81 r≤1 r>1  28.5  33.87 

r≤2 r>2  39.25  47.85 r≤2 r>2  19.84  27.58 

r≤3 r>3  19.41  29.79 r≤3 r>3  11.45  21.13 

r≤4 r>4  7.95  15.49 r≤4 r>4  5.81  14.26 

r≤5 r>5  2.13  3.84 r≤5 r>5  2.13  3.84 

Sri Lanka 

                           λtrace                            λmax 

r=0 r>0  130.66*  95.75 r=0 r>0  40.89*  40.07 

r≤1 r>1  89.76*  69.81 r≤1 r>1  35.00*  33.87 

r≤2 r>2  54.76*  47.85 r≤2 r>2  25.22  27.58 

r≤3 r>3  29.53*  29.79 r≤3 r>3  15.59  21.13 

r≤4 r>4  13.94  15.49 r≤4 r>4  13.82  14.26 

r≤5 r>5  0.11  3.84 r≤5 r>5  0.11  3.84 

  
Table 5. Results of OLS method at the countries 

 

 Bangladesh India Nepal 

Variables Coeff t-stat Coeff t-stat Coeff t-stat 

Constant -5.24* -3.78 -3.08** -2.27 -2.23 -1.06 
LNGDP 1.39* 5.67 0.26** 2.13 0.22*** 0.61 
LNSIG 1.26* 3.19 0.10 0.41 0.82* 4.50 
LNSSG -0.15*** -0.39 0.08 0.32 -0.34** 1.40 
LNUP 1.94* 4.28 2.32* 3.60 0.85** 2.56 
LNUPG 0.37 2.65 1.11 6.25 0.56 3.95 
R

2
 0.985 0.993 0.988 

Adjusted R
2
 0.983 0.992 0.987 

D-W stat 1.59 1.54 1.91 
F-stat 463.29 1125.73 592.91 

 Pakistan          Sri Lanka 

Variables Coeff t-stat   Coeff t-stat 

Constant -14.81* -4.35   -19.38* -5.00 
LNGDP 1.92* 5.70   1.04* 19.51 
LNSIG 0.82* 3.26   0.16 -0.85 
LNSSG -0.097 -0.16   -1.61* 8.92 
LNUP 1.40 1.30   3.87* 3.17 
LNUPG 0.57 1.81   0.02 1.57 
R

2
 0.979  0.994 

Adjusted R
2
 0.978  0.993 

D-W stat 1.25  1.42 
F-stat 328.22  1254.61 

Note: *, ** and *** indicate statistical significance at 1%, 5% and 10% level of significance, respectively. 

 
4.2.3 Regression results  
 
The results of the linear regression model are 
presented in Table 5. Generally, the results are 
logical because the explanatory power of R

2
 and 

adj. R
2
 are fairly high for all the five countries, 

there is no serious autocorrelation problem as 
shown by Durban Watson Statistics and F-

statistics which further reveal that all regressors 
jointly influence the response variables during 
the period under the study. Overall the results 
are logical and extensively satisfactory. The R

2
 

values are 0.98, 0.99, 0.98, 0.97 and 0.99. They 
indicate that almost 98%, 99%, 98%, 97% and 
99% of the variation in energy consumption is 
due to GDP, the industrial share in GDP, the 
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service sectors share in GDP, urban population 
and urban population growth rate in the case of 
Bangladesh, India, Nepal, Pakistan and Sri 
Lanka, respectively, while the remaining 1% 
variation in energy consumption is due to the 
other variables which are not included in the 
model. 
 

The Durban Watson values in all the models are 
close to two (2) and indicate that the value is 
lying in no autocorrelation zone. The F statistics 
values are reasonably high, indicating that all the 
independent variables have a joint significance 
effect on the response variable that is 
urbanization factors influencing energy 
consumption in the study. It is evident from Table 
5, that the estimates of linear regression indicate 
that energy consumption is positively related to 
the GDP and negatively related to the service 
sector share in GDP in all the five countries. The 
coefficient of GDP is statistically significant at 1% 
level of significance for Bangladesh, Pakistan 
and Sri Lanka, while at 5% and 10% levels for 
India and Nepal, respectively. The coefficient of 
the industrial sector share in GDP is statistically 
significant at 1% level of significance for 
Bangladesh, Nepal and Pakistan. The result 
shows that a 1% increase in the industrial 
sector’s share in GDP leads to an increase in 
energy consumption of 1.26% and .82%, 
respectively, in Bangladesh, and in both Nepal 
and Pakistan. The result further indicates that a 
1% increase in the service sector’s share in GDP 
leads to a reduction in energy consumption of 
0.15%, 0.34% and 1.61%, respectively, in 
Bangladesh, Nepal and Sri Lanka. The result for 
urban population indicates that a 1% increase in 
urban population leads to an increase in energy 
consumption by 1.94%, 2.32%, 0.85% and 
3.87%, respectively, for Bangladesh. India, Nepal 
and Sri Lanka. 
 

5. CONCLUSION 
 

The objective of this study was to evaluate the 
effects of urbanization factors on the energy 
usage and the variability of results for the five 
different selected countries by using the OLS 
method with time series data. The results have 
revealed that the impacts of urbanization 
variables vary among the five countries. The 
overall findings confirm that urbanization 
variables (GDP, industrial sector share in the 
GDP, services sector share in the GDP, urban 
population) have had significant effects on 
energy consumption by using the linear 
regression method, although the effects vary 
among the countries. The findings indicate that 

energy usage is positively related to a country’s 
GDP (gross domestic product) and is negatively 
related to the service sector share in the GDP in 
all five countries. The industrial sector share in 
the GDP is statistically significant for 
Bangladesh, Nepal, and Pakistan. Moreover, the 
urban population share is statistically significant 
for most countries’ energy consumption.  Overall, 
it is found that there are causal relationships 
between urbanization factors and energy usage 
in the SAARC region from this study. Based on 
these findings, the following specific 
recommendations are made for reducing energy 
usage or for efficiently using the energy in the 
SAARC region countries challenged by rapid 
urbanization. Most of the SAARC countries are 
developing economies where energy usage is 
higher due to the higher growth rate of these 
economies. These countries' governments 
should take the initiative to invest in energy 
efficient technologies to lead the country toward 
an economic growth for sustainable 
development. In addition, SAARC countries are, 
developing economies which export different 
types of manufactured products to developed 
countries, due to the availability of these 
products at a much cheaper rate. This is another 
reason for the increase in the industrial sector’s 
share in GDP, as well as the increase in energy 
usage. The governments of these countries 
should change their industrial policies by 
providing incentives to these industries to adopt 
new technologies such as green technology and 
energy efficiency, which could reduce their 
energy usage. However, infrastructure and 
transportation are two significant subsectors of 
the service sector’s share in the GDP [51-53]. 
These two components of the urbanization 
process are increasing the demand for energy in 
urban areas. So, sustainable urbanization 
policies are important to secure efficient energy 
use or to reduce energy usage. The 
governments and policymakers of these 
countries should develop policies supporting 
investments to develop an energy-efficient public 
transportation system and discourage private 
transportation and energy intensity in the 
infrastructure with the aim to reduce energy 
usage in urban areas. The time series data used 
in the study, that found in the World 
Development Indicators database, but data of all 
countries of the SAARC region are not available 
from this source or from other sources. As a 
result, this study cannot present an overall 
scenario of this region. So, the lack of availability 
of data from all SAARC countries is a limitation of 
the study.  
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