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This paper examines the impact of electricity consumption and trade
openness on Nepal’s economic growth by using the time series data
from past 30 years (1990 to 2019). The study uses the autoregressive

Published: July 2020 distributed lag (ARDL) bounds testing approach of cointegration. All

tests including the stationarity, cointegration, and stability of the model
Electricity Consumption,  Economic were carried out using Stata. The results of bounds test show that there
Growth, Autoregressive Distributed Lag, exists a stable long-run cointegration relationship between each of the
Nepal proxies when economic growth is the dependent variable. The
empirical findings also indicate that while electricity consumption per
capita and trade openness have both positive impact on economic
growth of Nepal in the long run, the electricity consumption is not
significant in the short run. The findings can be used to formulate
policies that support long-term structural development, mitigate future
power constraints, and eventually attain higher levels of sustainable
development.
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Introduction:-

Energy is a crucial input component to foster economic growth (Ding & Akdogan, 2019). Not only is electricity a
necessary input material for socioeconomic development, but also its consumption is often used as a metric to
evaluate a country’s living standards (Benkraiem, Lahiani, Miloudi, & Shahbaz, 2019). Electricity plays an
important role in the economy in production of goods, transportation, and almost any other activity. Consequently,
the topic of relationship between electricity consumption and economic growth is well researched (Zortuk &
Karacan, 2018). There are several sources of electricity, from coal, natural gas to solar, wind, geothermal, or
hydropower. A substantial body of literature is based on the question that whether economic growth leads to
electricity consumption or electricity consumption causes economic growth (Aydin, 2019) although there are
varying results about the results. Nonetheless, investment in electricity generation is important, however a detailed
information about the influence of electricity consumption is equally important to know whether it is the key driver
of economic growth. Typically, countries with high electricity consumption are more developed than the countries
with the low electricity (Mahi, Phoong, Ismail, & Isa, 2019). Just like other developing countries Nepal has been
experiencing a general growth in demand for electricity over the years.

Nepal is a lower income economy having an abundance of hydropower resource. It is a small, landlocked,
Himalayan country with an area of 147,181 square kilometers (Central Bureau of Statistics, 2015) sandwiched
between China and India, and it generates more than 99 percent of the total electricity from hydropower (Alam F. ,
et al., 2017). As of June 30, 2020, there were 85 hydropower projects in operation with a total installed capacity of
1,120.469 MW and 226 projects under construction with an aggregate capacity of 7,956.661 MW (Nepal Electricity
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Authority, n.d.). The demand of electricity in Nepal is increasing at 10% per annum (Sarangi, et al., 2019) due to
allowing for its growing population, rural electrification, rapid urbanization, and proliferation of electric appliances.
The consumption of electricity is typically higher in industrial sector than that in agriculture. Meanwhile, the
relationship between Nepal’s economic growth and electricity consumption has been studied by a few scholars
(Sharma, Bhattarai, & Ahmed, 2019). To execute a prudent electricity development policy, it is important to know
the nature of relationship between electricity consumption and economic growth that will help us recalibrate our
policies in energy, economic, and environmental policies (Shia, Shahbaz, & Ozturk, 2017).

This paper seeks to examine whether economic growth if influenced by electricity consumption and trade openness
among other variables. This relationship provides the foundation to the electricity and environmental policies
(Arminen & Menegaki, 2019). This study contributes to the existing literature by providing an empirical work
through evaluating the relationship between economic growth, electricity consumption, and trade openness in Nepal
by applying the ARDL model. The remaining parts of this paper is structured as follows: section 2 presents the
relevant literature, section 3 presents data and methodology, section 4 presents empirical results and discussion, and
section 5 specifies the conclusion of the paper.

Literature Review:-

Electricity represents the main source of energy and basic policy attention to achieve sustainable development
(Anwar, Zhou, Asmi, Wang, & Hammad, 2019). The electricity consumption and economic growth relationship has
featured as an issue of massive attention between economic researchers and policymakers recently (Zhong et al.,
2019). Several studies have been conducted to investigate the relationship between electricity consumption and
economic growth. Some of these studies applied the ARDL model to cointegration approach to estimate the long
and short run relationship while the other studies used vector error correction model VECM to explore the causality
relationship direction. By applying ARDL and causality test Ozturk et al. (2018) checked the causal relationship
among electricity consumption per capita, foreign direct investment, trade openness, and real GDP in Turkey
(Ozturk & Ozturk, 2018). The empirical results of ADRL in long run reveal that electricity consumption is
positively connected with per capita real GDP. Marques et al (2017) used the ARDL regression to test the dynamics
of energy-growth nexus by drawing evidence from four different regions of the world and underscored the
heterogenous impact of electricity consumption, trade openness, and economic growth (Marques, Fuinhas, &
Marques, 2017). A long run relationship is investigated between electricity consumption and economic growth and it
is also found that electricity is an accelerating factor of economic growth in South Asia over 1980-2010. They also
found a bidirectional causal relationship between electricity use and economic growth (Acaravci & Ozturk, 2010). A
U-shaped curve is found between electricity consumption and economic growth which shows if the level of
electricity consumption is low then electricity consumption promotes economic growth.

Electricity consumption and economic growth relationship is also found in (Bashier, 2016), using 51 countries from
1971-2005. Countries were divided into three income groups' i.e. lower income, middle income and upper income.
The relationship is explored by applying panel integration and panel causality test. The consequence of the results is
that there is relation between economic growth and electricity consumption for all income group countries. The
author found causality running from GDP to electricity consumption in the short run while it is opposite in the long
run. It also found that limited access to modern electricity services could boost economic growth. The dynamic
relationship is investigated the in 12 oil exporting countries from 1990-2010 and found a long run relationship
between economic growth and electricity consumption. In the short run unidirectional casualty runs from electricity
consumption to growth rate, while in the long run there is determination of electricity consumption trend (Sikdar &
Mukhopadhyay, 2018). The literature revealed that economic growth causes electricity consumption proxies by
electricity and petroleum products consumed in transition countries, using the vector autoregressive method (Zortuk
& Karacan, 2018). This finding is not inconsonance with the results of Khan et al (2018), who reported a
bidirectional relationship between electricity consumption disaggregated into (electricity, oil and coal), and
economic growth for Nigeria. The casual relationship between electricity use and economic growth in also studied in
South Asia (Zeshan & Ahmed, 2013) (Alam, et al., 2015). The literature expressed an existence of unidirectional
causality from electricity to GDP. Similarly, the role of electricity for industrial sector is emphasized in Nepal over
1970-2010 and exposed that electricity is the main input of industrial sickness (Nepal & Paija, 2019) (Sharma,
Bhattarai, & Ahmed, 2019). With regards to the supply side of electricity, government should ensure the increasing
domestic electricity supplies. As there is short fall in electricity sector in Nepal during the dry season, therefore there
is need to make effective use of the available energy resources. At the same time, there are concerns that intensive

1093



ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 1092-1099

use of electricity may be potentially harmful to the environment. So, it is necessary to explore the impact of the use
of electricity resources on output in Nepal.

Material and Methods:-

Data:

The study uses annual time series data of total electricity consumption and real GDP over the period 1990-2019 to
investigate the relationship between electricity consumption and economic growth. The data source is World
Development Indicators of the World Bank (World Bank 2020). GDP per capita (at constant 2010 US$) is used as a
proxy for economic growth [4]. Other data variables used are Trade (as percentage of GDP), Gross capital formation
(as a percentage of GDP), Labor force participation rate (as a percentage of total population aged 15-64; modeled
ILO estimate) and Electric power consumption per capita (kWh).

Table 1:- Summary or feature of variable.

Variable Obs Mean Std. Dev. Min. Max.
Real GDP per capita 30 536.90 145.78 354.26 859.02
Gross capital formation per capita 30 30.11 10.02 18.13 56.56
Labor force participation 30 86.99 1.25 85.36 88.62
Electricity consumption kWh 30 94.14 60.12 35.18 267
Trade as % of GDP 30 48.90 7.05 32.19 64.04

Table 1 represents the summary statistics of the variables. It depicts the sample size, mean values of the GDP per
capita, Trade, Gross capital formation, Labor force participation, and Electric power consumption. The time series
data will later be transformed into natural logarithms for our evaluation. The data series of all variables are non-
stationary and using data in this form will produce misleading results. Hence, we will take their first difference to
convert them into stationary.

Model Specification:

The main objective of this study is to investigate the impact of electricity consumption on economic growth in
Nepal. We will apply the economic production function as a base line model which depends on two fundamental
input factors viz. Capital and Labor.

Y=f (K. (1)

where Y is output, K is capital, and L is labor. We can extend our baseline model of production function by
including electricity consumption per capita and trade as percentage of GDP as an input factors of our production
function. Equation #2 and 3 show electricity as a major determinant in production of output (Baz, et al., 2019).

Y=f (K,) (2)

=7 (K. T) . . G) .

After taking natural log of the variables, the final functional form of our model is as follows:
Yt =aqpt a1K5+ ath+ a3Ec + a4Tt+ Ue (4)

Here Y, denotes economic growth, t is for time period, aq is intercept, o; is the elasticity of capital with respect to
economic growth, o, is the coefficient of labor, a3 is the elasticity of electricity with respect to economic growth, oy
is the coefficient of trade and u. is the error term.

Since the data are yearly figures, we need to apply the unit root test to check the stationary of the variables.
Augmented Dickey—Fuller (ADF) test, an augmented version of the Dickey-Fuller test, is used to test the hypothesis
of existence of unit root in our data. The more negative the ADF test statistic, the stronger the rejection of the
hypothesis. The co-integration test will then be used to examine the existence of a long run relationship between the
variables. If the variables are of mixed integration order, it will not be appropriate to employ either the ordinary least
square method or the Johansen’s co-integration method because some of the given variables are stationary at level,
while the others are stationary at first difference. In such situation, ARDL bounds testing for cointegration method is
applicable. The ARDL cointegration approach was developed by Pesaran and Shin (Pesaran, Shin, & Smith, 2001).
This approach has three distinct advantages. Firstly, this approach can be effectively used to estimate the long-run
and short-run relationship simultaneously. Secondly, the method can be applied even when the variables have mixed
integration orders. And thirdly, the method is found to yield better results for finite data sets. Since we are using a 30
years period, this method is suitable for our study.
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Empirical Results and Discussion:-

This study used Stata 15.1 for the analysis. Augmented Dickey-Fuller (ADF) test is applied to examine the existence
of unit root. Table-1 contains the results of the ADF stationarity tests, which shows that some variables are
stationary at level 1(0) and others are higher levels. Clearly, the Real GDP, Energy consumption, and Trade are non-
stationary at levels 1(0) for Nepal, however they become stationary at higher orders.

Table 2:- Results of ADF Test .

Variables Level 1(0) First Difference 1(1) Second Difference 1(2) Third  Difference
1(3)

t-stat P-value t-stat P-value t-stat P-value t-stat P-value
InY 2.592 0.9991 -3.611 0.0056
InK -0.231 0.9686 -4.646 0.0001
InL -2.301 0.1715 -1.245 0.6540 -2.616 0.0897 -5.982 | 0.0000
InE 2.103 0.9987 -5.496 0.0000 -3.764 0.0033
InT -2.977 0.0174

Next, we apply the autoregressive distributed lag bounds (ARDL) test to estimate equation # 4 and examine the
presence of long run cointegration. Table 3 contains the result of ARDL bounds testing for cointegration. The value
of F-stat is greater that the critical value of upper and lower bounds at 1% and 5% level of significance in Nepal; this
reveals a long run co-integration relationship between economic growth, electricity consumption and trade.

Table 3:- Results of ARDL Bounds Test for Cointegration.

F-statistic: 7.260
Lag length Critical value | Critical Value 5% | Critical value | Critical value 1%
10% 2.5%
10) 1) 110) |1(1) 10) | 1(1) 10) | 1)
YIKLET |(2,0,0,0,1) 245 | 352 |286 |4.01 3.25 | 4.49 3.74 | 5.06

Table-4 carries the empirical results of the short and the long run cointegration. The results show that when GDP per
capita is the dependent variable, then there is a long run cointegration. In short run, trade has a significant positive
impact on economic growth, while electricity consumption does not have a significant impact. The results express
that although electricity is an important ingredient for industrial production, much of Nepal’s electricity
consumption is driven by household use with rapid urbanization and rural electrification, therefore not contributing
much to the economic growth. Hence in the short run, the impact of electricity consumption on economic growth is
not significant. The term ‘cointEq’ is negative and significant which indicates the presence of the long run
cointegration between economic growth, trade and electricity consumption. In the long run, electricity consumption,
and trade have positive significant effect on economic growth. The coefficient of energy consumption with respect
to economic growth in the error-correction model is in line with previous findings in (Mustafa, Latif, Shah, &
Bashir, 2016) but in contrast to (Rashid & Yousaf, 2015). The coefficient of electricity is 0.345 which shows a 1%
increase in electricity consumption causes 0.345% increase in economic growth, and the elasticity of trade is 0.304
which means that a 1% incrinterement in trade will lead to upturn of the economy by 0.304%. The use of electricity
in Nepal has been primarily limited to lighting purposes. Increased consumption of electricity in industry and in
diversified usages such as cooking, transportation, and numerous electrical appliances has a potential to significantly
boost economic growth. Meanwhile, the increase in labor force participation has a negative impact for Nepal, which
is indicative of the growing trend of overseas employment and labor union issues. The overall results expose that
electricity consumption boost up the economic growth in Nepal in the long run.

Table 4:- Results of Short Run and Long Run ARDL Cointegration.

Variables Short run coefficients with Prob. Long run coefficients with Prob.
Coefficient P-value Coefficient P-value

InY (-1) 0.290 0.359

InK -0.031 0.551 0.157 0.163

InL -3.852 0.357 -4.714 0.020

InE 0.134 0.090 0.345 0.000
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InT 0.149 0.019 0.304 0.036
InT(-1) -0.007 0.882
Constant 6.319 0.017
CointEq(-1) -0.261 0.020

Next, we conduct some standard diagnostic tests and the results are given in Table 5. We find that our model is free
from serial correlation and autocorrelation. The regression errors are also identical and independently distributed.

Table 5:- Diagnostic tests.

Test statistic Test statistic Outcome

Dwatson statistic for serial correlation 2.269 No serial correlation
Breusch-Godfrey LM test for autocorrelation 0.482 No autocorrelation

White’s test for homoskedasticity 0.411 Errors are homoscedastic
Jarque-Bera normality test 0.861 Errors are normally distributed

Finally, we carry out cumulative sum test for parameter stability: The recursive cusum plot below shows that our
regression coefficients are stable over time at 95% confidence interval.

Recursive cusum plot of InY
with 95% confidence bands around the null

\\___.A

1 1 I T
1990 2000 2010 2020
Year

Conclusion:-

This paper used the ARDL model to evaluate the long run and short run relationship among electricity consumption,
international trade openness, and economic growth in Nepal using data from 1990 to 2019. Bounds test result
establishes the existence of cointegration relationships between electricity consumption and international trade
openness, and economic growth. The empirical results further reveal that both electricity consumption and
international trade openness have a positive significant long run relationship with economic growth at 1% and 5%
level respectively. The findings suggest that electricity consumption and international trade openness have a
substantial role to foster economic growth in Nepal in the long run. Interestingly, the electricity consumption in the
short run shows an insignificant positive relationship with economic growth, while trade openness is positively
connected. The coefficient of the error correction term is statistically significant at 1% level with an expected sign.
This result indicates that the long run deviation from the equilibrium point due to the short run shock will be
adjusted by 0.26% each year. We can infer the empirical results of the study that Nepal’s economy benefits from
increasing electricity consumption and international trade in the long run. It is therefore recommended to design
policies that boost electricity generation and encourage more usage of electricity in household, agriculture, and local
production in the sectors of comparative advantage, while maintaining environmental sustainability. Furthermore,
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increased trade openness and expansion of trading partners is also advantageous for Nepal because its economy will
benefit from exporting goods and services where Nepal holds a comparative advantage while importing modern
technologies and industrial equipment to enhance its productivity.
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