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 Purpose: The present study concentrates on the relationship of electricity 

with real output in Asia. The paper analyzes this connection individually 

among all regions of Asia. Some countries are selected from Central Asia, 

East Asia, South Asia and South East Asia. Time period of 1990 – 2015 has 

been chosen for the analysis. We have considered Solow growth model and 

have taken labor and capital as necessary variables for growth. After 

confirmation of integration of order as 1 for all variables, Kao Co-

integration test infers presence of long run relationship in all models. FM-

OLS suggests that labor and capital are positively significant factors for the 

development of real output in all the regions of Asia. Electricity Production 

is positively influencing real output in Central Asia, South Asia and South 

East Asia; For East Asia, it has been stated as negative. On the basis of 

results, study suggests that government should develop more skilled labor, 

cheap investment opportunities, efficient and cheap electricity production. 
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1. Introduction  
Energy including electricity plays pivotal role in generation of real output, employment generation, price stability 

etc. Economic activity is also a source of increased consumption of energy remarkably in commercial energy like 

electricity (Jumbe, 2004). Industrial outputs are dependent upon available efficient energy resources and 

electricity production. Energy also promotes the productivity of labor, capital and real output as well. 

Cheaper supply of electric power may encourage the establishment of small industries and hence lead to 

higher economic growth.  

 

The relationship between real output and electricity production in Central Asia, East Asia, South Asia and 

South East Asia are presented in table 1. It is evident from the table that the average growth rate of central 

Asia is very low as compared to other regions during the time period of study (1990 – 2015). While South 

Asian region is enjoying the highest growth rate and South East Asian region is at second number and 

East Asia is at 3rd. In the Asian block, East Asia is having the highest real GDP i.e. 1400 billion dollar 

during the study period. Central Asia is again at the last number in this respect. The mean of real GDP is 
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very low in Central Asia that is 10 billion dollars. Same situation of Asian regions is in case of electricity 

production East Asia is producing 652 billion KWh on the average while central Asia is producing 32.2 

billion KWh on the average in a year. An Asian region having higher electricity production is having 

higher real GDP but growth rate is not higher in specific region (Central Asia). Growth rate is higher for 

the regions (South Asia and South East Asia) where electricity production is just near to real GDP. The 

large difference between electricity production and real GDP may not lead to higher growth rate as in East 

Asia.  

 

Table-1: Some Indicators of Asian Regions 
Indicators Central Asia East Asia South Asia South East Asia 

Growth rate 

(Percentage) 

2.56 4.84 5.19 5.00 

Real GDP  

(Billion Dollars) 

10 1400 140 92.9 

Electricity Production 

(Billion KWh) 

32.2 652 138 55.6 

Total Labor force 

(Millions) 

4.74 

 

165 108 31.47 

Gross Capital Formation 

(Billion Dollars) 

4.59 452 52.1 32.7 

Electricity Consumption 

(Billion KWh) 

28.5 618 107 50.9 

Note: The above values are Mean of variables from 1990 – 2015. 

 

Table 1 also discusses the situation of total labor force, gross capital formation and electricity 

consumption. Central Asia is having lower growth rate also due to lower labor force and capital 

formation. East Asia has a huge amount of total labor force as well as gross capital formation on the 

average between the time periods of 1990 – 2015. Electricity consumption is also not much different from 

electricity production in East Asia. South Asia comprises with moderate situation in terms of electricity 

consumption, electricity production, total labor force, gross fixed capital formation and real GDP but still 

having higher GDP growth rate. On the other side, South East Asia contains total labor force of 31.47 

million, gross capital formation of 32.7 billion dollars and electricity consumption of 50.9 billion KWh on 

the average during 1990 - 2015. 

 

Table 2 explains about excess electricity production in central Asia, East Asia, South Asia and South East 

Asia during the study period. We can recognize that electricity excess production is having an upward 

trend in all the regions of Asia from 1990 to 2015. The highest excess production is correlated with higher 

real GDP and Electricity Production in East Asian region but with moderate growth rate. These values 

may explain that higher growth rate is not necessary to be achieved by higher production of electricity. As 

Excess electricity production and average electricity production is the highest for East Asia but growth 

rate is not highest. This evidence may conclude negative relationship among growth rate and electricity 

production for East Asian Region. With the lower excess production of electricity in Central Asia and 

lower real output, it is having lower growth rate and it shows direct association of real GDP with 

electricity output. Discussing South Asia and South East Asia, positive association can be also predicted 

among electricity production and growth rate.  

 

Table 2: Excess Electricity Production (in Billion KWh) 
Regions 1990 – 1995 1996 – 2000 2001 – 2005 2006 - 2015 

Central Asia 2.6 3.50 4.42 4.61 

East Asia 19.78 26.51 36.98 51.88 

South Asia 15.56 27.56 38.97 42.69 

South East Asia 2.78 4.43 5.66 5.76 

Note: The values are averages in the specific years. 
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By considering the view Solow growth theories, the study is aimed to investigate the influence of 

Electricity on real output separately for all regions of Asia Continent like Central Asia, East Asia, South 

Asia and South East Asia during 1990 to 2015. Apart from introduction in Section 1, the study is 

composed of following sections. Section 2 presents summary of some past studies, Section 3 is dealing 

with panel data and estimation issues. In section 4, Panel results are discussed based upon Panel Co-

integration technique and FM-OLS method. Last Section 5 finally concludes the whole research work and 

also gives some policy implications based upon estimated results.  

 

2. Literature Review 

Electricity, Energy and Growth relationships are investigated previously by several economists. These 

economists are belonging to either from Pakistan or from other Nations. This section summarizes few of 

those studies comprehensively. 

 

Asafu-Adjaye (2000) has examined the energy income relationship for four energy-dependent Asian 

developing countries: India, Indonesia, the Philippines and Thailand. The series for India and Indonesia 

cover the period of 1973-1995, while those for Thailand and the Philippines cover the period of 1971-

1995. The data has been obtained from World Development Indicators (WDI) 1998, published by the 

World Bank. The study utilizes Johansen Maximum Likelihood method and Temporal Granger Causality 

tests and concludes the positive association among energy consumption, prices and economic growth.  

 

Soytas et al. (2001) investigate the causal relationship between energy consumption and GDP in Turkey. 

The results indicate a unidirectional causality running from energy consumption to GDP. This suggests 

that energy conservation may harm economic growth in the long run. Stern and Cleveland (2004) have 

reviewed the links between energy and growth. Time series analysis shows that energy and GDP is Co-

integrated and energy use Granger causes GDP when additional variables such as energy prices or other 

production inputs are included. As a result, prospects for further large reductions in energy intensity seem 

limited. 

 

Abdulnasser and Manuchehr (2005) examine the energy – income relationship for Sweden during the time 

period 1965 – 2000. The estimation results reveal that energy consumption does not cause economic 

activity but rather it is caused by economic activity. Mehrara (2007) examines the causality issue between 

energy consumption and economic growth for three typical oil-exporting countries: Iran, Kuwait and 

Saudi Arabia. The results are based on Causality analysis consistently show a unidirectional long-run 

causality from economic growth to energy consumption for Iran and Kuwait and unidirectional strong 

causality from energy consumption to economic growth for Saudi Arabia. 

 

Aktas and Yilmaz (2008) investigate empirically the existence and direction of causal relationship 

between electricity consumption and economic growth in Turkey. By taking time series data for 1970 – 

2004, Co-integration results suggest positive association between GDP and electricity consumption. 

Chebbi (2009) has understood long and short-run linkages between economic growth, energy 

consumption and carbon emission using Tunisian data based on time series data of 1971 – 2004. The 

results reveal a positive linkage between output and energy use. Other result indicates that carbon 

emission and energy consumption are positively related in the long-run. Pradhan (2010) explores the 

nexus between energy consumption (oil and electricity) and economic growth in the five SAARC 

countries over the period 1970-2006. Based on Co-integration and Error Correction Model, the paper 

finds a unidirectional short run and long run causality from oil consumption to economic growth in 

Bangladesh and Nepal. A unidirectional short run and long run causality from electricity consumption to 

economic growth in Pakistan and Sri Lanka is evident. A unidirectional short run and long run causality 

from economic growth to oil consumption in India and Sri Lanka is examined.  It is analyzed that a 

unidirectional causality moves from economic growth to electricity consumption in India and Nepal. The 

bidirectional causality between electricity consumption and economic growth is also found in Bangladesh 

and between oil consumption and economic growth in Pakistan. 
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Noor and Siddiqi (2010) examine causal link between energy use and economic growth for five South 

Asian countries over period 1971-2006. Panel Co-integration, ECM and FMOLS are applied for short and 

long run estimates. In short run unidirectional causality from per capita GDP to per capita energy 

consumption is found, but not vice versa. In long run one percent increase in per capita energy 

consumption tend to decrease 0.13 percent per capita GDP i.e. Energy use discourages economic growth. 

 

Payne and Taylor (2010) examine the relationship between nuclear energy consumption growth and real 

gross domestic product (GDP) growth within a neoclassical production function framework for the US 

using annual data from 1957 to 2006. The Toda-Yamamoto (1995) test for long-run Granger-causality 

reveals the absence of Granger-causality between nuclear energy consumption growth and real GDP 

growth which supports the neutrality hypothesis within the energy consumption economic growth 

literature. 

 

Binh (2011) investigates the energy consumption-growth nexus in Vietnam using time series data for the 

period 1976 – 2010. It is seen that per capital GDP is inversely affected by per capita energy 

consumption.  

 

Magazzino (2011) has assessed the empirical evidence of the nexus between aggregate income and energy 

consumption for Italy during the period 1970-2009, using a time-series approach. The short-run dynamics 

of the variables show that the flow of causality runs from energy use to GDP, and there is a long-run bi-

directional causal relationship (or feedback effect) between the two series. Consequently, we conclude 

that energy is a limiting factor to GDP growth in Italy. 

 

Adom (2011) seeks to investigate the direction of causality between electricity consumption and 

economic growth using the Toda and Yomamoto Granger Causality Test from 1971 to 2008. The author 

reveals that there exists a unidirectional causality running from economic growth to electricity 

consumption. Thus, data on Ghana supports the Growth-led-Energy Hypothesis. 

 

Hossain and Saeki (2011) empirically examine the dynamic causal relationships between electricity 

consumption and economic growth for the panel of south Asian countries using time series data from 

1971 to 2007. The Granger causality test results support the existence of unidirectional causality from 

economic growth to electricity consumption in India, Nepal and Pakistan; and from electricity 

consumption to economic growth in Bangladesh. No causal relationship is found in Iran and Sri-Lanka. 

 

Qazi et al. (2012) concentrate on the relationship between industrial output and disaggregate energy 

consumption in Pakistan. Utilizing time series data from 1972 to 2010 and Johansen maximum likelihood 

econometric technique, the study finalizes employment, oil consumption, electricity consumption, 

consumer price index and gas consumption as positively influencing industrial and real output in Pakistan.  

 

Amiri and Zibae (2012) have introduced a new way for investigating linear and nonlinear Granger 

causality between energy use and economic growth in France over the period 1960 to 2005 using geo-

statistical models. Existence of long run unidirectional causality from energy consumption to economic 

growth is seen in the analysis. 

 

Shahbaz and Ozturk (2012) reconsider the relationship between electricity consumption and economic 

growth by incorporating financial development, capital and labor as important factors of production using 

augmented production function in Turkey for the period of 1971-2009. The study reveals positive 

association of GDP per capita with electricity consumption per capita, real capital stock per capita, real 

domestic credit to private sector per capita and labor force participation using ARDL bound testing 

approach.  
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Jakovac (2013) indicated bi-directional short run causality and uni-directional long run causality running 

from total energy consumption to economic growth using annual data covering the period 1952 – 2010 for 

Croatian Economy. Kusuma and Muqorrobin (2013) indicated that granger causality was not running in 

both directions between output growth and energy consumption and confirmed the presence of neutral 

hypothesis theory. It implied that economic growth of Malaysia was not highly dependent upon energy 

consumption. 

 

Nelson et al. (2013) indicated one way granger causality from electricity and petroleum consumption to 

manufacturing in the short run and long run and bi-directional causality between manufacturing and 

electricity consumption using time series data of Kenya from 1970 to 2010. Saatci and Dumrul (2013) 

took a structural breaks modeling approach to investigate the role of energy consumption in economic 

growth for Turkish economy from 1960 to 2008. The study concluded positive association of energy 

consumption concerning economic growth. 

 

Muse (2014) employed the cointegration, ordinary least square analysis, error correction model and 

Pairwise granger causality tests to examine causal relationships between economic growth and energy 

consumption in Nigeria. Using time series data from 1980 to 2012, the study indicated energy 

consumption as enhancing factor for energy growth. Jebran (2014) revealed uni-directional causality 

flowing from electricity consumption to economic growth using time series data from 1971 to 2010 for 

Pakistan by applying granger causality test. 

 

Chaudhry et al. (2015) discerned total labor force, capital formation, industrial output, government 

expenditure and energy consumption as rising factors for real Gross Domestic Product in South Asia 

while Real Gross Domestic Product was decreased by GDP Deflator in the long run.  

 

Rehman and Bashir (2015) highlighted the involvement of energy consumption concerning Agricultural 

output. The study used Panel Autoregressive and Distributed lag model over panel data of middle income 

developing countries from 1990 to 2014. The long run results found energy consumption as significant 

and positive feature for agricultural output. GDP Deflator, broad Money and government expenditure 

were also improving agricultural output while capital formation and labor force were negative in the long 

run.   

 

Ali et al. (2016) preferred biomass as a source of energy because it was more suitable for environmental 

protection as compared to fossil fuel as energy consumption. On the other side, biomass energy 

consumption was also revealed to be significant cause of higher growth in Sub – Saharan African 

countries. The findings of the study were based on pooled mean group (PMG), Dynamic OLS (DOLS), 

mean group (MG) and fully modified OLS (FMOLS) techniques.  

 

Yap and Bekhet (2016) advocated that energy security had been highly required for rapid growth in 

Malaysia and energy security issues may be resolve by effective pricing policies. The authors analyzed 

that income, FDI, population and electricity prices were involved in affecting residential electricity 

consumption in the long run.  

 

The above studies present the research conducted before this paper. Some studies have practiced time 

series data as well as Panel data in their analysis. And most of them have utilized granger causality 

approach for analyzing the causality. Few of them have made use of ARDL technique to examine the 

connection between electricity consumption and growth. Some panel studies are old enough and no one 

has analyzed the association with reference to Asia. The present study is different from previous studies 

and adds some additional points that are; 

i). Existence of Solow growth model 

ii). Latest data range (1990 - 2015) 
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iii). Estimation technique (Panel Co-integration) 

iv). Segregated analysis of all regions of Asia continent (Central Asia, East Asia, South Asia and 

South East Asia) 

v). No. of countries (22) 

vi). Analysis of estimates (fully modified ordinary least square method) 

vii). One additional variable that is electricity production. 

 

3. Panel Data, Models and Estimation Issues 

The collection of data, specification of models and estimation of results need serious attention to be taken. 

This section deals with the issues related to estimation of results, model specification and data collection. 

 

3.1 Model Specification 

The objective of the study is to examine the influence of electricity on real output for all regions of Asia 

i.e. Central Asia, East Asia, South Asia and South East Asia. The research follows Solow Growth model 

that’s why labor force and capital formation are included as proxy of labor and capital respectively. 

Considering linear form of equations, the study determines the following models independently for all 

regions. 

 

3.1.1 Central Asia 

𝑅𝐺𝐷𝑃𝐶𝐴 = 𝛼0 + 𝛼1𝑇𝐿𝐹𝐶𝐴 + 𝛼2𝐺𝐶𝐹𝐶𝐴 + 𝛼3𝐸𝐿𝑃𝑅𝑂𝐷𝐶𝐴 + 𝜀𝐶𝐴 

 

3.1.2 East Asia 

𝑅𝐺𝐷𝑃𝐸𝐴 = 𝛽0 + 𝛽1𝑇𝐿𝐹𝐸𝐴 + 𝛽2𝐺𝐶𝐹𝐸𝐴 + 𝛽3𝐸𝐿𝑃𝑅𝑂𝐷𝐸𝐴 + 𝜀𝐸𝐴 

 

3.1.2 South Asia 

𝑅𝐺𝐷𝑃𝑆𝐴 = 𝛾0 + 𝛾1𝑇𝐿𝐹𝑆𝐴 + 𝛾2𝐺𝐶𝐹𝑆𝐴 + 𝛾3𝐸𝐿𝑃𝑅𝑂𝐷𝑆𝐴 + 𝜀𝑆𝐴 

 

3.1.4 South East Asia 

𝑅𝐺𝐷𝑃𝑆𝐸𝐴 = 𝛿0 + 𝛿1𝑇𝐿𝐹𝑆𝐸𝐴 + 𝛿2𝐺𝐶𝐹𝑆𝐸𝐴 + 𝛿3𝐸𝐿𝑃𝑅𝑂𝐷𝑆𝐸𝐴 + 𝜀𝑆𝐸𝐴 
 

Where subscripts CA, EA, SA, and SEA respectively denote Central Asia, East Asia, South Asia and 

South East Asia; 𝛼′𝑠, 𝛽′𝑠, 𝛾′𝑠  𝑎𝑛𝑑  𝛿′𝑠 show values of coefficients for Central Asia, East Asia, South 

Asia and South East Asia; and 𝜀′𝑠  indicate error terms of regression models.  

 

3.2 Definition of variables 

In the above specified models, following variables are used as explained below. 

 

3.2.1 Real Gross Domestic Product (RGDP) 

The dependent variable, Real Gross domestic product is defined as total goods and services produced 

within the economy evaluated at constant market prices. We have taken the prices of year 2000 to 

calculate Real GDP. RGDP is taken in U.S. dollars for Central Asia, East Asia, South Asia and South East 

Asia.  

 

3.2.2 Total Labor Force (TLF) 

TLF denotes total labor force in these Asian regions i.e. Central Asia, East Asia, South Asia, South East 

Asia. In total labor force, all males and female are considered who fall in age group of 15 – 65. It is taken 

as a proxy of labor. Labor force is expected to be positively related to real output in these regions.  

 

3.2.3 Gross Capital Formation (GCF) 

GCF explains gross capital formation for all the regions of Asia. GCF is taken as a proxy of capital. The 

unit of gross capital formation is current U.S dollars. Capital is hypothesized as positively influencing real 
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gross domestic product of Asia Continent. 

 

3.2.4 Electricity Production (ELPROD) 

For energy production, we are including electricity production in KWh because electricity is considered 

as the major source of energy for producing goods and services in an economy. We suppose that more 

Electricity production may lead to higher real output in Asia. But excess production above the limits may 

decline real output as well due to unnecessary utilization.  

 

3.3 Data Sources 

To investigate the dimensions of electricity for real gross domestic product in Asia Continent, the research 

incorporates all regions of Asia like Central Asia, East Asia, South Asia and South East Asia. Moreover, 

the study is based upon segregated analysis of all the regions of the Continent. The research chooses some 

selected countries from each region according to availability of data. From central Asia, the paper 

considers Kazakhstan, Kyrgyz, Tajikistan, Turkmenistan, and Uzbekistan. In East Asia, we have taken 

China, Hong Kong, Japan, Korea and Mongolia. Among South Asia region, the study includes 

Bangladesh, India, Nepal, Pakistan, and Sri Lanka. Some countries are selected from South East Asia 

region those are Brunei, Indonesia, Malaysia, Philippines, Singapore, Thailand and Vietnam. The analysis 

selects time period from 1990 to 2015 for all countries regarding selected variables. Data is collected from 

website of World Bank, World Development Indicators, International Financial Statistics and Global 

Development Finance.  

 

3.4 Estimation Issues 

The current study analyses the influence of electricity on real output in Asia Continent. It is based upon 

segregated evaluation of all the regions of Asia (Central Asia, East Asia, South Asia and South East Asia) 

by forming panel of all regions individually. Whenever, we try to inspect panel of countries, we need to 

pay attention on several issues of panel data those are described step by step as follows; 

1. To explore stationary of the panel variables. 

2. To decide about an appropriate estimation approach (Fixed & Random Effects or Panel Co-

integration or Generalized Method of Moments). 

3. Apply Panel Co-integration test (Pedroni or Kao or Fisher) to investigate long run relationship (If 

Panel Co-integration is decided to apply on the basis of unit root test). 

4. To evaluate coefficients for general specified model using Fully Modified Ordinary Least Square 

method (FM-OLS). 

5. Then use the results for economic interpretation and policy making. 

Based upon the above steps, econometric methodology is described in detail. 

 

3.4.1 Im, Pesaran and Shin W-Stat (Unit Root Test) 

The Im, Pesaran and Shin test (1997) provides separate estimation for each ‘i' section, allowing different 

specifications of the parameter values, the residual variance and the lag lengths. Their model is given by; 

itti

n

k

ktiktiiiti tYYaY   




1

,1,,    (a) 

The null hypothesis of this test is that all series are non-stationary processes under the alternative that a 

fraction of the series in the panel are assumed to be stationary. 

 

3.4.2 Kao (Engle – Granger based) Co-integration Test 

The Kao test (1999) follows the same basic approach as the Pedroni tests, but specifies cross section 

specific intercepts and homogenous coefficients on the first stage regressors. Under the null of no Co-

integration, Kao shows that following the statistics; 

𝐴𝐷𝐹 =
𝑡𝜌̅+√6𝑁𝜎̂𝑣/(2𝜎̂0𝑣)

√
𝜎̂0𝑣

2

2𝜎̂0
2+

3𝜎̂𝑣
2

10𝜎̂0𝑣
2

    (b) 
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3.4.3 Fully Modified Ordinary Least Square Method (FM-OLS) 

After establishing Panel Co integration, the analysis requires estimates for macroeconomic variables to 

get the intensity of long run relationships. Kao and Chen (1995) notice that ordinary least square method 

gives asymptotically normal but asymptotically biased results in Panel Co-integrated models. Chen, 

McCoskey and Kao (1999) have investigated that generally, the bias – corrected ordinary least square 

coefficients do not improve over the OLS estimators. They suggest Fully Modified least square (FM-

OLS) estimators or dynamic least square (DOLS) may be more appropriate for Panel Co-integrated 

regressors. Phillips and Moon (1999) and Pedroni (1996) also have proposed fully modified least square 

(FM-OLS) method for Co-integrated panel results. FM – OLS is a generalization of Phillips and Hansen 

(1990). Kao and Chang (2000) propose another approach that is based on a panel dynamic least squares 

(DOLS). On the basis of above discussion, the research has made use of Fully Modified least squares 

(FM-OLS) technique. 

 

4. Panel Results and Discussions 

This section describes Panel results on the basis of Graphical analysis and Econometric Analysis 

explained below. 

 

4.1 Graphical Analysis 

Figure 1 exhibits picture of central Asia about real growth rate of GDP and electricity production growth. 

There is decline in electricity production growth and growth rate up to 1993, after this year both have 

started increasing up to 2000. After 2000, a mixed behavior is seen among growth rate and energy growth 

but in all cases both are moving in same direction. So for Central Asia, we can conclude positive 

relationship between real GDP and Electricity production. Interestingly, in initial years of analysis from 

1990 – 1998 and from 2007 – 2008, growth rate and electricity growth has remained negative as well.  

 

Figure-1: Growth and Electricity relationship in Central Asia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Association among electricity growth and real growth rate of GDP is displayed in figure 2 for East Asia. 

For 1997, electricity production growth is negative, leading to lowest growth rate in East Asia; in 2008, it 

is near to 0 in East Asia. Electricity production growth is remained higher during 2001 – 2007. Despite 

lower excess production of electricity in East Asia on the average as compared to real GDP as it is 

remained higher i.e. 1400 billion dollars (Table 2). On the other side, most of the times, growth rate and 

electricity production growth rate were moving side by side or may be in same direction. This evidence 

gives us confused direction of relationship among electricity production and economic real output. The 

relationship may be positive or negative among electricity production and real GDP.   
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Figure 2: Energy and growth relationship in East Asia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relationship of economic growth with electricity growth is presented in figure 3 in South Asia for 1990 to 

2011. The association among these variables is seem to be confused because the relationship may be 

explored as positive during 1990 to 1994. But these variables are oppositely related to each other during 

1995 to 2000. Again positive connection between growth rate and electricity production growth is 

analyzed from 2002 to 2008. In 2009-2011, the correlation among them is again negative. We may not 

conclude that whether the link is positive or negative among them.  

 

Figure 3: Economic growth and Electricity growth in South Asia 
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Figure 4: GDP growth rate and Electricity production growth in South East Asia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To interpret the correlation among real GDP growth rate and electricity production growth in South East 

Asia, we have drawn figure 4. This figure clearly presents that electricity growth is negative or low from 

1996 to 1998; in the same years growth rate of GDP is also remained very low. But surprisingly, other 

than these years, growth rate and electricity growth are moving in same direction. We can conclude direct 

correlation among growth rate of GDP and electricity production growth.  

 

4.2 Econometric Analysis 

This section confers the panel results considering unit root test (Im, Pesaran and Shin W-Stat), Co-

integration test (Kao Panel Co-integration test) and Fully Modified Ordinary least square methods. Table 

3 displays the levels of stationary regarding dependent and explanatory variables included in the models 

with reference to all regions of Asia (Central Asia, East Asia, South Asia and South East Asia). The study 

incorporates only final conclusions concerning to all variables. We may successfully reject Null 

Hypothesis (variable is non-stationary) of unit root test on the basis of Probability value (should be less 

than 0.05) and may deduce that all the concerned variables (RGDP, GCF, ELPROD and TLF) are 

integrated of order 1. Fulfilling basic condition of Co-integration, we can apply Kao Panel Co-integration 

test on specified models.  
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Table 3: Im, Pesaran and Shin W-Stat 
Variables Test in By Including Statistics Prob. Lag Result 

Central Asia 

RGDP 1
st
 Difference Trend and Intercept -2.23 0.01 Auto I(1) 

GCF 1
st
 Difference Intercept -2.25 0.01 Auto I(1) 

ELPROD 1
st
 Difference Intercept -4.89 0.00 Auto I(1) 

TLF 1
st
 Difference Trend and Intercept -4.52 0.00 Auto I(1) 

East Asia 

RGDP 1
st
 Difference Intercept -3.80 0.00 Auto I(1) 

GCF 1
st
 Difference Trend and Intercept -2.77 0.00 1 I(1) 

ELPROD 1
st
 Difference Intercept -4.53 0.00 Auto I(1) 

TLF 1
st
 Difference Intercept -5.48 0.00 Auto I(1) 

South Asia 

RGDP 1
st
 Difference Trend and Intercept -2.44 0.00 Auto I(1) 

GCF 1
st
 Difference Trend and Intercept -2.52 0.00 Auto I(1) 

ELPROD 1
st
 Difference Intercept -3.73 0.00 Auto I(1) 

TLF 1
st
 Difference Intercept -6.16 0.00 Auto I(1) 

South East Asia 

RGDP 1
st
 Difference Intercept -5.65 0.00 Auto I(1) 

GCF 1
st
 Difference Intercept -7.61 0.00 Auto I(1) 

ELPROD 1
st
 Difference Intercept -6.86 0.00 Auto I(1) 

TLF 1
st
 Difference Intercept -5.12 0.00 Auto I(1) 

 

In table 4, results of Kao Residual Panel Co-integration test are provided. Null hypothesis (No Co-

integration) may be rejected for Panel Co-integration test on the basis of Probability values and presence 

of Panel Co-integration is inferred. By selecting Bandwidth as Newey West Automatic at 1
st
 lag, Panel 

Co-integration is found for Central Asia, East Asia and South Asia. Panel Co-integration also exists in 

South East Asian model by selecting Bandwidth as Newey West Fixed at 1
st
 lag. After tracing out Panel 

Co-integration, we can apply fully modified ordinary least square test for values of coefficients.  

 

Table 4: Kao Residual Panel Co-integration Test 
Region t – Statistic  Prob. Lag Bandwidth Selection Cointegration 

Central Asia -3.61 0.00 1 Newey West Automatic Yes 

East Asia -3.32 0.00 1 Newey West Automatic Yes 

South Asia -6.27 0.00 1 Newey West Automatic Yes 

South East Asia 1.68 0.04 1 Newey West Fixed Yes 

Note: Null Hypothesis: No Co-integration among variables 

 

Table 5 portrays the panel estimates provided by the fully modified ordinary least square method. First 

column shows the information about variables while second column displays the values of coefficients 

and probability values for Asia Continent. In 2
nd

 column, estimates of all Asian regions are reported in 

relation to their individual columns. The significance of variables may be examined by probability value 

that should be less than 0.05.  

 

Considering Gross Capital formation that is representative of Capital in Solow Growth model, the study 

analyzes it most important variable for real output. The sign for the concerned variable is significantly 

positive for all regions of Asia continent (Central Asia, East Asia, South Asia and South East Asia). In 

East Asia, gross capital formation has much stronger and more elastic influence on real output as 

compared to other regions of Asia. One dollar increase in Gross capital formation is a cause of increasing 

5.07 dollars in real output of East Asia on the average in the long run. The progress of China, Japan, 

Korea and Hong Kong are evident due to optimally utilized capital in East Asia region. In Central Asia, 

South Asia and South East Asia; capital has less elastic influence means capital is less efficiently utilized 

here in these regions. The values of coefficient suggest that 1 dollar rise in gross capital formation leads to 

real output by 0.61, 0.57 and 0.76 dollars on the average in the long run. Positive relationship of capital is 

in line with the economic theory. More capital formation and investment offers the economy and 
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industrial sector to expand more to produce goods and services within the geographical location of 

country or to enhance GDP in real sense that is one of the macroeconomic goals. Out results are 

consistent with the study of Shahbaz and Ozturk (2012). 

 

Coming towards the total labor force (proxy of labor), it is therefore concluded that labor force is a source 

of higher real output. In the short run as well as in the long run, labor plays its significant role in 

producing more goods and services. Normally, under developed countries are more dependent upon labor 

force participation due to less availability of new technology. Skilled labor is also a blessing for any 

economy. In comparison with South Asia and South East Asia, the labor force of Central Asia seems to be 

extremely productive and skilled. Although Kazakhstan, Turkmenistan, Uzbekistan, and Tajikistan are 

less populated areas, the mean value of total labor force is 4.74 million for Central Asia; but labor force 

proves to be extremely productive in this region. It is also clear from the value of coefficient that is 1.21. 

For South Asia and South East Asia, values of labor force are correspondingly 0.19 and 0.12. Labor force 

of East Asia also looks extensively improved but it is associated with insignificant coefficient value. Real 

output will increase by 1.21, 0.19 and 0.12 thousand dollars on the average due to an additional unit of 

labor force in Central Asia, South Asia and South East Asia respectively in the long run. The analysis is in 

line with the Shahbaz and Ozturk (2012) and Qazi et al. (2012). 

 

Table 5: Panel Estimates of Fully Modified Ordinary Least Square  

Variables 

 

Asia 

Central Asia East Asia South Asia South East Asia 

Coefficient 

(Probability) 

Coefficient 

(Probability) 

Coefficient 

(Probability) 

Coefficient 

(Probability) 

Gross Capital Formation 
0.61 

(0.00) 

5.07 

(0.00) 

0.57 

(0.00) 

0.76 

(0.00) 

Total Labor Force 
1.21 

(0.00) 

0.76 

(0.58) 

0.19 

(0.00) 

0.12 

(0.07) 

Electricity Production 
0.13 

(0.00) 

-2.01 

(0.01) 

0.55 

(0.00) 

0.76 

(0.00) 

Constant 
-2.59 

(0.00) 

3.23 

(0.09) 

1.25 

(0.00) 

2.17 

(0.00) 

Adj. R – Square 0.96 0.66 0.99 0.81 

 

With regards to electricity production in Asia Continent, it is not incorrect to express that it is the major 

source of energy. Agriculture sector, Services sector, Manufacturing sector, Government sector as well as 

all sectors are dependent upon this important source of energy. The study notices significant relationships 

for Central Asia, East Asia, South Asia and South East Asia. The relationship of electricity production is 

positive with real output. The negative relationship is observed in case of only East Asia (China, Hong 

Kong, Japan, Korea, and Mongolia). It shows that real GDP is significantly expanded by efficient use of 

capital and labor force but electricity production is not essential for real output in East Asia. May be in 

this region, there is no shortage of electricity, real GDP is at maximum level as compared to all other 

regions having much sustained growth rate, labor force and capital are available in excess in contrast with 

other regions so electricity keeps no value among all these. Discussing electricity production for Central 

Asia, South Asia and South East Asia, outcome that is matched with the economic theory as energy 

production is playing vital role in real output expansion significantly. More electricity production enables 

the industrial sector to produce more at least cost and ultimately it will lead to higher real output. On the 

average, respectively in Central Asia, South Asia and South East Asia, one KWh more production of 

electricity raises real output by 0.13, 0.55 and 0.76 dollars in the long run. 

 

5. Concluding Remarks and Policy Implications 

The intension of the current paper is to investigate the influence of Electricity on real output of Asia 

Continent containing data from 1990 – 2015. Following Solow growth model, separate effect is traced out 

for each region of Asia. Graphical analysis suggests the positive association of real growth rate and 
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electricity production growth rate in all the regions. In some years, we get the negative relationship of real 

growth rate with electricity production growth rate in South Asia region, South East Asia region and 

Central Asia. This is happened either due to lag effect of electricity production growth rate on real growth 

rate or due to any inefficiency in electricity production. 

 

For Econometric analysis; Im, Pesaran and Shin W – test (Unit root test) is pertained to analyze 

stationarity of panel variables. It implies that dependent and explanatory variables are integrated of order 

1 that allows proceeding further for Co-integration analysis. Kao Panel Co-integration test is utilized to 

examine long run relationship among variables, and it infers the presence of Co-integration. Fully 

Modified Ordinary least square test is employed for values of long run coefficients. It advocates that in all 

regions of Asia Continent, real GDP is highly dependent upon total labor force in the long run. On the 

other side, regarding gross capital formation, the study indicates the same results. Gross capital formation 

is playing vital role in enhancing real output in all regions of Asia.  

 

The findings of this paper investigate mixed results in terms of electricity generation. Electricity 

production is accomplished to significantly increase real output in various regions of Asia like Central 

Asia, South Asia and South East Asia. In East Asia, outcome is conflicting probably as a result of no 

dependence on electricity production of this region. There is no concept of electricity shortage there and 

their dependence is on skilled labor force and efficient capital investment.  

On the basis of above findings, following policies may be recommended.  

i. As labor force plays essential role in real output enhancement, still attention should be given 

for provision of skill development plans to the young labor specifically in underdeveloped 

countries of Asia. 

ii. Gross capital formation has always active part in amplifying real output for any economy. In 

Asia Continent, it is also behaving like that but there should be cheap delivery of such finances 

in all the regions equally. 

iii. On the basis of electricity production, it may be suggested that there should be keen emphasis 

on cheap electricity production through cheap resources in all the regions so that it may be 

supplied at lower rates. 
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