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Abstract 
Using cross-state panel data and error correction Granger causality model we found trustworthy 
results for India that were non-consistent in previous literature. We found that the electricity 
consumption and per capita income cause each other. We argue our research to be more credible 
because we use 254 data points whereas, previous researchers have given their conclusions only 
on 30 - 40 data points. There is feedback effect of both the variables and effect of electricity con-
sumption is 40 times more than that of income to electricity. Furthermore, analysis at disaggre-
gated level of electricity consumption suggests that domestic and heavy industry electricity con-
sumption causes income growth and not the commercial, light industry, and agricultural electric-
ity consumption. 

 
Keywords 
Electricity Consumption, Panel Granger Causality, Error Correction Model, Indian States 

 
 

1. Introduction 
In the Indian context, there are conflicting results of causality direction between electricity and GDP. Many re-
searchers have found electricity consumption (EC) to cause GDP [1]-[3]. Many other researchers have proved 
GDP to cause EC [4]-[6]. Whereas, some concluded this relationship in both the direction [7] [8] and some more 
found that there is no causality relationship between EC to GDP [3] [9]. Many of these conclusions are reported 
at one place by [10]. Therefore, all possible combinations of causality are found and reported for India. India is a 
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vast and heterogeneous country that accommodates more than one-seventh of the earth population. The popula-
tion of India’s biggest state Uttar Pradesh is more than any other country except China, India, US, Indonesia, 
and Brazil [11]. Even its smallest state Sikkim’s population is more than 22 nations of the world [12]. All the 
studies mentioned above use a limited number of data points maximum up to 40. A limited number of data 
points and studies at the aggregate level without integrating the internal diversity are one of the obvious reasons 
for inconsistent findings [13]. By neglecting individual heterogeneity, we can’t get an explicable relationship 
between economic aggregates [14]. Existing literature on this issue in the Indian context has ignored the study at 
the disaggregate level. We fill this gap by studying this phenomenon within India, across its various states and 
try to find the true relationship. Literature supports that if overall level is giving a conflicting result, it may be 
because of aggregation bias and therefore, granular level study may be conclusive [15]. Furthermore, study at 
the state level will increase the number of data points that may lead to a robust conclusion. 

With electricity consumption from the year 2001 till 2013, we used cross-state panel data to analyze the EC- 
GDP nexus. In state context, we use per capita income in the state as quasi for per capita GDP. In Section 2, we 
denote the equations used to address the causality. In Section 3, we perform several estimations for the causality 
testing. Section 4 concludes the paper. 

2. Literature Review 
There is a substantial amount of literature that examines the granger causality relationship between electricity 
consumption and GDP. However, due to the importance this subject holds for society, literature is still growing. 
At the global level, there is no singular trend observed [6]. The literature on electricity consumption and eco-
nomic development has concluded all the possible relationships i.e. growth, conservation, neutrality, and feed-
back [6]. Growth hypothesis suggests that electricity consumption leads to economic development. A conserva-
tion hypothesis is opposite to the growth hypothesis and proposes that it is economic development that is re-
sponsible for the growth in electricity consumption. Neutrality assumption advocate independence of both the 
variables and feedback supposition suggest interdependence of both the variables on each other. All possible 
conclusions at global as well as country level suggest that there are potential gaps in this research area that needs 
to be bridged. Aggregation of data is one of the obvious gaps [16]. For the purpose of our analysis, we disag-
gregate the information’s at two levels. One, instead of data at aggregated country level we disaggregate it at the 
level of states. Two, we disaggregate the electricity consumption based on the nature of electricity consumption. 
Therefore, we also study the relationship at the disaggregate level of EC such as domestic, commercial, indus-
trial, and agricultural. Furthermore, the study of differentiated electricity consumption is advised to be con-
ducted by some researches [16]. Following the above-mentioned literature review we ultimately propose to an-
swer the following research questions.  

Research Question 1: What is the causality direction between EC to GDP for disaggregated geographical lev-
els for India? 

Research Question 2: Which is or are the significant EC influencer of this relationship domestic, commercial, 
industrial, or agricultural? 

3. Model 
We set the following Granger causality equations for various estimations. We use error correction method. We 
adopt only one lag in causality equation because most of the previous literature have found short term causality 
between these two variables in Indian context [1] [5]. We also found only one lag correlations for both the vari-
ables in our PACF plot. In the first step, we de-trend the data and establish the stationarity. After establishing the 
stationarity, error correction term (ECT) is calculated as explained in Equation (2). Lag ECT is used to eliminate 
the misspecification of the two variable causality model [17] [18]. Equation (3) presents the EC to income 
Granger causation computation. In a similar manner, all the three equations are used for reverse causation and 
Equation (6) demonstrate the income to EC causation estimation. 

3.1. EC to Income Causation Equations 

( )0 2Income Time unexplained _ income UIit i itβ β= + +                        (1) 
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( )0 1UI EC error _ correction _ term ECTit it itβ β= + +                         (2) 

( ) ( ) ( )0 1 2 31 1 1UI Income EC ECTit iti t i t i t uβ β β β− − −= + + + +                        (3) 

3.2. Income to EC Causation Equations 

( )0 2EC Time unexplained _ eclectricity _ consumption UECit i itβ β= + +                (4) 

( )0 1UEC Income error _ correction _ term ECTit it itβ β= + +                          (5) 

( ) ( ) ( )0 1 2 31 1 1UEC Income EC ECTit iti t i t i t uβ β β β− − −= + + + +                            (6) 

where it i itu η ε= + , ηi is an individual (state) fixed effect and εit is independently and identically distributed er-
ror among states and years. We have not included time effect in the equation since time effect is already cap-
tured in causation. The incomeit is the real per-capita income of state i at year t. ECit is the per capita electricity 
consumption in Kw H/year. All the explained six equations are used for three types of panel data model. Pooled 
model, that is parallel to aggregate model, fixed effect model, and random effect model. Furthermore, with the 
help of Hausman test we conclude the best model for our data. 

3.3. Dealing Cross-Sectional Dependence 
Cross-sectional dependence is one of the reasons of biased estimated in panel analysis [19]. Since Indian states 
are not independent they form a united whole called India. Therefore, there is all the possibility that to a certain 
extent they are mutually dependent on each other. Canning and Pedroni [20] propose that if we subtract time ef-
fect in the construction of panel statistics cross-sectional dependence is addressed [21]. Through above ex-
plained equation number one and four we calculate the time effect and for further panel analysis, this effect is 
subtracted. Therefore, we address the cross-sectional dependence by the methodology adopted by us. 

4. Data and Empirical Results 
Data for 33 states from 2000 to 2013 were taken from the Prowess database of the Centre for Monitoring Indian 
Economy (CMIE) [22]. The Prowess database is equivalent to the Compustat database for U.S [23]. This data-
base provides a set of socio-economical variables including electricity consumption and per-capita income for 
all the states of India. Per-capita income is based on a constant Indian currency of the year 2004. 

Table 1 and Table 2 list the causation regression results. We estimated all the equations (Equations (1) to (6)) 
by various estimation methods: (a) and (d) pooled panel, (b) and (e) individual fixed effects, and (c) and (f) in-
dividual random effects. According to the pooled panel regression (column (a) in Table 1), the estimated coeffi-
cient of lag EC is significant. This means that previous value of EC does have an influence on the income of the 
state. Similar results are found for individual fixed effect regression and individual random effect regression. 
Therefore, there is no difference between these three models. These results are consistent with the findings of [1] 
[2]. However, the Hausman test resulted in individual fixed model as the better model in comparison to the indi-
vidual random for EC to income relationship. Therefore, we conclude fixed model as more trustworthy than 
random and EC as a significant cause of income generation. As a result, the increase in one unit of electricity 
consumption will result in Rs 13.4 increase in per capita income of the India. 

Similar tests were conducted for reverse directional causality income to EC. In this case, results obtained are 
not consistent. Hausman test between the model (e) and (f) proved that random model is better than fixed. This 
model suggests that income significantly causes the increase in EC. One rupee increase in the per capita income 
will increase 0.32 unit of electricity consumption per year. Based on both the tests we conclude that fixed model 
for EC to income and random model for income to EC represents the reality of the Indian condition. Although 
the pooled model also gives similar conclusions but there are significant differences in the coefficient estimated. 
Since our estimation is more robust, we argue them to be more appropriate for policy purposes. Both the rela-
tionship found by us are totally consistent with the results of [7]. 

Based on the availability of data and as suggested by [24] causality analysis at disaggregated level of EC and 
income was conducted. EC was found for five purposes. These are domestic, commercial, light industry, heavy 
industry, and agriculture. For the purpose of analysis, a matrix was prepared for five variables and following 
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Table 1.The EC and income (EC income).                                                                        

 (a)  (b)  (c)  

 Pooled panel t-value Individual fixed t-value Individual random t-value 

Constant −34,723.400*** (−47.173)   −12,540.927*** (−41.392) 

lag (Income) 0.450*** (16.196) 0.434*** (13.772) 0.259*** (17.793) 

lag (EC) 31.100*** (19.33) 13.714*** (4.288) 2.652** (2.836) 

lag (ECT) 0.731*** (24.957) 0.729*** (16.794) 0.229*** (4.018) 

R2 95.939  78.809  90.565  
Adj. R2 94.278  66.527  88.996  

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1. Maddala-Wu Unit-Root Test-Stationary. Hausman Test-Individual fixed is better model. 
 
Table 2. The income and EC (income EC).                                                                           

 (d)  (e)  (f)  

 Pooled Panel t-value Individual fixed t-value Individual random t-value 

Constant −40,920.685*** (−59.554)   −13,690.616*** (−39.254) 

lag (Income) 0.960*** (47.541) 1.38616 (1.146) 0.323*** (29.088) 

lag (EC) 0.670 (0.506) −83.00889 (−0.432) −0.326 (−0.579) 

lag (ECT) 0.731*** (24.957) 0.14632 (0.773) 0.227*** (4.198) 

R2 95.939  1.6993  90.343  
Adj. R2 94.278  1.4345  88.779  

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1. Maddala-Wu Unit-Root Test-Stationary. Hausman Test-Individual random is better model. 
 
Equations (1)-(3) analysis were conducted. The result of the analysis suggested that individual fixed best repre-
sent the relationships. In accordance with individual fixed model electricity consumption for domestic, heavy 
industry, and agriculture is main antecedents of electricity consumption that caused the growth in GDP and not 
the commercial and light industry in case of Indian states. Maddala-Wu Unit-Root Test was conducted to check 
the stationarity of the series and the series was found to be stationary (Table 3). 

5. Conclusion 
Using panel data for 33 states from 2000 to 2013, and comparing pooled, fixed effect, and random effect models, 
we found evidence that the conclusions of the different models are not very consistent. For EC to income, the 
conclusion is converging, whereas, for income to EC there is divergence. Scrutinizing various models for India 
we found confirmation of bi-directional causality between electricity consumption and GDP. Furthermore, it is 
the increase in domestic and heavy industry electricity consumption that causes income growth and not the 
commercial, light industry, and agricultural electricity consumptions. The inconsistencies found in the earlier 
literature are because they have used a limited number of data points and not taken into account the diversity of 
India. Therefore, we conclude that study at the disaggregate level will give robust and conclusive findings not 
only because of the increased number of data points but also because of the removal of aggregation bias at the 
country level.  

6. Limitation and Future Direction 
Restricted availability of data for most of the developing countries is one of the biggest hurdles to conducting 
rigorous research based on these economies [25]. While conducting our research we also encountered the same 
problems. Availability of data for a limited number of years i.e. 2001 till 2013 is our biggest limitation. However, 
in the absence of data availability, there is no other option except abandoning the research project. Furthermore, 
there are researches that have concluded the causality even for a lesser number of years than of ours [26]. Re-
search by E. Erdil and I. H. Yetkiner [26] conducted panel data causality analysis using data from 11 years from 
1990 till 2000. Therefore, we concluded that we will proceed with the analysis of data from limited years rather  
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Table 3. The income and disaggregate EC (EC income).                                                          

 (d)  (e)  (f)  

 Pooled panel t-value Individual fixed t-value Individual random t-value 

Constant −38,223.006*** (−61.033)   −11,061.072*** (−30.063) 

lag (Income) 0.309*** (11.369) 0.261*** (4.877) 0.112*** (4.954) 

lag (EC_Domestic) 169.24*** (14.599) 134.782*** (4.670) 54.307*** (6.586) 

lag (EC_Commercial) 38.246** (2.94) −6.604 (−0.180) −5.432 (−0.649) 

lag (EC_Light Industry) −13.514** (−3.055) 0.517 (0.072) −22.808*** (−5.016) 

lag (EC_Heavy Industry) 8.595*** (3.845) 14.282* (2.320) 0.923 (0.597) 

lag (EC_Agriculture) 2.344 (0.723) 16.113 (1.148) 6.774*** (3.595) 

lag (ECT) 0.898*** (32.104) 0.889*** (23.289) 0.87*** (18.666) 

R2 98.118  87.967  90.954  
Adj. R2 93.273  74.392  86.462  

Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1. Maddala-Wu Unit-Root Test-Stationary. Hausman Test-Individual fixed is better model. 
 
than abandoning the project. We propose future researchers to study the causality directions for the disaggre-
gated pair of electricity consumption to the GDP, so that the independent relationship of various forms of elec-
tricity consumption to GDP is obtained and that may put light on many inconsistencies found in present litera-
ture. 
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