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Causality Linkages among Energy Poverty, Income
Inequality, Income Poverty and Growth: A System
Dynamic Modelling Approach

GHULAM MURTAZA and MUHAMMAD ZAHIR FARIDI

1. INTRODUCTION

The energy services stipulation of a country discloses its importance as a decency
of course of action necessary for economic prosperity, lessening the poverty and
depolarising the social asymmetry [Barnes, et al. (2011)]. The accomplishment of basic
needs of energy services that include excess to electricity, commercial use of energy for
production process as well as usage of electricity in the residential areas and modern use
of energy sources for cooking purposes portraits an image of high-quality living standard
of individuals and offers a way forward to economic development. The notion of pro-
poor growth is well documented in the recent literature for assurance of thinning the
poverty that is congregated through translation of growth into the lives of poor by
reshaping the income distribution® for marginalised group of people. Ekouevi and
Tuntivate (2012) and studies of international agencies [AGECC (2010); WHO (2006);
UNDP and WHO (2009)] have preliminary acknowledged the need of improving the
access to reliable and affordable modern energy services in the developing economies for
economic prosperity and social welfare of individuals.

As for as social inequality is concern, energy poverty is of enormous worth to
address it as deficiency in supplying commercial energy especially electricity, tends to
emphasise the social asymmetry in the society [Pereira (2010)]. While the energy
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YInternational Energy Agency report (2010) declares that 1.3 billion people living without excess to
electricity and about 2.6 million people who are not provided clean cooking facilities globally. This indicates a
serious impediment to social and economic development and must be addressed uncompromisingly for the
achievement of UN Millennium Development Goals [Dagoumas and Kitsios (2014)].

2According to Scheikman (2002), the prudent government policies formulated with the aim of reducing
poverty and income inequality account education and health substances a lot and these issues cannot be
accomplished without required energy services.
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development mitigates the poverty as it provides the sustainability and enhances the
opportunities for growth that leads to better quality of life [Pereira (2010)]. The
significance of energy services in the mechanism of structural transformation for
development and trading off the old modes of living for new ones has made the concept
of energy poverty a leading concern now a days. In the developing countries like
Pakistan, energy services supplies are not met perfectly that create social injustice by
depriving people form clear cooking facility that badly effect their health conditions; as
well as from education as new modes of training and guidance demand electricity
essentially. Comfort and ease of life purely rely on the use of modern home appliance and
on vehicles which run from electricity and fuel accordingly. Thus unswervingly
availability of energy components (i.e., oil, gas, electricity and coal) at affordable prices
diminishes social asymmetry; eliminates poverty; boosts up economic performance and
ultimately up lifts the living standard of people.

The above deliberation urges to find out the causality linkages among energy
poverty, income inequality, income poverty and growth for Pakistan. Moreover,
secondly, study intends to examine the energy services conditions through construction of
an Energy development index (EDI) that measures the energy poverty in Pakistan at
macro level. Thirdly, study creates distinction on methodological grounds from rest of the
studies. Study follows multivariate TY- procedure for the estimation of VAR system
through seemingly unrelated regression (SUR) using modified Wald test for the causality
analysis.

After a brief introduction in the first section, trends and size of energy services in
Pakistan and its comparison with the rest of the economies and regions is drafted under
Section 2. Section 3 is about the energy development index (EDI) and its construction.
Review of Literature is presented in Section 4. Data and methodology is provided in
Section 5 while the empirical results and discussion are presented in Section 6. At the
end, Section 7 is consisting on conclusions and policy recommendations.

2. ENERGY POVERTY SCENARIO IN PAKISTAN

Per capita commercial energy consumption is thought-out well gauge for energy
development which gears up economic growth and eliminates poverty. The present per
capita energy use for Pakistan is near to the ground. The per capita energy use is 481.61
Kg tons of oil equivalent (Kg of Toe) for Pakistan while the average per capita energy
use of South Asia is 555 kg Toe; OECD members countries has a average of 4176 kg
Toe; Sub-Saharan Africa region has 681 Kg Toe; and, World average per capita energy
consumption is 1890 kg Toe, the estimates of [WDI (2011)] reveal. This picture depicts
the situation of energy poverty in Pakistan regarding use of energy as within the region,
Pakistan energy consumption is about 15 percent below than average energy
consumption of South Asia; 21 percent less than that of India; and, even less than Sri
Lanka equals to 5 percent nearly. With respect to world energy consumption, Pakistan
uses 75 percent less energy and in comparison to OECD countries its value is 88 percent.
The Figure 2.1 demonstrates the situation of energy use for Pakistan as compared to
different countries of the world.

People access to electricity is considered first-rated indicator for excess to modern
energy services. The world development indicators show 1.2 percent increase, from 67.4
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percent to 68.6 percent, in population accessed with the electricity in Pakistan for the
year 2010 to 2011. Figure 2.2 displays an inclusive comparison of Pakistan with different
regions and countries to make energy poverty incidence clear for Pakistan. Within the
region of South Asia, Pakistan is providing electricity less than India, Sri Lanka and
Nepal. In contrast to Malaysia and Unites Arab Emiratis who are providing electricity to
whole population almost, Pakistan has succeeded just 68.6 percent in providing
electricity to its population. Similarly, Pakistan is also 18 percent below than middle
income countries and almost 10 percent below than the world average in percentage of
providing excess to electricity.

Fig. 2.1. Per Capita Energy Use in Pakistan Compared to World
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Figure 2.3 presents substantial dependence of developing countries on biomass for
cooking purposes. The statistics of World Energy Outlook, 2012 (IEA) and WHO
database (2010) indicate that 2588 million people (38 percent of world population); over
1.8 billion people (equals to half of developing Asia population); and, about 700 million
people (80 percent of the sub-Saharan Africa), who are using traditional biomass sources
for cooking purposes and deprived from clean cooking facilities. 64 percent of population
(111 million people) of Pakistan is using traditional biomass for cooking purposes. While
in China, India, Indonesia, Philippines, Vietnam and rest of developing Asia, 29 percent,
66 percent, 55 percent, 50 percent, 56 percent and 54 percent of population is not availing
clean cooking facilities respectively.
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Fig. 2.2. Excess to Electricity in Pakistan Compared to World
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Comparative exploration of modern fuel sources available for cooking purposes
show the incidence of energy poverty in Pakistan. Biomass dependence, in Pakistan, is
almost double than that of china and world average, almost equal to India and Africa
region, 10 percent more than Vietnam and developing Asia average, 60 percent more
than Middle East, 15 percent more than Philippines and developing countries. So, large
dependence on biomass consumption for cooking purposes designates Pakistan a poor
country who is failing in providing health and safe cooking facilities. Yet, Pakistan has
shown an improvement in that indicator of energy poverty as in the list of developing
Asian countries Pakistan is keeping pace with China, Thailand and Vietnam where a

notable improvement in

lessening biomass dependence is observed.

Fig. 2.3. Use of Biomass for Cooking in Pakistan and Developing Countries- 2010
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3. LITERATURE REVIEW

The leading intention of the paper is to present a comprehensive review of prior
work to confer a deep insight about the issue of energy poverty and its integrating factors.
The empirical studies on the issue of energy poverty for the developing countries are not
in surfeit. However, study makes a healthy endeavour to present literature on prior work
done until now in the following.

The significance of the role of energy especially electricity as a mean of economic
development is dated back at least to 1950s. Supply of electricity causes to stimulate
human productivity and welfare that ultimately improve economic status of population. It
is considered that poverty elimination, efficiency of productivity, pollution reduction, and
health improvement is the fruit comes from provision of modern energy [United Nations
(1954)].

After gaining the importance from a number of overseas development agencies
[World Bank (1985); WIN (2005); UNDP (2007, 2012); ADB (2010a, b)], the energy
related issues have, now, become the central focus for economic development and social
wellbeing of individuals. The UN General Assembly has announced the years 2014-2024,
to be “the decade of sustainable energy for all” [United Nations (2014)].

Recent literature and UNDP reports have re-conceptualised the poverty across-the-
board that withdraw it from traditional perception in which poor were jammed with the
notion of earning less than 2 dollar a day [Sovacool (2012)]. A number of factors have,
now, encompassed in the definition of poverty that include life expectancy, literacy,
caloric intake, housing quality and excess to energy [UNDP (2010)]. This inaugurated the
intuition of non-income dimensions of poverty such as lack of excess to electricity and
reliance on the traditional biomass fuel for cooking [Joneset, et al. (2010); International
Energy Agency (2010)].

The health impacts of biomass combustion form cooking are observed in a number
of studies. The pragmatic studies of [Pokhreletal (2005, 2013); Shrestha and Shrestha
(2005); WIN (2005); Joshi, et al. (2009); Dhimal, et al. (2010); Mallaetal (2011)] come
to a conclusion that emissions from burning of biomass are harmful for individuals health
significantly, especially, for women and children health which reduce life expectancy,
productivity and efficiency. Besides this, searching for biomass fuel is a time taking
activity that restricts women and children from any other productive activity [Saghir
(2005); Barnes and Toman (2006)].

Causality linkages of income inequality and energy poverty are well examined in
the studies of [Hussain (2011); Sovacool (2012); Larson and Kartha (2000); Masud, et al.
(2007)]. Studies narrated that income poor pay eight times more than the other group of
income for the same unit of energy they use. It is estimated that on average 20-30 percent
income is spent on the energy services by the poor households directly while additional
20-40 percent income is paid out indirectly in term of time and health injury related with
collection and use of raw energy material respectively. On the other hand, in contrast,
making use of modern energy services in running heavy machinery, illumination of shops
and factories, refrigeration of products for preservation and development of the
mechanisation process has lifted up employment opportunity and provided incentive to
poor by decreasing inequality and increasing their income level.
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Savacool (2012) pointed out a significant relationship between energy poverty and
economic wellbeing of people in the developing countries. Income poverty and energy
deprivation move together, where a significant proportion of income is allocated for
availing energy services. For an instance, in case of Nepal, the introduction of renewable
energy technologies is the centre focus of government policies that has activated the
balanced growth and helping out to eradicate poverty [Malla (2013)]. The studies of
[Roddis (2000); Cabraal and Barnes (2006); World Bank (2002)] also drawn the same
conclusion of bi-directional causality between energy development and poverty.

Above narratives make us available a termination that energy services must be the
essential meeting point of any economic agenda and planning for social development.
This leads us to put up an augmented system that will connect poverty, growth and
inequality with the new no-income dimensions of poverty that is— energy poverty. A
plausible causality linkage among these variables may leave new foresights for economic
planners.

4. THE ENERGY DEVELOPMENT INDEX (EDI)

Ecological scientists and social welfare organiser always put forth the need of
understanding energy poverty to mitigate it [Pachauri and Spreng (2011)]. It requires
apparatus and structure in which it could be measured, monitored, recorded and reported.
A number of scientists, over last 20 years, are involved in the energy and development
issues to understand the concept of energy poverty [Bravo, et al. (1979); Bazilian, et al.
(2010); Saghir (2004); Krugmann and Goldemberg (1983); Pachauri and Spreng (2004);
Goldemberg (1990); Pachauri and Spreng (2011); Foster, et al. (2000)]. The present
study construct Energy Development Index (EDI) to measure® the energy poverty at
national level for Pakistan following the definition and computation methods of [IEA
(2004); Malla (2013)]. The EDI is a composite index consists of four indicators or
components that are equally weighted but this study assigned the weight to each indictor
on the basis of principal component analysis (PCA). The Table 4.1 briefly describes the
definitions, proxies and measuring units of indicators of energy poverty for Pakistan.
Each indicator is normalised first by using the following formula;

Actual value - Minimun value

Indicator =

Maximun value—Minimum value

The principal component analysis (PCA) is utilised on all normalised indicators of
energy services to find weights for computing the energy development index (EDI). The
outcomes of PCA show that (PC 1) explain 97 percent of the standardised variance, the
Eigen values of (PC 1) reveal. While (PC 2), (PC 3) and (PC 4) explain standardised
variance equals to 0.018 percent, 0.006 percent, 0.0006 percent respectively. So the first
component (PC1) is best for assigning the weights to normalised indicators. The
individual share of each indicator to EDI is given as under;

3still there is no consensus on the issue of measuring energy poverty [Nusshaumer, et al. (2012)]. Different
studies on measuring the Energy poverty based on; different approaches; definitions; data availability are being cited as
under for reference and not discussed in detail as this is beyond the scope of this paper. [Bazilian, et al. (2010); Foster,
et al. (2000); Mirza and Szirmai (2010); Barnes, et al. (2010); Practical Action (2010); Awan, et al. (2013); Pachauri, et
al. (2004); IEA (2004); World Energy Outlook (2010); United Nations Development Program (2010); Jones (2010);
Holdren and Smith (2000); Khandker, et al. (2012); Sovacool, et al. (2012)].
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Fig. 4.1. Trends in Energy Development Index (EDI) for 1973-2013
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Energy Development Index (EDI) = 0.25(Per capita energy consumption) + 0.244(Excess to electricity) + 0.25(Per
capita electricity in residential sector)+ 0.255(Share of modern energy fuel in total residential energy use).

The results of ordinary correlates (provided in Appendix-I) call for a composite
index. The outcomes of the Energy Development Index (EDI) are graphed for each year
as shown in Figure 4.1. The trend of EDI indicates the development of energy services
over the time .Yet this growth in not in line with the growth rates of other developing
countries. It is observed that from 2007 to onward a decrease in the trend points out the
incidence of energy crisis. The shortage of energy supply, especially of electricity has
increased the magnitude of energy poverty in Pakistan.

Table 4.1
Indicators for Energy Development Index (EDI)
Units of
Indicator Definition Proxy Measurement
Per Capita It is the amount of energy per capita used in  Commercial Energy .
. X g . Tonnes of oil
Commercial Energy the production process indicates the overall  Consumption Per .
- } - equivalent (Toe)
Consumption economic development of the country. Capita
Excess to Electricity People from total population availing
the facility of electricity which is an Rate of
- . . e Percentage
indicator for social asymmetry, reliance Electrification
and ease of life.
Per Cgp_lta . Itis pgr_ caplta COI"ISl'JmptI.OH of Per Capita
Electricity in electricity in the residential sector that A .
. L Electricity Tonnes of oil
Residential Sector  express the ability of the consumer for L ;
. . Consumption in equivalent (Toe)
the payment of electricity services and . -
h - Residential Sector
basic reliability.
Share of Modern The excess of modern energy services
Energy Fuel in for cooking purposes out of total energy Share of Fossil
Total Residential services provided to household instead  Fuel Energy Percentage
Energy Use of traditional biomass burning for Consumption in 9

cooking. It includes the use of oil, gas  Total Consumption
and electricity.
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5. DATA AND METHODOLOGY

The study intends to find out the causality linkages among energy poverty,
economic growth, income inequality and income poverty in case of Pakistan. A number
of studies have presented a system that provides the scheme in which the poverty, growth
and inequality are well studied. The present study augments this system by incorporating
the new dimension of poverty that is— energy poverty. Thus, the study estimates the
dynamic Granger non-causality relationship between poverty, growth, income inequality
and energy poverty by employing multivariate Tota and Yomamto (1995),TY-modeling.

5.1. Data

The study uses annually time series data for Pakistan ranges from 1973 to 2012.
The data are sourced from Economic Survey of Pakistan (various issues), the World
Development Indicators database CR-ROM, Jamal (2006) and Pakistan labour force
survey (various issues), depending upon the availability of data while some absent values
of data are interpolated by using software, Eviews 7.0 package.

The study uses four variables for the analysis. GDP Per Capita (GDPPC) is the
income per individual measured in Pak rupees, Income Inequality (INEQ) indicates the
distribution of income among different income groups of people of country proxies by
Gini-coefficient (in percentage), Income Poverty (POV) is measured with head count
ratio (percentage) while the energy poverty (EDI) is expressed with the help of energy
development index (EDI)* measured in percentage. All the variables are expressed in
percentage after taking the natural log of GDPPC.

5.2. Time Series Properties of Data

Before proceeding to multivariate TY-procedure, it requires the time series
properties of data to be scrutinised for obtaining the maximum order of integration of
series. The study uses augmented Dickey- Fuller (1979), ADF test as well as Phillips
Perron (1988), PP test for robustness of unit root results.

The ADF test works in the following specification where optimal lag length is selected on
the basis of Schwars information criteria (SIC);

k-1
ASi,t=C+pVi,t-l+Z Iisit-j+ T +eir - @
j=1
Where S; indicates the respective time series variables i.e., GDPPC, POV, INEQ, EDI. T
specifies time trend, A shows first difference operator and &;, is the white noise error. The
Equation (1) tests the Null hypothesis (p = 0) for the existence of a unit root process in
the series against the alternative hypothesis of (p # 0) mean-stationary.

For an exogenous shock to a time series that already has a deterministic trend (T),
the under-rejection of the hypothesis is inevitable that may not supply robust results
[Philip and Perron (1988)]. So, permitting for dependence and heterogeneity in the error
term, following specification presents the non-parametric adjustment to ADF test
statistic;

“EDI is measured with the help of a composite index consists of four variables. Definitions, measuring
units and proxies of all four variables (indicators) are provided in Table 4.1 under Section 4 in detail.
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Si,t = c+ﬂ{t—%}+psu_1+gi,t .. (2

Where, S;is the corresponding time series (i.e., GDPPC, POV, INEQ, EDI), {t — %} is the
time trend,c stands for sample size and &; is white noise error.

5.3. Econometrics Methodology

Existing Literature presents a variety of methodologies available for causality
inferences depending on the characteristics of time series data. Granger non-causality,
Johnson and Juselius (1990) ECM causality, ARDL modeling causality suggested by Pesaran
and Shin (1998), TY- multivariate model causality and DP nonparametric causality proposed
by Diks and Panchenko (2006) are considered the standard causality tests available.

This paper follows Toda and Yomamota (1995) to employ TY-multivariate
modeling because of a number of advantages over other methodologies. Unlike Johnson
ECM causality which necessitates same order of integration of all time series, TY-
Procedure is feasible even when the order of integration of time series is mixed. Thus
TY-Procedure is free from pre-testing of co-integration of the series. Likewise, in ECM
Granger causality, use of standard Wald F-Stat for coefficient restrictions on parameter
after estimating VAR system from OLS, confers non- standard asymptotic distribution of
Wald F-stat that may involve nuisance parameters if one or more series contain a unit
root [Toda and Phillips (1993); Sims(1990)]. So, TY- modeling is preeminent procedure
for causality inferences as it does not demand any co-integration test and presents an
augmented VAR system narrated as VAR (k+ d™) through which restrictions are
implemented with the help of modified Wald Test (MWALD) on VAR(k) after
estimating augmented VAR system from Seemingly unrelated Regression (SUR) at level.
Here, k is the number of lags and d™ represents the maximum order of integration
among all the time series. Kuzozumi and Yamamoto (2000) asserted that the model will
be valid until the condition; k>d™® holds.

We examine the dynamic causality among energy poverty, growth, inequality and
income poverty by applying the TY- procedure, speified as follows;

St = Qs + (plst_l + (pzst-_z + (p3st-_3 F o gonSt_n + w-[‘t (3)

Specifying this generalised version of TY-procedure for our concerned variables
(i.e.,EDI, INEQ, GDPPC and POV), we obtain the following augmented VAR system of
equations;

d_max d_max

k k k
EDlk=c1+ > S1iEDk+ > 2EDl-j+ > @ulNEQi+ > @alNEQi-j+ > y1iPOVi

i=1 j=k+1 i=1 j=k+1 i=1

d_max k d_max
+ D y2aPOVi-j+ > wiGDPPCt+ > w2GDPPCt-j + @it coccveeenee. 4)
j=k+1 i=1 j=k+1

k d_max k d max 3
INEQ: = a1+ > yuINEQi+ >’ y2alNEQ:i-j+ > ¢@uEDl+ > @2EDl-j+ > yuPOV:
i=1 j=k+1 i=1 j=k+1 i=1
d_max k d_max
+ > w2POVi-j+ > (uGDPPC: + C2aGDPPC- | + @2t v, (5)

j=k+1 i=1 j=k+1
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k d max k d max k
GDPPC: = @1 +) " yiGDPPCi+ " y2GDPPCi-j+)" @iEDI+ Y’ zEDL-j + yiINEQ:
i=1 j=k+1 i=1 j=k+1 i=1

d_max k d_max

+ Y yalNEQu-j+ )" {iPOVi+ D' LaPOViej+ (st oo (6)

j=k+1 i=1 j=k+1

d_max d_max

k k k
POVt = a1 + ). yiPOVe + > paPOVi-j + ). @EDl+ > @zEDl-j + ) ysINEQ:
i=1 j=k+1 i=1 j=k+1 i=1

d_max k d_max
+ > yaINEQ-j + ). {iGDPPCt + >’ {2GDPPCi-j + @it v (7)
i=1

j=k+1 j=k+1

After the augmented VAR system is constructed, it is estimated from seemingly
unrelated regression(SUR).Standard MWALD is used for the parameter restrictions on
VAR(K) from VAR(k+d™)to get the value of chi-square statistic that is asymptotically
normally distributed [Zapata and Rambaldi (1997)].

To demonstrate how MWALD works, we consider equation (4) where we can test
the hypothesis that income inequality (INEQ) does not Granger cause energy poverty (EDI)
if pu = 0w ; likewise, income poverty (POV) does not Granger cause energy poverty (EPI) if

yi=0vi; similarly, growth (GDPPC) does not granger cause energy poverty (EDI) if
wi=0vi. The same mechanism is extended for the Equations (5), (6) and (7).

5.5. The Innovation Accounting System

This system demonstrates how a variable retorts from a shock that comes across in
other variables within the system and whether this shock dies or continues over the time.
Following Pesaran and Shin (1948) and Koop, et al. (1996), we have employed
generalised impulse response function (GIRF) to gauge the comparative potency of
causality in an out-of-sample period as the TY-procedure tests only the long run causality
within the sample period. The generalised impulse response function (GIRF) has
advantages of other standard impulse response functions [Ewing and Payne (2005)].

6. RESULTS AND DISCUSSIONS

The empirical evidences of Granger non-causality among poverty, growth,
inequality and energy poverty call for a dynamic system as designed in TY-modeling.
This representation persists an augmented VAR (k+d™) system. For this sake, to find
the values of k and d™ for estimating augmented VAR (k+d™), unit root properties and
lag length selection of variables are thin slices of this segment.

6.1. Stationarity of Data and Lag Length Selection

For any time series analysis, the identification of the unit root in the time series is
important. Study used ADF and PP tests for scrutinising the order of integration of series.
Results are reported in Table 6.1. Maximum order of integration of concerned variables is
(d™=1) which fulfill the requirement of TY-Procedure for Granger non-causality
inference.
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Table 6.1
Stationarity of Data
At Level With First Difference

Intercept Trend and Intercept Intercept Trend and Intercept Max.* Order of
Variable  ADF PP ADF PP ADF PP ADF PP Lag Length  Integration
RGDPC 0.33 1.65 -4.21 -4.42* 105 -10.92* - - 9 1(0)
EDI -2.69 —2.69 0.31 0.02 —4.23*  -4.24* - - 9 1(1)
POV -0.70 -1.28 -2.35 -1.57 -1.73 —4.12* -0.40 -4.1* 9 1(1)
INEQ  -2.63*** -292** 285 —3.3** - - - - 9 1(0)

Source: Authors’ calculations, * max lag length for ADF test is 9 where optimal lag length is chosen on the basis Schwarz info
criterion. For PP test, Bandwidth is opted on the basis of Newey-West using Bartlett kernel. Critical values for different level
of significance are cited from MacKinnon (1996). *,**, *** represents 1 percent, 5 percent and 10 percent level of significance
respectively.

Next is to find out the maximum lag length (k) of the time series variables for the
estimation of augmented VAR (k+d™®). Different criterions are available for lag length
selection consisting on Akaike information criteria, Likelihood Ratio, Hannan-Quinn,
Final prediction error and Schwarz information criterion (SIC). Taking small sample size
into account, we supply [1 3] interval for unrestricted VAR output and same for finding
maximum lag length (k). Results are reported in Table 6.2 which shows that consistent
maximum lag length is (k=2).

Table 6.2
VAR Lag Order Selection Criteria
Lag LogL LR FPE AIC e HQ
0 -362.7281 NA 4777.565 19.82314 19.99730 19.88454

1 —-136.2288 391.7825 0.055020 8.444803 9.315569* 8.751788
2 —-112.3280 36.17433* 0.037106* 8.017727 9.585107 8.570302*
3 —95.76586 21.48596 0.039199 7.987344* 10.25134 8.785507

Source: Authors calculations.

For dynamic Granger non-causality inferences, we have estimated the augmented
VAR (k+d™) that is—VAR(3) in level. The stability condition of VAR(3) as well
Diagnostic tests for each separate equation of VAR system are performed.

Table 6.3
Diagnostic Test Results of VAR(3)

Diagnastic Tests Test Statistics p-values
Autocorrelation LM 261.90 .158
Residual Noramlity (J-B test) 13.35 101
White Heteroskedasticity Test 22.98 114
VAR Stability -No root lies outside the unit circle-

Source: Authors calculations.
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Now, the diagnostic tests are carried out reported in Table 6.3 for the estimated
VAR of order 3. Results indicate that the VAR system is free from any biasness of
regression results. The test of stability of VAR(3) shows that roots does not lie outside
the unit root circle as confirmed in Figure 6.1. In the same way, we have also applied the
diagnostic tests on each endogenous equation of VAR system before proceeding to
Granger non-Causality tests. Results are presented in Table 6.4 which indicates that each
equation passes the diagnostic tests.

Table 6.4

Diagnostic Tests of Estimated Endogenous Equations

Autocorrelation- Residual White
Equations LM Normality (J-B) Heteroskedasticity(ARCH) CUSUM Test

EDI .301 13.97 0.244
Within limits

(.824) (.497) (0.62)

INEQ 1.089 13.54 2.733
Within limits

(.375) (.0331) (.107)

GDPPC 1.051 .382 .853

Within limits

(-390) (.825) (.361)

POV 3.026 9.431 7.131
Within limits

(0.042) (.097) (.0329)

Source: Authors calculations.

6.2. Granger Causality Results

The results of Granger non-causality are reported in Table 6.5. Results provide
interesting causality relationship between energy poverty, growth and income
poverty and income inequality for Pakistan and exemplify worthy integration of
variables within the dynamic system to locate the net collision. We are noteworthy
interested in the direction of causality among economic growth, energy poverty and
income poverty besides a number of other results. The results show bi-directional
long run causality between economic growth and energy poverty; running from
energy poverty to economic growth and vis verse. It explores the fact that excess to
modern energy services are highly significant for the economic prosperity of Pakistan
as energy is considered the main driver of any economic activity that wheel up the
production process many fold. Similar results are observed for industrialised, less
developed as well as for developing countries like Nigeria, India, Pakistan and
Bangladesh [(Paul and Bhattacharya (2004); [Worrell, et al. (2001); Mozumder and
Marathe (2007); Ojinnaka (1998); Shahbaz and Feridun (2011); Javid, et al. (2013);
Faridi and Murtaza (2013)].
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Table 6.5
Results of Dynamic Granger non-Causality
MWALD Test
Dependant Economic Income Energy Income
Variables Growth Poverty Poverty Polarisation Causality Inferences
Economic Growth—
Economic n 5.841** 16.482* 1.948 Income Poverty
Growth (0.053) (0.0003) (0.377) Economic Growth «
Energy Poverty
0.521 3.972 2.853
Income Poverty 1 -
(0.770) (0.121) (.248)
Energy Poverty«—
Economic Growth
17.140* 10.160* 7.719*
Energy Poverty 1 Energy Poverty<«— Income
(0.0002) (0.006) (0.021) Poverty
Energy Poverty<«— Income
Polarisation
Income 3.741 13.850* 1.666 1 Income Polarisation«—
Polarisation (0.154) (0.001) (0.4346) Income Poverty

Source: Authors calculations. *, ** represent significance level of 1 percent and 5 percent respectively.

On the other hand, results reveal that economic well being may ultimately leads to
greater resources to be had to meet the energy demand challenges and to endow the
easiness of life regarding clean cooking facilities and making more use of modern home
appliances. Likewise, uni-directional causality among energy poverty, income poverty
and income inequality; running from income poverty and income inequality to energy
poverty is observed. This indicates that low income households, in Pakistan, are not able
to afford fully the modern energy services as essentially they have to devote a large share
of their income for energy services payments as their there exist high income inequality.
The causality linkages also explain that growth is not pro poor in Pakistan as an increase
in national income is not translated into lives of the poor because growth is not reducing
the size of income distribution imbalances. Consequently, retaining people income poor
makes people energy poor depriving them from clean cooking fuel and other modern
energy services.

After the investigation of causality between energy poverty, growth, income
poverty and inequality, we also estimated the generalised impulse response function
to find the response of a shock of a variable to other variable within the dynamic
VAR system. In order to find the standard errors, Monte Carlo Simulation is used
with 5000 replications. The results shown in Figure 6.1 verified that the long run
causality that the shock impacts are persistent for a longer period of time. The impact
of income poverty on energy poverty involves a two year lags after that it gets
persistent. Yet response of energy poverty to inequality is for shorter period of time
and dies out after 5 to 6 years.
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Fig. 6.1. Generalised Impulse Response Function
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7. CONCLUSIONS AND POLICY SUGGESTIONS

The present study probes the dynamic causality among energy poverty,
growth, income poverty and income inequality for Pakistan using the data ranges
The analysis adopts the advanced TY-modelling in a
multivariate framework that overcomes the problem of variables omission biasness.
The extract of the study goes over the main points that a significant bi-variant
causality linkages between growth and energy poverty; uni-variant causality that runs
from income poverty to energy poverty and from income polarisation to energy
poverty is observed. This furnishes a clear message for the economic planner that for
any social and economic policy, state of energy services must be considered
indispensably. There is urgent need of pro poor growth policies to depolarise the
unfair income distribution and to mitigate the income poverty so that the fruits of
growth may be transferred to poor and the excess to modern energy services may
become possible to them. That’s why, high commercial energy consumption; modern
cooking fuel availability—that saves time and protects health of households; excess
to electricity especially in rural areas are the limbs of new social and economic
development policies that Pakistan should follow for all these concerned intents and
purposes.
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APPENDIX -1

Fig. 6.1. Inverse Roots of AR Characteristics Poly Nominal

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Principal Components Analysis
Sample Size : 1973-2012

Cumulative Cumulative

Number Value Difference Proportion  Value  Proportion
1 3.897334 3.822513  0.9743  3.897334  0.9743
2 0.074821 0.049537  0.0187 3.972155  0.9930
3 0.025284 0.022722  0.0063  3.997439  0.9994
4 0.002561 - 0.0006  4.000000  1.0000
Variables PC1 PC?2 PC3 PC 4
Electrification Rate 0.258698 0.823500 0.255691 -0.115485
Fusel Fuel

. 0.243443 —0.014865 —0.684998 0.526499
Consumption

Per Capita Electricity
Consumption in 0.259862 —0.451212 0.649089 0.353877
Residential Areas

Per Capita Energy Use  0.253636 —-0.343562 —0.209958 -0.764352
Ordinary Correlations
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Per Capita Electricity

Electrification Fusel Fuel Consumption in Per Capita
Variables Rate Consumption  Residential Areas  Energy Use
Electrification Rate 1.000000

Fusel Fuel
Consumption
Per Capita Electricity

0.961786 1.000000

Consumption in 0.936884 0.970316 1.000000

Residential Areas

Per Capita Energy Use 0.945549 0.990971 0.988608 1.000000
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