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MotivationMotivation

India Bangladesh Burma Thailand Malaysia Singapore Indonesia
GDP 2.71 1.74 2.13 4.39 3.76 5.04 4.01
Res.Elec. 7.77 6.36 6.90 9.23 8.93 6.30 10.35

RE/GDP 2.87 3.65 3.24 2.10 2.37 1.25 2.58

Average annual compound growth rates for GDP and Residential Electricity 
Consumption - 1971-2001



R.D. Ripple  R.D. Ripple  -- IAEE Denver 2005IAEE Denver 2005

Literature reviewLiterature review
EnergyEnergy--Income causalityIncome causality

Kraft and Kraft (1978)Kraft and Kraft (1978)
AkarcaAkarca and Long (1980)and Long (1980)
Yu and Yu and ChoiChoi (1985)(1985)
MasihMasih and and MasihMasih (1996,1997)(1996,1997)
SoytasSoytas and Sari (2003)and Sari (2003)

EnergyEnergy--Income information contentIncome information content
United Nations and World Bank documentsUnited Nations and World Bank documents

GoldembergGoldemberg and Johansson (1995)and Johansson (1995)
Barnes (1995)Barnes (1995)
DziouvinskiDziouvinski and and ChipmanChipman (1999)(1999)
SanghviSanghvi and Barnes (2001)and Barnes (2001)

McGillivrayMcGillivray (1991)(1991)
Ripple (2000)Ripple (2000)



R.D. Ripple  R.D. Ripple  -- IAEE Denver 2005IAEE Denver 2005

DataData
International Energy Agency (IEA), internet data service International Energy Agency (IEA), internet data service 
Data Series:Data Series:

residential electricity consumption,residential electricity consumption,
PPPPPP--adjusted GDP, and adjusted GDP, and 

population population 
Also:Also:

•• total energy consumption and (total energy consumption and (ktoektoe))
•• total electricity consumption (total electricity consumption (gwhgwh))

Time period: 1971Time period: 1971--20012001
Countries Countries –– Panel:Panel:

India, Indonesia, Burma, Bangladesh, Malaysia, Thailand, India, Indonesia, Burma, Bangladesh, Malaysia, Thailand, 
Singapore, Singapore, 
Also: Australia, the United States, and the European Union Also: Australia, the United States, and the European Union 
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MethodologyMethodology

Panel Unit Root TestsPanel Unit Root Tests
Levin, Lin, and Levin, Lin, and ChuChu (2002)(2002)

ImIm, , PesaranPesaran, and Shin (2003), and Shin (2003)
ChoiChoi (2004)(2004)

tiLit

p

L
iLtiitiiti yyty

i

,
1

1,, ςγρθδα +∆++++=∆ −
=

− ∑



R.D. Ripple  R.D. Ripple  -- IAEE Denver 2005IAEE Denver 2005

Panel Unit Root TestsPanel Unit Root Tests
(per (per capita)capita)aa

 Trend No Trend 
             Tests 
Variables 

LLC rho LLC t  LLC ADF IPS ADF LLC rho LLC t  LLC ADF IPS ADF 

PPP GDP -1.870* -0.707 -0.817 -0.646 1.763 2.047 1.766 2.395 
Residential 
Electricity 

-1.623 -0.525 -1.099 -2.619 1.512 1.388 2.094 2.267 

Electricity  -1.155 -0.093 -0.830 -1.070 1.586 1.538 3.093 3.117 
Total ene rgy 0.720 -0.199 -0.407 -1.134 1.297 1.116 1.638 1.905 
 

a - All tests statistics are asymptotically distributed as N(0,1). * Rejects at 5% level. All tests are one-sided 
tests, thus values of the test statistic in the left tail of the standard normal distribution are evidence for rejection 
of the null of a unit root. Exact 5% critical values for the IPS tests are -2.07 without trend and -2.69 with trend 
(obtained from IPS (2003) Table 2 with N = 7 and T = 30).
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ChoiChoi (2004) Panel Unit Root (2004) Panel Unit Root 
Tests (per Tests (per capita)capita)aa

0.4000.4000.3560.3560.4360.436Total energyTotal energy

--0.0210.021--0.1010.1010.0180.018Electricity Electricity 

--0.9510.9510.8670.867--0.8470.847Residential Residential 
ElectricityElectricity

1.2181.218--1.4041.4041.3041.304PPP GDPPPP GDP

Modified Modified logitlogit: L*: L*Modified inverse Modified inverse 
chichi--squared: Psquared: Pmm

Inverse Inverse 
normal: Znormal: Z

TestsTests
VariablesVariables

a - All test statistics are asymptotically distributed as N(0,1). All tests are one-sided 
tests, thus values of the test statistic in the left tail of the standard normal distribution 
are evidence for rejection of the null of a unit root.
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Methodology Methodology -- continuedcontinued
Panel Panel cointegrationcointegration teststests
The tests applied in this analysis are single equation tests whiThe tests applied in this analysis are single equation tests which ch 
have been developed by have been developed by PedroniPedroni (1997, 2003) (1997, 2003) 
PedroniPedroni (1999) uses the following model:(1999) uses the following model:

where there are K where there are K regressorsregressors, which are allowed to be , which are allowed to be 
endogenous.endogenous.

The tests for the null of no The tests for the null of no cointegrationcointegration are based on testing are based on testing 
whether the error process is stationary.whether the error process is stationary.

itKitKiitiiiit exxty +++++= ββδα ...11

ititiit vee += −1ˆˆ ρ
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PedroniPedroni constructs two non parametric and one parametric test constructs two non parametric and one parametric test 
statistics that take autocorrelation into consideration, for botstatistics that take autocorrelation into consideration, for both a h a 
panel class and a group class:panel class and a group class:

A PhillipsA Phillips--PerronPerron (1988) (PP) type (1988) (PP) type rhorho statisticstatistic
A PhillipsA Phillips--PerronPerron (1988) (PP) type t(1988) (PP) type t--statisticstatistic
A DickeyA Dickey--Fuller (1979) (ADF) type tFuller (1979) (ADF) type t--statisticstatistic

In addition, he develops a nonIn addition, he develops a non--parametric panel variance ratio test parametric panel variance ratio test 
statistic, for a total seven panel statistic, for a total seven panel cointegrationcointegration test statistics.test statistics.

Of these seven test statistics for data sets with small T (T<100Of these seven test statistics for data sets with small T (T<100), the ), the 
group ADF test performs best, followed by the panel ADF test; group ADF test performs best, followed by the panel ADF test; 
the panel variance test and the group the panel variance test and the group rhorho test perform poorly.test perform poorly.

Methodology Methodology -- continuedcontinued
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Panel Panel CointegrationCointegration teststests

Panel Cointegration Tests: per capitaa

  
GDP and Residential 
Electricity 

GDP and Total 
Electricity 

GDP and Total Energy 
 

  Intercept 
Intercept 
and trend Intercept 

Intercept 
and trend Intercept 

Intercept 
and trend 

panel v-stat -1.295 1.6111 -0.332 3.39033* 0.02087 -0.3823
panel rho-stat 1.328 1.0966 0.43671 0.82179 0.55364 1.99295
panel pp-stat 0.8671 -0.16 -0.3055 -0.1551 -0.3323 1.88888
panel adf-stat 0.4992 -0.021 -0.1309 -0.1181 -1.2213 0.99212
group rho-stat 1.9815 1.1177 1.13745 1.49593 1.4503 2.28026
group pp-stat 1.1965 -0.547 -0.3925 -0.0248 -0.2279 1.74398
group adf-stat 0.7728 -0.851 0.08368 0.45972 -1.1281 0.62464

a - All tests statistics are asymptotically distributed as N(0,1). * Rejects at 5% level. All tests are one-
sided tests: for the panel variance test the right tail of the standard normal distribution is used to reject the 
null of no cointegration and for the other six tests the left tail is used.
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Individual Country Individual Country CointegrationCointegration TestsTests
Residential Electricity Residential Electricity vsvs Income (per capita)Income (per capita)

No No cointegrationcointegrationNo No cointegrationcointegrationCointegrationCointegration
(dummy insignificant)(dummy insignificant)

cointegrationcointegrationThailandThailand

No No cointegrationcointegrationNo No cointegrationcointegrationCointegrationCointegration
(dummy insignificant)(dummy insignificant)

No No cointegrationcointegrationSingaporeSingapore

No No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationMalaysiaMalaysia

No No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationIndonesiaIndonesia

No No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationIndiaIndia

No No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationBurmaBurma

No No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationNo No cointegrationcointegrationBangladeshBangladesh

With Dummy 97With Dummy 97Without Dummy 97Without Dummy 97With Dummy 97With Dummy 97Without Dummy 97Without Dummy 97

No trendNo trendTrendTrendRelationshipsRelationships

Johansen tests

cointegrationcointegrationThailandThailand

No No cointegrationcointegrationSingaporeSingapore

No No cointegrationcointegrationMalaysiaMalaysia

cointegrationcointegrationIndonesiaIndonesia

No No cointegrationcointegrationIndiaIndia

No No cointegrationcointegrationBurmaBurma

No No cointegrationcointegrationBangladeshBangladesh

RelationshipsRelationships

Engel-Granger
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ConclusionsConclusions
For these seven countries, it is reasonable to conclude that For these seven countries, it is reasonable to conclude that 
cointegrationcointegration does not exist between PPPdoes not exist between PPP--GDP and residential GDP and residential 
electricity consumption (nor with respect to total electricity oelectricity consumption (nor with respect to total electricity or total r total 
energy).energy).
This result implies that no longThis result implies that no long--run economic relationship exists run economic relationship exists 
between these pairs of variables.between these pairs of variables.
The lack of The lack of cointegrationcointegration implies that the information content of implies that the information content of 
residentialresidential--level energy consumption (or its changes) cannot be level energy consumption (or its changes) cannot be 
adequately captured by typical incomeadequately captured by typical income--based standard of living based standard of living 
measures.measures.
Additional research is called for to extend these analytical Additional research is called for to extend these analytical 
techniques to a broader set of countries.techniques to a broader set of countries.
Additional research is called for to derive a standard of livingAdditional research is called for to derive a standard of living
measure that does adequately capture the effects of household measure that does adequately capture the effects of household 
energy consumption.energy consumption.
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ADF Tests for Unit RootsADF Tests for Unit Roots
(per (per capita)capita)aa

Country PPP GDP Residential Electricity 
 lags ττ  µτ  lags ττ  µτ  

India 0 -2.555 (-1.628) 0 -0.133 -1.385 
Bangladesh 0 -6.992* (0.856) 0 -1.309 -0.792 

Burma 1 -1.596 -0.428 0 -2.795 -0.060 
Thailand  1 -1.6743 -1.092 0 -3.849* (-1.788) 
Malaysia 0 -1.692 -1.499 0 -1.723 -2.223 
Singapore 0 -1.764 -2.418 1 -2.591 -1.601 
Indonesia 0 -0.669 -1.875 0 -2.368 -0.276 
Australia 0 -1.703 0.866 2 -3.451* (-3.319*) 

USA 0 -2.889 -0.814 0 -4.515* (-2.482) 
EU 0 -2.871 -0.962 1 -2.832 (-3.181*) 

 
a - is the t-statistic with constant and trend, τµ is the t-statistic with constant.

10% MacKinnon (1991) critical values for ττ is -3.224 and for τµ is -2.624.
* - Rejects at 10% significance level the null of a unit root.
A number in parenthesis for τµ indicates that for that variable the null hypothesis of a trend and a 
unit root was rejected, and therefore the relevant statistic is the one with the constant and trend 
included.


