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ABSTRACT

In the process of urbanization, the dynamic relagltip between Urbanization and economic growth of@nge
over time. This paper is to examine the relatiopdbetween electricity consumption and economic trawder
urbanization in China during 1980-2009. The gro$sed capital formation and the employment level are
incorporated to build a multivariate analysis framerk. The main contributions of this paper inclug&} Through
Vector Error Correction Model, the short-term fluation of economic growth puts it 78.2% down tccteieal
input, investment and labor input, urbanization aadjustment by itself. (2) Impulse Response andawee
Decomposition techniques are employed to furthatyae the internal relationship between electricignsumption
and economic growth under urbanization. The rededahus recommends that policies towards the expansi
electricity infrastructure should be intensified @hina in order to meet the increasing demand exkity the
country's strong economic growth and rapid urbatica

Key words. Economic Growth; Electricity Consumption; Urbartiaa; Impulse response function; Variance
decomposition.

INTRODUCTION

With the processing of urbanization in China, egezgnsumption will change quickly. At the same tjrpewer
industry is a pillar industry, and electricity ptag very important role on the sustainable heattigrdinative and
rapid development of its economy and society. Thuse and more attention has been paid to anahgzdynamic
relationship between electricity consumption andneenic growth has caused widespread interests ipdtd in
both academia and industry recently. At preserd, kby point at issue is that whether electricitpszomption
Granger causes economic growth, or in the opp@siie The conclusions vary on different countriegegions at
different periods. This is because different caesthave different economic development policiespef the same
country would have different economic policies idfiedent periods.

In recent years, although the co-integration test @ranger test were applied to examine the lomgequilibrium
relationship and the causality direction betweegrgy consumption and economic growth, their retegiop has not
reached a consensus. The causal relationship betledwo has significant difference in differei¢datures with
the use of different models and different testirgthods, in different countries or regions, at défe sample space
and different time intervals. That is why the riglaship between energy and economy has been ewtdnsi
investigated by scholars in China and abroad. Ketft[1] started the econometric research of enegscifically
electricity consumption and economic growth. Theyrfd that there exists unidirectional causalityning from
GNP to energy consumption, applying Sims test nteth@sed on American data from 1947 to 1974. Theltres
indicated that the implementation of energy coreion policies would not affect the growth of GNifd the
United States can implement energy conservatioicipsl However, Akarca etc [2] did not get simitasults using
the sample data 2 year less than data of Kraftet¥[i etc [3] discovered that causality did noistetween GNP
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and energy consumption, analyzing data of the th$he period 1947-1978. This means that the chofcthe
sample space may affect empirical results of thesalarelationship between electricity consumptiad aconomic
growth. In summary, there are the following differeviews on the relationship between energy (akEtty

consumption and economic growth:(1)Energy (eleityficonsumption is the Granger cause of economaevth[4],
(2)Economic growth stimulates energy (electriciggnsumption[5], (3)There is bidirectional causalitgtween
energy (electricity) consumption and economic ghj@} (4)There is no causal relationship betweeergyn
(electricity) consumption and economic growth[2-3].

These literatures studied the relationship betwsectricity consumption and economic growth, igngrthe rapid
urbanization process in China. However, studying tfmpact of urbanization on electricity consumptiand
economic growth has important practical signifianthus, some energy economists carried out rdsearche
influence of urbanization. Liang [7] studied thdluencing factors of energy consumption on différstages of
urbanization using cointegration analysis. Econograwth was the most decisive factor of energy damdaut
these two literatures did not consider the infleent economic growth on energy consumption whedistlthe
causal relationship between urbanization, industaion and energy consumption. Sun etc [8] eshblt a
predicting model of energy demand by support vectgrression (SVR) and simulated the evolution cérgy
demand under different growth of explanatory vdeabHowever, this paper did not study the relatign between
urbanization, energy consumption and economic growt

The previous research has the following limitatidii some researchers mainly studied the caukdiarship and
the long-run equilibrium relationship between dleity consumption and economic growth in the psx®f
urbanization, and didn't conduct further research tbe dynamic relationship between urbanizationcess,
electricity consumption and economic growth. (2msostudies applied bivariate analysis but ignorethes
important configuration variables, as well as thbsditution effects existing between the energy atter inputs .
The introduction of these new variables would clearige conclusions reached under the bivariate sisaly
framework.

However, with the acceleration of China’s urban@afprocess, the interaction between electricitystonption and
economic growth may change at a certain extent.peper aims to answer the following questions: lkio&s this
interaction change and what impacts will the agegilen of urbanization bring to electricity consuiop and
economic growth? There already has been a smaluaimaf literature studying the causal relationshgiween
electricity and economy in the process of urbarmatut they drew very different conclusions.

Based on the latest research outcomes in Chinaakrahd, this paper aims to employ some effectivéhoas
recommended by latest econometric references, talemthe causal relationship between China's power
consumption and economic growth in the processrbfnization, taking into consideration the five onjant
variables of GDP, electricity consumption, gros®di capital formation, employment levels and urbatidn rate.
Then error correction model, impulse response arthnce decomposition technique are adopted toyzmahe
interaction rules of electricity consumption andmamic growth in urbanization process. Finally,s@gable policy
recommendations are put forward for governmentsigeimaking departments.

VARIABLES, MODEL AND DATA

In order to study the dynamic relationship betwekattricity consumption and economic growth in giecess of
urbanization, we introduce gross fixed capital fation and employment level as two new variablegbdishing
multivariate analysis framework based on the prtidacfunction. The dynamic relationship betweenctleity

consumption and economic growth in the processhifidurbanization can be expressed as:

InY =g(nK,InL,InE,InU) (2

Where Y represents the actual total GDP, K, LUK]enote the actual gross fixed capital formatibe, level of
employment, the total electricity consumption ahd tevel of urbanization in the form of urban patidn over
total population respectively. In order to seeftagibility easily and eliminate variation in thegults, InY . InK .
InL. InE. InU represent the logarithms of the correspondingabées respectively.

In this study, we use error-correction equatiotesi for long-run causality when the two variatdes cointegrated
and the variables are stationary only after difieneg. The detailed model is as follows:

k k
Ay:a+i§1yiA>§ i +i§1@¥‘i +/715,E —1+‘f' 3)
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where y and x are natural logarithms of variables the number of lags, angt‘1 is the lagged value of the
error term from the cointegrated regression:

In(y)t = 7T|n(X)t + ‘gt (4)

In this study, we choose the time-series dataerrdéimge of 1980-2009. The data is collected fromiti€ Statistical
Yearbook" (various issues) and Chinese energysttati The specific value and construction of eafieble are as
follows: 1) Real GDP (Y): from "China Statisticakarbook", and we take 1980 as the base year toaeneal
GDP (Unit: 100 million). 2) Power consumption (Ejom China energy statistics (Unit: 100 million KWI8)

Gross fixed capital formation (K): from "China Sstital Yearbook" (Unit: 200 million), accounted bypenditure
approach. We take 1980 as the base period andati&amata into constant prices. The standard Chisestistics
report the price index of investment in fixed assafter 1991 and physical capital deflation indefxesn 1980 to
1990 can be found in Hsueh and Li (1999). 4) Emmilent levels: from "China Statistical Yearbook" ame take
the number of employees in each year(Unit: millibp)Urbanization process: comes from "China Statibt
Yearbook". The process of urbanization is usuallgleated by the rate of urbanization, and urbaitinatate =
urban population / total population.

RESULTSANALYSISOF VECTOR ERROR CORRECTION MODEL

Using ADF test and cointegration test, we can ekteacointegration equation as followed (what iadiets are
standard deviation):

INY =1008InE+ 0.1470IrK+ 0.6597Ilh+ 0.4121— 6.94
(0.1619 ( 0.1290 (¢ 0.1185 C( 0.2901 (5)

Table 1 estimation results of vector error correction model (Figuresin brackets are standard deviation)

Error Correction D(LNY) D(LNK) D(LNL) D(LNE) D(LNU)
CointEql -0.079985  0.21521D -0.049298 0.042408 .003572
(0.03776)| (0.14631 (0.03674 (0.02314) (0638)

D(LNY(-1)) -0.107785| -1.426996 0.779324 -0.468012 0.580143
(0.43917)| (1.70171 (0.42727 (0.26917) (03

D(LNY(-2)) 0.631382| -1.82083( 0.517797 -0.250942-0.002234
(0.52650)| (2.04010 (0.51224 (0.32269) (a6sH

D(LNK(-1)) -0.044173 1.122818 -0.723174 0.226321 0.030937
(0.18646)| (0.72252 (0.18141 (0.11428) 638

D(LNK(-2)) -0.281988| 0.204244 0.087963 0.084899-0.193795
(0.20276)| (0.78565 (0.19726 (0.12427) (629

D(LNL(-1)) -0.415092| 0.462104 0.084913 0.070988-0.156046
(0.27120)| (1.05084 (0.26385 (0.16622) (@39

D(LNL(-2)) -0.014644| 0.390142 0.166628 -0.024855 0.098076
(0.16869)| (0.65366 (0.16412 (0.10339) (Q9H)

D(LNE(-1)) 0.467244 0.815647 0.00366 0.147284 0.221741
(0.31920)| (1.23685 (0.31055 (0.19564) (299

D(LNE(-2)) -0.315375 1.182971 -0.42878 -0.002698-0.087629
(0.28098)| (1.08877 (0.27337 (0.17222) (039

D(LNU(-1)) -0.431781 1.247433 -0.318719 0.397505-0.111071
(0.46749)| (1.81146 (0.45483 (0.28653) [(0)z22)

D(LNU(-2)) -0.338006| 0.985370 -0.465613 0.547163-0.341377
(0.44874)| (1.73878 (0.43658 (0.27503) (649

C 0.095244| 0.019101 0.025777 0.019667 0.062526

(0.04122)| (0.15973 (0.04010 (0.02526) (2®@B

R-squared 0.781896 0.295065 0.783722 0.540953).525820

Adj. R-squared 0.621952 -0.221887 0.625118 4B28 0.178089

Sum sq. resids 0.005100 0.0765[76 0.0048p8 10160 0.008127

S.E. equation 0.018439 0.0714%50 0.017940 Gmni| 0.023277
F-statistic 4.88858(0 0.570779 4.941385 1.6869¢4 1.512144

Log likelihood 77.44200 40.87038 78.18340 90%3 71.15200
Akaike AIC -4.847556| -2.1385471 -4.902474 -5.826661-4.381630
Schwarz SC -4.271628 -1.562619 -4.326546 -5.2507343.805702

Mean dependent  0.089756 0.124985 0.019084 9pamR 0.097718

S.D. dependent 0.029990 0.064637 0.0293D0 26701 0.025675

Determinant resid covariance 8.58E-19  Akaikernmifation criterion| -25.53439

Determinant resid covariance 4.54E-20 Schwaterton -22.41479

Log likelihood 409.7143
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After inspecting cointegration relationship, wethar establish the vector error correction modé&tQ¥1) (Table 1)
linking the short-run fluctuations and the long-remuilibrium. In the short-run dynamics equatiornr@dl income,
the coefficient of determination is 0.782, whicllizates the volatility of real GDP growth can belained 78.2%
by the short-run fluctuations of 5 variables aslwasl the long-run relationships between them dutireggsample
period. The error correction coefficient CointEql Table 3 represents each variable’s correctioel le¥ the
deviation from long-run equilibrium in the previopsriod. Table 3 shows CointEq1 in the error cdioecequation
is significantly different from zero at the 5% I&vEhis means that there tends to be a long-rutiliequm between
China's economic growth, electricity consumptiomsg fixed capital formation, employment level amdanization
during the sample period, that is, they will taksponses in period T to the deviation from its tomg equilibrium
level in period T-1. They all are not weak exogeaariables about the long-run parameters.

DYNAMIC ANALYSIS OF THE RELATIONSHIP BETWEEN URBANIZATION, ELECTRICITY
CONSUMPTION AND ECONOMIC GROWTH

(1)Impulse response function

Based on the previous analysis framework, this pages the impulse response function to study dimam
relationship between China's power consumptionesmmhomic growth in the process of urbanization.okding to
the impulse response methods and backup optiorignations provided by Eviews6.0, we select the @bky
decomposition to analyze the response level ofstexedard deviation of electricity consumption, grtised capital
formation, employment level, urbanization to ecoimgrowth. The detailed results are shown in Fig-ig-4.

Response of LNY to Cholesky Response of LNE to Cholesky
One S.D. Innovations One S.D. Innovations
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Fig.1: Impulse response of economic Fig.2: Impulse response of eectricity consumption
growth by fluctuationsin other variables by self-fluctuationsin other variables

Response of LNU to Cholesky
One S.D. Innovations Variance Decomposition of LNY
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Fig.3: Impulse response of Fig.4: Variance decomposition
urbanization by other variables graph of economic growth

According to Fig.1, we can learn about LNY’s respemto one standard deviation of LNE, LNU, LNK drixdl .

One unit shock to LNE will have positive effect bNY from the second period, and then gradually,risaching
the maximum in the ninth period. After that, théeef goes a downward trend and gradually conver@es. unit
shock to LNU will have negative effect on LNY froitme second period, and the effect gradually inagamtil the
third period, when it increases slightly after anpwrary small decline. It is until the 11th periticht the effect
gradually converges. One unit shock to LNY itseilf ring increasing effect to LNY from the firstepiod and the
effect reaches the maximum in the third periodntheadually decreases to converge in the 7th peBaod the
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response level of LNY itself is the largest in five variables, which reveals that LNY is greatffeated by itself.

LNE's responses to a standard deviation of LNY, LNMK and LNL are shown in Fig.2. One unit shock.fdE
will have positive influence on LNE from the figsériod, and the maximum comes in the second peaiftet, which
the influence gradually decrease to a stabilizatesh the 6th period. One unit shock to LNU wiling a negative
impact on LNE, reaching the maximum in the thirdip#, and then gradually decrease to achieve abathstate.
One unit shock to LNE will positively affect itseifi the first period, then gradually increase tdiace the
maximum and a stabilized state as well in the gpetiod. Influence caused by LNE on itself is theyést.

Fig.3 shows LNU'’s responses to a standard deviatfdrNY, LNE, LNU, LNK and LNL. One unit shock toNLY
will have positive effect on LNU beginning from tffiest period and remaining in a stable state. @ni¢ shock to
LNE has a negative impact on LNU starting from #ieeond period. The impact reaches a maximum irvthe
period and then decreases slightly to achieveanbatl state. One unit shock to LNU has a positiffeence on the
LNE from the first period, reaching the maximumthe third period, after which a slight decline owcand it
gradually comes to a stabilized state. In show, ghocess of urbanization greatly affects econognavth and
electricity consumption. According to the "Northamrve" discovered and raised by American city gapber
Ray.M.Northam, China is now in the second phaserio&nization, which is the acceleration stage bhnization.
With the rapid process of urbanization, there mushe a new round of rapid growth of China’s econcanyg
electricity demand.

(2)Variance decomposition

What the impulse response function describes isitigacts one endogenous variable’s shock bringetter
endogenous variables in VAR model. And varianceodgaosition evaluates the importance of differerttcéls by
analyzing the contribution of the changes each IlsHwings to endogenous variables. Therefore, théanee
decomposition can give the information of impor@amd each random perturbation which affects theabes in
the VAR model. Figure 5 is a view of variance deposition of LNY.

Variance Decomposition of LNE Variance Decomposition of LNU
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Fig.5: Variance decomposition Fig. 6: Variance decomposition
of power consumption of urbanization

Fig.4 indicates that economic growth is only affecby its own fluctuations in the first period, aihddepends
greatly on the fluctuations. The shocks of LNE, LNUNK and LNL start to reveal in the second periadiich
means that electricity consumption, urbanizatiansg fixed capital formation and employment levaVédn delayed
impacts on China's economic growth. Subsequerttéy,contributions to China's economic growth (LNY)tloe
electricity consumption LNE, urbanization LNU, gsofixed capital formation LNK, employment level LNL
gradually increase, and the contribution rate a@fcteicity consumption LNE finally stabilized at 9&2 The
decomposition result shows that urbanization proeel influence economic growth greatly, and thentibution
rate of urbanization to economic growth stabiliae®.5%.

As we can see from Fig.5, the contribution raterbfanization to electricity consumption is increasin the former
three periods with a maximum of 3.9%. The contidutrate of economic growth to power consumptiorhis
largest at first, reaching to 32.66%, and then eBsw®s, tending to a stabilized state. The effeceleatricity
consumption by its own fluctuations is relativelyde, which gradually increases in the former se@nnds and
then decreases to reach a steady state.

According to Fig.6, the contribution rate of powsmsumption to urbanization is decreasing in thenéy three

periods. It begins to increase from the 4th per@xhieving a maximum in the 11th period. After thhere is a
slightly decrease before coming to the stabiliziades The contribution rate of economic growth tbamization is
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the largest at beginning, reaching 28.35%. Thegrédually reduces to a stabilized state. The infteeon
urbanization by itself is also relatively large.

CONCLUSIONS

This paper analyzed the dynamic relationship aedds between China’s electricity consumption, gridssd
capital formation, employment and urbanization he period of 1980-2009, through applying VECM, irseu
response function and Variance decomposition, amthdr revealed the influence of urbanization psscen
electricity consumption and economic growth. Theatasions have been made in terms of empiricalaanadytical
solutions.

Firstly, there exists long-run equilibrium relatedip between China's GDP, electricity consumptignoss fixed
capital formation, labor and urbanization, whichmgdies with the empirical result of [7] about theng-run
equilibrium relationship between China's econongieedopment and power consumption.

Secondly, the impulse response and variance decitiggotechnology is applied to further study tingpact of
urbanization on electricity consumption and ecormogrowth. With the rapid urbanization process, & ngund of
rapid economic growth and sustainable increasdeaftrecity demand must occur. Urbanization will nealt big
contribution to electricity consumption and econogiowth.

Based on the above conclusions, we put forwaravgpfdicy recommendations. China is a big countryetattricity
consumption, but per capita electricity consumptsrelatively low. Electricity supply has becoméattleneck on
China's economic development. The empirical restitsv that there is bidirectional Granger causalitgt long-run
cointegration equilibrium relationship between Gténpower consumption and economic growth in tloegss of
urbanization. With the acceleration of urbanizatiefectricity consumption and economy growth witlesd up
further. Therefore, government should strengthemrk on the following aspects.

Firstly, power infrastructure needs to be strenggikein order to promote economic growth. More tB&fo of
electricity is used in production, both surplus ahdrtage of electricity will bring enormous costthe economy.
And, the cost of shortage is much higher than tet of surplus. That is to say, the loss of theespercentage
power shortage is much greater than the investnegpired to solve the shortage problem, and tisis &f shortage
does not contain the adverse effects on sociallisfadnd the investment environment, which willl@me the cost if
we take these into account[7]. In order to maintaipid and steady economic growth, we need to kshathe
development strategy of "power first" in power intraent.

Secondly, it is a key period for China’s entry itihe@ ranks of middle-income countries from now @2@. Because

of the energy and environment constraints, we rieatbt only meet the rapid increasing power demanud also
gradually change the extensive, highly dependergnamgy and low energy efficiency way of econonrizvgh. To
complete the transformation of the development way-carbon power development in China should be
progressive and self-restraint, which the goverrtmgimoose the bearable power structure and power cos
considering China's economic development, sociahbay and other aspects.

Thirdly, at this stage, the development strategypaifver industry cannot be dissociated from the tdvsocial
development, and the impact of urbanization ontetdty demand is obvious. With the acceleratiorudfanization
in China, power consumption will inevitably increaast, which drives government to establish padeselopment
strategy and related energy policies consideringanization process. Government cannot only regullage
appropriate speed of urbanization to control thewgin of electricity demand, but also develop anghlement
positive power policies to improve power efficierinythe process of urbanization.

Fourthly, it is necessary to establish an earlynivey system for electricity. In the process of unization, a few
high power-consuming industries deplete more tha#b @lectricity, which provides the possibility taild an early
warning system. China's power consumption growtréatly influenced by a handful of large consumersich
provides a good information source for the earlynivey of power shortage. In addition, industry stue, sector
investment, prices change of large consumers dmer agnformation can be effective in providing eawgrning
prior to the upcoming power shortage. If an earyning system has 1-2 years to provide early wagriniradvance,
the government will have sufficient time to resotlie shortage problem or minimize the impact of @oshortage.
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