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ABSTRACT

This paper examines the factors that affect energy consumption in Liaoning Province, China. Based on a vector
autoregression (VAR) model and an empirical test application of time series data between 1978 and 2010, we show
a stable long-run equilibrium relationship between energy consumption and the four identified influencing factors
(i.e., GDP, population size and the proportion of service/heavy industries). Specifically, the proportion of heavy
industries has the most significant influence on energy consumption in the long-term, while the proportion of service
industries has a significant influence in the short-term. Finally, the disturbance of demographic factors on energy
consumption is the least significant determinant according to the results of the impulse response function and
variance decomposition.
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INTRODUCTION

Continued economic growth in most countries retiesenergy consumption, which still tends to be elniby the
consumption of fossil fuels. Therefore, energy éssmust be addressed in order to solve the coati@dibetween
rapid economic development and environmental dmigtion. In this regard, exploring the factors tladfiect
energy consumption is beneficial to governmentstfmm to better grasp energy consumption charatites;j
formulate feasible energy-saving policies, and ptatihe development of energy and related indsstni@rder to
improve energy efficiency and reduce environmeptdiution.

As a traditional industrial base that has a higbpprtion of heavy industry relative to the restGifina, Liaoning
Province is one of the largest producers and coassirof energy in the country. In 2012, the totaérgm
production in Liaoning Province was 67.70 milliaon$ of standard coal and the total energy consomptias
198.56 million tons of standard coal. Given thiggadegree of energy usage, this paper uses tiries skata for
the years 1978-2010 to establish an unrestrictetbveautoregression (VAR) model in order to invgste the
factors that affect energy consumption in Liaonifrgvince.

The study conducted by Kraft and Kraft of the egecgnsumption—income relationship in the U.S. teiggl
subsequent studies dedicated to this topic. In 18#%e authors tested for causality between ermrggumption
and GNP for the years 1947-1974 and concluded nectibnal causality running from GNP to energy
consumption [1]. Other studies, however, have sifozend mixed results due to the utilization of dint
timeframes, datasets, and methodologies. For exan@fieng and Lai demonstrated that both Singaponde a
Korea have one-way relationships from GDP to energgsumption [2], while Aguirre found that economic
growth positive affects energy consumption [3] &tdrn carried out the Granger test to find a ong-vausal
relation between GDP and energy consumption [4]subsequent research, Stern obtained the same bgsul
applying a Johansen—-Juselius (JJ) co-integratisintbeU.S. data from 1948 to 1994 and CIS data fi@®1 to
2005 [5]. Finally, Apergis and Payne found a pwesitielationship among real GDP, energy consumpfiaad-
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asset investment, and labor, while their errorextion model showed a one-way causal relation ketv@DP and
energy consumption in the short-term and a two-eaysal relation in the long-term [6].

Given the foregoing, it is clear that energy congtiom is influenced not only by GDP but also by agmaphic
factors, economic structure, industry-level poliepergy price, and energy efficiency. in the Chénesntext, Shi
found that the national economic reforms have hadenof an effect on energy consumption than has@oic
growth [7]. However, Wang and Shen tested the apatrrelation between energy consumption and eméno
growth by using a space propinquity matrix and igp@utocorrelation coefficient and found a sigeafint spatial
correlation between GDP and energy consumptiorhinaC[8].

Lin and colleagues analyzed the influence of GOt price, economic structure, and transportatimst on coal
consumption [9,10]; later, the same research tesed input-output decomposition to analyze the arie of
energy consumption, international trade, and teldgical progress on the electricity consumptiorenérgy and
non-energy departments [11]. Finally, Zhou buiAR model and impulse response function to show émaong
the numerous influencing factors, the transfornmatid economic growth and the change in the proporof
heavy industry play a decisive role in energy comstion [12].

Based on these previous studies, the present papestigated how GDP, population size, the proportof
service industries, and the proportion of heavyusides affect energy consumption in Liaoning Pnoei We
applied a VAR model and demonstrated that heavystiges are the most significant energy consumerthe
long-term.

The remainder of the paper is organized as foll@extion 2 presents the variables and data. Segtestablishes
the VAR model and provides an empirical test aggpian of time series data between 1978 and 201&id®ed
draws conclusions based on the presented analfysie aelationships between energy consumptioniaohing
Province and the main influencing factors.

VARIABLES AND DATA

2.1 Economic aggregateGDP)

Several papers report that an economic aggregate as GDP has a significant positive effect on gyer
consumption. The GDP value used in this paper hasnated the effect of inflation and used 1978tlas base
year.

2.2 Population size [fop)

Energy consumption can be divided into househotdarsd industrial use. Population size is the maatofr that
determines household energy consumption. Qualithf@fimprovements and the ageing population had tb
increased household energy consumption. Thereifiordis paper we considered the influence of pajputasize
on household energy consumption.

2.3 Proportion of service industries ¢tru) and heavy industries {(nd)

As different industries have different levels ofegy consumption, industry structure is an impdrtiterminant
of energy consumption. Because service industrase How energy consumption levels compared withvhea
industries, an increase in the proportion of seruntlustries reduces aggregate energy consumpiibriee versa.
In this paper, we proposed that the proportionesfise (heavy) industries has a negative (positie&gtion with
energy consumption.

2.4 Data
Data were derived from the statistical yearbookL@foning Province. According to the previous asdiclve
defined the energy consumption function as follows:

ener = GDP/: pop/2g!/fo*/sstrus fuind+2)

In order to eliminate intensive variation in thetalas well as heteroscedasticity, we took the Itdgarof both
sides of the function:
Inener = By + ,INGDP + 3, In pop + B,stru + S,ind + ¢

wheref; andp, represent the elasticity of energy consumptioectmnomic growth and population, respectively, and
ps and 8, mean the average change in energy consumption whamit changes in the proportion of the added
benefit of the service industries and heavy indestrespectively.
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Model and empirical analysis

3.1 The establishment of the VAR model

The application of VAR in empirical economics wastfintroduced by Sims [13]. Compared with otheoromic
models, the VAR model is more concerned aboutahdam disturbance term when assessing the dyndfeat ef
multivariate time series. Under normal circumstantie variables in the VAR model must be smoath, taus we
first test the stationarity of the variables.

3.1.1. Unit root test

The standard method for the examination of setagsogarity is the unit root test. There are sindd of commonly
used methods of inspection in this regard: the A&, DF-GLS test, PP test, KPSS test, ERS tedtNdhtest. In
the case of small samples, the ADF test cannodetsénded stationary series that contain a tiewdtrThis paper
thus uses the modified DF-GLS test to ascertairthrdreghe time series of the null hypothesis is stationary and
the alternative hypothesis is stationary. The expental process is:

The test results are shown in Table 1. Any origtitak series that is not significant at the 10%eledils the DF-
GLS test. On this basis, we find that all five esrcontain a unit root (i.e., they are non-statignavhereas the
first-differenced series do not, which suggests Atimaener, AInGDP, Alnpop, Astru, andAind series are stationary
with a single whole | (1).

Table 1. Unit Root Test

. The results of inspection level .
Variable T{g?.?,fé()%t DF-GLS value 1% 5% p 10% Conclusion
Inener (c,0,0) 1.28 -2.64 -1.95 -1.61 Non-stationary
Alnener (c,0,0) -6.11 -2.64 -1.95 -1.61 Stationary
InGDP (c,0,1) -0.41 -2.64 -1.95 -1.61 Non-stationgry
AInGDP (c,0,0) -2.63 -2.64 -1.95 -1.61 Stationary
Inpop (c,0,1) -0.59 -2.64 -1.95 -1.61 Non-stationgry
Alnpop (c,T.1) -3.96 -3.77 -3.19 -2.89 Stationary
stru (c,0,1) -0.78 -2.64 -1.95 -1.61 Non-stationgry
Astru (c,0,0) -3.84 -2.64 -1.95 -1.61 Stationary
ind (c,0,0) -0.92 -2.64 -1.95 -1.61 Non-stationary
Aind (c,0,0) -5.58 -2.64 -1.95 -1.61 Stationary

Note: (C, T, d) represent the test equation that contains the intercept, trend item, and lag order, where the lag order is determined according
to the AIC and SC.

3.1.2. Determining the optimal lag period

Before the co-integration test of the variables,nged to determine the optimal lag order for theRviodel. On
one hand, we want to ensure that the lag orderigelenough in order to reflect the dynamic featwfethe VAR
model; on the other hand, if the lag order is large need to estimate the parameters more, andethists in the
model having fewer degrees of freedom. In this pape use the LR test, AIC, and SC criterion toed®ine the
lag order. The results are presented in Table 2. difserved results of the five evaluation indeXesasthat the
optimal lag order is of order 1.

Table 2. Lag Period of the VAR Model

Lag | LogL LR FPE AIC SC HQ
0 | 243.415 NA | 861E-14 -15.894 -15661  -15.820
1 | 428.325| 295.8567 2.07E-1} -26.555* -25.1538* -2&10
2 | 451.204| 28.980| 2.78E-18 -26.411  -23.845  -25.592
3 | 475011 22.220| 4.65E-18 -26.33% 22598  -25.139

Note: * indicates the number of lag order determination criteria

3.1.3 VAR model and stability test
Based on the selected variables, this paper catstthe following unrestricted VAR model withoutagenous
variables:

Y’[=¢1Yt—1+"‘+¢th—p+5ta t=1,2,~~~T

whereY, = (Inener,InGDP, In pop, stru,ind)';

& Is the disturbance column vector;

@ is the coefficient matrix; and

tis the lag order.

Therefore, we can build the first-order VAR modemely VAR (1), according to Eviews in order toirmstte its
parameters. We ascertain the following five equmetio
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Inener =0503In ener (-1 —0.0533n GDP(-1) + 6543n pop(-1 —2993stru(-1) + 1806nd(-1) — 49576
Inener = @120In ener(—1) —0.760In GDP(-1) + 5451In pop(-1) — 1550stru(-1) + 0944nd(-1) — 44453
Inener = 0.007In ener(-1) — 0003In GDP(-1) + 0941In pop(-1 +0.019stru(-1) - 0005nd(-1) + 0454
stru = —0004Inener(-1) = 0.021In GDP(-1) + 0647In pop(-1) +0. 764stru(=1) + 000@nd(-1) - 5079
ind = - 0006In ener(-1) —0.062In GDP(-1) - 1498In pop(-1) + 0.710stru(-1) + 0302And(-1) + 12268

3.2 Co-integration test and vector error correctionmodel (VECM)

The co-integration test for co-integration variabheust have the same number of single integersn e result of

the unit root test, it can be seen that the muitta VAR model satisfies the conditions for coegutation. There are
two main kinds of co-integration test methodsttig co-integration regression known as the JJaredt(ii) the co-

integration regression based on residual errorh @ the E-G two-step method. As we adopt more than

variables in this study, the JJ test is preferred.

The JJ test is then divided into the eigenvalueetitast (Trace test) and the maximum eigenvalug Mesx-Eigen
test). The primary hypothesis of the characterigtiots trace test is at least an r co-integratelationship; the
alternative hypothesis is the m (full rank) testistic for a co-integration relationship:

k
7, ==T Y In@-A) r=0L---,k-1

i=r+l

The largest eigenvalue of the null hypothesisngsis a co-integration relationship; the alternatinypothesis is at
least an r+1 co-integration relationship. The statistic is:
& =-TIn(l-A,4) r=0%-,k-1

Table 3. JJ Test

Null Hypothesis | Trace Statistic| 5% Critical Value | Max-Eigen Statistic | 5% Critical Value
None 69.4886* 60.0614 42.5951* 30.4396
At most 1 26.8935 40.1749 16.0056 24,1592
At most 2 10.8879 24.2760 7.2666 17.7973
At most 3 3.6213 12.3209 3.3437 11.2248
At most 4 0.2776 4.1299 0.2776 4.1299

Note: We rejected the null hypothesis at the 5% significance level; the lag order is of order 1.

The co-integration test results are shown in Tablé can be seen from the Trace and Max-Eigensttatest
results that there is one co-integration relatigmslh the 5% significance level. The co-integratimuation is thus:

In ener = 0184In GDP + 0389In pop— 2374stru + 6534nd +ecm
(0.05438 (0.05010 (058743 (0.7097Q

The results of the VECM show that in the period&2010 there are long-term equilibrium co-integnatielations
between all four explanatory variables and enemysamption in Liaoning Province. In the long ruspeomic

growth (energy consumption elasticity of GDP = @7ZBand population size (population elasticity 3823)

positively affect energy consumption in Liaoningo¥nce. Further, the proportion of service indestrihas a
negative effect on energy consumption; a 1% inerdasthe proportion of service industries reducasrgy

consumption by 2.37%. By contrast, as expectedptbportion of heavy industries has a positive iotm energy
consumption. Indeed, this variable is shown to hmee most important factor that affects energy comion in

Liaoning Province.

Because there is a co-integration relationship betnthe studied variables, we can use the regredstribution
error correction model (VEC). The VEC can show #ert-term dynamic adjustment process between gnerg
consumption and its influencing factors in order demonstrate when variables deviate from the lengt
equilibrium owing to external shocks and how thealzes can return to the long-run equilibrium etat the next
stage.

The VEC model's results are shown in Table 4. Tdeffecients for energy consumption rate, economangh rate,
and population growth rate on the short-term effattthe energy consumption coefficient are -0.4858, and
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0.936, respectively. Moreover, the coefficientstld proportion of service industries and the prtporof heavy
industries to changes in the short-term energy wopson coefficient are -1.54 and 1.088. Thus, fdmors that
influence the short-term fluctuations in energy suomption also have a corresponding impact on therot
determinants.

Table 4. Estimated Results of the VECM

Error Correction | D(In ener) | D(InGDP) | D(Inpop) D(stru) D(ind)
CointEql -0.067884 | 0.047883] -0.003997 0.038234  0.119099
-0.0939 -0.06541 -0.0032 -0.0148p -0.02572
[-0.72294] | [0.73210]| [-1.24718] [2.57453] [4.63)
D(Inener(-1)) -0.420139| 0.009918 0.00184Y  0.019296  -0.073239
-0.18089 -0.126 -0.00617| -0.0286[L -0.049%6
[-2.32265] | [0.07872]| [0.29915] [0.6745Q0] [-1.47
D(InGDP(-1)) 0.658411 0.656903 0.01091 -0.114759  -0.150698
-0.25282 -0.1761 -0.00863 -0.03998 -0.06926
[2.60431] | [3.73037]| [1.26448] [-2.87013] [-2.B03
D(Inpop(-1)) 0.935957 3.962927 0.85002) 1.135592 -3.07515
-3.02011 -2.10362 -0.10307% -0.47764 -0.82788
[0.30991] | [1.88386]| [8.24679] [2.3775Q] [-3.718
D(stru(-1)) -1.539892| -0.867663 0.0907 -0.308481 -0.39564
-1.47527 -1.02758 -0.05034 -0.23332 -0.40416
[-1.04380] | [-0.84437]] [1.80139] [-1.32214] [-0.97H
D(ind(-1)) 1.088461 0.66863 -0.019408 0.143706 0.116931
-0.52791 -0.36771 -0.018041 -0.08349 -0.14463
[2.06182] | [1.81836]] [1.07694] [1.72121] [0.&13
R-squared 0.383739 0.249274| 0.7517644  0.438553  0.558862
Adj. R-squared 0.260486 0.099129 0.70211y  0.326263  0.470634
Sum sq. resides 0.120246 0.058339 0.00014 0.003008 0.009025
S.E. equation 0.069353 0.048307 0.00236V  0.010968 0.019
F-statistic 3.11344 1.660221 15.1421 3.905555 6.33481
Log likelihood 42.07211 53.28273 146.7779  99.24192 82.21027
AIC -2.327233| -3.050499 -9.082442 -6.0156p8  -4.916791
SC -2.049687 | -2.772953 -8.804896  -5.7380p2 -4.639245
Mean dependent | 0.042579 0.138072 0.006809  0.006968  0.002655
S.D. dependent 0.080648 0.050895 0.00433y 0.013363 0.026114

In Figure 1, the zero mean line represents the-termg stable equilibrium relationship between theestigated
variables. Around 1991, the error correction tesrai its maximum, implying that the period of tHeod-term
fluctuation deviates from the long-term equilibrivdationship between the magnitudes of the maximafter
about 13 years of adjustment, in 2004, it returtiethe long-term steady-state equilibrium. Theezafthe error in
correction term curve rose, indicating that shertrt volatility began to deviate from the long-ruquéibrium state
again.

Figure 1. The VEC Model's Co-integration Relationsip

o4+ T

1980 1985 1990 1995 2000 2005 2010

—— Cointegrating relation 1
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3.3 Impulse response function

The impulse response function can be used to amalyz influence of each endogenous variable onorand
disturbance in the VAR model. We can thus assestheh Irener, INnGDP, Inpop, stru, andind have a positive
impact on the impulse response functions of eneaysumption in Liaoning Province (see Figure 2)tHase

figures, the horizontal axis represents the lagodeof impact (unit: number of years), while thertieal axis

represents the total energy consumption in Liaofngyince (unit: millions of tons of standard co&yrther, the
solid line represents the impulse response functidnile the dotted line represents the standardatien zone (i.e.,

+ 2 x SD).
Figure 2. Response of Total Energy Consumption todeh Variable
Response to Cholesky One S.D. Innovations + 2 S.E.
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As can be seen, after giving a positive impacthim ¢urrent period, in response to third to theudigtnce of the

maximum (about 0.0163), suggesting that when stdgjeio external impact to economic growth, the raastfect
of transfer to the energy industry, and for thergpéndustry bring positive impact. After givingahnpop a positive
impact, the lener has not made a greater response; its value hasldégsethan 0.006, in periods 4-8 tends towards

0, suggesting that population size does not sicanitly affect energy consumption. Although with thgprovement
of quality of life, demand for cars, home appliasiogtc. increases, but compared with other factorshe influence

of energy consumption is still low consume life iyye
After giving stru a positive impact, kner showed a negative effect in the second periodegfative effect on
energy consumption; it began to gradually weakemfthe seventh period that started at -0.005, @nefffiect has
always been negative. Wham was given a positive impact, in response to tleadn ind perturbation increased
rapidly in the second period to 0.0323 and gragugdicreased in the tenth period to 0.0089. Thesptbportion of
service industries and heavy industries, and tingilact on energy consumption and energy situatiohiaoning
Province could be evaluated. In order to save emarglustrial structure adjustment should be foousthe
development of tertiary industries to reduce seaonthdustries, especially the proportion of heandustries.

3.4 Variance decomposition
The impulse response function describes the effie¢AR model of endogenous variables impact to ptlaiables
brings, variance decomposition is by contributioralgisis variable changes to the internal structahalcks, the
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importance of further evaluation of the differemipiact.

This paper considers only how the variables aféegirgy consumption; thus, the variance decompasitiodel is

as follows:
PGS > @)
RVC,; (S) = 2 = =0 =12k
1 (S) var(y,) c [ e =1
212 @)y
i=1 a=0

When RVCy; (S) is large,j variables affect the energy consumption to a lategree, whereas wheRVCy; (S) is
small, the effect of variables is small.

Table 5 presents the contribution of each variadlghe energy consumption results. As can be seemroportion
of heavy industries makes the largest contributibenergy consumption, showing that the varianc&3018% can
be composed of heavy industry-level changes toa@x@nergy consumption in Liaoning Province. Tleects the
prevailing industry characteristics, such as thitiotlustrial base of Liaoning Province in addittonthe Shenyang-
Fushun-Anshan-Benxi Industrial Zone, Luda Induktdane, and West Liaoning corridor. The contribatito
energy consumption of GDP is next followed by thepwrtion of service industries. However, the cifnition of
population size is very small.

Table 5.Inener variance decomposition results

Period | S.E. | Irener | InGDP | Inpop | stru ind
1 0.070 100 0 0 0 0
2 0.102| 85.34 2.075 0.28y 2.310 9.986
3 0.116| 81.06| 3.611| 0.298 2.889 12.142
4 0.123| 78.85| 4.954| 0.288 3.114 12.7p5
5 0.128 | 77.33 6.135 0.288 3.226 13.0p8
6 0.131| 76.14| 7.157| 0.28y 3.293 13.1419
7 0.134| 75.17 8.032 0.305 3.337 13.156
8 0.137| 74.35 8.774 0.33y 3.367 13.1]71
9 0.139| 73.65| 9.399|] 0.388 3.387 13.1)78
10 0.141| 73.04 9.922 0456 3.401 13.181

Note: Thefirst column is for the forecast period and the second column is for the standard error of the predicted LENER. The other columns
represent contributions to the prediction error (%)

CONCLUSION

Based on the presented analysis of the relatioadigpveen energy consumption in Liaoning Provimaethe main
influencing factors, this paper concludes thathia long term, there is a stable equilibrium relatbetween GDP,
population size, the proportion of service indestyiand the proportion of heavy industries andgneonsumption.
Of these determinants, the proportion of heavy s$tiies has the most significant effect on energysamption.

According to the short-term fluctuations, when thestem is subjected to external shocks, the chamgbe

proportion of service industries is a powerful @acttoo; however, household energy use has a lesgie

influence on energy consumption compared with itrilsenergy use.

In recent years, there seems to be an imbalaneeergy supply and demand in Liaoning Province.dh@® the net
amount of energy imported from outside Liaoning vitoe reached 132 million tons of standard coaljctvh
accounted for 66.7% of the total energy consumpitiothat year. Thus, energy consumption in thisvjpree has
long depended on external resources. As a resilgwable energy sources should be developed bgaisicg
subsidies for hydro energy, wind energy, and selsrgy. This could not only solve future energyrsdges in
Liaoning Province, but also reduce environmentdugion at the same time.

The dominance of secondary industries in Liaonimgvince has long determined its characteristiceérgy
consumption. In 2010, the growth rate of energyscomption in industrial use was 12.97%. The advantai
service industries is that they consume less enanglypositively influence the sustainable growthinofustry and
agriculture. Compared with the average nationatllethe proportion of service industries in LiaaniRrovince is
low. Industries that have high levels of energystonption and high emissions should thus be limitedrder to
promote the growth of service industries.
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