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ABSTRACT

In recent decades, the energy consumption grovéisgprf with China's rapid economic grows. Howeviee, ¢énergy
efficiency in China is still at a low stage, so tthew to improve the energy efficiency has becoméamgortant
concern. Low-carbon economy requires changing tlesgnt situation of high energy consumption, angraving
energy efficiency through the energy structure mjation and innovation. In this paper, we firsinstruct an
endogenous growth model and try to find out whttésmain factor that effect on low-carbon econgmowth. Then,
using vector auto-regression model to test hownfiied development will effect on energy efficientige results
prove that financial development can certain explie improvement of energy efficiency, so thahélong run,
financial development is the main factor to imprewergy efficiency.
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INTRODUCTION

Fossil fuel consumption was increased significaatig resulting in environmental pollution and cltmaarming.
This has seriously affected the ecological balare®human health. At present, China has put forwsedstrategic
goal of improving energy efficiency. Low-carbon aomy requires changing the present situation off leigergy
consumption, and improving energy efficiency throtige energy structure optimization and innovakidnPrevious
studies showed that financial development will poterenterprise technological innovation and indaistipgrading;
enterprises can increase the investment in R&Dosdwt financial support and this action will finglimprove the
production efficiency [2]. However, as China iseanerging country, this financial institution anddncial service is
not efficient, so that it still need research oma éffectiveness of how the financial developmetitefiect on China’s
low-carbon Economic Growth.

With the rapid economic growth in China, China hés® facing a sharp energy consumption growth. &itotal
energy consumption equals as 3.62 billion tongaridard coal in 2012, increased by 3.9% from tlewipus year.
Although in recent years China's energy efficiehag improved significantly, but China's energyadiincy is still at
the low stage when compared with other developemtcies[3-4]. Yuan pointed out that China's ecormgrowth
has a stable relationship with energy consumplibiat means China is an energy-dependent econonmgreangy is a
limiting factor to output growth in China [5]. Bpmparing China's annual energy consumption andagaimngrowth
data from 1990 to 2011, the result indicates thatdénergy consumption and economic growth havehsgnous
growth trend.

Osborne and Kiker(2005) pointed out that althoughetbping countries adopted a variety of measurediinate
change mitigation, but the decrease of energy mtomuwill effects the economic benefits, so theafisolution will
ultimately come from in improving energy efficieié} Sarkar and Singh (2010) pointed that how tgnowving
energy efficient is still a challenge in developmeountries. The result shows that financial insteats will proved

1255



Li Zhou J. Chem. Pharm. Res., 2014, 6(5):1255-1261

adequate liquidity and can be used for accelerdtiegprocess of low-carbon economy [7]. Carrarale(2012)

pointed that carbon tax revenues are very higkeuglbping countries, however, the investment in R&ild occupy a

low share of GDP. Therefore, the government shmaéle out effective taxation schemes, both to redoeenhouse
gas emissions and promote low-carbon technologgviation [8]. Chevallier (2011) used factor-augmeniector

auto regression model to analyze how internatienahomic shocks impacts on carbon markets, thé s¥saws that
carbon prices has obvious relationship with mosbal economic indicators[9].

Zou et al. (2011) pointed out that China governniierst began to strengthen efforts to propagate @ypbst carbon
finance, however, carbon finance is still facechwitanagement problems and risks. So that commdraidds are
required to improve their service level and devetew carbon trading products [10]. Zhang and Dam{@®12)
pointed out China’s low-carbon economy could béilfetl through the technical innovation and efficieenergy
utilization [11]. There are also some researchesighow technical innovation effects on energycédficy [12-14].
Based on previous studies, it shows that the dpwgdait of finance can promote enterprise technoddgimovation
and industrial upgrading, enterprise through finalreupport can strengthen the investment to R&peadnent, and
the enterprises can promote energy efficiency addae carbon emissions through technological intmva

There are also many academic scholars research eladion finance and low-Carbon strategy in Chlriaand
Colombier (2011) find that the current China’'s gyeefficiency standard become to one of the besttimes in the
world, and with international support such as carfieance, the energy efficiency improvement waktifitate city’s
transition to low-carbon supply in the longer tets] Zhou (2010) pointed out that carbon financeelated to all
financial transaction activity that can reduce oartemissions. The development of carbon finance roake
contribute to economy transform and accelerat®ftieization of economic structure [16]. Zhao arith#g (2012)
analyzed the internal and external factors whidbcatarbon finance in China, and put forward #esonable path of
how to develop carbon finance in China [17]. AlBbao and Zhang pointed out that China governmenildiset up
a full range of policies and regulations.

Sun and Zhu (2008) using panel data from 23 prediiic China and find out that the technology intiovelevel had
been gradual increased in these areas with thedigladevelopment [18]. The empirical result shdiat there had
been a gradual growth in the TFP and technologiaadress from 2001 to 2005, which is tested byavdrintercept
model in panel data. Qian and Zhou 2011 analyzedata of all 28 provinces in China from 2000-2@8using the
fixed effects panel data regression with AR(1) apph to estimate the TFP and the level of finardeakelopment in
all regions, the result indicates that after cdhitrg the other relevant variables, financial dearhent also plays a
positive role in technological progress and indaktrpgrading[19].

To sum up, financial development can promote teldgyoinnovation and improve energy efficiency; la¢ tsame

time, through the continuous improvement of théoarfinancial market system in China, China's cardmissions

will reduce further [20]. Based on the discussibowe, this study first construct an endogenous tiromodel and try

to find out what is the main factor that effect low-carbon economy growth. Then, using vector aeggression

model to make an empirical analysis about how fir@rdevelopment will effect on energy efficien@he structure

of this study is as follows: the first part is fiterature review, the second part is modeling trmie$ and analysis, the
third part is empirical analysis based on vectdo-aagression model and the fourth part is the kmnen based on
empirical result.

EXPERIMENTAL SECTION

2.1 Data collection and processing

Using financial intervnational ratio to represdm financial development level and using energigiefcy index to
represent the level of Low-carbon economy. The tdanof financial intervnational ratio is M2/GDP atiek formula
of energy efficiency index equals GDP/ (energy comgtion). The data was then undertook log procgssioted as
LnFIR and LnEEAII data was collected from “China statistical yieaok 2012". By comparing China's annual energy
consumption and economic growth data from 1995012 the result indicates that the energy consumpind
economic growth have synchronous growth trendhews in figure 1.In figure 1, primary Y-axis (lefide) indicates
China's gross domestic product (GDP), the unihis loundred million RMB; secondary X-axis (rightejidndicates
energy consumption, the unit is ten thousand térssamdard coal. From figure 1, it shows that tgid growth of
China's gross domestic product (GDP) is based omeased energy consumption. From year 2002 ChigBB
began to rapid growth, while energy consumptiongtaged to increase sharply. Meanwhile, China'szot energy
efficiency is low; the economic growth mainly dedsron the energy consumption, so that the extersigaomic
growth mode is still the main development pattern.
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Figure 1. Trend of GDP and energy consumption durig 1995-2012 in China

2.2 ADF unit root test

In statistics and econometrics, an augmented Didkealer test (ADF) is a test for a unit root inmé series sample.
By using augmented Dickey-Fuller unit root testg, tesult as is shown in table 1. Through theressilts in table 1,
it shows that LnFIR and LnEE are non-stationaryl@¥ critical value. However, after differential calation
d.LnFER and d.LnCPI are stable, so that VAR modaellze used to analyze the data.

Table 1: Data stationarity test through augmented ixkey—Fuller analysis

variable | Test Statisti¢ 1% Critical Value 5% Catid/alue | 10% Critical Valug result
LnEE 0.301 -3.750 -3.000 -2.630 unstalle
LnFIR -1.383 -3.750 -3.000 -2.630 unstalle
D.LnEE -3.599 -3.750 -3.000 -2.630 stable

D.LnFIR -3.655 -3.750 -3.000 -2.630 stable

Table 2: The result of optimal lag-order selectiorfor VARs

D
J>(A)NI—‘OLQ

LL LR df p FPE AIC HQIC SBIC
15.2675 .000785 1.47414 1.46052 1.375p3
68.1441| 105.75 0.000 3.5e-06 -6.904B9  -6.863976.6081
77.4148| 18.542% 0.00L 2.0e-06* -7.49054* -73@2| -6.99588*
79.9482| 5.0667 0.281 2.5e-06 -7.327p8  -7.23209%.63507
81.5312] 3.166 053D 3.6e-06 -7.05902  -6.936256.16865

*Means that lag 2 is the optimal lag order.

ENENEFEN

2.3 VAR model
Vector auto regression (VAR) model is the simultareeform of autoregressive model, A VAR (p) modehdime
series y (t) has the form:

AYwy =AYy THIF A Yiop €

According to the analysis above, the VAR regressioodel of LnFIR and LnEE can be constructed. Before
constructing the VAR model, the lag of VAR Modebsld be determined. By using STATA software to aldte the

lag length, the result was shown in table 2. Frioetable 2, the result shows that the optimaldagth is at lag 2. By
choosing lag 2, then the VAR model can be shown as:

LnEE = - 0197+ 0568LnFIR_, + 0198LnFIR
+ 1807LnEE,_, - 0989LNEE, ,

According to this formula, it shows that the fineaevelopment will promote energy efficiency imdeacrease.
LnFIR at lag 1 period increased one percentageledtl LnEE increased by 0.56 percentage pointsLahtR at lag
2 period increased one percentage will lead LnEfeased by 0.19 percentage points. So the effefiharficial
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development to energy efficiency is obvious. THanusing granger causality test to analyze thdiogls between
LnFIR and LnEE, the result is shown in table 3.

Table 3: Causal relationship test through Granger ausality analysis

Equation| Excluded chi2 df  Prob >chj2
LnEE LnFIR 8.3984| 2 0.015
LnFIR LnEE 10.423| 2 0.305

Table 4: Long-term equilibrium relationship test through Johnson Co-integration analysis

Rank | Parms LL Characteristic Valye  Statistic 5%nBicant level
0 N/A 13.5214* 15.41 0 N/A
1 0.45382 2.0299 3.76 1 0.45382

From Table 3, the result shows that LnEE rejedednull hypothesis as“Excluded LnFIR as the gramgason to
LnEE", so that LnFIR is the granger reason to Lnifich means financial development is the reas@mptes
energy efficiency index increase. However, it shakat LnEE is not the reason for LnFIR. At the samee, by
taking Johnson co-integration test to analyze ahg-term relations between LnFIR and LnEE, theltésshown in
table 4.From table 4, the result shows that theist at least one direct co-integration relatiopdtetween LnFIR and
LnEE, which means that there exists a long-terniliegum relationship between financial developmant energy
efficiency.

2.4 Impulse-response analysis and variance decomam
Impulse-response function and cholesky variancemposition can be used to further analyze the VA&RIeh An
impulse response refers to the reaction of any mymaystem in response to some external change.

The result of Impulse-response analysis was showfigure 2. In figure 2, X-axis indicates the tirperiod, and
Y-axis indicates the strength of response. Fron2kég, the result shows that when LnFIR receivea wmit impact, it
will lead LnEE increase currently, LnEE will reattte max at t=5 period and then begin to stabléustrates there is
long-term effect between financial development andrgy efficiency increase. From Fig.2(b), the teshows that
when LnEE received one unit impact, it will leadHE increase currently. However, LnEE will reduceltat =5

period, which means the impulse of LnEE only haststerm effects to itself. ccording to the impués®lysis results,
it shows that financial development will signifi¢anfluence energy efficiency.

The variance decomposition indicates the amouintfofmation each variable contributes to the otraiables in the
auto regression. It determines how much of theclskeerror variance of each of the variables caexipéained by
exogenous shocks to the other variables. The reSuliriance decomposition was shown in figurer®nfrFig.3(a),
the result shows that the contribution degree dfIRnto LnEE is gradually increased, the contribaitiegree of
LnFIR to LnEE is about 30%-40% in the all time pekiwhich means LnFIR has strong a degree of dunriton to
LnEE. From Fig.3(b), the result shows that the dbation degree of LnEE to LnEE is gradually rediicéhe
contribution degree of LnEE to LnEE is 100% at period and reduced to 40% at t=10 period. This shthat
financial development has significant effect on #wergy efficiency, and can explain the improvihg energy
efficiency.

Fig.2(a)
result: LnEE -> InFIR
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Fig.2(b)
result: LnEE -= LnEE
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Fig. 2(a-b): Result of impulse-response analysisrf@)the response of LnEE when LnFIR received one uhimpact, (b) the response of
LnEE when LnEE received one unit impact

To sum up, by constructing the endogenous modeloived that technological innovation is the maason to
achieve low-carbon economic growth.The result opigical study shows that financial developmenthis granger
reason to the improving of energy efficient. Onicaificial development received one unit impact,ilitlead energy
efficient increase currently. The result is saméhtoresearch from Sarkar and Singh (2010) whickegat financial
development will accelerate the process of low-cafconomy. However, the empirical study in secBalid not test
whether financial development will effect on teclogical innovation, it didn’t prove that financidévelopment first
improve R&D and then the improving of R&D effects energy efficient. According to the literaturerfréisun and
Zhu (2008); Qian and Zhou (2011), it shows thatricial development in China will promote technobadi
innovation. At the same time, technological innawatwill finally effects on the improving of energgfficient. So
that, it can be proved that financial developmeititagcelerate the process of China’s low-carbooneeny.

Fig.3(a)
result: LnEE -= InFIR
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Fig.3(b)
result: LnEE - LnEE
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Fig. 3(a-b): Result of Cholesky variance decompogiin for (a) contribution degree of LnFIR to LnEE, (b) contribution degree of LnEE to
LnEE

DISCUSSION

In order to improve the effectiveness of low carli®velopment strategy, the government should puwaiad

effective policies. First of all, in the processlofv carbon economy development strategy, the gowent should
play the leading role. Government should give nsangport and provide a good policy environment bgldshing

and improving the relevant policies and regulatigXiso the government should establish the Chicerbon finance
system and promote the innovation of carbon firelnmioducts. At the same time, the Chinese goventrsigould
ensure the implementation of low-carbon economatatyy by using tax and subsidy policies. Seconthnaercial

banks should increase financial products and sesvio low-carbon industry. Because of the moneyasehfor
low-carbon projects is very large, commercial baskeuld develop new loan products provide carboaniial
services, so that commercial banks can providenteessary financial support to the Low-carbon i@tion in

enterprises.

However, this research still has some drawbackst,Ehe empirical analysis did not test the praomfunction of
financial development for technical innovation; calthe measure of financial development can be more
comprehensive. Second, as China’s energy consumpts obvious regional differences, so that theaochmf
financial development on energy efficient will b#fetence in different areas. These problems sgléd further
research.

CONCLUSION

In conclusions, the result of VAR model shows fireincial development is the Grainger reason tognefficiency.

According to the VAR model, it shows that the fin&h development will promote energy efficiency éxdncrease.
Financial development index at lag 1 period inceda% percentage will lead energy efficient increabg 0.56

percentage points, and financial development iratdag 2 period increased 1 percentage will leaggnefficient

increased by 0.19 percentage points. At the same the result of Johnson Co-integration analysisvs that here
exists a long-term equilibrium relationship betwdi@ancial development and energy efficiency. Frb variance
decomposition results, the result shows that theritution degree of financial development to egefficient is

gradually increased; also the contribution degfdmancial development to energy efficient is ab80%-40% in the
all time period, which means financial developntead strong a degree of contribution to energyiefiic The results
prove that financial development can certain expthe improvement of energy efficiency, so thathia long run,
financial development is the main factor to imprevesrgy efficiency. In recent decades, the demérdhergy fuel
was increased dramatically with China's rapid eocginogrowth, as the financial industry could be amportant
support to the low-carbon economy, so the govermstesuld strengthen the financial factor as refofitine financial
system, provides the corresponding policy suppartGhina's carbon finance market and promote intmvaof

carbon financial products.
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