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DECOUPLING EFFECTS OF ENERGY-RELATED CO, EMISSIONS

IN CHINA: A LMDI-BASED ANALYSIS

This paper proposes an improved elasticity decoupling analytical framework to study decoupling
effects of various CO, emission intensities. A new approach is introduced to express the decoupling

elasticity index (DEI) with dynamic interval. Moreover, the driving mechanism for DEI are explored
with logarithmic mean Divisia index (LMDI) method. The proposed framework is applied to study
the decoupling effects of CO, emissions in China. It is found that the urbanization, industrialization

and decline of proportion of coal consumption are important driving forces for CO, emission per capi-
ta, CO, emission intensity and CO, emission per energy consumption respectively.
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II30xxenp Cynb, emons Ykoy, Ilen Ukoy .
3JHMXKEHHA BINIMBY BUKUIIB CO, B EHEPTETUYHIUN TAJIY31

KWUTAIO: AHAJII3 HA OCHOBI IHAEKCY IUBI3IA
3A JIOTAPUPMIYHOIO CEPEJHBOIO

Y emammi 3anpononoseano anasimuvunuii nioxio 0o 00cAi0xceHHs 3HUNCEHHA 6NAUBY GUKUOIE
CO, na pisnux nionpuemcmeax. Hoeuii memood 003604:€ eugecmu indexc eaacmu4nocmi

3HUJCEHHA 6nauey uepe3 OUHAMIYHUI iHMepeas, a makoxc 3a donomoezoro indexcy /lusizia 3a
ao0zapugmivnoro cepednvoro. Ilpononosana memodonoeisa 3acmocogyemuscs 04, 6UHEHH BUKUDIE
CO; 6 Kumai. Bcmanoeaeno, wo ypbamizauia, indycmpiaaizauia i 3HUdNCEHHA HaAcmKu

CHONCUBAHHA BY2IAAA € 6ANCAUGUMU HUHHUKAMU 3HUNCeHHA Kiavkocmi euxudie CO, na dywy
Haceaenns, inmencuenicmov euxudie CO, ma euxudie CO, ¢ nepepaxyHky Ha CROMCUGAHHA

enepeii ionogiono.
Karouogi caosa: eukuou CO,, noe'azani 3 enepeemukorw; Kumaii; indexc /ueizia 3a

102apumiunor cepedHboi; iH0eKc eaacmu4HOCMI 3HUNCEHHS 8NAUBY,; PYWLIUHI CUAUL.
Tab6a. 6. Puc. 3. Dopm. 18. Jlim. 14.

II30x38p Cynb, [I3monp Yxoy, IIan Yxoy .
CHUZXKEHMUME BIIMAHUA BBIBPOCOB CO, B DHEPTETUYECKOU

OTPACJIA KUTAS: AHAJIN3 HA OCHOBE NMHJIEKCA TUBU3HA
I10 IOTAPUPMHNYECKOU CPETHEN

B cmamve npedaacaemca anasumuueckuii nooxod k uccae0o8aHur0 CHUNCEHUA GAUAHUS
evibpocoe CO, na pazauunvix npednpuamusx. Hoevui memod noseoasem evipasumsv undexc

4ACMUMHOCINU CHUNCEHUA BAUAHUSL 4epe3 OUHAMUMeCKUL UHMepPeal, a MaKice nOCpeocmeom
unoexca /lueuzua no aozapugpmuyeckoii cpedneii. Ilpedrazaeman memoodoaoeus npumensemcs
0az uzyuenus gvtopocoe CO, 6 Kumae. Yemanoeaeno, wmo ypoanusayus, unoycmpuaiu3auus u
CHUJCeHUsL 004U NOMPpeOAeHUA Y1 AGAAIOMCA BANCHLIMU (AKMOPAMU CHUNCEHUS KOAUMECEa
evibpocoe CO, na Oywy Haceaenus, unmeHcuseHocmbv 6viopocoe CO, u eviopocog CO, ¢
nepecueme nHa nompeb.aenue 3Hepul COONMEENICMEEHHO.
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Karouegvie caosa: evibpocor CO,, ceésasanubie ¢ 3nepeemuxoil; Kumaii; undexc Jueusua no
n0eapupmuyeckoil cpedreil; UHOeKC 2NACMUMHOCIU CHUICEHUS. BAUAHUSL, Q8UICYULUE CUDBL.

1. Introduction.

Climate change has become a global issue contemporarily, which seriously
impacts sustainable development. A lots of evidences show that human activity is the
important driving force to cause climate changes (IPCC, 2007). Following the rapid
worldwide economic growth, the energy consumption is soaring to high levels and as
a result great amount of CO, is being emitted to the atmosphere. Therefore, human
activity must be limited to the tolerable capacity of the environment. Considerable
research efforts have been dedicated to address the issues related to CO, emissions

reduction. One such example is the decoupling theory which is proposed to analyze
the quantitative relationship between human activity and environmental stress.

As defined in OECD (2003), decoupling refers to the process of breaking the
relationships between economic growth and environmental damage. Previous
researches on decoupling methods aimed to analyze the change of aggregated value,
such as energy consumption, pollution emissions and waste output, following the
change of GDP (Sjostrom & Ostblom, 2010; Steinberger & Roberts, 2010; Browne,
O'Regan & Moles, 2011). In this paper, we provide a new method to analyze the
change of intensity values, such as CO, emission per unit of GDP (CEI), CO, emis-
sion per capita (CEPC) and CO, emission per unit of energy consumption (CEPEC)
with the change of GDP, population and energy consumption.

Index Decomposition Analysis (IDA) is a well-established analytical framework
to study change in the aggregate indicator such as energy consumption/CO, emis-
sions due to the changes in several predefined factors (Ang & Zhang, 2000). It has
been widely applied in different areas for policymaking (Ang, 2004). Several earlier
studies have attempted to integrate IDA and decoupling approach to analyze varia-
tion trends in CO, emissions. For instance, Lu, Lin & Lewis (2007) studied the
decomposition and decoupling effects of CO, emissions from highway transportation
in several economies using the arithmetic mean Divisia index (AMDI) method and
the decoupling ratio as proposed by OECD (2003). De Freitas & Kaneko (2011)
decomposed the decoupling of CO, emissions and economic growth in Brazil using
the log mean Divisia index (LMDI) and the decoupling ratio. Oh, Wehrmeyer &
Mulugetta (2010) used the LM DI and decoupling ratio to analyze the energy-related
CO, emissions in South Korea. Diakoulaki & Mandaraka (2007) proposed decou-
pling effort index and analyzed the decoupling relationship between CO, emissions
and manufacturing output in the EU manufacturing sector using the refined
Laspeyres model. Wang, Liu, Zhang & Li (2013) combined the LMDI and the
decoupling effort index to study the decoupling between energy-related CO, emis-
sions and economic growth in Jiangsu province of China. Andreoni & Galmarini
(2012) researched the decoupling status between economic growth and energy-relat-
ed CO, in Italy using Sun's complete decomposition method. The aforementioned
research efforts have been performed according to the framework of OECD's decou-
pling ratio and Diakoulaki's decoupling effort index. Tapio (2005) developed the
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decoupling elasticity index to perform the decoupling analysis. However, based on
our knowledge and review of the literature, none of the research attempted to study
the decoupling effect of CO, emissions based on Tapio's framework with decomposi-

tion method, and focus on the intensity values. In this paper, we propose a novel
decoupling approach by combining LMDI with Tapio's decoupling elasticity index.
In addition, we replace the interval [0.8—1.2] as in Tapio (2005) by a dynamic inter-
val [A—B] as the dividing line for coupling and decoupling. The LM DI-based decou-
pling approach is finally applied to study the decoupling effects of energy-related CO,
emissions in China.

The rest of this article is organized as follows. In Section 2, we propose the
LMDI-based decoupling framework after briefly introducing LM DI and decoupling
approaches. Section 3 describes the data used in our empirical study. In Section 4 we
use the proposed approach to analyze the decoupling effects of energy-related CO,
emissions in China. Section 5 concludes this study with some policy implications.

2. Methodology.

2.1. LMDI approach. Among different IDA methods listed in (Ang & Zhang,
2000), the LM DI method has been recommended for use due to its well established
theoretical foundation, adaptability, ease of use and result interpretation and other
desirable properties in the context of decomposition analysis (Ang, 2004). Since Ang
(2004), more and more researchers use LMDI to study the driving forces of CO,
emissions. In this paper, we employ the additive LM DI method to analyze the driv-
ing forces of CO, emission intensity (CEI), CO, emission per capita (CEPC) and

CO, emission per unit energy consumption (CEPEC).

CO, emission intensity (CEI) can be described as:
CY —_ C —_ S Ci )/I
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=

where / = 1,2,3 denotes primary, secondary and tertiary industry respectively, C;
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denotes CO, emission by industry i, and Y; denotes value added in industry i. C,Y refers
to the CO, emission intensity for industry i, and S;¥ denotes the share of industry i's
value added in GDP. If ACY denotes the change of CO, emission per unit GDP from
period O to T, then the intensity effect and structure effect can be calculated as:
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CO, emission per capita (CEPC) can be described as:
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where C; denotes CO, emissions in urban (i = 7) or rural (i = 2) area, P; denotes the
population in urban (i = 7) or rural (i = 2) area. The CO, emission per capita is con-
sisting of 2 parts: the first part i.e. CF is measured with CO, emission per capita in
urban or rural area as the intensity index. The second part i.e. S is measured with

urban or rural population proportion as the structure index. ACP expresses the change
of CO, emission per capita from period O to T, which is decomposed into structural

contribution (ACP;;) and intensity contribution (ACPg;,) as:
ACP =AC!, +1CE, (6)

3. SA.0
ACE, = / P, C/ Py % %n&’:‘ . %)
35/ 300/ 3 @ oo s,

2
ACP / P C/ P IT IZROEI EpiT ;ROE
Gy 2
ZED > Pr Z,O b 5( G0 O
[ [

DZ Py

CO, emission per unit energy consumptlon (CEPEC) is described as follows:

C_3&¢C E 3
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where i = 1,2,3 denotes coal, oil and natural gas respectively. E; denotes consumption
of energy /. a; denotes CO, emission coefficient (emission factor) of energy i. C;

E,

denotes CO, emission from consumption of energy i. Similar to CEPC, the CEPEC
is also consisting of 2 parts: the first part C£ is measured with CO, emission per ener-
gy consumption in coal, oil and natural gas, as the intensity index. It can be simpli-
fied as the CO, emission coefficient of coal, oil and natural gas. The second part S;F
is measured with the consumption proportion of energy i as the structure index. Let
ACE represent the changes of CO, emission per energy consumption from period O to
T, decomposing this into intensity contribution ACE;,; and structural contribution

ACE,,, as: ACF =ACE, +ACE
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The above compositions are used to structure the LMDI-based decoupling
model, as shown in Eq. (16), Eq. (17) and Eq. (18) in Section 2.3.

2.2. Decoupling approach. Decoupling approach aims to analyze the change of
environmental stress value, such as aggregated CO,, following the change of GDP.
The decoupling elasticity index (DEI) as common used indicator developed by Tapio
(2005) can be expressed as:

GDP elasticity of CO, emission = (AC/C)/AY/Y), (13)

where C denotes the CO, emission, and Y denotes the gross domestic product

(GDP). Tapio defines the area for which the value of (AC/C)/(AY/Y) lies between
0.8—1.2 as the coupling status. The area for all other values of (AC/C)/(AY/Y) is
defined as the decoupling status. The coordinate system is further classified into
strong negative decoupling, expansive negative decoupling, expansive coupling, weak
decoupling, strong decoupling, recessive decoupling, recessive coupling and weak
negative decoupling.

expansive negative decoupling

AY>0 and AC>0

AC/ C)/(AY/ Y)>1.2

AC

A
A expansive coupling
AY>0 and AC>0

trong negative decoupling 0.8<(aC/ ©)/ (AY/ Y)<1.2

AY<0 and AC>0 B

(AC/C)/ (AY /Y)<O0 VI weak decoupling

v VII AY>0and AC>0
VIII 0<(AC/ C)/ (AY/ Y)<0.8
. - > AY

weak negative decoupling v I
AY<0 and AC<0 HE /11 strong decoupling
0<(aC/ C)/ (AY/ Y)<0.8 AY>0and AC<0
recessive coupling (AC/C)/ (AY/ Y)<0
AY<0 and AC<0
0.8<(AC/ C)/ (AY/ Y)<1.2

recessive decoupling
AY<0 and AC<0
(AC/ C)/ (AY/Y)>1.2
Figure 1. The degrees of coupling, decoupling and recouping as defined
by Tapio (2005)

In this paper, we are striving to further improve the Tapio's method from two
aspects: Firstly, we replace the static predefined interval of [0.8—1.2] with a dynamic
interval [A—B], which is determined by A = (Y/Co)(AC/AY) =(Yo/Cy)tan( 17/6) and
B =(Yy/Co)(AC/AY) = (Yo/Cp)tan( 1/3), thus dividing the top right and bottom left
quadrant into 3 equal parts. Secondly, Tapio used absolute value of CO, change (AC),
whereas we focus on intensity values, such as CO, emission per unit of GDP. We use
the derivative to present the decoupling elasticity ((AC/C)/(AY/Y)) as
E =(dC/dY)(Y/C), and the decoupling elasticity of CO, emission intensity to GDP
as E=[d(C/Y)/dY][Y/(C/Y)], the relationship between them can be deduced as Eq.:
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E:d(C/Y) Y :YI]jC/dY—C Y :££—1:E—1 (14)
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If E<1, because C>0, so d(C/Y)/dY<O0. It illustrates that, at a fixed value of
GDP, if CO, emission grows slower than GDP i.e. ((AC/C)/(AY/Y)<1). Thus the
CO, emission intensity (C/Y) will be reduced with the growth of GDP, causing the

most desirable effect. If E>1, the coupling emerges, the results will be reversed as the
CO, emission intensity will be growing with the GDP growth. According to Eq. (14),

both (AC/C)/AY/Y) and [A(C/Y)/(C/Y)]/(AY/Y) can be used as the dividing mark,
and the 4 quadrants of Fig. 2 are thus divided into 8 parts:

expansive negative decoupling

= AY>0 and AC>0
sy mes
AC [AC/Y)/(C/Y)]@Y/Y)>B-1
{‘ expansive coupling

AY>0 and AC>0
A<=(AC/C)(AY /Y)<-B

strong negative decoupling A 1<=[AC /Y)/(C/Y )| (AY/Y)<=B-1

AY <0 and AC>0
(AC/CXAY/Y)<0 .
[AC/Y)(C/VQAY/Y)<-1 weak decoupling

AY >0 and AC>0

0<=(AC/CX AY/Y)<A
-1<=[A(C/Y) /(C/Y) QY)Y )<A-1

» AY

weak ne gative decoupling
AY<0 and AC<0
0<=(AC/CXAY /Y)<A
-1<=[AC/Y)/(C/Y)|(AY/Y)<A-1

strong dec oupling

AY >0 and AC<0
(AC/CXDY/Y)<0
[AC/Y)/(C/Y)@Y/Y)<-1
rece ssive coupling
AY<0 and AC<0
A<=(AC /C)(AY/Y )<-B
A1<=[NC/Y)/(C/V) (Y /Y)<=B-1

rece ssive dec oupling
AY<0 and AC<0
(AC/C)(AY/Y)>B
[AC/Y)/C/D@Y/Y )>B-1
Figure 2. The degrees of decoupling/coupling of CO,

emission change (AC) to GDP change (AY)

The relationship between the 8 sectors in Fig. 2 can be manifested as the U-
shaped curves or environmental Kuznets curves as shown in Fig. 3.

The U-shaped curve is useful to consider both CO, and GDP. Referring to Fig.
3, the interval "E" represents the most favorable state with the positive GDP growth
and negative CO, growth, which is strong decoupling status. The intervals "A" and "I"
represent the worst states with the negative GDP and positive CO, growth, that is
strong coupling status, named as strong negative decoupling. DCB and FGH are the
transitory states, they can arranged as D>C>B, which implies that state "D" is having
fast GDP growth and slow CO, growth than states "C" and so on. Similarly, FGH can
be arranged as F>G>H, which implies that state "F" is having slow decline of GDP
and fast CO, decline than states "G" and so on.
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E: strong decoupling

D: weak decoupling

C: expansive coupling

B: expansive negative decoupling
I: strong negative decoupling

E: strong decoupling

F: recessive decoupling

G: recessive coupling

H: weak negative decoupling
A: strong negative decoupling

Figure 3. Stages of the decoupling and coupling process

2.3. LMDI-based decoupling approach. As shown in Fig. 2, the elasticity of CO,

emission intensity to GDP ([A(C/Y)/AC/Y)]/(AY/Y)) can be used as the dividing
mark to classify the decoupling/coupling states. So we can decompose the A(C/Y) to
intensity contribution and structure contribution using LM DI method. Then let us
multiply A(C/Y) with Y/[(C/Y)AY] which will break the elasticity of CO, emission

intensity to GDP into intensity contribution and structure contribution. In the same
way, we can further analyze the elasticity of CO, emission per capita to population

([IA(C/P)AC/P)]/(AP/P)) and the elasticity of CO, emission per unit energy con-
sumption to energy consumption ([A(C/E)/(C/E)]/(AE/E)).

As A(C/Y)=ACY;;+ACY;, referring to Eq. (2). [A(C/Y)/AC/Y)I/AY/Y) can be
decomposed into two parts, part one is the intensity elasticity index (&;,;) and part two
is the structural elasticity index (&,). As shown in Eq. (16) €;,; can be further decom-
posed into &, ;, which is contribution from CO, emission intensity of the ith sector.
& can be further decomposed into &, ;, which is contribution from proportional
change of jth industry.

3 3
%{,Y)ﬁ = @C;t +AC:U )m =& tEy = ;Ecei_i + ;Epro_i (16)

As A(C/P)=ACP;,+ACPy,, referring to Eq. (6). [A(C/P)/(C/P)]/(AP/P) can also
be decomposed into two parts, part one is the intensity elasticity index (&;,;) and part
two is the structural elasticity index (&) as shown in Eq. (17). &,; can be further
decomposed into &, ; and &, o, which are the contributions from CO, emission per
capita in urban and rural areas, &, can be further decomposed into &,,, ; and &, o,

which are the contributions from structural changes with the proportional change of
urban and rural population.
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ANC /P P ) P 2 2
(A/é ) = @Clﬁt +AC51‘! 8int‘ +sstr = zscei_i + zspro_i (17)
i=1 =1

(C/P) (C/P)AP ~
As A(C/E)=ACE,,+ACE;, referring to Eq. (10), [A(C/E)/(C/E)]/(AE/E) can be
decomposed into two parts as before, part one is the intensity elasticity index (&)
and part two is the structural elasticity index (&g,). &, can be expressed as & j, which
is the contribution from CO, emission per energy consumption of the ith energy type.
Similarly, &g can be expressed as &, ;, which is contribution from proportional
change of jth energy type.

ANC/E) E E E E 3 3
——:@C. +AC ’—:s. +€ :Es ..+§e ;
AE (C/E) int str C/E AE int str cei_i pro_i (18)

(C/E)

3. Data.

In order to implement the proposed framework as in Eq. (1), (5) and (9), we col-
lected the data for the period 1998—2010. The relevant data include: national GDP
value, value added by the industry, population of urban and rural areas, national
industrial and residential energy consumption and CO, emissions.

This data is collected from "China Statistical Yearbook 1999—2011" (CSY) by
National Bureau of Statistics of China (NBSC), which is deflated to the 1998 value. The
value added by the industry include that of primary industry (including farming, forestry,
animal husbandry, side-line production and fishery), secondary industry (including pro-
ducing and construction), and tertiary industry (including communications and trans-
portation, storage, post and telecommunication, wholesale and retail) and is deflated to
1998 value by value added index. All value termed data are measured by Chinese Yuan
(CNY). The energy consumption data represents cumulative consumption of coal, oil,
natural gas and others. The energy consumption for primary, secondary, tertiary indus-
try, urban and rural resident can be found in energy balance table 1998—2010.

On the national scale, we can use coal, oil and natural gas consumption to com-
pute CO, emissions according to their emission factors. As industrial and residential
sector don't use the coal, oil and natural gas directly, hence, we classify the CO, emis-

sions for these two sectors into direct and indirect emissions. Direct emissions are
defined as the CO, emitted directly from combusting fossil energy, we can use 20

kinds of final energy consumption from energy balance table to compute the direct
CO, emissions, and the emission factors can be found in [IPCC’. The indirect emis-

i= i=

sions are defined as the CO, emitted from using electricity and heat since no CO,
emission factors are available. Therefore, we compute the CO, emissions for electric-
ity and heat from the CO, emitted from the process of producing them.

4. Results and discussions.
Beside the quantity of CO, emitted, CEI, CEPC and CEPEC are the common

indicators to analyze the characteristics of CO, emission considering the influence
from GDP & structure, population & structure and energy consumption & structure’.

3 2006 IPCC guidelines for National Greenhouse Gas Inventories Vol. II provided the carbon factors in detail.
due to the differences of assessment indicators for decarbonization, CEI, CEPC and CEPEC all are considered in this
paper. All of them may be classified as the superclass named intensity indicator.
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Thereby, we further employ the LMDI and LMDI-based decoupling approach to
analyze the variation trends of CEI, CEPC and CEPEC in China.

4.1. Analysis for CEL. Decomposing the change of CEI according to Eq. (1—4)
using LMDI, the distribution and trend of contributions with driving forces are
shown in Table 1.

Table 1. The decomposition of CEI (units: ton CO,/10 thousands RMB)

1998-201 1998-200 2001-200. 2004 -200 2007-201
contribution | value % value % value % value % value %

cei 1 0.001 | -0.66 | 0000 | 067 | 0003 | 9.42 | 0.000 179 1-0.001| 1.98
pro 1 -0.009| 6.70 |-0.002 | 3.45 |-0.003| -7.63 | 0003| 1268 | -0.002 | 2.33
cei 2 -0.207 ] 14917 -0.082 | 114.35 | -0.004 | -12.32 | 0042 | 161.78 | -0.081 | 108.10
pro 2 0.092 | 66.02 | 0021 | -2853 | 0031 | 93.63 | 0.024 | -90.87 | 0.018 | -2407
cei 3 -0.032| 23.17 | -0.015| 20.67 | 0002 | 7.42 | 0010| 3780 |-0.010 | 14.03
pro_3 0.017 | 1236 ] 0007 | 928 | 0003 | 9.47 | 0.006 | -23.19 | 0.002 | -2.37
cei all -0.239| 17168 -0.097 | 134.35| 0002 | 452 | 0052| 201.37 | -0.092 | 124.12
pro_all 0.100 | -71.68 | 0025 | -34.35| 0032 | 9548 | 0.026 | -101.37 | 0.018 | -24.11
total -0.139] 10000 | -0.072 | 100.00 | 0034 | 100.00 | 0.026| 100.00 | -0.074 | 100.00

As evident from Table 1, the total CO, emission intensity (CEI) drops by 0.139
ton CO,/10 thousands RMB. The CO, emission intensity in the secondary industry
(cei_2) contributes 149.17% reduction of CEI and is the largest negative driving
force. The proportion of the secondary industry (pro_2) contributes 66.02% of CEI
growth and is the largest positive driving force. The contribution from CO, emission
intensity of tertiary industry (cei_3) and the proportion of tertiary industry (pro_3)
are similar to those for secondary industry in all the periods, but the values are small-
er. The contributions from CO, emission intensity in primary industry (cei_7) and
the proportion of primary industry (pro_1) are insignificant.

Decomposing the change of decoupling elasticity index (DEI) of carbon emission
intensity (CEI) to GDP according to Eq. (16) using LM DI-based decoupling approach,
the distribution and trend of contributions with driving forces are shown in Table 2.

Table 2. The DEI decomposition of CEI

1998-2010 1998-2001 2001 -2004 2004-2007 2007-2010
critical value A-1 -0.079 -0.079 0.040 -0.019 0.026
critical value B-1 1.762 1.762 2.120 1.942 2.079
Decoupling value [ form | value | form | value | form | value [ form| value | form
cei 1 0.001 | EC | 0.003 | EC | 0.020 | WD | -0.002 | EC | -0.009 | WD
pro 1 -0.008 | EC | -0.017 | EC | 0016 | WD | -0.014 | EC | -0.010 | WD
cei_2 -0.178 | WD | -0.572 | WD | 0026 | WD | -0.184 | WD | -0.477 | WD
pro 2 0079 | EC| 0143 | EC | 0199 | EC | 0103 | EC | 0.106 | EC
cei 3 -0.028 | EC | -0.103 | WD | 0.016 | WD | -0.043 | WD | -0.062 | WD
pro_3 0.015 | EC | 0.046 | EC | 0.020 | WD | 0026 | EC | 0.010 | WD
cei_all -0.205 | WD | -0.672 | WD | 0.010 | WD | -0.229 | WD | -0.548 | WD
pro_all 0.086 | EC | 0.172 | EC | 0203 | EC | 0115 | EC | 0.106 | EC
total -0.120 | WD | -0.500 | WD | 0.212 | EC | -0.114 | WD | -0.441 | WD

The DEI driven by cei_2 and cei_3 presents the successive state of weak decou-
pling (WD) in all 4 periods. It implies that, the CEI in secondary and tertiary indus-
try are decoupling to GDP growth in China. DEI driven by cei_1 are expansive cou-
pling (EC) - weak decoupling (WD) - expansive coupling (EC) - weak decoupling
(WD) in the period 1998—2001, 2001—-2004, 2004—2007, 2007—2010 respectively.
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However, for the overall period of 1998—2010 it is EC. The DEI driven by pro 2
exhibits the sequential state of expansive coupling (EC) — expansive coupling (EC)
- expansive coupling (EC) - expansive coupling (EC), so it is still coupling to GDP,
it indicates that the increasing proportion of secondary industry is strongly correlat-
ed to GDP growth in China. The DEI driven by pro_71 and pro_3 presents the
sequential state of expansive coupling (EC) - weak decoupling (WD) — expansive
coupling (EC) - weak decoupling (WD), while considering the time span
1998—2010, they present the state of EC. In the time span 1998—2010, the DEI driv-
en by overall carbon emission intensity for all industries (cei_all) presents WD and
the DEI driven by overall proportion for all industries (pro_all) presents EC over
time. The total DEI presents the status WD except in the period 2001—2004, this can
be attributed to have caused by the cei_all.

4.2. Analysis for CEPC. Decomposing the change of CEPC according to Eq.
(5—8) using LMDI, the distribution and trend of contributions with driving forces are
shown in Table 3.

Table 3. The LMDI decomposition of CEPC (units: ton CO, per capita)

1998-2010 1998-2001 2001-2004 2004-2007 2007-2010

contribution | value % value % value % value % value %
cei u 0019 | 25.45 | -0.003 | -64.48 | 0.009 | 3891 | 0014 | 4149 | -0.001| -9.60
pro_u 0024 | 33.26 | 0.005 | 128.01 | 0.005 | 22.66 | 0006 | 1887 | 0.007 | 56.67
cei r 0044 | 59.70 | 0.004 | 93.18 | 0.012 | 50.00 | 0017 | 5055 | 0.011 | 91.68
pro r -0.014 | -18.41 | -0.002 | -56.68 | 0.003 | -11.57 | -0.004 | -10.92 | -0.005 | -38.75
cei all 0063 | 85.16 | 0.001 | 2867 | 0.021 | 8891 | 0031 | 9205 | 0.010 | 82.08
pro_all 0011 | 1484 | 0.003 | 7133 | 0.003 | 11.09 | 0003 | 7.95 0.002 | 17.92
total 0074 | 10000| 0.004 | 100.00 | 0.023 | 100.00 | 0034 | 10000 | 0.012 | 100.00

As the composition results reflected in Table 3, carbon emission per capita in rural
area (cei_r) contributes 59.70% growth of CEPC and is the largest positive driving force,
population proportion in rural area (pro_r) contributes 18.41% reduction of CEPC and
is the largest negative driving force in the time span of 1998—2010. Population propor-
tion in urban area (pro_u) has the positive driving effect and pro_r has the negative driv-
ing effects in all 4 periods, which should be attributed to urbanization. The positive con-
tribution from pro_u are larger than cei_u in the time span 1998—2010.

Further, decomposing the change of DEI of CEPC to population according to
Eq. (17) using LM DI-based decoupling approach, the distribution and trend of con-
tributions with driving forces are shown in Table 4.

As shown above, DEI driven by carbon emission per capita (cei_all) presents the
sequential state of weak decoupling (WD) - expansive coupling (EC) - expansive
negative decoupling (END) - expansive coupling (EC), and cei_r presents the
sequential state of weak decoupling (WD) — expansive coupling (EC) - expansive
coupling (EC) - expansive coupling (EC), which are remarkably coupling to popu-
lation growth. Because population in rural area decreases with opposite trend of total
population growth, DEI driven by pro_r presents the sequential state of strong
decoupling (SD) - strong decoupling (SD) - strong decoupling (SD) - strong
decoupling (SD). Because cei_all is the most important driving force for change of
CEPC, DEI driven by total presents the sequential state of WD - EC -~ END - EC
are consistent with cei_all, which are remarkably coupling to population growth too.
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In the time span 1998—2010, cei_u, pro_u and cei_r are the positive driving forces
and pro_r is the only negative driving force. Meanwhile, the pro_r is smaller than
other 3 positive driving forces, so the state of DEI driven by total should be coupling.

Table 4. The DEI of CEPC

1998-2010 1998-2001 200 1-2004 2004-2007 2007-2010
critical value A-1 6.673 6.673 6.280 4.631 3227
critical value B-1 22.019 22.019 20.840 15.894 11681
decoupling value | form | value | form | value | form | value | form | value | form
cei_u 3328 | WD | -1.516 | SD | 6.157 | WD | 8.368 EC | -0.579 | WD
pro u 4.349 | WD | 3.010 | WD | 3587 | WD | 3.806 | WD | 3420 | EC
cei 1 7.807 EC | 2190 | WD | 7914 | EC | 10.195| EC | 5533 | EC
pro r -2408 | SD | -1.332| SD | -1832| SD | -2203| SD | -2.339 | SD
cei all 11135 EC | 0.674 | WD | 14.071| EC | 18563 | END | 4953 | EC
pro_all 1.941 | WD | 1.677 | WD | 1.755| WD | 1.603 | WD | 1081 | WD
total 13076 | EC | 2351 | WD | 15.827| EC | 20.166 | END | 6034 | EC

4.3. Analysis for CEPEC. Decomposing the change of CEPEC according to Eq.
(9—12) using LMDI, the distribution and trend of contributions with driving forces
are shown in Table 5.

Table 5. The decomposition for CEPEC (units: kgCO,/tsce*)

1998-2010 1998-200 2001-200. 2004-200 2007-201
contribution | value % value % value % value % value %
pro_coal -80.113105.35|-71.823| 177.32| 33.150 |137.78| 44.198 | 1201.79 | -85.635]| 135.33
pro_oil -38.636 | 50.81 | 21.465 | -52.99 | -10.732 | -44.61 | -53.662| -1459.12| 4.294 | 6.79
pmfgj‘stml 42698 | -56.15| 9.852 | 24.32| 1.643 | 683 | 13.138 | 357.23 | 18.066 | 28.55
total -76.047 [100.00| -40.506| 100.00 | 24.061 [100.00| 3.678 | 100.00 |-63.279]| 100.00
* tsce refers to ton of standard coal equivalent.

Coal, oil and natural gas constitute 91.4% of the total energy consumption till
2010 in China, and the proportion of each in the total energy consumption is rela-
tively fixed. With the fixed CO, emission coefficient of each energy, the change of

CEPEC is stagnated, see the total index of Table 5 in 1998—2010, the CEPEC is
dropped 76.05 kgCO,/tsce over time. The proportion of coal consumption
(pro_coal) and the proportion of oil consumption (pro_oil) contributed 105.35%
and 50.81% respectively to the reduction of CEPEC, and the proportion of natural
gas consumption (pro_natural gas) contributed 56.15% to the CEPEC growth.

Further, decomposing the change of DEI of CEPEC to energy consumption size
according to Eq. (18) using LM DI-based decoupling approach, the distribution and
trend of contributions with driving forces are shown in Table 6.

The DEI driven by pro_oil and pro_natural gas present the sequential state of
expansive coupling (EC) - expansive coupling (EC) - expansive coupling (EC) -
expansive coupling (EC), which is coupling with energy consumption growth. The
DEI driven by pro_coal presents the sequential state of WD - EC - EC - WD, which
is consistent with the change of coal consumption proportion. In other words, the
drop of coal consumption proportion deviates from energy consumption growth in
1998—2001 and 2007—2010 make the WD state. In general, the DEI driven by the
combination of coal, oil and natural gas consumption is consistent with DEI driven
by pro_coal, so pro_coal plays the most important role in determining the state of
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DEI. It is worth noting that, during 1998—2010 the DEI driven by pro_coal, pro_oil
and pro_natural gas all present EC state. This can be attributed to the change of
proportion of coal, oil and natural gas is small, so the contributions to the change of
DEI of CEPEC are small too, thus cannot reach the upper and lower critical values
A-1 and B-1 respetively.

Table 6. The DEI of CEPEC

1998-2010 1998-2001 2001-2004 2004-2007 2007-2010
critical value A-1 0.130 0.130 -0.116 -0.125 -0.126
critical value B-1 1.609 1.609 1.653 1626 1622
decoupling value | form | value | form | value | form | value | form | value | form
pro_coal -0.024 | EC | -0.282 | WD | 0033 | EC | 0058 | EC | -0.223| WD
pro oil -0.011 EC | 0.084 | EC | -0.011| EC | -0.071| EC | 0.011 EC
pro natural gas | 0.013 EC | 0.039 | EC | 0002 | EC | 0017 | EC | 0.047 | EC
total -0.023 | EC | -0.282 | WD | 0033 | EC | 0.058 | EC | -0.223| WD

5. Concluding remarks and policy proposals.

In this paper, we focus on the decoupling elasticity of intensity variables. LM DI
method is used to explore the driving forces for total elasticity. At last, we analyze
China's CO, emission driving forces and decoupling/coupling status from 1998 to
2010, some policy proposals are derived which are discussed as follows.

5.1. The industrialization was an important driving force for CEI. LMDI results
show that, the decline of CEI of secondary industry contributes the most share of CEI
variation. According to the decoupling analysis, the DEI driven by CO, emission

intensity in secondary industry (cei_2) presents the state weak decoupling (WD) —
weak decoupling (WD) — weak decoupling (WD) — weak decoupling (WD), so the
decoupling happens obviously between the cei 2 and GDP growth. The policy
implication is that, although China is in industrialization, but still has the potential
for reducing CO,. Thereby, China has the potential to further lessen the CEI through

achieving the decoupling cei 2 and GDP growth. However, the secondary industry
in China has the characteristic of being labor intensive and having high-CO, produc-
tion which determines the industrialization in China is gradual, involving many fac-
tors, and the CO, emissions due to the secondary industry cannot be reduced in short
period of time. Speeding up the change in industrial structure is necessary, but the
technology innovation for secondary industry is essential for reducing CO,.

5.2. The urbanization was an important driving force for CEPC. LMDI results
show that CO, emission per capita in rural areas changes faster than in urban areas,

which can be attributed to the transfer of population from rural to urban areas that
reduces the population in rural and makes the CEPC in rural areas larger than before,
so the urbanization turned into the important positive driving force to influence the
CEPC. Therefore, in China, the urbanization is an equally important factor as the
traditionall factors such as industrialization. Urbanization will cause the new demand
for energy consumption. However, the growth of CEPC in urban areas will be slowed
down, caused by expanded population, and the fast reduction of population in rural
areas will foster the growth of CEPEC. Therefore, the policy implication is that gov-
ernment need to pay more attention to the change of energy consumption distribu-
tion following population transferred from rural to urban areas. Moreover, the gov-
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ernment needs to take advantage of energy centralization mode in urban areas, it is
an effective way to improve energy efficiency and reduce CO, emissions.

5.3. The decline of proportion of coal consumption was an important driving force
Jor CEPEC. LMDI results show that, the change of CEPEC is stagnated, during the
period 1998—2010, the CEPEC is dropped by 70.05 kgCO,/tsce over time, the con-

tribution from decline of proportion of coal consumption would be offset by the
increases of proportion of oil and natural gas consumption. Therefore, the energy
substitution among coal, oil and natural gas does not have the significant effect on the
CEPEC decline. A more effective way to reduce the CEPEC can be adopted using the
technology of cleaner production for coal utilization and renewable energy develop-
ment. The latter is the more efficient way to achieve the energy substitution and
reduce CO, emission in the long term.
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