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Research on the decoupling effect, spatio-temporal characteristics, and driving

factors of carbon emissions in China
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School of Economics and Management, Chang'An University, Xi'an 710064, China

Abstract: The “dual carbon” goal puts China under tremendous pressure to reduce carbon emissions. Seeking a low-carbon
transition has become a challenge for China. Revealing the decoupling relationship between economic growth and carbon
emissions is a key breakthrough point for China to pursue the development of low-carbon economy. Based on the IPCC
carbon accounting method and Tapio decoupling model, this paper explores the decoupling effect of China’s economic
growth and carbon emissions as well as the spatio-temporal characteristics, and decomposes the drivers of the decoupling
effect of carbon emissions by using the IDA-PDA integrated analysis method. The results show that; (D From 2005 to 2019,
the overall decoupling index of carbon emissions in China presented a fluctuating downward trend, mainly weak decoupling,
and had a good decoupling status. @The decoupling status of carbon emissions in the eastern and central regions of China
was better, reaching strong decoupling in 2015—2019. The decoupling index of carbon emissions in the western region was
significantly lower, although it was still in the weak decoupling stage. Besides, the decoupling status varied greatly among
Chinese provinces, and the decoupling index of carbon emissions in general showed a distribution pattern of high in the

northwest and low in the southeast. 3 For the contribution of drivers, factor substitution and technological progress are the
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key factors that promote the decoupling of China’s carbon emissions, and economic level is the most important factor that
inhibits the decoupling of China’s carbon emissions. Energy structure, efficiency changes, and population size mainly show
inhibitory effects on the decoupling of China’s carbon emissions. @ For the contribution of regions, from 2005 to 2010, the
eastern region had the strongest inhibitory effect on China’s carbon emissions decoupling. From 2010 to 2012, the inhibitory
effect of eastern regions on China’s carbon emission decoupling gradually decreased, and the inhibitory effect of western
regions on China’s carbon emission decoupling gradually increased. From 2012 to 2019, the roles of three major regions on

China’s carbon emission decoupling were unstable and changes considerably.

Key Words: carbon emissions decoupling; method of IDA-PDA; driving factors; spatio-temporal characteristics
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Table 1 Calculation parameters of carbon emissions

e A JEUE faIR B il oSt 4eh Rl KRR
Energy type Raw coal Coke Crude oil Gasoline Kerosene Diesel oil Fuel oil Natural gas
im0 (107 1ce/10%)

Conversion coefficient 0.7143 0.9714 1.4286 1.4714 1.4714 1.4571 1.4286 1.3300

of standard coal
CO, HE R H/ (10*t-co,/10%t)

Carbon emission coefficient

1.9003 2.8604 3.0202 2.9251 3.0179 3.0959 3.1705 2.1622

1.1.2  Tapio I #EAR
T HE TR 4 2 22 P3G 5 A AR HE S 2 0] 5C R RF L2 55 B 28 I 0 i BRAR B RO HE G TE & TR K
(M SERE -2 e ) SR ME A4 5€ 2R SR FH Tapio EAARR AL I 448 450, J7 ik AN
b - %AC, ) c, -c_)/c,, ()
" %AG, (G, -G, ) /G,
K, e e = 1 3R ARSI, D, A AR T 2 P K SR IS8 8, AC, SikHE Y
H, AG, J GDP HiH, JHE SR BRI KRR IR ZS 4y \FP AR FRILE 2,

R2 BHRSEHRGIEYR
Table 2 Decoupling state and decoupling index

WHIE I KR (%AC,) 4TI K (%AG,)

M%ﬁ{t ﬂn%%;ﬂ Environmental pressure Economic-driven growth %%%?&@’)
Decoupling state Decoupling type growth rate ( %AC,) rate (%AG,) Decoupling index (D,)
Jit 4 SR (SD) <0 >0 D,<0
Decoupling S (WD) >0 >0 0<D,<0.8

TR (RD) <0 <0 D,>1.2
L PrikiEgh(EC) >0 >0 0.8<D,<1.2
Coupling FiIRELE (RC) <0 <0 0.8<D,<1.2
B Bis 5B (SND) >0 <0 D,<0
Negative decoupling 55 fUBi4E (WND) <0 <0 0<D,<0.8

Pk A4 (END) >0 >0 D,>1.2

1.1.3 IDA 4pfifis
HA2 Yoichi Kaya 78 IPCC WF 2 B3 9 kaya 1HAE 2 % A AumcHE R 438 S HE R B | RE U 5
BE A4 GDP FLE D VU, BAA /i Joik2s SRmps J1am Ber B s i b PR kaya [,
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Y 13
Dk,t (Kk,t ’Lk,t 5Ek,t 5 Yk,t) = lnf{o {K/f,t ’L/r,L 1Ek,[ ’;,j € Tk,t} ( 11)

K, D, (K, , L, E, ;Y,,) FREHENHRA (K, L, E,) SEARKFE(T,,) THIrRELIE] A SEBR A ™
TTASHAHRWES, MG ERAR ™ HSd Ko & REENE 5, EidEERET, Y
(K,,,L,,.E,;Y,,) e T,, W, AD,(K,L,E,.,Y,) <1, BEGAE"HBICAT T,, FETH S5 R
S, BERE (K, L, E, Y, ) TR = 1 ok
Yoo KoLy By 3T ) =Y /D, (K, L LB, 5 Y, ) (12)
WRB R 1 - 1 AR WA (K, L, E,) A=Y, FHR R 2 e gn] LLE X

Y t
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= PECX Srr, X TR, (20)
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c, -c;' ( 1 J
AC,.. = x 1 23
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KA (21)—(23) W ARIA(4) AT LTS3

AC =AC, +AC,p o + ACyyy + ACy. + ACy + AC, + AC, (24)

P B HERCR i BB IR 454 (CC) (B RBC(PEC) BURABH (EFF) AR ML (TEC) 7l 45+
(YS) &35 KF-(ED) NOEUE (P) EAER4
1.1.5  TTMkEE i
F T 7 R #4808 I 25 37 B 45 b IX BT A M PR B A R0, DRI A 25 Yang 2600 A5 1%, 3%
T3 (2) K o RO 44 9K B0 PR 28 1) Bk BE EA T 40, DRt — 2B o0 = KM IX 9 SRR, ol FR AN F
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D=x¢rc
AC./C,, ACp/C,., ACu/C,, ACy./C,_, ACw/C,_, AC.,/C_, AC,/C,_,
TAC/G. T AG/G., | AG/G.. T AG/G., | AG/G., « AG/G., @ AG/G,
=Dy + Dpye + Dyyp + Dy + Dy + Dy + D, (25)
’ _AC/C, _AC,/C . AC,/C, . ACy/C,_,
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K, D,(i=CC,PEC, -, P) A (24) St B-E A~ TR 3 PR 28 ok vl sl s 42 45 250 ik, 28(26) 1,
AC,(i=ER,CR,WR) 73 5 v [ 25356 b3l A oG s b X Al me HE i 1 KB M 3, D, (i =ER, CR, WR) 1045
AN b DK e e HE OB P8 B0 DR, b AR v A 0 RIS A R A = R &SR A RS S
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1.2 HdEkii
TPEHL 2005—2019 4FEHE 30 M8 (T FIA X AUAH SCEARVE A B REAS | F T 75U JRITT 15 V5 R V8 8 55 1l
X BRI R I Z | DA IE AP K S IR 5 I PE R X 4548 — U™ b 45 S Ao BB IR T 9% A58 A 45 28 BRI T A
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45 T IH RN 2005 AT AR , HRAE K S 87 L AT 4548 = K7 ML ARS8 (2005 -0 4% ) .

=Dy + Dep + Dy (26)

2 HREHS

2.1 AR B

1R 1 E =KX 2005—2019 AFERRARBCE &L, 78 = KH DX rf ) 2R 58 1 DX 4 ~F- Y i HE s o5
2 AR L B K, R 47.32% , 6 2 30 1l IX 2 o ] 3 e HE iR Rt 5 LR b IX R 31.75% 5 75
TOHLIX & Fed /N, R 20.92% , MEhSMETR , ZR 3B X HE 5L R RFERa A, i 2005 4F 1 50.119% F &% 2019 4F
) 47.32% ; P HIX HEHE F TR R ek, i 2005 4R/ 18.48% - TH 2 2019 4E /1 20.92% ; H3ik sl X A /Mg BE |
T, H1 2005 4F 114 31.41% L FH5 2019 4E9 31.75% , X AT RESRS T AR M X B Tl AL FIBEIR B AR W & J8 , T
MR T TR HEBCRCR R B , HN B A 16 7K 18 36 150 R 7 M 255 #4) s 700 - 0 I3 AR T 0 355 448 K X0 R 1R 1 v A4
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Fig.1 Carbon emissions of three major regions in China from 2005 to 2019
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Fig.2 Carbon emissions by provinces in China from 2005 to 2019
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Fig.3 Decoupling of economic growth and carbon emissions for the period 2005—2019 in China
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Fig.4 Temporal and spatial characteristics of carbon emission decoupling in three major regions of China
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Fig.5 Temporal and spatial characteristics of carbon emission decoupling in provinces of China
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Table 3 Decomposition results of carbon emission decoupling index of 30 provinces in China

Hi X Region D, D Dy Diggp D Dyg Dy Dp

Jt3T Beijing -0.009 0.091 -0.304 -0.032 -0.728 0.003 0.713 0.249
K Tianjin -0.006 0.097 -0.249 -0.059 -0.730 -0.022 0.750 0.206
[t Hebei 0.266 0.059 -0.604 0.494 -0.607 -0.048 0.889 0.083
11174 Shanxi 0.273 0.011 -0.093 0.270 -0.812 -0.075 0.880 0.092
M%7 Inner Mongolia 0.515 0.000 0.169 0.005 -0.661 0.023 0.936 0.041
i1 Liaoning 0.429 0.044 0.280 -0.312 -0.600 0.034 0.972 0.010
FH R Jilin -0.321 0.161 -0.808 0.066 -0.737 0.046 0.978 -0.027
M3 YT Heilongjiang 0.284 -0.108 -0.101 0.081 -0.606 0.039 1.011 -0.032
_F¥#§ Shanghai 0.199 0.001 -0.320 0.008 -0.514 0.053 0.786 0.185
VL5 Jiangsu 0.386 0.071 -0.285 0.215 -0.578 -0.008 0.929 0.042
WL Zhejiang -0.099 0.009 -0.481 0.207 -0.745 -0.044 0.834 0.121
LB Anhui 0.381 0.036 -0.540 0.247 -0.439 0.105 0.933 0.039
& Fujian 0.284 0.031 -0.462 0.108 -0.394 0.037 0.887 0.077
YTV Jiangxi 0.557 0.006 -0.483 0.361 -0.386 0.078 0.926 0.055
1% Shandong -0.063 0.042 -0.662 0.056 -0.458 0.005 0.890 0.064
5 Henan 0.072 0.035 -1.082 0.461 -0.366 0.065 0.934 0.025
1L Hubei 0.179 0.024 -0.711 0.172 -0.321 0.052 0.934 0.028
WIHS Hunan 0.221 0.015 -0.605 0.100 -0.317 0.069 0.899 0.061
J" % Guangdong 0.195 -0.024 -0.794 0.251 -0.228 0.024 0.791 0.175
I8 Guangxi 0.340 0.045 -0.666 0.244 -0.353 0.096 0.912 0.061
775 Hainan 0.484 -0.015 -0.604 0.338 -0.284 0.069 0.870 0.111
K Chongging 0.239 0.005 -0.465 0.105 -0.422 0.054 0.887 0.074
PUJI| Sichuan 0.392 -0.004 -0.533 0.162 -0.293 0.090 0.947 0.024
FM Guizhou 0.331 0.034 -0.596 0.247 -0.363 0.045 0.977 -0.014
Z ¥ Yunnan 0.326 -0.022 -0.543 0.206 -0.360 0.078 0.906 0.060
B P Shaanxi 0.333 0.017 -0.389 0.064 -0.359 0.028 0.934 0.037
H7# Gansu 0.028 0.018 -0.873 0.324 -0.412 0.004 0.924 0.043
FF Qinghai 0.930 0.058 0.091 0.127 -0.408 0.063 0.913 0.086
T H Ningxia 0.974 0.025 0.180 0.071 -0.381 0.084 0.877 0.118
BriE Xinjiang 0.594 0.003 -0.191 0.276 -0.499 0.019 0.798 0.187
S35 Average 0.291 0.026 -0.424 0.162 -0.479 0.036 0.894 0.076
ZIFHIX East region 0.188 0.037 -0.408 0.116 -0.533 0.009 0.846 0.120
HEHLIX. Central region 0.240 0.020 -0.473 0.196 -0.516 0.045 0.937 0.031
PHRHLIX. West region 0.449 0.018 -0.399 0.183 -0.385 0.056 0.908 0.068

¢ FE T RS P ARMOME | AR SO R GETH 213 1 v IR 15 R G Kbl

TEAARAZ BBV T7 T, BRAL ST IRHEAIL T, A4S 13 i 205 s HE B S 98 B T 0, SR B IR
RO 1y B A PR BRRCR B, B AR R BEA R BT AH , fRCR A S i HE b s 2 m i . 5ol
P ML DX AR U, 2 988 DX 2880 3 A2 e FIE B B i AR/ , i I AR 3 A Bl X 2 T 4 DX A R A 28 B /N, —
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7 AT AR M DA DAy v [ A Sk BRSO (9 X, 55 30 1 3R ORIl 5 R K- i LR TH SR, fe it 1 2Rt
DX RETEM HIZCR 1 5 5 53— T, R P PR X R 8 1 AR BN RIS ARG A% (R 223t 1) BE IR ]
RORARRY ™M, B A PR X A4 1 £ BB RE Ty XSS AT AR AR B M BT R e dE 22 PR Ky B4
LS 3R AR SISO X P S -5 PG S bt DX A HE OGS £ B 1 1 P DR T AR M X, L2 A v o s DX o B e
Al Sy NS .

e B R RN T3 T, R348 3 B ML S R A2 A RELAS T BRSO 44 , 31X 55 v [ BB Be ik T — = —7
AP AL SRR G, XK 7l ZE R B HE O S48 B /DN BRI AR o (PR BIX X5 R AR fE
7l AR 1] DU RS B BRSE  R AEAR BOARIE B . AW 48 3 i SR AT Ll py YT VLA I 4 R e i
TRRHERC I8, 1A X 2645 O3 AE BT S0 AL M 45 A R DA R P4 T

TEZE T AU 7 T, 28 B 712 2% 48 40 T B HE OIS 440 1) e S DR 38, JFG v 2 5 K S X 2 8l DX ) 410 7
PRI RIS, P DX U 2, 6 S i X AR A e o 0 PR R I AR A A L X et A e i e JRE o Bt
ELAL T B K R /K- T R 74 st DX A T DR A R B B, 85 A JRE Bl T 5 | 28 B B DRk FREHE R T RE TN 9
K

TEN USSR, 5 T R 75 K SR VLA S R T N MG A 150 RIS B HE I 540 7 A — 5 ) BRAR 52
M b, N RS AR Lo v 2548 ORI HE OIS 54 S BELASHYE P o AR 2 e DX g 0 RHSREf i HR Jd  £410 7
PR, 2 2R T8 M DA A e HE OB A 9 55 — PRI WA S o DX ) 0 RS i HE AL 4 e 4 40 4 1 AR
XHZR A DR LB/, F2 B h T RERE 5 0 A R, N T DA I 3t DX 1) e K M X AR 3R P P X
N H [ AR RS ORI DN F ALY 5K | BELAS 1 BRI 24
2.4.2 P EBRHEROG A I S Sl N 3R TTRREE B

HE— 20 B HE 5 28 DRI A S RO A T 0 e, A B A5 2R AR 4 TN 6 o . BVAORE B8
ARFIEA A 2 e 2 H el HE A58 0 14 5 R A 50, X6 vl ol A5 40 405 S50 140 - 223 BTk € 2331 4 - 200.50%
F1-198.62% , 2014 4FHi , B HR B 58 F2AKEEE R AL D), 2014 AR5 FEARSERORIED | ]I 25085 A0 i A
TRORE $4 ) (e AR SR Dy s 3, B R 2D Al ERICR S s B 9, ORI AE 2010 AF X i 48 14 42 2EAF ]
AR, 3R A Y s HE B AR I ARAS B0, B 2008 4F 4Rl LS AR 2855 S 5 — 255, TRk LA
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Table 4 Decomposition results of carbon emission index in China

/ﬂjﬁj\ Year D[ DCC DPEC DEEF DTEC DYS DED DP
2005—2006 0.791 0.032 -0.161 0.114 -0.266 0.094 0.911 0.067
2006—2007 0.553 0.043 -0.415 0.157 -0.283 0.083 0.905 0.062
2007—2008 0.561 -0.058 -0.352 0.183 -0.253 0.056 0.906 0.080
2008—2009 0.520 0.007 -0.631 0.159 -0.057 0.062 0.905 0.075
2009—2010 0.333 0.046 -0.661 0.325 -0.432 0.083 0.889 0.085
2010—2011 0.781 -0.021 -0.174 0.262 -0.390 0.077 0.978 0.049
2011—2012 0.325 -0.006 -0.523 0.099 -0.300 0.053 0.946 0.056
2012—2013 -0.657 0.088 -1.555 0.062 -0.226 0.037 0.879 0.057
2013—2014 0.225 0.040 -0.515 0.256 -0.517 0.005 0.891 0.066
2014—2015 0.032 -0.018 -0.496 0.394 -0.756 -0.030 0.865 0.073
2015—2016 0.174 0.006 -0.407 0.506 -0.842 -0.027 0.852 0.085
2016—2017 -0.269 0.041 -0.669 -0.190 -0.358 -0.038 0.866 0.080
2017—2018 -0.325 0.051 -0.473 0.056 -0.899 -0.021 0.884 0.078
2018—2019 0.320 0.069 0.289 0.086 -1.103 -0.016 0.919 0.076
BAEYIH Average value 0.240 0.023 -0.482 0.176 -0.477 0.030 0.900 0.071
SEF 5 e Average percentage 100% 9.50% -200.50% 73.36% -198.62% 12.44% 374.44% 29.39%
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Fig.7 Decomposition results of the decoupling index in three regions from 2005 to 2019 in China
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