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Decoupling effect and driving factors of net carbon emissions and economic

development in the Pearl River Delta urban agglomeration
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Abstract: Economic growth is accompanied by the continuous increase in carbon emissions, exacerbates the severity of
global warming and climate change. Analyzing the spatiotemporal characteristics of net carbon emissions and identifying their
decoupling effects from economic development, along with the influencing factors, is of great practical significance for
promoting regional development strategies towards low-carbon, green, and sustainable practices. Taking the Pearl River
Delta Urban Agglomeration as an example, this study analyzes the carbon emissions at the municipal level and the
spatiotemporal evolution of carbon sink capacity, representing the extent of net carbon emissions using the Ecological
Carrying Capacity Index. Simultaneously, the Tapio decoupling model is employed to assess the decoupling index between

net carbon emissions and economic effects, supplemented by the Logarithmic Mean Divisia Index (LMDI) to identify and
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analyze the influencing factors of the decoupling index for net carbon emissions. The results show that; (1) From 2000 to
2020, the total carbon emissions in the Pearl River Delta region exhibited a trend of rapid growth followed by a slower
increase, with the emissions increasing from 1.75x10° tons in 2000 to 4.87x10° tons in 2020, representing a growth rate of
178.29%. (2) During the same period, the carbon absorption capacity in the Pearl River Delta region increased from 1.84x
10° tons to 2.06x10° tons, with forests and cultivated land being the main contributors, accounting for over 97% of the total
carbon absorption. (3) The carbon ecological carrying capacity index in the Pearl River Delta region exhibits significant
spatial differences, showing a trend of being lower in the central areas and higher on the periphery. The peripheral areas,
such as Zhaoqing, Huizhou, and Jiangmen, have a high ecological carrying capacity index. In contrast, cities like Foshan
and Dongguan display a lower ecological carrying capacity index. (4) Factors such as carbon emission intensity, energy
consumption, efficiency, and population have significant effects on the decoupling effect between net carbon emissions and
economic development. Enhancing ecological services and increasing green space management contribute to strengthening
carbon sequestration capacity, thereby promoting the decoupling of carbon emissions from economic growth. Based on these
findings , the study suggests that the Pearl River Delta region should prioritize strengthening carbon sequestration capacity in
its future development. Additionally, the region should adjust its industrial structure and energy mix, gradually reducing
reliance on high-carbon emission industries, and promoting the decoupling of economic growth from carbon emissions. This
approach is crucial for the region to address global climate change and achieve carbon neutrality goals, playing a significant

strategic role in this endeavor.

Key Words: net carbon emissions; decoupling effects; decoupling index; LMDI; Pearl River Delta Urban Agglomeration
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Table 1 Emission parameters of fossil fuel combustion

) HIE He A 7 HIE Hel A 5
By Al 9 K
E:u{ﬁjéi Net caloric value ~ Emission factor/ E:b/ﬁﬁ - Net caloric value Emission factor/
nergy types /(108710 1) ( CO,/T)) netey types /(10%)/10* 1) (1 €0,/ T))
JEHE Raw coal 0.21 96.51 75iH Gasoline 0.44 69.3
LekEHE Cleaned coal 0.26 96.51 3 Kerosene 0.44 71.87
HABPEME Other washed coal 0.15 96.51 LEH Diesel 0.43 74.07
T Briquettes 0.18 96.51 B Fuel 0.43 77.37
i Miit=4
HEH Coke 0.28 115.07 A 0.51 63.07
Liquefied petroleum gas
FENES Coke oven gas 1.61 78.8 )T Refinery gas 0.47 73.33
o i ql 7
ik {JC,FE m 0.28 100.64 FARK Natural gas 3.89 56.17
Other coking products
J5Lih Crude oil 0.43 73.63

(2) T SRR %A
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CEcemem — ™ cement cement
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Table 2 Carbon absorption rate, water content, economic coefficient and root shoot ratio of main crops

HEAEY CT{E)

l(BIES) K HHIE IS i HR i
Cereal crops

Crop types Bean Sugarcane Peanut Tobacoo Potato Vegetable
(average value)

R Carbon absorption 0.457 0.45 0.45 0.45 0.45 0.423 0.45

£ 7K # Moisture content 0.123 0.13 0.5 0.1 0.17 0.7 0.9

2235 28 Economic coefficient 0.417 0.35 0.5 0.43 0.55 0.7 0.65

M . Root shoot ratio 0.533 0.13 0.26 0.2 0.32 0.18 0
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At 3 R AL A, b K3 DA R R AR
C,= 2 Ay xCAy =1, 45 7=1,.9 (4)
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Table 3 Carbon absorption rate of different land types

el At Bl K3 A
Types Forest Grassland Aquatorium unutilized land
TR Carbon absorption rate/ (kg/m?) 0.6125 0.0205 0.0245 0.005
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Fig.1 Decoupling indices and decoupling types
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Fig.2 Carbon emission characteristics by industry in the Pearl River Delta region
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Fig.3 Spatio-temporal characteristics of carbon sink in different land types in the Pearl River Delta region
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Fig.4 Spatial distribution of Ecological Support Coefficient in the Pearl River Delta region
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7 (R RSl SR PRI AL AR Wl D i HE B i, TR IR 2% 2 R S T2 05 R KT 3B 45 Iy s B A4 5 2%

F4 2000—2019 FEHR=FiX SN ES GDP BB EIR R

Table 4 Decoupling situation between net carbon emissions and GDP in the Pearl River Delta region from 2000 to 2019

Hi X 2000—2010 4F 2010—2019 4F

Region MHAAFEEL Decoupling index IRA Status MAAFEEL Decoupling index IRA Status
S IX 2.33 kAL A 0.32 55 1 4
IR 0.90 Pk R A 0.11 55 4
il 0.67 553 i 4 -0.02 SR 4

E NI 0.04 553 i 4 0.10 55 14
wIH 0.67 553 i 4 0.13 553 i 4
REET 0.32 55 i 4 0.94 MK
BT 0.17 55 i 4 0.19 553 145
Wil 0.65 55 i 4 -0.01 SR 4
Tl 0.27 55 i 4 0.75 55 4
VLI -0.79 SR 4 0.32 ER) KAl

2.5 Al HEm I AL R e IR 2R A b

[k 2000—2010 4 [E] )M Ah  icHE R BE K2R AR 55— B Be (2000—2010 45 ) F5E — i B (2010—2020
AR ) BYBR = A b X R HE OB B A 2 IR VE P 45 b i B HE OO B DR R I A8 £ /T O, AN R F R HE Tl
B 5) , BB ZB0M T 22 038 2R 257 )2 UK A0 2 J Z M6 FL % TR BT R A R B8y, Fp il YT ) i 75—
B B T P PR 28 X v i HE T 446 A o TR A 3550 g Ay B kA R 3k PR R 7k — It i) B3, ARz [ 5%
R, P B AR T, Tl B AR AL 28 55 B 7 1) K Je . R IR AR R 3R E 55 — W BORT ¥ i HE 75 44 A7 2 A
VER , TAESE 0 B B T VLT A It B 2 i A2 A R e A28 s il 4 ), 222 R R 2k = ML X A A
PIREIRTH AL T84 LT B, X — BRI AN 28 TR IR 1) & Ji | 3t Bk = Al DX g IR sk | R R 22
TR R BT ), BEVRASCR N A e wE Bk = A H DX Rk HE R 44 1 T2 B N 28 22 — REJRUCR N R
FEXF S — B BE, 7650 B B 45 b i A i HIE A J38 #2550 07 1) B iR R R B A2 AE A MR o Xt i B AT S 4ok Bk = Ay
H X 50 Tl 3% e RS IR REAE R K HE . REVRRICR B AE ) sk fl, SB—Br B, AR &Stk =
945 M T B HE R 440 2 TS MR S 1 T TS0 — I B, 1% R 2 A TS 3] 7 B b4 T, B 4
GrORE BT Bk = MAHb IX 5 | 5 24 A AT A, A H 2000 4E10 4287 J7 A3 T 2020 4 6446 J7 A, T
HRZ TR & R ALK, FE IR, N T8 A0 91.7% , i 45 N 11 DR 22 568 3uk T Al Il s 1 420 40 418 08 47 B sk 44
T e A 25 KT PR 2R il PR 20T B — A Ik T AR P i FIE 00 0 0 B VR R X v s HE B 1) TR
X U B 38 PR 26 7R S T i HE O A A R AT T Bk = A T R o R e R R 92 T R Y
A R0 7S HR RS G Mk Ti iILRE T, SC At & - PR R AN 0 &
2.6 URAES T

FEARMF I, FBe SR A7 AR E M, WTRE S EOR TR A ZE R, Rk, RS S A B BE AR T AR
SEAS T R A R R, AR R R T = AN R AR 2 AR R B R B L R 22
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Fig.5 Factors decomposition of decoupling index between net carbon emissions and economic development in the Pearl River Delta region
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TFRBUNBIE . N T AR AR AEE  HET TORERE PR AT . ARHE AR RIS | B PR AR i
AR5 S BB L, e An AR A BRSO A 0.601—0.612 , SR FHZ2 S E0UBE 0BT ( MPSA ) SR AR A5 R0 7 504 1
SEVET TR AT SRR BTSRRI R BUE S A T BEHLRE A S TR S RO R B H AR, JF B
N(N=1000000) K, X5 K BAMES N WA (E AT LU, DL PR Al B2 FIAS n] 4552 94, JF il ]
P22 AN AT 5657 5 AF 1) BRI R A0 A1 B 28, T AR Kolmogorov—Smirnov K B0 PAS RS S B0 A G U
B, BRI SH A X B A — 5 B SR E | UK (3R 5) , X R UIFRAT BT 45
SR B e 0 AT SRR A

R5 FHRHANESSBHEBRMESTER

Table 5 The multi-parameter global relative sensitivity analysis results of net carbon emission

HIX. Region 2000 2010 2020 H1IX. Region 2000 2010 2020
JoN T 0.0013 0.0012 0.0016 BT 0.00165 0.00170 0.00275
il 0.00232 0.00161 0.00106 YRt 0.00144 0.00119 0.00196
Zepcili 0.00135 0.00255 0.00171 il 0.00210 0.00144 0.00168
I 0.00137 0.00128 0.00123 VLI 0.00127 0.00104 0.00119
REET 0.00203 0.00174 0.00104

3 Fit5iTie

(1) B4R RE )1 - 2R — A b DX RIARE B RE ) BUAT AL BE 2317, 45 1) 2 v 18] 3 DX Rt BE ) AL AR Ay ] e
AT X e 0 g TR BRI ¢ (5 B A DG, AN ST R T2 T AR R TR AR [ I, A G i XA 5
VRN aE A2k = f1 (10 B 31 AE 7, G 3t () JF J R BUAB A I00 H 8¢ 57 X OBtk 31 38 4, S Ap i I T H A S
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JRCH) LRI A | B R 2RISR
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RIS R U > 45 1 T BRI PRAR A B A T30 v B IOR 22 T 2 o 1) 5t B85 0, i 113 B
AR BRI,

IRy
IR

[aYa g aYay

22 3L Hf ( References) :

[ 1] ks, FBOF. 3" BAR T EREIR CO,IHEMARDST. i E LR AH, 2022, 35(4) : 22-30.

[2] TR, BE, BB o ERAE L RHER A B RRAE S IR S R, T EARL IR S5 X R, 2022, 43(5) : 1-11.

[3] Bka&Wr, EH, Mo SO SRR S mHEEOC R i —3E T —aF — B TR B R SSIERF 5T, 3Rk, 2021, 35 (10) .
44-48.

[4] XuWH, Xie YL, Xia D H, Ji L, Huang G H. A multi-sectoral decomposition and decoupling analysis of carbon emissions in Guangdong
Province, China. Journal of Environmental Management, 2021, 298; 113485.

[ 5] Zhang M, Song Y, Su B, Sun X M. Decomposing the decoupling indicator between the economic growth and energy consumption in China. Energy

Efficiency, 2015, 8(6) : 1231-1239.

http ; //www.ecologica.cn



1314 JAE = 45 4

[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]

[22]

(23]
[24]

[25]
[26]
[27]

[28]
[29]
[30]
[31]

TR, HOAL. I RRHE OB RN I 2S RRAE S AR S B RS A A AEHR, 2024, 44(6) . 2228-2243.

WHEFRE, TR, BURAR. AR SR A A T o A S HE B A U K ST AT, XA BEITIE, 2023(5) ¢ 120-130.

SRR, AT, XS RO Tl P S B BB 56 R M SSIES T, Seit SRR, 2013,29(21) ; 105-108.

sk, EAMETT, A, W, 23 b E L HE R OC R B IR A REAEE AR, WIREL:, 2022, 44(4) : 744-755.

Bobkz, pSEOR), GHETR, HIEG, MR, X, ZRARSE, RSNA. ST R B 0N R AR EIHLEITET. BREERLE SR, 2021,
44(11) ; 55-62.

R4S RUHESLIR I R i R R S BRI A B AR 6 RS —— R T LA TR R BN AT, A4, 2023, 39 (10) : 107-114,146.
WRER G, S IDe 25 B BT I T KR AR B O #2500 —— £ T GDIM B9 R 3R 4. P I SR8 B)24 , 2024, 44(5) + 2853-2866.
B, et RGBS Tl B HE B 44 IR 3R A3 52— LAV ). BEURIF & 511745, 2018, 34(6) : 766-773.

TEILE, 20, ARy, ML, TR, B, T RERCHEZ AR o A S A SRV S s RS R AT HhERRRAE AR | 2021, 40
(8): 1284-1297.

Ik, BAVLHS, PVENS, TRUE, a2, AUV, E A BRI AR AR SO B R SR S R R BT . AR AT, 2021, 37(9) : 27-33, 39.
TEZME, WeAFB, FAE. b E AR S X IR B RRHE IO 23 RHAE 5 AN BT . Al BEIR 5 REE 2441 , 2018, 35(3) : 269-275.
RER, XVER, DIEM. BT MR 08 SIERHE A R4 S —— DL R T O ). A SRR AEAR, 2021, 36(8) : 2081-2094.

gk, X B e A A I 25 R RS R R AT AR A T, 2021, 37(7) : 35-43.

JEUERS, EhE2 O ORYE, Eehih, VE& . BTN [ AR SR A B HE S R, TR IXHFSY, 2016, 33(3) : 486-492.

Shan Y L, Guan D B, Zheng HR, QuJ M, Li Y, Meng J, Mi Z F, Liu Z, Zhang Q. China CO, emission accounts 1997—2015. Scientific Data,
2018, 5(1): 1-14..

Li KJ, Zhou Y, Xiao HJ, Li Z, Shan Y L. Decoupling of economic growth from CO, emissions in Yangtze River Economic Belt cities. Science of
the Total Environment, 2021, 775 145927.

Liu Z, Guan D B, Wei W, Davis S J, Ciais P, Bai J, Peng S S, Zhang Q, Hubacek K, Marland G, Andres R J, Crawford-Brown D, Lin J T,
Zhao H'Y, Hong C P, Boden T A, Feng K S, Peters G P, Xi F M, LiuJ G, Li Y, Zhao Y, Zeng N, He K B. Reduced carbon emission estimates
from fossil fuel combustion and cement production in China. Nature, 2015, 524(7565) : 33-538.

/N PROETTAE 30 APk A 25 AR GERR IR/ 1050 B Stk /sl AR A, RETUARME AL, 2021(8) « 97-104.

JElGE, EARR, XSS, W/NAR, S, G T R Al Y i A el HE A s 22 e M Bk MR Y. M BEAL 2, 2019, 39(12)
1955-1961.

ER, kA, BEE, B AR SIS L s A ARG S T R SC RIS, FARBTIRSAAR, 2017, 32(7) : 1170-1182.

EWR, A, BEE, KR, T2, TR OKR RS 25 KR KRR ——LLSRR S 6. 5K #BE, 2020(6) : 108-113.
FEWMR, XUBRTE, VRER, LB, AT, ORI X 2 BT Tl FAK A S RN K OCIRE R RS T IR IR 5 PR, 2019,
33(11) . 70-76.

Ang B W. The LMDI approach to decomposition analysis: a practical guide. Energy Policy, 2005, 33(7) . 867-871.

SERRVGE , JHZSER. MRBRALAA R HRILZ T T R B HEB R 25 18] 43 5. ZR3F 3, 2019, 39(2) : 190-198.

T A ANGE R, BEUI. VORI T A SIS G 0 . A TF LI, 2024 ,44(5) : 161-171.

BOTA N AR AT L SR HE OB RS S IR S R R ST, AR LT ,2024,40(04) ;13- 19+54.

http ; //www.ecologica.cn



