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Abstract; Cities are one of many carbon sources. According to the Intergovernmental Panel on Climate Change (IPCC)
AR5, CO,emissions from fossil fuel combustion and industrial processes contributed about 78% to the total Green House
Gas (GHG) emission increase between 1970—2010. Total annual anthropogenic GHG emissions have increased by about
10GtCO,-eq between 2000—2010. The increase directly came from energy (47% ), industry (30%), transport (11%),
and building (3% ) sectors, which mainly exist in cities. Urban expansion and urbanization can affect urban carbon
emission. Studies show that there is a long-term and stable relationship between urbanization and carbon dioxide emissions.
The relationships between urban carbon emissions and indicators, including urban development intensity, urban land use,
and the industrial sector, are studied extensively. During urban expansion, the quantitative and spatial features of urban
lands can both affect carbon emissions. Therefore , urban form was added to the possible factors influencing carbon emissions
in this study, which may be different from previous research that has focused on the relationship between urban growth and

carbon emissions. However, in some related research, when urban form has been added to the indicators, the objects were
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residents or the transport sector, and they lacked quantitative indicators to verify the conclusions. The definition of“ urban
form” in this study was landscape pattern which was characterized by landscape metrics, and the study area consisted of 13
cities in the Yangtze River Delta. In this study, we analysed the shift of the gravity center from 1995—2015 for carbon
emissions of the study area, and defined the decoupling index as well as analysing the temporal-spatial changes of the
decoupling relationships between carbon emissions and urban growth in the study area. We also built panel data models to
estimate the impact of urban forms on carbon emissions. Based on that, the conclusions are as follows: (1) The shift of the
gravity center from 1995—2015 for carbon emissions of the study area was southwest-northwest-southeast-northwest. The
shift may be related to the development of industry and change of industrial structure in some cities during this period. (2)
There was a significant temporal-spatial heterogeneity in the decoupling relationships between carbon emissions and urban
growth from 1995—2015. The leading decoupling relationship between carbon emissions and urban growth of the study area
changed from expansive negative decoupling to weak decoupling from 1995—2015. The difference of decoupling
relationships between cities narrowed after 2005 and the overall decoupling relationship of the study area became
homogeneous. In 2015, almost 70% of cities reached the decoupling state and the decoupling states of Shanghai, Shaoxing,
and Taizhou were strong. (3) Urban carbon emissions can be negatively influenced by the dominance of complete patches,
and positively influenced by the degree of fragmentation and aggregation of urban patches. Carbon emissions can be more
sensitive to the more aggregative distribution of the urban patches. This study analysed the relationship between carbon
emissions and urban growth, as well as exploring how urban form can affect carbon emissions. The conclusions could provide
scientific references for the policy making of low-carbon development strategies and land use and urban planning of urban

agglomeration in the Yangtze River Delta.

Key Words; carbon emission; urban growth; urban form; panel data model; urban agglomeration in the Yangtze

River Delta
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Table 1 Accounting catalog of carbon emission

T H Trem WHER S B 5% Accounting catalog of carbon emission
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Table 2 Carbon emission coefficients for energy

P PR RRARS R AL B HE I R B PN PRAEES T R B S 3 &%
AETR . _ .. Hen . - .

Conversion coefficient Carbon emission Conversion coefficient Carbon emission
Energy . Energy ici

of standard coal coefficient of standard coal coefficient

B Raw coal 0.7143 0.7559 FEI% Coke 0.9714 0.8550
J5tih Crude oil 1.4286 0.5857 73 Gasoline 1.4714 0.5538
J83H Kerosene 1.4714 0.5714 L5 Diesel oil 1.4571 0.5921
JREHH Fuel oil 1.4286 0.6185 KRS, Natural gas 1.2143 0.4483
i JJ Electricity 0.4040 0.7935
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Table 3 Carbon emission coefficients
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Table 4 States of decoupling by Tapio
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i £ Negative decoupling ) >0 <0 <0
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5517 B 44 <0 <0 0<D<0.8
Ji44 Decoupling 54 5 ) <0 >0 <0
55 i 5 >0 >0 0<D<0.8
iR <0 <0 >1.2
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HIRELS <0 <0 0.8<D<1.2
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Table 5 Descriptions of landscape metrics
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Landscape metrics Abbreviation Description

N ; SO PR R BERY A (m? ) BR AR T AR (m? ), TETELL 100 (5538 43 L)
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Table 6 The decoupling value of carbon emission and urban growth of 13 cities from 1995—2015

. 1995—2000 2000—2005 2005—2010 2010—2015

Cities %AC %AS D 4‘}““ %AC  %AS D % %AC  %AS D “ %AC %AS D 4}‘
State State State State

M 0.38 -0.01 -37.11 S&HBH 116 0.18 648  FikGUbiEA 051 024 215  FIkGBHE 020 015 135 Pikfbia

B 145 0.0 1512 ¥ikfbis 089 0.92 097  K#EZ 019 0.2 1.65  FKGME 005 0.28 0.16 B5Linkn|

X -058 037 -159 SR 9.80 1.82 539 Pikfis 025 0.4 1.80 PIKGM 019 022 089 KL
Gt 0.87 091 096 HKELS 060 2.60 0.23 File 123 014 878 4Gl 004 031 0.12 $ 4
[EE 0.14 0.6 089 HKEZ 062 024 259  PIKGABEA 028 029 095  HKEZ 021 013 170 Pk
T 0.62 015 4.02 ¥ikMM4 -029 096 -0.30  EHMEA 316 0.05 57.88  YEKGEE  0.00 014 0.02 4
Lifg 0.15 006 2.62 #ikMBH 037 026 139  FIKGEME 024 016 158 FEKHEE -020 0.05 -4.09 SR
N 263 0.10 26.63 YIKAEH 115 099 117 #HCELS  9.00 020 4475 FkGAEE -0.89  0.20 -4.41 SR
Bl 129 033 391 #iKHME 108 048 226 KGN 065 020 320  FIKGURE 008 0.3 0.58 M4
= 039 0.07 583 YIKMEH 029 140 0.21 BRI | 207 0.13 1642  FikGUEE  0.00 059 0.00 SR
M 045 046 097 HKES 184 112 165 PHKHEHHE 063 008 820 HKGMEH 015 025 061 EE] el
T8 0.94 0.04 2142 PikME4 L1l 040 276  FIKGME 038 020 1.87  PEKGUBE 005 010 0.50 4
Sl 201 013 1548 PikFMA 057 024 235 PIKAME 034 006 551 PEKGAHE 472 029 1641 Pk
FPRAC ABRHEBEAEE AC/C,%AS Fyki FIbEI AR AS/S, D A AR (1 X 6)

2.2.2  PREPIRAS ZS A% Ja v A
1995—2015 4EGiHENC S 3T b K 1 B AR A8 2 ] 20 A AR 2 s o VAR &, 1995—2010 4EfiHE
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T T P ML K 0 B ARDIR 25 LA 31 B 44 A G K 4 45 R 3 T 2010 4E LR, 58 55 44 & 35 S 07, 2005
AE LA, B = A3 T A P 0 SRS %) IX s 2 S e A, 25 B 00T 0 R, 17 058 42 A5 A i PR A8, 2005 4F LA
Jei , DRI ] A A RS 22 S TP LR 4 /I W5 DX B (R 1) I A RS e 1) [

1995—2000 4ERFFE XA 8 AT (WM 72 I 492% FR (G JCE AR ) B HE ORI 38 T P M 1
KZERY sk AR, b7 S 62% 4 3 DT (448 e s AR N ) a8 GEADIRE ) B8 23%,
A 3 DRy N 43 531) A ROt A0 DR 25 %) I 67 TR AR (5 O A AR i £ R4 ), BRIk — s 30D P 4 K 2 (929% ) A3k T i
RSP | 280 2 Je 2 it e i FH b S A e T3 o iy s A 1 3T P b S R A RS . 2000—2005
A B B SN TCB AL AE K = AL A, LA T 1 B A B A AN R R B AR AL Bk B B A 1Y
FAR A X A R T R A D TR T S BE  AH R BRI S A B A RAS B b 1 R IR AR X 1
Sl DX T FH B G K T S B R HE S A T D . 2005—2010 A BREE AN, AR T Y o Bk SOl
BRI = A3 B E A BRHE IO 30k 7 8 K 22 1R A0 56 SR T 4R E A TA] 11 2010—2015 4F (WA 4 4>
T CRM 382 R AR L) S A S sk UL, ORI B A B 1 R s AR BFSTIX 4
IR 70% , For g 2826 E M s BEERAS U LA 28 24 00 M 4 e B e vy, LA HE B i 3 i FH b
SRR B T —4.41 , 3 U B BRHEBCLE SR T 3G K ) TR BN S T g il ELI/ S8 24 Ak Tl FH i G K
KK 4.41 1%,

1995—20004¢

2000—20054 2005-20104%

>z

2010—20154E
0 300km
L 1

i

[0 s Miss
] sapisn
0 ks
0 ¥k e
R

2 1995—2015 E£RK = A mEmA R ST A KEHRE= B2 56

Fig.2 The spatial distribution of the decoupling relationships between carbon emission and urban growth of 13 cities from 1995—2015
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2.3 HAFCSWAIEAN R
2.3.1  EAREIERL

FEFTRE EE A TR AR B A A v 3R 5 i 5 A SOULAK JR) 48 BV A 7Y i) A R A2 o, Bl HE S A A A
RS, 5 MBS ETE Eviews FF AP R PEAG 50 AN DR EEAG S0 O 45 SR AN 7 AR 8 s, Wk 7 mI 1, HR
ARSI R W, K AR R, ARSEAHF T AR AR ™ | B 8 M4 SRmT i, T A AR s i 4 ) PP Seit
w4 E] ADF it E35E T T 1% 5 F KRS, B4l PP Seits M4l ADF Giit it 7 1%58 5%
M E ARSI R AR Z AR E VR

Fx7 TRERBER
Table 7 Results of Unit Root Test

ARt Levin, Lin & Chu t * Zgiti# A Levin, Lin & Chu t * it

Variable Levin, Lin & Chu t * Statistics Variable Levin, Lin & Chu t * Statistics
TeHERL S 4 Carbon emission -9.20842 %" CA -2.43317 """
LPI -3.78315*** CLUMPY -5.03459 ***
NP -3.37125*** COHESION -5.21809 ***

sk e NI T 1% Y S PR SEAG 56

x8 MERERFITELER
Table 8 Statistics of Co-integration Test

PRI HN v gitE 4N rtho Gitie 41N PP Siiti 4N ADF SGiiti 400 vho Giitim 4HME] PP Giitie  4HM8] ADF &itim
K geit B} . .

Test statistics Panel Panel Panel Panel Group Group Group

o5t stalishes v-statistic rhostatistic PPstatistic ADFstatistic rhostatistic PPstatistic ADFstatistic
LPI -0.76 0.74 -2.64 ** -2.61 ** 1.74 * -4.79 *** -5.32 ***
NP 0.23 -0.13 -6.09 " -5.82 *** 1.64 * -6.02 *** -5.47 ***
CA 1.25 -0.48 -3.79 *** -3.81 *** 1.34 -6.52 " -5.83 ***
CLUPMY 1.05 -0.21 -3.41 ** -3.41 ** 1.70 * -5.55 *** -6.61 ***
COHESION 2.27 ** -1.16 -7.52 7 -7.30 *** 1.22 -9.30 *** -8.20 ***

s o F YRR T 10% 5% 1% 1Y 5 35 K T4 56

2.3.2 g AR R A T

T 3 TR A 56 2 5, T AR R AR R B AR R A
5 R K A R AR S SR M SR L R T Tk
T=5, 00 k 5 Koh 3, RN 2 0] % 3 AN AR

%9 Hausman #IELER
Table 9 Results of Hausman Test

L Chi-Sq. ZitH:

T BB 5 SR 4 B SRR AR Se pEDO X Model Chi-Sq. Statistic
5 AR A LT 3 F A (1) feHEcE i S5 B 1 Model 1 2030
BUNP) e KBEHAEE(LPT) MBS 2SR AL (CA) 5 584 2 Model 2 11.55%%
BLR 3 Model 3 9.06"*

(2) BRHER B S BEHEC (NP ) BEHR SR AL (CA) Al
NV BE (CLUMPY ) 5 (3) B HE B 12 5 BE B 45 & B
( COHESION) | BEH AL (NP ) Flf R BEHFEEL(LPT) , FHR Hb 3 3 FhAS S 20 A T DA LN 3 Fhi AR 2 i A

Hausman F 525 R U15R 9 7R, 3 PR Hausman K56 S TR T 5% 8 EPEKERE I, BIHE 4 T
TZAGETR Sy Bt WL ASOR AR 1 AR R, A 3 o 78 45 Sy ] A58 P A AR

F RS AR UL 10, DMEARY 1 M, 1E 5% B E MK T, F,>F(48,13)  RIEYE TRk H,, H F,<F
(36,13) , BP4%52 TS H WOy 1 07 Ay /A8 AR | ] B m] 75 L s R A 760l g 73 AR A AR

254 Hausman K256 F1 F G I0 AO25 5%, vl LU B AT 180 LT 3 kAl

LnC, = ¢, + B,LnNP, + B,LnLPI, + B,LnCA, + pm, (F%4 1)
LnC, =c, + B,LnNP, + B,LnCA, + B,LnCLUMPY, + . (1% 2)

w o F1 R NFRORIE L T 10% 5% F 1% 4 5 K EAG 56
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InC, =c, + B,LnCOHESION, + B,LnNP, + B,LnLPI, + u, (5% 3)
Hor, ¢, A BRHER S i RRIE ¢ i AL B A AR I R AL, ¢ B AR

Fx10 FRIEER
Table 10 Results of F Test

B 1 AL 2 LAY 3

Model 1 Model 2 Model 3
&% H, Hypothesis H, F(48,13)< 4.04 F(48,13)< 3.75 F(48,13)< 2.41
&% H, Hypothesis H, F(36,13)> 2.06 F(36,13)> 2.07 F(36,13)> 0.54

o F1 S RIFRIE T 10% 5% 19 ) 5 3 K F R 86

T4 T LA 3 R A A THEE R LAY 3 1Y 3 AR R R R i R BOE A T 1% 1 A KT
5, H F et iR RPEFRIE T 1, BNZEA SRR B . B8 3 9SSR RN 30 A R B IR H e
ORI BE 4 G BE AR A HE U B 1 R B N, e R RE B8 50 5 RO i 52 SRR OC , SRS BOR B 245 5
S mHE R i S A DG, ELA i TR X i L e 1) S e LR A ] IS Ay W Y S RE B4 FE T B HE )
1E [ S MR S 1R 1K 250.1% , 376 88 LAl g R AR o

R11 HERBEREGITER

Table 11 Results of the panel data model estimation

A B 1 B 2 B 3 AR B 1 B 2 R 3
Variable Model 1 Model 2 Model 3 || Variable Model 1 Model 2 Model 3
LP1 -0.83*** — -1.24*** || HHI Constant 5.58"* 15.25"** -1137.333
NP 1.63** 0.64* 0.97"** || R? R-squared 0.80 0.78 0.88
CA 0.34 0.11 — F 5 F-statistic 12.71 11.48 24.21
CLUPMY — 185.97 *** — P f& Prob( F-statistic) 0.0000 0.0000 0.0000
COHESION — — 250.10***

TERATY 3 vh | e R BEBRAR RURE NS S 1% 22 58 B A bR A DXCIl0rb A 2 S R B2 1) s i K BRE B i R B B
ULRE S B BRE LR BB R AL RE E | T BREBR A5 5 B2 DU S e 1 JRE B 22 () 4 TR 45 B RS AR RE I8 LA R 2SRRI 4 5
R ) R A DI 1) R | st R A B A R R T SRR A FEE 2 X IR v B HR A i i i R BEBRAR RO A
T BR A A7 17— BREROT SR P 1) T2 S AR L 1) o BB R I e Wit XA A 3 4 PP i I BRE R T 3
Bl 35 B R T R UL, AN A1 X 2 18] B EL S i SR 0 SRRSO nAS WA AIG, A2k
BRI, BEBEREDS AR BT M AR AL R | BREDRBSGRE 2 | WU T FH M o0 11 ORI e | TR 22
P Sl A3 R T A I A BB s 7 30 3 A P 190 Bl R 1) B A 2 L B AL R 1 4 o T Y K
T4 5K B 22 1) 5 17 3l S LR 2% A BRHEIL

DREBR 2 ) 1% R T R 0 iR I ) L ) 52 M A B 5 R ) T RE i DR 2« 2 — | SR AR E Ao Y BRE R K 22 Bk
A e HE e B e DR R 1 SRR T T, T 7 K e Rt At e ) I R 1) el i M i e A 2 B
A S B PR ) R A D T v i — A SR BRI, L™ A 1A B 2 532 i) 81 8 A Sl T F B 38
AL, W11995—2015 4 BT g Sp AR o 4 5 A o 3 A7 0 5 Z 00 e i S 4, SR AR R Al
Hop Tl sy 2 AR SR 2 5 BT S 1995—2010 AF4 = X iR (AL HE REVRTE 9% . Tolksd
e ARG Bl K B AR FE)  H SRR ) HE A4 R I (LR R R AR 25 AR 8 S 4 i R B i)
Bt 35 52T BRI IR I T BRI L B PRI R T, TR BT SR A R U Y
DGR AR T AR B B IR IR 52 A A5 DA Bl 4 JXE B BT ABE e | LRtk R T3 3 B8 v 45 AR5 ) B R B
8 Gy 52 BRI 85 FEE 50 0 F) SRER 1 2 ), (L 3] 1744 38 2 vy 1% BRER 0 AN 25 oy 2 M e 151 7428 2 P 25 ST P B
Pl DR AR R BRUR A BESR R T 1 B 25 5 7 A e A R A 2 e [ S B 2 ] 1 2R B AR L
M | MATIT 5 BOCRE 1A A S OB HERR . 56—, 22 rh O 2 DRI A 5838 T 26 o T i ORI T 97 sk A i AR i v
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T BEHZ [A) A SR AR RE A HAE (B T 2 R IR A 1) T2 2% . 3 23 AR S AR HE O BE A A — 2 1Y
O, 3T 25 T AR BOBR RIS T IR 25 AN R | BA7 1 b T R B i bR A, BEBR 45 5
B R SR T E 2 ) b LA 252 75 SR8, s LA 4 T 71T o e A B 48 T 7 A 7 A 0% D g L Y SR A
JEE TR 5K A3 ] L ok it e v A8k B 2400 P 2 S S 194 45 AT SRy i B e S R 52 T 2
BRHERL o ASBIFTE BT B I3 S2 SR A R LR T [ B ik — 25 SR P i DR A B AR 7l FH b B e 22 1] 17
RAERLEA Frd s IR Ol T 52 (H I RE b YA B0 0 B URUC A 1) S 5 B o) 240 Bk A1 1) B

3 ZitERE

A BT b K FIBRHE R 20 T 1995—2015 4FK = # 3o i B A HE i 3 00 5 7% LA B e HE
ORI T FH M K B B8 A R AR T 23 A8 A, A4 T AR SR R A R 5 T 3R T TR A X i HE B 52 e, A5 T AR
2538 . (1) 1995—2015 4F4 = A3l i BEARHE i 50 28 07 1 P B 1) — PG A 1] — 45 B 1] — PO b ) A 6 R e 2, XX
KRS R 5 AR R B PR 0 3R T 9 Tl & e 5 7k S5 A PR R A OG5 (2) 1995—2015 4F, K = M3l it e e HE
TS T P L ) AR S AP AR W RIS S e RO XS AR % 0 45 44 £l LA 5K G B 4 o 32 A8 1k
R LAES A R 2005 AF LS5, DX 38 =2 (8] 0 JE 45 22 S FF 4 4 /0N, BiF 9 IX RS AR B R S k) TR B, & 2015
4E T 70% 3T LIk 3] TE , Hoh B GRS N SEEL TSR B A 5 (3) 3 SR ST H AR X e i 3
T 2 O 3 T A S A 7 ) 4D ), 38T P L R R 7% B e R 0 R 8 A % e HE S 34 1 1) A s el , L
AHXT I, R A Xl 1 ] P 5 M By 2

DL ARFE 25 e, AT LAk DX 358022 1 o] P e i R s 3l - b R BRI R i R o — S %
B ABARBFIAUL IS T TE S — I ] BE (1995—2015 4F ) o — X 3 (K = AT RE ) 3001798 25 % 408 77 sk HE
TR RZ I | T MR 7 1) A SR 15 2 A8 Ak SR A A 2 S b, DA RS e s S M S 5 -5 B HE ORI T
b8 10 08 A PR (R S 28 S5 O 1 S B R S KR TR AT — 2 I AR A E A [l
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