(I

485 3 20264F3

2026,48(3):740-754

Resources Science
Vol.48 , No.3 Mar. , 2026

SIAREE: R, e, M3, A R AT P A B HE TSGR A 2R [T]. SRR, 2026, 48(3): 740-754. [Wu T, Cao Z,

Ye Q, et al. Impact of urban industrial evolution on carbon emission efficiency in Yangtze River Delta[J]. Resources Science, 2026,

48(3): 740-754.] DOI: 10.18402/resci.2026.03.17

K = AT 7 Ml B K X i HE AR 1 75 1

=4 cE 1 oo 2 > 3
% FL,E R 2R A
(1. BFRFEASRTAXFE, L 200092;2. LAFLKFRELWEAHF TR,
Fi5200234;3. EHHRMEZ KR FAXLETHEFE, H® 210023)

W EABWMIE RSB BARE“HRAET AKX EIRG T, 257 g A TR B Rt 4 s 1842,
AR SORE IFACAL A B, G A RN k45 A S R4 T AR e T v R B R DTSR A K = AR T AR A 4]
A F 20132022 A& & A b F e 5 a5 HE A BB I B AR, 3B RIR T T IR IR (BTN ) R IR L)
5 7= WAt SR A (BTN by B ) SR T R A R A B AL T AR IERIO# MR R 2R H
R 55, AR £ HE P THLER L HERERS ERALEMT, QF k2L = I 4L BERT | &
Ik £ AR AE, IR F AR EN B o, QWMT Z LR EZ R BN AEZEMX, /= LERG S
BBkt 5 AR EE AL, Doaw)adt—F 27, B i R0 £ 2 L ANBEF R
M E BRI AR T AR LN RERZ ML, EAMABREMEBFLERTREMETRG,; PFLFL
Fe VB ey i T b, SRR A R R HmE AR B (ERIFRERB T S LB AR L4
AR Z AN T K B AT IR L RAR I SR EARAE KR RN S RAE AN T 5 A5 I IF A SR AE Ak BUR 89 AR IR

HeAL BRI S R B AK

KGR " WHARF S 7 LA & B HA R AR B A AL K= A

DOI: 10.18402/resci.2026.03.17

1 5|8
QBR85S L WA L 7
3 B A TBE3RS 2 15 B 1 T ok U S
VHE BT 1O S AT e T LA S A
Tl Ak 5 28 s o R e A I T I 14 15 D8
S FE 7 , 7 Al A R A R T e R HE A
TR, ZERBIRHEL ORI BT, (1<
I LK R s A RN 4
G, 25 B0 7 % 4 A R T 15 R U 44 1
1, PP 5 € AR R SR 28 0 PR R P, i e B
{3 GDP REFE . ¥ {3 GDP — 40 Ak Bk i 25 24 s b 4
FRAN AN 7 R 2, LA 3 0 (5 7 2 T o
RERCAR IO, FEITS 52 F L 72 2 00 7 28 ] 5 0

s B A :2024-08-30; 1&1T HEA:2026-01-09

RRHETER , WA = AR 55 BUR AL ) G T i L
BOE,

TS TT T, HE B e BT B 2 10 45 [
VR SRR K S AR o N, 1 R K
Tl % % 2030) #E 2l Tll 4Rt 4% (i e e 7Y, H A
IRFECER I 1 M ) & BT BE IR 5 BR A 7l .
[T 2024 4F oA (O T IR & TrAt & A e A 2k (4
FRRYRYREOL) , WA 4 Hh 2 B H AT % R
BRI S WU H bR o AESCUEWTFET7 1, A 545
SRR 5l BT 57 3l 8 H 87 Ml ] B AR A
A AL R PV B R AT By TR AR i EAE T
e JRE SR AR MR 5 (277 b e B T8 B
BORHEL S REB AR IUAL , rT e T+ BE IR AR I

EETB : FE HABAIEE T H (52008298 ;42271212) 5 f e m A IEARI AL 45 28 37351 H (2025XR09)
TEB 20, 5 TP 2 AL WETEAE  BE9E 5 1 T QRN M2 . E-mail: taowu@tongji.edu.cn
BRSO, 55 A B B  BIFE T ) S T R T 2 I AHE 45 . E-mail: 1989caozhan@tongji.edu.cn

hittp://www.resci.cn



e VAR R AT A BRHEHOCRCR B 741

20264F3 H

HEVE I BE TR AR, AT R AR HE A7 s BOBR T 2%
FEME KL GE L B A LA AL 5877 3 ik % (4
AR P L A SR HE RO R T SR, BE A A
9% 2 K =R B T 88 0 25 25 F 1 $5
R R 77 M A Y xfE LA 22 i G 3 A AR R AR AN
& LR A AE 7~ H 5 i HE OS2 8] 19 52 24 LT
AR SCAE Bl Ak 22 % Hh B o i R BR - AR e T
HEE S | DA A S Ak A R 23 Ak A T T 220 i 3 T 7
b 2 BT ARRAE 555 T A B T 7 M A AR
T R R HE SR A

e = A3 R R 2R 5 R R e BR Ll
FIER R R R E R X — B AR
F XSGR & SR A R FVHE Bl 8 T AR 7 R & R Y
L T e o B =0t N - 3 1 B N P
JESEHLRUR” B AR A EE X, 2010 4F DIk, i IX
Sl B HE TSR B ) 4G M R e B, DX i HE il
AR E IR TG , X 5 KR L
HEPEE 25 R A B R AR R T S 1R SR
Bl R R B DA O, SR K S AR AT R OR
RIS T 7 7= 5 YT 2% PR K S R 0 B
PAREEE LAAFEZE 00, ST I, A SO = I
TR BIF I G2, 254 i Ml AWOUE I B 0 3k i e HE
TR BR T 2013—2022 4F K = MR TTRE = b sh &
T8 Ak AR 3 T Bl HETBOSCR  Z i L, O 221 [l

5 VLT Rl QO3 7 Ml i 42 38 Al CRTtE A ™l 56
WK 285 32 ) X Atk T30 280 25 B 52 ) 5 3T 7 Ml B 2
P OB e AT 52 2% B2 ) SRR HERCECR 52 B
IRFE I AE AN R 25 e J K- 3a H 9 S7 JopE BE
2 NHEGREHRRI
2.1 SEHEF MBS RS

7 Ml B8 P2 i Y T T 2l e A o 1 ek R
BT X A 8 57 M B 38 LA K s R AR A A
SR D BT VR A 22 5 PR AR A 2 20 45 1]
e SRR Sy B DX Il 3 7l AR T R
SIBTRESRN, AROCHF ST 3R, b 7537 7 b 4 T8 A
AR BE B AT IR 1, AR T 1 07 R M i SRR
FE [T, AN )3k i B RL Al ) 25 S B R R E I
PV BB B2, RZAF LT CH D BO A
AE 1 v B 2R BE Bl

TEOEHERN b, AL e B s P B i T T
CRBRE -SRI B AL A AT HE SR SRR
JE P T 260 i ol g A AL, R B < R AR O S
PSR SRR PR AR SR U I
oy B 5 BT 7l FE A AR S B AT L, B SR B
TR 5 AE 7 ] 3 22 o 5 B SR 2 3 e vl g
S B AR T, A SR IR B 5 BB ok B
SEHp B AR R S AR T AR oo R A,
ol w L EVE A s S AR R AR B AR . SR

Y + Y =Y | P k3
MR T KWFPEA] [ BAEEK —f SRR Ty 7 [ e S ] [k [ 5w
W A % S R0 ([BICEHAN Ze At WHELE AP VAt TR ol TR (e | (it i
(2006—20204F) | [AREMYHE T IR(ZES = 1) St 7 L R ES
A E——— RS T e H T e N 1 I NN E A B
U e i feag o 1 R M V| R i L [AEAES| ¢ [REEdEZR G
: MJ,J/HIJ 1l Fﬁgﬁgg R JIL2025 | RRES R
1800+ 5 -20
—=— iR i
1600+ B 15
].E' - T \:%»;
1z 1400+ F10
ﬂﬂﬂ 12004 AtLS ;—*f
i 1000+ L0 =
=
800 L5
600 + ——— 'o, T |(\ —— — '6 -/\ . - -10
\o,°)°’ q,@\ '\9& &S N r\9\\ %Q\“’ NG q’Q\q %@,\ r»@?’
AEy

BE1 1999—2023 FK =R H A HE T 5 BUREH

Figure 1 Carbon emission changes and policy evolution of

Yangtze River Delta urban agglomeration, 1999-2023
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Figure 2 Research mechanism diagram
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Figure 5 Spatial distribution patterns of dynamic industrial pathway evolution in Yangtze River Delta urban agglomeration, 2013-2022

a.2012—20134F b. 2015—20164F . 2018—20194F d. 2021—20224F

Fe e P
AP RIS HEAPA A

o KT
= 44.12~46.19 (6) m 42.49~46.48 (7)

146.20~48.84 (11) £250.90~53.53 (7) =246.49~49.00 (9) = 50.56~52.59 (7)
148.85~50.89 (15) = 53.54~57.45 (2) ©=149.01~50.55(9) == 52.60~55.58 (9)

o ’*
A 5 2 '

K X

= 45.14~47.29 (8)

=3 47.30~49.35 (7) =52.30~55.39 (8)
£ 49.36~52.29 (11) = 55.40~59.04 (7)

=1 41.78~46.66 (13) =249.70~53.00 (9)
£46.67~49.69 (9) ™1 53.01~56.72 (4)

6 20132022 E K =AM~ VERNTELZTELHIER

Figure 6 Spatial distribution patterns of dynamic industrial capacity evolution in Yangtze River Delta urban agglomeration, 2013-2022
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Table 2 Baseline regression results of carbon emission efficiency

A5 i . CE

HEIEI (1) (2) (3) (4) (5)
In/RD —0.183 %% —0.143 %% 0.281
(0.047) (0.046) (0.326)
InECI -0.396%* ~0.382%* 0.480
(0.170) (0.165) (1.290)
In[RDXInECI -0.159
(0.449)
InGDP 0.340%* 0.368%** 0.364%*
(0.151) (0.208) (0.151)
InPOP -0.218% —0.204%* —0.626%**
(0.154) (0.155) (0.155)
InINDR ~0.646%%* —0.718%** —1.189%%*
(0.184) (0.183) (0.184)
InTECH 0.052% 0.039 0.037
(0.043) (0.020) (0.044)
InEC -0.012 -0.013 0.006
(0.033) (0.038) (0.028)
InENER 0.166%** 0.174%%* 0.165%%*
(0.044) (0.059) (0.044)
I T A YES YES YES YES YES
A4 [ 5 RN YES YES YES YES YES
FEAEL 410 410 410 410 410
R 0.044 0.198 0.013 0.213 0.241

A5 PG R AR 5 * o 2RI IR 10% 5% 1 1% K7 i 3%

T
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Table 3 Robustness tests of spatial lag panel model

H7As 4 . CE

(1) (2) (3) (4) (5)

In/RD ~0.163%%* —0.1017%* 0.458
(0.044) (0.042) (1.253)

InECI —0.475% %% —0.360%* 0.235
(0.155) (0.159) (1.280)

InIRDXInECI -0.143
(0.323)

w xCE 0.144%* 0.026 0.125%* 0.016 0.039
(0.070) (0.075) (0.072) (0.075) (0.075)

s il AR o NO YES NO YES YES

T T U YES YES YES YES YES

AR Ay i1 5 R YES YES YES YES YES
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Table 4 Heterogeneous regression results across regions with different economic development levels

RS e P2 G RER AL AR BT LRl 4L
i X5 R
(1) (2) (3) (4) (5) (6)
In/RD -0.094 —0.143%* -0.102
(0.061) (0.071) (0.106)
InECI -0.118 -0.497 —0.544*
(0.209) (0.364) (0.291)
InIRDXInECI
i AL YES YES YES YES YES YES
I T AL YES YES YES YES YES YES
Ay ] 7 RN YES YES YES YES YES YES
FEAZL 140 140 130 130 140 140
R 0.459 0.265 0.011 0.029 0.444 0.401
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Figure 7 Box plots of heterogeneity across regions with different industrial bases (full sample, 2013-2022)
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Impact of urban industrial evolution on carbon emission
efficiency in Yangtze River Delta

WU Tao', CAO Zhan', YE Qin?, DAI Liang®

(1. College of Architecture and Urban Planning, Tongji University, Shanghai 200092, China; 2. School of Environmental
and Geographical Sciences, Shanghai Normal University, Shanghai 200234, China; 3. School of Public Administration,
Nanjing University of Finance and Economics, Nanjing 210023, China)

Abstract: [Objective] Driven by both the “dual carbon” goals and the development of new quality
productive forces, industrial transformation has become a core approach for enhancing carbon
emission efficiency. From the perspective of industrial evolution, this study aims to investigate how
the process of urban industrial transformation and upgrading affects carbon emission efficiency.
[Methods] Taking the Yangtze River Delta urban agglomeration as an example, this study
constructed a panel model based on Qichacha enterprise data and carbon emission data from 2013
to 2022 to reveal the impact of urban industrial pathway evolution (relatedness density of newly
entered industries) and industrial capacity evolution (complexity of newly entered industries) on
urban carbon emission efficiency and their heterogeneous effects. [Results] (1) Carbon emission
efficiency exhibited significant spatial differentiation, and high-efficiency cities were mainly
distributed along the Shanghai-Nanjing-Hangzhou corridor, coastal and bay areas, and certain
peripheral cities. (2) Both industrial paths and industrial capacity showed differentiated
evolutionary characteristics across cities, with evident divergence in their pace of evolution. (3)
Urban industrial pathway breakthrough was positively associated with carbon emission efficiency,
whereas the leap of industrial capacity toward high-complexity fields was negatively associated
with carbon emission efficiency. (4) Grouped regression further showed that the relationship
between urban industrial evolution and carbon emission efficiency had stage heterogeneity. The
improvements in industrial capacity were generally negatively correlated across different stages of
urban development, and the strength of the negative correlation gradually weakened as economic
development increased. In cities at the medium economic development stage, the negative impact
of industrial pathway dependence on carbon emission efficiency was more pronounced.
[Conclusion] The findings reveal the complex relationship between industrial transformation and
upgrading and carbon emission efficiency, provide supplements and corrections to the
understanding that “industrial upgrading inevitably promotes green and low-carbon development”,
and offer theoretical and practical references for evaluating the carbon reduction effects of
industrial policies.

Key words: industrial path dynamics; industrial capacity dynamics; carbon emission efficiency;

relatedness density; complexity; Yangtze River Delta
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