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RESEARCH ON THE IMPACT OF DIGITAL-INTELLIGENT
INTEGRATION ON THE COLLABORATIVE
MANAGEMENT EFFICIENCY OF POLLUTION
REDUCTION AND CARBON MITIGATION IN YANGTZE
RIVER DELTA CITIES

ABSTRACT

The “l4th Five-Year Plan” explicitly emphasizes that China's
ecological civilization construction has entered a critical period for
synergistic enhancement of pollution reduction and carbon mitigation.
Confronting the dual imperatives of Beautiful China initiative and dual
carbon goals, key regions like the Yangtze River Delta urgently require air
quality optimization, with high-energy-consumption, high-pollution, and
high-emission industries demanding immediate structural adjustments.

Given the pressing timeline and complex challenges, implementing
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multi-dimensional coordinated governance of environmental pollutants
and greenhouse gas emissions has emerged as a critical breakthrough for
alleviating ecological governance dilemmas. As the new generation of
information technology revolution advances, the fusion and reconstruction
of data elements with traditional production factors have spawned a
digital-intelligence integration paradigm. The open and shared nature of
this paradigm provides feasible pathways for constructing smart
governance systems that integrate pollution reduction and carbon
mitigation. How to unleash the potential of digital-intelligence integration
to drive regional green transitions and achieve synergistic optimization
between ecological systems and economic development has become an

urgent proposition demanding innovative solutions.

This study delves into the relationship between digital-intelligence
integration development and collaborative governance efficiency of
pollution-carbon mitigation in the Yangtze River Delta, focusing on three
core research questions: First, verifying the existence of significant
positive effects between regional digital-intelligence integration levels and
collaborative governance efficiency; second, dissecting the specific
mechanisms through which digital-intelligence integration empowers
pollution-carbon mitigation governance; third, proposing optimized

pathways for smart governance of pollution-carbon mitigation tailored to
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the development characteristics of the Yangtze River Delta.

The study measures and analyzes the development levels of urban
digital-intelligent integration and the collaborative control efficiency of
pollution-carbon reduction in the Yangtze River Delta. On one hand, we
construct a comprehensive evaluation index system for digital-intelligent
integration development, employing the entropy method to quantify the
integration levels across 41 prefecture-level cities from 2011 to 2023.
Spatiotemporal analysis reveals that regional digital-intelligent integration
exhibits a “coastal agglomeration-inland diffusion” gradient evolutionary
pattern, with core cities like Shanghai, southern Jiangsu, and
Hangzhou-Ningbo forming growth poles of digital-intelligent
development. On the other hand, super-efficiency slack-based measure
model measurements demonstrate significant regional disparities in
pollution-carbon synergy control efficiency, showing better performance
in Jiangsu-Zhejiang-Shanghai regions compared to Anhui, particularly

northern Anhui cities.

The research verifies the impact effects of urban digital-intelligent
integration on pollution-carbon synergy control efficiency in the Yangtze
River Delta. Empirical results confirm that digital-intelligent integration
development positively promotes regional pollution-carbon synergy

control efficiency. This conclusion remains robust after comprehensive
VI
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robustness tests across three dimensions —regression models, index
calculations, and data structures. Meanwhile, technological innovation and

energy transition are identified as significant mediating factors.

Simulation modeling further verified the pathways through which
digital-intelligence integration improves synergistic management
efficiency. By constructing a system dynamics model, we investigated the
interactive influence mechanisms of subsystems such as population,
economy, technology, energy, and digital-intelligence integration on
synergistic management efficiency. The results showed that through deep
empowerment of digital-intelligence technologies, systematic optimization
of energy structures, and sustained technological innovation, the system
can achieve governance goals of reducing pollutant emission intensity

while maintaining economic growth.

Based on the research conclusions, we proposed countermeasures and
suggestions for improving synergistic management efficiency of pollution
reduction and carbon abatement from four aspects: digital-intelligence
system construction, technological innovation drive, energy structure
adjustment, and regional coordinated development. Future research can
further focus on the impact mechanisms and action pathways of
digital-intelligence integration at the micro level, continuously refining the

methodological system for measuring synergistic management efficiency.
IX
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1E[A]
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i

1E 7]
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0.030
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0.014
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312 ME A%

NUE ST I BOE Rl 4R E

N T2 IR ERE VN BT,

K FHRSAEVE XS 2 IR AR AT IR VAL
HARIE A IR AR 0 B AR, A5 SR

F E SRR . ZNER B . REUE . SRR
w8 N AT AU ZRG P . BRI IR A TN (3.1)-(3.7):
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NREEELAY
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Y - X; = min (X, %, % ) 3.1)
! rrwx(xlj,xzj,-u,xnj)—min(xij,x2j ~nxm) '
IR R A
(Xil ) ”J)_Xii
X = 3.2
| [”wx(&w n"’xm) ”"”(&rxn'”"xm) 2

A, X RoRARUEL G S Tabn e, x ZoRIRGRTRARE, 1 A1 | 733 RoR 4
Rk LA

B, AR L
— Xij
D¥HIRY

il PRFBE, n KRG IECR, m R RO R

(3.3)

B0, MRS RN E R R AL

1 e
By =1 2Rk (3.4)

G =1-E (3.5)

J ]
Xrf, B, RonfE B0, HBUEVERIN[0,1], G, A% j BRI HIE BRITUREL,
(EESYEVIW NI PN N E = A Y N SN

B0, TR

G;

Zﬂj

X, W RR SRR, m R IRhsi 4.

(3.6)

b, TR R LS R R TR AL
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Sij :ZLWJXU (3.7)
A, S BRI [T B AR S R SR TR A

L3 WEHME A RIBHMF S ETNEN

B AR N — RSB R 3 B A T vk, I A 2P I 1) 2 kR
Hothzk, B H =R BRI AR, TERIKEEEE A eI R, Be
R A Sl ) e P XL AR B X A o A A& 3, A28 o dr o A fy B
N FANE . 38 MATLAB {5} 2011-2023 4EK = 41 M T AR L& &
JEAFHEAT TR (LB 3-1), s K=MK 12 4 (8 808 fl & 1TE AR
ISHRHIE . G5 R BTN, W FE A BB AR, R X O G KPR AR T
SEYIME R 0.017 42 FF % 0.079. [RIIF, %55 fhZR MR IE AR, e m, BukE 4K
BREACE A AR A TG R RS A KR ERY K, BB
PR o A% 5 P 2R W R P 1 22, D /R R ORI 2 A A a3,
T R SE R, B KAWL Be Ak, A% B 2R B AT e R ) S A
J&, BB EIE T DO S KPR B AR T, a3 T S T A 1 R
K, TER KRN,
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BNEER AeR BE VRV FE bR AR
518071 FER MM NE TN
Ve
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SO,. NOx/Mif
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AERAEE = PM,s ¥ &
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322 MEFE

515447 1 DEA BRIMILL, #ER0R SBM B 4 % fEFA TR AR B, AEMS Ab3E
BRI AR R I BL, (AU Al 45 R g Aol BT, ARSCRMIE T AR
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+ 47 S—
ql'+'q2 (;E; yrk ;E; m
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X2 Y XA, =S
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Yo 2 z Yoki +S/ (3.8)
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RORMEH 0.10 RIEERTT £ 0.62, BE#2E AR BRI EE K, MBI H S HX
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HE S IR . XADOINE 7 A& GAT I RIBCE AR, IR A2 R T il 8] 81T
SRR, S FESR QIR RN, GEIC R E R L IO RCE, BEmG
FEAEPHIRSk BRI T e ORI A S N, DSBS BB 1) 1 [ v 28 B
T Bt BRHr, ASCR M B

H2: B R G 38 I B B8 RN 5 v el B e By [R]85 158 3008

FE AR mFERER I, TR T DU . Al S A RE N 3 S M AE
VRS R o IXPhREIRSS MR AT REDR 5 Lh s BEVR AR I IR S g o 25 1]
A, B RRLL GDP BRHFEUE AN T, KT R IR . R, DU REIREE R
B vt BE YRR FH 3 Do B m by [R) i 1 1/ AR 55 . AEREVR b4 DU, HOR R e
IEIRBREE AL FR T TR B A B, PR . R BE SFRCE R, X Rl
PAs ARR S L PSR e B A B B B, SEDLREVRES X R RO BT, BRI
RERTH PR Ai b . TR, BN R RSO AR N B A s 1%, |l g
REVR IR AL 2, R et REVR 45 M e T R R AR T P L S5 LA Lk
BRI B B RS AR B R g R B, (R T AR A5 AT,
FE I AFIH B BUR A R R AMUBENS A R AR I B4 R, ARG, I
BRI AR A AR ML R e, el D AL g S B lErs . [, Kamble et al. By

AEA ™ R g 1 b SEURS s A A=, A7 0> BHRIR 2 S REIRIE AR, T B
Ao, ASCHR MR

04
£

49



S MW e e VAT

H3: ARl e E i (e gt IR A B T TR T AL R L A sl b s f st A <5
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17 A J
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