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Abstract: The Yangtze River Economic Belt development strategy, emphasizing ecological conservation and green
development, has effectively promoted regional advancement while substantially enhancing ecological efficiency. This study
employs the Yangtze River Economic Belt development strategy as a quasi-natural experiment, constructing a provincial

“«

ecological efficiency evaluation index system based on the *input-output” model, and applies a suite of analytical
approaches including the super-efficiency SBM model, Dagum Gini coefficient decomposition, difference-in-differences

method, and synthetic control method to examine spatiotemporal patterns of ecological efficiency and assess policy impacts

B2 HF WA SGEERF I F4ER A T H (22YJCZHO070,22YJCZHO57) 3 K HRBHEHE 4T H (41801111,42201258)
Y F5 H #7:2024-05-01; ) 2% tH ki A A :2025-04- 15

# W IHAEZH Corresponding author. E-mail ; hw2020@ zjnu.edu.cn

#BR TR B T ARICE , AR5 i oK 2 v S IR 5 TR

http ://www.ecologica.cn



5840 xR 45 4

and mechanisms across provincial levels. The results show that; (1) Between 2007 and 2021, ecological efficiency across
the 11 provinces demonstrated progressive improvement, characterized by hierarchical transitions in low-value areas and
continuous expansion of high-value regions, leading to pronounced spatial clustering. (2) Following the policy
implementation, ecological efficiency growth exhibited a marked acceleration, especially in midstream and downstream
regions that showed significant cross-hierarchical advancements, with provincial units collectively exhibiting a distinct dark
green H-shaped spatial configuration. (3) The differences in ecological efficiency exhibit a widening trend, manifesting in a
distinct spatial hierarchy: intra-regional differences follow a descending gradient from downstream to midstream and
upstream areas, while inter-regional variations progressively decline across downstream-upstream, downstream-midstream ,
and midstream-upstream pairings. The overall differences were jointly determined by both inter-regional and intra-regional
disparities. (4) Policy evaluation models reveal that the Yangize River Economic Belt development strategy substantially
boosts ecological efficiency along the belt, with robustness validated through rigorous propensity score matching and placebo
testing protocols. Technological innovation emerges as serving as the pivotal mediating mechanism during strategic
implementation, shedding light on the strategic implementation pathways. In terms of driving factors, economic development
level,, government intervention, industrial structure, and openness degree also have significant positive effects on improving
ecological efficiency. In contrast, population density is found to exert a notable inhibitory effect on ecological efficiency.
(5) The Synthetic Control Method analysis reveals significant heterogeneity in policy effects among the 11 provinces within
the Yangtze River Economic Belt, demonstrating weak synchronicity in ecological efficiency development. The
implementation of the Yangtze River Economic Belt development strategy has substantially enhanced ecological efficiency in
Shanghai, Jiangsu, Zhejiang, Hubei, Hunan and Chongqing, while exhibiting limited impact on Anhui, Jiangxi, Sichuan,
Guizhou and Yunnan. The improvement rate of ecological efficiency demonstrates a positive correlation with economic
development levels. These findings offer empirical evidence supporting the continued implementation of regional development

strategies and high-quality growth initiatives within the Yangtze River Economic Belt.

Key Words: ecological efficiency; Yangtze River Economic Belt; multidimensional evolution; double difference method;
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Fig.1 Characteristics of the spatial distribution of ecological efficiency
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Table 2 Ecological efficiency Gini coefficient and its decomposition

ARGy sk XA Within the area [X 5[] Inter-area Bk Contribution rate/%

Year Overall QLIRS A S w31 o o s i w wt P o R v 11 I R )
2007 0.077 0.084 0.063 0.035 0.094 0.092 0.055  29.202 40317  30.481
2008 0.073 0.077 0.036 0.061 0.083 0.090 0.059  28.826  36.412 34762
2009 0.068 0.072 0.065 0.026 0.081 0.074 0.056 29971 32228  37.801
2010 0.061 0.066 0.060 0.027 0.071 0.068 0.051 30.814  26.627 42559
2011 0.050 0.056 0.049 0.024 0.055 0.054 0.048  31.204 14816  53.980
2012 0.059 0.063 0.066 0.027 0.066 0.055 0.058 32470 12429  55.101
2013 0.056 0.063 0.034 0.053 0.057 0.063 0.049 32221 15238 52541
2014 0.060 0.065 0.060 0.042 0.064 0.060 0.056  32.938 5592 61.470
2015 0.069 0.075 0.064 0.050 0.076 0.072 0.062 32233 16.897  50.870
2016 0.086 0.086 0.057 0.072 0.098 0.102 0.070  29.509  34.681 35811
2017 0.099 0.097 0.067 0.065 0.122 0.128 0.069  27.255  48.727  24.018
2018 0.116 0.110 0.088 0.058 0.128 0.160 0.092 25601 52167 22232
2019 0.129 0.115 0.085 0.059 0.162 0.175 0.097  23.659 55215  21.126
2020 0.188 0.163 0.130 0.088 0.229 0.254 0.135 24330 61729  13.941
2021 0.194 0.093 0.172 0.204 0.151 0.258 0249 25130  52.833 22037

(3) X F oMk, Xy 22 57 STk R B e, DXl i) R A8 4 i B ik S U0 A 4 ek i ARk, LA
Hi, L2014 45 Bt DX ) 22 55 DTk R S B < ph AR /IN- /AR K AR B e A B DTk R ) 2 R
“ /N K -F KA /NT BRI IR AR S Ra A, IEAN, 2014 4S5, 45 [R] 22 53 1R JR BTk 32 B AR B0 R ¢ X s ] 22 5 > X
BN ZE S SBAR R UL VT Uy AR A ROR 0 A BN B i 1 T2 B el DX ) 22 5 5 X3 22 S AR Rl e
H X IRE] BT T X3k
3.3 RIT& U AR SRR sh A FRAE

F2% 58 AT T R 8% A b S R DX 3 A R0 3 0 A R A AR B T L Bt o e ] (%) 28 Ak, T DL AR 4 A A%
RIS ASFRIE . itk — R K VL2548 AR ORI /0 A0 h 48 5 SR, AR SO VL2851
11 N8 T A SRR AT A T A2 8 A LT R Bl AL, DAAZ % B i 100 o0 A (67 1 | R JR A 34 Mk [ A28 Joe 1 LA
e ) e e 3855 T T X YT 28 T il A B AR AR SR 1)
S PR AR T 20 520 1 = e RN E 2 Fis

Il 2 AT B — TR B S N 8 B R T
ORI R A RS, BT 50 A SRR AT
IR, B ,2007—2014 AU A 4% %% B ] v A2 ) =
LD T B AR B AR R T N e
K AT GG SR, AR AR 350K i JR 5 I IR g A R
S R EAE R (AR B F IR AR It AR A7
FEACME ARG B0 T SR 2 % 25 S fa K, 2014—2021
ARSI, A 0 W R B, AR #2014 AR — 2 4
%, oA it 2 2o Hi 2 90 G ke I k| L 934 R JR P 5

SR B KV 2 4 2 SRR ST I X 1 M2 EREEEEET
. Fig.2 Ecological efficiency kernel density estimation
ZEREBLY KR,

%2 Kernel density
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Fig.3 Parallel trend test

4.1.2 WEZFEEFEAMITE

FIFH AR DID 72546 55 4 VT2 Bl 2 J RO (9 RN, AN 3R 3 T/, #5458 DX 1A 1 B A9 il 22 et
MIAEL, BERL(1) BAAL(6) O RS B duxdr R W35 0 IE, LIBERY (5) FIREAL (6) mIHZE o), 5
AR T AR L VT2 T &R BRI SRt (VR 2648 T A= S ROR AT W 48 & 18% A4, AUk 1 153
Bk,

M PR T AR (2) AR (6) IMEE SRR A4 BT & R KT BHE QBN KT | BOUR T 50R1 ™l 25 #4 X)
A SRR AA B WE R B 25 &K m AR A2 SRR A B ) AR A PR I 2% 0 ok
25 (EKC) HUE , PEREE 2 0F sl K, w3 mT 58 3 38017 SR 9 U5 T #E A5 Y HE il vy ) 8 B o 28 5% & S KT
(IR, P SR8 T -5 AR A 3o A = SR AR T | 2R 5 i J o W YR %) R AR5 4 R e 2k e TO0 o577 52 T
S B AT TR SR 6 R R0 8l ) 5 AR, JUHAE Tl s, BHE AT A T sk Tall,
A PR ARG A HE ST R ARV AR | TR R RIS T BRI K AR RR | MARAR L3tz Tl Hpox B Y 9 7R
TR IREE 75 e, A AR W T RS T AR A Bl T 5 BURT J A i 52 R Xt & T LA SCHE T,
HAEWE & TR AN 2838 22 G0 0 B AL R b 38 3 in R BURF 38 A AT R 52 38 3 1T 1) S Atk 14 it A 55 7K SF, AT
FRAR A 5 AR TG JRADURE | B A 253080 7L 25 A0 A BRAL R i AL R AR TH A S CR I Bk 4%, e b 254 T
RATBYF IR P AL BC B $5 5 AR ORI R AT Yo HE L, 55 =l o b DX A 77 BE b B A B TR
X ERRCR, BRI(3) MR (5) SHERL(6) RS I i X ST R B X A 25 35 % L AT 0 38 (9 IE [ S i), W LA
B AR VLGB PR A1 A 45 0 o i ) TR BRI £ ] R0 H (9 kS, I AR %5 9% 4 BER A B2
A A B b X AR AL PR U EC B AR 17 TR R, BT (4) PSR N B X AR S ROR B B
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Table 3 Full-sample estimation results based on the double-difference approach

A bk FEMERL T 22 /358 Double-difference model
Variable BRI (1) FER(2) I (3) HRI(4) HRI(5) R (6)
duxdt 0.202** 0.120* 0.150 * 0.169** 0.185*** 0.188 ***
(0.021) (0.077) (0.031) (0.011) (0.004) (0.005)
fdi 0.007 0.059 ** 0.032 0.051** 0.051**
(0.750) (0.019) (0.225) (0.042) (0.043)
pedp 0.339 *** 0.459 *** 0.244*** 0.377*** 0.368 ***
(0.000) (0.000) (0.000) (0.000) (0.000)
tech 0.071 *** 0.046 *** 0.036* 0.025 0.020
(0.000) (0.005) (0.087) (0.234) (0.353)
gov 0.489 *** 0.499 *** 0.514***
(0.000) (0.000) (0.000)
ind 0.867 *** 0.373** 0.347
(0.000) (0.017) (0.020)
pi -0.037 -0.070** 0.032 0.031
(0.168) (0.011) (0.221) (0.250)
reg -0.040
(0.152)
WL Number of observations 450 450 450 450 450 450
Yk 45 Control variable ¥ 44 44 54 61 74
i1 X[ GE SLV Regional fixed effects = = = = 2 2
IR 1] [ 52 A% 82 Time fixed effects = & & = E =
R? 0.14 0.32 0.41 0.37 0.42 0.43

TGS NI HELR 5 wow e | SPIIFRIRTE 1% 5% 10% KV b B3

4.2 FET 523 DU CAY XU 22 S E AL A5 AR 56

DRSNS E [T U285 SR By R A B AR SO 24 R TS50k R il AL AR WA i i — X — AN ] 4 3
DC T RE AR JEA T 1 , DA T A R0k S e B M i 2 0 . 25 L3RI, A28 B AR ME I 25 45 X HEAF &/ F 0.2 11
PRIE, LA, DEPE 2 i RHR I A8 ¢ SETH AR AN 3%, Ul T DG E I 172 A Ak B A0S R 21 22 (8] AN A7 A . 2%
2e5¢  DCBCEE RS A TR WP AR AG 3 . DERC) FRACOM AT, DID #EATA T, A3t 4 P, Y (7) 248
B (12) oD BRI duxdr RB R E NI, 257 KRR BHEC R K P (BUR T Bl 254 DU~ A2 6 [v]
U 28 BT 5 L 25 PR K P AT 5 R RS 25 R — 3, RS T 02D A5 R AR
43 ZRGGY

2L O (B 25 SRS 32 A AN ml UL PR Z 20, F-HE R AL 21 5948 T R AS AR X [l IS 25 2R3
T BTG . A SCTE A REAS h BEAILA R 123 AR« Ph SE g 2l " B4, TR0 B LA R 2o P o 52
500 YA FLECE AT 0109, AnfET 4 PR AL ]S R R A A R e 0 B H 280 P ECR T 0.1, T WLEEHLAh
P A AR 2 6 Xt A SRR B 7 A R, 604 [ ) il e B X 7 3 2 R A 2 194 [ DR 45 SRR AR A
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Table 4 Double-difference estimation results of matched samples

s A ) 45 43 DC - XU 22 4345 %) PSM-DID model
Variable BERI(7) HEIRI(8) HERI(9) HA(10) BERI(11) BRI (12)
duxdt 0.312%** 0.210** 0.227*** 0.219*** 0.229 *** 0.229 ***
(0.001) (0.010) (0.002) (0.009) (0.002) (0.003)
fdi -0.041 0.004 -0.018 0.001 0.002
(0.116) (0.897) (0.508) (0.962) (0.952)
pgdp 0.289 *** 0.399 *** 0.236*** 0.358 *** 0.348 ***
(0.000) (0.000) (0.000) (0.000) (0.000)
tech 0.077 *** 0.060 *** 0.068 ** 0.053** 0.050**
(0.003) (0.009) (0.012) (0.030) (0.050)
gov 0.430*** 0.448 *** 0.460 ***
(0.000) (0.000) (0.000)
ind 0.665“** 0.183 0.179
(0.000) (0.315) (0.316)
pi -0.039 -0.070*" 0.022 0.026
(0.213) (0.021) (0.514) (0.406)
reg -0.024
(0.533)
LI Number of observations 330 330 330 330 330 330
¥ 25 & Control variable T 44 44 54 64 74
i IX [ SE ALY Regional fixed effects I JE P = = =
s} 5] [# 2 %507 Time fixed effects JE JE b T = =
R? 0.15 0.30 0.38 0.32 0.38 0.38

4.4 Ml
LGSR BB E SR B B
FIE T RE IR, AR SCHLERI R B4R A T 028 JIWT Ay ik —
ARGERHL BT KT BN LA K P05 10 1 2 5 7
FEAEFHBLE, RIS T AR AE 52 00 25 S i R fide e, ROBLAY
KAs i Skl BANREE A . AR SCE PR =k 2
P A0 KRR N BB BURT T 4 AR R MR 5t
AR UEAT AL, 5 R L S,
F (1) FF) () O RS 5 duxdr 25059 1E BT N YRy rRmry vl
) 5 25 AT DA IR VT2 55 2 e s 1) IR A 5K ¥ &% Estimation coefficient
P, B duxdr REAE R B3, R RKITA5 W & B4 mRLE
Je s ot Bl 1 A0 B KO A AR BEAE L, i — 28 L, B Figd Placcho test
(V) R IT 2 55 K R R s 5 BB B 3 K S 1) 58 L33
tech - duxdr ZHIE [0 B3, R YT 2 U 22 J w3l b A B B T 4R THIT 46 4 T 190 2B 280K AR S s
2 FFIHAE, F1 (V) duxde FECGEMEA W TF (VD) AT Z 5 & TR RO 5 PR 1938 B reg -
duxdr ZH0E [0 583, FWHRIT L5017 K R IR 55 BRI 0 T A SRR AR WL A Rt — 2 10 E
4.5 KILLTEHT K SIS BOR RO 1Y 57 Bt 43 A
4.5.1 AR A R
U 220G TR ITATAT 11 AN TR SR RS2 56 41 A9BSR AR, 322 1 SR SR FH A B 1 325 43 Sl Ak o
BB WU ELRBORBOY , BFFE 301 RIAR B 42815 SO 45— 25, B X HR AL e S I A B 19 AN HE RT3 &
7, FEFMRACE AR 11 IR0 A T R SRR A th 28, BT et 3 an i 5 Bis
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Table 5 Mechanism test of technological innovation and environmental regulation
AR E HLHIKEH: Mechanism test
AL
Variable (1) (1) (i) (V) (V) (VD)
DID PSM-DID tech eco reg eco
duxdt 0.195*** 0.248 "~ 0.204 " 0.068
(0.004) (0.002) (0.082) (0.557)
tech « duxdt 0.044 """
(0.000)
reg * duxdt 0.031™""
(0.010)
VLI & Number of observations 450 330 450 450 450 450
1l 25 it Control variable 44 44 44 44 44 44
i1 DX [ RE ALY Regional fixed effects = = 2 2 = =
HJ ] [E 2 ROV Time fixed effects P P e 2 2 v
R? 0.41 0.37 0.54 0.69 0.49 0.67
AR L YL AT 55 W5 A

WL Akt

W A

0.8 F
0.6 |
0.4 f

0.2

I

HZ%# Ecological efficiency

IREEE |

0.6 045}
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Fig.5 Synthetic control method
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