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Tab. 2 Variable selection and measurement methods
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Tab. 3 Baseline regression results
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Fig.1 Parallel trend test
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1 B[] AR S PR AP AR 0 N8y H ARG FHK & save A .35 A 520
L8 LIRSk (2 B S JE AN PR SEE OR3P 05 T BRS8N A B8 R R 3k i 5 Al B DR B A A S B (R
PR G 2 £ 249 R0 FH D T SBCSRENE A BE 5 RL SaR I R uk h AS A A S
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Tab. 5 Heterogeneity analysis of resource-based and non-resource-based cities

.- Wi BEAS R gt fp Bl A B A B pollution B A RS i+ save
(DB A (2) AR ¢ PR 7 (3) ¥R i A (COF |3797¢:7) (5) e 2 (6) kBt 5 7
policy 0.1027° 770,027 9)  0.005 3(0.030 4) —2.335 101427 8)  —8.689 3" " " (2463 3)  7.338 3(7.885 1) —3.864 9(7.503 8)
3 1 A5 i YES YES YES YES YES YES
” YES YES YES YES YES YES
s, YES YES YES YES YES YES
N 312 348 312 348 312 348
R? 0.786 3 0.802 4 0.856 3 0.923 1 0.651 1 0.586 8
adj. R? 0.752 0 0.772 1 0.833 2 0.911 4 0.595 1 0.523 7

3.3.2 WA R KPR 5ARE T & KW

2Pt 2 K TR B B AN [] 23 52 A AT AT RE 22 K i 8 R A UK - o 2R 17 52 e 28 % 4 60 R K E R B
B2 U e 7 7K - v AKX I R AKONE 1) S B P R IR L 4 2012 — 2023 AFE A IR T A3 GDP [SE I E KN OB R AR
Rl 43 R 2 55 K KT w8 R 3k T 5 28 B e R AR i 3 ol . EL A4 43 DL B SR 3% S3.

SRR BUR SN A 22T 2 R 7K VAN [) i DX 1 5 0 1 5% Wl o K G B AR 43 o 8 8 0% & R K IR T &
IR 2 ASTFHREAS I A AT i SCHEME [T 05, JE v LA 25 2R an 3k 6 BT . th 3% 6 91 (1) AT, &5 28 9% & R K
WA O R R ARt policy W RBUMGHE A —0.008 9 HAS 5 35, ¢ BH % J0] 37 380 90) g BE A o) A= 25 4 9 22 5%
SRV R K V- A M DX 2 €, 4 B AR 7 R W AR S AR T H 8 (2) T AR B R KT IR T A O i
FEAR G policy BRENTHES 0.127 0, RECH IE H W 2, AR T & K37, ¥ 0] I 38 70T pig B2 A
] AL S PR R St A B R A R AR T A B R R AE L B B (3 W, i 2 U kR KO I O i R
A policy W REANTIHE R —3.521 4, RECH T H W2, 3= B 3 In0 I8 30T B BB 1) A S AR 9P b A2 i I 2 1%
10 5 28 0% 2 JR K ST 3 T A SR ) A S Y8 BB YR T pollution . FH A (4) AT IR 28 5% & B 7K T 30T A% 0 il R AR
it policy WRBULTHE N —6.555 0, RECH T H 3, 38 W] 3 ] I8 38 70] m B 1) A S AR P /b X IR T &
J& 7K 38 T 240 UKL ) A1 34 BT R VR B pollution SEMNZE.E5A (3) L (4) W 51 AR, BT g 1l T R B 1) A= 38
PRI RMEE X AR 28 T & B AT 3T 52 i B8 KL 2 (5) L (6) AT, TRie & i 4 35 & R K3 ik B AR 3 kR
I A% O R AR B policy B9 FR BT THE I AN b 3, 28 WA B I I 3l 0] e B A ) A= S AR B AMEE X N H
He 6 KB save A 035 5.

25 bR IR RSk (2 BT A SR AN EREE LR 4P 5 T o BCOR AK AE e 48 % A S K Il T IR 22 B e K T B
S S AEAE KGR TT 2948 290 Oy THT S BR800 7 1 28 5% & Je AT 3k it R 28 5 e /KT 3k it A A S o k.
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Tab. 6 Heterogeneity analysis of cities with high and low economic development levels

- WA R gt fp Wi AR B . pollution 1 AR i« save
(D ik &)=1 (D G Y=1 (6%
policy —0.008 9€0.026 8) 0,127 0" " " (0.022 6) —3.5214" " " (0.979 0) —6.555 0" (3.455 3) —1.299 6(6.131 2) 0.843 1(7.828 7
s il A YES YES YES YES YES YES
" YES YES YES YES YES YES
3, YES YES YES YES YES YES
N 324 336 324 336 324 336
R? 0.785 8 0.825 1 0.935 2 0.857 3 0.573 3 0.716 5

adj. R? 0.752 0 0.797 9 0.925 0 0.835 2 0.506 0 0.672 5
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3.4 HLEISH

A SRR ME BOR 1 St BB A% (2 2 AH SC B T T s ) A A8 PR BT ) W B FA B — 5 T, 20 Rk TS Y HE A T
R VIR G 7 RE S A ML 254 R SR R B 24 7 M s o — T T VRN Al 3R AT 60 2 R T 2 I TR R R BT, 4R
o A I R A AT DR b 2B SR AP 2 IR A S T B o M B A L AR BT X 22 T R R AR R

H IS0 AT DAL SRR R 2R 0 4 B A R g f p RUAR R W) AR 2 WL pollution BA B35
i), AEXF 35 B AR 36 K B save WA 3 52 W, PR L 0 4 (0, & B R AR 7738 g f p RN UKL ) 4F - 2 ot it
e B pollution PEATHLH S AT.
3.4.1 kg

BLHI A3 AT mUE S5 a2 7 s A0 (O AT B0 R AR 5 policy W7 M 2548 stru BLA 1 35 52 0 L fig
SRR AR AR o HE AR R Rl 5 R TG 3 (2) | (3) Y[Rl T &5 SR 3 BH P S5 st Ko SR (0 A R A R R
gtfp A W B X 20 UKL 4 4 - 44 i VR B pollution A5 535 55 WA, 22 BH 775\ 445 A4 % 3R 55 1 30 A 350
RN B — 2 3T P S5 R seru B A SO HEAT Sobel K8 W B AR B gt fp \ pollution ¥ Y Sobel
K5 (4 P AB 5508 0.060 0,0.058 0, i — 2B UL =ML 544 seru XHER 8 2 TR 773K gufp M ANFURL ) 47 T
BI VR BE pollution HAT 3 v A 400 R I o B30T 38 S8 R BEAE ) AR A5 OR B b 2 0T LA o R 3K 7l 25 4
Xif G 0 4 B2 A T R HE RN IR BT AR A 7 AR S I I ) R
3.4.2 HOAREH

27 5 (O TH RS B policy XMELARBIH inv HAT 8.2 B IE M52 0.5 (5) L (6) 1Y Ml )9 45 5L 5=
WY AR BIHT X G (0 R B AR P73 g f p WA W 3R {E X 20 UKL ) A1 38 B B WK BE pollution i 3552
WE— 4T Sobel K56, Wi i B AS B go fp \ pollution XiF I [ Sobel K56 19 P {H 4354 0.111 0,0.080 0, %
BB X A OB 487 24 BTt MR B pollution FEAEFR I3 A RN AB R 48 (8, 4 SR 77 gufp AAFAE A
RN FR T B AR A T 3 B B R N YT Y Al A P I S AR AR B TE S e B R R R Y
BN b3k e WY A S AR R R BT St (8 4 B R A R AT T B AR 0 G S0 v R R v B L SR R PE R
W& R0 7 A AEURIT SCHE 43 BT 38 TR0 38800 i B 1) A 2 PR AP R BT i SR FH 00 B R B8 4 A IR B4 5 T R W
R RS BT AU R R TS5 T B R AT R T kA A AR S B I R SR, 3 BUZ AR S AR 1Y R A RL0E
NI 2P TR I B R 3 S R B ) AR S R R T L3 S R R ARG 40 R 4 A S 4 5 R R R L 0B T
I 7F Hby X BB A 4.
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Tab. 7 Regression results of mechanism analysis

AR LSS A stru A i BRI inv
g (DB R AR () Wi fr B A ) W R A O A (5) B fift B 72 (6) Bl fif BE A2
Hstru Hagtfp H : pollution W inv Hagtfp & : pollution
policy — —38272° "7 (1.403 6) 0.036 9" " (0.018 6) —6.344 3" "7 (1.538 8) 52.788 4" (29.943 3)  0.043 1" 7 (0.019 3) —5.306 7" " (1.564 1)
stru —0.001 6€0.001 2)  —0.218 9™~ " (0.056 7)
o —0.000 0€0.000 1) 0.006 3" (0.003 6)
2 i A NO YES YES NO YES YES
”, NO YES YES NO YES YES
8, NO YES YES NO YES YES
N 660 660 660 660 660 660
R? 0.007 2 0.789 8 0.884 3 0.011 0 0.789 2 0.882 6
adj. R? 0.005 7 0.763 6 0.869 9 0.009 5 0.763 0 0.868 0
Sobel 46 1% 0.007 2 —0.609 8 0.009 3 —1.218 3

Sobel #:56; P & 0.060 0 0.058 0 0.111 0 0.080 0
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4.1 41

AR SC LA ] 3000 e B 1) AR A PR R M 1) S R oE AR SEE L LT 2012—2023 4R 55 NI T A T AR £
it o3 B S 0, 2 B E A 7 A A BORL ) AR 34 T i vk B N SY AR TR K AR A A R A L SR T BLER 22 S A
TR S B B IR A S5 T 2 TR o) A S R A R M 1) S 0 22 B R TR AR L A B R A AR AR K B R Y 24 4R 24 R
RO, AL A+ 1) LATRI R 44 Ry 18] o BT 0 Sl T )22 T 1) A S DR AP R M RE B8 o % € 42 2 3R AR 77 3 R e I 240
R AT 18 o Vi B ELA i b DXt 0 22 5 R Je A58 1y B8 (R A7 3800 AL X B A N340 H A 3 K B I
RO K GEIRTT 2B LR HTBON AN 3. 2) S P 3 A 26 B L 7R 2 (8 28 0% R JR R PR 5 O 7 O T Y 9 Sl il e
B o) A 25 PR AP M T B TR R A % U R I T DA M 28 B O e KT AN ) 4 38 T Y O 0N B A S M L (B TE OK
VR ) B LR 5 T BRI W T TR 3) ML S BT 2R W VR AL ST R B A ) A S LR AP R M R % 3 ot
Pl 25 A R R AR TR (0 A B R A R I I S R AT A UK ) AT S X IR R R L X SR (0 22 T R SR RIIR S A
A 52 A RO B AR BT IR EE O A B B 0 A O L (E R SR 22 U R RO i 3 TR RN
4.2 EiL

1) 2k 232 #3900 T )23 TR ] 2 25 DR AP A2 1R O 9 R R D R TS X T A M X
Hm KL HIE 60 A SR TR 8 i B il A LR A8 A SR A T L A B T4 /N R 2 2255, 1) ) 52
SRR DS R 2) R S A 24 7l L B R A A8 28 U kKT R 0 24 M Y R R, — T T RE %38 N 48 T R
JRE BT A AT JB 1) 3T 7 Ml AR 2 7 oMb 5 A 1 o € 6 AR TG0 s Sy — O T L e 7 A AR B R AR L L
AR & ST T3 R B 4 Bl S (0 28 5 D . BT 8 D R I T AT AR S AR AP R B2 EOR AL, R &
J g 7=l TG B 7= b T e T O A M B 20 B G T . 3) T ik R SO e At € B R BT A R RIS R L HE B 4 O
o JOT i R e L R BT G A R B S P M Y S B B R QIR REAE — TR A DX 8 2 T R R Sk e
AN AT LU 3 Az 7 5 2 @A R R 7 M 25 0 1 A R 5 | 48T 37 1 SRR HE Bl 48 T e B i R R TR, AT
N7 55 ity £ M 3R A7 2 €6 12 AR BB LAHE Bl 4l 2 €0 Ak 5 R0 T 20, 12 s b IX 4 (0 22 0 R SR KO-

!

Bt % BB FhR (DOI1:10.16366/j.cnki.1000-2367.2025.09.02.0001).
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Study on the horizontal ecological protection compensation effect
at the urban level in the Yellow River Basin

Zhang Xiaoyu*, Cai Qing", Zuo Qiting", Zheng Pengfei®
(a. Business School; b. School of Water Conservancy and Transportation;
c. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)
Abstract: Ecological protection compensation is of great significance for realizing the major national strategy of ecologi-
cal protection and high-quality development in the Yellow River Basin. Based on the panel data of 55 cities from 2012 to 2023,
this paper uses the difference-in-differences model to study the horizontal ecological protection compensation effect at the urban
level in the Yellow River Basin from three aspects: green economic development, environmental protection, and the conserva-
tion and intensive utilization of water resources. The results show that this policy has significant effects on green economic de-
velopment and environmental protection, but the effects on the conservation and intensive utilization of water resources are not
significant. This policy shows heterogeneity in terms of green economic development and environmental protection for resource-
based and non-resource-based cities, as well as cities at different levels of economic development. Industrial structure adjust-
ment has a significant mediating effect on both green economic development and environmental protection. Technological inno-
vation has a significant mediating effect on environmental protection, but its mediating effect on green economic development is
not significant. Finally. suggestions for continuing to promote the construction of the horizontal ecological protection compensa-
tion mechanism at the urban level in the Yellow River Basin are put forward.
Keywords: the Yellow River Basin; ecological protection compensation; green total factor productivity; green economic

development; difference-in-difference model
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Tab. S1  Selection of studying cities
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Tab. S2 Resource-based cities and non-resource-based cities
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Tab. S3  Cities with high economic development level and cities with low economic development level
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