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panel data of 56 cities in the Yellow River Basin
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Abstract Ecological restoration and governance is a key strategic measure for building an ecological civiliza-

tion, ensuring national ecological security, and promoting the green transformation and high-quality develop-
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ment of the economy and society. As an important water source area and ecological function zone in China, the
ecological restoration and governance of the Yellow River Basin is of great significance to China’ s ecological
civilization construction. This paper takes 56 cities in the Yellow River Basin as the research sample, and con-
structs an evaluation index system for the degree of ecological restoration of cities in the Yellow River Basin
from four aspects: water resource utilization, ecological absorption capacity, ecological environmental protec-
tion capacity, and ecological carrying capacity. The entropy weight Topsis method is used to measure the de-
gree of ecological restoration of each city in the Yellow River Basin from 2011 to 2022, and the measurement
results are analyzed using the time series evolution characteristics and Kernel Density method. The results in-
dicate that; (D Overall, the level of urban ecological restoration in the Yellow River Basin demonstrates a con-
sistent upward trend, accompanied by an accelerating pace of development. A cross-sectional analysis reveals
significant disparities in the ecological restoration index among the cities within the basin. Throughout the
study period, the ecological restoration efforts across the 56 cities exhibite positive momentum, along with a
notable dynamic convergence in ecological restoration levels, leading to a gradual reduction of differences a-
mong cities. (2) An examination of the subsystem indices indicates a favorable trend in the overall level of ur-
ban ecological restoration in the Yellow River Basin. The ranking of growth in the ecological restoration indices
for the four subsystems is as follows: ecological absorption capacity > water resource utilization capacity > ec-
ological carrying capacity > ecological protection capacity. Furthermore, the Tobit model is utilized to investi-
gate the driving factors influencing urban ecological restoration in the Yellow River Basin. The results reveal
that levels of economic development, financial support, industrial structure transformation, green innovation,
and government engagement significantly contribute to the enhancement of urban ecological restoration levels.
The import and export trade that is open to the outside world emerges as a primary inhibitory force, significant-
ly suppressing the advancement of ecological restoration in the Yellow River Basin.
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tion level in the Yellow River Basin



F4H

SRS, G - B R AR AN S JEE 25 ) 4313 B (R R —— T BRI AR 56 I TR AR R B4 4 - 767 -

No MNHIRTE IR T , Wi (] 0, thk A Hi e
W1 AR T, oA I R A — E A BEAT A B
[l 20 B0, AFAEZ RO IRR , E— 10
W T 25 A 2548 5 e K Y- 22 Sk A A W

/Mo

3 HARBEHESEENTIN
EXIEE RO

3.1 KIELRSH

ASCRFEAR AL RN 3 frm, Hd
(1) (2) 0 30 g fol 1 ] 5 2000 OLS ] 19 R 45
Tobit R [ RL5 5 . 51 (3) Sy fill I BEHLAL L To-
bit BRI [ 45 2R, H LR fade it , Rt £ Rl
ZOLIY Tobit BRI HEAT A1

3 BRLES4S
Tab.3 Model regression result

(1) (2) (3)

=X
o 0LS T4 Tobit  BEHLEUN Tobit
0.027 8*** 0.008 7 0.020 3"
In G
" (0.0097)  (0.0079)  (0.004 4)
-0.0527"*" -0.0203 -0.0452"""
0
(0.0193)  (0.0143)  (0.0124)
0.1390"" -0.0212 0.073 9"
F
(0.0443)  (0.0312) (0.0221)
0.150 0** -0.0238 0.111 0"
I
(0.0609)  (0.0553)  (0.0370)
-0.0004 0.007 5" 0.0032"°"
In P
" (0.0028)  (0.0019)  (0.001 3)
0.009 8** 0.009 6 0.009 4 ***
InC
" (0.0045)  (0.0062)  (0.0020)
-0.014 1 0.344*** 0.099 7**
_cons
(0.1210)  (0.0753)  (0.049 5)
N 616 616 616
R 0.307 0

TE AR5 oy R bR e 2R,
5% 10% [ 5. 2K

GER BRI 2T KK A BB K B
AWEEAICE R, BIHE R ER, 25 & RK

VUV R R 1%

ST SRR I Sk T AR B S KT S e R AR
0.020 3, HTE 1% MG TR L & A IE, R
B RSB PR TR T3 i AR B SR K B 1B
fEFVER

XTANFTRCRE FE 5 A A8 KT 2 B 35 67 A
KFKFR, [BIALER GoR, KHHN T RO X 3 3
W ARSI E R R AECN -0.045 2, H
TE 1% [ Geit KT b 5 2, 3R W6 A I JORE B 1
A KSR AESBEE SRR, EdF R
Sy T AU & B BE T I 8 Y
T HE AR A, AT Y kT R U
(Walter Ugelow, 1979 ) 3L 42, 7K 45 &8 43 [E] 51 1= ik
FEF=l , AT S B0A b A= 25 9 U 67 FH 3 7 52 M)
WS AESBE R, SRR S
P& H 0 e R B AR, 1 7 ol R 2 o i AN
PETF, IR A R S A A U, A IR T IR

U A Jre B, AN WAt 4 7 ol o (A b 5 B

J& o

BN W B R 5 AR B K 2 L 25 1E A
KKFR o [FIHZER GRS R RE B X i
W AR S E S KER2 240 0.073 9, HAE
1% W GET K F 20 1F , R B RS ) A
W K RENS B e E SO I U E B R . X R
HEVE R BUAE . — J 18, BUM W B 1 3 A R
TAZS R WO B HOAR N LA S N A, A
AR HE BRIt B AW o 38, WA SRR A
FEARHAE R o — 5 T, BUR WA B i ) A= 2518
SR H A S AR T REIMR RS AR
Tl , AT A E A B R Fll

PS5 5 RSB E KO R A K
Ro IMIEZEREE R, 77 Ml 45 #4 GO0 2 T 3 4 3
HAESBEACEEN R ECH 0. 111 0, HTE 1%
MG K B 20 IE B = FE O ) 55 =
W% A SR KA R, Rl E T AS
FRAGARYTF B O LA B Al A 7= s R AR IR
A 253k BTt FH AT g 2 1 ol 3 s e A s Tl Ak
T AR A R R R K BRI A E S R S
T B 7, R Tl AR 7= A K S AN AT A R
THFE. Pl b i AR 4 Bl Ak - B R P, B
QEREE AR A T 55 18 77 b B AR T R A S
PE DRI S A ROR . TGRS
P TG AR rh  BE DL SRR B, Rk Al
“IRSEE R .

SAAPHKE 5AESBE AT 2R E FAH



. 768 - VUL R 2F 240 HARBRE AR

555 %

KR, MIALE R IR, G088 KE X AR
ST AR B E KT 2 R 40N 0..003 2, HAE
5% WSR2 NIE, RGO AR K
VR T AR B B R R AEAE B AR VR
FEARIAE : OBUR AT DL 10 &% @805 R
IsE A BB G, B A SR D1 @ Mk Al
R AT LU G B2 T R IR E  (figkat
FIEAR SN i B AE = FB1T, B BLE MR, 520
783 SR R O Sl I B NN TSR
X — AL BEHESh BOAR W i — 25815

BUMN ORI E SAESBE AT R0 E FAH
KRR WIAZER EIR , B G FE B X # Ji
S T A A B KRS 2R B0 0. 009 4, HAE
19% WSt /KF 1 250 1F , UM X TR 5 £
o) LR B A A T AE S E R
TEAE VRS T, BN T B A s I A R 3
IR AR ) USR] R 22 & J H AR 5230 .
—J5 T, URF ) 35 B T A 2R 18 2 A R
T & S, AT BOR A T ) B S, B
ESEE T HMAT FARGEEHRA. J—T
T, BN OG5 B AL HUE REIG SR A AR
3.2 RfEEem

R T B UE 1] A 25 5 B RS, A SOR R 4
TR MR R . HAACRE RS A LR
FERE R I R AR 0, ) W B A, A AR
AN TR BEAL Tobit [HIH 255 W32 4,

F4 RalErERR

Tab.4 Robustness test

Ay Fifi#1. Tobit
0.017 9"
In G
(0. 004 38)
-0.046 27"
0
(0.012 4)
0.073 5"
F
(0.021 0)
0.120""
1
(0.036 7)
0.003 90 """
In A
(0.001 19)
0.008 97 ***
In C
(0. 002 04)
0.117"
_cons
(0.047 9)
N 616

A5 PO R AR E LR,
5% \10% (1) . E KT,

VUV RS 1%

MINAZERRE , 258K K- ATl
JE W BOLRF K L SR SR BT |
BON RTERE BT 1% KF B VA g,
M RBOCR AR KA, B R BN A AL
gy, HREESE R — 2 B T A SCEME S5 R Y
Rttt

4 HREEREN

AR~ 25 AT T A AR DG AE T Bl , 4 3 B T
I A S B SKPENHR AR R, AR {E TOP-
SIS W 2 AN, 76 BE FE At b A B TR 3L B T
A BB SR (A Ik Py R AL AL, B P T A Tobit
IR SIETIEAS 56 B8 T Y S T A 2518 52 1) 52 i) [
R, EELEWT

BRSO IR T A S B S K A
RN BT e R AL, i A2 2518 k.
S SR SE AN INER . M B i R A, B T Jid 4k
A Z W] A B AR B R B . AR
KA AEFEARTS B, Bl i 56 Akl AR 25
AR RGO B A 254 . AP T B AR 2
S35 5 K W o T e TR, 2
AL Al T A A S KT 22 B 1 B 2K
STVERFAE , 23k T =Z 18] A9 A 518 K- 22 5+ 0%
A

MTRGHERORTE , S sk AR 252 42
HFBER RS 4 M TREESBREE
SO /N HEFPAR U AR RE Ty > UK
PEARE S > AR BUREBE ) > A BRI RE
FAACPUB R I « AL 25 WCRE ) 00 3 K 3
W2 K BEIRA I RE A IR, AR AR RE I G
HA 2 B AN 1 B IR S AL S AR I RE S A0
TEW B 2 T S

MR R FORF , 2805 KRR W BCCRK
AR A A B K BUR TE R
P AR A T I RO T A A SR KR
Tto RESMITICF A RE 151 5 2 2 AM I 07,
FANH T IR S B R R

BT LRSI, O S L HE BT RS T A
BBETAE SRR

D) R PR S0 L B o B B BT
SR A MBS A R B AE ETF (EAEROK
P, A BB R F R . B
R V2 TR IS 15 RE PR P A= 2575 T 4 M 5



F4H

SRS, G - B R AR AN S JEE 25 ) 4313 B (R R —— T BRI AR 56 I TR AR R B4 4 - 769 -

BOSHE, [R5 S AL 2 BEA T IR 1Y RE R 5T A
LR oy W = L B = | A A | L
TR R S A, LR R A S A ol )=
1 BRI R AL 2 BUAT , LA A = iR, 2R RS
FEAR ST ASE L . A ARJZ 22T X T4
BB IH BT A B AL HO , NSRBI B
KGR BRI AARE IR

2) Bl By s Al B TS B R R FERE
1R G AR i S B R R AR BB SR T SR
Wi, PRIk , A S T U 105 S Rk, A 4
TG g R AERE T LR 1, SR AR B, B
ek 5 by  SEB AT R R R . — 5T, ZE R
RSl BOR S| S ar 5 BT, 4
ShAN UL R 2R UKy 1) BT R Bh e A5 75— T
T, g 2 €0, 57 5 7 e PR BE A, B
AR AHTEARIEDEDE 1152 5y B A, 5
REOT 5 LRI

3) B SR O AR BIR . RIS BUR )
F—B 1, SRR QR R o e kAR B RUK
SRR TE, s 0L F BT I HE Bl 2 (0 BOR K Ji
FISE B AT 55 e Jie ) o B4R o (BN B 42 %)
AL MR 2R SRFAT R . T RAEARSE
BT BA AT S M NIRRT L
RITERFFFIGRAF s 0 T I (EAR R B/ BB A R
MHAR AT & G | T 54045, Bl OR L IU0E SR v
B, BT . QEMALT G 5e A S AR
FREAEIE " 2T — AL, B A R BB BTN, s
FoArsE RS E, IRk E BT AR SR AL,
INTITE B1 7 Ml o o i 2 (0, B RE T 1) 0 3 o

S 3k

[1] MCDONALD T, GANN G D, JONSON J. et al. Inter-
national standards for the practice of ecological restora-
tion-including principles and key concepts[ R]. Wash-
ington DC; Society for Ecological Restoration, 2016 .
34.

[2] JORDAN W R. Sunflower Forest: Ecological restora-
tion as the basis for a new environmental paradigm|[ C ]
// Beyond reservation: Restoring and inventing land-
scapes. Minnesota Press: University of Minnesota
Press, 1994, 17-34.

[3] SRR, KRBT, B, 55 A28 AR IB R KT
FER[T] TR X B 53 45,2017,31 (1) : 160-
166.

ZHANG S L, ZHANG L M, HOU H P, et al. Re-

[4]

[10]

search overview on natural restoration of ecosystem
[J]. Journal of Arid Land Resources and Environ-
ment, 2017, 31(1) : 160-166.

EIRE. KT AESBEE TS SRE RIS T].
HFrE 7K 44,2003 (10) :4-5, 39.

WANG Z G. Discussion on some concepts and issues
of ecological restoration[ J]. Soil and Water Conserva-
tion in China, 2003(10) ; 4-5, 39.

FYA A B S B RS SR AR [T ] KA
241 ,2006,37(12) :1476-1481.

DONG Z R. Scale and pattern for ecological restoration
of river[ J]. Journal of Hydraulic Engineering, 2006,
37(12): 1476-1481.

SLE R, FEOCHR. A BT S TS LT ] K
TEP IR YT IR 5 FR 5 ,2008,17(2) :252-256.

XIA Z Q, GUO W X. Research advance in river
health[ J].
Basin, 2008, 17(2) : 252-256.

HEAE ) 2 3. TR ) B AR A S FR BT A ST B B
Him ik R R BOR AR ], W2 Wi 5 5,
2023,44(2) :96-104.

MEI Y, HE J L. Measuring the quality of China’ s

Resources and Environment in the Yangtza

natural ecosystem governance and it’ s policy inspira-
tion for high quality development[ J]. The Theory and
Practice of Finance and Economics, 2023, 44 (2).
96-104.

WY, &%, B A, % B S AR S &
JChE B e it s M R AR (). 22 U st B
2020,40(5) :49-57,80.

CUI PP, ZHAO Y, XIA S Y,et al. Level measures
and temporal and spatial coupling analysis of ecological
environment and high quality development in the
Yellow River Basin[ J]. Economic Geography, 2020,
40(5) ; 49-57, 80.

WSCHE, M B, RALRR, 5 b AL - RS
RGRE JIntzs AR E S H R i [T T
ELIXHhHE 2022 ,45(3) :912-924.

YE WL, YANG X J, WUKS, et al. Spatio-temporal
characteristics and influencing factors of social-ecologi-
cal system resilience in the Loess Plateau[ J]. Arid
Land Geography, 2022, 45(3) : 912-924.

TERVAN PR R LN TR RS R A T SNy R
WAL RN 2R [T ] SR~ 2020,42 (12)
2274-2284.

YUE L, XUE D. Spatiotemporal change of urban
green development efficiency in the Yellow River Basin
and influencing factors[ J]. Resources Science, 2020,

42(12) . 2274-2284.



- 770 - (LBl QSR S) %555 %
[11] FER7 W, BREHSE—, sk & SRR AR T At & - A3 differentiation and influencing factors of the coupling

[12]

[13]

[14]

[15]

[16]

[17]

RYGUIKIZ T18AE RO 32 BRI R AR AR T
B[], BRI, 2024, 46(10) ; 2064-2077.
JIANG Y G, OUYANG J Y, ZHANG ] F. Evolution
of social-ecological system resilience and its main ob-
stacle factors in resource-based cities; A case study of
Panzhihua[ J ]. Resources Science, 2024, 46 (10):
2064-2077.

SRAKFE, 0, S R, S KA R Al AR B A
R TTEDITE LT ] RS R - ,2019,38(5)
782-789,795.

ZHANG Q F, BAIJ, MAY Y, et al. Research on the
method for evaluating ecological restortaion[ J |. Marine
Environmental Science, 2019, 38(5) : 782-789, 795.
VB3 , 322 SCHT, B Ui, 4. 2000—2019 4 74 )11 44 Hif
PR BT R [T ] AR5 4, 2023, 43
(4) :1596-1609.

XIANG J Y, PENG W F, TAO S, et al. Analyzing
the effect and influencing factors of vegetation restora-
tion in Sichuan Province from 2000 to 2019[J]. Acta
Ecologica Sinica, 2023, 43(4) . 1596-1609.

R, i, ML, S5 WP XA A S R
GRS Sy 23 AR R B P R [T ] T R X8
R 5355 ,2023,37(7) :3847.

LI X H, ZHANG X B, YAO L' T, et al. Spatial-tem-
poral evolution characteristics of social-ecological sys-
tem resilience in Hexi region[ J]. Journal of Arid Land
Resources and Environment, 2023, 37(7) . 38-47.
FHE KT 7, W, BRI ATk k&
JEAG AR S IRETRE 5 P U B ) SSUE AR B [T ). St
Y3 ,2024,40(4) . 108-113.

WANG Y, ZHANG X F, L S Z. Empirical examina-
tion of the coupling coordination degree between the
digital economy, industrial development and ecological
environment in the Yellow River Basin[ J]. Statistics
& Decision, 2024, 40(4) . 108-113.

[SRINE I S N ENE R VA AR SR e LD
R R ROV BT AT R AR [ ] I
W 5H % ,2021,40(5) :149-155.

XIAO Q L, XIAO L M. Spillover effect of urban eco-
logical governance efficiency from the perspective of
human well-being: Based on the test of the Yangize
River Delta urban agglomerations[ J]. Areal Research
and Development, 2021, 40(5) . 149-155.

XA X, A3, 5. BT gL s R B AL S
A IR ARG RN 2 A% SR S R [T . SRRt
2,2020,42(1) ; 159-171.

ZHAO JJ, LIU Y, ZHU Y K, et al. Spatiotemporal

[18]

[19]

[20]

[21]

[22]

[23]

and coordinated development of new urbanization and
ecological environment in the Yellow River Basin[ J].
Resources Science, 2020, 42(1) . 159-171.

el B —A) TR, 4. B 4 R AR R R R
R R [T]. A 255741k, 2020, 40 (23 ) : 8593-
8605.

LIT, LYUY H, REN Y J, et al. Gauging the effec-
tiveness of vegetation restoration and the influence fac-
tors in the Loess Plateau[ J]. Acta Ecologica Sinica,
2020, 40(23) : 8593-8605.

ke 2011—2021 AFH 48 AR A FR R B B 25 51T
My e 2 AR RFAE A AT [ ] T 5 IR IR 5 R 5
2024,38(6) :110-119.

WEN Y H. Assessment and spatial-temporal evolution
of ecological environment in Gansu Province from 2011
to 2021 J]. Journal of Arid Land Resources and Envi-
ronment, 2024, 38(6) . 110-119.

P b, TR R = A T e (A et B R
PR 0T < T 26 39 T 17 A K048 49 {Fi—Tobit ¢
RUSTE[T]. 0 ,2019,39(9) :94-103.

TIAN S Z, DING Y J. Greenization measurement of

urban agglomeration in Yangtze River Delta and its in-
fluence factors: An empirical study based on the entro-
py-tobit model of 26 Cities’ panel data[ J]. Economic
Geography, 2019, 39(9) . 94-103.

Mk, i 3. TRRAE B B A SR L STt e
EHEIGELT ] DK A, 2004 (10) 2 7-9.

YANG S L, MENG J L. A talk on meanings of ecolog-
ical rehabilitation and its supporting measures[ J]. Soil
and Water Conservation in China, 2004(10) ; 7-9.
T A VR RILE TR st (U R BE
JII S AR R EEAR AT L] AT i kB R 5 R 5
2024,33(3) .487-497.

WENG Y J, YANG Y, XU F. Space-time evolution
and shortcomings on the green transformation capabili-
ties of urban clusters in the Yangize River Economic
Belt[ J]. Resources and Environment in the Yangtze
Basin, 2024, 33(3) . 487497.

Wiice—, BBt 554535 (BURIA FIS 28 % v o ik
RIE[I]. ZHi5E,2018,53(2) :20-34.

CHEN S Y, CHEN D K. Air Pollution, government
regulations and high-quality economic development
[J]. Economic Research Journal, 2018, 53(2) : 20-
34.

M R dE. FEIGH Mg S Tl sk af
HILT]. WP E T2 5% ,2019(10) ;118-136.

DENG H H, YANG L X. Haze governance, local



F4H

SRS, G - B R AR AN S JEE 25 ) 4313 B (R R —— T BRI AR 56 I TR AR R B4 4

- 771 -

(25]

[26]

[27]

competition and industrial green transformation [ J ].
China Industrial Economics, 2019(10) : 118-136.
HIDFR, H BEH. S (0 BHTROR 5 2R 06 PG RUH
B PRI A5 0 5 SR R - AT 55717 108 NI
o BILT]. i A 5T ,2022,31(1) :96-106.
XIAO Q L, XIAO L M. Spatio-temporal differentiation
and response of coupling and coordination between
green innovation efficiency and ecological governance
performance : A case of 108 cities in the Yangtze River
Economic Belt[ J]. World Regional Studies, 2022, 31
(1):96-106.

LhHt. BT P BE Super-NSBM A5 R ity 4l AE 255K
RS R DAL el [T]. KL
RS 3R5E,2023,32(4) :883-894.

MA Y. Study on agricultural ecological efficiency and
its influencing factors based on two-stage super-effi-
ciency network SBM model; A case study of the Yan-
gtze River Economic Belt[ J]. Resources and Environ-
ment in the Yangtze Basin, 2023, 32(4) . 883-894.
TG, AR A EE, T AE, L S R ARSI E R
RS (] A SRR 2 4e, 2023 ,38(3)
779-794.

NIU L N, SHAO Q Q, NING J, et al. Evaluation on
the degree and potential of ecological restoration in Lo-

ess Plateau| J |. Journal of Natural Resources, 2023,

(28]

[29]

[30]

38(3): 779-794.

MG, AR, ve e 0, S BT U A A R G S
ARRHIE S PRAP B RS BT 5T [ ] BRBE AR 47,2022,
50(14) :26-28.

HOU P, ZHAI J, GAO H F, et al. Spatiotemporal e-
volution characteristics and protection and restoration
Strategies of ecosystem in the Yellow River Basin[ J].
Environmental Protection, 2022, 50(14) ; 26-28.
RRAEHT, T AR, X, 55 SRARUAL R P v AR BUR 3
J1 B GEREA IN 23A% 5 B e R 2R = AR 2 380 DXy £97)
[J]. &5 aE,2022,42(10) :8391.

XIONG J X, WANG X B, ZHAO D, et al. Spatiotem-
poral pattern and influencing factor of coupling of eco-
logical carrying capacity in the process of urbanization
A case study of Dongting Lake Region[J]. Economic
Geography, 2022, 42(10) ; 83-91.

TR, g , i B8, S5 BT O 4 g O o K R KT
DNRE e JEmt 22 A8 [T ] BT =2, 2020,42 (1)
115-126.

XU H, SHI N, WU L L, et al. High-quality develop-
ment level and its spatiotemporal changes in the Yellow
River Basin[ J]. Resources Science, 2020, 42(1):
115-126.

(% |/ TI=xE)





