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Spatio-temporal evolution and influencing factors of urban ecological resilience in

the Yellow River Basin

WANG Songmao * , NIU Jinlan
College of Economics and Management, Shandong Agricultural University, Tai'an 271000, China

Abstract: As the most complex social ecosystem, cities are facing ecological challenges such as resource scarcity,
environmental pollution, and sharp decline in biodiversity while experiencing rapid economic accumulation and accelerated
urbanization. Strengthening urban ecological resilience is crucial for sustainable development of cities. Evaluating the level
of urban ecological resilience from the perspective of resilience, exploring the spatiotemporal characteristics of the city’s
ability to prevent internal and external ecological risks, and analyzing the impact mechanism of differences in urban
ecological resilience have guiding significance for the implementation of urban ecological civilization construction and risk
prevention and control. Based on the perspective of " evolutionary resilience" , the urban ecological resilience index system
is constructed from the three capabilities of " resistance-response-transformation" . Taking the Panel data of 59 prefecture-
level cities in seven urban agglomerations of the Yellow River Basin during 2011—2020 as an example, using entropy-
TOPSIS, traditional and spatial Markov chain, based on the quantitative measurement of the urban ecological resilience of

the Yellow River Basin, its spatiotemporal characteristics are analyzed. Finally, the panel quantile regression is used to
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explore the segmentation effect of the influencing factors of urban ecological resilience in the Yellow River Basin, and
enhance the understanding of the influencing mechanism of urban ecological resilience. The results shows that: (1) The
urban ecological resilience stayed within (0.092, 0.125) in 2011—2020, showing a slight upward trend, and “inverted U”
dispersion tendency. In terms of spatial distribution, the urban ecological resilience is “strong along the downstream while
weak along the upstream and midstream,” and radiating while decreasing progressively from provincial capitals to the
surrounding cities in an obvious “center-periphery” pattern. (2) The level of urban ecological resilience increased or
decreased successively, but it has not yet achieved cross level transfer, with features of “path dependence” and *self-
locking.” The geographic background plays a vital role in the dynamic evolution of the resilience, manifesting as an
agglomeration effect that “areas of high/low resilience cluster.” (3) Influencing factors like the economic development and
technological innovation have a significant promoting effect on urban ecological resilience, the industrial structure exhibits a
significant inhibitory effect on urban ecological resilience, while the effects of population density and environmental
regulations on different quantiles of urban ecological resilience exhibit significant heterogeneity. The results of the study can
offer some scientific and theoretical reference and guidance on the ecological conservation and the construction of “resilient

cities” in the Yellow River Basin.

Key Words: urban ecological resilience; spatial Markov chains; panel quantile regression; the Yellow River Basin
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Table 1 Index system of urban ecological resilience

— g — s ir Hfin /%
Primary indicators Secondary indicators Unit Weight

Wi AR AT RITEE S A YK M3/ A (+) 10.98
Urban ecological PNSES S NN A M2(+) 12.81
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Table 2 Index of influencing factors of urban ecological resilience
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Fig.2 Trends of urban ecological resilience in the Yellow River Basin from 2011 to 2020
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Fig.3 Spatial distribution of urban ecological resilience in urban agglomerations in the Yellow River Basin

F£3 2011—2020 FEAREW T ESHEDSRBRXEBRER

Table 3 Markov transition probability matrix of urban ecological resilience in the Yellow River Basin from 2011 to 2020

Il A= A AR TN e HEE R TE B R

The level of urban . Low level of Moderate level  Slightly high level High level
. . Quantity - - ST ST

ecological resilience resilience of resilience of resilience of resilience

et - 393 0.9486 0.0514 0 0

Low level of resilience

AR

Moderate level of resilience 8 0 0.5455 04545 0

s ot " 79 0 0 0.9186 0.0814

Slightly high level of resilience

P 29 0 0 0.0145 0.9855

High level of resilience

4 M T YA B2 (] PR )] R T A S B Sh A AL RRAE . (1) ABIRE S R AR Ak
MR A R, AN RS [ ARIRTT S i, IR M A R BOR AR 0.9486 , T SR | A
T 5 R ) R e P ) b T AR AR, AR EIR AR 2031 0.9487 ,0.8397 ,0.8797 F10.7642, (2) A
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R4 2011—2020 FEH AR T ESHEZ B D /REKEBEER
Table 4 Spatial Markov transition probability matrix of urban ecological resilience in the Yellow River Basin from 2011 to 2020

ki A A

- s e kg P
The types of neighborhood The level 9f Quantity an.lfzvel of Mnderéte‘» level Tovel of ngh‘ 1_eve1 of
urban ecological resilience of resilience > resilience

resilience resilience

i i 306 0.9487 0.0513 0 0

Low level of resilience AR 45 0 0.9630 0.0370 0
Bk 27 0 0 0.9789 0.0211
T 13 0 0 0.7807 0.2193

A B 40 0.8397 0.1603 0 0

Moderate level of resilience P 22 0 0.8333 0.1667 0
Bk 17 0 0 0.9800 0.0200
B 15 0 0 0.0370 0.9630

Bom B 14 0.8797 0.1203 0 0

Slightly high level of resilience P A 20 0 0.5455 0.4545 0
Bk 34 0 0 0.9231 0.0769
= B 11 0 0 0.0254 0.9746

R Bt 4 0.7642 0.2358 0 0

High level of resilience rh A 7 0 0.2656 0.7344 0
Bk 13 0 0 0.4525 0.5475
T 21 0 0 0.0157 0.9843

3.3 PTG T A A e R 2 A

B TR R 10% .25% 50% 75% F1 90% Ay T8 M 5347 %5 (5] U 45 4 f 3437 i, [] I,
Sy b G B B AR M TR, A SCOR A 738 38 e/ — e i (OLS) [ #EA T HL 8K

5 RIE 4 43 BIRS T A AR A 4550 B T AR ZE 5 e & KV (ED) ST A= 5 90k B
FIEMIRTHE AR 75% 380K Pk Bl . A 85 (PD) W38 A= 25800 1Pk 1 5% i ELA 1 4 22 Sk
T 10% 25% 5D UK T, N0 86 8 R B0 385 15 MR HEVE T 5 76 50% \75% i UK R, N 1028 BE 9 1E 1]
SN A 1 AR IS s 7E 90% A BUK R, A5 B R B Ry 3 i A R, b 4R (1S ) Xt AR
A B A 8 AR AT A Ak LA SRl R T2 7 Al 5 R T A S A 4R LA T o A
F . BHEATE (T X A S R A W3 AR FHE . BREERLH] (ER) X3k 7 AR 25400 0 19 52 i 4 A7
e, TE 10% 25% \50% 53 BOKF- b PR U0 7 A 25 000 R B A (8 35 A T ) 2 0, 7 75%
90% 43 i ROK L BRI B0 W IR R R, 47 b, 0 & R KOS RVRHE Q3 2 4R ek i A S v Y
LIRS R 27007, A G BB = b G5 AP0 1 38 A A 3G 5 5 A 1 9 E 3 R S BELAG i ) 1 2 T 9
T A= AR BB T s B0 M 5 i o 2k e BR85S A
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Table 5 Test results of panel data regression model

At 38 e ek TR EX P Panel quantile regression

Variable Ordinary least squares 10% 25% 50% 75% 90%

ED 0.0020 *** 0.0011 """ 0.0011 """ 0.0024 *** 0.0025 *** 0.0017*

’ (5.21) (11.06) (6.54) (6.87) (3.62) (1.90)

PD 0.0029 *** 0.0009 *** 0.0007 * 0.0013 0.0015 -0.0019 ***
(2.92) (3.49) (1.65) (1.41) (0.86) (1.42)

IS -0.0010 """ -0.0001 -0.0002 ** -0.0006 *** -0.0009 *** -0.0018 ***
(-5.03) (-1.48) (-2.38) (-3.45) (-2.78) (-3.92)

- 0.0381 """ 0.0058 *** 0.0142 """ 0.0308 *** 0.0621 *** 0.0952 """
(13.64) (7.99) (11.57) (11.88) (12.54) (14.21)

ER -0.0024 -0.0001 -0.0012 -0.0012 0.0015 " 0.0023 **
(-1.44) (-0.33) (-1.61) (-0.76) (0.52) (0.59)

cons 0.0972** 0.0478 *** 0.0532"** 0.0711*** 0.0819 *** 0.1417*"

- (8.92) (16.88) (11.15) (7.04) (4.25) (5.42)

N 590 590 590 590 590 590

TSN ¢ G = | e s PHIFRIRTE 10% 5% 1%/KFF 83N £t Number

i Intercept

72l ZEK Industrial structure

0.25

0.20

0.05

0.01

-0.01

-0.02

-0.03

0.02 -

-0.01 |-

2% & J@KF Economic development

-0.02 |-

0.15 -

0.10 -

0.05 -

R} 7 Technological innovation

Fig.4 Panel quantile regression results of urban ecological resilience in the Yellow River Basin
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G, T2 PR 2R B 3o v AP 7 B S G 5 b DX S 0 A, e = S 0 5 7 S5 RS AR 1 7 2R (5
FERY N2 m DAL KRR B R AR SR RIS T A ST S A 2017 4R LRI RE S
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http ; //www.ecologica.cn

553



20 41 FANE A BT I T A A P N s A R HSE i A R 8319

PRAEAZS TAR SR AR 25 R G HRP AR J7 R 1 G 735 Y L PR I Bk i AR A P 97 S R A 2017
AEFFIR B/ | 22 IS U BUASAERRE ; 28 2020 4, i 38 A RIS S B A 3 43591 R 30.5% (22.8%
H129.6% , 3% F 54525 T (UL b3 DX W S B R ( 2016—2025 4F) ), A A T rfrco b 0 3ok i e A 15 A 255
BT SR AL T BOR AL R Ik, i A S R THE— B 2 0 IR A S R B E %
A7 B R RIS 8 F R SR T A BOR S RE 30 ARk T RE PRI B T AR S 3Tl S A0 ) A1 ] b 4 T
SRR ) H SN 23 [0 SR, RIS T 58 S Mty 25 ) T Ul A= A5 0 k< ™ g LR PR 3nk vl A ) AR S
PRI RRBRAETE LIS B (LG, NI T S 25 5 15 32 BV5 Y b g i M

H 253 B A e R 7 52 2 e A AR P 8 s S 7 2 9 P LT Rl 5 ARG e R AR A
FUARAM X, B 5 0 F AR MR A A% SR R AR G & e 22 500 IR, S2 R T [ SR Nk & XU & 30 e
B R E W E AR B E 5, RSO RION IE MR U, 5 B B 2 w0 o ) i dek A S R B Y
FES S BRI — 20 b SR X 45 40 o BT AR S I A AR W A S R, S e A B
58 V3% Bh 5k i X A 25 77 A9 8 B R R R LS AR AE T SR LR A BT IR 509% LAY HL 2%
@ TR IR R R Tl BT, « R g = FERE L S HERC 19 Tl & JR A 2 e 3k i AR A ik AT
R RS AE 75% 90% 53 i BUKE T SRBE R 2 Bk 38 15 1) B2, SIE S T SRBE R X A S B A7 1
TE [ TR BRI FE I IR > ARBESR T AL M AT 5 10% B TR 90% , A 17155 J3E 4 52 Wi 322 47 b 1 1) 4
FEAR R G A0, v BE A DR R T AR S IR T 97 s TR R AN D R B S R
BT — KT 657 8 7 AR SR AR 1) “ L™ 5748, e N F AT RE S s RIS BT B8
15 YL R A )

5 i

(DS A MR 0.092 88 2 0,125 4E K 0.33% , I N R KA 25 2 80H 0.307 8 &
0.545 P 2 0.482 , KBNS« U RUARACRFIE . 25 0] 1, IR A= A0 B0 o0 « Uik . bl ss ™ s ki e &
BEPLE M B PHLE AR A5 54 2 3 7T SR A0 [ A1 ) M 5 T 3 D, S22 80 B S ) < o —Ah L Y
23 (a4 S

(2) 3l A A AR LA AR 5 B BB RO, LG 7R 32 A A AP A G 2 (AL T s IR
A% AR TN G U M3 ZS ()15 SR i AR A M RS AR A BT EE R ), = 0 M M T ) I 1) U
VEFATESE M AR b 25 T 050 ] 10 1) A 4605 b 28 T 3 ol 2 S0 e g ) 6%

(3) I AR S M RS2 e R 3R T, 28 5% K SR /KT 1 S 35 1 [l SE R TE 75% 53 i 80K Y- b3k 3 By s B
BRI RE S A AR 2 3 57 BOK P30T AR A5 M B 48 T 5 8 5 A 7 Ml 45 4 7™ el S il 1 ok vl A 2 0k ) 4
5 5 N2 BETE 10% 25% 53 0K 1 2R3 528 1F ) 2 E 4, X8 v 3042 26 Rl 0 ol 3 ol 2 A Mk A2
FEF ] FE R A HH A Ml 28546 P 0 o) T 3k i A A M A3 i 5 BRBE AL AAE 75% 90% S i BKF T R BL
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