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Spatiotemporal evolution of urban resilience and diagnosis of obstacle
factors in Guanzhong Plain urban agglomeration
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Abstract: [Objective] This study aims to explore the spatiotemporal evolution patterns of urban resilience in the
Guanzhong Plain urban agglomeration and the influencing mechanisms of its obstacle factors, thereby providing a
scientific basis for the resilience enhancement and high-quality coordinated development of the urban
agglomeration. [ Methods] An evaluation system was constructed based on four dimensions: economy, society,
ecology, and infrastructure. The entropy method, kernel density estimation, and obstacle degree model were
comprehensively applied to measure the resilience level and conduct obstacle diagnosis for 11 cities in the
Guanzhong Plain urban agglomeration from 2017 to 2023. [Results] (1) The overall regional resilience
maintained a steady upward trend with an average annual growth rate of 4.65% , yet significant internal disparities
existed. Spatially, the agglomeration presented a “core-periphery” structure centered on Xi’an, and gradually

evolved into a network pattern characterized by “axial expansion and polycentric coordination”. (2) Economic and
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social resilience constituted the core restrictive dimensions, among which the total import and export volume, the
number of students enrolled in general undergraduate and junior colleges, and the total retail sales of consumer
goods were identified as the key obstacle factors. (3) In 2023, the obstructive effect of the natural population
growth rate rose remarkably, which indicated that the restrictive factors had shifted from an economy-dominated
pattern to a balanced focus on both economic and social structural problems. [ Conclusion] The urban resilience of
the Guanzhong Plain urban agglomeration shows an overall steady upward trend, and its spatial pattern has
gradually evolved into a polycentric collaborative network structure. Economic and social resilience serve as the
major restrictive dimensions. The obstacle structure has shifted from an economy-dominated pattern to a combined
economic-social pattern. The restrictive effect of the social dimension has changed from latent to prominent, and
population factors have emerged as new notable obstacle factors.

Keywords: urban resilience; Guanzhong Plain urban agglomeration; kernel density estimation; spatiotemporal

evolution; obstacle factors
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Table 1 Urban resilience evaluation indicator system and weights
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Table 2 Correlation test of weighting methods
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Table 3 Comprehensive level of resilience in Guanzhong Plain urban agglomeration
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Fig. 1 Kernel density estimation of urban comprehensive

resilience
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Fig. 2 Kernel density estimation of resilience of each dimension
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2023 4F , WIEAK Ja 8 A0 O A% 0 BT 5 10 5 0 3l
AT RPIR A o PG 22 T A R 9K Bl B S T
55X AN IT TR A, 28— 25 I I v ) P A 0 M AR 5
BH S0 3z 3 A D DX i, B0 KRR e
TE 58 i 55 95 KR T ARG 22 18 2% 1 sl 5 2 2 B
SRR, JC T T S v AR P T 5 SR R T DRl
SR — N ESCHEN R RSN T S i B, W (E
M 2022 4 0.162 7 [ 2 2023 4F 0.162 4, |8l ¥% 2= K #)
PERE G o X — A RCED 6 A A9 O Bl AN BT ek
PN 45 A R A0 A IS Xk S 418 31 45 DX 3 by ] 3o 7 i
KA, R Z0 4 78 T 300 2% B8 IR R i A X )
P A 38 O T BT TR I 4 2R G G 5 1k S R R g

BE AT, 5% o S e ank T AR ) 4 S R AR R R T
AR R VH A% O B AL 5 BN | 2 R BRI R
(51 55 B S0 S R R I R 2R B AR
8 T+ LK 25 300 3 T 1 B A5 4 R A A i R AE )
HE N RAGEILFE WS LR . AR E S 2
ol B[R] A A5 T M, ELARZ G 5 i g 2 ) B4
72 BEAR SR WY S0, OR A 490 P 412 T SR W 7 M 3 L IX Ja
e 5] WL (9 2 S8 4 S 5 00 5 BT 4 A B Y R o
SCHRF, LAME Sl B S I X A | RT R 2 i B 4k A )
285

3.2 ERFEEHEE T EEESEFIRA
3.21 M EHARTFRANE KRB BN 2017—
2023 4F 5 - T3 T R I T o D) 2 B A R
S TE AL RRAE CR 4D 7, 25 2 5 640 1 2 T 1) il 24
EFAEAE 35 22 5 H 2 BLOCHR PR fb B . JLp
iU O ol R 3 NN IV N < [ S 2 o ) R
(52.82%) > # £ $) 11: (30.82% ) = K& fill % it #) 1tk
(13.219%) > HEBPIE315%) , &% U 5+ &
PEAE R A% O il 249 4 B 52 80 A L 2 L Bh A SR BT Y
FRAE, 3 () g i X 3 ) M i e 1 3 O 9 5 R Al 1L it
PV 5 AR S B 3 AR Sy S R R R AR B
B ik A I AE XA BRAA R 2 A7 AR, s AL S 5 0
Yt B TV T N o

PN BSF 18 AR 508 LI R B 4 T M B A
K AL T 7 B R B3 PR, i 2017 4R 1Y
53.98% [ % 2023 4F 1Y 53.65% , ¢ B IX I 28 3% 45 44
e Y 55 0 AU I8 7 B A T 5 AR T L A 4TS
1t 50%6, J i Y 28 0% S Y A 5 7 B S R S
[F] AR AR 2 o v A B Y A% O BB A T X3
“PN BT R R S R — T 2 2 ) 45 R B LR
LY A BRI TE R B AR B O L B = R AR
5 2% [ bR ) i AR 5 42 Bk 3 st o 5 ) Bl



5 6 3]

A RIS - 5 P U T TR ST 00 e ) I 2 1 S A () T2 471

AR SRR D G IR R T IX
BN 70% LA E i B R R 7l 5 AN B A A T B
D PH 45 30 G 3k T 475 LA e Y A AR BRE AR =k R 3
i B 45 B0 KBS RE 55, S B0 B R R L
CNS Ik S5 MR E R T o S w3 D) R C Y B S 2
275, 2017 4F 19 28.64 % I TFZ 2023 4F- 19 32.40%,
JeHAE 2020 4 J5 R 3 X — AL 5 & TR
SER PR BT B U AN oG . AT BV 51 & V%
PHAE RO N DR A BT H S A RS
TEUR B K ISR W A s — RS E— A A
TR — 28 U W55 I B O B B IS S 3R R 55 kb
M 5 oK 5N 125 K B 78 3k — 25 R T 4k 25 R e
WS o A R R AR R R AR OK O B S
T, 2017 4 1 3.82% B & 2023 4F 1 2.56 % , iX
19 25 F XA TS YL B B B A T AR S8 i SR T
]y BEAS it V5 PR BERCR S AE R R g A KA T BE
1B R NN S R R R e AR S
Vil 1) P i R AR RS TE 1396 224y, 2023 4F R B
F11.39% , ¢ B 338 T A5 ¢ R I 5E 7 R 1 LA By
Bevk v AH A% 0 -3h 5B 45 22 BEAR AR W3 L3
2 S NIRRT TR AN R A C R HE N
Vet A8 b b B AR T A0 T B R KO AN A O
BT — 2 2T R A X 8N Y R R B

HY M
—o— Z I —u— Gy
60 —— LB —h— Ll % it 0

50 L .—.—0‘.\.—_—.//4

2017 2018 2019 2020 2021 2022 2023

B4 XPERMTEETHEENRESEF
Fig.4 Obstacle factors at criterion layer of urban resilience
in Guanzhong Plain urban agglomeration

25 b, 2 G b T D R T R 1 i T Y OGS AE
F A RO 20 55 5 Ak 2 4 Y 2R G A [ A A
IR A 25 5 B Atk 3 e 11 S PR D 0 A 0 B 26
0 - S 95 24 3 S Ak 1 B )4 T A R
3.2.2 AR EMAFE F AR A R B R & IS
Ry 1k — 2 T3 W O v S Dk T A 4 T )
W A A 7 B I 38 AR R AE A SCHE oE U J2 BT S b
BRI 2017 45 15 2023 4 HE 44 Fi T 00 B A5 I
TRITEE MM (R, S5EREXWH, IERZ RN T
LS - ¥ S I aE S de ol N 9 S I a7 N TR ES I P22

PR st 25 o S 7 AR R A G 249 9 O e B A
SHE B YR BN OS50 5 5l 5 it 4 ATk, )
Wt B RGN 22t S A

% o0 S P o 15 DR 7 19 0 1 HIL 5 1 T o 24 %
N HE RO AE T 1Ak b 244037 51
TR AT R, B R A 11 vk, LA R M A
32.84 % HTEZ B0 2 LIk, V6201 4 2023 4F
ik 35.36 %, I U T B It 2 36.88 %6 . Hi v A IR T
P Bty DX AT A 7 AR R 24 R < DX sk A B 4 T
Tl 5 B0 E Sy 3 BEIE AR H 5 52 1 B AL 1 B
W sh iy s R P 2 [ IX S TR A R S E A
B, 300 2% T A1 523 T8 R i, 5 30X IR A BR ) A A
WG o AL G S B PE R A dE  Ah
B B s T i A R %5 A2 IR R S
BE IR AT S A o 8 A LR R A (X))
5 A gh 2 2% 5 B BB (X LA 10 YR A R A A8 A
CNIJI-NEE TR P AT AR T A S E R
T8 1 AW i 25 ) 2R Al , D 2 AR v T X8 80 %6 DA b AR
FHBERE , i G 3 T v O IR = s R S B
HES 5 7=l TH 9 T R B T, HL B0 B AR 09 4 )1 55
TR AR E 19% DL b5 J5 2 W) B e Wi A -7 2% 7916
WA G m RIAAL H s — N
FEAS 2, 5 28 G R T2 AR B 24 19 P R

i A A1 i 32 %) 3 24 7 s Wi s 85 4 2
HECOR T WA EZN . A H R KRX)DH
2017 AE R AN AHGT L, BRTE & 2023 AR 7E 6 A4S Ik T
B O el A TR, DG LA 4 22 T B 3 13.66 06,
IS AN R IR L R NI RS Y R KR
Bl R A IR Bl A T AR E B R N R Skl
A AR 2 14 Ak LR R 8057 3 T R R Ao
ViR NI S TR U NIR N (& e TR S TR ~F (e
P R AZ IR i B AL T B BR800 . AN S 3
T 38 % 18 AR (X000 76 P 22 BR TS 2023 48 55 = K B fis 1A
T, B A BN 6.90 %6, K2 A% 0 30 T R Al 15 vt )
£ A B30 i e e ) S R R AR A A 3 I R
B T30 85 T3 3T AT I R RN R A
PR S, AR B 0 1 ) 2 R s ) S . S R
2805 ) A B R /N R R 5500 R — AR Ak Ll P
VR 48 X358 P ) BB B P9 5 B 8 T 00 25 OO G
F W S5 P BOR A B T 22 it 2 e e 55 1 o

AR R DR I AR ST A A TR E a2 -4
23 - BRI 2 i AR 4 % S BUL— A B ORI
RGEM 4, 202 TR AN A5 T A 2 B
Zirk BN T EAERE 5 N TSR R 414
T N S B R B 5 N D258 Ak B R BRI



472 P i O S )

33 %

b TG 5 R, 2 — A0 H 8 22 B B 5 A it
FR30 2 55 DX 2 B U [ A T 50 Bl BE &2 i T A
OVBIUE GG TR S AR SR o AR AR B E R A
R R AT (R S s R R A A~ A

M 51— e T B IE ARG R, O 25 S ARG
P67 RN ST . 28 E, QP DUl T A R R T AT
A B — WA DR 7 5 e ) 3 A 24, O B R A
PR BEAE Sl DX 1] 0 45 A 2448 Ak D7 1

Fa 2017 EM2023FE X EEHTHETHHETERGEFNESRE

Table 4 Key obstacle factors and obstacle degrees of urban resilience in Guanzhong

Plain urban agglomeration in 2017 and 2023
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% i 15 [ 1 X, X, X Xy X, X; X, Xy X X,
W4 B2/ % 35.16 10.39 9.85 5.31 4.99 35.36 13.66 6.90 6.59 6.35
- i fik [ 1 X, X X, X, X, X, X X, X, X,
FETs /Y 31.68 19.33 14.16 7.01 5.54 33.12 20.12 14.73 7.18 5.74
- i 1 1 X, Xy X X, X, X, X X; X, X,
WIS/ % 33.42 19.93 13.17 6.88 4.51 35.71 21.03 13.63 3.14 4.52
e RTINS X, X X, X, X, X; X X; X, X,
WA/ %6 33.27 17.63 13.58 6.63 3.18 35.57 19.44 12.55 3.77 4.33
- i 15 [ 1 X, X1 X; X, X, X, X, X; X, X,
WA/ 6 32.23 19.41 12.94 6.28 4.09 34.97 20.18 13.73 3.08 3.94
I~ ERCY e X, Xy X; X, X, X; X X; X, X,
WA/ %6 30.55 18.41 13.55 6.66 3.93 32.58 19.44 14.37 4.97 4.20
ok Ry X, Xy X; X, X, X, X1 X; X, Xy
WIS/ % 32.14 19.00 13.97 6.75 4.04 33.20 19.40 14.44 4.38 4.90
- R R T X, Xy X. X, X, X; X X X., X,
WA/ % 31.51 19.12 13.87 6.73 3.85 32.80 19.40 14.43 4.66 4.99
o Ry R X, Xy X, X, X, X, X X; X, X,
WIS/ % 31.57 18.94 13.81 6.73 5.27 32.59 19.33 14.35 4.23 5.05
_ RS X, Xy X; X X, X; Xy X X, X,
WA/ % 33.35 19.55 13.33 6.56 4.16 34.69 20.02 13.66 3.77 4.20
. W A5 R 7 X, Xy X X, X, X, Xy X; Xu X,
WA/ %6 33.21 19.40 13.35 6.61 4.83 36.88 21.91 14.30 3.89 5.03
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