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Abstract: To improve the capacity of cities to cope with disasters, the study focuses on urban flood di-
saster resilience. An evaluation index system for urban flood disaster resilience was established based
on the "driving force-stateresponse (DSR)" model. An assessment model was constructed using a ran-
dom forest optimization algorithm (RF). Model performance was evaluated using the root mean square
error (RMSE) and the coefficient of determination (R*). Taking the Guanzhong Plain urban agglomera-
tion as an example, the spatiotemporal evolution of urban flood disaster resilience in Xi'an, Baoji,
Xianyang, Shangluo, Tongchuan, Weinan, Linfen, Yuncheng, Pingliang, Tianshui, and Qingyang
from 2011 to 2020 was analyzed. The results showed that driving force and state significantly impact-

ed the resilience level of urban flood disaster, while response had a milder impact. Over the time se-
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ries, significant differences in the development of flood disaster resilience levels were observed among

the cities in the Guanzhong Plain urban agglomeration, though the overall trend was rising steadily.

Tongchuan exhibited the most significant improvement in flood disaster resilience. Spatially, resil-

ience levels showed a declining gradient from core cities to the periphery, with an imbalance in spatial

distribution of flood disaster resilience levels among the cities. The research results provide guidance

for the construction of resilient cities in the Guanzhong Plain urban agglomeration.

Keywords: urban flood disaster resilience; spatiotemporal evolution; DSR model; random forest algo-

rithm
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Table 1 Evaluation index system for urban flood disaster resilience
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Table 2 Classification standard for urban flood disaster resilience evaluation indices
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Table 3 Calculation results of index system weights
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Table 4 Urban flood disaster resilience indices in Guanzhong Plain urban agglomeration
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Fig.2 Temporal variation trends of urban flood disaster resil-

ience in Guanzhong Plain urban agglomeration
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Fig.3 Spatial distribution maps of urban flood disaster resilience levels in Guanzhong Plain urban agglomeration

DI 4 3T 0 P 45 4 s T A R A 2 5 B B
F T R H R R B R A

2011~2020 45, 75 4 1 3 77 00 6 v 40 P 3 T ey
SR 6, BARE M AR 4 ki ey 8 4>k A
54, F WIS APV TR i Rt O O B A
HRRTE o AEMF I [A]BE A A0 ST P 2 Y e JR X
A1 B ST A B0 1R A 97 AR T IE TR W, S AR A I
T 22 ) A9 AR EL A A 38— 20 3 B A0 3l i 0
b 3 T A A B AR

4 &

AR SO DSRASE RS 57 7 3T kB 0 v
Fe A A &, SR B AL AR MR A B0 vk g 1 3l
7O EPIPEVEAG AL, 8 X 2011~2020 4 ¢
S Tk T R 38Tt 0 U R M B A AR R AE
10T A DU R 4518

(1) NFEARAE 45 - E L 3K 3h s R 28 X
3T U 7 U M KO S e K B A K
BE RN T R B T 2 M SR B ) G
Ji 0 T R A T Ik U R K ) R B R

(2) B[] 52 50 &, 5% v o1 D 3 it i it 9 o 3
KT R AR AL TR B TR A, XN 2%
T R B K H KO R R K ZE S W IE
BE A AN AR o Fod 4 )1 490 0 48 852 T e B ok

790

K B e i 5 K ik 397 0 0 4 K0P A R R T
2 [H] o

(3) N2 [ M Joy 7, Sl T A it 37 35 0 P 4 4
28 B P AL ST 1 A L il 1) 5 8] 45 44 R AT 7E
25 6] oy A L R B PP A B e Rz HOR
R 2 A 1 =y el T 2 ¢ R i (S E P
A% BT T A 3k LA 5 A Sl

SE

(1] B2 AEHHS. 2021 4F 2 A AR K FHAMOLEB/OL .
(2022-01-23)[2023-07-10]. https: /www.mem.gov.cn/
xw/yiglbgzdt/202201/120220123_407204.shtml.

(2] BRAH BRLASE ik, 45 . WUt 9 0 B8 T 3T BT
FEAREALLT ). op [ 22 2273, 2018, 28(4) « 196,
Chen C K, Chen Y Q, Shi B, et al. An model for evalu-
ating urban resilience to rainstorm flood disasters [J].
China Safety Science Journal, 2018,28(4):1-6.(in Chi-
nese)

[3] Holling C S. Resilience and stability of ecological sys-
tems [J]. Annual Review of Ecology and Systematics,
1973:1-23.

[4] Walker B, Holling C S, Carpenter S R, et al. Resil-
lence, adaptability and transformability in social-ecologi-
cal systems[J]. Ecology and Society, 2004, 9(2): 5.

(5] BRIRSC, BRI 38t 900k < B T o SR £33 1 MR A 1
FrlT]. E BRI R, 2015, 30(2): 48-54.



[6]

[8]

[9]

[12]

[13]

Shao Y W, Xu J. Understanding urban resilience: a
conceptual analysis based on integrated international lit-
erature review [ J]. Urban Planning International, 2015,
30(2): 48-54.(in Chinese)

Bruneau M, Chang S E, Eguchi R T, et al. A frame-
work to quantitatively assess and enhance the seismic re-
silience of communities[J]. Earthquake Spectra, 2003,
19(4):733-752.

JAJ7 A A A A T OGRS S ORI
ST R AR ST A (J]. % 42 5 R BT A AR, 2023, 23 (4) -
1014-1021.

Zhou F, Zhao W, Hu X K, et al. Research on the ur-
ban resilience assessment for critical infrastructure inter-
dependency [J]. Journal of Safety and Environment,
2023, 23(4): 1014-2021.(in Chinese)

WM I AE R GB/T 40947—2021[S]. b
A E B R, 2021

Aerts ] CJ H, Botzen W J, Clarke K C, et al. Integrat-
ing human behaviour dynamics into flood disaster risk
assessment[J]. Nature Climate Change, 2018, 8(3) :
193-199.

i e L R R L BRI L LA RAL-TOPSIS 75 it ¥
R T WO DS P PG R T ] 2 A 5 PR 2
#2,2023,23(5) : 1465-1473.

Meng X J, Chen X, Chen J J, et al. Application of
combination weighting and TOPSIS in the assessment
of urban regional resilience under flood disaster [J].
Journal of Safety and Environment, 2023, 23 (5) :
1465-1473.(in Chinese)

Bl A, RS R A XTGBT R
)P o 25 AR B ORI A3 A (] R L U S 5T R B
$%, 2022, 31(9):1988-1999.

He SF, Liang S, Wu S F, et al. Analysis on spatio—
temporal evolution and relevanceof urban flood disaster
resilience in Yangtze River Delta[ J]. Resources and En-
vironment in the Yangtze Basin, 2022, 31(9) : 1988-
1999.(in Chinese)

ZEAEAS, XNAEAR . e U T AR Sk T T B I s
R i W FOF o L), b B2 R 22 4, 2022, 32
(9):144-151.

LiM J, Liu D L. Spatial-temporal evolution and absta-
cle factors of urban disaster resilience in Zhongyuan ur-
ban agglomeration [J]. China Safety Science Journal,
2022,32(9): 144-151.(in Chinese)

P, 28 TP R AR R T AL AR MR R A 2 VT
BE B Bk I 3 B O By R [J). e 5 T

[14]

[15]

[16]

[17]

,2021,28(4):131-138.

Yang S, LiD Y, Yan L X, et al.Landslide suscepti-
bility assessment in high and steep bank slopes along
Wujiang River based on random forest model[ J].Safety
and Environmental Engineering, 2021, 28(4) :131-138.
(in Chinese)

ZOr A, WRYRE , TG . AT B AL AR AR 1 0T R
WA AT 5T LT ] K27, 2021, 36(4) :54-60.

Wu L Z, Chen Z N, Zhang P. Research on urban fire
risk evaluation based on the random forest algorithm
[J]. Jouurnal of Catastrophology, 2021, 36(4): 54-60.
(in Chinese)

TR BRAR S TR R T DSRBEAY Y Bk T - b K B 4
YRR LR BT B[] K £ R FEWESE L 2015,
22(5): 169-175.

Zhang M, Chen Y R, Zhou H.Evaluation for the low-
carbon and intensive urban land use based on the DSR
model: a case study of Wuhan City [J]. Research of
Soil and Water Conservation, 2015, 22(5) : 169-175.
(in Chinese)

BEIMEHE XN FT A LT DSR-K 2 A8 (1% V5 b 38 1 bt 7%
WIAEEAL L] B 9k K TR 4 4, 2022, 42(6) : 1191+
1202.

Fan Y Y, Liu X G. Seismic resilience evaluation of
northwest cities based on DSR-gray cloud model [J].
Journal of Disaster Prevention and Mitigation Engineer-
ing, 2022, 42(6): 1911-1202.(in Chinese)
AT PR SER B T B OR ] T R A3 R 1Y T b R B
5 A% A3 B LT ] I 22 38 4z, 2020(4) : 106-110, 156.
LiN Q, Xu G Y. Grid analysis of land use based on nat-
ural breaks (jenks) classification[J]. Bulletin of Survey-
ing and Mapping, 2020(4): 106-110,156. (in Chinese)
Breiman L. Random forests [J]. Machine Learning,
2001, 45(1):5-32.

TR SR A BRI, S5 BT BEAL AR MRSk py 3 AU
HALL 2 LB T] E e SRR TR,
2021,28(5) :36-42.

Zhang J R, Zhang W, Xue N N, et al. Prediction and
cause analysis of tower-crane safety accidentsby using
random forest algorithm [J]. Safety and Environmental
Engineering, 2021, 28(5):36-42. (in Chinese)

Xue J K, Shen B.A novel swarm intelligence optimiza-
tion approach: sparrow search algorithm [J]. Systems

Science &. Control Engineering, 2020,8(1): 22-34.
(KRS8 .5k E)

791



