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Assessment and enhancement of flood disaster response capability in
Changchun City based on multi-source data

DUAN Tingting'*, LI Pengfeng’, KHU S T', HUANG Peng’, TIAN Tengfei’, LIU Qian’
(1. School of Environmental Science & Engineering, Tianjin University, Tianjin 300350, China;
2. North China Municipal Engineering Design & Research Institute Co. , Lid. , Tianjin 300074, China)

Abstract: To enhance the flood disaster response capability of Changchun City, a comprehensive evaluation indicator system for flood
disaster response capability was constructed based on the pressure-state-response conceptual model. This system deconstructed the
urban flood disaster system into three subsystems; pressure (P), state (S), and response (R), corresponding to disaster causes, loss
status, and response measures, respectively. A total of 4, 6, and 4 core evaluation indicators were carefully selected for each
subsystem. The entropy weight method was applied to calculate the temporal weights of each subsystem in Changchun City from 2002 to
2021, and the coupling coordination degree (CCD) model was used to analyze the dynamic coordination relationship between the S
subsystem and the P and R subsystems. The results indicate that the P and R subsystems exhibit significant linear growth trends,
reflecting increasing disaster-inducing pressures and enhanced response capabilities in the city, while the S subsystem does not show a
clear trend. During 2010, 2013, and 2017, varying degrees of imbalance or declines in CCD have been observed between the S
subsystem and the P and R subsystems, which closely coincide with relatively high precipitation levels during those years. The urban
flood disaster response capability is significantly influenced by heavy rainfall, necessitating the synergistic integration of engineering and
non-engineering technical strategies, as well as the optimization of urban planning, construction, and management strategies, so as to
improve system coordination and disaster response effectiveness.

Key words: urban inundation management; flood disaster response; pressure-state-response; entropy weight method; coupling

coordination degree; Changchun City
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Table 1 Comprehensive assessment indicator system for urban flood disaster response capability

S L& FAE B ke U &
e PRE B R K BONE 4 (1961—2022 4, 0. 1°/0. 25°/0. 5°) , fii JH]

*) mm UABERELTS RClimDex # {3715 0.27

Xy yip NALEELTS HE GDP %5 [B] 5341 2> B MR AE (https ;. //www. resdc. en/) 0.32

A 5348 4y 100 mx 100 m A F B4 B4 (2000—2020 4 ) WorldPop

- Nk IR (https://www. worldpop. org/) 0-16
%y km® IE 4845 (R ARG 0.25
x5 mm U EEEN SCS-CN fH k15 0.18
X6 IPN Uk (H KRB RFE AR 0.17
%7 10° hm? pdLEi S (P EZR B9 E A 0.25
g A pdLEi S (PR B IFE A 0.10
%9 SRR UAREiEE D (H KRB RFE AR 0.16
N ¢t UAREEET (I EZK SR FE A 0.14
Xy km NAREREY (A BRI 0.25
%1 1, w’ NAGEE CORBHR AR 0.14
i3 10° hm® NALEET N CHEARSEGIAR %) 0.25
an hm? NAGEELY (ARG ITAE ) 0.36

1955 o ARG A TR Z 00, 75 e Xt 45 FR bRt A 78— fb b 38 AR SR FH fe R fe /MBI R4 7 IH —fb Ab 3L
2.4 WBEWMAETERE

FA D] B B2 — b T B A S 2 RG22 [BAH BAEFHRREE W77 BEVEAN R G B RZ 1R
BRE RS W AT AR RGP RRA U B RE F A5 3 R0 KA B PR A
A UMEE , Hat B A0 51h

H U 172

Cy=N|— (1)
(X U)"
n=1
N
Ty = 2.B.U, (2)
n=1
D, =./C,\T, (3)
m m N
Hrp U, = Zznjwnj Zwij =1 ZBn =1
n=1

J

X Cy N NITRGERFEG L AE[0, 1] NIBUE, €, =0 RRRGA T HFRE, Cy =1 FRRGEIFES R
U5 U, ARG n EEST Ty 9 N JCRGERIEMREL 38, 4 R GE n B BTN L (A ST 2 S R GEZ ] 4
AEAEE 2 ARG TTIAE RS04 0.5 F10.5) 5D, h N SCRGMHE VAR 2, MRS n PoadRj 1
H—AAl s w,, HRGE n TR j IACE

SRR RS TR BERT R4y R 3 N, 0<D<0. 4 HATHEZ X [H],0. 4<D<0. 6 Hid JE X [a],
0.6<D<1.0 NA[HEZIX[A], X4 D AT RAEEZIXE, FR T RG22 0 HHES E = 0, RSistT
RN RATT300; 2 D AT b IX ) SRR HR A VA RE AL T SRS | R G TR i th R U sl AR
SE, T BT T REM KUK R 2 524 D AbF T #252 IX [E] i, Al & P B b F RAF SRR S, REUB 1 TR E

3 REUERSSH

3.1 ETFRGERFRHER

iz I AGE TR AR PRAGE , 45 R WK 1, & FRAENLG G E 2 FR, 2002—2021 4FE P FRGE
LA G H Y RBCN 0. 914 5, R WSS A TN T 06T 30l T HE 55 9 F 8 WL, & JR 1 R D TE A B 15 58
R FREELMIGK S g 2500 0. 8147, ASCHEHKEBE K JKFEZE K K 30K B BRI BR
BN T SR b TR R 4 S8R FR I T T 15 U F N X SR, It R B i 2002—2021 AR A S XA RN K HE
TR HT KR & IR Sk B S 2 TR T N ETE L TR, RE S FRE LY B AEE



46 4]

Bt A ST 22 PR AR A T O G BE T A S E T 45

(P ZECH 0.0867) ,2010 4F 2013 4FEF1 2017 4EARAE 4> 7

(K12 shB @R AL ) 20T 3 EB S S B |

KE T, 08 .

3.2 FRZZEBEHAXERE & 06 Us
2 RS A b U BE R 23 B A5 31 2002—2021 4F S T & o) U

S5 P FRS.S TRSS R FRGZMWEahEE, mE s 804 ©

B, BUKE .S TREAS P TR S FREAS R FREZ oo

I D K00 T T4 1% 6], FL P 5 SRS 4 T, i e | S

HIBE T HE 7K R 48 B R PR FR R E a2 17, 2010 4F | 2013 4 Al

2002 2006 2010 2014 2018 2022

2017 4,8 FRES P FRE.S FRES R FREZMMN D i |
9 B R R, ph T 952 X IR R 2N T 9 X ) w4 i B2 2002—2021 % P.S.R F &%
SZEBI TR

BEIXE,FWX 34ES TRES P TRE R TREZE A
)P 3 2 PR e B R 8 R IR G . gt — AR 5 | A A T
PE R B AR i i B T (F=5.35,P=0.016™ ) 74 P
F RGP R T RGN S T REA M, 45 5 R 5E [ K

1

Fig.2 Change trends of comprihensive score of

P, S, and R subsystems from
2002 to 2021

.0

it ROSp FILALTBEEAT S T RGN B % JUP RISt ROSp rol P s

BRI gt AT K R SR SR 4 D T 03 '

W CHEIN 2 [, S8 ST B T HE K 28 964 K 110 07 w e

VR FEAEIRTTHLR A4 A R Kk R e o o[ A

BAHE=) Vi s 0al/ i BEIX 1]
Ao R FREM AN 4 MR RIS 0 o

X9 R K BRI HEET K FE IR RE ST o W RAEHR «,, (HEK A IE
KOHE) BAT S W TR KA T HE 2K BE g, (BT 50 DX P HE K A8 I A i3
7 AT AESE 36 BEARAT B AR fw (IR TRl 50800 DX HE K A 1
IR ARSI, 2P B A B AN B S B K T S B 5 [, 24

0.2 - . .
2002 2006 2010 2014 2018 2022

AEA

B3 FREBMBEHEE
Fig.3 D between subsystems

70% 1) F X HE KA B BN 0.5~ 1 a, KRG Z 4 1~ 3 a, K E 7B A 2 sl 2 0k — 2
55 T WOKREST o BEARAC T T H i AR 7K HEZK B0 ST 42 T A BE T e 1 — S8 BRI B AR IS 17— 1Ak
AR TR X s ) R A A 2, — SRR M 4 A T R AR T AR AR AR, (KR
K BBETE—E REHE b SRR o 51 [ /KT e A2 U B0 L BE g, {ELJE: 1R TR DX I 1 oK o ST 5
FRI7K PR3 A I JRE A BRGSO FH /K P AR F 7K AN T LA B 7 ] 5 K R A R i 981 R o
PRI 7K R 1 081 2 D0 REE ) At 0 | At 205 9 7 D T LA A il iy DX Il o A2 4 AR AR R B 1Y
PR P BT LRI 10 AR T T a7 7K 00 5 W 7K A 190 =2 T o k995 TR A ) AR R RN P o
0 (7K U A0 B T ARURIN R 395 T AR ) SE 000 B b b AR BE 1 B, T o Sl T s 2 P M2 i ) ) A AR 3 3 ( sz
PRAZ I TR DX 30 LA ) 3 2% B B DX ) 17 2 HE K R BI7 JP e v S A A WRLSE AR AR v, (% ML T
FRO) PSP XU A B rp BA B0 S Sl i S s R LA i R K SRR IR ) T (BB IX A A
PO et 2 Del R b 25 2 18] 25 ik 1 /K D7 T8 4 B RE 0 A 27042 -5

40" #

4.1 W REERABSFRENTESEIERERRRE

KAWLk, ki b 95 50 36 3 B 3 B0 o0 ek e s A 5 T BOOK T B Rt/ 7 A A P R o R
XA 18— 5 T AR EE [ A B A T R K AR T A4 ], Bk = %) 22 AR PR RIS I , 55— O I EAE 20 TR
F A JE T A RS BE T A S BRI A EC R, F AT, SRR T AR D 2 W B UK TR £ B2 1Y A, T
A5 TR AR HEZK B0 ST 4 T | T /K ) 3 R U A S B 24 47 25 BE T e TR BT AR ORI T — 2 1Ak
A AEUR T A T 23 ) S5, AT A T e 4 T 9 B ORI A 5 A AN BB Al A A ]
AR 2R P DA 5 ) A i 2 T 025 ) b 25 R 1 5 T 4 e A R



46 WK E el (AR RS R ) CURRE

SEHEDIRE I 78 oA IR T PR AAR A A S 0 2 T RE SR X R K N T AR T A A RGEE .
AT ST 50 A FH B B T TS ) 8 8t , - ok 10 T 9 R S BT b b 7 2 HE A ) YT W K AR
23 [A] A ROF A R TN R T | = s 3 T ks 2 R IR R RAFE R BT E NI R 2 H L 29 & e 7l
T R Z T B R PR B S — A )

T EE 2 R G0 EE R 0 Ny T R T TR RS AL S TR B BRI UM SR 2 AR TR R
W P BN ST, P 4 SR T 3 X AR A K T Bt 5 O ) T AR RNE TR AR PRI SR A X R /N
HEZK R G IR IR A | 53 /NS FR A48 HR I I R 5 W) S0 AN WA S DA S 24 b K e, 3
REKREAZ 171. 6 hm®  F2HR 0.5 m PY7KA; EFHZSE KRB R LY 86 77 m®, 34, 38 i X 53 /N i 1k
7K HEZK e I BHPEAL 72 100 4F—8AY 2 h BEOK R, B /N B K4S S R T i 298 59 7 m’, i
UERT UL K R E L0 R G T 1.5 4%, R BUK IR R E R i e . LA, i A R B )
FHAT M TE BRHEAK Uk bIm AR 2 3 W] i — 204 o AR I/ N SR G R B K B BB T . AR, HR /NI
I Xof 22 Fh S HER I G O AL I B B2 AR &, 383 51 AN T BE R 0 A58 R T O T HEK R 45
IO X6} 5 BEE T 118 = A0 R R R B RGN R 5 TR S R

¢ BB )
JRUBSE PG B A
N [iwﬁwﬂm WL LE e S e
RS BRI LES
iy
\zHa
I R I
TR -
TR P I ek o
[ RARE R I
g
1]
T#E WL Wb, SR WL R
e T AR
AT B WK
gy | TEEE DTG T
N IARENE Lok
B S SRS W Zifz
T
(e
BRE mug
WU W R -

4 TR R R X R B SR A
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