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Assessment of Urban Resilience and Spatial and Temporal Evolution in the
Yangtze River Delta Region for Climate Risks
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Abstract Global climate change brings stronger climate risks, and the assessment of urban resilience can identify weak links in

urban development and propose improvements. This paper analyzes the resilience changes of cities in the face of multiple
disaster risks from the perspective of climate risk, constructs a resilience assessment system under climate risk from the four
dimensions of vulnerability of disaster-bearing bodies, sensitivity of hazard-inducing environment, risk of disaster factors
and disaster prevention and mitigation capacity, provides a theoretical basis, and evaluates the indicators and comprehensive
resilience of the central area of the Yangtze River Delta from 2010 to 2021 by constructing a genetic algorithm model
and a coupled incentive evaluation model based on projection tracing for nonlinear evaluation. The main influencing
factors affecting the change in urban resilience are analyzed, and the temporal and spatial evolution characteristics of their
distribution are identified. Finally, according to the results, suggestions on resilience improvement are put forward, which

provides references for the research and construction of resilience in the central area of the Yangtze River Delta.
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Fig.2 Assessment mechanism of urban resilience under climate risk

https://www.shplanning.com.cn/. All rights reserved.

HEFKIR:E# B n,



146 | K=ZAERELR

_ Aj—=h;

i = Hi=hi (1)

Hop: M HESENA={A, A Asy o5 Al
REMRTHRE= A, 2, 3, -, n)o
)P 7 R ORI 43 A [ 0 A
(1+/)F

Y )
i ZLB(H&;)g
w; =1jg + (1 = 1j-4 2::;::: (3)

2k SR 23 L R A5 wok BUEE 560 5B
ADLREL JE (1, 2, 3, -+, k1), [6os 81)5 o0,
(615 )5 ++*5 6k, S HEUNF XM, Ho= 0,
Se=Lsn€ (0, 1),Y 1 =L;pE (-0, +o0).
BRI R B0 5T

E ;I(+l(k+2—(j+1)}rj
j=0
Ip=—"—r— (4)

Fz1 RERE THHHMEITN R
Tab.1 Evaluation indicators of urban resilience under
climate risk

— e T EX
AOZE AJkm?
N A$GDP- 7
e A EEER krm?
Tl = g 7
BRR AR km?
o TE K- %
pravie MR- m/km?
Uk %
FARRE 3
BRI "
s HPTRARSEE: %
Jo Sl REE+ A
NI B+ 7
HEKEMZE+ m/km?
JCTEED o kWeh
sGERART
WE+  AMESIET  kWen/m®
it G
BERMKREF
TR+ FRoKE mm
N s
%@ﬁ ARAE d

wpEK+ BEHEERKET mm
REEE KR+ d

TERERTZ g
K= BRE+
Ve — S|kt mg/m®
PM, s+ mg/m?

EH REREAER, 7 REA TR,
KK EF A4,

A:je (1,2,3,:,k+1);IpE[0, 1],
Bipe (0.5, 15, K IE kI ; 4Ip[0,0.5)
B 25 97 1D 00RY 5 24 1p=0.5 I S 45 3 3ih

2 G0 RS 5, RS AEL S 43 7 43 B AL
T R BB 2 TR 56 R R R

[AL A2, o Am) = (g7 ATs G20 Ade s @ae A7) (5)

24 maxq; =18k 0N :

f(wi, A7) = maxq; (6)
240< maxq; <0.50F :
fw;, A7) = (1+maxq)) x X1 A w (7)
240.5< maxg; <1 :

fQwi, A7) = maxq; + (1 —maxq;) x Y- Ai w; (8)

At qf Fw] RIS i 4376 75 B
SIBALRE, (G s An) AXTRLIR A P EOT, B
wiE[0, 1], X1 w #1.

24 BEFREIRENEEEENGSEH
MRS

B e 59k U TEA RN RGN IR
Z RGP, TR 5 A% ) 1 8 R P AR 2R
PERY PR o B 224 AR B0 3% £
T e L A OIS COROSS, OO e 4
PR RIEA T S0 , 1 DR DT 45 SR O i o 3
WA 2 A TR AR B B ) — 4 B ik
743 W PR, RUAT B R B 000 A B W 4%, A
DAY 25 S 5 AR, B L AR SOR T30
BRI IR AG FE X SRR B T AL B, o SR
FRT LR A

XA AL B 1 2 U BT I # S
SRR T AL B, £ OR B 1) BEARAE AT DL R K 2
RSB — APl TS — I RS W

y(@) = Xlq wi x5 (9)

iﬁtlﬂ:{x,-j|i=1,2,3, ~,m; j=1,2,3,--,n};
MAARHEAL I BRE AR s AR ARG 0= (01,

Wy 3y 7y (Un) ﬁ&%ﬁﬁlﬁjo
G B oty W —f#, Lo FIAL, BT H

S 5 /IR BR84S SR AT VSR AT 3 2094
%%O

minQ(w) = — 2O o)

m=1

sty =1 (11)

K Hr:minQ() A RN B J5 2 s /b
1B mA FRAEAL J HIRE AR B X (D) A FEA S B
HHORS LIAE HIAE 5 o Ry 4R BB F- 344 -

AEXS PR i LB AL IS, A RS
RIS BF 5 Ao IR A0 50 4 ) 4 S B F P
PR R, Mk TR 5 2 1 B % R,
A A R L TR DA o 2 B A A
B85 A L RURT A BB R A AR 0 B 22
S, S WS AL 22 S5 S ith 28 A KA
A B, DR G AR ST S Sl 2 D 3 A1 X
B BT o

0 y<c
2 s
2(= csy<=t
RO) = (d"f,)_dz PRI R CF)
1 d<y

Aty A RIS s Ry SR ARG
/M 5 Ay SR ARG B AR

3 RN
3.1 SIEXE TR
HRHEAF B W PR 45 R, 3K B 7 bk
IRE TR KT, SR 52 20 Ak XS 19 8 Jp
B, PR S5 I A B B IR X,
FEE B DA R T T 5 B R K R R AR Y
AR R R BT SR A A E w4y 3 40.00259+
0.09141. 0.40965#10.49635. %{ it % B, K
A R DR A R SR UR TR B K ok
BT 9MEZ T, BiRf T2 K=/ O
DX 38T B JER MR N o AL PP A5 2 A 45 5 1) o
4% %1 97.30954, -11.17407#14.86511. Bk %
F 5 B0 M R A KU T R R
S 5 5 Wi 7K R TR R B, LR R MK R A
JRGISE PEAdS v 55 M A B T 05 K 2 o TR R
Ti] A £ W SRR UK R B S 3 A AN SRR
ALTE DEAS VG S, BAAR 7 3 P K ¢ 8 XU 1
1 6tk o 3 15 I 4 = A H oo DX P ) AR i

https://www.shplanning.com.cn/. All rights reserved.



IS G Rt bR B , TSR
Yo B A K A Ak R WAV /N o BBUK DR 15 W e
43 FE0.8PA L fy vag RIS 3 iy 2 4R vp 722013
42 RI20164F, 20134F 3 B2 58 W) 4% 6 115 ¥ K
T, 20164F 3 [ Kk 32 B4 v 7 P 31X, 25
AP ILIAE20124E F120 19432 1 3 W Ak K 5 X
WA 10 5 2 AR R A R R B 3 PR AR,
FEAR T R AR5 Je i fE Ik, £62010—20214
RS R R AR W 2 Bk B, b
s R T B TR B B 5% WM
g 1L 2 R A RS 5 S BRI B
LNt 2O = B PR FT [ i e N 5
PR o A2 B 4R JEE b, ARTE SRR PRI
0.9 _E My 4Ry 1 B AE20154E J5, 20214 K
A5 YAE UL B A5 o K = A vl X IR
1£2016—20194F- B R K /s o PE PFAf 4 i
T PR g S B AR AR T e P R X
WSk EE R (LE3) .

R R AR M 55 P Ay 7E 201048 Inf 22 B 4%
AN BT L S5 AT A0 e Y M 5
AR, HoAt 3 i e 59 ML HRAR 1, SR BE 102 47
FIA ST 0 e 59 P ) B 0 R R . b3k
B JE M 5 M BT A 0 I8 A
ST S AR B e, A 3 v e 59 4k DR

" BaE r
FommnaAnl

2R (om)

1 BNy

WI0IE 20025 20045 20165 HIBF i i

E3 REkETUSFERRMEITN

Fig.3 Change in total precipitation and average hazard

M B i b ST B R S, ARG i 55 Ak V1
UiErs ALE -2 SYNER-J- N <9228 3T E3
JE Tl A 7 EAE N3G DPFI T & X T
4 #) /0.77588. -0.27664. -10.07085+
17.70781. -7.13630. 453 5 75, X i 551 52
WERAR AR FH e 58k B 2 N GDP 4 A, 2010—
20214 ] N ¥JGDPE 4 2B W B 1Y BT, iX
A S i 55 A A R o X3 7
S5 P AV 7 T A P63 A ol A 7 SR, T
ol A 7 AR Y B R SRR Te N IGDPHE I,
AL P 484 K 7S T 5 5 iy 2 5 BRE 7 AR R
A5 3¢ o Sk i e X T AR e PR B 1 24 T
ST S R R IR IE (WLIEI4) o

= DR P 40 9 i 2 K R AR
P B, ML 2 KBRS SRR VT
A 8 X A 0 i T K R 2 R A e A
Y B ) &4 B A-1.95990 -6.03972.
8.99979, LAy AL AR A P TH L 2 K IR
R R A AR, A DR R IR
RS AR A P AR ER Ty, Sk
120 3 T AU OB R, 4 2 LA i A R R
AR Y Z R PR SRR 12 T S A ki o 7
SR I SR AL R T B T AR, (H
FCZ BRI R A RABAL T 55K F- o 3k
K % R T R RS R R R,
2010—20214F )& = £ v XK W 55 FE B 2.
PRI, X % AR TR 3 1 3R R 5 e K HEK
AEJ R BN E AR o it 3804 B =i 4k Ak
AW T, LR PR 2 R R FRAR i
T 22 1, HEA Sk i 8 A TR R A K
AR AR BEAN TR, 383 4747y S i 20 A 36 i A

assessment o T4 R B AR, S IR 7 38 ER S Y
T AR B4 A %,
MaEEtE TR
s . . 1 o RRREREN R e
.
1.0 (2]
-
* i] L3
. . .
FESFEFTEETETEEHISETIETITE53 FEEFEFEEEFEEESFFETIIEEE5543%

B4 ZERRUMEKESHIEMTER

Fig.4 Growth rate of construction land versus rate of

vulnerability decline
Y AR £ 4 02,

2010 to 2021
0 HRAR LB,

https://www.shplanning.com.cn/. All rights reserved.

N
|11
il
it
S
Hln

SRELR | 147

P BT (ES) .

YT 5 R 9K BB 7 i b B B T N R oL
B W5 R R TR 2 [ i T B
Ve i RSl 2 RN B SR SR N 3 T
SEHEN~ N2 R AR 2 A 3 X HE K 1
2 R ] B 4 B 14.72448, 73.53960.
42.87677. 28.94299. 25.83035. -9.32456.
-175.58933, AEfEF K = A vl DX 2T
A BRI T B SO B A3 2R
ARy S SN B S AR 3 i 75 9 IRk K B D VP
fili A B S PR AR S, Ja R B R R IR 4R T2
B B R PRI AR, ELAR P A S R B R
RORZ BB, AR X ) B B KRR T
Wi BE LI, V4 TS DX A T B2 450 - RE AR
25 R ) BTl B S A Bl KRR K AE D
ZERI 2 R, HA RS B30 R KT
29T YT B KRR RS BRIt K = A rbl
DX 98 77 75 9 96k 2K B ) K % A5 WS A 2 T, 3
2021484l i B KB RE ) FEAR A a0 Th ik
L1~ 5 B2~ 165 ) A0t S SJRE S T, E BEAE rp AR VY
TR i X o 3 B 3 T I 9 K R IR AR T8, HL T
B B SR D , 2 B Pl S THEAR
V7 i P A S A 5 58 % % RE DIt 2 RE )
RSO R RE ST R R

T BOR A A Ik 2R 5 Mg 55 Pk 2
RERBTGUR ARG KK B AT 3BV
B0 S XS B S0 7 0 4 DPARY 45 R A 516
Jit 7, AE2010—20174% 2 1], K = £ oo X
REZITEIPER TR TR AR, DA A B
s TR ST B AR T8 R - £E 20174 )
K= Al ORI AR TS BB, A5
Sl T 0 S R P R O G R M X A
20214F, b 5 o — e i 0 e TR
AT , 82T R B LA SR A B A
R 22 % 7 P AR T 0 4 B A 5% B S R, A
PR 2 Y0 I RE 5 B4 R X 1 IR - BUK
PR 15 6 e 0 A 55 e 22 R R AR
A0 75 R IR B S0 LR 1) 443 5 9. 72775,
-14.51390. -16.81207. 22.59848, i B Fjj
KRR AE T T ANBOK T B e B T e
TSR TR ) T ARARARE P, SR B R R



148 | K=ABRELAR

200 km

M

300 kam

s

300 ke

i1

A

B oo—o: ooz ooz oo —o:

I 0.z — 0.4 Bl o:—os [ R oz - o0a

[CJoes—as [CJes—os [ Jes—us o4 —as

o os o os o —os o - o5

| XN oo | [N o0

a 20105 b 20114 c 20124 d 20134
N 0 T 200 ke N 30 N 200 b N 300 ke

A

A

a2 [0 B B
oo -0z | LR oo ooz
Elo:- : Bz — o Wl ez— o4 ez —os
[ [N ) lei-as CJes—os [ Jes—os
Bl os - o e s - o5 Bl os—os Bl os—os
| EEEER] | XN oo | XN
e 20144 f 20154 g 20164 h 20174
N 300m N W ke N %04 N g 0 Mo 0

e o e

oz | EXERE ooz

oz -os Bl o:—oa Blo:—os

[ Jes—os [Jos—os [ Jei—as

Bl os—os Bl os-os o5 - o3

| EEEER] o o e o

i 20184 i 20194 K 20204 | 20214

Eo SERE THHHMETN
Fig.6 Assessment of urban resilience under climate risk
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Tab.2 Global autocorrelation analysis

FMM/FE Moran's | 85 (FREZE)  pE

2010 0.887 10.4345 0.001
2011 0.901 11.3880 0.001
2012 0.961 8.5651 0.001
2013 0.969 10.1752 0.001
2014 0.965 9.4035 0.001
2015 0.943 10.2885 0.001
2016 0.960 10.1780 0.001
2017 0.919 10.9830 0.001
2018 0.797 11.6810 0.001
2019 0.879 10.5316 0.001
2020 0.772 11.6735 0.001
2021 0.968 8.0859 0.001
ERACH: B B,
&

E7 2010—2021 =T
Fig.7 Changes in the Moran's Index from 2010 to 2021
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