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Fig. 1 Technical framework
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Table 1 Indicator framework for identifying flood resil -

ience GI planning in Zhengzhou’s central urban area

HENJZ Criterion layer A )2 Index layer

Al: M AR5 R EL Surface runoff coefficient
A2: AEE YRR i Annual average rainfall
A3: iR Average elevation (—)

Ad: F KI5 BE Maximum slope

A5: IR SAHE Greenhouse gas emissions

FI AR B 5 A 0
4z
Dimension of physical
geography and climatic

conditions A6: IR RN Urban heat island effect
A7: 5 i Air quality
SR B1: i 5 i B Road flood susceptibility

B2: N REXEZ BT AT kM Accessibility to
emergency shelters (—)

B3: 7% FE #5%L Urban development index
C1: 844b% %3 Green coverage rate (—)
C2: LHL PR i Green space patch density
C3: /K Water area ratio (—)

Cd: KIRFEHFE Water patch density

D1: A% Population density

D2: PR M 5545 i L Proportion of
flood-vulnerable groups

D3: £ M55 1% Economic vulnerability

TE (=) "SRR G AR, B AR 7 , AL BAT. T

[M. Note: “(—)” denotes a negative indicator, meaning that higher

Dimension of infra-
structure vulnerability

I AR BR5  1b 4 i
Dimension of natural
environmental response

2P At 2 R 2
Dimension of socioeco~
nomic impacts

values correspond to lower levels of the represented condition. The

same as below.
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Table 2 Data sources and spatial resolution
pue/ie s BR g (24 F7) BRI CE & 23 [B] 3 HE (23 [ RUEE) Spa-
Data types Dataset (name) Data source (platform) tial resolution (spatial scale)
% KR4 H. bt (Nationa ica ati
F%ﬂ(?ﬂﬁ W A 7 51 @%W%Tn,h 1.0 (National Meteorological Information Lkm % 1km
Precipitation data Center, http://data.cma.cn)
+- 3R . . " -
Sentinel-2 - HiuFI| & 4 Sentinel-2 10 m - Hu | FI%HE (https://srtm.csi.cgiar.org) 10m X 10 m
Land-use data
UNEEZR
Demographic L N3 6 WorldPop %4} 172 (https://hub.worldpop.org/) 1km X 1km
characteristics
R 1 I SRTM 9 DE T 145 (https://srtm.csi.
A SRTM DEM #077 f F 5280 SKTM 50 m DEM S5 RIS (bitps://srtm.co 90m 90 m
Elevation data cgiar.org/)
e EH . " 25k GDP A4 PPP T 3 [ % %iis 4 ' (https://zenodo.
BRI GDP(PPP) il $5ch 4 5' X 5
Economic data ERAH ( VA B org/doi/10.5281/zenodo.10976733) e
rSilyieiei s ) o ) o
Carbon emissions  EDGAR v8.0 1503 5 feHE e 6. EDGAR v8.0(https://edgar.jrc.ec.europa.eu/datas 0.1° X 0.1°
et_ghg80)
data
R e N
S Y U PR BRI B P (hetp: resde.
Land surface tem-  MODIS #1250 i $ds "I"/ﬂ[jl)[%)l&n;\ TSI EFLLERA AL (hitps/ forww.resde 1km X 1km
cn
perature
I8/ & T IX

CTAmap F7E X S J5 51 Bt 4

Administrative ..
shixian.com)

CTAmap 47 X KI5 51 54845 5 (http:/ /www.sheng-

Ak, e/ NRTT S/
S

divisions
BT RLREE T R R AR AN L ST BURT T 5 S SRR SO A OCHEARRGE K e i R S G
Urban planning data  POT % & POT #d Bt AL A )

BRI E=IINdBUN =& F=F/S i S E o) S i Buw DA EEvS
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WA

D BAnr 8 AR LR i it 25 G
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W 2 B A AT B Qg i T A BB R T8 g ) L 5
DU 75 T B R BE R P iR A U Sy GI 2R
SR EREE A, HIBRITA , B 12 Fh G 2R R 4
21920 3 HARHEAS SC“1.27 vh T B 3R A AR 6 SOk, i

MR GIZE A 51PN bR 1 SCBR P AT IR (R 4) .

3) BT AL B E GI 2B A e A H 1) 20 i
FEARBEGE T, LA & T8 - W b 1) B ARAS 53 "1 B
P ot , AA) A I PR T A G (8 IR G A e R AN [F]
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ml_inHt—UTx | 2,2,=0 (1)
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kO S AR AE Z A S B A T X
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Table 3 Target scores by indicator for each subdistrict

X Subdistrict Al A2 A3 A4 A5 A6 A7 Bl B2 B3 CI C2 C3 C4 DI D2 D3

-
K S 45 12 4 25 72 103 18 26 0 245 22 146 9 284 1000 732 97
Daxue Road subdistrict

U % A
%?Eﬁ{ﬁ]ﬁ . 118 73 64 262 153 166 83 0 105 418 116 166 90 173 974 1000 213
Qinling Road subdistrict

i

R A L. 23 11 5 14 52 124 24 128 61 322 49 0 14 28 1000 317 303
Nanyang Road subdistrict

Pyt
gmﬁﬂh% . 61 71 57 142 128 215 84 118 128 498 114 2 73 0 1000 920 196
Jianzhong Street subdistrict

VR AT T
ﬁi ﬁL‘ . 55 56 48 122 123 192 67 124 O 382 96 102 58 351 706 1000 180
Waulibao subdistrict

L g
g&ﬁﬁﬁ?)_ . 136 76 67 135 163 227 90 0 140 416 113 61 90 57 807 1000 216
Jianshe Road subdistrict
ES N ‘/Aﬂé‘
i?ﬁfﬂ} .y 83 74 55 352 160 194 69 0 175 406 110 169 90 37 588 1000 213
Ludong Village subdistrict

g
ﬁ%ﬁ&%ﬁ'{g L 62 77 73 225 159 202 90 0 140 423 126 148 90 O 740 1000 203
Mianfang Road subdistrict
A
ftE o 7 27 6 0 67 140 12 257 131 438 64 12 21 103 734 1000 140
Fuhua Street subdistrict
ST B
e . 67 76 61 200 137 168 64 0 176 429 120 144 88 78 717 1000 210
Ruhe Road subdistrict

B A
MR R . . 165 78 77 126 128 256 92 365 207 563 119 79 88 0 1000 596 493
Nanyang New Village subdistrict
KA IE

- . 59 71 60 191 128 218 77 179 47 492 121 O 69 331 1000 206 453
Dashiqiao subdistrict

F4 HEXEMEER

Table 4 Correlation-based score assignment matrix

GIZA! Types of GI Al A2 A3 A4 A5 A6 A7 Bl B2 B3 Cl C2 C3 C4 D1 D2 D3
K% Permeable pavement 1 0 o o o 1 o 1 1 1 1 0o 0 0 1 1 1
LR T Green roof 1 o o0 o 1 1 1 1 o0 1 1 1 0 0o o 1 1
T4k b Depressed (sunken) green space 1 0 1 0 1 1 1 1 0 0 1 0o 0 0 1 1 1
A R )it Bioretention facility 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
1215 Y¥% Infiltration pond 1 0 1 0 0 0 0 1 0 0 1 0 0 1 1 1 1
#JF Infiltration well 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 1
HE3E Wet pond 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1
7K ¥4 Stormwater wetland 1 1 1 0 1 1 1 1 0 0 0 0 0 1 0 1 1
JH5 Y% Detention pond 0 1 1 0 0 1 o 0o o o 0 O 1 1 o0 1 1
MR Grassed swale 1 oo o 1 o0 1 1 1 1 o 1 o o0 1 1 1
HBEZE il Vegetated buffer strip 1 0 c 1 1 1 1 1 1 o 1 1 o 1 o 1 1
AT +HE59E Engineered soil filter 1 0 0 0 0 0 o o o o 1 0 0 1 1 1 1

TE TR 127 /INAY T T 5 | R AR AR X SR 7 26°27-90°56.55740.42, 4445, 47485158 YA i 0% G2 M 5 B =2 W77 72 SR ML 15 )%
ZNEME 0. Note: The values were assigned based on the relevant literature cited in Section “1.2”. If an association exists between a GI

type and an evaluation indicator, a value of 1 is assigned ; otherwise, a value of 0 is assigned.
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Fig. 2 Normalized scores of indicators related to flood-resilience Gl planning in Zhengzhou’s central urban area
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Table 5 Weights of indicators for identifying flood-resilience GI planning in Zhengzhou’s central urban area

HE 2 Criterion layer ALE /% Weight A2 Index layer KL/ % Weight
AT: M RAR T R L Surface runoff coefficient 2.87
A2: IR FRHE Annual average rainfall 1.29
H AR 3R S A R A A3: -2 Average elevation (—) 0.97
Dimension of physical geography 23.42 Ad: Fe KI5 Maximum slope 11.19
and climatic conditions AS5: IR % SAHER Greenhouse gas emissions 3.47
A6: IR AL 800 Urban heat island effect 2.23
A7: SRR Air quality 1.39
SRS e A B1: i 5 i % Road flood susceptibility 18.93
Dimension of infrastructure vulnera- 25.26 B2: [ 20kMESZ T T 3ATE Accessibility to emergency shelters (—) 1.66
bility B3: Wil 4% £ F5 8L Urban development index 4.67
C1: £k 7 35 % Green coverage rate (—) 1.29
1 SR PRI Wi o £ .
5 B E S .
Dimension of natural environmental 24.32 C2: BAMFRER Green space patch density 990
response C3: 7Kk Water area ratio (—) 0.85
Cd: JKIRPEH S B Water patch density 12.28
o ) D1: A% Population density 12.79
A 27.00 I ion of flood-vulnersbl
Dimension of socioeconomic impacts . D2: #tK e biic Lt Proportion of flood-vulnerable groups 9.80
D3: 45 551 Economic vulnerability 4.41
[ 5] Ef5
=N/ X B ) L A I
ggﬁg; I X
E== ) e B 4 X
= il i IX C IR A a6 IX
==L S

N

0.0 2550 10 km A

3 AN E X A& G EBE A SE Rt E
Fig. 3 Priority map for flood-resilience Gl deployment in
Zhengzhou’s central urban area
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Fig. 4 Spatial coverage density of Gl in Zhengzhou’s

central urban area
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Genetic-algorithm-based optimization of flood-resilient green
infrastructure planning : a case study of Zhengzhou

KUANG Da',ZHANG Yinhao', YANG Xiaotong', LI Xiangyi'*

1.School of Architecture and Urban Planning ,Shenzhen University ,Shenzhen 518060, China;
2.State Key Laboratory of Subtropical Building and Urban Science ,Shenzhen 518060, China

Abstract Traditional grey infrastructure has shown significant limitations in responding to complex di-
saster chains due to neglecting the synergistic effects of natural hydrological processes and ecosystem servic-
es.Green infrastructure (GI) , by leveraging natural processes for regulation and achieving multi-functional
synergy , was regarded as an effective way to overcome these limitations. This article took Zhengzhou City
as an empirical case to develop a framework for the optimization of planning GI for flood-resilience that inte-
grates multi-criteria decision-making and evaluation with genetic algorithm. An indexes system was con-
structed from four dimensions including the natural geography and climatic baseline , infrastructure sensitivi-
ty, natural environmental response, and the socio-economic impacts.A spatial deployment priority model of
GI was built on a GIS platform.On this basis, a genetic algorithm was introduced to perform quantitative op-
timization of the types and scales of GI for flood-resilience within each priority zone under multiple objec-
tives and constraints to obtain near-optimal GI layout schemes for different regions. The results showed that
the proposed framework can effectively identify the high-priority deployment areas and key control zones of
GI for flood-resilience in Zhengzhou City while simultaneously considering the safety of flood-resilience and
construction constraints , optimize the portfolio configuration of different types of GI, and achieve a closed-
loop planning process from spatial priority identification to type allocation optimization.It is confirmed that
coupling multi-criteria spatial evaluation with a multi-objective genetic algorithm can provide quantifiable
basis for planning and decision-making, and replicable computational framework for improving flood-resil-
ience in high-density megacities. It will provide a transferable technical reference for constructing the layout
of flood-resilience-oriented GI in other rapidly urbanizing areas of the same type.

Keywords urban flood-resilience; green infrastructure (GI) ; GIS; genetic algorithm ; multi-criteria

decision analysis
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