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Flood risk assessment in Jinan City by integrating flood process simulation and refined GDP distribution pattern//

*, Song Sulin’ (1. College of Water Sciences, Beijing Normal

Xu Zongxue'”* , Hu Jiawei'”, Chen Hao'**, Huang Yixuan'
University ; 2. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology; 3. Jinan Hydrology Center)
Abstract: The upstream Huangtaigiao area of the Xiaoginghe River Basin in Jinan City was selected as the study area and
a SWMM-InfoWorks ICM-2D integrated model was constructed to simulate flood processes under rainfall return periods of 5
to 100 a. Multi-source datasets were integrated to reconstruct a 100 m-resolution refined GDP distribution pattern, and an
assessment framework was constructed covering four dimensions, including hazard-causing factors, disaster-breeding
environment, hazard-bearing bodies, and disaster prevention capacity. A flood risk assessment method combining flood
process simulation and refined GDP distribution was proposed. The results showed that under the same rainfall return
period, the flood risk in the study area presented a concentric pattern decreasing from the urban center to the periphery.
High-risk areas were concentrated in urban trunk roads, relatively high-risk areas covered the downtown with high
population density and GDP, and low-risk areas were mainly distributed in the northwest suburbs and southern mountainous
areas. With the increase of rainfall return period, the area of high-risk areas expanded from 2. 67 km® to 6. 49 km*, and
their spatial distribution expanded from scattered points to urban corridors, while the scope of other risk-grade areas
remained relatively stable.

Key words: flood process simulation; GDP distribution pattern; flood risk assessment; the Xiaoqginghe River Basin; Jinan
City
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Fig. 4 Spatial distribution of flood risk grades in study area under different rainfall return periods
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Table 2 Index entropy weight method weight and comprehensive weight under different rainfall return periods

sk TEAEAY E LRAANEE
P=5a P=10a  P=20a P=50a P=100a P=5a  P=10a P=20a P=50a P=100a
T %% i 0.0006  0.0005  0.0005  0.0005  0.0005 0.0002 0.0002 0.0002  0.0002 0.0002
by N A 0.6003  0.6102  0.6095 0.6067 0.6039  0.6394  0.6489  0.6483  0.6456 0.6429
i 0.0055  0.0054  0.0054  0.0054  0.0054  0.0033  0.0032  0.0032  0.0032 0.0032
Wz 0.0616  0.0601  0.0602  0.0606 0.0610  0.0445  0.0433  0.0434  0.0437 0.0440
NDVI 0.0119  0.0116  0.0116  0.0117  0.0118  0.0087  0.0084  0.0084  0.0085 0.0086
THEPORK K 0.0148  0.0144  0.0145  0.0146  0.0147  0.0049  0.0048  0.0048  0.0049 0.0049
UNEE: ;S 0.0758  0.0739  0.0740  0.0745 0.0751  0.0689  0.0671  0.0672  0.0676 0.0682
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Fig. 6 Spatial distribution of comprehensive risk grades in study area under different rainfall return periods
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Table 3 Statistical results of comprehensive risk grade

areas under different rainfall return periods
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5 192.87 86.29 44.35 2.67 59.13 26.46 13.60 0.82
10 192.70 85.59 43.86 4.03 59.08 26.24 13.45 1.23
20 192.55 85.27 43.61 4.74 59.03 26.14 13.37 1.45
50 192.32 84.82 43.30 5.72 58.96 26.01 13.28 1.75
100 192.25 84.48 43.14 6.49 58.91 25.89 13.22 1.99

- 38 -

451 6 4 3 Bt — Lo hT, MR I E B
o AU DX LIISE B i sUBE b T R B/ B R
Rz Bl T MISE AR 5 Bt A BT O, v X
B XA A e BRI 22 B AR T
I LR A | 52 0 Y R AR S Ry
TRRIE DU S X — A A AR A S DR S A0 i 2 R I3
B IHEZKRE A R, BRAS 2k 7 f e DX e e ok
AT U 3, e A FR I e LR DX RV R XL
DX i 2 S BT R 2 K, AELAUF 5 DX 9 AT
HR 1] DU a3 1Y 2545 AU A% SRy PR AR AR R R - A
IFi) o3 R B ARG KU X [ 72 T W 5 X P BB X
SRR ILIX, A [l L o2 1 5 v XU X S
R P A v XS 25 G IX A, (S i e DXL DX 475K
BRI 40 5 5 A v AU IX O 8 i X
R I 25 B RLES GDP X, R[] R XU IXC K i 92
7, X TR KRR MR R B A
T e P S A o LM N D S
SFRHE IR TR ZE AR i B 4k 2 22 5
LR A (M AR ARG 946 R i BT Ay A A T Bl
AR UL FE RS 1 | X LA SN 8] N kA8 2RI KK
PRER S [E] 3 A 2, DR T 5 DX 255 IR A AR
TRAFAGE 18 )2 A% )R

4 4 it

a. tHH T SWMM-InfoWorks ICM-2D FHA 5 |
FHFBRRE T /NG ] 3 5 B DAL 3 380 6 5 ok R A
P, G Z SR ER T 100 m 20 PERE 1T BUXOR
1k GDP S A7 ik Jmy , B Uk 57 fa B M 50K 414k GDP
SIS R ATEAG R 3R 8 G 32 % LA T R 25
BT, SR T LG T GDP %3 8] 43 B %
PR AIG LB AL SRS A Ak AR I AR A AN 2 19 R B, 522



LT PEET GRS E 2 1 5 A K AR 2 B EAS AR IA 1Y
WEHET,

b. FFE XL E5 25 A XU 22 DI s 1) DY )]
TR UK P P S A S, e UG X T R
] 7 A DX, A v XU [X 5N 1 %6 4 B GDP X
i = (AR 5 P X% o e i | oy P R T
X, Bl R EIDIM 5 a 32 100 a, 725 XU X
FHH 2. 67 km® ¥ 3K 2 6. 49 km? , 25 [H]HE 25 MR 3 1%
SUB AT RS R A 2 SR ;v U Xk R
MG E ARIE, 5~ 10 a BY B HIA S 10 a
2.72km*,50~ 100 a i Bf% 2% 10a 0. 15 km® , W]
RGP T FE B A5 AT, oo XU DX T R X o T o 3 434
SER P10 M 7 B Ay R 5 LA SRR X PRI B BRI 7R
FARFFIERRE , 25 (B B TG B AR 1k

c. ARSCKULET R T S 404k GDP 43
MR A AHES G, DERS HER B T 0 XU XK AIR
A I R PRI DX R T AR BIL A, SR AN T AR
T i ) P A5 2 48 s e vk 20 i XU 3h 45 A8 4k
(R 5 S IHLT X R AR 22 5 A (L U 221 e o
BRI H B T R 45 A% 0 X 8 IR T K R i A
10 48 T 4 DX DRSS AR, 7 XU 3£k B s 5 3k
NSRRI

SE Lk

[ 1] sk, EARAE B, 55, o Al i b 195 1] st B i R
M), KRR 2016, 27 (4) : 485-491. ( Zhang

Jianyun, Wang Yintang, He Ruimin, et al. Discussion on

the urban flood and waterlogging and causes analysis in
China[ J]. Advances in Water Science,2016,27(4) :485-
491. (in Chinese) )

[ 2] H% 1D AR v [E K %2 ] BT T e B
[J]. KR 4], 2016, 47 (3) : 292-301. ( Xia Jun, Shi
Wei. Perspective on water security issue of changing
environment in China [ J ].
Engineering,2016,47(3) :292-301. (in Chinese) )

[ 3] Jamali B, Lowe R, Bach P M, et al. A rapid urban flood

Journal of Hydraulic

inundation and damage assessment model [ J]. Journal of
Hydrology ,2018,564 : 1085-1098.

[ 4] Reh, Kl 55 5 UL S0k
SRR RE T ] . /K42, 2013 ,44(7) . 779-
790. (Song Xiaomeng, Zhang Jianyun, Zhan Chesheng, et
al. Review for impacts of climate change and human
activities on water cycle [ J ]. Journal of Hydraulic
Engineering,2013,44(7) :779-790. (in Chinese) )

[ 5] RT%, e, I Bk = Al B e R F s s
PEAR B BRI [ )] KR 22,2024 ,42(4) 123+
29. ( Liu Dingrong, Yang Kai, Sun Shi. Comprehensive

assessment and obstacle factor recognition of waterlogging

disaster resilience in  Pearl River Delta urban
agglomeration [ J ]. Journal of Economics of Water
Resources, 2024 ,42(4) :23-29. (in Chinese) )

[ 6] fioses, PR . oy 2 T Pk p Al . st MR 5 e 22
[T]. K247 ,2021,52(4) :381-392. (Xu Zongxue, Ye
Chenlei. Simulation of urban flooding/waterlogging
processes ; principle ,models and prospects [ J |. Journal of
Hydraulic Engineering, 2021, 52 ( 4). 381-392. ( in
Chinese) )

(7] 7™ tn, 552 2R , 45 THI 1) 8Kl 52 23 14
R TS RS & AU [T ]. KB IR AR, 2025, 41
(6):42-51. ( Yan Xinru, Lu Wenjun, Li Jinhui, et al.
Surface-underground space coupling simulation method for
subway station flooding analysis [ J ]. Water Resources
Protection,2025,41(6) :42-51. (in Chinese) )

[ 8] #5707 , 2 BAR  RAIHE , A5 ST % 9405 9 36 e XL 7
A [I]. KWL, 2025,41(5) : 52-60. ( Yang
Fang, Li Xudong, Song Lixiang, et al. Risk assessment
methodology for rainstorm-induced urban flood disaster
chain[ J]. Water Resources Protection, 2025,41(5) ;52-
60. (in Chinese) )

[ 9] XK MR, XA, 55 R RISt P 7 ¢ 3 B ik
B I G SR 27 H R IR R [ T ). K RL 2 3 Jig |, 2023, 34
(2):172-181. ( Liu Jiahong, Mei Chao, Liu Hongwei, et
al. Key scientific and technological issues of joint
prevention and control of river flood and urban
waterlogging disaster chain in megacities| J ]. Advances in
Water Science,2023,34(2) :172-181. (in Chinese) )

[10] Chen Jialei, Chen Wenjie, Huang Guoru. Assessing urban
pluvial flood resilience based on a novel grid-based
quantification method that considers human risk
perceptions[ J]. Journal of Hydrology,2021,601 ;126601.

[11] ZR3858, 2 2e st W nl, 4. 3 T 40 A 2R 00 K R VT V7
323 - 7 RERHR L[ ) ] T A AR R (AR
2FhK) , 2025, 53 (5) : 10-17. ( Li Zhijia, Li Anqi, Yao
Cheng, et al. Simulation of “23 -« 7” catastrophic flood in
the Yongding River Basin based on distributed models
[J]. Journal of Hohai University ( Natural Sciences),
2025,53(5) :10-17. (in Chinese) )

[12] RmeR, X B %5, 22 Bk, 55 AR RBRIE T 6 XU 22
A5 30T ) 4 TS [ 7). K R 224, 2022, 53
(7): 757-768. ( Cheng Xiaotao, Liu Changjun, Li
Changzhi, et al. Evolution characteristics of flood risk
under changing environment and strategy of urban
resilience improvement [ J ].
Engineering,2022,53(7) :757-768. (in Chinese) )

(13] BRI, B0, 7 4, 25, i i gi K 3 MBS 70 A7 5
R J7 2 3R [T ], K BB AR 97, 2020, 36 (6) : 1-6.

(Huang Guoru, Luo Haiwan, Lu Xinxiang, et al. Study on

Journal of Hydraulic

risk analysis and zoning method of urban flood disaster
[J]. Water Resources Protection, 2020,36(6) : 1-6. (in
. 39.



Chinese) )

[14] Fiosey, %0, it wg &b, ST 2 /9 6 87 9 F AR IE 5

W DAl AIF 5 5 JE [ 0] K R K HL BE R g | 2025, 45
(1):19. (Xu Zongxue, Lu Xingchao, Shi Qimiao.
Research flooding  disaster

progress  on  urban

characteristics and risk assessment [ J ]. Advances in
Science and Technology of Water Resources, 2025, 45

(1) :1-9. (in Chinese) )

[15] oo Wi AR, 45, P T R R AL K

B PPAL A T S [ 7], KB # 3k R, 2020, 31(5) ; 713-
724. (Xu Zongxue, Chen Hao,Ren Meifang, et al. Progress
on disaster mechanism and risk assessment of urban flood/
waterlogging disasters in China [ J]. Advances in Water

Science,2020,31(5) :713-724. (in Chinese) )

[16] MRS, T8, XG0, 45, T2 (B4 RS 19 B9 e i it

RIS [ )] K FIK AL BB HE JE L 2024, 44(6) - 6-
12. (Gao Yugin, Wang Hui, Liu Yue, et al. Flood disaster
risk assessment in Nanjing City based on spatial
information grids[ J]. Advances in Science and Technology

of Water Resources,2024,44(6) :6-12. (in Chinese) )

(17] BRI, 250 5. ST RUMIZE S IFO (O DRI 7 2% 1T 4t

WU EA [ T]. KPR 5K TR 4R, 2021,32( 1) : 1-6.
(Huang Guoru, Li Bigi. Risk assessment of storm water
fooding in Shenzhen City based on fuzzy comprehensive
evaluation method [ J ]. Journal of Water Resources and

Water Engineering,2021,32(1) ;1-6. (in Chinese) )

(18] FEEAT ARomar, Eatih, 25, DREYINAT sl i 33607 AL

ST T]. 7K F1 & f 24, 2023, 42 (6) ; 13-22. ( Tang
Qingzhu, Xu Zongxue, Wang Jingjing, et al. Urban flood
risk assessment for Shenzhen River Basin[ J]. Journal of
Hydroelectric Engineering, 2023, 42 (6 ). 13-22. (in
Chinese) )

[19] Ye Chenlei, Xu Zongxue,Lei Xiaohui, et al. Assessment of

urban flood risk based on data-driven models:a case study
in Fuzhou City, China[ J]. International Journal of Disaster

Risk Reduction,2022,82:103318.

[20] Z=E—, X% %2, 3T TELEMAC-2D #5550 () i )] it %

A [, 7K BE AR 41, 2022, 38 (5) : 58-64. (Li
Guoyi, Liu Jiahong. Flood risk assessment of Shenzhen
City based on TELEMAC-2D model[ J]. Water Resources
Protection,2022,38(5) :58-64. (in Chinese) )

[21] Zhu Wei,Cao Zhe, Kawaike K, et al. A novel urban flood

risk assessment framework based on refined numerical
simulation technology[ J]. Journal of Hydrology,2024,645
(10) :132152.

[22] WRRIER, BTt , i 381 e iy iy XUR: Al < LA L 1

s BTN B[ ] RAITRE 2 BE Be e, 2025,42(8) : 84-
93. ( Chen Lihui, Chen Jie, Gao Guoping. Flood risk
assessment in coastal cities:a case study of Lingang new
City,Shanghai[ J ]. Journal of Changjiang River Scientific
Research Institute ,2025,42(8) :84-93. (in Chinese) )

< 40 -

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Zhou Ying, Yi Pingtao, Li Weiwei, et al. Assessment of
city sustainability from the perspective of multi-source
data-driven[ J ]. Sustainable Cities and Society, 2021, 70
(9) :102918.

Georg I, Blaschke T, Taubenbsck H. Spatial delineation of
urban corridors in  North  America: an approach
incorporating fuzziness based on multi-source geospatial
data[ J]. Cities,2023,133.104129.

Liu Ziyan, Han Ling, Liu Ming. High-resolution carbon
emission mapping and spatial-temporal analysis based on
multi-source geographic data:a case study in Xi” an City,
China[ J]. Environmental Pollution,2024,361 ;124879.
Mo IR WRIG A SRS AL 2 [l Sy i3 T
RIS TETPAG [J]. K FHA 9%, 2024,35(1) : 38-
47. ( Xu Zongxue, Tang Qingzhu, Chen Hao, et al.
Assessment on the vulnerability of urban hazard bearing
body based on refined spatial patterns[ J]. Advances in
Water Science,2024,35(1) :38-47. (in Chinese) )
58 B, AR WG A5 FE T RE A4 GDP A J) 1 3
T HERE KU IA AT I T B S A I 1 [ 0] B K
AL 5 KR B (R 3E3C) 2025, 23 (6) : 1480-1490.
(Hu Jiawei, Xu Zongxue , Chen Hao, et al. Urban flood risk
assessment based on refined GDP spatial pattern: a case
study of Huangtaiqiao River basin, Jinan City[ J]. South-
to-North  Water and Water
Technology,2025,23(6) :1480-1490. (in Chinese) )

ZEMG AR R AR, BRI 1972—2016 4FFEK
FEPELT]. FE K U3 5 oK R BB (P 3E30) | 2021, 19
(2).:237-245. (Li Peng, Xu Zongxue, Ye Chenlei, et al.
Characteristics of precipitation in Jinan City from 1972 to
2016 [ J ]. South-to-North Water Transfers and Water
Science & Technology, 2021, 19 (2 ) 237-245. ( in
Chinese) )

ZEE -, WA, KRR, %, JE T TELEMAC-2D A
FA 5 R T B SO B AT [ ). K BRI, 2024,
40(5) :46-52. (Li Guoyi, Shao Weiwei, Liu Jiahong, et
al. Flood simulation and inundation analysis in Jinan City
based on TELEMAC-2D model [ J ]. Water Resources
Protection, 2024 ,40(5) :46-52. (in Chinese) )

BNIE ot T, 2 T SWMM Ml InfoWorks
ICM RS ICEL T T HEZK X T A B ASEAEA [0 ] K B AR
#1,2023,39(3) : 109-117. ( Liao Ruting, Xu Zongxue,
Ye Chenlei, et al. Simulation of rainstorm waterlogging in
Dahongmen SWMM  and
InfoWorks ICM models[ J ]. Water Resources Protection,
2023,39(3) :109-117. (in Chinese) )

MR PR a2, B, 45 3T SWMM Fl InfoWorks
ICM A3 T3 i DXk 7 B0 55 20 A [0, K B8 IR AR 4,
2023,39 (2):87-94. ( Ye Chenlei, Xu Zongxue, Lei

Transfers Science &

Drainage Area based on

Xiaohui, et al. Flood simulation and risk analysis on urban

block scale based on SWMM and InfoWorks ICM [ ] ].



[32

[33

[ 34

[35

[36

]

[

]

]

—

Water Resources Protection, 2023, 39 (2) . 87-94. (in
Chinese) )

BSEER AR ORI A e i/ NET B S A LD R
BT T RS 5 KU 3T [ ) ] AL st R A
WHRBIE M) |, 2026,62(3) : 356-366. (Hu Jiawei,
Xu Zongxue,Chen Hao, et al. Urban flood simulation and
risk analysis in upstream Huangtaiqiao area of the
Xiaoqinghe River basin, Jinan City[ J]. Journal of Beijing
Normal University ( Natural Science) ,2026,62(3) :356-
366. (in Chinese) )

NZLHE VAR, A /N, 25 B T 38 Y 42 [/ GDP 1km
IR 25 AL R IR [T]. HER(5 BA 2, 2005,7(2)
120-123. ( Liu Honghui, Jiang Dong, Yang Xiaohuan, et
al. Spatialization approach to 1km grid GDP supported by
remote sensing[ J]. Geo-Information Science,2005,7(2) :
120-123. (in Chinese) )

BRILSC, B R R bR, - T RS8R T B GDP
Bl s AL B [ 1] M2 5 85 T, 2007, 32
(3): 10-12. ( Zhong Kaiwen, Li
Xiaodong. GDP spatialization in land sustainable use
assessment [ J ]. Journal of Geomatics,2007,32(3): 10-
12. (in Chinese) )

Jingliang, Zhang

Bennett M M, Smith L C. Advances in using multitemporal
night-time lights satellite imagery to detect, estimate, and
monitor socioeconomic dynamics [ J]. Remote Sensing of
Environment,2017,192.176-197.

RZESR ERIR A SRR A5 Sl ks v AR R RS LB
RN bR R Tk R [T ]. KRRk 2022,33 (1)
153-163. ( Xia Junqiang, Dong Boliang, Zhou Meirong, et
al. Review on instability mechanisms and criteria of human
body in floodwaters [ J ]. Advances in Water Science,

2022,33(1) :153-163. (in Chinese))

[37] &F0h, IRt MR A, 5 182 1) S B A5 AE A ik

[38

[

TTHEEF E A KUK 3BT [ J]. LIS 22240 ( B AR}
2#hR) ,2024,60(3) :375-385. ( Shu Xinyi, Xu Zongxue,
Ye Chenlei, et al. Dynamic risk of urban flooding/
waterlogging with attention to spatial heterogeneity of the
underlying surface [ J ]. Journal of Beijing Normal
University ( Natural Science) ,2024,60(3) :375-385. (in
Chinese) )

FRT AL, RGN, A Bl a2 B AT B E A
BiXUBATAL [ 1], 7K J1 A& ML 274, 2023, 42 (7) - 84-95.

[39]

[40]

[41]

[42]

[43]

( Wang Qianning, Zhou Zhiyi, Wu Jian, et al. Risk
evaluation of urban flooding with social information[J].
Journal of Hydroelectric Engineering, 2023,42 (7) ; 84-
95. (in Chinese) )

B ke O 4. ST 2 BRI K A it
BiICE RO RE T IPA SR T [ 1], TGRSR 24 (A AR
Bl B ), 2025, 53 (6); 41-48. ( Duan Tingting, Li
Qiu

enhancement of flood disaster response capability in

Pengfeng, Shuntian, et al. Assessment and
Changchun City based on multi-source data[ J]. Journal of
Hohai University ( Natural Sciences) ,2025,53(6) :41-
48. (in Chinese) )

BERGHT, SRl Ae, 3T, 4. Bt i B 3T i
SRS T]. KBk g ,2017,28(6) - 820-828.
(Hou Jingming, Guo Kaihua, Wang Zhili, et al. Numerical
simulation of design storm pattern effects on urban flood
inundation[ J |. Advances in Water Science,2017,28(6) :
820-828. (in Chinese) )

KM FR o F 2 4.+ b ] P AR P 3 38 T
R . LASE R T B S 4 L R s R B[ 1], KR
HAR(HFHESC),2023,54(12) :143-154. (Song Pengyue,
Xu Zongxue, Li Peng,et al. Impact of land use changes on
runoff generation/routing: case study in the upstream of
Huangtaigiao in Jinan City [ J ]. Water Resources and
Hydropower Engineering, 2023, 54 ( 12) : 143-154. (in
Chinese) )

B AR ok B, 4F. BE T SWMM 5 LISFLOOD-FP
AR F 8 T B W P B AL DA R Tl ) . R kL
PSRRI (FP3ES0) ,2021,19(6) : 1083-1092. ( Li
Peng,Xu Zongxue, Zhao Gang, et al. Simulation of urban
rainstorm waterlogging processes based on SWMM and
LISFLOOD-FP models; case study in Jinan City [ J].
South-to-North Water Transfers and Water
Technology,2021,19(6) :1083-1092. (in Chinese) )
Enth RIS AR, A5 B R T SRR AR T I 7 K
KT 0], K BETE R, 2024 ,42 (1) :22-26. ( Wang
Jingjing, Xu Zongxue, Li Fulin, et al. Urban flooding/

Science &

waterlogging risk analysis in the downtown area of Jinan
City[ J]. Water Resources and Power, 2024 ,42 (1) ;22-
26. (in Chinese) )

(WHd F 1912026 -03-06 %l . £35)

<41 -



