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Abstract The Delft3D model was used to simulate the flooding process on floodplains of the Lower Yellow
River, and the flood disaster parameters such as flooding range and flooding depth were statistically calculated
from the model. The process of giving the flood risk’s spatial distribution of the plains includes dividing the
hazard-vulnerability units and calculating the hazard and vulnerability of each unit according to the topography and
flood-control measures. The United Nations risk assessment index system is used to give out the spatial distribution
of the flood risk for each inundation unit. The results show that the relationship between flood risk and flood
scenarios response across the study area can be divided into three categories. About 50% of the plain are under
“simultaneous flooding and risks”, which means the flood risk level generally varies with the flood scenario. 39.7%
of the plains own the trait of “low flooding frequency leads to giant risks”, and for the unit of this category basically
has the extreme risk even for the 10-year frequency floods. 11.67% of the plain are stable at a relatively low risk
situation, and the flood risk is not affected by the magnitude of the flood, which is classified as “stable low risks”.
In order to prevent the flood risk of the Lower Yellow River, the flooding unit of “low flooding frequency leads to
giant risks” mainly distributed in Gaocun to Aishan section should give a priority to take the action, and the flood
situation of once every ten years or even once every five years should be taken as the reference basis for building
flood prevention measures.
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Table 1  Situation of floods in typical years in the past 40 years' ' and their impacts
. AT F K S0 ZINEL Jer N FEY BT
P /(m® s KAz /m TR AR NV MU R m? ez HORHTT kg

1988 8000 93.72 130.77 390 96.53 1627 14.24 59.39 66.99
1989 6100 93.19 213 - - 801 8.58 11.76 26.01
1992 6430 94.32 139.92 74 1 1317 13.07 55.43 29.85
1993 4360 93.84 98.66 9 1.35 1110 12.42 23.21 61.83
1996 7860 94.7 756.67 570 13.74 4369 51.7 300.15 1049.21
2002 3170 93.65 244.13 - 291 2584 28.53 98.63 168.69
2003 2780 93.42 277.46 171 18.96 5808 66.94 344.18 594.94
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Table 2 Eigenvalues of hydrology and sediment data of floods
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198247 H. 8 A HAE—i# 12 15300 66.6 61.63 2.01 6479.67 32.64
1958 4F 7 H TAE—# 14 22300 146.0 89.72 6.62 7413.24 73.76
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Table 3  Property loss rate under different water depths
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Fig. 1 Classification of inundation units and the site of study area
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Fig. 2 Comparison of simulated water level and measured water level in various sections in 2013
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Fig. 3 Simulated flow rate of each section compared with the measured flow rate in 2013
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Table 4 Model precision evaluation based on water level and flow rate
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Fig. 6 Spatial distribution of the hazard of each inundation unit under different flood scenarios
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Fig. 7 Spatial distribution of the vulnerability of each inundation unit under different flood scenarios
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Table 5 Statistics of inundation units at different hazard levels in each flood scenario
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Table 6  Statistics of inundation unit with different vulnerability levels in each flood scenario
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Fig. 8 Spatial distribution of the risk of each inundation unit under different flood scenarios
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584



PN AT 45

BT U A Bel 1712 T L B R DXt A T e XU BE A 4F 5T

ST AL KT8 E IR FE S 2, R A T R T AR
Ly R 32 OKBE R /KRR R (IR

ORI R ;12208 W 18 T 1 b 7 1 e XL 4
G — P B UL K e G BTG . AE R A AR —
BPAKIE T, — MR IR RS B o Rl K i g2
38N, FEAR b LR AR G JRUBS: 2 A AR XU B o kK
YRI5 T BT I U ) rh XU B L AR
MTAE— I KBS, 4R E T R
JRUBS BERAS o 142 1 B0 B T LA 1231 km?,
e DX R FRAY 48.6%, FL 234y, FE A AE AL 1
FE SJe AT e TT BE LA K S ] ¥ T T R g AT O TR BT,
JG45 K N1, N4, N5, N7, N12, N14, N15, S1~S5,
S7, S8, S10~S15 1 S19~821.,

ONKKREE: Z BB IO T — K
15 S, A B v IR 0 o XU B (R A —
HEAKCNG 5T B0 2 PR I M A I B ) o I N LAR
— B AR BT RCHR R B AR RS B, HLAL T4
— B PRI S, 46 DR o W VB G S AN s AL
B g MK SRR O AR DL R R
B, BRPN T 23 1L im] B v 2 A e R e AR
FROXURS: FE AT EAIRAD, A W BB T 1 R A e XL
B o % IS HE T BT A TR RRLER 1006 km?, o i IX
T ALY 39.7%, 3264, 32 E 43 A 1 e n] W KT 1 AN
e s BT T B AT DA R e A E ST B, BLOG S R
N2, N9~N11, N13, N16~N26, S16~S18, S22~S26,
S28 1529,

FE IR T B0 I XU 2 AN B 74 K )
AR A, HIEAR E SIS . BIiE
AE— R TAE — B UK ST, KER i i o))
SR 2 IR AR XURS: B . e D, L6,
ST RN 296 km?, 7 i DX R TE ALY 11.67%, £
Ay AR AEAE B 1 2 e Il T B, PROC 45 i N3, N6,
N8, S6, S9 F1827.

4 it

AR SCH FH Delf3D A5 8, A [7) b oK 5 T
WF5E DXL K 18 M 5 T BUR S AL, A 345 kK T8 W s
BLEATT A BT KT8 e S R A S R R B o e e A
JKIE S 5 BE AN By 0 B 5 07 i, SR [ RCE
BT FE AR A 28, A5 BAIT S DX 45 W8 1 T A it K
18 W IXURS: JEE o AR SR AR B R ALk /K 18 ME B R 2
B, wTLLsEE G H LS AR DT J7 1 B 32 L AR R
P MRISHTIEXHIE | JTIEBE TR AN AR 7 S 25 A

A AT BT, T RE AL L /K 78 MR X 45 A
(4 F AR, RIS AL Yy L i BRI DX S A
FIWFFE XA AL AL o BEAh, L5 fE IR B A )
PR PINAERE, 25 R ATSE DX K T8 B XU B2, i1
P &5 28 S04 1A 0L

B9 DX 45 1 2 50 Y TR 7K T8 fE XU, 52 -5 Tk K 1
SRR LG R AT g3y 3280 <R I ] 402 i IR B T X
IO F) T 7K 18 0l DS B8 I vt 7K 5 2 A4 8 T 4,
A DA HE 3 KRR ST AR IR 2o U8 2 s 28 4t K
5 50T B e RS B, SR oK IR R0 i, ik
VA ¥ BRI 1Y sk T AR 8 DR TR AR A O 50% o i
DX 39.7% [T ARSI 9 3 T8 BRI 14 7 7K 18 0l XL, B2 A
Wt T AR 5 B A 3 DR T G2 AP B, X SR T
TE -+ AF — B PR 5N AR B e KU, BA
“ONIKRBE BIRAIE o B X 11.67% 1B X 17 A i 35
FATCAL T AR BEARZS, AN 2 LKA 5 59 52
RAIAL TR AR IR 2

AT 9 O X7 7 7 R XS 4 v A T R
ST BER /K R 2 W BE I, I 2 A B,
() S 7 LA AR — 8, L 2 AR — 8 KA SR A it
IR B E TR A DL S B AR . oK Rl )2
B TT R AR — 8 S A 18 P K 5 R A S
B EE, PRl 2% R LR — AR — 1 K SR AR
oA K B TR B A B o X TR B 11 2 e i
e T W X PN RS M Ak T R R KU R 2 B 1 9 B
oo, AL I A

S % 3Lk

[1] Teréncio D P S, Sanches Fernandes L F, Cortes
R M V, et al. Flood risk attenuation in critical zones
of continental Portugal using sustainable detention
basins. Science of the Total Environment, 2020, 721:
137727

[2] Straatsma M W, Kleinhans M G. Flood hazard re-
duction from automatically applied landscaping mea-
sures in RiverScape, a Python package coupled to a
two-dimensional flow model. Environmental Model-
ling & Software, 2018, 101: 102-116

(3] XEH, FHik, MikE, . & T Copula bR
R K 18 THORUI: A 353 K I3 R 2E iz, 2019,
38(3): 75-82

[4] K#, 24, LBW, & KL iS5 EB K
T XU A K ) A HL AR, 2020, 39(8): 1-16

[5] XL, £/NZ, e, 4. (1%l B X%

585



LR (A SR B2 R

B57TH H3W

2021 4F 5 A

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

586

JKAFAE 5 it 5 RV T Al —— DL B B3 o ). K+
PREFE A, 2019, 39(5): 236-241

EEAE, B, EMm, % KT GISHREKIL
A 2R 2 1L AR B X A XU IX el g K A I 5 7K )
BHE, 2019, 17(6): 45-53

WD, Bk, HEE, & A5 MA-BHREN
O i S R R N o D = i [ B
KRB, 2020, 18(5): 38-56

B, TIRAL, K. RF BP WML
TIHE TR . K BRI RLAE, 2011, 29(3): 57~
59

Sunar AF, Yagmur N, Dervisoglu A. Flood analysis
with remote sensing data — a case study: Maritsa
River, Edirne // The International Archives of the
Photogrammetry, Remote Sensing and Spatial Infor-
mation Sciences. Prague, 2019: 497-502

Abdelkarim, Gaber, Alkadi, et al. Integrating remote
sensing and hydrologic modeling to assess the impact
of land-use changes on the increase of flood risk: a
case study of the Riyadh-Dammam Train Track,
Saudi Arabia. Sustainability, 2019, 11(21): 6003
SR, VLB, AR BT i 5 HE X kR
EYREEN. AR, 2020, 42(7): 1-6
SR, B, SRBEAR . BN (I R K iR R
. K BEPERE, 2016, 27(2): 165-175

B, X Ex, Wi, & R R OE s
ZUIEMsE. NRB, 2018, 40(1): 36-39

ZHH, ke, BpEEE, 4. BN WERE VA
SHBUEBIBESY. KR, 2017, 48(11): 1280-
1292

Bl —=. HETLE AR, Jent: P E
JKH K A, 1996

FRSCAS. WA AR, AN W AN R AL, 1993

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Teng J, Jakeman A J, Vaze J, et al. Flood inundation
modelling: a review of methods, recent advances and
Environmental Modelling &
Software, 2017, 90: 201-216

B PEsik. ST Delft3D ) M /K 2l g 15 9 v K e A
WFFR[D]. dbat: K, 2013

WRIL, R, oo, & KRR T R
T e i 2225 BOK AR PRI ST, K BEIR 5K T4
iz, 2016, 27(4): 157-161

Lee C, Hwang S, Do K, et al. Increasing flood risk

uncertainty analysis.

due to river runoff in the estuarine area during a storm
landfall. Estuarine, Coastal and Shelf Science, 2019,
221:104-118

WP, RRETMG, TRAETT, . BN P L
T/ 55 AR Kz (R 2R A0 A b s RAE AR (A
KB, 2019, 55(3): 489-500

ERELL, T RA&, #fk. BWFiE R X R
PRI, IKFIZTF, 2001(2): 42-46

FEARE, REAHE, BURER, % KRR K 9 FE i
KGRI Bl R, 2006, 51031 2): 155-
164

UN. Internationally agreed glossary of basic terms
related to disaster management. Geneva: United Na-
tions Department of Humanitarian Affairs, 1992
Werner M G F, Hunter N M, Bates P D. Identifiability
of distributed floodplain roughness values in flood
extent estimation. Journal of Hydrology, 2005, 314:
139-157

SO, EFEE, HHE, 4. BT MIKE21 TEVLE
it DXk K e B P PR T 3 AR AR, 2013,
22(3): 144-152

FERS, MK, SRR WL L K R E LA K
P AR E AR, 2006, 15(6): 38-44



