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Fig. 2 Land use type map Fig. 3 Model schematic diagram
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Table 1  Basic parameters of runoff generation and concentration and surface roughness values

R R /mm BT B/ (mm-h™) BUE T B R/ (mmehT) R A/ HEKAEF7/(mm -h™") fit

i 5 0 0 0.20 8.00 0.070
H iy 10 30 20 0.20 4.00 0.065
I8 [ 5 0 0 0.00 15.00 0.035
KAk 0 0 0 0.00 0.00 0.035
M b 12 32 22 0.20 5.00 0.070
i 15 35 24 0.20 8.00 0.080
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Fig. 4 Comparison of simulated flood flow and measured flow
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Table 2 Comparison of simulated and measured water level values for “23+7” flood

VR A5 a5 i 5 RS SR AR LA K A7 /m V& 25 7K A7 /m 1% 26 /m
S1 7 (AR ) 66.11 65.80 0.31
S2 Ab /N v (AR M ) 58.18 57.85 0.33
S3 1330 Il e % T i) 59.80 59.60 0.20
S4 F 3k 78 (5 BH R ) 54.46 54.68 -0.22
S5 DB 1138 (g JE 2% ) 82.59 82.37 0.21
S6 [ RRCIO A N30 ) 119.96 119.73 0.23
S7 o R I (A8 ) 70.48 70.27 0.21
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Table 3 Comparison of simulated inundation water depth with measured values

UEEE e R (A= 18 5 5V K R /m BV 1 7K TR /m R 2 /m
D1 e 1.00 1.20 0.2
D2 UL AR 2.00 2.28 0.28
D3 TSR 0.84 1.08 0.24
D4 JEHRFE (BRI 1.50 1.70 0.2
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Table 4 Design of simuated scenarios for the study area
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Fig. 5 Boundary condition
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Fig. 7 Representative cross—section flood hydrograph
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Table 5 Comparison table of surface 2D simulation results

VO KT 2 BRI KRS BRI /m AR TR A km® I T AR km® S T8 TR AR D R /%

BT 0.15~0.27 4.88 5.25 -7.58
o 45 IR <0.27~0.40 2.80 3.08 -10.00
20 20 B e KU <0.40~0.60 2.53 2.22 12.25
e R >0.60 8.50 4.77 43.88
Gt 18.71 15.32 17.37
BRI 0.15~0.27 5.54 5.94 -7.12
o A5 AU <0.27~0.40 3.29 3.44 -4.40
50 50 B AU <0.40~0.60 3.01 2.80 6.97
R AU >0.60 10.51 6.50 38.12
it 2235 18.68 16.44
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Fig. 8 Inundation conditions under different scenarios
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Table 6  Disaster impact loss inventory

Ptk EitpeE R GDPALIE ks RKANDTIN bz ZRBERME  wovss  EPHO/AS g
BB ERMA i @R % RN @RRE % @R RRE % @Rl #yE %

20 20 34.27 24.83 27.55 2.52 2.01 20.24 4960 4190 15.52 27.68  21.09  23.81

50 50 39.99 31.01 22.45 2.98 2.44 18.12 5765 4927 14.53 32.44  25.96 19.97
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Quantitative analysis and evaluation of disaster reduction effectiveness of flood storage and

detention areas based on numerical simulation

HE Xinhang',HAO Xiaoli', XU Mei', LIU Shu', HU Linan®, SHI Shulan’

(1. China Institute of Water Resources and Hydropower Research , Beijing 100038, China ;
2. Beijing Water Authority , Beijing 101117, China; 3. Beijing Municipal Hydrological Station , Beijing 100089, China)

Abstract: Mountain river floods pose a serious threat to the safety of foothill urban areas. Constructing flood deten-
tion and storage zones in front of mountainous regions can retain floodwater, reduce flow velocity, attenuate flood
peaks, and effectively mitigate the impact of floods on developed areas. Taking the Beisha River in the Wenyu River
Basin, Beijing, as a case study, this research employs a numerical simulation method based on hydrodynamic prin-
ciples to simulate the flood evolution processes under two scenarios: free flood discharge and discharge regulated by
flood detention zones. By comparing the flood risks and spatial distributions under different return-period floods
before and after the construction of detention zones, the effectiveness of flood control and disaster mitigation was
evaluated.The results indicate that: under various return-period flood scenarios, the foothill detention zones along the
Beisha River can significantly reduce downstream flood peaks, inundation extent, and water depth, thereby lowering
regional flood risk; the overall mitigation effect is constrained by the scale of the detention zones — under the 20-
year flood scenario, the Beisha River detention zone achieves the highest mitigation benefit, reducing GDP losses by
27.55%, followed by 22.45% under the 50-year design flood; numerical simulation of flood processes provides an
effective means to quantitatively analyze and assess the mitigation performance of planned or ongoing flood control
projects, through comparative analysis of flood risks before and after project implementation.

Keywords: numerical simulation; flood and waterlogging disasters; hydrological-hydraulic model; flood storage and

detention area; quantitative analysis of disaster mitigation effectiveness
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