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Simulation on flood processes based on three rainfall runoff schemes:

A case study of Sunshui River Basin in Southwest China
LYU Xiaoyu'?, LI Zhanling"*, LI Xintong'?, YE Yingtao'”

(1. School of Water Resources and Environment, China University of Geosciences  Beijing) , Beijing 100083, China;
2. Key Laboratory of Groundwater Conservation of Ministry of Water Resources,
China University of Geosciences ( Beijing), Beijing 100083, China)
Abstract Accurate simulation of floodpeak and its hydrograph is crucial for flood control and disaster reduc-
tion analysis. The selection of rainfall loss and runoff generation model is often critical for flood process simula-
tion. To evaluate the applicability of different rainfall loss and runoff generation models in the Sunshui River
Basin in Southwest China, this study constructed three rainfall-runoff modeling schemes ( scheme 1. SCS
Curve Number method + Snyder Unit Hydrograph method, scheme 2; Initial Constant Rate method + Clark U-
nit Hydrograph method, scheme 3 Green-Ampt method + SCS Unit Hydrograph method ). The HEC-HMS
model was used to simulate 15 flood events from 2007 to 2018. The results showed that Schemes 1 and 2 dem-
onstrated satisfactory performance in simulating the flood hydrographs in the study area, with Scheme 1 per-

forming better for single-peak flood events and Scheme 2 performing better for double-peak flood events. In
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comparison, Scheme 3 exhibited inadequate simulation performance. The findings of this study can provide

reference for flood simulation and prediction in similar areas.
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Tab.1 Parameters of the HEC-HMS model for each sub-ba-

sin in the study area

Tk area/km®  L/km L./km slope
w120 152. 02 28.69 12.75 0.05
W130 115.92 26. 54 14. 09 0. 04
W140 176. 78 24.90 10. 88 0.07
w150 26.05 11.24 5.79 0. 16
W160 17.02 7.57 2.16 0.13
w170 96. 86 22.27 10. 93 0.07
w180 90. 42 19. 40 8.92 0. 06
W190 32.59 9.97 3.75 0.08
W200 187.25 22.75 7.20 0.07
w210 510. 49 45.13 19.95 0.03

W220 195. 25 27.22 12.77 0. 04
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Tab.2  Area weights of each rainfall station in each sub-basin

TuE  WEN ERERkm’ WEWNNE/% | TR WEE EHERkn® R %
W120  &a)o 112. 00 0.74 w180 =% 7.35 0.08
2l 40. 02 0.26 2l 6.94 0.21
PALE S 41.61 0.36 T fi; 0.45 0.01
w130 il 39. 30 0.34 w190 %y 19. 56 0. 60
T i 35.01 0. 30 W& 1.53 0.05
il 62.29 0.35 18 4.10 0.13
W140 |2y 40. 08 0.23 itk 14.20 0.08
Ik 74. 40 0.42 &y 3.80 0.02
W150 2l 24.13 0.93 W200 g 79. 45 0.42
JIUES| 1.92 0. 07 =15 89. 80 0.48
W160 il 16.25 0.95 IUE] 3. 64 0.01
njZy 0.77 0.05 bials 54.47 0.11
gl 0.23 0. 00 w210 18 9.16 0.02
w170 ny 95.15 0.98 K 443.22 0.87
W 1.48 0.02 w220 B 70. 41 0.36
w180 Bl 0. 69 0.01 kil 124. 84 0. 64
i 4 82.39 0.91
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Tab.3 Curve number lookup table

bR R A B C D
B 59 70 78 81
i 36 60 73 79
Hith 49 69 79 84
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Tab.4 Initial values of model parameters for three schemes
! IH2 IH3
ER/IRL constant saturated suction  conductivity
CNCID i rate T K content /mm  /(mm-h")
W120 51.39 7.93 1. 46 2.41 18. 46 0. 463 315 13.2
W130 49. 68 7.98 1.44 1.54 17.33 0. 463 315 13.2
W140 58.20 7.25 1.38 1.02 16. 18 0. 463 315 13.2
W150 58. 14 4.72 1.31 1. 14 15.28 0. 463 315 13.2
W160 57.00 3.12 1.23 4. 69 14.37 0. 463 315 13.2
W170 56. 21 7.02 1. 17 5.72 14. 48 0. 463 315 13.2
W180 49. 83 6.33 1.07 5.77 15.53 0. 463 315 13.2
W190 57.20 4.00 0.98 5.65 16. 03 0. 463 315 13.2
W200 49.91 6.23 0.90 5.22 17.02 0. 463 315 13.2
w210 49.20 10. 39 0.79 5.55 12. 85 0. 463 315 13.2
W220 50.78 7. 81 0.79 5.36 12. 98 0. 463 315 13.2
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Tab.5 Initial values of model parameters for three schemes
ES Jr% 2 Ji%3
Fids constant saturated suction conductivity
CN(ID) ; T, R ]

rate content /mm /(mm+h™")
w120 44.30 7.81 1. 46 2.41 18. 46 0.3 300 1.5
W130 43.77 10. 39 1. 44 1.54 17.33 0.3 300 1.5
W140 52.45 6.23 1.38 1.02 16. 18 0.3 300 1.5
W150 52.50 4.00 1.31 1. 14 15.28 0.3 300 1.5
W160 51.82 6.33 1.23 4.69 14. 37 0.3 300 1.5
W170 50. 82 7.02 1.17 5.72 14. 48 0.3 300 1.5
W180 44.18 3.12 1.07 5.77 15.53 0.3 300 1.5
W190 53.28 4.72 0.98 5.65 16. 03 0.3 300 1.5
W200 44.17 7.25 0.90 5.22 17.02 0.3 300 1.5
W210 43. 80 7.98 0.79 5.55 12. 85 0.3 300 1.5
w220 45.36 7.93 0.79 5.36 12.98 0.3 300 1.5
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Fig.4  Simulation results of three schemes during calibration period
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Fig.5 Simulation results of three schemes during validation period
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Tab.6  Simulation results of HEC-HMS model during calibration period
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20% LA, 2 W1 B AT AE 450 L i A5 0L 7 08 7 4
LGB IEASTHRRR LA, T 5 1 RBERUS E f
HURTTR 2,075 3 MBI s

# 6 FEW] HEC-HMS R BT R

o NSE AT/h RMSE/(m® - s™") Rygp/ %
Btk . . - = 2 2z 22 2
HED HR2 FE3 FERD TRE2 FE3I FED FE2 HRE3 EL FRE2 HES
20070912 0.98 0.90 0.81 2 3 2 0.2 0.3 0.4 0.95 19.60 6.04
20080630 0.88 0.79 0.69 2 0 1 0.3 0.5 0.6 3.25 1.00 8.98
20090730 0.93 0.90 0.95 1 2 0 0.3 0.3 0.2 1.82 10.97 2.41
20100708 0.94 0.91 0.85 1 1 2 0.2 0.3 0.4 12.80 7.15 2.45
20110621 0.83 0.71 0.67 1 1 0 0.4 0.5 0.6 12.57 8.96 13.14
20120828 0.62 0.66 0.74 1 2 1 0.6 0.6 0.5 42.50 66.17 48.53
20130603 0.91 0.85 0.77 2 2 3 0.3 0.4 0.5 0.35 5.44 3.53
20130910 0.95 0.97 0.81 1 2 3 0.2 0.2 0.4 9.82 8.49 13.96
20140701 0.94 0.84 0.65 5 4 3 0.2 0.4 0.6 10.92 0.34 2.14
7 IEH] HEC-HMS B A BLLIRUR
Tab.7 Simulation results of HEC-HMS model during validation period
NSE AT/h RMSE/(m* - s~ Rypp/ %
e o el
HED TR2 FE3 FRED FRE2 FE3 HED FFE2 GRE3 EL FR2 ES3
20140816 0.86 0.84 0.73 1 0 4 0.4 0.4 0.5 9.35 16.89 20.53
20150904 0.92 0.92 0.89 2 1 1 0.3 0.3 0.3 15.21 12.71 12.26
20160704 0.80 0.75 0.41 1 1 1 0.4 0.5 0.8 5.33 8.73 0.85
20170621 0.81 0.76  0.40 0 1 2 0.4 0.5 0.8 9.47 14.65 4.36
20170909 0.96 0.93 0.83 1 2 3 0.2 0.3 0.4 4.33 5.92  3.70
20180711 0.86 0.75 0.72 1 1 1 0.4 0.5 0.5 4.13 1.33 2.96
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Fig.6  Box plot of simulation results
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B g ik sk (20090730, 20100708 ., 20150904
20170621 ,20170909 20180711 ) ,3 /> J5 Z& %} if 1
AT RMSE | Ry, 8 A A 9 B AUSCR , H XS T
NSE, J5 % 1 TERZ IR bR fc i, UG 7 %8
2,075 3 R BUAHRT B 22, P 7 28 1 i AL 4
BB X R T 5 1 X T g B UK B
Rl e X T 9 3 & g 3 e ik /K (20070912
20080630, 20110621, 20120828, 20130603,
20130910 .,20140701 20140816 .20160704 ) , /34 3
A5 SRSV I YR U It e i (I N S o Y 06 i e A
XPIRZE VEERBR, JT 5 2 A 6 FIRIEREH/IN T
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o 7% 2 (W R A + Clark B 0E) X T
SZ TN K A BB , X AT 2 Ay Clark
AN RN J5 220> T U 7 A AR T e i
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AR N A 2 DEE I, AHLZ T, 07
22 3( Green-Ampt 3= + SCS) X FFh /K 7] i 3837 1K
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18 SRR PR AN A 2, TE K T It 38 1A
R A R A ) 22 ek

o 2 Ul B Y A&, X T 20120828 47k kK, 3
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