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Note: In Fig. a, L is the size of each grid, m; The number in each grid represents
the elevation value of the current grid, m; The arrows in Fig. b represent the flow

direction of the grid.
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Fig.1 Schematic diagram of flow direction
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Table 1 Model parameter calibration results

¥ Parameters HU{H Value
)2 5% KRS /mm 10
T B8 E KA /mm 40
RE LS KA & /mm 10
R €SS E iR 0.3
AR AT ZR 5L 0.9
IRIZHHUR REL 0.2
MIRAFE K 0.01
W8 B Bk &K E/mm 10
H B & /KA S L 4a 4 1.1
UK AR R 0.25
B IR R 0.45
Herh IR R 5L 0.6
HF H R VIR R A 0.9
AR AR R 0.016
7% FE BH 2R 5L 2.0
P TR EUR 7 0.5
EEE RS 0.4
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a. Results during calibration

b. IRIEHIZE R

b. Results during validation

E: SR-GUH % SRR SR A B 2k EC-GUH N3 T BE B M i k. .
Note: SR-GUH is geomorphic unit hydrograph considering slope and rain intensity; EC-GUH is geomorphic unit hydrograph based on energy conversion. Same as

below.
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Fig.3 The simulation results of flood
F2 EEBRIMERI
Table 2 Comparison of simulation results during calibration
SR-GUH EC-GUH
AKES BURR O Tpgiixiiie WESIRTGZE  GOEMERE  DRRNRE WEILMEIRE  Goet RN
Flood number Peak discharge /(m”-s™) Peak error Peak time Nash-Sutcliffe Peak error Peak time  Nash-Sutcliffe efficiency
rate/% error/h efficiency coefficient rate/% error/h coefficient

1984-05-17 965 -10.18 -1.0 0.96 -13.41 -1.0 0.95
1984-06-16 733 -19.98 -1.5 0.79 -26.49 -1.5 0.88
1985-08-29 910 -16.62 0.6 0.95 -26.92 1.6 0.89
1987-04-27 754 -32.23 0.1 0.78 -26.69 0.1 0.91
1989-04-15 524 7.81 -1.8 0.87 -2.10 -0.8 0.92
1990-06-17 1100 -10.81 -2.0 0.89 -12.18 -0.6 0.91
1990-08-04 729 16.94 -3.3 0.59 -4.28 -1.3 0.81
1993-06-03 614 -13.24 1.1 0.92 3.86 0.1 0.97
1993-07-07 883 -12.55 -1.2 0.89 -15.23 1.3 0.88
1994-08-08 730 5.64 -2.5 0.73 -14.61 -1.0 0.85
1995-07-05 951 -33.30 -0.6 0.85 -33.33 0.9 0.83
1996-07-18 1570 3.74 -2.3 0.87 -14.72 -1.3 0.91
1997-06-10 702 11.62 -0.1 0.95 2.59 0.4 0.97
1998-06-13 1740 0.91 -2.0 0.81 -21.24 -0.5 0.88
1998-06-29 786 -8.30 -4.4 0.80 -11.29 -1.4 0.92
1999-05-25 942 36.50 0.8 0.67 19.57 -0.1 0.87
1999-07-20 698 -8.42 0.5 0.85 -16.73 1.0 0.89
1999-09-01 614 -41.90 -4.3 0.78 -36.68 -0.8 0.81
2000-06-24 999 15.36 -3.0 0.77 10.96 -0.5 0.87
2002-05-16 1010 -15.28 -0.1 0.93 -23.99 0.4 0.91
2004-06-27 668 -12.60 0.5 0.90 -8.57 1.0 0.96
2005-06-04 1030 -6.30 20.5 0.92 -13.28 0 0.94
2013-06-27 620 10.94 1.5 0.84 0.18 1.5 0.80
2014-07-15 1099.9 -19.09 1.5 0.94 -27.31 -1.5 0.92
2015-06-20 765 35.95 -4.3 0.82 11.96 -0.3 0.89

2 X {E 3516 Absolute mean value 16.25 2.46 0.84 15.93 0.84 0.89
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Table 3 Comparison of simulation results during validation

SR-GUH EC-GUH
o peak dir Wit R BRI R WBIWEE  mElRN
Flood number ealzrggs-zgz)ﬂge/ PRIEAIR B2 m%fmﬁ [ %2 Nash—Su:(:tliff; ;fﬁciency i \Peak er:();r A $P;ak tir:l}:; A Nash—Su:(:tliff; c;fﬁciency

Peak errorrate/%  Peak time errar/h coefficient rate/% error/h coefficient
2016-05-09 460 -16.86 -2.8 0.67 -8.63 0.7 0.75
2016-06-29 246 -9.76 -3.9 0.81 18.63 -0.4 0.82
2016-07-13 704 -13.02 -14 0.60 -11.16 -0.9 0.88
2017-05-21 612.5 -32.22 0.4 0.85 -12.31 -0.6 0.92
2017-06-24 678 -3.77 -3.0 0.76 -8.62 -1.0 0.85
2018-08-15 708 -14.48 -3.0 0.88 -26.58 -1.0 0.92
2019-04-29 509.5 -16.71 -1.1 0.87 -11.32 -0.1 0.94
2019-05-13 674 -13.04 -0.9 0.83 -12.73 -0.4 0.89
2019-07-12 501 25.33 -1.8 0.80 13.54 -0.3 0.92
2020-06-24 322 -35.49 -4.0 0.58 -26.05 -0.5 0.80
2020-07-27 1100 6.62 -1.5 0.94 3.80 1.0 0.94
#iXHEIME Absolute mean value 17.03 2.16 0.78 13.94 0.63 0.88
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Wi Flow velocity/(m's™) . &
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b. Base on slope and rainfall intensity

B4 FRikZRSH

a. FET R

a. Based on energy conversion

Fig.4 Spatial distribution of flow velocity
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=221 m/s. EIHRUAKCERIRE WK 4.

KA (4 5w, SFRE v B 2.21 m/s B
w'=0.008, v HL 2.94 m/s B ©'=0.014, FL -, pHUE
TEIX [H][0.008,0.014] P AT i, #BREHUAS F 4T HIBLFL AR,
if e T RO T 0.9 (194 16~18 1, & H 44%~50%.
R P AR TR 2R S HUE N 0.016, B E M RECMIK
T 0.9 HI3AHIA 17 5. XU AT LIS 6 52 B & Wr
WIEZ 7 AT S HUE . £ 5 A1 TR IR 36 1t
IR AN g 1 IR D o

PSR RN 437.8 my HEEFE 129.4 m,
BEHEARE T, MABEN M5, JHEHEE
AFREACNENRE, B =1, BEAMRIE (9 ArBAT R
I TP 0 vigew =77.7 m/s. KR (15) ALL
THEREEH R Uetticioncys =1 WP EUIH v HL 2.21 m/s
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Table 4 Average flow velocity of each flood
e ‘iéi\ﬂl%‘?ﬁ% Yk PR IE ' st ?éi\ﬂi%‘bﬁ% Y FHIE _
Flood No. Peak dgscgarge/ Flood \gol}ume/ Average Vﬁlocny/ Flood No. Peak dgscgarge/ Flood \golyme/ Average Vﬁlomty/
(m’s™) 10°m (m-s™) (m™-s™) 10°m (m's™)
1984-05-17 965 48.88 2.34 2000-06-24 999 44.563 2.27
1984-06-16 733 48.689 1.99 2002-05-16 1010 64.939 2.23
1985-08-29 910 36.881 2.07 2004-06-27 668 35.96 1.66
1987-04-27 754 37.541 1.9 2005-06-04 1030 95.991 2.45
1989-04-15 524 63.396 1.64 2013-06-27 620 46.842 1.66
1990-06-17 1100 128.14 247 2014-07-15 1 099.9 114.363 2.35
1990-08-04 729 47.236 1.8 2015-06-20 765 84.157 2.03
1993-06-03 614 29.481 1.71 2016-05-09 460 21.453 1.27
1993-07-07 883 96.602 232 2016-06-29 246 14.644 1.18
1994-08-08 730 55.333 2.03 2016-07-13 704 39.444 1.56
1995-07-05 951 95.466 2.17 2017-05-21 612.5 25.741 1.53
1996-07-18 1570 141.997 2.66 2017-06-24 678 72.685 1.88
1997-06-10 702 55.77 1.99 2018-08-15 708 42.338 1.91
1998-06-13 1740 148.718 3.31 2019-04-29 509.5 29.901 1.57
1998-06-29 786 129.765 1.92 2019-05-13 674 69.228 2.06
1999-05-25 942 58.094 2.19 2019-07-12 501 31.267 1.51
1999-07-20 698 61.824 2.07 2020-06-24 322 19.621 1.06
1999-09-01 614 34.463 1.71 2020-07-27 1100 60.303 2.52
x5 BEERKAK EEINELE RN
Table 5 Influence of different values of energy residual coefficient #' on simulation results
Ty 8% {E 31 Absolute mean value HIREE i 11 Number of floods
w' Average velocity/ PWFHIRTERE yemy pppyin e e R A PERES2% sy | VEEREZ09
(m'sH Peak error Peak time error/h N'ash—Sutchffe' Peak error rate<< Peak time error<1 h Nash-Sutch'ffe efficiency
rate/% efficiency coefficient 20% coefficient=0.9
0.006 1.99 26.33 1.93 0.85 9 9 10
0.008 2.24 22.55 1.26 0.87 12 13 17
0.010 2.49 19.85 1.11 0.89 17 16 17
0.012 2.74 17.66 0.83 0.89 26 24 16
0.014 2.98 16.02 0.80 0.89 26 25 18
0.017 3.23 15.04 0.74 0.89 25 29 17
0.020 3.48 14.04 0.67 0.87 25 29 14
0.023 3.73 13.37 0.64 0.86 26 30 11
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Calculation method and application of the geomorphic unit hydrograph
based on spatial energy conversion

Wang Wenchuan?, Zhao Yanwei', Xu Dongmei!, Liu Changjun?, Ma Qiang?

(1. College of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou 450046, China; 2. Research
Center on Flood and Drought Disaster Reduction, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Flood in small and medium-sized catchments can be characterized by the short concentration time, high flow
velocity, fierce attack, and violent stage change. Mountain torrents also occur frequently in these small and medium-sized
catchments. But, it is very difficult to carry out flood forecasting and early warning, due mainly to those located in the
ungauged areas. Therefore, it is a high demand to improve the forecast accuracy in the operational hydrology, especially in the
areas without enough measured data. In this study, an energy model was proposed to estimate the velocity of overland flow for
the high accuracy in the simulation of flow concentration. Firstly, the spatial distribution of the energy was determined for the
water particles in the basin. The gravitational potential energy was gradually transformed into kinetic energy using the iterative
computation from the upstream to the downstream, according to the flow direction. Secondly, the spatial energy field was
constructed considering the energy loss, and then the overland flow velocity was estimated to generate the spatial velocity field.
Thirdly, the concentration time was calculated to count the number of grids, when the water particles on each grid reached the
outlet of the watershed. Finally, the geomorphic unit hydrograph was generated to determine the relationship between the
catchment area and concentration time. The study area was set as the Zhuxipo basin in Yiyang City, Hunan Province, China,
located at the source of Yixi, a tributary of the Zishui River. The Zhuxipo basin was divided into 57 sub watersheds using
Digital Elevation Model (DEM) data with a resolution of 30 mx30 m. A distributed model was then constructed to simulate
36 floods in the study area from 1984 to 2020. A Xinanjiang model, geomorphic unit hydrograph model, and Muskingum
Routing were used to calculate the runoff generation, overland flow concentration, and river network flow concentration,
respectively. The geomorphic unit hydrograph was also extracted by the Energy Conversion Method (EC-GUH) and Slope
Rain Intensity Method (SR-GUH). At the same time, the EC-GUH and SR-GUH were also used to compute the overland flow
concentration for the evaluation. The average flow velocity of the hydrological section was then calculated to estimate the
range of energy residual coefficient (the only parameter of EC-GUH), according to the total water volume and kinetic energy
of 36 floods. The results show that the EC-GUH method performed better than the SR-GUH method, where the proportion of
floods with a peak time error no more than 1 h increased from 30.5% to 83.3%, the number of floods with Nash-Sutcliffe
efficiency coefficient no less than 0.9 increased from 9 to 17, and the average Nash-Sutcliffe efficiency coefficient increased
from 0.82 to 0.89, indicating a significantly improved simulation accuracy. It was estimated that the range of energy residual
coefficient was [0.008, 0.014] under the flow velocity. In this case, the proportion of flood simulation with the Nash-Sutcliffe
efficiency coefficient not less than 0.9 was 44%-50%, which was close to the calibration. It infers that the parameter can be
estimated indirectly using the average velocity of the outlet section. Consequently, the concentration model presented a clear
physical meaning, whose parameters were determined by the calibration or measurement for the cross and vertical section of
the channel. As such, the obtained velocity can be used to simulate the flow concentration of overland and river networks. The
finding can also provide a reliable idea for the concentration evaluation in the ungauged basins.

Keywords: runoff; flow velocity; spatial distribution; flood forecasting; geomorphic unit hydrograph; distributed hydrological model
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