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Flood forecasting of small and medium-sized rivers based on short-term
nowcasting and ensemble precipitation forecasts

BAO Hongjun'?, CAO Yong'?, CAO Shuang'’, WANG Meng'
(1. National Meteorological Center, Beijing 100081, China;
2. CMA-HHU Joint Laboratory for Hydrometeorological Studies, Beijing 100081, China)

Abstract: A flood forecasting model for small and medium-sized rivers, based on the short-term nowcasting and fine ensemble gridded
precipitation forecasts, is established for increasing the flood foresight period. The model adopts the percentile correction method to
develop the mapping relationship between the precipitation forecast field of numerical model and the observed field. Based on the
GRAPES-3KM model and the Time-Lag-Ensemble fusion technique, a short-term ensemble precipitation forecasting that is consist of
three members ( the optimal, maximum (95% quantile) and minimum (5% quantile) ) is developed with the Bayesian model. Taking
the developed ensemble precipitation forecasts as the driving force of GMKHM, the hourly real-time rolling forecasting of flood for small
to medium-sized basin is performed. The Tunxi Basin of the Xin’ anjiang River is selected as the experimental basin to test the real-
time flood forecasting in 2020 flood season. Results show that the developed model performed well, the peak discharge of the Tunxi
hydrological station was forecasted with 7 hours in advance, the relative error was 5.6% , and the peak time difference was —1 hour.
Compared with that without considering the precipitation in lead-time period, the flood forecast lead-time can be increased by 4 hours
with the optional precipitation forecasts and 13 hours with the maximum and minimum precipitation forecasts. The developed model has
certain reference significance for the flood forecast of similar basin. The span between maximum and minimum forecasts presented the
trend of decreasing gradually since 9:00 on July 7th. It is of great significance to improve the flood risk prevention and control ability of
small and medium-sized rivers with introducing the ensemble nowcasting and short-term precipitation forecasts.

Key words: flood forecasting of small and medium-sized rivers; short-term nowcasting precipitation forecasts; GRAPES-3KM model ;
Time-Lag-Ensemble; distributed hydrological model; Tunxi Basin
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Fig.1 Flow chart of forecast real-time error correction technique based on GRAPES-3KM mode
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Table 1 Characteristic comparison of flood simulation results in Tunxi Basin

L bk 2iF Soptiepiay,  EIEARR R % BLIEAR T R 22/ % WL 22 /h B 1 R AL
9 A Bokham (sl G . . . . . R
1 19820501  191.32 4280 -1.33 1.99 -0.2 2.8 1 0.98  0.97
2 1983-05-11 74.15 1300 -7.13 7.28 -10.1 2.5 0 -1 0.92  0.96
3 1983-05-14 74.59 1510 3.86 12.57 -15.3 -1.7 0 -1 0.98  0.95
4 19830529  125.61 2490 8.72 15.47 11.1 18.7 -2 -3 0.95 0.85
5 1983-06-09 97.35 2170 -3.99 2.94 4.5 -6.0 -3 0 0.9 0.97
6 19840501 89.6 1570 8.25 10. 66 -26.0 -24.9 -1 -2 0.86 0.79
7 19840826 135.93 2513 -4.48  -14.68 1.4 -0.7 4 4 0.97 0.96
8  1986-06-11 91.57 2260 0.73 -1.27 6.3 5.7 0 -1 0.94  0.92
9  1987-06-19 27.03 945 19.93 29.69 16.7 25.0 4 5 0.8 0.78
10 1988-05-07 77.30 1390 -6.65 -5.91 -16.1 -13.6 -1 -2 0.85 0.81
11 1988-06-11 40.19 1000 6.04 24.91 1.9 19.3 -1 -2 0.88 0.83
12 1989-05-01 78.92 1740 10.20 7.49 1.8 -8.2 0 -3 0.97 0.84
13 1989-06-12  113.47 2274 1.71 6.59 -10.8 -0.4 0 -1 0.97 0.98
14 1989-06-30 71.45 1740 2.31 17.36 1.4 13.5 0 -2 0.97 0.93
15 1989-07-22 89.2 1470 -6.53 -29.60 2.2 0.8 -2 -4 0.87 0.76
16 1990-05-01 52.67 1700 -9.41 3.34 14.8 15.8 -1 -2 0.96 0.93
17 1990-06-11  126.94 2500 5.32 7.66 -12.7 -6.8 3 1 0.94 0.98
18 1991-05-18  130.37 2220 8.96 3.96 -19.3 -14.6 -3 -4 0.9 0.8
19 1991-06-30 54.55 2060 2.79 10.46 22.6 30.7 -1 -2 0.87 0.84
20 19920620  114.85 3150 9.10  -12.76 -2.2 -6.4 -1 -2 0.96 0.83
21 19930527  193.61 4700 1.51 11.49 -18.0 4.7 0 -2 0.95 0.91
22 19940501  154.68 4160 7.66 0.53 -0.8 -19.4 -1 -2 0.97 0.83
23 1995-05-15  113.24 4070 6.62 6.33 12.7 3.4 -3 -2 0.89 0.95
24 1996-06-01  180.69 6490 3.83 -5.28 14.3 -3.1 1 -3 0.96 0.87
25 1997-06-06  116.27 2730 -6.15 -1.83 0.9 18.9 -3 -4 0.95 0.84
26 1998-05-01  132.32 4270 15.69 -3.07 19.1 8.7 -1 -4 0.93  0.91
27 1999-05-21 91.26 2960 -2.50 16.26 .3 3.6 1 -1 0.98 0.91
28 1999-06-22  131.23 3780 9.76 25.09 9.4 19.8 0 -4 0.96 0.82
29 1999-08-24  118.41 2890 0.24 11.28 -19.4 9.0 0 0 0.96 0.92
30 2001-05-01 72.36 1410 -25.73 14.41 -19.2 10.8 0 -1 0.87 0.88
31 20010620  134.52 3640 -9.23 -15.33 -1.5 0 -3 -2 0.89 0.92
32 2002-05-13  123.81 2120 -8.31 9.40 -4.3 -1.2 0 1 0.86 0.94
33 2008-06-09  154.31 5250 -1.33 1.62 -0.2 0.3 1 1 0.98 0.98
34 20130627  137.21 3980 -7.13 7.82 -10.1 9.1 0 0 0.92  0.93
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Table 2 Flood peak of Tunxi Basin by real-time forecasting in 2020

TRk (m® - s7") B TR
o N a T LTI
FFe oK e ] Py [ ol e WA b
1 747 H2n 5333.3 9040.5 3242.0 5798.5 -4
2 7A7H3 5488.9 6169.3 2529.2 3640. 1 -3
3 707 H4n 4537.3 5893.9 2663.6 3230.3 -3
4 747 A5 3943.1 6400. 1 2964.5 3435.6 -2
5 747 H 6 3433.7 5694. 1 2867.9 2826.2 -2
6 787878 2967.1 4721.5 2134.8 2586.7 -2
7 747 H 8 4360.5 4647.4 3459.9 1187.5 -2
8 747 H9H 4777.9 5586.7 4063.3 1523.4 -1
9 7 A7 H 10 K 4887.9 5281.8 4089.2 1192.6 -1
10 7478115 4910.0 5588. 1 4414.6 1173.5 -1
11 747 H 128 5085.8 5187.1 4456 731.1 0
12 747 H 130 5017.3 5481.3 4816.2 665. 1 0
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