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Fig. 1 Location and river system of the study area
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Tab. 1 Main parameters of the WRF model
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Tab. 2 Combinations of the physical parameterization schemes
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Fig. 3 Simulated precipitation of different combinations
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Tab. 4 Model performance for different combinations on the temporal scale

721 7+ 20 622
A&

Er Erus Ewi Ds Er Erus Ewvis Ds Er Erus Ewp Ds

c 0. 35 0. 50 —0. 20 0. 47 0. 14 0.24 0. 20 0.14 —0. 45 0.59 —0. 05 0. 60
Cy 0. 34 0. 48 —0.09 0. 49 0. 43 0. 31 0. 23 0. 22 —0. 24 0.32 0. 01 0.32
Cs 0.11 0. 49 —0.31 0. 40 0. 03 0.18 0. 15 0. 09 —0.52 0.62 —0. 17 0.61
cy 0. 17 0. 45 —0.21 0. 41 0. 29 0. 27 0. 22 0. 16 —0.15 0. 21 0. 05 0. 21
Cs 0.22 0. 54 —0. 30 0. 45 0. 20 0. 34 0. 25 0. 23 1. 10 2.76 1.91 2.03
Cg 0. 04 0.45 —0.29 0. 35 0. 09 0. 23 0. 21 0. 10 —0.02 1.01 0.72 0.73
c7 —0.16 0. 60 —0. 47 0. 37 0.13 0. 28 0. 22 0.18 0. 32 1. 34 0.92 0. 99
cg 0. 44 0.52 —0. 06 0.53 0.11 0. 22 0. 20 0.09 —0.09 0.92 0. 65 0. 66
Cy 0. 62 0.62 —0. 18 0.61 0. 30 0. 33 0. 20 0. 26 —0. 70 0. 86 —0. 34 0. 80
C10 0.25 0. 34 —0.03 0. 35 0. 08 0.10 0.07 0. 08 —0.42 0. 60 0. 06 0. 60
o 0. 61 0. 64 —0. 25 0. 60 0. 28 0. 30 0. 20 0. 24 —0. 36 0. 48 0 0. 49
C12 0. 29 0. 44 —0.09 0. 45 0.13 0.12 0.09 0. 08 —0. 25 0. 44 0. 08 0. 44
C13 —0. 22 0. 63 —0.52 0. 37 0. 35 0. 47 0.33 0. 35 —0. 26 0.63 0. 31 0. 56
c1y 0. 08 0. 39 —0.23 0. 32 0. 05 0.17 0.16 0. 08 —0. 07 1. 04 0.78 0. 69
15 —0.19 0. 60 —0. 50 0. 34 0. 25 0. 34 0. 24 0. 25 0. 58 1.48 1.12 0.99
Ci6 0.09 0.33 —0. 16 0. 30 0.21 0.23 0.19 0.13 0. 06 1.17 0.93 0.73
Wefligaiilize  0.58 0. 31 0. 49 0. 32 0. 40 0. 37 0. 26 0. 27 1. 08 2.54 1. 90 1. 82
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Tab. 5 Ranking of different combinations on the temporal scale
721 720 622
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Tab. 6 Model performance for different combinations on the spatial scale

" 721 7«20 6«22
HEG
Erms Ewvi Ds Erms Ewp Ds Erms Ewvi Ds
[ 0.41 0. 36 0. 25 0.63 0. 60 0. 26 0. 31 —0.07 0. 37
Cy 0.21 —0.03 0. 26 0.43 0.42 0.12 0.51 —0.12 0.61
Cig 0. 25 0. 24 0.07 0.10 0. 10 0. 04 0.49 —0. 20 0.55
€y 0.23 0.17 0.18 0. 24 0.19 0.17 0.71 —0.03 0. 87
2 X HE - E 0.28 0. 20 0.19 0.35 0. 33 0.15 0.51 0.11 0. 60
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Fig. 4 Simulation results of different precipitations
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Heavy rainfall simulation based on WRF in Beijing's sub-center
GU Yu'?,PENG Dingzhi'** ,DENG Chenning' , ZHAO Keke!*?
(1. College o f Water Sciences , Beijing Normal University,Beijing 100875,China;

2. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology ,Beijing 100875, China)
Abstract: At present, urban storms and floods have already been one of the major disasters that threaten the sustainable develop-
ment of cities, With the rapid development of Beijing's sub-center, storms, and floods vulnerability has continued to increase.
Historical or real-time observed data, interpreted data from weather radar or satellite remote sensing,and simulated data from
numerical atmospheric models are currently used to study precipitation characteristics. The regional atmospheric model, which
could realize the quantitative precipitation simulation and forecasting and provide data support for related research in ungauged
areas,was of great significance for urban flood forecast and control. The new generation of mesoscale weather research and fore-
cast model named Weather Research and Forecasting (WRF)model can provide more complete, efficient, and accurate weather

simulation and forecast. The improvement of regional-scale precipitation simulation and forecasting capabilities has made the
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torical water situation data have been accumulated,and the amount of data fully meets the needs of model construction. Conse-
quently, taking 59 control gates in the Middle Route of South-to-North Water Transfer Project as the research object, two dif-
ferent discharge calculation method of arc gates based on dimensional analysis method and Long-Short Term Memory neural
network (LSTM) were established. Selecting the original observation data of 2-hour time scale from 2018 to 2019, the average
absolute error, average relative error, root mean square error and Nash efficiency coefficient of two models were compared and
analyzed, which showed that the error results of the Long-Short Term Memory neural network method was a little better than
the dimensional analysis method for the project as a whole, with the average relative errors between the two methods were
2%~2.5% and 3% ~4% ,respectively.

In conclusion, as for parameter calibration,compared with the conventional formula of arc gate discharge, the dimensional
analysis method only contained two parameters so that it was simple, economical and easy to linearize. The method of LSTM
neural network did not need parameter calibration, which further reduced the workload of calculation. As for method applicabili-
ty,the dimensional analysis method was greatly affected by the water level fluctuations, and it was more suitable for the over-
flow calculation of arc gates in the middle and downstream (medium and small discharge) of the Middle Route of South-to-
North Water Transfer Project. Contrarily, the LSTM neural network method was relatively slightly affected by water level fluc-
tuation, which was more suitable for discharge calculation of arc gates in the middle and upstream (large and medium dis-
charge). This study provided a scientific basis for the hydraulic calculation and scheduling operation of the gates of the Middle
Route of South-to-North Water Transfer Project. However, the methods used were only verified in the arc gates in the Middle
Route of South-to-North Water Transfer Project. Whether there are other methods with higher calculation accuracy is worthy of
further study.

Key words: Middle Route of South-to-North Water Transfer Project; arc gate; discharge calculation; dimensional analysis; Long-

Short Term Memory neural network
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model gradually applied to smaller-scale storm simulations and forecasts in various countries and regions. In recent years, Bei-
jing's sub-center has realized the stable and healthy economic and social development of the whole region with the rapid increase
of building area and population density,increasing the vulnerability to the effects of storms and floods.

Based on WRF, the numerical weather simulation model was built by considering a more comprehensive optimization of the
physical parameterization schemes and applied to Beijing's sub-center. According to the divisions of the Tongzhou District Gov-
ernment concerning water environment management work, the study area included the Chengbei area, Hexi area, Lianghe area,
and North canal ecological belt. Three-level two-way nested domains were set according to Lambert Conformal coordinates. Con-
sidering cloud microphysical schemes, cumulus convection schemes, planetary boundary layer schemes, and land surface
schemes, 16 different parameterization scheme combinations were set. To select the optimal combinations, relative error (Eg),
root-mean-square error (FEgys)smean deviation error (Eyg) and standard deviation (Ds) were used to evaluate the simulation
effects on temporal and spatial scales.

The results showed that different schemes and their combinations had different results,and the simulation results for 7 »
20" were better than those for other rainfalls. The cumulus convective parameterization scheme had the most significant impact
on the simulation of heavy rainfall in the study area,and generally, model performance was better when the cumulus parameter-
ization scheme was Grell-Freitas. The combination of the WRF Single-Moment 5-class scheme, the Grell-Freitas scheme, the
Yonsei University scheme, the newer version of the Rapid Radiative Transfer Model scheme, the Revised MM5 Monin-Obukhov
scheme, the Noah land surface model and the urban canopy model had the best result.

In summary, it is feasible to simulate heavy rainfall by the WRF model. The method could extend the forecast period and
provide data support for related research in areas lacking precipitation data. Under the current background of increasing short-
duration heavy rainfall, the application of above method to urban flood control had important practical significance. Although the
simulation accuracy of the WRF model could meet the requirements of actual operations, there were still some shortcomings that
required further excavation and analysis. With the solving of the limitations of observed data, the model performance could be
improved further in the future.

Key words: WRF; Beijing; Beijing’s sub-center; heavy rainfall; physical parameterization schemes
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