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Tab. 1 Calibration results of overflow coefficient of dimensional analysis method for 59 control gates in the
Middle Route of South-to-North Water Transfers Project

1 ) 2 1 ) 44 R MEARK TR i R e RE R
2 DT A i y=0. 2652x+0. 053 1. 129 0. 265 0. 976
3 i T P4 3 11 y=0. 241x+0. 014 1.033 0. 241 0. 902
4 s Y A y=0. 297x+0. 067 1. 166 0. 297 0. 980
5 TR H E y=0.201x+0. 014 1.032 0.210 0. 941
6 T HLRE A y=0.3112-+0. 055 1. 134 0.311 0. 991
7 F TR R 1 y=0. 204x—0. 025 0. 944 0. 204 0. 877
8 ZR AT (BT R i y=0. 237x+0. 036 1. 086 0. 237 0. 957
9 B A TR S 1 y=0. 2032+0. 020 1. 046 0. 203 0. 926
10 BB AT 0 3 11 y=0. 2772+0. 058 1. 142 0. 277 0.958
11 TR O y=0. 303x—0. 026 0. 942 0.303 0. 983
12 T A y=0. 286x+0. 017 1. 040 0. 286 0. 957
13 YOI y=0. 300x—0. 014 0. 968 0. 300 0.978
14 FApF BN 0 y=0. 204x—0. 026 0. 942 0. 204 0.978
15 b AT S y=0.196x—0. 058 0.876 0.196 0. 959
16 2 T 3 3 1 y=0. 286x+0. 020 1. 048 0. 286 0. 995
17 AT BT HS y=0. 2222x—0. 027 0. 940 0. 222 0. 961
18 SN g e y=0. 2332—0. 033 0. 928 0.233 0. 976
19 WUIE Y] A 3 1 y=0. 3342x—0. 058 0.875 0. 334 0.973
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# 1(2)
Tab.1 (Continued)

i ) 4 ] ] 42 e P iR e N ] g REUR
20 A4S T g ) y=0.168x—0. 010 0.976 0. 168 0. 945
21 SEAN VBT R y=0. 202x—0. 030 0.933 0. 202 0. 899
22 TS g y=0. 259x—0. 015 0. 967 0. 259 0. 955
23 S AR 4 171 y=0.198x—0. 130 0. 742 0. 198 0. 875
24 SRR RIS IR L 1 ¥y=0. 256x—0. 108 0.781 0. 256 0. 933
25 R PR y=0. 254x+0. 056 1.137 0. 254 0. 980
26 R 1O y=0. 303x—0. 291 0.512 0. 303 0. 864
27 eI g y=0. 249x+0. 078 1. 198 0. 249 0. 968
28 =] (A W s y=0. 2412x+0. 071 1.179 0. 241 0. 949
29 TSR T BT % s 1 y=0.159x+0. 010 1. 024 0.159 0. 804
30 U IR I YR 3 1 y=0. 301x—0. 025 0. 943 0. 301 0.976
31 7K ] S T g y=0. 2112+0. 014 1. 032 0.211 0. 940
32 o B W S y=0. 258x-+0. 069 1.172 0. 258 0. 976
33 A SR T R O y=0. 2422x+0. 056 1.138 0. 242 0. 977
34 BN T y=0. 1812x+0. 045 1.110 0.181 0. 960
35 AR R A A 1 y=0. 263x—0. 013 0.971 0. 263 0.975
36 2 BT I A y=0. 213x—0. 015 0. 967 0.213 0. 943
37 TR0 I y=0. 2442x+0. 012 1.027 0. 244 0. 959
38 A R SR ¥y=0. 290x+0. 044 1. 105 0. 290 0. 992
39 IO TRTEAT R L 1 y=0. 198x-+0. 002 1. 004 0.198 0. 908
40 T i y=0. 274x+0. 076 1.192 0.274 0. 988
41 R VDT g y=0. 227x—0. 059 0. 873 0. 227 0.972
42 L FLAT AT S y=0. 254x—0. 048 0. 896 0. 254 0.933
43 SO y=0. 2532x—0. 030 0. 933 0. 253 0. 980
44 2 PR AT S y=0. 259x+0. 008 1.018 0. 259 0. 989
45 AR y=0. 3452—0. 060 0.871 0. 345 0. 966
46 HETT (—) {4 s 1 y=0. 2652+0. 004 1. 009 0. 265 0. 979
47 TR R L 1 y=0. 275x-+0. 010 1.023 0.275 0. 985
48 s R y=0. 4282+0. 005 1012 0. 428 0. 926
49 PETETT T IR A y=0. 2582+0. 006 1.013 0. 258 0.923
50 il 45 0T g y=0. 258x—0. 016 0. 975 0. 277 0. 982
51 Vo] IO BT IR H ¥y=0. 300x+0. 017 1. 043 0. 309 0. 984
52 T YR BT R S T y=0. 285x+0. 005 1.016 0. 287 0. 972
53 SR TS T g y=0. 255x+0. 003 1. 008 0. 255 0. 970
54 KT Y A 3 11 y=0. 297x-+0. 046 1.113 0. 297 0. 985
55 i BH T4 0 i y=0. 330x+0. 017 1. 041 0. 330 0. 996
56 I L % T g 1 y=0. 309x—0. 069 0. 854 0. 309 0. 974
57 (LB y=0. 351x+0. 004 1. 009 0.351 0. 975
58 PRI AR L y=0. 261x—0. 094 0. 805 0. 261 0. 920
59 A6 Ak AT L y=0. 264x—0. 017 0.961 0. 264 0.931
60 B i y=0. 308x—0. 004 0. 991 0. 308 0. 928
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Fig. 4 Comparison of average absolute error of discharge
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Fig. 5 Comparison of average relative error of discharge
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Fig. 6 Comparison of root mean square errors of discharge

RRAASE F0 T F 5 285 5, R 4 A1 3008 R B0 Al
2 PO TR B HEUE T — B 0~1, (Al
I 1 FRUBAIRE R S . 2 ROk A T
HORFZBEER I 2,

T DL E SRR AT DA AT 458

TR S T2 BT AR b At i ) (36
S0 AR § DR B X R 225 m /s
FeA SEBMINTER2E 420 A5 A, BRI 256 m® /s A
A I RCR R B 0. 97 % T2 FH LLAL Ry R
Vi1 o DD O BT A X 25 3 m® /s A AT F- A
PR 2. 80 A TR 2E 4.8 m’ /s KA
R RELN 0. 93,

LSTM i 28 X 2% - X 2 FH T LA Rg 1 | i
A T A A S e R 2 3 m? /s 2 A
SERAX R 2E 20 A AT TR ZE 4.5 m* /s A2
A A RCR R B 0. 995 % T2 PRI LLAL A R
Ui R RS X IR 22 2.7 m® /s 22 A, F
FXHRZE 2. 500 2847 ¥ iR 22 4.5 m*/s &£,
DA RCE R B 0. 96,

B UL AT A5, X T RR A 5 - LSTM 7 ik i ik
HITRLE R E T RN Hrik. N TR L
B BT AR b bl 45 i R B LSTM Jy ik
P B 3 ) 378 2T 34 4 o 02 22 S S8 AR G 22 DL
BIrARRZE B/ N TR N o b s & B LA 14
JAE T 1) ) 285 SR A o 2 43 B 0k SRR 3 A I R
ZEHUN,

L, 25 E g SRR 3T LSTM #1245 11
WA B TR KL 4 TR R i
TR RGE . AR BRI N &k T
R T U I R R 2 O /N LR S DRl B R A Ay
ML TS T TR N R AT RIS EE T
W1 0 R AR S R N R R BCE Y

45

KA rAEHR  + 595 -



%20% %3 BAE G AR CE IO

2022 % 6 A

R2 2HMAEMTLERREBTL

Tab. 2 Comparison of the Nash efficiency coefficients (NSE) of the two methods

Tk 5 NSE

T 5T NSE

REES 1) ) 44 RE R i) ) 45

NI LSTM ENIHT LSTM
2 AT PEREHE 0. 981 0. 996 32 i SO A 0T W Y 1 0. 983 0. 994
3 it TR HE T 0. 969 0. 990 33 A SR AT R O 0.977 0. 990
4 T A A 4 T 0.991 0. 996 34 PR 0.912 0. 988
5 TR g L 0. 981 0. 991 35 IR R O 0.971 0. 992
6 b B 0. 987 0. 993 36 22 PRS0 S 11 0.938 0. 982
7 P 8] % o 0. 950 0. 987 37 EEEETR 0. 981 0. 994
8 ZR X TR R 1 0. 983 0. 994 38 AR T g SR 0. 898 0. 993
9 EATEMTL 0.957 0.995 39 LTETIR T O 0.901 0. 987
10 BRI 0. 994 0. 992 40 RN 0.953 0. 989
11 s O 0. 989 0. 992 41 FEUbIMET IR O 0. 909 0. 966
12 BT R 11 0. 985 0. 996 42 b B AT R 0. 878 0. 976
13 YOI 11 0. 972 0. 996 43 [SEERTIEE DS 0. 979 0. 993
14 A T 0. 993 0. 994 44 ZRPHIAMEIRL I E 0.972 0. 994
15 e g g i 0. 989 0. 993 45 TR 0.977 0. 993
16 22 R 3 1 0. 988 0. 993 46 FRTAT () T s 0. 956 0. 994
17 UENT It 0. 987 0. 988 A7 TR 0. 967 0. 994
18 /NIRRT Ity 1 0. 992 0. 993 48 B ImE RN 0. 893 0.812
19 XA 3 O 0. 963 0. 987 49 AR LA 0. 874 0. 836
20 ML g 0. 990 0. 993 50 Tl 45 0 g 1 0. 965 0. 989
21 SR BT R B F 0. 965 0. 989 51 YhI] (A6 BT % s 1 0.871 0. 988
22 FVET TR 0. 969 0. 991 52 E VR S 0. 980 0. 995
23 Sk RN g L 0. 944 0. 985 53 SR ] 0.977 0. 978
24 ZBUKIAEL I 0. 970 0. 986 54 HOKIAERE 0. 922 0. 682
25 RPPERE D 0. 989 0. 993 55 il PR T g L 0. 980 0. 988
26 R 0. 959 0. 996 56 4 3k 5% T 3 1 0. 970 0. 958
27 TR A 0. 983 0. 988 57 PHELL 0. 942 0.973
28 (R 0.978 0.994 58 IR {BTI 0.837 0. 949
29 BARIEBIT IR A O 0.956 0.991 59 ks KRS O 0. 800 0.986
30 IETTIREEEE L 0. 997 0. 995 60 BUEMIEETIR 0.738 0.979
31 B K S AT s 1 0. 954 0. 983

3 & it

PARE /KA 28 TR B T2 59 881 il i) o 1
FEFGE L FET 2 MR IR 1190 B F 3807 vk i 45 et
FE R oA A 3 BB R

SHCRE I AN TR RS 2 NS4 A
Gy F LML T 5 B A 114 Pl 3 i 2 s B 8
RE NI BRI ; LSTM 3 BT S 508
T 2 TR T AR

Tt TR B T X AR A L LSTM
J5 R 22 45 TS T i A0 AT AR 22 A K I
TP RIRHRZE R 2% ~2. 5% F 3% ~4 %,

* 096 ¢« KA TAEHFAR
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BN IE s LSTM J7 i 52 7K (S35 I R 52 T RH RS /)N o
BOTEHE AT TR BT ORI A5
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Comparison between LSTM neural network and dimensional analysis method
in discharge calculation of arc gates

WANG Yilin' , JIN Yanguo® ,CHEN Xiaonan® , DUAN Chunqing® , ZHANG Zhao' , LEI Xiaohui' , CHANG Wenjuan'

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,China Institute of Water Resources
and Hydropower Research ,Beijing 100038, China ;2. Construction and Administration Bureau of South-to-North
Water Transfer Middle Route Project ,Beijing 100038, China;3. Beijing Water Af fairs
Center for Suburbs ,Beijing 100071, China)

Abstract: The control gate is an important control hydraulic structure in open channel water transfer project, which controls the
water level and discharge of the channel by adjusting the opening of the gate. Currently, the safety performance and service per-
formance of the arc gate have been paid much attention. The arc gate has been widely used in various open channel water trans-
fer projects because of its advantages such as light weight, small lifting force, stable water flow pattern, simple operation and
maintenance. Therefore, the accurate calculation of the discharge of arc gate is of great significance to ensure the reasonable de-
sign of the engineering building, the scientific control of the water transmission channel and the safe operation of the water

transfer system.

In previous studies, the discharge of arc gate was mainly calculated by empirical formula. Due to the complex structure of
the arc gate, it was difficult to calibrate the discharge coefficient, submergence coefficient and other parameters in the empirical
formula. Besides, the coefficient changed with the change of flow state, so its applicable conditions had certain limitations. In ad-
dition, the discharge coefficient of arc gate of the empirical formula was a function of the gate opening degree and the upstream
and downstream head difference, and the relationship was mostly nonlinear, which made parameter calibration process compli-
cated and more erroneous. Based on this, the improved arc gate discharge calculation methods are put forward from two different
levels of mechanism and data:dimensional analysis method and Long-Short Term Memory neural network.

Since the beginning of water transmission of Middle Route of South-to-North Water Transfer Project,a long series of his-
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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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