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Application of combined correction method based on Ensemble

Kalman Filter and LSTM neural network in hydrological modelling
LV Yonglin"?, LIU Xinbo", WANG Pengxiang', ZHAI Shaojun', CAO Hui', QI Hongwei'
(1. China Yangtze Power Co. , Ltd. , Yichang 443002, China;
2. School of Water Resources and Hydropower Engineering, Wuhan University, Wuhan 430072, China)

Abstract: Accurate runoff information is an important basis for the study of hydrological processes, which can
provide scientific basis and data support for water resources management and utilization. In this study, we
develop an integrated correction method (EnKF-LSTM) of ensemble Kalman filter (EnKF) and long short-term
memory neural network (LSTM) based on the Xin'anjiang model. The Mintuo River Basin is selected as a case
study area to comprehensively evaluate the correction effects of EnKF-LSTM, EnKF and LSTM. The results
show that all the three calibration methods can improve the accuracy of daily runoff modelling, among which the
EnKF-LSTM shows the best performance, followed by LSTM and EnKF. Compared with the pre-corrected
scenario, the NSE, R’ and KGE given by EnKF-LSTM increases by 25.37%, 22.86% and 13.92% in the
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Minjiang River Basin, respectively,

and 18.57%, 22.85% and 11.54% in the Tuojiang River Basin,

respectively. Moreover, the EnKF-LSTM outperforms both EnKF and LSTM in terms of both the flood and
dry seasons. Therefore, the developed EnKF-LLSTM in this study can effectively improve the accuracy of runoff

simulations and provide effective technical support for runoff simulations in the basin.

Key words: Xin'anjiang model; Long Short Term Memory network; Ensemble Kalman Filter; integrated

correction method ; hydrological modelling
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25, HUO e 2R i A Il AT AR OE DN 5
S i Rz M) R 25 . H T TBC Jr ik A4 : | [l
VAR TE B9k R IR AL S N AR TE J vE Y K B A
g5 05 7 R 5 K e A2 A 2 W 4% (Long Short
Term Memory network, LSTM) #% 1F J ¥4, {H
TBC Jy ¥ Jo k% il o # v D2 216 1, & 3L
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Fig.1 Map of the Mintuo river basin
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Table 1 Parameter range and the best value of Xinanjiang model
A E
24 L7EL b=9"4 Bt He/MiE SN : oy e
KC LR UK BE T R R 0 0.4 1 0.4 0.45
WUM )RR K E KA 20 10 30 10.6 12.2
WLM FIZ 5k SR & KA 70 60 80 64 73.7
C RIZ WY R 0.14 0.1 0.2 0.17 0.13
WM TR 1 5K g K A 160 150 200 189.3 175.1
B 3K 3 7K 85 K 25 kT RR A i 2 4R A 0.27 0.2 0.4 0.304 0.28
M AN 37 7K T AR o 4 3t T AR Y L4 0.015 0.01 0.02 0.015 0.02
SM R )2 A bk 40 20 50 47.1 20.34
EX FIH K 3 7K e — T B A i 248 E 1.2 1 1.5 1.26 1.44
KI Hevh Ry H O R AL 0.3 0.1 0.5 0.26 0.38
CI Herh i H MR R A 0.9 0.85 0.99 0.91 0.95
CG R K H R R AL 0.99 0.8 0.998 0.997 0.84
CS Hb T A% 3 R R AR 0.5 0.4 0.6 0.4 0.4
K2 SHEBMEEF [ el Sl 5 B H TR SCR G .
Table 2 Ranking of parameter sensitivities EnKF 40,35 F 45 F1 5 357 4 5 A4S 3645 Ak
—Kﬁﬁﬁﬁi'ﬁf;%g S GE 45}?@&5&’@;;;; B 4 KX IR
- - - . (1) Fo 2
WUM 0.376 0.419 0.152 0.198 . e 1 s .
WM 0.001 0.051 0005 01015 ) 4y I 220 4 405 52 R R I il e O s AR i — > B
WM 0.526 0.593 0.482 0.547 AR BIE 7 22 FHR 7 22 09 KN R N#) itk 2
0.012 0.015 0.042 0.0441 B X={ 21,20, ..., 2, ), X HE R A AR A
¢ 0.014 0.017 0.003 0-005 e 97 43 AT BEHLPE B, A A ) 00 AR TR X bR S A
IM 0.005 0.003 0.258 0.257
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Table 3 The hyperparameter setting of LSTM

SRR A WE
i HH 2 A4 Output_size 1
SR DI Run_unit 100
e 6 S22 A~ B Layer _size 3
2] A Learning_rate 0.001
Jit A Batch _size 64
18] 28 R/ Time _step 30
3% AR B A Epoch 100
(Sl A SRR Activation function tanh
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K SC 3k AL I e I O A L B IR 20 A
NSE .R*F1 KGE & & , = /K BT 42 V1AL 7Y FL AR RE 45
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KT F8 B, IR VTR 38 =E K W ) NSE (R . KGE
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KGE %3 % 24 0.61.,0.61,0.71, ## 7K ] i NSE | R?,
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Fig.2 Comparison between simulated and observed streamflow
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Fig.3 Comparison of EnKF-corrected, simulated, and observed streamflow
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