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Simulation of soil moisture based on ensemble Kalman filter
assimilation method and HYDRUS-1D model

WANG Chunjuan', LIU Quanming'*, YIN Chengshen' , WANG Fugiang'
(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University ,
Hohhot, Inner Mongolia 010018, China; 2. Autonomous Regional Colluborative Innovation Center
for Intergrated Management of Water Resources and Water Environment in the Inner Mongolia

Reaches of the Yellow River, Hohhot, Inner Mongolia 010018, China)

Abstract; In this study, a data assimilation scheme based on the combination of the ensemble Kalman filter
method and HYDRUS-1D model was established. The soil moisture observation data of 0~80 cm from April 26 to
October 5 in 2021 in Wuyuan Station of Bayannur were used for simulation verification,in order to improve the sim-
ulation accuracy of soil moisture. The results showed that; (1) The size of set number and the selection of observa-
tion error had great influence on the performance of assimilation system. The accuracy of soil moisture simulation on
longer significantly improved when the set number was more than 100. The smaller the observation error was, the
higher the simulation accuracy of soil moisture was, so the assimilation accuracy was the highest when the observa-
tion error was 0.025. (2) After data assimilation, the simulation accuracy of soil water in each layer was signifi-
cantly improved compared with that before assimilation. The relative error, root mean square error and mean abso-
lute error between the assimilation value and the observation value of soil water in each layer were reduced to 0.025
~0.063,0.01~0.017 ¢cm® + em™,0.008~0.016 cm® - cm™ | respectively. It is proved that the data assimilation can

effectively improve simulation effect of soil moisture. (3) The soil water assimilation effect of 0 ~20cm was the
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best, followed by 20~40 e¢m, and the soil water assimilation effect of 40 ~80 ecm was poor. In terms of simulation

accuracy, the analysis value is better than the assimilation forecast value, and the assimilation forecast value was

better than HYDRUS-1D forecast value.

Keywords: soil moisture simulation; data assimilation; HYDRUS—-1D model; ensemble Kalman filter
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Table 1 Measured soil physical property data
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0~20 62.115 23.780 14.105 b+ Sandy loam 1.66
20~40 11.335 39.475 49.190 %L Clay 1.55
40~60 34.815 37.230 27.995 Fi#E+ Clay loam 1.47
60~ 80 27.430 37.230 35.240 Fi#E+ Clay loam 1.62
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Fig.2 Framework of soil moisture assimilation system
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Table 2 Soil hydraulic parameter values

+2
Soil 0, 0, K,
e n !

layer /(em?® « em™) /(em® +em™) /(em - d™")

/cm

0~20 0.049 041 106.1 0.0237 1.1446 0.5
20~40 0.095 0.38 36.77 0.0141 13070 0.5
40~60 0.073 041 34.96 0.0109 1.1230 0.5
60~80 0.083 0.41 35.46 0.0118 1.1050 0.5

TE 0, LR A K 6, h A K (em?
ARG (em - d7") 5.0 0 HERIRSHL

Note: 6, is residual water content and 6, is saturated water content

- em™?) s KH

(em® - em™) 5 K_ is saturated hydraulic conductivity(em - d™') ; @ .n .l

are empirical shape parameters.
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Table 3 RMSE of assimilation and observation value

< em™)

of soil moisture under different collection numbers

TR

N
Soil
depth/em 25 50 75 100 200 500
0~20 0.018 0.016 0.011 0.01 0.009 0.009
20~40 0.021 0.016 0.013 0.011 0.011 0.011
40~60 0.028 0.023  0.017 0.015 0.016 0.017
60~ 80 0.030 0.027 0.020 0.017 0.016 0.016
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Table 4 RMSE of assimilation and observation

em™?)

value of soil moisture under different observation error

T RIREE e
Soil
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Fig.3  Assimilation results of soil moisture at different soil depths
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Table 5  Error statistics of HYDRUS-1D forecast value ,assimilation forecast value

and analysis value of soil moisture in different depths

+ )RR HYDRUS- 1D #i#R{E/ (em?® + em™) L BHRAE/ (em® - em™) SHHE/ (em® « em™)
Soil HYDRUS-1D forecast value Assimilation forecast value Analysis value
depth/cm RE RMSE MAE RE RMSE MAE RE RMSE MAE
0~20 0.048 0.021 0.019 0.037 0.016 0.014 0.025 0.010 0.008
20~40 0.050 0.022 0.021 0.040 0.017 0.016 0.027 0.011 0.010
40~60 0.125 0.029 0.028 0.097 0.023 0.022 0.063 0.015 0.014
60~ 80 0.146 0.037 0.036 0.101 0.026 0.026 0.063 0.017 0.016
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Fig.4 Error map of soil moisture forecast and observed value
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Fig.5 Error map of soil moisture analysis and forecast value
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