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Impact of DHSVM-based multi-source remote sensing soil moisture data
assimilation on key elements of hydrological processes
—A case study of the Xiangjiang River Basin

MIN Xintong ,ZHU Ke,ZHU Qian, WEI Qing
School of Civil Engineering ,Southeast University , Nanjing 211189, China

Abstract: This study aims to investigate the effects of EnKF-based multi-source remote sensing soil
moisture data assimilation on key elements of hydrological processes in the context of the Xiangjiang
River Basin. SMAP and ASCAT remote sensing soil moisture data were selected for assimilation into
the Distributed Hydrology Soil Vegetation Model (DHSVM) using the Ensemble Kalman Filter (EnKF)
algorithm. By comparing and analyzing the simulated runoff and soil moisture results of three simula-
tion scenarios: the non-assimilated model, ASCAT-DHSVM, and SMAP-DHSVM, the impact of multi-
source remote sensing soil moisture data assimilation on hydrological variable simulation was evaluat-

ed. The results indicate that within the Xiangjiang River Basin, the ASCAT assimilation scheme outper-
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forms the SMAP assimilation scheme in both streamflow simulation and soil moisture simulation. In
terms of streamflow simulation, the ASCAT assimilation scheme exhibits an overall improvement in
Nash-Sutcliffe Efficiency (NSE) (NSE=0.677) compared to the non-assimilation scheme (NSE=0.662),
along with a decrease of 1.7 percentage points in BIAS. In terms of soil moisture simulation, compared
to the non-assimilation scheme, the ASCAT assimilation scheme shows an overall improvement of 10%
in NSE value, a decrease of 4.7 percentage points in BIAS, and a decrease of 12.5% in RMSE. In con-
trast, the improvement in the overall simulation performance of the SMAP assimilation scheme is statis-
tically insignificant. The results underscore the efficacy of assimilating remote sensing soil moisture da-
ta, particularly through the ASCAT assimilation scheme, in enhancing hydrological variable simulation.
These findings hold significant implications for water resource management in the Xiangjiang River Ba-
sin.
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Fig. 1 DEM,station information and spatial distribution map of ASCAT and SMAP remote sensing products in the Xiang River Basin
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Fig.2 The soils and vegetations along the Xiangjiang River Basin
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Fig. 3 Flowchart of the assimilation scheme

coupling EnKF with DHSVM model
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D7 EREPL) - HEK o Bdie iz B 50 B (K S) ] 15,
201747 H 2 20194F 6 J Z [0, 3Fh 7 AT 15
1) K o Ba i o — 2, AXF S 5 R AR 2 0
TR RRAL, JUHX T 4 K o I {E AL

F3 Tk ASCAT [Al{L A1 SMAP [m] {L A48 1 387K 45 (1 NSE . R \BIAS F RMSE #5 #7
Table 3 Evaluation metrics (NSE,R,BIAS,and RMSE) for simulated soil moisture

under the scenarios of non-assimilation, ASCAT assimilation,and SMAP assimilation.

[ ENBREY EHVES NSE R BIAS/% RMSE/(m*m™)

TolFlfk -0. 582 0.781 -16. 146 0. 063

R AU ASCAT -0. 529 0. 702 -11.381 0.056
SMAP -1.016 0.734 -18. 521 0.071

Jelalfk -0. 506 0.758 -15.416 0. 061

HEW ASCAT -0.307 0.758 -9.918 0. 057
SMAP -0. 844 0. 742 -17.526 0. 068

Tlnl ik -0. 535 0. 880 -18.236 0. 069

U5 UE ASCAT -0. 957 0. 680 -17.191 0. 081
SMAP -0. 790 0. 880 -19. 995 0.074
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Fig. 4 Daily time series of observed runoff and simulated runoff for the scenarios

of non-assimilation,ASCAT assimilation,and SMAP assimilation in Xiangtan station
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Fig. 5 Daily time series of CLDAS soil moisture and simulated soil moisture

for the scenarios of non-assimilation, ASCAT assimilation, and SMAP assimilation
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) SMAP 1) %5 [8] 43 #¥ %5 4 36 km, 1M ASCAT Ky
25 km, PJUCim R 1A [A] 43 HE 3R 900 m Y 5 AU AL
B HE K A B o 8 IRk K o RS TR 4 R
AT BB 23 11 55 6 7K SCEEARE AR b 0 BB, T 3%
Mg H: [7] Ak PEBE (Liu et al., 2017; Li et al.,2023) . [
BV SR 22 1L b B B, LT A MR b 55l FH
T AR R (XU H., 2023), 2= HIE 5 55 ]
B2 MK TR - HOK R R8s i, xRl ik
18 B BCHE B R PR A AN K52 I (Brocea et al.,
2012) . 7E20194E7 HZ )5, SMAP [flfk 7 54l
AT+ HEK o E s S B R A RA, 3% 1
OB & R 25, HLAE S A T sk b i 0 3
Bk, BEMEEZ., 76201948 H £ 20204E1 A
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—E R AL, A BREE RN RRE o X EL e
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YA TR (Mousa et al.,2020) .
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