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Data assimilation on soil moisture content based on multi-source
remote sensing and hydrologic model
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Abstract: This paper proposed a one-dimensional soil moisture content data assimilation system based on the ensemble
Kalman filter (EnKF), the distributed hydrology-soil-vegetation model ( DHSVM ), microwave radiative transform
model (advanced integration equation model, AIEM) and optically semi-empirical model ( temperature-vegetation dry-
ness index, TVDI) for soil moisture content retrieval in bare soil. Numerical experiments were conducted at the middle
reaches of the Heihe River Basin from June 1 to July 2, 2008. The results indicate that EnKF is an efficient approach to
handle the strongly nonlinear problem. By assimilating multi-source remote sensing observations, the assimilation meth-
od works successfully with DHSVM and significantly improves the soil surface moisture estimation in the surface layer
and root layer, the root mean square error (RMS) and mean bias errors (MBE) decrease 0.021 7 and 0. 032 9 in surface
layer and 0. 019 3 and 0. 025 in root layer respectively, both in Yingke station. In the Linze station, the retrieve preci-
sion was also improved. It is practical and effective for soil moisture content estimation by assimilation of multi-source
remote sensing data.

Key words: assimilation, ensemble Kalman filter ( EnKF), distributed hydrological model, soil moisture content,
multi-source remote sensing
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Fig.1 Schematic description of the soil moisture assimilation algorithm
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layer, root layer and deep layer at Yingke station from June
1 (Julian day 152) to July 2 (Julian day 183), 2008



606 405 2 K%K 3%

<lfe ®#

|- SEHU - DHSVMEE

&=

H (JulianDay)
(a)

il

&

H (JulianDay)
(b)

|- SO - DHSVMELS - g #=

B S pe s s s s T v

f#1% H (JulianDay)
(©)
B4 ScHuiilE DHSVM AU R fh 45 58— 1 LU ER,
2008 4E 6 A 1 H (&M H 152) %7 A 2 B (fFM H 183)
TR P
Fig.4 Results of assimilation of soil moisture in surface

layer, root layer and deep layer at Linze station from June
1 (Julian day 152) to July 2 (Julian day 183), 2008

M3 FE 4 ALLE S, RERMGR K T
5K &2, FAL R G20 i R 2 B
BRS8N AS M 5 0 3R R S O 45 2R 5
BETT , kD Kk o 917 B 2l il R AL iR 20 AL
BERZ, FERF RSB ARIE LK &7
BHUSER , fHEGL M SEE. X TIRE 30K
T ORI SRR, BREIRZETE
HARTRUIN ARJR 5K 5 B AR AL R AR /N,
P AL A R AL O 5 RARRIR IR R T3k &
FORURIIEIEN

Tkt UAILAE IR | [R) A 25 SR A0 i 2 S T RdE , >k
Mgt B3 J5 Rk 2 (RMS) FF ¥R 22
(MBE) RFXIGR (R 1). W THBI v, RE L
Ko AL B 3 O AR R 22 R F 3R 22 4 Bl
0.046 6 1 0. 053 4. 4 [F)fbi WL 5 , ¥ 7 AR 1R 2
FIEHIR Z A8 B 0. 024 9 1 0. 020 5, 430 Bk /N T
0.0217 F10.032 9. 1R Z 8 LK > & & , FLE R

&1 ESEMLEKSSERESH
Table 1 Error statistics of simulation and assimilation of
surface soil moisture

. Bk S8 [R5k A &
tikaaR WHRRE FHRE YFREREE  FHRE
EIA 0.046 6 0.0534 0.0249 0.0205
BRI WE 0.0524 0.0513 0.0331 0.0263
B2 0.0058 0.0057 0.005 4 0.0053
=B 0.0519 0.0507 0.036 3 0.0328
I RE 0.0498 0.0485 0.0315 0.0287
B2 0.0029 0.0027 0.0027 0.0023

WA BRI , 375 R 1R 22 AT 2R 22 43 5 B/ N
7 0.019 3 F10.025. RHIASCRMLR L RZA R,
Rig#RRE T Rk & B ERE. FIAE, X T i
PSR EFITRZ T K 5 &, RS RS
SRMA BRI, )2 BB TT IR IR E R
Z5 /T 0.015 6 #10.017 9, 4R E K3 AR IR
ZHE R LS BIE/N T 0.018 3 F10. 018 9. Jij %t
TIWRZE K& &, P ulh S B R 5B 45
RARZEHAR /.

4 g

FL)E R BURS BE 4R I T, (R LK S &
AR PR, AT RER POV R BRI I 25 R — ER T
S K B, )AL AR BR RS B £ K
oS RSN Y = K S B, (BRI A RESE
A BRDUEL R AR M. A SR DUE O = AT AR
M TRES (L IE S AN RSB RS
W SR (=R KRB FRIRS) B AT
REPEIE A , HEAN 4R 0 8 T K SR - AL R B S
TR ES K AE DHSVM AR =~ + 3= R i
BRI RIE, X Bk e AT BB S XU £ 3K 23
G RBRHI TR PRI, SRS BN K +
R R TI R (BRI T LR A I A 2R
BEGHSH, —SEASBERAZRSERENT.
RS T HK > & B — R 2f — 83,
T PR Y RAD I AR 3 20X Fh AR AL 3 ] e 2
RIS S R IR B B AN P A A, LS
F RIS ) B Y M LUK B SDL B, T L2 B
BRI AR ALY, 78 PO AR BB A5 DL S 2% AR SO 48
BB R — e — Bt 18] PR B E ARG, PRI, A
BAURI S RN 2B b R SE I + K o 2 B AR
3. 7E8] 3 R)Z T HUK S RFEML P A R
0L R A3 2R S 0 K00 B A AR S R 1 O, AL 4D
AL SRR, T S I e s . 2T RE =R T
DHSVM #5 BUBED TR 22 38 B , 045 RS AR s Kl



6 &L % SRR 5K SO BB H UK AR LT R 607

MR RIS HI R , S AMERIAR B FFE TR , X iR
ZRREEFTIE R R, Sl AR S5 R -5 S K
HIA—ZL.

A, AL SR 52 B LI f S M AR K. 18
JERLIN = 257 3 188 ek T3 A R S R O R 4
. R, O T 3R R AL R BE , — AR R R e B o
L B RS , [ A4 R UL B 7 12 A R
TR

5 &it

WE5E T 45 F i Rl L 2] DHSVM 4345 X
IKSCREEL B B AL o, R R & R R 2 IR BAR
RS LI 3R 2R I ALEM 5 LR 5 4 348 b
KRG, FIF7E 2008 426 A 1 HE|7 A 2 HEK
BT SE IX o T S0 B4 3K 5 B AR SCRIME I
AT TR, SRR W, B RE SRR 2R AR
R [ A R UL B K SCRE R, LASRBUAS [R] R
TREHK S REMTT, AT R S T 58
RIRI S5 R LA, 3R 2 MR JZ R AL B 3K 5
A BORAR BE BB , A 1 315 22 A 34 J7 AR g B
WA B HIRER. (B R WE LIk & 45 R
AR, G R SRS RAE F B0, X AT RE R T
THEBRZKD LB E , RAEZ R LK &

SR s HIREA R R G KBRS, flink
i ] 22 R IR BB R A S 4SR5
WARMFETR A G SR AR S8R, &4
RIS Ry ok — ek 22, Rk, 1B 4R BT 5
AEZR B 22 v v 5 1) IR sh B FIBL B 2 805 FE R
X 5 3R AR B 7 3K 5 R R A R
—WEK ARG R R —ERE LRE T 180K
oy RO (R LI Bt B D, AT RE
me Rl AL S R B T SR PR, 724 5 B P L 5
AR E R Hr R AL B e B0 18 R , AR R AT B
25 1 2 Y5 SR I 8l ok K & B AT R,
P2 IR A 2R e B e P A AT FE 4. X ) 4L 3 sh iRist
WL 3.+ K S B B R RIE AT TR
W5, 2E LUR BB ST, 75 ZAE LT A5 T #EA T IR
AW, B St IR R AL i ROBE Hh B8 5 8™ R B 5
JEE 55— 77 THI LR 4 AR SCH [ A0 530k o FH 31 3 %
ENGILSE: L T8 Wy BN o bz o AR R AR e . )
UK E D R IX Lr G 75 [EHIY S BESF X 5K iy
SO S 36 XIS B 3t 5% K o B, DR T U

AU R PUE R e R E BRI
References

[1] Brubaker K L, Entekhabi D. Analysis of mechanisms in
land-atmosphere interaction[ J]. Water Resources Research,
1996, 32(5) ; 1343 —1357.

[2]YU Fan, ZHAO Ying-Shi, LI Hai-Tao. Research on soil
moisture retrieval based on Genetic-BP Neural networks al-
gorithm using active and passive remote sensing data[ J].
Journal of Infrared and Millimeter Waves( 4% JL X i} 2=
M. BT 15t4% BP M N 45 11 3 45 o 18 B W IR s 3 1
Hok 4y, AN SEREFER) , 2012, 31(2) : 283 -288.

[3]Verlaan M, Heemink A W. Nonlinearity in data assimilation
applications: A practical method for analysis[J]. Monthly
Weather Review, 2001, 129, 1578 —1589.

[4]Kourgli A, Ouarzeddine M, Oukil Y, et al. Texture model-
ling for land cover classification of fully polarimetric SAR
images[ J]. International Journal of Image and Data Fu-
sion, 2012, 3(2); 129 —148.

[5]Li X, Koike T, Mahadevan P. A very fast simulated re-an-
nealing (VFSA) approach for land data assimilation[]J].
Computer & Geosciences, 2004, 30(3) . 239 —248.

[6]Huang C H, Li X, Lu L, et al. Experiments of one-dimen-
sional soil moisture ssimilation system based on ensemble
Kalman filter[ J]. Remote Sensing of Environment, 2008,
112 888 —900.

[7]Anna B, Eyal B D, Rudolf R. Modelling and monitoring ur-
ban built environment via multi-source integrated and fused
remote sensing data[ J]. International Journal of Image and
Data Fusion, 2013, 4(1) ;2 -32.

[8]Mancini M R, Hoeben R, Troch P. Multifrequency radar
observations of bare surface soil moisture content; A labora-
tory experiment[ J]. Water Resources Research, 1999, 35.
1827 —1838.

[9]Bowling L, Storck P, Lettenmaier D. Hydrologic effects of
logging in western Washington, United States[J]. Water
Resources Research, 2000, 36 (11) ; 3223 —3240.

[10] Cuo L, Lettenmaier D P, Mattheussen B V. Hydrologic
prediction for urban watersheds with the Distributed Hy-
drology-Soil-Vegetation Model[ J]. Hydrological Processes
2008, 22(21) ; 4205 —4213.

[11] Brubaker K L, Entekhabi D. Analysis of mechanisms in
land-atmosphere interaction [ J ]. Water Resources Re-
search, 1996, 32(5) . 1343 —1357.

[12]Wu T D, Chen K S, Shi J C. A study of an ATEM model
for bistatic scattering from randomly rough surfaces[J].
IEEE Transactions on Geoscience and Remote Sensing,
2008, 46(9) ; 2584 —2598.

[13]Sandholt I, Rasmussen K, Andersen J. A simple interpre-
tation of the surface temperature/vegetation index space for
assessment of surface moisture status[ J]. Remote Sensing
Environment, 2002, 79, 213 —224.

[ 14 http: // water. westgis. ac. cn/indexenglish. asp

[15]Hughes C G, Ramsey M S. A radiometrically-accurate su-
per-resolution approach to thermal infrared image data[ J].
International Journal of Image and Data Fusion, 2013, 4
(1):52-174.



