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Estimation Method of Soil Salinity Based on Remote Sensing Data Assimilation
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Abstract; Soil salinization seriously restricts sustainable agricultural development, and it is a main
environmental problem in arid and semiarid regions. Therefore, the method of assimilating remote sensing
data is used to monitor spatial and temporal information of soil salinity in a regional scale, which is of
great significance to management of soil salinization. The feasibility of soil salinity estimation to assimilate
HYDRUS — 1D model and remote sensing data was explored by using ensemble Kalman filter. The study
area was located in Shahaoqu Irrigation District of Hetao Irrigation District. The remote sensing data was
obtained by GF — 1 satellite. Spectral indexes were screened by gray correlation method, and inversion
models of soil salinity at different depths were constructed by ridge regression models. Then remote
sensing data was applied to HYDRUS — 1D model by using ensemble Kalman filter to carry out
assimilation study of soil salinity of different depths in a regional scale. The main conclusions were as
follows: based on ridge regression models of soil salinity at different depths, R* were above 0. 64 and RE
were 0. 14 ~ 0.22. Inversion accuracies were relatively good and inversion values were relatively
accurate. In a single point scale, compared with inversion values and simulation values, assimilation
values were closer to measured values. EFF of assimilation values were 0. 84 ~0. 93 and their NER were
0.61 ~0.73. They were all positive values. And their RMSE were reduced to 0.006% ~ 0.011% .
These results showed the scheme of data assimilation improved simulation accuracies of HYDRUS — 1D
model. In a regional scale, r of assimilation values were above 0.94 and their NER were above 0. 61.
And they were better than r and NER of inversion values and simulation values. Meanwhile, with

increase of depth, the accuracy of assimilation was decreased. The results indicated that data assimilation
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greatly improved simulation accuracies of soil salinity at different depths by using ensemble Kalman filter.

The research result can provide certain reference value for improving monitoring accuracy of soil salinity

in a regional scale.

Key words: soil salinity; remote sensing; data assimilation; HYDRUS — 1D model; ensemble Kalman

filter
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Fig. 1 Map of study area and distribution of sampling points
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Fig.3  Effects of different ensemble numbers on assimilation results

AR T 50 BF, RMSE [ A1 3 BEAH X4/ . 4R
A0 10 F1 25 B, RMSE 385 F 0. 01% ; 445 A %k
7 50 B}, RMSE 4 F 0.006% ~0.011% 2 [f] ; X4 4
&%k 50,75 F1 100 B, H: RMSE 22 R K. H
Pl 3b AN B R B kW) Y ) fh i 3
FEEFF #KT 0, UL ZE R W SRS BT, 3
HARMR . £ WER EFF #5 % 4 A 508 n
T 3G 10, 380 6% 26 BE AR/, 4R 5 % 10 1, Al 4k
ROR 22, & R BE Y EFF #/0 T 0,55 442 580k 25
I [R) A RICR AR 8 22 5 Y A5 80k 50 I, 25 R TE 1Y
EFF #3555 0.8 LI b, R LS EdRRE 35 T
HYDRUS — 1D £ AU LK B2, ] Ab 808 8475 2 4
G HCH 75 100 B, & R BE R EFF 544 %08 50
B EFF AH 22 A K. Kl 3c ol B AR 4
B A 0 0 — {1k A J iR 22 45 %8 NER ¥ K F
O, ULHITEAR R S G BRI T , 135 SR i B OKG
FEHS IS . A URBE B NER A8 fh s #4353 Bifi
P e QDR DIINTOE: ) | IS IR SR F e N b e
$h 10 F1 25 B, & TR B NER KT 0. 6, & B[R]
7 R CE BRSNS BE R B 22 BEE R S
B, 244580k 50 BF,NER 4+ F 0. 61 ~0.73
Z0E] S AR 75 F1 100 B, 5EEA KR 50 B Y
NER 2R K, L5 Bk, b T 3 & [ ki 5 a0R
TG 2 TR PRS2 1 2R AR IF S I e R A 500k 50,
& 3 AT, AR BUH R 25 TR BE Rk A 1Y

0221 022

RMSE 34 3% 3 4 Fifi 4 T8 B2 04 48 Jin 1y 385 K, 7 45 I8 B2
[ AL (B9 EFF A1 NER #5323 o B 45 8 B2 /Y 34 i
BN, TE 3 AR L0 ~20 em [A 4L {H Y RMSE £
/INLEFF f5 K NER $5 K, 0 ~ 20 em [6] 4l 248 5 4
20 ~40 cm R Z ;40 ~ 60 cm #Hx 22, H: RMSE & K,
EFF f/)v, NER f5e/h o i [R] ARG 8 2 Bl % % B2 A 1
TR AR
2.2.2 B[RS R

HRAE EIRAT ST, 465 HUBCH 50, WL 15 22 A A
R 22 43 BB E 9 0.01,0. 01, % 8 i RUPE A [7] T
JE S I RS KRR SRRV . LT
A T 8 2 18 A 38 5 3 e 92 D R A0 1 R S4B, R
F HYDRUS — 1D #5845 4845 3 1= 3 25 £ 8 A 40H
(TRTARAEADLAEL ) SR U ] 0 3ok A AR Iz ikt 745 1) 4 g 5
b i 8 SRS (R (AT RR B (EL) R B KRR 2 8
W IF) A B A5 3 1 g 5 3 B Rl A0 1 (f AR IRl AR 18D |
PO AN [ R B2 A 5 DU L S i {8 L TRl A 1
A AE, W 4 Fi 7, JF E AT 8% 22 00 M, Ik 4
B

Hi P 4RI, TR R — PR BE b BAUE 5 S Y
R R R, HUJR ST (L () A (B i 4 30 5 0 (e 7
ANTR)ER b ASEAPL(EL | S5 ¥ (R[] A 85 5 DA ) a5
2 I I 2 VR JRE 1 1 T g 1 e 2% 4 R D AT
PR 22 B £ BE o3 A, T8 i) — IR BE b, 5 BB | i
(EAR LE , [F) Ak 5 S0 {8 1) 358 22 g/, HUAE 3 DN IR

022

o SIIHA
020/ 0201 0.20f o R
< o P e ° < — L
E: 0.18P . X ) ﬂ%ﬂ{ 0.18 % 0.18 —Eﬁt%
4 o N e & £
2*5 0.16 N o~ é 0.16 N Z o016
B o SEMME ® o SEMME B
+ 0147 o S H 014 o e c H 014
— B — B T
0.12F — FbiA 0.121 — Ffbia Q12 e
0410 1 Ik L 1 1 1 1 1 010 Il Il 1 1 1 1 1 I} 0410 Il Il Il 1 1 /! 1 I}
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
H )/ i ] /d HE)/d
(a) 0~20 cm (b) 20~40 em () 40~60 cm
B 4 ORN[ARBE 35 R R BT R A R AE S SE DB 1 L

Fig.4 Comparisons of simulated values, inversion values, assimilation values and

measured values of soil salinity at different depths
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Tab.5 Error analysis of simulated values, inversion
values, assimilation values and measured values of

soil salinity at different depths in regional scale
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