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Inversion Model of Soil Moisture in Hetao Irrigation District Based on
GF — 1 Satellite Remote Sensing
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Abstract; In order to explore the feasibility of GF —1 satellite inversion of farmland soil moisture content
(SMC) under the condition of vegetation coverage, taking Shahaoqu District of Hetao Irrigation Area as
study area, and GF — 1 satellite remote sensing images as the data source. Simultaneously, the soil
moisture content data were collected with various depths at 0 ~20 c¢m, 20 ~40 cm, 40 ~60 cm, 0 ~
40 ¢cm, and 0 ~60 cm. Then a set of independent variables, including four bands and 15 spectral indices
were obtained based on the GF — 1 data, and the full subset selection was used to select the optimal
combination of independent variables at five depths. Based on these, the combinations before and after
full subset selection were used to build soil moisture content inversion models( multiple linear regression,
MLR; back propagation neural network, BPNN; support vector machines, SVM ) at five depths in the
vegetated area, and evaluate the sensitivity of GF — 1 to SMC at different depths and the inversion
capability of the models. The model performance was assessed by using adjusted coefficient of
) and root mean square error (RMSE). The results showed that the model inversion
accuracy was greatly improved after the full subset selection, and the over-fitting phenomenon can be
reduced. The sensitivity of GF —1 to the SMC at different depths under vegetation coverage was ordered
from the largest to the smallest as follows: 0 ~40 ¢cm, 0 ~60 ¢cm, 20 ~40 ¢cm, 0 ~20 cm, and 40 ~
60 cm. The SMC inversion capabilities of all the three models under vegetation coverage ordered from the
largest to the smallest were as follows: BPNN, SVM, and MLR. After the full subset selection, the Rm.
of the modeling set and verification set of BPNN at depth of 0 ~40 c¢m can reach more than 0. 50, and the
RMSE was within 0.02% . The research result can provide a reference for using GF — 1 satellite to

determination ( Rde

monitor SMC of farmland under vegetation coverage.
Key words: soil moisture content; remote sensing; inversion; GF — 1 satellite; full subset selection;
spectral index
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Mongolia Hetao Irrigation District and sample points distribution
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Tab.1 Statistical characteristics of soil moisture content
W/ S BH/ AN WRKOCEE bRiE ERR

cm A /% (H/% (H/% #=%E/% 5/ %
JE¥7N 101 16.53 31.34 24.46 0.27 11.22

0~20 FEEI4E 67 16.53 31.34 24.54 0.36 12.01
BursE 34 18.09 28.16 24.29 0.39 9.40

JsYiN 107 14.78 34.95 26.48 0.36 13.92

20 ~40 FELFE 71 14.78 32.84 26.45 0.43  13.60
IE4E 36 15.56 34.95 26.55 0.64 14.54

JS¥rN 108 21.30 35.11 29.21 0.28 10.14

40 ~60 HFI4E 72 21.30 33.72 29.03 0.33 9.59
WiF4 36 22.30 35.11 29.58 0.54 11.00

JR¥VN 106 14.61 33.02 25.51 0.34 13.57

0~40 B 70 14.96 31.32 25.55 0.39 12.87
WiF4E 36 14.61 33.02 25.46  0.62 14.60

JEXEN 105  17.94 32.85 26.70 0.29 11.09

0~60 FAEEE 70 17.98 32.85 26.53 0.35 11.18
BurgE 35 17.94 31.34 27.05 0.49 10.80

0 ~20 cm .20 ~40 cm f1 40 ~60 cm 3 PMEE +
e A oK T B 4 Wk 24.46% . 26.48% Fil
29.21% AR UER 25 58 0.27% 0.36% ,0.28% ,
RUARFEEN LIRS KR EEREES, LIRS
KA T IR BE G N, 5 SR (29 - 30 | BF A4S
B—5, AR RBUE R 5 K RAR b8 38
b, 728 S R BUBUIN, 138 S OK R E  TRZE (40 ~
60 cm) - B 7K FRAS S R ECH X SR/, 3 2
TR)Z T 320 B 5 B it DA S T I ZE HUR S5 4



242 /4

IR

2022 4

PR B & BN

BT G @B B4 1 £ 5k
AR AL B R 8 340 A A L (0 50 b o 2%
AR R FAR—F B AR T REA B A e, [ B
RE S T HARIE o A 30 2%

1.3 ERIEENSHE

KU GF — 1 TR 38 B A% R B IR, 23 i) 43 9%
%16 m, 3t 4 AP B, EIEE 2 d, TR AR
G a] R 2019 427 H 27 H, 55000 84 H B 36 A
45 o 0 S5 B0 fly v [ O T2 107 P T 3K
45 (http: / www. cresda. com/CN/) o X} N 3k 10 52
14 2 53t TS B E. B8 SR IE R AR IF Ak 385 1
TIRs RS KRR E, TR 4 DBk
0.45 ~0.52 pm .0.52 ~0.59 um.0.63 ~0.69 um,
0.77 ~0.89 pum,

1.4 SRR S i
1.4.1 S8 50k B

Ve ZS ] 43 HER K 16 m x 16 m i) GF — 1 T A&
YEBSEAR AT 4 A i B RS S 4R IR K 43 15
oM AR SR — R R, %18 5] 7 A X
DA A K R ) I S0 A 26 R, TR
FIGF — 1 TLE 4 64 4 A0k BE I 5 53 55 4 56
A B TR R AR S H S KR ER LR

AR Sk e UL 3 b ST BT H K (BT Y b 44
B(SD ™ RS R 1 (SIL) RSk 2(S12) (#h
SRR M ST RN E B S2 FhAMHE K S6 f EVIY %
{36 SEAt Befs B (DVD) 7 PVI PDIT SAVI2
39 K R BH A 45 %K 2 (SARVI2) P TSAVI,
ATSAVI 75 P4 (9 6 3% 45 Btk 15 4>, Hp  EVI DVI
A R TR 3 K 2 B4 AR B 1 0, TR
Fh TR 2 X A 3 ) e 780 g5 6 3 Ak 31X, 5 1E 1
BUA LE , 257952 3 K 43 Wik 300 LR 23 T 30 ), HGOBR 25
) A8 23 A G R AF b A BT AR B B T X R
W RS FE IS 25 b AT — 5 S A AR (R, £330k
Gy FER 43 X A 9 S B O B AL B e
BLIER 1, PRI 6 A E8 434 Bk (R A v r ot A
5 S PF TR AR T K AR
1.4.2 2 THEm®%

T AR O G VR T S A 4 v BT A AT RE Y
A 77 3 A f /N T vk ) A A i L HE AT
£, I N e e TR B i A A
.

B E A T N A E AR, N P EE M
(I<SM<N)AS {2 R0 515 8 A8 & Y s Jal )9 J7
P 1~ N AT A B i BE R [R50 H AL
Cy FHEFIH & 7 18 1 ~ N AR 4R 4 90 %%

J5 B 5E % B0 ( Adjusted coefficient of determination,
Ry Fc K UEWR AR £ N AN A 5 L R, 357 4R
1% 22 ( Root mean square error, RMSE) | 7 yth {5 &, #E )]
( Akaike information criterion, AIC) . U1 -} (= B #E |
(Bayesian information criterion, BIC) Jg4&K 45, M\ N 4~
R TR R B O AR R B 1 A A B
I, 4 F 538 A7 AR FEAR T, 45 4 A R BT 58 08
SR sk B 2 A T B ROR R R, MO
2~6,

Horp R, %5 08T A AE B A HORRE A AN B B
W), B A R A A A B, RS 2 b SR B, ek
e TARHLA B s RMSE Sy 3 8R40 4 15 22 1Y
FEAR , HAE B /N2 BB R 40 5 52 22 B /) ATC i BIC
49 g Al AR AU 0 B A 8 A, AR ) R A
TR RE LT /D) [ A R R A T
1.5 MEPAREBGE
L5.1  Z gkl R

Z ek Pk [0 )3 ( Multiple linear regression, MLR )
S —JCEAE AR &, ) 43y B A S & F0 22 P AR
B2 R

MR RS2 2 A B AR B I, Rl g — R
P [ AT R 7 Ty

Y=BX+¢ (2)

A X—AZHE p— AL R
T A2 1 250 57 18] 53 A i BE AL 5% 22 30

5 IR AR, S4B it R e iR 2
J7 R /NIRRT H R i s ek sk A . A
F Matlab B #5147 22 504 [l U4 B A5 5 i
1.5.2  BP #4125 [0 2% 45 AU

BP 1 25 W 4% ( Back propagation neural network,
BPNN) & H Fif b A8 9 )32 A % 3 A 5 i 1 i 22
PO 28 AL, AR Y AR £ M I 5 BE ) B BE A8 AR
I A t 25 R SR 2 T A 1 22 A R G N R Y 2
B, IR RS B2 SR S S R AT A5 T i 1) A% 7 R 22
B ) AL R 44T, B 245 B e th 45 2R o iZ B AL 4R 4b
R R TAN N SE N AR () TN =SS N
DR 7z 7 (H) 4 A Bo s g =0 15 A6l 48
¥ kgl e T EmiERNRNERHAG BT)2
10 1) 265 J2 i Ry 2, R R AU o DO o B e
J2 R ST K AR R T S O R B B AR IR 25
0.001, FJH] Matlab #4317 BP #fi 28 [ 2% 52 55
Uvalloes
1.5.3  Sfym LR A

7 #518] 1= ML ( Support vector machines, SVM ) &
— R T Ay 26 S Oy B A T A 4y
Mro JHREGS AR AT BR BB A B, - i 452 84 1) 52 A%

&



R P—% % EXFGF-1T 2

TR T 2 W X A 48 5 K 8 e AR L B 5 243

YRR T RE T, P B doe 0 il 6 Ak B ey 4 J0HE 4 LD
FEA AR L P8 () R 8 B AT R R B, SVM 1R 45
Fag DA fie /NP D B A R il b, )P A% o 0 B 4 7
U5 8 o AR LA AR R AR A S ) B AT S B i 2 s
(], B AT R Ry e P AT 23, S 2k M A R L e oK figp A
e A AR R Bl i T B AL 2 M e
2] 7 A )R XT@*%FT“E’ﬂﬁFﬁE’J 3NSHEH
T CS RIS S 3 e

A 1) BEAZ R N B iz R pR R, T B S
MG, 38 e R A 3E B2 T RIS T TR A

REAR 2 AR S F 1A LR B RBF 4% R 5017
TR Ho bR
N NEEEA
K(x,x") —exp( 757 ) (3)
K x——RAmHE o —3ZFFA R

o—— PRI

F U Matlab B4R AT SR 1] B LA AR 5 56 30E
1.5.4  BERUKS REIEHr 46 bn

AT 5 3 5 R T Y e R AL R, O AR
25 (RMSE ) Xof gt #5545 G F 4R 1R B2 R A7 9 Al o L
R AT LA SHE G A [ ASE AR DR P 2 o 0 AR ) g s
R 22, LB MR BT 1, 2 B 308 JBC A 10 B A D 3% 918 Kk
A5 X S UK R B0 i R BE T, R HE K
R ROR Ly s RMSE /)N 3% 75 B0 60 10 52 0
ZTE] ) i 2 AL/ O SR

2 HRSW

2.1 TESKEERTERXEIN

W GF — 1 TR 4 4~k B 4% (B1 B2,
B3 (B4) Fll 15 /4~ 3% 48 5, 21 Al 2 8 4 38 5 K R 1)
FIASEEAE . BEALIE LY 2/3 B RE A KO 20 1 A B Bk
P gk 0 A A B 5 RS KR AR DG PR AT 4 AT
143 Pearson FHC RENER 2 Fis .

MR AH ¢ R AR Bl S R vt A AR A 5 1 0
TR W E MR AT RS . 2 B RS 70 B AR OG
ZBARHE KT 0.232 BIk#] 0. 05 & F K, K
F0.302 Bik#] 0.01 B F MK, &2 TLUE
#,EVI .DVI PVI SARVI2 7E ¥ E 0 ~ 20 cm .20 ~
40 ¢cm .0 ~40 em 10 ~60 em T, 5 + 584 K R
UYL 0 M AETR 40 ~ 60 em R 5 11
TR IAF) 0.05 W UK -5 B3 7E K FE40 ~
60 cm N5 HHEESIKERRABABY R EE, 5
HAA WL 5 0.05 5 35 % K F; SIS 78 IR &
40 ~60 cm FF1 S6 FEWE 0 ~20 cm | 435 5 - 5
FKFIRFE0.05 WEME, Ha AL 54 IRE L%
K IRF 0. 01 W E KT,
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Tab.2 Pearson correlation coefficient of bands and

spectral indices with soil moisture content

U B R R R/ em

BOGiEiEE 0 ~20 20 ~40 40 ~60 0 ~40 0 ~60
B1 0.415 0. 400 0.328 0. 429 0.410
B2 0. 405 0.393 0.313 0.418 0.397
B3 0.275 0.254 0.191 0.277 0.259
B4 0.478 0.572 0.545 0.559 0. 555
BI 0.544 0.619 0.571 0.618 0. 608
SI 0. 346 0.328 0.259 0.353 0.335
STl 0. 346 0.329 0.256 0.353 0.333
SI2 0. 555 0.615 0.558 0. 621 0. 608
S1 0. 341 0.351 0. 347 0.373 0.375
S2 0.353 0. 364 0.354 0. 385 0. 386
56 0.263 0.394 0.424 0.353 0.366
EVI 0. 150 0.222 0.250 0.202 0.213
DVI 0.143 0.226 0.253 0.200 0.210
PVI 0.143 0.226 0.253 0.200 0.210
PDI 0.519 0. 569 0.507 0. 575 0. 561
SAVI2 0.329 0.423 0.424 0.403 0. 406
SARVI2 0. 150 0.222 0.250 0.202 0.213
TSAVI 0.302 0.316 0.348 0.327 0. 345
ATSAVI 0. 341 0.365 0.315 0.376 0.360
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x3 ET2TERENTIEEKERERTEALHS
Tab.3 Best independent variable combination of soil moisture content based on total subset selection
VEBE/em H Al A A B R, RMSE/% AIC BIC
2 B2* S1™ 0.46 0. 025 - 137 -266
3 BI™ \SI2** SARVI2 0.30 0. 028 -125 -253
0~20 4 B1 ™ SI2™ DVI,SARVI2 0.28 0. 028 -122 —-248
5 Bl ™ B2* BI™ SI*™ SII ™ 0.27 0. 029 -120 —244
6 Bl ™ B2 SI™ SIl ™ SAVI2™ 0.31 0. 028 -119 —-242
2 B3 " \SI1 ™ 0.48 0. 028 -128 -258
3 B2 B3" S| ™ 0.57 0. 025 -133 -261
20 ~40 4 B1 ™ B2 " ST*™ .SIl ™ 0.52 0. 026 -127 -254
5 B1 ™ B2™ SI™ SI1 ™ S1™ 0.41 0. 029 -117 -242
6 B1 ™ B2™ SI*™ SI1 ™ SI™ S2™ 0.44 0. 029 -117 -240
2 S1** [ TSAVI™* 0.20 0. 029 - 124 -253
3 SI** SARVI2 ™ SAVI2 ** 0.51 0.023 - 140 -268
40 ~ 60 4 Bl ™ SI2*" SARVI2 " SAVI2 ™ 0.56 0. 021 -143 -269
5 B1 ™ B2™ SI™ SI * 'TSAVI™ 0.21 0. 029 -118 -243
6 B1 ™ B2™ SI* SI1 " S1™ TSAVI™ 0.20 0. 029 -116 -239
2 B2* S1 ™ 0.50 0. 026 - 134 -263
3 SI* SI1 ™ St 0.61 0.023 - 141 -268
0 ~40 4 B1™ B2™ SI*™ SI1 ™ 0.56 0. 024 -135 -261
5 B1 ™ B2™ SI™ SI1 ™ SAVI2™ 0.41 0.028 -122 -247
6 Bl ™ B2™ SI*™ SI1 ™ DVI SAVI2 ™" 0.38 0.028 -118 -241
2 B2 ™ S1 ™ 0.54 0. 021 - 148 - 148
3 B1* SI1 ™ SI ™ 0.63 0.019 - 154 - 154
0 ~60 4 B1 ™ B2 SI*™ SIl ™ 0.56 0. 021 - 145 - 145
5 Bl ™ B2 SI™ SIl ™ SAVI2™ 0.42 0. 024 -133 -133
6 Bl ™ B2™ SI™" SI1 ™" PVI ,SAVI2™ 0.38 0. 024 -129 -252

e owr FORIBF 0.01 WEHEAKT; « FRikH 0.05 B FHKTF,

PeE SISIL ST 4t 3 /> 145 4,0 ~ 60 cm LbE#% BI
$1$%3Aa_éﬁﬁﬁﬁ TR AZRE
EVEY
2.3 TRAKERERBEILSRIE
2.3.1 S [EERERL A ST Bk
G ) VA AN ) O 2 I B 2 T S A B B R Bt
IR ECY A AR R, ERE KRN INAR R s 2004k
@@Bmiﬁ TAFRE T RS RRMR .
A RN S A BE AN 3% 4 B o
R4 ETSnLUELREEFERENS
BAERRER

Tab.4 Inversion model of soil moisture content before

B

and after screening of all subsets based on MLR

A i 1 i 1 J5
) LEE  RIEE RHE RIEE
R/ cm
e RMSE/ R RMSE/ R RMSE/ R RMSE/
adj % adj % % %

0~20 0.483 0.018 0.450 0.017 0.466 0.021 0.460 0.017
20 ~40 0.402 0.024 0.552 0.025 0.485 0.025 0.500 0.027
40 ~60 0.391 0.019 0.389 0.025 0.428 0.020 0.403 0.025
0~40 0.527 0.020 0.487 0.021 0.551 0.020 0.509 0.020
0~60 0.363 0.020 0.471 0.025 0.542 0.022 0.500 0.025

M 4 FTLLE R AR I 38 1 2 o0 2k 1 10l 15
ﬁﬂ%%ﬁOﬂmm?ﬁﬂﬁ%%%@ﬁ%ﬁ@
N 0.527 B G T AL VR B, B E 4 RD, 0 0. 487,

B RO AT, RMSE ﬂMEXﬂM\,ﬁJ\ﬂJﬁ 0.020%
F10.021% ;TR FE 40 ~ 60 em A5 HY 50 A X fe 2%,
HA A IR RS, YR T 0,40, BRI SR A
., FLBRTIE 4 RMSE X5 52, Hy 0. 025% , JZ i itk
ZEBHRGHE 0 ~20 em FEIRIGCRAOR TIHRE 0 ~
40 cm , G AR FNIGF 4 Rddiﬁ'jﬂjﬂ{] 0. 483 %1 0. 450,
ﬁﬂawi BB F, HOH RMEﬁN?ﬁm

ANTRBE e/, SR 22 5/ s TR 20 ~ 40 em f &
?ﬁ%ﬂiﬁﬁﬁ?#ﬁﬁ? 0 ~60 cm, Hu%‘@ﬁ%ﬁ%\ﬁ%
R, 9 LU JG % 7 0.039 0. 081, {H H RMSE #i % F

Hofth 4 SR B K, RO R 22 M K, 2 A TR AR

R, 4% BIIE T 30 5F 48 27% .23% , 06 1 450 700 5
L=

KA AR 1R S 1 2 o4k B A LR R
JE 0 ~40 em FHERI R RO, H B4R AN B0 UE 4R R,
¥ T 0,50, 30L& BUR Az Ak M BB 4, RMSE #42
0.20% , 52 {8 1% 22 A X fe /Iy s TREE 0 ~ 60 em 528U 3%
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BALK T 0 ~ 40 em, g B R E 4L R, ik 5
0.50 DL F, 4005 ROCRAH 24, B H RMSE W & Hh iR
0 ~40 em , [ 3 15 22 BE K TR FE 40 ~ 60 em B A 2%
RIS R B E 4 R HAR T4 4 4
TREE WA RO e 25 s TR FE 0 ~ 20 em Al 20 ~ 40 em
REAIORAH T, R 20 ~40 em TELG ROR ERRAL,
B MBI R, & TR 0.019.0.040,{H 0 ~
20 em AALAE FE RS RMSE Y4 T 5 # , S i i
ZEMEIIN

SRR, 7 22 04 [T AR R | 45 R R O
Je BB L5 ROR Rz A M BE AL T 0 2R i, L e S
BERIFRE PR T, 415 2 e 4 Mk [l B R AE A ]
TRPE 35 K 81 B O 4 B 22 ARl 10 ~
40 em .0 ~60 ¢cm .20 ~40 ¢m .0 ~20 ¢m .40 ~60 cm
2.3.2 BP &M 4 RIRLE N 5 R IE

43 500 AAS T) 38 B2 9 368 117 S 1 98k B B 5 % Kok
EAEECh A8 B, RIS KR AR & iz A BP %EF
25 W TR AT R [ TR B R g Bk R, H
RN IE RGBS K S T .

x5 ETBPHERKLFEML
BKRERFEEE

Tab.5 Inversion model of soil moisture content before

AT E R L

and after screening of all subsets based on BPNN

o i 32 i % 5
. LA B UESE AL B UESE
R/ cm
) RMSE/ RMSE/ RMSE/ RMSE/
adj adj R R
j % j % i % i %

0~20 0.514 0.021 0.474 0.017 0.495 0.021 0.472 0.017
20 ~40 0.538 0.024 0.550 0.026 0.503 0.025 0.502 0.027
40 ~60 0.493 0.020 0.429 0.025 0.453 0.021 0.431 0.025
0~40 0.521 0.020 0.472 0.022 0.559 0.020 0.514 0.020
0~60 0.565 0.023 0.455 0.026 0.559 0.022 0.517 0.025

MRS AT LA i, R AR 0 28 (1) BP bft 28 9 4%
RERI T PRBE 20 ~40 em AR A ROR S, AR
LML R, B 5 T 053, [F i H RMSE 3 46 %
K, 4002 0.024% (0. 026% |, [ i 15 22 8K IR FE
40 ~ 60 cm FERY LA R R B 25, BB AE B0 E 4 R, 1Y
T HATEEE , 73024 0. 493 0. 429, Ji 33 158 25 1 ¢
K REE 0 ~20 cm 10 ~40 cm FAIZCR AR T ,0 ~
40 em FEBLAE R, W 5 F 0 ~ 20 om, 0 H 55 UE 4R
RMSE KT 0 ~20 cm, JZ Ji = 2Z 0% KR )JE 0 ~ 60 cm
FE—E i A BE , Bib g R, AL 0. 11,

K 4T ATk IS 1 2 on 2 vk Il IH LA rp ) TR
JE0 ~40 cm F1 0 ~60 cm T AR, B4R
TGRSR RS ¥R T 0. 51, HAT 507 (9 400 4 28 R
ZALPERE,O0 ~ 40 cm BEHE T 0 ~ 60 cm, 2R BT

R 22 I, d B4 AL IE 55 RMSE M XHIS T )5 &
10% 25% ;T JE 40 ~ 60 cm N R Y 48145 %500 A1 X
2 EBUEMIIESE R BT A 4 MRE,
53518 0.453 0. 431, g B4 FI 5 UE 4 RMSE A8 X
BEK, RO DR 2 K5 TR EE 20 ~40 em BRI 8%
AT 0 ~20 em, H A A5 4 NI 4 R, 43 I s 55
0. 008 .0. 030, {HIELE 0 ~20 em J 3 1% 22 ¥ il # 4F,
RMSE i %f 3 /N 16% 37%

SRR, 7E BP 28 0 28 B v B R 20 ~
40 em Ab, Ho 4y 25 R i 18 I A 280 00 s8R iz Ak
PEREHE T 0 v A1, EL O e 5 AR AR e TR . &
4 BP ft 2 0 2 50 R S [ R B - 1 5 UK S i T
ORI F 2K K H:0 ~40 cm 0 ~ 60 cm 20 ~
40 cm .0 ~20 ¢cm 40 ~60 cm,
2.3.3  CEEm LSRG ST 5 R E

53 DAAS R B 0 328 i S 174 98 B 5 38 B e
TEFRHCH B A8 B, RIS KR AR i iE H SRR
EALBR VET AN R RBE T e S CR A3, R
LG UE NG FE N 6 PR .

x6 ETXHEENEFEMIER
REEER

Tab.6 Inversion model of soil moisture content before

BEHLESKE

and after screening of all subsets based on SVM

o i i 8 J&
A B UEAR HAEAR B F 4
W/ cm
, RMSE/ RMSE/ RMSE/ RMSE/
adj % adj % adj % adj %

0~20 0.489 0.021 0.526 0.016 0.514 0.021 0.518 0.016
20 ~40 0.528 0.025 0.502 0.027 0.501 0.025 0.525 0.027
40 ~60 0.521 0.019 0.383 0.026 0.506 0.020 0.407 0.025
0~40 0.563 0.020 0.423 0.020 0.544 0.020 0.471 0.021
0~60 0.565 0.022 0.549 0.027 0.534 0.023 0.509 0.026

M 6 AT LLE Y, SR IR 0 1 19 S 47 ) 2 LA
BRI UREE 0 ~ 60 em AL AU UL G 4R B AR, A AR
I UEHE R2, 405 4 0.565 0. 549, 3 i T H Av I
FE ,RMSE ¥J K T 0.022% , J {8 1% 22 W& K5 IR &
20 ~40 cm BRI A BRI T 0 ~ 60 em, HEAR 4R
FIBUELE R, 357 F 0. 50, #8514 1 50 E 42 RMSE
S50 0.025% (0. 027% , 3 18 15 2 M X 5 K 5 I
0 ~20 cm &AL 5 2R 20 20 ~ 40 om, H @B 4E
HEIE 4 RMSE i F /5 % 0.004 0. 011 4~ FH 4> 4.,
ST 15 25 75 B s R EE O ~ 40 em 1 40 ~ 60 cm |
BB A B4, IR R, 0K T @84 0. 14
Fedi o 40 ~ 60 em LA R UE4E R, HBAE T
0 ~40 cm, BRI A RO A X B 25, 1 UE4E RMSE ik
F]0.026% , IR ZE B K.
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2.4 REMREEITH
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LA B R U6 AT 4E 19 RY,  RMSE g W4 #5475,
RN TE G 3 MR TAE S MIRE 0 ~
20 cm .20 ~40 cm 40 ~60 cm .0 ~40 ¢cm 10 ~ 60 cm
I AR A8 B b S K 3 R TR R T A
Azt LR 3.4 FFoR o — 7 T HEAT R 38 R B
38 3 43 A7 £ P 1 0 D 2 o L B 5% 50 A 70 7 RS ]
VRN B0 S BRI R B S PR GF -1 T
ST A [ TR B 1 4 B K R i SRR 5 B R
RBE o 5 — 7 1A P47 R RO AR A, 3 5t FE A
IR B T L 1] U R BIL 28 2 A0 80 2 B0 3T
W AR 36 2% 1 T 4% A0 260 X 98 4 K %6 1 I g
I, 45 3 A S JE AR Y

R R o fazing o
Wi .61 T O N Wil e

% % ,
B IN 05l O« N B
T o4l § é § 04 § é g §
N N
N N N N N
03 N O ‘ AN sl AN AN N
MLR BP SVM MLR BP SVM MLR BP SVM MLR BP SVM
Y R e} A
HAAE AR AR HEAAE AR
0.03 TGRSR 0.03 iveliac S 0.03 ivaliRe S 0.03 ivalieS 0.03 LisaTiS
. N N N
2 S002rN \ = = \
z 2 1IN \ z Z \
Z Zooit PN \ - z \
= ~ % N N &= = N
N N N N N 7
MLR BP SVM MLR BP SVM MLR BP SVM
st} R Y A A
(a) 0~20 cm (b) 20~40 ecm (¢) 40~60 cm (d) 0~40 cm (e) 0~60 cm
B3 5 K R IR B LR A X L A

Fig. 3
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AR EWREE 0 ~40 em R, HER 4 RN 36 IF 45 1Y
RMSE ] @A T 0 ~ 60 cm , & # R FE % IR B T GE
BB RO AR 2 . PSR DL L 2 A R0 ~

Comprehensive contrast diagrams of soil moisture content inversion depth
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40 em FHXFEEAE
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Fig.4 Comprehensive contrast diagrams of soil moisture content inversion model
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