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Surface soil moisture retrieval using multi-temporal Sentinel-1 SAR
data in karst rocky desertification area
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Abstract: Soil moisture is the core component that links the earth's surface water cycle, energy cycle
and biogeochemical cycle, and it is also the key parameter to study the ecosystem in karst rocky desert-
ification area. The aim of this study was to retrieve the soil moisture with multi-temporal Sentinel-1 C-
band SAR data and observation equations were constructed by using the Alpha approximation model
over karst rocky desertification area. The spatial and temporal variation characteristics and the error in-
fluencing factors of the soil moisture retrieval results were analyzed. It is found that the overall change
trend of soil moisture in the observation period is highly consistent with the trend of rainfall change.
The maximum value of soil moisture and the degree of spatial heterogeneity in karst rocky desertifica-
tion area is significantly higher than those in non-rocky desertification area. The results were validated
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using ground measurements of one acquisition date, with root mean squared error (RMSE) value of
0. 059 cm’/cm’and mean bias value of 0. 026 cm’/cm’. The method of retrieval of soil moisture by Al-
pha approximate model is applicable to karst rocky desertification area, the mixed pixel problem
caused by the surrounding complex habitat conditions of the surface soil is the main influencing factor
of inversion error. These results can provide reference to obtaining soil moisture under mountain com-
plex environment by multi-temporal observation method, and provide support for ecosystem restora-

tion and ecological industry development in karst rocky desertification area.

Key words: soil moisture,
desertification
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Fig. 1 Study area and sampling spots. Note: The left-hand section provides a sketch map of Guizhou province. The right-hand
section provides an overview of the SAR data(R: 2018/06/09VV polarization, G:2018/06/21 VV polarization, B:2018/07/03 VV
polarization)and geomorphic type (I: Peak cluster depression, I1: Mound-peak platform, III: Erosion platform, IV : Erosion steep

slope, V: Box canyon)and sample spots of the field survey



5 1] Wr o 4 A% BT 20 A Sentinel—1 SAR Bl 14 Sr i £1 5541 X Ml 2 + K 73 S T 7S 629

F1 MRERXSARHIFEERR
Table 1 List of Sentinel-1 SAR images

JAB ] SFEAGT

Fe5 . o J A Ky Wede I
Acquisition Mean incidence
1D Imaging model Data type Polarization
date angle/ (°)

Tl 2018/06/09/22:57 38.6 W Levell GRD VH/VV
T2 2018/06/21/22:57 38.6 W Levell GRD VH/VV
T3 2018/07/03/22:57 38.6 W Levell GRD VH/VV
T4 2018/07/15/22:57 38.6 W Levell GRD VH/VV

A IR ST WA b . AR Y LY
ATE 345 mx5 m REDT  FE T XM 2o A, B~
FET5 s 005 U, B S 1A A A hy 2 W I A S 1y
KB . RIS TR M A & (FE WGS
84 b FAL AR R G rh ] T ARG B2 3 m Y T
GPS & 74X ) AE B 7 5 R Ol | A 3980 R A - 4k
GIRBERHIE . AR b S A I 1 R . FSRIX
R4 RS ECS A A DSk A E A
Wre A AR iR 5 TR AR PO,
1.2 AR

) ESA % 4 1) Sen2cor X 2018 4E6 H 8 H .7
A 18 H 35453 1 W ] Sentinel-2A L1C B¥ 17k 47 55 5
FERR KA IE S5 AL B b5 32 FH ENVIS. 3 #5147
W BE A RN 2 5 15 31 3 55 0 5T XY 220 0 A8 .
K F SNAP 1 %) S1-Troolbox %} £ I} #H Sentinel-1A
GRD SZAQ AT Fil kb 3 : (1) X Sentinel-1A GRD J iy
PEATIIE TS S BRI AR S R IE , ARA5 VH IE B AT VV I
B s B A% . (2) K JH 3%3 % 1119 Refine Lee JE U
TR IR P AR AT UE D , LAREAREBBENE 75 . (3) A
23 [A] 43 $E % 4 30 m STRM DEM X 3 Fif (€145 34E 17 1
AL, 5 Jo G 38 59 15 30 32 92 IX 1Y Z2 150 40 SAR
KM% o ¥ 3T XY Google TR F2A% (25 18] 4y
BEA R 1.2 m, AREUE ]S4 2018 4F 4 J1 |, 2K H] Google
Tile Map Service il 1 ) 1 0S5 K 5], 1 55 Hi 7 080
Bl PRUERE SIS ARE L . [RIE , 7E ENVI 5. 3 #
rh, SR PN T8 BB, T 42 ) s (3420 0 A T EIR )
1y 22 T AR IR 4 1) XoF 46 90 Ak B3t S ) SAR CH A
DGR R AG AT LRI T, 455 T T 1R 158 25 70 PR 5 1y =5
] 53 HE T /T 0. 55T
1.3 HRFE

FeT 22 A | 22 U5 SR Al Alpha T (IR Y
AFF 5 Aty I W 30T 7 VA IX b 36 4= 38K o, W 5% T v
BFGLAT = A F BB (1) 3T 2818 5 i wg
R A AR X M 3R R I (2) 25 T Z2 I AH SAR

B AN Alpha ST AUBEALR A% + AN B 8 (3) T
Dobson - 34 B AR SR i + R K
1.3.1 MEHSREAXMER T ES HEERE

AIF 5T DX PN A Ml 2% B HLA o0 A i ZE BRI
A1 R R ] i) 19 PR AARR 2 72 A R B /SRR AR A5,
L 14 Ut 5 72 e A T A AR i i - 9K 4 X T 4
FELRE J32 5 A 0 7 5 R (B R 4, BF 9 56 T 2 i MDY
5 0 SRR B X S8 PN A2 AR L TR RN Ry T B0 A
DR 2 5 ) 4 /0N . A A R 4y i 2 1 - SR BB
TS, JE T X AT X 2 A 1 W T A A B 2R Il B
Google LA 52154, F H ENVIS. 3 X Sentinel-2A £ i
AT WEE 25 R IR S R A T R kA R E JE bk,
56 5T X B RS 23 A1 5 HUOR i Bz
BT FRBG A ] Sentinel-2A %X B A % 78 75
JEE I ) FH A% A A ) T B HRORE B 7 5 /N T 10%
LRI 38 PN A2 R /N T 5% 1 X8 6 DL
B oA, PR IBURF b A M BR 55 b 2 R
B 55 R AR W AR AR T R A TR S TR
HEBEH RN BRI S S TR 3 R R
frEmoatra kM, HIEREHAE b T B 88 22
() Fr 0 75 Hi CT0) A4 0 55 i (T ), G A b 5 2780 1L
A N (1) A B30, i)l 35 77 o
FIASHRE M, BRI EIE G (1) AR ih &5 H
CI) % - S B HAE Sy T 5040 B DX, T G ] 1
VA E SR FIAT B AR A A AN B 2
1.3.2 E-TF Alpha iEEE KR T IEN B EE

- SR L H R T R AT H R - K 3
A0 Y SCHE . Alpha T fRIASERY f g 8 6 1 28 LGB
O BT SPM A AL | I 7 WL ] 30 Py b 3% £ ¢
FEURE B 55 AR 7 S R AN AR, ER L T i85 1)
PR R 000 52 e 00y 2 e A SO U 1 P b 3R
BT IR IS 1) U FR B AR A AT DB N A SR A
HL BB A8 Ak . T b 3 S [ I A 3K 5 ]
U R B LA AL 2 Alpha JT{RUBEAL



630 AP/ NI Qb A 39 &

2
T
2
Tpp

a,T,i,(ﬁ,s,)
a,T,‘,,(B,e,)
Ao, Fm PPIAL T X W5 a1 80 245850 8
NS E s e, 0 T3S BUR B T AT, 0 51 327 1 4
IR BAE RIS 20 5 0, AR E 5 PP 2Ry B IS5
Pt 7 =K .

FETF T, R T, 09 SAR % , AR 4k b =X o] 75 2100
JrFE

(1)

Tl
O pp

TZ
‘a;f( 0., ‘ - ZPP X ‘a:;(é?,a,.) ‘ =0, (2)

Tl
rp

XFF N B S g g s (r, 1, T, L -, T, T
Z MR (2) ¥ N-1 A RO 5 4, 6 )7 # 2] oF
AR 15 2] A (3)

7'I
I ) 0 0
O pp
on
0 1 - [=F 0 0 0
T pp
0 0 0 1 0
o
0 0 0 0 1 =
Tpp
o (0.e,)]
0

‘ar"'(&s,)’ 0

I " (0.e,)] |

. (3)
G AR PUE 1R HH S VV A7 0T B o
(R AR R L) AT g AL A ek -

cosf) — /&, — sin’0

cos + /&, — sin’0

(e, = D)[sin’0 - &,(1 + sin’0) ]
(&, - cost + /&, — sin’0 )’

FFAXG),FHZ2. 3. 1 2R+ IR R

55 J5 B VU Sentinel-1A V'V M AL B 4 2 % 2 R
MR o %K E T TR IE AR SRS

(4)

‘aHH( b.c,) ‘ =

‘aw( 0.&,) ‘ =

.(5)

T ST BRI B IR S A RN S R b 1 A R R
(1) A AR o34 FEIRT o, OB AT B e . HE Tt
5 DX TR I8 A G A B RN K A3 L X SE X o, R
HAHRSFRIBMT

aun(0.8)<ay(0.e)<a,,(0e) . (6)
73 (6) A ST A6 i BUME YE B Dk [30. 935,
46.214 ] 5 + 32 o H B e 1Y B I B R [3. 535,
72.493];0,, (0, &) M a,, (0, &) 3R WAL IR E
a, (0, &) TELE NS 0 F1 - HE A B B e S Bl 5%
4 1 e /NME R e KA . ORI MATLAB2018
K FH 3 2 R /N AR i Iy AR AL A TR A
TER A5 B AR B o, J5 , R A (5) i 58
NHE e,
2.3.3 EF Dobson TENEERKHE T AR
GIKE

FE S A 3 A R B2 S TN

J AR K E . AFRCR A H RN )2
Dobson > 2855 A LR 3K fif + AR TR & 7K M, %
LAY 38 3 B IR A IR | AR K A | L
Fidh R R S H IR E R R,
A m o ERIA A

er=Ve + Vel +V,er + Ve, , (1)
Hrf e e, 6,8, B EA 498 2550 A KA
GG KB R VLV, Y,V a3 TR I
25300 H KRS B K BT 5 AR, o h i 2
B, 6 i R A S (B 0. 65 B A K S
G B KE IR N LS K Em,, B SN B
AR 1, A2 (7) AT AR A

e =1 +%(8§' - 1)+ mfes —m, , (8)
Horpp =2. 65g/em’ f2& [ & +- 4 BV 3% 1 5 p, HiR
A BIE AT S IR S HCH G,
A3 L e D A R £ 0 A B S A CO TR
BE T R R A B B IE S TR B AR ok
FERF T X B BB Sem TR 1 18 W IR 4 |, 16 £ 4
[Fi) b 550 2% R0 R - 39 28 Y g N s 504k BCH: - 38
MBS EIE, TIHERTEp, 1. 16 gem’ B0 L F L
B SHL 4. 76% , Fh + 7 12 L AFl C HL 30. 63% . )
YR MATLAB2018 44 2. 3. 2 45 3 1y + 84 o
BACA A (8) i, 3K A5 B 5% X b 3% 1 HE AR
TKM,,



5 1] Wr o 4 A% BT 20 A Sentinel—1 SAR Bl 14 Sr i £1 5541 X Ml 2 + K 73 S T 7S 631

2 HRSHE

2.1 TEGEREKEREER
2.1.1 TEEMEKERELERBERIT
FIFH B ARFA B 12 d B9 B[] 2 %71) Sentinel—1A %%
) 7 - 4 K 0 S T A UL R , 25 Alpha 3T
BEAY 5+ e B AR AL 45 21 A 4 A B+ R AR
KR AR (£ 2) . TIRZI(6 H9H)H THEK
B IR] JC A R K, 38 T4, B AR S K &
J 1 45 R ) Fe KAB 5 1 S E AR AL T 08 A B 1 1 $5
K T2 Z1(6 H 21 H) RIS KRB
SREU_ETh S, HHEARFR S K S KA S A
o735 B 000 JE 0] A (L i 0 (E S5 6 H 20 H~21 H
SRR 2 125 mm (1458 [ R 1 7 B A5 T3
B 20 (7 A 3 H)Ri— S TCAT 3K, AR F S K i
KA, R T H 8 H~11 H HR2E A4 [ r i 72 1
B, T4 B 20 (7 H 15 H) AR /K & Rl 2 244K
(8] 7}, 2 WA X a4 A1) = 398 7K 2378 L0 JE 359 9 1 78 4k
SRR KAV o 55 A% o MR [ i 2] £
AR K i RO S5 307 25 (Var) 5 FR#E2E (Stdev)
H AR LR AR, & BLRE # +3EK o & B T, R
S5 LB B o A R B A TR, HAR I i A
A T A Al el DX ) SO 2% SR B Ry

g 2
5120 0.25 E
2100 ﬂzﬁsm
£ 80 <'r\u§ £
g s &3 5
> 60 ToQ
= f1 ££5
=) 40 i g =
m}g 20 | | ‘ {0.05+ §
o gLl L1111 A | ) g
— 6/56/106/156/206/256/30 7/5 7/107/157/20
[ #date
= [ B R
Daily rainfall

= AN 20 = SR B K T 3 4

Mean of volumetric soil moisture at different time
B2 ASTR] S0 AR B K 3 S e 2 SR e 11
Fig. 2 Statistics maps of soil moisture for different acquisi-

tion dates

F2 TEEREKERBERG

2.1.2 TEGREKEREL RS BT

R T UM S AR S X A AR K R
T 25 L () 25 18] 20 A R £ 49 SAR Bl AR BCRs
Z B I X A S R AR Kt Jz 7 & SR E AT X L 4y
B 3) o T2+ 5885k T8 B9 IX 4 iR
B K R AR AR 25 ) o3 A B 3850, e W B iy 28
) S B o T2 B 220 b T 3% 2 H R B A e R Ok AR
T2 B 2] A AR 5 7K B A T 2] 22 I R (1) e
b AA B IX SR A B ALK S K
FHRI 0 23 RRAE AN AR [R] AR A AR X
S KR E TR BE e A S, B TR
WL — B, A A X 398 oK A b T R 22 S
B, S SRS AR BEHLH  fl i , 22 B0 HE AR 5 1)
23 S B PE, 5 30 1 1 R GE TR AR Y R B g [
—F, WA IG5 4 S 6L 1Y /)
A B SRA = BE AR OC , R A Bk b 38 A 5 R ih AR
355 SR AR A AR DX T A S 28 i A AR X 1 4y
AL 25, JR A B DR A A () R B 1 o
KE A, T BUR BB () - K 3 ARk 7 A B R Y
23 [0 22 Sk . T3 I 210 3 T4 I 205 T1 I %) 2 T2 i
ZIAEARL , T3 5% K B B A A W A R [ 22 1 [l 3]
TRt AR HER I 0 23 ) AR AR AR A TR R
) — 2tk
2.2 TEGEREKEREBFERIESRENN
2.2.1 TEGAREKEREBERIE

W9 T 20184F7 H 13 HZE 7 H 15 H I @i
Bl R TAE, B TR X G R —
S, PR TR 2 47 A b 1T RE b UL I 5 5E R 5 T4
A % Sentinel-1 SAR #i AR WL A [F] 24, IF 3L T
TUESCHE X T4 B Z1 1 398 7K o3 B 45 SR AT 1 3k o
4 25 T 438 47 A~ b A sSOULIN R s 5 T4 1) Z)
A e K 43 B AE BRI oA L B KR 255 0. 159
em’em?®, 1% 22 0 0. 026 em’/em’, 3 7 AR 1R 22
RMSE 4 0. 059 em’/em®, R} 0. 789, B8 iF 45 S & 11
T4 B 21 A 587K o o e 235 2R 55 b TT A S5 K o L) £

Table 2 Statistics of soil moisture for different acquisition dates
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T2 0.051 0. 638 0.237 0.014 0.116
T3 0.035 0. 361 0.152 0. 006 0.076
T4 0.039 0.451 0. 189 0. 008 0.091
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