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AWEFAEALGECIEHR B IS 37K 7315 B U
PESE AR IRZL AN BE (b)) R R I L 1S 6 5
I+ K 3 ROR

TG ErE A I K itk 2 b TR
— (R X B 5 X ] W A R B
5L A 9% T 5245 31 (temperature vegetation dryness
index, TVDI) | 3 B T 5 45 X ( perpendicular dryness
index , PDI) £ 5 —fk T 5 W5 M 45 24 ( normalized per-
pendicular drought index , NPDI)3 FjF 524540 GEAR
TR A ) £ 2 R A AT W5 S e S
B 4 Fh % G w4 BOTAE LAY EIm A L0 oM i
Bt Aot R R e e B Hmx 2R+ 5
REA 7 T XSS A ) DX AR ME S, PRt A 5
PEE 3 AP A (I AR H A B AR BRI T R AR 40 9
TEFRBOT IMAIRELL IR B (b, ) #EATEGHE , A
Sy e T 5 T DX VR L K 3 e
S AR B s 1

25 R AT A & B A BEAEIX X
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Fig.1 Location of the study area and

distribution of sampling points
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32 LT 20% 19 2 55214, DL ENVIS. 3 &
58 BUAR ST E bR KA IE RIS i B0 B s 535
TIAL B I A2, [A] B5F 2% FH 32 457 ] &= ML ( support vector
machines , SVM ) 73 2 fif 8 BOE QM 5 2 HUE
FAGEC R (30 m) 3 i i BECHE 25 (8] = Chup: 7/
www. gscloud. en/) T2, 3 L) ArcGIS10. 7 A 34T
T B 3L 3T R B T i R AR R (digital elevation model,
DEM) Bl f IS 72
1.3 TEMHMRXESERNSN

T-2019 426 J1 15 HR4E 160 4~ 0 ~20 cm 11y
RZTIEFEN JFEAC R MG EF L.
R A A5 DX S it 5 38 AR 9 7 55 IR 00, W g 6O )
1K 110 km 1) S215 45 20 AT 20 AR FE #B
S RERAERETT (1 (a) BrR) , 2R T7 19 B
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R AR ZE TR AR AIAEIY TR R, T
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A SERR BT o K B R IR B AT
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2.1 SRS

ARBIFE 1 - H B R KR T 595 2
T E AR £ K53 R S 8 ) 4421 41 Bt
(bio) HETTHCHE, 3K 435 T 0 4 3
I BO B S5 (bare soil index, BST) B+

544 (clay index, CI) kM2 £h35 %% ( carbonated index,
Cal) | HL{EA #% 45 %% (ratio vegetation index, RVI) | I
— Ak 25 {H A #% 45 %0 ( normalized difference vegetation
index, NDVI) | 2% {H # # 45 2 ( difference vegetation
index, DVI) | IH—4k 22 {H /K 1435 %% ( normalized differ-
ence water index, NDWI)  PDI 14 BRAE #% 7K 4345 44
( global vegetation moisture index, GVMI) , 315 /% =
WEI1,

F1 FHEGEMUGHLEEIREITEAR
Tab.1 Commonly used conventional and improved spectral indices and their calculation formulae
RGO EL E5ARY SCHRAC R el e Il AN
(b4 +b6) — (b5 +B2) . " (b4 +b6) — (b5 +b2) + b10
BSI (b4 +06) + (b5 +02) T Polykretis % (2020) EBSI (b4 +06) + (b5 +62) + 510 7
b6 b6 + b10
- [13]
CI % Hengl (2009 ) ECI AT
b4 o b4 + b10
Cal 3 Boellinger 2£(2008) 14! ECal 03 1010
b5 5 b5 + b10
Rl . [15] oL rery
RVI b4 Jordan (1969) ERVI b4+ b10
b5 - b4 ] b5 = b4 + b10
/ ey [16] e S
NDVI b5+ ba Rouse % (1973) ENDVI 5 + b4 + 510
DVI b5 — b4 Tucker (1979) 'V EDVI b5 — b4 + b10
b3 - b5 b3 = b5 + b10
7 . [18] 7 —_—
NDWI 03 155 McFeeters(1996) ENDWI D3+ b5 + 510
1 1
PDI (=== (M + M b5) B0 (2018) 10 EPDI ( ) (b4 + M bS + b10)
M +1 M +1
CVMI (b5 +0.1) — (b6 +0.02) A (2012) (1 EOVMI (b5 +0.1) — (b6 +0.02) + 510

(b5 +0.1) + (b6 +0.02)

(b5 +0.1) + (66 +0.02) +b10

O=: by ,by .04 b5, b6 b7 531K Landsat8 OGH B SOGIEBL LOGI B GELLAME B LA | RIS 2 WG R ME s M g

A 25 [ - AR 132 (0.964 9)
2.2 HREERKEFSH
M F 45 OGS TR Sk m B = B A AR SCHE T, AT
o 7B R O AR 5 8 A R T T
brArmm 2 E AL v, R 1 AKTHREL OISR
FUIMASRLT SN B (b, ) RS G 1S5 %, 161 70 B
PP GIE SRR AR OGP s Hak, A (D) RO
FERRIE) 22 I Bk L VIF, F45F7 T T 453 1] A8 B )
ZHE AN, B 2 VIF =10, 61548 Fa e ™ 5
JELRE; Y VIF <10, RAEAE LTI RS
Kotk g 2 HG 2 3 4 1 19 it DU e B et F A S
WE PTG AE BRSO ROk L R -, VIF
HEARXN:
VIF = 1/(1 =¢) ,

U r NI R RUR AR G R R
2.3 RiE&RBNE
PRI T AR A AR 0 K R e ]

(1)

(X 4 160 > - A it 1 & 7K S B O
ANBIRHERY 28802 1 Lo B ) 36 B 107 M EAS A
AR 53 MAEAAE N BN A, LA IR B 0 0
TRECH BN 7, 45 & 1P Bl , i@ i The Un-
scrambler X 10.5 Fl R #4535 44) 1 22 Jo 4 M [l )
( multivariable linear regression, MLR ) 1 [ #1 #§
(random forest, RF) ZZ AR Iz 78 + 387K 57

MLR A Y38 o 28 %00 B fife 20 it e ) b7 P 722
AR s O TEIEZ A @51
HA IR R A TTER AR . RF BBLE — R w0 i Hl
A 2 R LIRS e v (R B b e k™ 1
530 OUIZERNE R QBEYURFEILE; GHRK
IR, DRSS BIAIL AT, ELBT Y
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R TN ) S-S5 R AR e A T 5
2.4 HEEVREEEM

SRS RO B FNASE M R U e R R X
iR RMSE FIAHXH 34 iR 22 RPD JE470EA, H:
Hh R R S5 P00 180 A 4004 AR, AR OK,
FH S 5 0 B B i, X RPD T L Y
RPD <1.5, IR HAHIEE ST 24 1.5<RPD <2.0,
VAR B H BRI A T30 24 2. 0<SRPD <2.5, 1
WSRO B ) 35075 24 2. 5<RPD <3.0, i IR
TIRBRORG B U, >4 RPD =3. 0, 136 I A5 750 15101 fi
DAL R R AR o= /A= S

n

3 (3 -9
= (2)
, (3)
SD
RPD = 7RMSE , (4)

o 5 ORI 5 ¥, o S 4 Bk 4T
P 5y R KA SZIAE 5 n WREAKRL; SD Ky
bR

3 HRGHM

3.1 TEEMSITERER

FERZS G B e X K R A 33
Tl J& P, X 160 A~ 3R 2 4 e ke i Sl @ MR (E A T 41
T AR 2, B2 AT, LEK S A
pH (B ) 2118 43 9 &y 21. 58% ,24. 01 dS -m™' Fll
8.16, M 224354 39.99% ,78.53 dS-m ™" F1 1. 8,5
WK R 44.10,113. 64 F1 0. 18, Hirdr, brifE =
FIARE R ) o AR B, SR 9 X - 37K F e
BARRBE R, SR AT AR AR S RO Bk
BAER s EoaS, —FH A5 RECHE 23 (4.57% ) >
138K 453(30.74% ) > pH {H (5. 12% ) , F W] 135K
Ay HL P ARAS S 2 5] K 4 A

x2 TEHEAEMSERREST
Tab.2 Descriptive statistics of the base

characteristics of soil samples

THRYE PE BONE BUME PR SRR %
+HEK Iy % 21.58 44.29 4.30  44.10 30.74
HSo%/(dS\m ™) 24.01 79.60 1.07 113.64 44.57
pH i 8.16 9.17 7.37  0.18 5.12

HL R A SRR i P R Dy . (D HE b |
TR AR R B S X AR AT QAT H
SRARAP X LR K IR AN TR &
3.2 BIRETFIFIE
3.2.1 RaEsmBAmk o
3% 3 WAL G FR BRI S H S - K
SRR R W E R IR AR
FT3I RITIEHEXRESH

Tab.3 Analysis of spectral index correlation coefficients

REOLIHREL MR BBl HIXRK
BSI -0.51**® EBSI -0.55**
cl 0.70**  ECI 0.73**
Cal -0.37**  ECal -0.48**
RVI 0.40**  ERVI 0.38"*
NDVI 0.44**  ENDVI 0.50**
DVI 0.31**  EDVI 0.28**
NDWI -0.23**  ENDWI -0.07

PDI -0.41**  EPDI -0.43%*
GVMI 0.42**  EGVMI 0.41**

@ * S P <0.01 7KF T B A0, BEARE n y 160,

Wk 22 3 A, GRS %L BSI, CI, Cal, NDVI I
PDLZEMAFRELANEBL (b, ) B G  AHE R TT T
0.02 ~0. 11, H b, ECI 14036 R ¥ i 55, M 0. 73,
ECal #H¢ R A% TR B2 B K, o 0. 11, R A A
LN B (b)) REA AL 3R DL FAE SRS TR 8 S
K 43 (] B AH G, 3R] T4 s LK 43 A2 4k
T RVI,DVI,NDWI £1 GVMI 233t )5 (R FH 56 R80T B
T0.01 ~0. 16, Hrf ENDWI #26 ZE% R - 0. 07,
5 LKAy J6 2 A0 OC, U Bl 5| A AL A1 B f%
I 7 I SRR A K 3R] £ i 1 AR PR T sk
i % ERVI, EDVI, ENDWI fil EGVMI 318 [y /E
HAFE i e L K Ay 8 B AR R R . R E R
T, R MG S A R T O RS R R A s B AR
FRAR R AN 1 35 1 PR R A, ) EBST,
ECI, ECal, ENDVI, EPDI, RVI, DVI, NDWI, GVMI;
A, e UL BG4S £ BSI, CT il Cal 55 9 A4~ -+
oy AR TR R A 5K FE X L o
3.2.2 By ZBIKEF o4

A S 20 ik AR R -, LA VIF K 30 A% e
MR RN T 2 AL S R LR 4—5. |
F 4 "] H0, AR G AOGTE£E %0 DVI, RVI I NDVI [H]
VIF 43504 11. 48 ,16. 10 F1 10. 51, ¥k F 10, 46
FRER/NKZRZMIR A NDVI > RVI > DV, A %63
FeE VIF £/ T 10, PR AR B8 O35 45 % BSIL CI,
Cal ,NDVI, PDI, GVM F1 NDWI 4 J 1% 4 gl 455 I+,
325 /%1, DVI 5 RVI [a] VIF 4 11.48 , 4% 56
TEEEC VIF YN T 10, IR I, 36 OGS 5 3k EBSI,
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ECI,ECal, ENDVI, EPDI, GVMI, RVI £ NDWI > it PR T
x4 EEIEERE T ERKET
Tab.4 Expansion factors for variance between conventional — type spectral indices
¥ BSI Cal ClI NDVI PDI DVI GVMI RVI NDWI
BSI —
Cal 1.71 —
CI 2.40 1.17 —
NDVI 1.67 1.01 3.54 —
PDI 1.00 1.04 1.25 1.12 —
DVI 1.59 1.01 2.28 16.10 1.02 —
GVMI 2.02 1.00 1.93 2.12 1.09 1.82 —
RVI 2.59 1.20 4.86 10.51 1.05 11.48 1.74 —
NDWI 1.07 1.19 1.54 4.09 1.20 3.32 1.94 1.84 —
xRS HHRIEIERE A ERKE T
Tab.5 Extended inter — spectral index variance expansion factors
K+ EBSI ECal ECI ENDVI EPDI DVI GVMI RVI NDWI
EBSI —
ECal 1.87 —
ECI 2.98 1.43 —
ENDVI 1.48 1.03 3. 14 —
EPDI 1.01 1.00 1.17 1.64 —
DVI 1.56 1.03 2.53 3.53 1.03 —
GVMI 2.30 1.00 1.82 1.96 1.11 1.82 —
RVI 2.62 1.33 5.77 3.93 1.06 11.48 1.74 —
NDWI 1.10 1.09 1.49 4.04 1.22 3.32 1.94 1.84 —

3.3 RIEERBIEEIIE

6 MM MLR FIdEZE M RF J7 ik i) g )
T 5 3 X T A K 43 G Ak £ A IR TR AR
1326 AT, MLR — I 1 RF — I # g i g2 1y R 4%
w1 0.64 F1 0. 88, T 4E R> 4 0.59 F10. 86, RPD
7 1.48 F12. 63, K1 L&, 25 MLR — 11 #1 RF - 1T
PRI REAE () R 0.75 F10.92, /0 Hil#2 71 T 0. 11
F0.04; [fii WM 4 R*F1 RPD 43 Hl#2F+ T 0. 12,
0.05 F10.35,0.49; &4t RPD #5k5, MLR — 1 #7
WA TN AE 7, RF — T BE7Y GE LA M 7] -+ 458K 47
MiekEfG MLR — 1T A5 GERE I b 0] + 196 7K 43, RF -
TT BRI AE (T 387K 2 5 2588 b 2 W] i ke
AR - 3K 23 T SR A AR AL G

o6 ZUEMIEZXERFEABERIE
Tab.6 Linear and non - linear inversion

model accuracy validation

TN A TR
BT > 5

R RMSE R RMSE ~ RPD
19 0.64 3.99 0.59 4.53 1.48

MLR
I 0.75 3.30 0.71 3.67 1.83
RF I 0.88 2.43 0.86 2.48 2.63
I 0.92 1.69 0.91 2.61 3.12

O T FAEBOEREEG TR
FET G G MR AE e PR A 38 2 A 46 A )
K BE AR AL, DA S v 338 /K o0 S ) e U A
Hof MLR - 11 @441 R0 0,75, BUAE (1 R* A
0.71,RPD “};1.83; 1iif RF =11 HtA 414 R4 0.92,

MR R* 4 0.91,RDP &3k 3. 12 ,RF - 11 &-45%5
YIPET MLR — T BR3¢ B 3 2 45 20 3 IS 25 A+
L 2 P A TR A0 B A A R B ey
3.4 LTEKSZTEDHREFLE

AP RGE G MLR - 11 A AU AT RF - 11 48
FUTHUIN FE0E 1 K oy i, IEE AT [ A, AR T
LAY ARUE Y A 1 (b) 1R K 4325 18] 43 A
o @ E 2 A, 3K a3 8] A a3 S B —

(a) MLR- 1T

(b) RF-1

K%

-[0,5) |:|[5,12) |:|[12,15) -[15,20) -[20,40)
B2 +EKkSZESREFE

Fig.2 Spatial distribution characteristics of soil moisture
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Fig.3 Area of soil water content distribution under different models
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Remote sensing inversion of desert soil moisture
based on improved spectral indices

GAO Qi'?*, WANG Yuzhen', FENG Chunhui', MA Zigiang’, LIU Weiyang', PENG Jie', JI Yanzhen
(1. College of Plant Sciences, Tarim University, Alar 843300, China; 2. Prefecture Geological and Environmental Monitoring
Station, Changji 831100, China; 3. Institute of Remote Sensing and Geographic Information System,

School of Earth and Space Sciences, Peking University, Beijing 100000, China)

Abstract: Soil moisture is an important indicator affecting dynamic climate changes, vegetation ecological
recovery, and land desertification control in arid regions. Using Landsat8 OLL/TIRS multispectral remote sensing
images, this study determined the optimal speciral indices by introducing thermal infrared (b10) band to improve
nine traditional spectral indices and through significance tests and multiple covariance tests. Then, with the
improved spectral indices as the modeling factors and based on the terrain data, this study constructed multispectral
comprehensive inversion models of desert soil moisture using the multivariate linear regression (MLR) and random
forest ( RF) algorithms. Finally, the spatial distribution characteristics of soil moisture and their driving factors
were analyzed using the optimal model. The results are as follows: (I) The correlation coefficients of the improved
spectral indices EBSI, ECI, ECal, ENDVI, and EPDI increased by 0.02 ~0. 11; (2) For the prediction datasets of
linear and non — linear models, their R” increased by 0. 12 and 0. 05, respectively and their RPD values increased
by 0.35 and 0.49, respectively after the spectral indices were improved. Moreover, the RPD value of model RF -
IT was up to 3.12, and thus this model can accurately predict soil moisture. (3) The accuracy of the non — linear
models was significantly higher than that of the linear models. The R* of the prediction datasets of MLR — based
linear models was only 0.59 and 0.71, while that of the RF — based non — linear models reached 0. 86 and 0.91.
@) The distribution of soil moisture was influenced by both natural and artificial factors. The soil moisture content is
[0,5)% and [5, 12)% in the northeastern desert and shows cross — distribution in the southern farmland. Soil
moisture is difficult to evaporate in the northern and central desert — oasis transition zones due to inhibiting factors
such as the vegetation coverage and surface salt crust, with the content of [ 15, 20)% and [20, 40) % mostly.

Keywords; improved spectral index; satellite remote sensing; soil moisture; desert soils; southern Xinjiang arid

zone
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