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Abstract

Soil moisture (SM) plays an important role in agricultural production, atmospheric science and
environmental monitoring. In order to overcome the influence of vegetation coverage on SM de-
tection, many drought index models based on Normalized Difference Vegetation Index (NDVI)
have been proposed. However, NDVI is prone to saturation in the medium-high vegetation cover
area, which may reduce the inversion accuracy of SM. In order to give full play to the advantage of
GF4’s high spatio-temporal resolution, the SM inversion model of Guiyang City (hereinafter re-
ferred to as MLR_W) was established by multiple linear regression with GF4’s red spectral reflec-
tance (Rr.q), near infrared spectral reflectance (R,ir) and Wide Range Dynamic Vegetation Index
(WRDVI) as explanatory variables and the measured SM value as dependent variable. The MLR_W
model is combined with a unitary linear regression model based on Perpendicular Drought Index
(PDI), Modified Perpendicular Drought Index (MPDI) and Vegetation Adjusted Perpendicular
Drought Index (VAPDI) (hereinafter referred to as SM_P, SM_M and SM_V models respectively).
The experimental results show that MLR_W has a higher model fitting accuracy than SM_P, SM_M,
SM_V and MLR_N, and the mean absolute error (MAE) and root mean square error (RMSE) of the
model are 5.05% and 6.38%, respectively. The prediction accuracy of MLR_W model SM is higher
than that of the other three models except SM_M. MAE and RMSE of SM inversion are 5.17% and
6.29%, respectively. But due to MLR_The W model does not need to determine the soil line, which
is more SM_M is easier to implement.
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1. 518

+3387K 53 (soil moisture, SM)Z/K LR EERE S &, fERHUIK. REEFBRIEIN Z AL R e s =
BAER, BHIFEKCRR KRR AR g #R (1] fEAM RS A, 33K AR ED A K
KRB WA A, R R AP Sl A 2 M DG S 8, DRI A SR 3 B B A B L
[2] [3]. ARGuit s i e P B AR P v, (HAZ bR 78 5 (AR B o R AR 38 o ) 56 = ) o M 1)
SO, IR AR N A A RO B ARERYE[4]. AR TR F PSR S i S R I
PARECo L &y NS o STV € SN (197 7% NN NSEA &= NI =10 2 22 SN 7 S B 7 T P e e 7 W=t ) B S
SRR R RO B TR A O, AR H AT A S BB R T M [6] [7].

I AT WACFNIT LT AN BAEAS Rl R 78 55 N SO 2R A 1 22 e 1k, I3 — i i FE E(normalized  differ-
ence vegetation index, NDVI). 2% T ¥ Bt 3 55 A% 4% 45 24 (two-band enhanced vegetation index, EVI12) [8]-
i T H5 8 (perpendicular drought index, PDI) [9]. #&1E & E T 75 %(modified perpendicular drought index,
MPDI) [10]. &% if % 2 B T 515 £k (vegetation adjusted perpendicular drought index, VAPDI) [11]%5 131
FEFRBOR AL S Ja e th o R T IXSeFR B A, = F A 13T 7 R E R B B SR IT 7T . 5k H S [12] R H
NDVI 1 EVI 45 EORR M AL X R 2, R 38 5 3 32 [A) 25 S U o R R SR 2 5 2R 55 [13]
DL AR E X O FE X 3, B6HIE T PDI AR Y 7E VR X MR I 3R vl AT 0 o[ 14 S E N S
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TR ORI, T T 55 AR, MPDI AT PDI AR B T R SM IS B, R
A AE[LLVEERT PDI EAR FHRE B 72 75 DX e RS BE A ) o) i, B M0 T — P& TAEAR A 25 1 SM AR A
B E T RIRE, IR T VAPDI AR &R HARE A DX U K A i@ PR . SRR, DL R AR A
Bt BARI B ST 7 e IS T 30 BN B2 o (EFR BB 7Y 15 2 B T AN [R) B BRAE AN IR M R P58 1) S o4
RRPEMAE Y, BRESR B ARGRIEBY AN, B2 2w LRk, SehrifERON M. ok,
EHE EEE S T, NDVI 25 KA, SECTARRIR b S WU B AR KOV, AT AT RERE IR SM
(1 SIERE P o BILAS 5% ) J7 R Re 8 R LRk T4 1R A B SR N E ORI, — @ FR A b mT AT IR bk 1] 4,
MBI AR [15]. SCHEFENL16]. FEHLARAR[17]25 C 4 R Th S T 38K 2y Jist, (HIiX L %2
IR T B R R AR, X /INEEA S B () A S DAEAT:

VE R E S — P ER R HUE R TR, J0 U5 TR (GF4A) B 2% i [] 4 3 S e vy 22 1) 43 HE R 1)
A, CUThE T ARk o i I[18] . K 5 S5 MEIN[19] /K MAHEER [20)F0 < e el [21] %, (HHAE £
BRI FE SO T T B SN S 4R o 2RIk B EA —Fh T BB 2 ) SRk, B TR s, 5 T30l
T AR e R D s . TR, TSR E GF4 BRI W I &8 70 A0 7 IR Fig B 720 i sl 0 43 2
Hff e PRME AR A, AR SC LA GFA 2 FIUT 41 A BE L3R S 3 %6, DA R FR T Y6 AT 40 A il B b 38 s i % it
A3 B 1 T8 V0 Bl sh A B (WRDVI) R AR i, DL 3338 B Sl (i o B AR E (R AR &), ML T GF4
() - 48 B 22 Je R Mk [l VA FOI AR 2R (R AR MLR_W B2Y), F%F MLR_W. SM_P. SM_M. SM_V #I MLR_N
(RS0 K FE AN SM S JB0RG FE AT T S50 L 23

2. TREXBASHRERE
2.1 MREHSR

SR Hb A 2= o 5 BRSOl R B R (B A XA B L 1), KIS R KRy, AT RS
106°07'~107°17', 4tk 26°11'~26°55'2 [, #EX Ja G B4 E . BCEMIFHE 3 E ., JHETTA A,
M. EE. B4, B, Wl 6 ANX . StRHMhEA TR s RAUE, W EELE 1100 KA L, HEHEZ
PR S, 8 TG IR IR AN B S, AT RUR N 15.3°C, ik mr i Dy 35.1°C, AR
MRIEEN-7.3°C, EFHMAHEE N 77%, FPERFKEN 11295 =K. Bh4h, SHRHAZ =7 i 0 ™
#H, HHELz “EEH” B, RS IR RN L Z s R AR .
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Figure 1. Location of study area and distribution of soil moisture monitoring stations
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2.2. WHEIR

2.2.1. TEKy

wE 1 pR, SRHATEEX AR 8 MR EIEK S BRI, AR ST IX 3 4y, JEET 1A,
BEE . FFHEMESCES 14 IRIEREAZ 2 m o, fmikt 2016 4F 5 H~2021 4F 11 A
3£ 80 AN SM WLIIAE . S56: % F 1 38K 20 By 0~10 om IR JZ S KE, Hdh 60 AN TR R 2,
KRS HEB 20 AN T RE RPN

2.2.2. BEHUE

WK GF4 At 2 il (PMI) R IR (FHOCHE AR TR AR 22 1 FTzR) 50 m 2% 8] 23 HE 2 (118 B2 B E N
BT, 72 LA (R AR SR IR i) TIFF #% U, R B BONAOGE B I 204N B, AH S E s
AT A 9 PR N H R #(https://data.cresda.cn/) . SN T IR KA 2 JE N SE B 45 BN T, s
B = J= 5N T 10%00) 70 8, G st 1) 9. 2016 4 5 H~2021 4F 11 H, 3£ 10 5t.

Table 1. Technical specifications of GF-4
= 1. GF-4 Y& AR

BB B Tk By (um) 28] 53 F2E (m) e 5 (k) 5 E(S)

b1 0.45~0.90
b2 0.45~0.52

] WAL LLAMVNIR) b3 0.52~0.60 50

400 20

b4 0.63~0.69
b5 0.76~0.90

R AN (MIR) b6 3.5~4.1 400

GF4 P TR AR AL B AL FE A0 AR An . KR IE IESHRIE . G RCHER BUR TS, &
KARBPEIE R . EA, W E B TR N ORI o e AR S 8, TR e AR ok, R
FH ENVI ] FLAASH Atmospheric Correction 1.5 5¢ i K SAZ IE ; 28 J5 ) H 30 2K DEM %4 (ki) A1 Landsat
8 30 K Z IS AR BT IE S 1 LA B FE#E, 30 2K DEM ##i F1 Landsat 8 30 K 2 il s 35 Y T Hh 22
25 A 5045 2= (http://www.gscloud.cn/) .

3. MRFGERBERNIERR
3.1 BEETRER

e A, IR LD (red) B BOAIEZL A (near infrared, nin) iR BL) GG SO R 2k &, Btk
A HORI B AR 2 A IELE, WRRN:

Rnir =M Rred +1 (1)
A M IR | LIRS IR R 1 R 5 HUAELT AR B2 B

e

52 F ARGy S B KA AN SRR S RS, R B AR K Oy (KGN S TR, XA LR AR
LLANB BRI W o 2T 20060 BONT 21 AN B A i 330K 73 AR ARRFAE, Ghulam 25 [9] 52 H
T FEEE T R AR R(PD)B
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Rred +M- Rnir

VM2 +1

PDI = 2

32. BIEBEETEEH
oS ZH LRI 5. =R BRI RS, JFom UGG Mk S,

LLO BRI FB) , T LL AN B S 3wy, 28R PDI HREUR 5 FEAE AL ISR . Dy, Ghulam %5[10]
o S RE A 5 RN, ST T B IE SR ELT R 454 MPDI.

Reg +M - Rnir - fv (Rv,red +M- Rv,nir)

(1-f,)V1+M?

(s R, AR, oy 5B HE L JE R £ M B S 2, BT e T 2 A 2T S
AGELLANRAS A, f, kg S, HAt A U0N[10]:

0.6175
¢ _1_[ NDVI-NDVI,
"7 [ NDVI, - NDVI,

red

MPDI =

©)

(4)

X(@): NDVI, F1 NDVIg 73 52 R0 78 X b Ak g NDVI . NDVI, Fil NDVIg 43 5 BUBF 7 [X o
NDVI {5 KA F 5 /ME . NDVI ks fe %, HitE AR N

R,; =R

NDV| = i — red (5)

Rnir + Rred
3.3 EHAEEETRIEN

IR NR A B G R R R R, SR KO I R RS . RARTRAE[LL]7E PDI 3R
BN AL A o5 FE () B A A 45 % (perpendicular vegetation index, PVI), 4k T iE A4 78 o
T (¥R 8 R LT R 4R 4 VAPDIL.

[PDI(A)—PDI(X)|PDI(A)
PVI(A)-PVI(X)

VAPDI(X) =PDI(A) Q)

K (6)F: PDI(A). PVI(A)7513R PVI B KB A1 A XA PDLL PVIEF%, Hd PVI R AR
Ry =M Ry — 1]

JM?Z 41
H R AXTE L, SM_P. SM_M Al SM_V BRI MR S BONE %, HAEFTEE e b I
B M FEEE |, T M A FRER ISR — N BB AR, IX AR I Fe B A s 3K R 4 .
3.4. FEIEERISEBIEH

RS ERM R BN, IR AN B S RANN E A, MAEH B ST R AW R %, S8 NDVI &
MR A . Gitelson [22]45385d 51 AL Z %L a (0 < a < 1)U/ Ruir A1 Reeg B NDVI STERIZE R, 1R T
—Fh LSS BAEEUWDRVI). @ IEEAAVER, (FH5 NDVI AHEH B, WDRVI Gefs X /E) LR
FIPNFERFAE EAT B R ] FERRALE .

PVI =1 ©)

WDRV] = 2Ruir ~Reg ©)
a'Rnir + Rred

MR 7T XA 4 78 W 0L, A SC a HUE 4 0.15 [22].
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3.5. FLRMEE)

HT IR AT, R K R 45 7 ot JEE R e A 2 I BOMUIE 2L AN B iR s S 2, TR g 4k
TR SRR R R, AR SCEAR LZDG B BUR S 3 . IR ZLAM B B S RATRE  4E B (ND VI
WRDVI) 1225, LSl SM OyPAg &, RHAIZ o thml A U7 a3k 7y R ity RS o
wrs

SM=aR_, +bR,, +Cc-VI+d 9)

X(@)H: a. by ¢ d EINFRFEREL AR/ ARG LR SM O ORISR, VIOV
2 T B SR AN 592 WOCHR[23], BRARAS RS IR

3.6. HEEITMIEHR

AT AT M VP R M B RURE 2, SR 1877 A% 22 (RMSE) « P13 480152 25 (MAE) T P e S 8(R?)
3 MRARR PR ARG L. Horh, MAE REARLF (KR IZ MMM S22 A 0, R? SRAE R AR B8 1) 43540 5 ek
H AR LLG], RMSE ZRom DL fh 25 SOSCEL I O, B fabn ik AR T

(10)

(11)

(12)

A, n NEARRE, My SHAEE Y KHIEEINEE) - FE, Ay ALK SM.
4, T3RKG ROBIERIBOEEIL
41, TS EHBE

RIS AR ITVE I A PR W MITEM B sh L [24]. A M2 E ENVIS.3 difcii 42k
EHEIE HAlF 50T, FRPE Nir-Red —4Bailh a1l & HIBLR: A 3hERIEIT B IE M X Rk
H 2RI 3R S50 ARSCHUR F H SRR R Lk, AR PR~ : © FIF 588 4l 4 26 71
AEFR S 1) GF4 AR HZKAR I 73 HEAT HEE AR . @ £ ENVI5.3 [¥) Scatter Plot TR, #5141 Band4
YENREAARR . Band 1E N AL PR L il —4E-F T S El, {84 ROI(region of interest) T 5 B /045 T8 R
T FIHOSIRECH R . T IEBGZ B BOCEL 2, KRR T TR A L8 s (B AR BT R R B /N AL
FRELI R0 IR, PRLIHCKS B R Band4 3 2 (1 f KB 5 S /IME I ZE (B 2324 100 41, K- P (E e v A&,
R EE4L Bandd Xt AN BandS ST ERAE, ALRRMIAG 3 A . o BT DARE AR bR L X E] T R )
0%~50%, 0~75%, 0%~100%, 25%~75%, 25%~100%, 50%~100% A [X ] ¥ 515 1358 55 4 AR 52 280,
XoF R G T 48 R AT HE— D 0 i, U OC R AR R N B AR AL BR X 0], 49 BB 24 ) 3% R8s s
K /N3 D7 R R AT 43 3 LR LR 2 (1 2).

HI[E 2 ATUAE HY, HRZRRI 0N 0.9392, LiEkE N 0.0648; v A% R® A 0.9602, i ML ik Bl
T LT AN B S S R AE — 42 () v (R AR S PR 5
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Figure 2. Automatic algorithm extraction of soil line fitting results

2. BHEERMTIRE

4.2. IR/Ky RIRERAESL

421 ETFTLHRTRERH SM =R

BT AL HE 5 IR SRR B, U TE X 8 AN 398K 7 Wi I3t X A7 B Ak 1) S5 55 %6 Reeq FH Riips 3744
Rreas Rnirs HEZRER MO | 205AAA ()30, ) A7), KIS FII ) #5346 s 4L f) PDI. MPDI Al
VAPDI f&. LA 60 4 SM YEMME NIEAS &, LI SM W [AIht FL ] [H)25 %) PDI. MPDI AT VAPDI Afi#fk
A, BT — oAk R AR AR S T B R SM TR, & He O RIS ] 3 FIEE 2 Fs.

067 o *° 0696~ ® * 061 o °
~ . ™ ) o o
Sdeee o, ey
cans e . R v
0.4{ 0% e o 0. 4 o Voot 0. 41 ot L,
= e © };..\\‘ . - o o \\.{° . = o %, ®e o
5 . A i e S 7 * e
o« . P N \:.\\. .
0.2 ~ 0.2 0.2 ~
SM=-2.9785*PDI+0.9407 ¢ SM=-1.6298*MPDI+0.6180 . SM——1.9118*VAPDI+0.5704'.
oo R’=0.5739 ¢ o R’=0.6441 * oo R’=0.6821 *
’ 0.15 0.20 0.25 0.00 005 010 015 0.20 0.25000 005 010 0.15  0.20
PDI MPDI VAPDI
Figure 3. Fitting effect of drought index model
E 3. FREREENAER
Table 2. Model equation and modeling accuracy statistics
F 2 REFBEREEREEST
| JiFE P R MAE(%) RMSE(%)
SM_P SM =-2.9785- PDI + 0.9407 0 0.574 5.79 7.38
SM_M SM =-1.6298- MPDI + 0.6180 0 0.644 5.30 6.75
SM_V SM =-1.9118- VAPDI + 0.5704 0 0.682 5.15 6.38
MLR_N SM=-2.6159-R, —1.2245-R, +0.2284- NDVI+0.7727 0 0.675 5.09 6.45
MLR_W SM =1.4200-R,, —1.9667 -R,;, +0.6290 - WRDVI +1.2065 0 0.681 5.05 6.38
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42.2. BEF&mxeMEEYIR MLR_N F1 MLR_W 3!

N SR AR O g R M A AR FR B B AR R IE, 2 onME A EEERA S SM [FlbE
ST E2D ) Reeg Ry MR BEFEEI(NDVI. WRDVI) N H A&, LLAHIE 60 4~ SM IRIIME AR &, 5
To /N FeE Sy BT SM R (MLR_N A1 MLR_W), 81 53 7 F1 &R0 S 5 I 42 2 Fiis

SiaE 3L 2 /LA, FT GF-4 REEGZA45 211 PDI. MPDI. VAPDI 3 Fifa%i s 357K 73 Sl
¥R RZEHHMSE, SM_P. SM_M. SM_V. MLR_N Al MLR_W 37K /40L& 5 SR ] () P 2 2R3
R?/3%I°4 0.574. 0.644. 0.682. 0.675 £i10.681, #il PDI 5 SM AHE5FRFEAIE, ML MR i P As B A
SM [H ¥R BN TRMISS; 2 MAE 20514 5.79%. 5.30%. 5.15%. 5.09%. 5.05%, RMSE 7}%l% 7.38%.
6.75%. 6.38%. 6.45%. 6.38%. HE—ZHHk, SM_M. SM_V. MLR_N #1 MLR_W L& 3R Fn
K BB AR T SM_P, 3X 2K NTE Nir-Red 4 il FRIEAS [, SAZT01 SO 6 il - R 258 5
HSLRI e, SM_P KA AR K A 3 78 50t 3RS B, BRI TeE e 4 I i HE 3R 2 4K A 1
SRR [FR, BT 2 onME R MLR_W AR T MLR_N R Aok B, FLikk o 1 A i Aiope
ORI LT R R R R, (e BOK o SO 7 S BAE R sk, 7ERZEMKT 001 F, F RS
5 PEYEI/NT 0.01, BEHIA R FREE iR 2, BV R ARREAR oot R AR B R L B R R

5 MERERS R

PAARZ 5 H B Reas Ry NDVIL PDIL MPDI il VAPDI 43 5l {F g % B8 (¥4 N AR &, LAk FL
WD) SMOIRINE NS B, RT3 4RI T AR ZE VRS BE PRI AR AR, o 28 ) FL N f
JEEATVROY, 5745 3 JURMIRG ST 4

Table 3. Model prediction results
2 3. BT R

iR MAE (%) RMSE (%)
SM_P 6.11 7.46
SM_M 4.66 5.96
SM_V 5.35 6.95
MLR_N 5.29 6.39
MLR_W 5.17 6.29

He 3 TN, TR FE s BUR BN SM_M > MLR_W > MLR_N > SM_V > SM_P, J5i[X a]fig
FAEGHE St e, DGR LA N BR84S P AR BU R B2, G PR R 2T B
A BRI I L AN B BRI SO, (EJ& SM_P R EIZ0E T iX—5m. 52, SM_P fif
B FENE S TR BRI . £ 1, B1ER SM_M AL, 2 PVIZIER SM_V FAIAI5] N NDVI
FTWRDVI f#] MLR_N FI MLR_W Bi%Y, 2% & 7 g S s, Kms 7R miissE. &1+
B BRAREU0Y SM_M BIEL MLR_W BRI TS FEBE 5y, 3% 1H) MAE #ll RMSE ZE{E 4374 0.51%71
0.33%, fH MLR_W B H i€ LIRLSH, P 5 T 90, Ak, MLR_W BRI MLR_N A —
HUGE T KSR, UEBHRH WDRVI 1] — & F2 1 L 5a ik NDVI 76 A s BB B 8 o T 2 H B A F s

6. &

K H 2016~2021 4F & I 25 70 HE 1) GF4 38 B2 AZAE N B IR, DAt BE T AT FE X 38, 25T 593 DU Ryegn
Rnir F1 WRDVI, K Z o PE B T oxBH T SM TiiBiay, sus ok AR 0.
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1) %T GF-4 BIEEEIE, SM_P. SM_M. SM_V. MLR_N 1 MLR_W $HUfS T % m i g Ak
&, B ZBCR? 2 HIN 0574, 0.644. 0.682. 0.675 1 0.681, Fiit= FEx SM_P A5 7Y fig B Ay B Al PRl A B
RN EFEERIOCAL, F AR AR AR B R (R AR (R 3 SRR S AR G AR SRS FE B i iy SM_P
FER, HYCh MLR_W AT MLR_N.

2) M#T SM_P #5¥6i%S, SM_M. SM_V. MLR_N Al MLR_W ¥ B H L& Hin s, SM il
Mg FALTE RS AE, 7EAEE 8 DL, DURMBEZY ¥ ] SRAT B e R SRR FE . M3 =3/ HLARAE
s A AR I, T i O R S R FAR DG S R I RO AR I B, BT 2 ot 1al
VARG MLR_W =358 7K 73 TR ASE R AN R S — Fofr B8 A0 [ i 45

E&MHE
[ SRR} 0 F (52064008); B 4 4 GLRHEC R 01 H (B R S0HE[2022]— i 224).
S5 3k
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