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Abstract: As a basic parameter in the formation, transformation, and consumption of surface water resources, soil moisture
has a very important influence on vegetation growth, agricultural production, and the healthy function of regional
ecosystems. Monitoring of soil moisture by remote sensing plays a significant role in the dynamic characterization and
management of surface heat balance, water evapotranspiration, and soil moisture in agricultural production. In order to
verify the applicability of GF-1 data to the rapid acquisition of agricultural parameters in arid and semi-arid regions, this
study simulated, compared, and validated the effectiveness of soil moisture inversion. All data were sampled from the
vegetated area of the Aksu River basin in July 2016. GF-1 WFV images, Landsat8 OLI images, as well as measured soil
moisture data were used to retrieve the perpendicular drought index ( PDI), modified perpendicular drought index
(MPDI) , and vegetation adjusted perpendicular drought index ( VAPDI). The results showed that, first, the determinant
coefficients of correlation analyses of PDI, MPDI, VAPDI, and measured soil moisture in the 0—10, 10—20, and 20—30
cm depth layers based on GF-1 WFV images and Landsat8 OLI images, were good. In the 0—10 c¢m depth layer, the
average determination coefficient was 0.68, all models met the accuracy requirements of soil moisture inversion. Inversion

indices based on NIR-Red spectral space derived from optical remote sensing images were more sensitive to soil moisture
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information near the surface layer, but the accuracy of soil moisture retrieval for deeper layers was slightly lower in the study
area. Second, in the area of moderate vegetation coverage, MPDI and VAPDI had higher inversion accuracy than PDI; to a
certain extent, they overcame the influence of mixed pixels in soil moisture spectral information. In the area of high
vegetation coverage, VAPDI modified by PVI was not susceptible to vegetation saturation, and thus had higher inversion
accuracy. Third, the spatial heterogeneity of soil moisture retrieved by the remote sensing types was similar. However, GF-1
WFEV images were more sensitive to changes in soil moisture, which reflected the actual soil moisture level covered by
different vegetation. These results provide a practical reference for dynamic monitoring of surface soil moisture and large-

scale water-saving irrigation projects in the arid and semi-arid regions, under the Belt & Road initiative.

Key Words: soil moisture; inversion model; high resolution remote sensing image; Aksu River basin
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Fig.1 Distribution of measured samples of soil moisture in study area
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Table 1 Statistics of measured soil moisture samples in different land cover types

et s v L b o 25 AR RE
Wi B Rkt KoM i o ik LI
" . . . . Standard Variation
Type Point Maximum Minimum Median Average L. .
deviation coefficient
JKFE Rice 12 0.485 0.202 0.324 0.318 0.09 0.283
/NFE Wheat 17 0.352 0.178 0.245 0.237 0.091 0.384
FRAE Cotton 29 0.305 0.143 0.224 0.213 0.076 0.357
S Orchard 24 0.315 0.119 0.207 0.214 0.081 0.379
M HL Woodland 11 0.305 0.123 0.219 0.207 0.075 0.362
#+ Bare land 9 0.223 0.088 0.149 0.162 0.071 0.438

M2 Al LAE LA A SE B T 3T GF-1 WFV 324210 20—30 em % 219 PDI MPDI #i}
A RBVFIIE T Landsat8 OLI 524511 20—30 em ¥REEZ 1) PDI BLA AL i 0.05 (19 B E RIS, AR A 1y
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R*IAF) T 0.68, Ul IHAIE T 562718 B AR UL 2T AN LT ' B A e S 2 T 18 00T 3L 36 2 + 1 B 5 LA
A A AEURRAE | RE RS ASEILLRIT W 0 B K 9 L A - T B 1 2 TR AR Ak, ELG b T 5 TR )2 U ) - B I TR
AR

A T AR TR () e i 2280 RSk, MPDI VAPDI F L& U2 WAL F PDI, X J& KM FE Nir—-Red 4
JETERHIEZS [A] AR TR S 28 138 Al 2 A b Wy (5 B AL (R |, PDIL 8 50847 2% 18 S 4 4 7 75 %)
OGS B RZ R, P TCTE 58 4 R i 2% 2 38 BE (9 SCBRKSF-, T MPDIL AT VAPDI 4351 R T A [
FAAE 7 5 A R A R OT Y EER B B AL, PRI BT 263k 1Y 1 59638 B 15 8 RS 1, 5 - 3980 13 s
2[RI AHSCHE = T PDI,
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Table 2 Linear regression between PDL/’MPDI /VAPDI and measured soil moisture data

Heli HERE i R s R ez
Image Depth/cm Index Regression model R Standard P
deviation
GF-1 WFV 0—10 PDI y=—1.6135x+0.6047 0.6154°" 0.094 0.000
MPDI y=-1.1925x+0.6058 0.7042** 0.073 0.000
VAPDI y=-1.2808x+0.7045 0.7863 " 0.021 0.000
10—20 PDI y=-1.2262x+0.5391 0.5036 " 1.618 0.007
MPDI ¥=-0.9329x+0.5470 0.5623 1.006 0.005
VAPDI y=-1.0496x+0.603 0.5840°" 0.094 0.000
20—30 PDI y=-1.3042x+0.5696 0.4712" 2.133 0.032
MPDI y=-1.0042:+0.5829 0.5047° 1.604 0.013
VAPDI y=-0.9817x+0.6253 0.5106°" 1.410 0.008
Landsat 8 OLI 0—10 PDI y=-3.4284x+0.7039 0.5265 " 1.471 0.000
MPDI y=-2.1545x+0.7180 0.7191 " 0.069 0.000
VAPDI y=-2.7037x+0.5891 0.7469 " 0.045 0.000
10—20 PDI y=-4.2156x+0.7843 0.5642° 1.084 0.000
MPDI y=-1.9632x+0.6084 0.5287 " 1.435 0.000
VAPDI y=-1.9246x+0.5078 0.5439 " 1133 0.000
20—30 PDI y=-3.7108x+0.7469 0.5050* 1.595 0.011
MPDI y=-1.8677x+0.6421 0.5061 ** 1.618 0.006
VAPDI y=-2.0945x+0.5423 0.5213"" 1.458 0.008

PDI. I B T 545 %% Perpendicular drought index;MPDI-E&i&ﬂﬁE?%?ﬁ%& Modified perpendicular drought index; VAPDI . 4 #% % 3 B T 5
FEEL Vegetation adjusted perpendicular drought index; * ifid 0.05 A9 B EMERLR; + = W 0.01 B9 B AL

M2 RF AT WV, PDL 55 35185 182 (8] (1% AH 5G4 Bl TR B2 3 hinm B &t 9/ i OLL /Y PDL 5 3 MR JE 2
49 3 ] A DC 1 25 TN K (B R RE SRR AE 20—30 em IR 2 B9FH M S/ IN, AR i 25 d AR R 10 B
XFF WEV F1 OLT PRR 12 JBGEAR , 24 B #E 1 20 em , PDI X 300 BF A A0S RE AN 55, ME LAV AR b S WeZ IR FE 2
S B SRR AR . MPDI 5 35808 B (%) A DGt Bl 25 1 338 R B2 BS o/ , 55 T WFV Fil OLL i) MPDI %
5 0—10 em 3R AR, RPIAE] T 0.7, YIS T 3T 20 /L6 B A 844 ) S T8 48 4500 3808
FE AR B DR BE S I A 76 3 MR 2 B, 2T WFV 5 OLI A9 MPDI A1 -+ 3278 B S E A9 A1 56 &R
BOKEIEAA Y, PR IE SR E) VAPDI 5 3 ANREE )2 B0 B 2 (B #4776 Ze Mk S AH G ; P 78 0—10 em
TR JZ IR S B RP 20 A3 T 0.7469 F10.7869 , 78 10—20 cm 1 20—30 cm R EEJZHH AR H
F TR SGIBRERIT 5, 25T WEV S22 [ A B 9 25 R B39 0 T OLL 214
3.2 AR ARG BE VAN

LT PIAZ IR PDL MPDI 1 VAPDI fL05 AR5 31 (18 AN [] 98 2 2 1) 1 3808 32 S BB AR, 20 301) 5 %
1) 34 A S EAE S0 I B SO A T 38 UE S AT, 40 53 0 DA i A S P e 5 S ) R R
(R SPIAATR2E (MAE) SEEIAIXT 22 (MRE ) 1345 1% 25 (RMSE ) S48 bR, R B0 ik Al E = F i
AR RE R (R 3) .

H 2 3 Al WARS BV P AR R B, 3 A R HEREE 2 b, JEF WEV F OLL W R L 45 1 PDI MPDI
VAPDI 3800 B S SR 7 0—10 em &b SOE0RS B fi s, U FH D27 18 B A T 1E & T 3R )2 R R B A S i
T IR 2 R S B A3 8 AR AR A 5 | T DR £E AN L0 G 1 25 3 RE 1055, LA S e 3T b 36 1) 6 1545 L

XFEG 3 RS E SO S RO , FE T WEV AT OLL WAL A8 (19 VAPDIT 35808 5 I S AU #E 0—10 em
URIE )2 SO 45 B 0K B 240 5l 155 F PDI Al MPDI; ZEBUBE F 22 19 10—20 em F1 20—30 cm 4b,3 FlHE AT A
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JEPHT TR PR EARARZE AN K, {H VAPDI Al MPDI Y RS R A LT PDI, A GF-1 WFV Al Landsat8 OLI 3%
P U5 S8 25 G B AR — IR B2 b R RI A S 8 5, RS2 A8 00 OO B 45 A L, Hh i 1
WEV () PDI 1 VAPDI JZ #4549 R* MAE MRE F1 RMSE ¥4 T OLI 814 ; i F F§ MPDI #y &5 AU | — 3%
B ST ORI A — B, SN B T 22001

R3 JERLEBERBRLARBERIEERLCES

Table 3 Accuracy evaluation index value of each soil moisture retrieval model

Hd U Tmage FEH Tndex 1B Depth/cm R? MAE/ % MRE/% RMSE/ %
GF-1 WFV PDI 0—10 0.6037 4.16 8.44 4.96
10—20 0.5218 7.23 9.33 7.28
20—30 0.4806 9.67 12.60 8.05
MPDI 0—10 0.6945 3.29 7.37 4.11
10—20 0.5571 6.96 8.93 4.47
20—30 0.4994 9.56 11.08 7.94
VAPDI 0—10 0.7932 2.23 5.67 3.41
10—20 0.5724 6.78 8.35 4.73
20—30 0.5016 8.86 10.72 7.68
Landsat8 OLI PDI 0—10 0.5338 7.07 9.14 6.90
10—20 0.5590 6.88 9.02 4.51
20—30 0.5041 8.92 11.13 7.59
MPDI 0—10 0.7075 3.14 7.25 3.98
10—20 0.5263 7.37 9.40 7.42
20—30 0.4819 9.83 12.15 8.17
VAPDI 0—10cm 0.7386 2.86 6.18 3.85
10—20cm 0.5514 6.79 9.24 4.60
20—30cm 0.5146 8.71 10.56 7.25

MAE ; 345 %1 5 7% Mean absolute error; MRE ; SF-#J A%} 1222 Mean relative error; RMSE : 2 5 #1222 Root mean squared error

3.3 RZ R RS AN

MRYERTIR AT, PLEE PRI JEREZAR Y VAPDI - 3800 B S AR | X6 B 5 5 I i 38 0—10 em 3R )2 11
B AT ST 38 ek X S R S AR AT EE AT, B R A e R VR T R B A S A I
331 RJZ R OES R

PLZS 3 AL PR A BT ST X GF-1 WEFV(2016.7.22) \Landsat8 OLI(2016.7.18) #5214 3Lhil , 78 ENVI/IDL
H R A5 TR VAPDI E, F R4 2 1) - 5800 B SO A B AR IR R e i) - 88 A, A RIS X R )= £
S L B 23 [R] A3 A A Ja (BT 3 FEL 4) | o A o3 A AR RS A K AR S 30X 2168 37 T 1800 B I AIC, F 21065
FITRWE (04 000 B s &

WL 3 4 FTLUE Y PR SR A8 S Ao 21 A B o Yl U dul 3R 2 1 8 s () 4 Jmy R A — 3, RV il
I B4 DX 58, - P R T2 8 A R P e DX T — A A T PR R BT o TR 3 1 AR R K
I IR A 7R K LT A BB A EE i 2 U R R T /K K E R, 1 ELE T 3 K 2 B A5 AR K TR Y b
DX A A M A= 72 DX b T A TR W 00 ) 5 B | P2 B e v A0 385 i L v R v D %) B B 2 Y] TR 2 )
FUAEE DRI BT 5 555 1l o LA S rp I T BT 5 959 -5 0 B OAR] A2 YAk P BT 7 R T IX, E R R AR RS K R
B2 X A VE I FH K 75 3R, 322 - 88 B A R, 397 0.3 UL s T s — ROK B ERIDK I | BRI 2R
I TN AE 358 PG T 0 ) T % T X - S8 S AR50 v 2 1 R 1) e [X 22 oA R SR A ke v K X, K R 4 /N
Hih = N THEBEAYES , 52 i TS ok, 1580 B — b T 0.2 DUF, 3845 DX a4 800 B {2 22 4
55%70
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Fig.3 Distribution of soil moisture retrieval based on GF-1 WFV image
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Fig.4 Distribution of soil moisture retrieval based on Landsat8 OLI image
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Fig.5 Distribution of soil moisture retrieval from June to August in Akesu River Basin
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