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Abstract

Soil moisture is one of the core variables of the surface process, and accurately grasping the spatial
distribution information of soil moisture in real time is not only beneficial to water resources man-
agement, flood forecasting and global climate change, but also can be important for agricultural de-
velopment and irrigation management. At present research, remote sensing parameters for retriev-
ing soil moisture have been well developed, however, the applicability of different parameters has
not yet been quantitatively recognized. In this paper, the MODIS data from Naqu area are used to
calculate a variety of remote sensing soil water parameters, and carry out the correlation analysis
with ground observation data, the result shows that ATI, SEE and TVDI are well correlated with soil
moisture during non-freezing period. From the correlation coefficient, the parameters related to soil
moisture under arbitrary vegetation and low vegetation cover conditions are ATI, SEE and TVDI. The
parameters related to soil moisture under high vegetation cover conditions are SEE, TVDI, SWCTI
and ATI. At the same time, this paper believes that the comprehensive use of multiple parameters is
an effective way to achieve soil moisture. Under the condition of not considering vegetation and low
vegetation cover, the combination of ATI and SEE can be used, and under the condition of high vege-
tation coverage, the combination of SEE, ATI and NDVI can be used.
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Figure 1. The DEM map of research area and the location of soil moisture wireless sensor network
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Table 1. Qualification control standard

= 1. REEHIRE

MODIS 7= i (2 SRR H Eiiipay
0~1 Cloud state 00 Clear (no cloud)
2 Cloud shadow 0 No cloud shadow
6~7 Aerosol quantity 01 Low aerosol content
MODO09GA
8~9 Cirrus detected 00 No cirrus
12 MOD35 snow/ice flag 0 No snow/ice
13 Pixel is adjacent to cloud 0 Pixel is not adjacent to cloud
MODI11A1 LST produced, good quality, not necessary
MYDI11A1 0~1 Mandatory QA flags 00 to examine more detailed QA
0 = processed, good quality
(full BRDF inversions)
MCD43A3 0 Mandatory QA flags 0/1

1 = processed, see other QA
(magnitude BRDF inversions)
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Table 2. Classification and methods of remote sensing soil moisture index

2. BREETRKSERNXEHE

fa stk WaRrS AFR HHEARX LSS SR
M B TR 4K T8 I A [ S T
PDI Perpendicular Drought W(Rred +MR,,) Ky, Sk [24]
NN Index KIS BRI R,
B S A5 Az KA
H R + MR ir  Jv Rv re + MRV nir e Y L/, ’ ~
MPDI  Modified Perpendicular ———— £ e ) sz, e [19]
Drought Index (1-1) M2 41 IS R
IR T R T-T,
TVDI  Temperature Vegetation T Tm [14] [25]
Dryness Index S Stin
FBplk IR NDVI R ZRENE
VSWI  Vegetation Supplication ST w5RmZ kg [20]
Water Index B, T LR TR
il - SRR FE AL T, -T, EE*E%&TE%&%@E%[‘
oA VTCI  Vegetation Temperature T = T FEfE. EVERERAS [27]
H Condition Index Swax - Smin s THRRA LT AT
s 5 S AR 1) X BONE -
GE sy R T T, RITEEAT 2
Soil Evaporative T -7 N ‘ (28]
Efficiency S Smin A 18] Jay R A
iig7kﬁj\/ﬁ\%ﬁ%[1f§?§ﬁ SWCI
SWCTI  Surface Water Content IST—C [29]
Temperature Index B
R LI A IR A Fe 4 [p2 . p2
SIMI Shortwave Infrared Soil VR R, [16]
Moisture Index V2
=B BBT PR R,—(R,-R,) MR ERISCIRHOE R [30) 31
NMDI  Normalized Multi-band R, +(R,—R,) Br 6 FIPBL T LA [32]
Prought Index S MU T T4, AT
+ s KR R _R SR - S AR Bl K 2355
BREEFREE: SWCI  Surface Water Capacity R6 TR w, BHFREEKE  [33]
Index 6 SR R, AR
. . 7K 430 K e
PIR RAR e RS (R . ‘
VSDI  Visible and Shortwave 11— [(R vir = R )+ (R = Ry )] %’%ﬁﬁxﬁf& I, [34]
Infrared Drought Index L5 PR -
YTk AR ad IS R = R _R
SIWSI  Shortwave Infrared Water Ré " R2 [15]
Stress Index 602
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w22, (EE/N, RoRBEFIRZEBD. tHHEARWR[37]:
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z;’(SMireg _ SMobs )2

R =1- (1)

"(ShreE - sme Y
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Hodt n ik IR (&, i BRI S, SM T il [ VA 58 RAG BN LK o A THE,  SM O™ At
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4. G5
4.1. B—3BHOHR

PRAE bSO 53 B A0 S T - K A PR 5 J L SRS K S 2 IR 2k R IFFHT A S T
HIT-F 72 X P9 AR VR Rl 7 2 Bl 7 i R RO b, R AR KRR BN —, DLAERT SR A NDVI
VERIX MW R B 16 bR . R S 2R 45 (38 RO 70 45 LB AT 78 X 2 AR 2 % 0 < NDVI < 0.35
A T 0.35 <NDVI < | PRS0, B 7 0 <NDVI<1, BEIAEERIWE 5 Mo, FIRHARYE
FARBOEALEAT THEF, 450K 3 FioR:

M 3 FTLLE MTEDY R A b, HARSVETEAN RN b 7 75 2 A T A G MR AR b e, AELA - IELER
HOE 0 5 TR B AR DM S A B T R B PR BSOS RN AR 0, T P R i rh & e O DR I ZE K
TR - 5P i O AR 5 T R A 2 R 4 ot TR R s S e AR R A5 B AT T B L, B R
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sz & oy Sk, BRI AROGYE R 3. 7EAN 5 R AR A0 7 o AR A 7 75 2610 T vk 5 3K A e &
B m e EUKk o ATL. SEE. TVDI: TMi7E i #7855 2510 5 R3/K 7 M Ve R B0 R Bk ik
5& SEE. TVDI. SWCTI PLJ ATI; FHo ATI. SEE PLK TVDI £ =FEH F 5 5K 5 2 (A48 A7 fE 5T
PRI, w2 Fios.

Table 3. Evaluation results between remote sensing soil moisture index and soil moisture

3. ERSCRDIRK RS LR MTNER

ANEEYE & A Y 7 2 T B
SR YAG =97

L CIES TRA R2 RMSE R2 RMSE R2 RMSE
(m*/m®) (m*/m®) (m*/m®)
‘ MPDI 0.389 0.062 0.323 0.060 0.254 0.052

FEBE TR0k
PDI 0.200 0.071 0.210 0.064 0.217 0.053
SEE 0.794 0.036 0.730 0.038 0.791 0.028
TVDI 0.707 0.043 0.706 0.039 0.690 0.034

N

mﬁ., {”ﬁ SWCTI 0.460 0.059 0.084 0.069 0.651 0.036

YeHuk
VSWI 0.404 0.061 0.540 0.049 0.011 0.060
VTCI 0.346 0.064 0.460 0.053 0.192 0.054
SIMI 0.496 0.057 0.358 0.058 0.234 0.053
SWCI 0.470 0.058 0.406 0.056 0.166 0.055
AR =R REN SIWSI 0.331 0.065 0.271 0.062 0.000 0.060
NMDI 0.152 0.073 0.001 0.072 0.034 0.059
VSDI 0.002 0.080 0.118 0.065 0.220 0.053
PR EIE ATI 0.798 0.036 0.846 0.028 0.608 0.038

WA E(ATDIE iR LI L A &R ARG EE /MRS, 5 B3K 9 2 AR BN D)
5. M7 3 Fal LA, EAEEREPEEN, ATI 5H80K0 2 ML, R IAH] 0.798;
AR NDVI X A E 4 o5 5 1F e, AR 78 26 251 ATI 5 L8k Z [ 6 RIA B bf, RO IAE
0.846, RMSE & 0.028; IfifE M os 2600, PI ARG RIS, XM TriEpgEs N A
IR BE e SRR B, 2R A E A R, i B S BRI BRIRE S T, S FRZE b
RS a5 By, FHRZE RN IR BEBROR,  TFRRILEII ATL B IR 72, DR/ A 4 7 o P
TR

SEE & X W SERR L IE7E K S5IBTE TARMIUAE, NS 88K o A E B A e v )2 B T
8K o3 TR i R R E R AU . 76 SEE MM RIS AR RS T HLRIEE . NDVI G5k, iR EK
FRSHEB AT 745G, W UBCh#ER L R LK oy B . K 3 R LUE H SEE FE =R AR TR
5 3K 5y 2 AV ERFAE B A e, JEIL R TE m R 7 55 45~ SEE 5 1 3/K o ARG ME e, R2IA
#]0.791, RMSE ik 2] fx/ME 0.028, X 3 B2 ROy R ZAHUR 2 T3S /KERMECR, 143 SEE 5 11
IRy 2 BAFAE R T A D
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Figure 2. The scatter diagram between ATI, SEE, and TVDI and soil moisture
2. ATI, SEE. TVDI 5137k X RH = E

TVDI [FREE NI T NDVI-LST 45F4E 25 (o R Wil 3K 4 5%, 2 B Rl 2758 B i Hh 26 330K
SR T P B 2 7782 — . Cho Z5[391i i W 5t & L TVDI flib e 38Kk 7 2 [ AE e ge i oL &, AH
KRAKAE-0.9~-0.7 2 [0, AXEEREGZWE . 1EAE B SR % 35 5 £F TVDI 5 138K 5 2 A1
R*#H 0.71, BT ATI R SEE, i fE il g o6 261 F R*A 0.69, (UIKF SEE, IXufHH nl LU &
3. TVDI 5 E3EK 5> 2 (A 4560 5¢ RGBSR M H MR T BOK 1 & & A =R Ecs 80K 51
BOS BT LUE AT ATI AT SEE Piffda%t, TVDI (EELSS BNk, KM H TVDI fE N3
—FREUE N OB FR O T RE 2 A TR R 2

MY - IRBEFRECR, SWCTI /EAEGH I H A T U800 330K 9 4850, (el B a6 26 1F 5 13
IRy Z T AB AR B AR DG, (B 3K o (1 M Fe 2 BT — e R R s VSWI R VTCI S 7EAE 4 78
FBARIIIE LT 5 LK AR OO B, A& Tk 56 . g EfaEu2h SIMIL SWCI. SIWSI
BUONARME WS 25 TR Ttk A 25, Horh NMDI EA S 5 3K A et 5 59, SRR AT RS2 AT 701X
f) e FE ) R B H 3K 2 S B R T 0.1 mY/m?, Wang Z5[30] (T 7t 2% B NMDI £E 1 I 45248 +(0.005~0.1
m’/m) ) HE K IR A R BUEF,  H NMDI 5 387K 2 (R AH < M it 25 TR P 30 (LAT) AN 387K 43 fr 48
FEGE A, ASE R T AT Zhang Z5[34]I0F 7R R VSDI 573 /KI8E(FWI) Z [ 4745 — & [
KMk, 1E—EFEE E AT LR N 3K A a5 (8] 0 A 22 5%, 1T Schneider 25 [40] A LR ] FWI 5 L3R4
GKEZ AAFEARL IS R, HILAE M 0.24 2 0.36 m’/m’ Z [ § L33k 0284k, Bt A S d vSDI 5
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IR LN B, RS S BB A /K 20 il (ELFE X e 48 H5 1) v Bk A2 AR A G038 X6 7K 43 o 38 R AR P 4
AN B, T8 D I AN B S B2 51, 52 1 I L BO7E 38 K o e W AR 0 S [29] [41]5 PDIL
MPDI {EASHRIAE 22, Tl RE &2 B A T IR 52, XM IR R A A T s By, ik
AR HR 3K o B RUR P IR AN B, X PR R R0 N I R [ e AR, PR A S B SR
X R AT e 2 BRI [42]
4.2. IBEBRE S

B AR R T K e R uE E A S E RN KM R, A SCAE SEIE L 455 H 2 Fh g
T TR K A 4R G H e MR R K S B IR R . 1B AR5 A 2 £ ot DA A R — T,
HEABEEZEANNAGTTE, G5A—NMHTENZEZEIGOETE, BEAHIATTE, X
Pk BE R T AR o] DR B B B s ) AS &, AR AR A bR AN R 35 1A &, B TR
HCE e A i [ V=AY, DT B IR N A 9 %74 ) AR A0 O R (430 AR SR A5 (R JH 43 B 37 % Fol
TE K TR FRE S HIBK A 2 MR R, 45 Rk 4 Pk

Table 4. The result of stepwise regression
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Figure 3. The Relationship between combined indexes and soil moisture
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