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(temperature vegetation dryness index, TVDI) FIfH # it
JK$E4L (vegetation supply water index, VSWI) %5 L 3
FIF 3K 4 W05 A5 2R e, AR
H A B AT (optical trapezoid model, OPTRAM)
ATFEAUH RO 7 28 SR 1) 2% 1R T S 333 R K 7 1
KPP, ER TR &R BB R . SR,
S AL AR VE REBR ) A0 2= MY R ARG, 1 R
M DL e I 8] 73 3% 5 55 28 [|] 4 %, Joidkins R HELE B
S, TR R TSR Rk, A B 2 U5 A
I fhGHAR, T AR I () 2 P 5 2 8] H R .
MELEC AR 15, Jmo 6 Sk 25 TE
K DA 48 5 5 AR N T () B, IR oot Y o BT R e A
(modified perpendicular drought index, MPDI) 1~ +
B SO AR bR, B A S B o T B X R REE A B
BEAT T, FU S S 15 i 2% 38 RS ST S A
15 (enhanced spatial and temporal adaptive reflectance
fusion model, ESTARFM) SBENLARME L, RG22 U5
TE RS SE B 7 ERIN ] L AR AN B AR

S XA Sy PR A A Bt B BN R AR X AR &
T, HERZ, HRE5REHK, BB RERLAE
Pe B SeB e U, AR, A DX R R R (S R
T TEAT A AE 22 18] 3 R 2 G VK BEAS 2 DA S B 2%
T 2% 3 A A 5 5 R T et B i R, AR SR
Kb OB FEIX, H @ T R4 8t S R &
SR HELAS R RGO k. e, AR RAE
5 IR B A DG M A e RO R bR IR, EEX
AR N T R AR BCRAERE S SZ BRIV I &L, 51 N
PR IE SR T Hoxf 3808 AR (W R AR RE V), IRl b &
TR AAL IR H N R A RS BE: RS, fillG Landsat 5
MODIS #8142 I 2 3 Wi R T A BN R P o1, 454
R AE AV SE IR 2024 ARG B IX BRREAE BRI, DA
AR A T IR RS BRI 7125 .

1 BESHZE

1.1 #ARXEDR

K XA FRePE A 3 (B 1D, R 1.26
Jikm?, A 11AKBMEX . X8R 2 1000 m,
HARE s AR MG, dEECNEALE YR, RE
TEP R, A gE b BREBE R e, R AR LK,
LI R N A R NI R = L e W [ B 01 . &
600 mm, FELEFRE 79 H, FFFKMWD, M
s AN AR =K FE R A KRR P v o O R L X
BEE, RVERRBLG, £PELNEZME K —FEH
AR BARX, FEMENE. FREREED,
PLGSER, L. HiE . AR E LT EY . X,
PHEETE ) E BT o NAE A B AN R . B A
FE, AR/ N RER AT I RKE -
1.2 HUREFESTAE
12,1 EBHIE

MG O FR HLIX 2024 4F 35 JERT (0], JEHL 2—5 AN
WEFE . B 28 S 32 2200 4% Landsat-8. Landsat-9.
MODO09GA 3 [ 5 5 7= i . MOD11A1 3R B 7 i <
SRTM DEM #i#& M -1 F| ) ##% . Landsat-8 A1 Landsat-

9 T/ (LU FR Landsat-8/9) 25 [A]4> ¥ %K 30 m, I
B HER AN 16 d, PR RIS THE — S A 28T
180°, B4 fd FH B Bf (8] 7 ## % 1] 1A 8 d. Landsat-8/9 5214
BEHAPHX T 3d, ChAREB 2R EGHE. N
PR KTE = 2 78 55 0 T R 0T A 5 EE S B
M, AREFRARE = 2K T 20% WEREREH TG
g r. mAIWER 2H 16H. 3H 11H. 3H
19H. 4 H12 HM S A 6 H 5 #5144 . MOD0O9GA 7=
A1 53 HEE N 500 m, B [A]43#52%N 1d; MODI1A1 7=
ph S A HERON 1000 m, WHE RN 1d. T HRE
2 1l Bt MODIS 28317 ik 5, & SLidE®) 2
H1l6eH.3H11H.3H19H. 3429H. 4 H12H.
4H25H. 5H6HT7TMKsERE. DEMEWE ) #E
H30m, HFERAERIE. R EdE N ESRT A A1
10 m A3k H A S AR 4, AT A 2 U003 Bl PR
I 7E Bk X R,

107°E 108°E 109°E 110°E

135°N

34°N + X !
> Elevation/m 4 34°N
e 3742

80 km

A { R¥/iWeather station I3
107°E 108°E 109°E T10°E
Bl ARRemEfsd
Fig.1 Location of the study area

Landsat 5 MODIS ¥ H #5622 ML AN BUE B
HLAE 7 [ 4075 55 I [A) 3 244 7 1 BAT B0 1 LA
WA 9 30k FH 38 R A e ) 28 3 R R AR U [R] R 1)
PL_E %8 2 5k J5 T Google Earth Engine (GEE) “F & .
7E GEE “F & #1 5 it Landsat 55 MODIS 568 1 % = .
TR S 9T X3 BT S5 AL B 5, % MODIS 5248 7% 8] 43
PR E R R 30m, JER A S 5P UH Landsat 5
% F W E (land surface temperature, LST) . Frf5 45
FHTEST R0 mEal G s SR,
122 SR L R4

SEH AT S5 RAEERE R IUE T 2024 4F 4 I REIIREX
VAT SRIBURER BB, B RS D 3 > K8
VRE X1 SR E R T APURT S PRBEBR I AR, AH S Bt R X
EHpPARRME, MEXRESSR . RRRER AR
THEL R N & OGRE R TR AR 1) RARAE . SERRE R AR 5 1
SR Y P R A o R A M R S TR AR, B AR R P S A
TR — e FRy, EARE R s X E U Lk
JURAE 240 NENEREAR S, b, BEBREA S 160 .
AEREMAEAS 11080 A, B F B ATAERE X IRAE P, J5
T ATAERE X IL F BOER E m  AR BB REE VONE Y)
XA R AR A A B VR 0 45 TR ARG 2 B0
123 HAedtdE

WHCILAE R T AR 8E S L R R . R B s
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P DX B SR, QUG SC R HLIX 2024 SEI VRV
A TS B0k H K REIER, 20 TARERKRE Z
T R EURFIAL CHhTE 3 MEX KGOl IR R
H SRR T 1 5K R SR G AT T
AU R E 1 km SRR R HOR FEBUE S (2000—
2022)7, EZBIEEETHESIR)E 1648 il 10 2
(0~100 cm) 3510 FE W I A 4 g A= e, F Al
ANE T AR R RS BRI P S . BhAk, BT
WS “2024 PG R KA SOR H R 0 5
SIMTIE " AL 2 o XK Y HE X 32 B AR AE 45 1
et Bl R KPR AL B AR R OKERTREY),
FA 53 W 25 E 3 B PR B 25 93 A REAGE o
1.3 GERERIRANGE
1.3.1 75 aE

BT T RARE AT I HE (S S OB EGR R N Y
X35k P A W B B K AR, TR S 2 R AR
BARPY, FEHER KR RTR N, SR ECR AR
I BIAELR, AT e X 3P R A R

[ =DI,-DI, (D

X 1 93BT EEEFE B DI, A1 DI, 4 5 i 4o
1E 1. 2 BZIMT R 5UE.

AR E T e ER, RS T E
M SR o5 RN IEM e B ko6 FEHARZC 1T (Ef%
KEPH 1. 2 B EBRE D, T REH5E LR
JE RIS, ADE IE /N T 0 B IT H E N HERA% T
M RAR S IR B IEAOCR, W IR T 0
G NEWAG T, SR, IR IS AR I (8] 53 FE R R
i, SEBRIR AR R S K T RE RIS AR AE,  [RIE R
SEAMEMR AL AR S e A B RO R . BRI S, 7
FL A VEWRRE A £ 1 DX S0 5 5 — I B BB B, AR 1%
B BE AL A ST R A A RE, X T 5 14
MR 2 AT R AR, DAL ZEE SRR iR A
8, JFWZAE /N T Z R E G e e N EE GG T
5HHERE R IEAHXHT 25, U EERMEEN
WUAIBRIME, IR 2K T % BUHE R oA e AR AZ T .
TE Gk Z FEWEAE A s 1 DX 3, DAL A A AR 05 IX 3 4% B B (1)
BTGNS, AR [ R 7K 22 S5 50t B A T 1A 2,
A E RO RME . T IR IR R S A A e Tk
AHE T ST TR H0S TR B R D 40 B i a2 1R 1)
febr, JFRALE Landsat 5 MODIS $418, MmN S0 HER
T RIS P, S OC A X AR S B R SR G
132 % AiRA 54

XGRS E, H T RS BRI R
HFEQFEEE T 24 (perpendicular drought index,
PDD . ot Y3 BT R85 (MPDD . #E # /K 48 %4
(VSWD FLREHEY T 244 (TVDD %. AFRTE
Fa B R 7 30 R Xt 3 K 3 AR Ak R ) SR AR AIE A A 22
S, R 0 B E F PR AT B M. PDI 3T
WERRAE A T, T ki R K A8k, FEAE M
B R 4 78 5 X I LA g & ), MPDIRY £ PDI
THEIEAE B oI N R R, B8 1R M A Kot - 88K
IR, I 2 BRAE (S S, MPDI fig S HER X
RJCAEL A 78 5 DX 3 3387k AR

2026 F
PDI = ————— (Rea+ M -R,;,) (2
1+ M?
Rre +M'Rnir_ vere +M'Rvﬂif
MPDI = = SR o) (3

(1- £)VT+ M2
I R F1 R 73 59 M JEBR §AA% 41 6 0 B 5 30 40 A il B 11
R E; MOATIREIRIR; LB EEE; Rkl
R e 53 B NRE M A LT 0 B 50T 2 M B ) SO 6
WA K FE 3 VSWI & — P F T W 04 498 K 4 R 3
BRI R, UMK TSR, MK IER,; 4
WK AR, MK SR, R D> K
Pk, M REE SR, NS B E TR
VSWIP 5 XN
VSWI = NDVI/LST (4)

AP LST MR, K, VSWI AR R HE K
RS AL o

15 E AT R F8 %0 TVDI J& 7€ NDVI-LST $F#4iF 4% 5]
AL B3R, HERE R TR AR KR L R R
TP - e R 2 K 4y AR AL R 0L, TVDT FLS T A
0~1, {HBRARFRRIX T 2K, 2 IR,
LST-LST i

TVDlE—————— 5
LSTmax'LSTmin ( )

LSTin =a+b-NDVI (6)

LST,x =c+d-NDVI D

T ST, A ST AHE 47 € NDVIAEFITR B [ 5t K
MR (T M/ REE GBI, K
av by ov dNTI. BIDFWE RE
TVDI [ g5 #2 % LST i dca®, 1fi LST %2 &
FEFEm 2 . NPREICE R LST K45 R+ &
TVDI [¥3& NP, 7K A DEM 4 X LST it 47 i A2 AL
IERT, R IEJ i R
LST = LST-0.006 - DEM (8)
AP LST MR IEG M RIEE, K: DEM AEfE, m.
14 ERKIEFTRGEE
MR RN 2 PR T R AR RO PR AR, TR
% F ESTARFM #7!%} Landsat 5 MODIS $i#5 i 174 .
1% B AE B E SRR BT #E Rl A AL (spatial and
temporal adaptive reflectance fusion model, STARFM) 2]
Befih EERE TBIC R, RIRAUT EEAT R, [R
FENIE 4 23 H00F TR0 &5 FBEAT ok, DRI 78 R 7 o 2R
RIS e SR AL B 3 X B A B A > A
Rl I 7R AN R AE O I A e AR A A HER AR
DA K — 10 FAU i AH AR 25 (] 23 HE R AR, R 5
DR TCEHE AL TC, 456 75 8] O T AR AU T SR AH
ME TT BB A e SR, T A RSCTIEIN I 244 R o 1
fbegoold, Rt RN
Fhigh(xw/z,yw/b T,)= T;Fa,,,gh (Xw/z,yw/z, Ty)+
T(F Chigh (X2 Yus2s Tp) D

Fz_high(xw/z,yw/z, T,)= Fhigh(-xw/Zayw/Z’ T)+
N
Zi:l Wipi(Flow(xi’yi’ Tb)_
Flow(xi’yi’Tt))s(t:a’c) (1())
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K w BN E RN (s Vo) AT R B A0 ARFE:
Fhigh(xw/z,yw/z,Tb)y‘ij[ﬁZ'JE@%ﬁﬁ?%@ﬁ?ﬁﬂﬂ{ﬁ: T,
T NEFTEALE s Fy pigh (K25 Yup2, Tp)(t = a,¢) N ELENB ZI T,
S5T.RE 0 #ERTINAG TCE:  Fua(Xw2, Y02, T)E = a,0) N
T 5T.NZIK &2 R EGGECE: Fo(xuys TONT, S
T I ZIRAS 3 HERABABTTME s Frow(xiyis T) J9TH IR %1
T, KR HE RSB A5 Tl . N I RUR T EG wi il
Hy o N R

TERtE AT, WA WM. 2SR iR
BERFER L R EIREER S . i DB
JR AR S5 NG X R, BE BT B IR OGRS B
EFE 5 A0 & BOdk TRl G, SRR, HZ ki
HRh&FE GG N2 B, HRE SR . 58 B
RS TRECAR, PR R Z AL IS m Al & R0 . RS
1.2.1 WWHTER R, £ 2024 423 H 19 H, 4 H 12
HA 5 A 6 HE Landsat 55 MODIS §44% 5y C 01 F 4
N, 442024 43 H 29 HA1 4 A 25 HIf) MODIS %1%
YENTRME AN, 7E ENVI IDL 3585 R 3T ESTARFM
BRI R 3 A 29 HAT4 A 25 HE 30 m RS
SAR, NI 4 R A 2 VR e R o S AR I ) TR B
1.5 BEFNHZE

ANE TR RS B R 2 ) B A DR B AR 90 %
R, ASCKHMKRE GO R 80E H A7 204
ESTARFM #5842 il & 25U RR I 1R %€ 224 (coefficient
of determination, R*) H1#5J5#1% % (root mean square
error, RMSE) #4TVFMr. — i s, R* BT 1, 7
Rl G R s RMSE /I, 508 0000 R ik v O

D (Oi=PY
20,00

l n 2
RMSE = ,/;Zizl(P,-—o,-) 12)

KOG T POATRINMGTCAE: Oy S iifE 1
A n NETHE.

Kb XSG R, B R R AR L A AN,
BT EWAS BRI S AR ME L . AN X LA A X
SLIKBIRE BT, BRSO, AT AR
B ISR RN R T Bk, PR X
A RV DRI A 4V E X AR NS AIE X e 7E B &R AT
RINZRE R RE X, ST S R A i 2
TRVERERE, THEA S E R E (producer accuracy, PA) .
F P F5 £ Cuser accuracy, UA) . EAEKEE  Coverall
accuracy, OA) M Kappa ZE"Y, SR BIKS FEESEAT IR .
[FIE, 25V DX UR R E ) S B R 17 AR 5 3R AR B i
L GHRER I E X R R E XORN A 1 Hh VR X
IR 2 R AT IR

2 GFR5SH

2.1 FEREEHSEEENHEXM

1583 R RO B A 2022 4F, ik R oC b X
2021 4 10 H—2022 4F 5 H R ZE IR EEdE . [F 8
FKEL 2021 4F 11 A 14 H. 12 H 24 H LA 2022 4E 3 H

R=1- (1D

6H. 4H7H. 4H23H. 5H9H3t 6 Landsat §
. BT ENVI FEHHE 132 Wk AT 2H %5, If
BERR—HRFEE 1 km PR, 500 R R RE
— &, T RS LR AR (GR D,
PPAL S5 BOCE LA 2R ) HP A

x1 ETEEUSTRLIELREERXAY
Correlation coefficient between drought indices and soil
moisture at different depths

T ERE H3
soil depth/cm Date

Table 1

PDI MPDI VSWI TVDI TVDI'

.14 053 060 061 052 055

1224 055 066 062  -050 —0.52

B 03-06 -070 073 067 072  —0.74
0~10 04-07  -056 061 055  —070  —0.73
0423 —060 059 060 066 —0.74

05-09 063 056 067 057  —0.60

11-14 056 —061 061 052 —056

1224 -053  -066 063 -051 —054

0306 —0.72 -073 068  -074 —0.76

10~20 0407 —059 062 056 -072  —0.77
0423 063 059 061  -0.66 —0.75

0509 064 056 069 061  —0.64

7E: PDL: EHTI8%; MPDI: MUERIIEETRI84: VSWI: Mk
H; TVDL: i BERRET TR 8. TVDIl @A IE R R R IR A LST 1545
2, VL EHEEAE 0.01 BE VAT Rk

Note: PDI: perpendicular drought index; MPDI: modified perpendicular drought
index; VSWI: vegetation supply water index; TVDI: temperature vegetation dryness
index. TVDI' is calculated from the elevation corrected surface temperature. All
values are significant at the 0.01 level.

g IRKE, VSWI 5 808 E 2 8% EMH¢, PDIL
MPDI 1 TVDI 5 - 315 5 2 B & MAHC, & T 5485
5 10~20 cm + )2 T 85E EAH AR = T 0~10 cm +
JZo XL IERT G TVDL 5 381 A O (R 1D
A1, 4 @R IE G 1 TVDI 5 438 6 B A S R 5 5 4G
TVDI B E it m. HF, 0~10cm LZ#RFRE N
0.02~0.08, 10~20 cm + 24 FH0EE K 0.03~0.09, *
B 2L T FE RS IE J5 1 LST R % 3 5 TVDI % + 38 48
A RAERE 1. WA RS, 4TSRS L%
WM TS, RS AT RMEWME . B
FREA B RAER AL, R T R E08 LKA
L RAERE /Y, EHEBEY AT E, TVDI S
VR AR S B B s, S EFERIE S i TVDI
5 10~20 cm HZHIMMERBUBCAR Y, MK RER S
£-0.77, BARMTHARFEE (R 1D RPHXIHEREY
KEREF WY B K AR A TR SR g BRI,
T 220 B s AR AR 1E J5 6 TVDI AE A B REAS RAR A6 5 .
2.2 HERTREER

J9VEAY ESTARFM £ 2 fil 546 B, a Y 2024 4 3
H 11 HA14 A 12 H Landsat 521%, PLJ& 2024 43 H 11
H. 3 H 19 H# 4 F 12 H MODIS §&1F Ju% N3k,
AR 2024 4F 3 H 19 Hal& 214, XF NDVI. LST
TVDI il & 25 34T X 2 #r . NDVIAI LST SR A “%%
THHEBEUE TS IR . TVDIfE 8% T NDVI-
LST $HAEZ MM 5 & T F4840, AR G S v] /e
AR E AN, Kk, 2BRA s
NDVI 5 LST J5 it & TVDI” (56m% 1) Ml “seit &
TVDI H#tATAlE" CGRN% 2) PFISENS, CAVPh A [ fl
A NE TS TVDI @& R i 2 5 . R [R5 00 i 4R
Landsat 52455 @& 45 B TR I IE (8 2D,
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0.8 30 1 y=0.84x+2.83

[ y=0.97x+0.01

_ RZ:OA()() . R2:0.79

= 06 _ RMSE=0.78

Z RMSE=0.03 . % sl »

Z |

> 04t 2

= I~

E = )

B 021 AT yammdFited line B 4 HiZkFitted line
pe = 10126101 line = 1I12R10 1 line

0 02 04 06 08 15 20 25 30
Landsat NDVI Landsat LST

a. NDVIJER 5 & 58U Kl

a. Scatter plot of original

b. LST)5 4 Sl & #& HU
b. Scatter plot of original

and fused NDVI and fused LST
1.0 120 852+0.04 1.0 -y:0.773x+0A16
L R=0.44 .
— 0g| K076 — 08 | RMSE=0.13 ..
B RMSE=0.07 2 S
So06f 38 E o6 i
E 0.4 ~ 04F -
% AR < S :
= AT €, . B :
B02f A0 — WiliAredline & 02 A Fitted line
0 02 04 06 08 1.0 0 02 04 06 08 1.0

Landsat TVDI
c. TVDIE R 5 i+ H AR HUR

c. Scatter plot of original
and calculated TVDI

i B 5B d AN ERE 1 GERlG NDVI S LST 515 TVDD A5k
W2 (SEiH5E TVDI FEE AT R &) T TVDI @& 5218 5 Landsat JR 4R
TVDI & B, 4% H N 03-19.

Note: ¢ and d are scatter plots of TVDI fused images generated by strategy 1 and
strategy 2 versus the original Landsat TVDI images, for the image date of 19
March.
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Fig.2 Fusion accuracy of NDVI, LST and TVDI with ESTARFM
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Fig.3 Daily precipitation at meteorological stations
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ST R ACY . eah, 050 FEE AR X I 1% 0 A G 8t
B AE T R AL TR IER S, TVDI A 4k 7 7£ UK
KF, G R R e NG T, MG — EFRE
BEG. BATE, ASCHEH RGBSR 5 7 LE
REX R E BRI TAT R SE R, e BN
b Bl DX 3 A R ) PR N 2 23 A A

iE 2 "‘FE—H‘E?EEEEE/&E% /\%u*ﬁr—
Table 2 Accuracy of irrigation area identification in Donglei
Phase II irrigation district

Bt PR PP KR
Types Producer accuracy/% User accuracy/%
JHEE Trrigation 91.9 94.2
[ #E8 Non-irrigation 88.7 84.5

SAKEFE Overall accuracy: 90.8%, Kappa %%{ Kappa coefficient: 0.80

Table 3 Accuracy veriﬁcatlon of irrigation area identiﬁcation
results

ENIAN AT SEBRUE I TR

X Accumulated irrigated area Actual irrigated area

Irrigation  ZEit4idle MRz SUibEdE EEORN e
district ~ Statistical Detection Statistical Detection
data/km® results’km® Error/%  data/km® results/km> Error/%

KEH 67334 768.19 14.1 461.21 512.47 11.1
R 956.67 1050.70 9.8 525.33 593.13 12.9
ﬁﬂiﬂﬂﬁ 606.94 736.72 21.4 606.94 721.98 18.9

2 RS GBEORNSGER-Giit s /40 $dx100%.

Note Error = |(Remote sensing detection results - Statistical data) / Statistical data|
% 100%.

24 KX FER T S HHE

TEE X R 56 FGBE RS BRI RS JE R fs, HE—
S LE S L X T FE R A SR 5 A0 HT, DA s i X
T RETE B I 23 I AR RRAE S L R B R R . 7E R b
X EBEAS BN AR, SR RS e AR
A2 T e 5V DX R ) R AP () S50 ELAE S 0 o) A

OGP X AR BRI EE RT a1 (B 4. B 5,
ZH X FEE S A BN B X IR E T, BE A
RAE 3—4 A, BEMRIRELL 1~2 KA FE . FEBLIX Ik 2
a5 <10 P BRI o W A o= W i 8157 v 5
BE)T S EWR AT B v T AR S A X A P TR 3 A A S
TEP R o M XA ORI, E X B e 3
Pri oA de ek, MR Bk 26 m AR AR, 2 50X ] 5 B
H T 25 PF SIB I 51 /K HEE, R bt R R N R s T LA
e M, TEA6E IR LI I8 I T i i U o
FERARER. B SR E (ki . AE®)I. RE
AR R RE X ), EWE T AR K EWE N
2T S5 A B HR /K TR ALK B8 i 2, 12 X 38R A vk
PSRN IS R AEIR T

S 5 53R 4 s kR X F AR S5 KT X
TR HAE B AT AT, JEBE S A A b HREWR AR A v 1 X 38
WS KERSOKTREY, RN TR DRFRX
WAERUK A B — e, e [ 5 A
R T R WX I VBT R U TR B E, AR
AR T, XK SRR S A A X T, DR R IX
W A O S HLRE AT R e 1T T VAT S A 3 DA P
%7, WPHH X N, N OEE KK -Fm, K%
PRI S F B A A A 35 R T R KB, A VB 7T 43 Fic 7K

R XA PR, T R SR 9 /0 L R A R A
(i IR DO .

TVDIZ fE/Difference 3 A:#FHNon-cropland
B A 3E M Non-irrigated area B B Irrigated area

: “Mo 4080km o

a. TVDI#{E(OZ 16—03-11) b. P25 H(02-16—03-11)
a. TVDI difference (02-16—03-11) b. Identification result (02-16—03-11)

0 40 80 km

e “~i) 40 80 km /,N\{ o

40 80 km

c. TVDIZ{H«B 11—03- 29) d. RIEER(03-11—03-29)
c. TVDI difference (03-11—03-29) d. ldentlﬁcatlon result(03-11—03-29)
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DN
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e

40 80 km

e. TVDI?éiﬁ(OS 29—04- 12) L f LE%'J #59(03-29—04-12)
e¢. TVDI difference(03-29—04-12) f. Identification result (03-29—04-12)

7“50 40 80km? o
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h. Identification result(04-12—04-25)

e

g TVDi?iﬁj(M 12—04- 25)
g. TVDI difference (04-12—04-25)

~0 40 80 km

N

i TVDI%tﬁ (04-25—05- 06) j. IR 45 5 (04-25—05-06)
i. TVDI difference (04-25—05-06) j- Identification result(04-25—05-06)

B4 2024 F X FHEH4 TVDI ZAdFa KA R 4R
Fig.4 TVDI difference of cropland and spring irrigation
identification results in the Guanzhong Region in 2024

— JalifiRiver [ dEHFHENon-cropland O 7KJ%/%% 1 Reservoir/Canal headworks
FEIE X Y rrigation frequency [ 0 [ 1 [ 2 M 3
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Fig.5 Distribution of spring irrigation frequency in Guanzhong
Region in 2024
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R4 XPHXKBEEXKRBESREEZED
HEEES (FZF)
Table 4 Water sources and crop planting proportions in large
irrigation districts of Guanzhong Region (spring)

FH X K F AR HeA]
Type Irrigation district Water source Planting proportion/%
PSR BFILKEE 1 %/NF 682, BrlEkk 17.6
A3k 2 FEREIKAE 2 &N 12,10 BRERE 65.9
e o A/NF 61.8. FER 13.9,
EEE3 FEEKE 3 FERE 15.5
FAGE da. FRE s .
gy Smba o fEi e, o SPESSD WIS
Grani 74 4d. I 4e RPE L2
Y RHES I 5 KUNFE 3304 B 287
BE 3 6 BRIk E 6 KNFE 51.6
o . KINFE 414, SER 217,
HEN T FE K PE 7 Wk 113
2N A
e Jbi 8 PR FR,
AN 27
oy UM T 9 AL 355,
e /| N i
Pumping A 10 BT 10 A2 249, FR1LG
Pk 19.7
KEZH 11 B 11 /N 86.7

s R G TR AL 10% A ERITEY): RPERX KoK g 5 5 &
5 IS S —E

Note: Only crops with a planting proportion of more than 10% are included in the
table; the irrigation district and water source numbers correspond to those in Fig.5.

K X 2 HOK T RE X LA/ N R 3 SR, By
THE DX [R] A bR — o LU S SR R . A AR Bk S
ZUAEY (R 4. ZNEERENBRLTREZERK
S EW, KOTHREBHESD. EULNERTE
X (sl SEBE . EARE IR XD,
FREVO I HEE AT A 1~2 R SER BRbk.
PERR. XA RERFEMIEFEELELTH . TR E
LHRBEWNE, BXKSE —ETHRK, HEMARTEKREK
TR, FEA G R BB X (g Sk
MEZOMBEEX), BEREEZRN 1R BENE,
IR Hp b X 75 T ) 1) 2 ) AT B RE SR AT AR AIE 5 B2 52 X
BT A AKIRHALZR B8 70« TEPFIE 45 KRR E 45 [
RINLEA R
3 i it
3.1 SERERMEREEKAIT TVDI BN

SAMRRE, . WA SRR T2
Wi M S Bt s, (AR [ A 7E AN R T 2640 T 2 H
Z S A G RRAE, 5 BOB B4 R A R G
2P, Kb X R AR B, KNI E R RO
LST /£ TVDI Wi [ EH E S 40, W B BN U .
AHFF 5N DEM $4s 6f LST #HATRIE, 76— E R
559 7 Hb X AT A B RS R, $R e T TVDI 7E S 26 Hh
TEIX f3E Y, g1 R, ™R IER TVDL 5+
B A & T ARRIE TVDL (GR 1D, WA
R IE RE 851 2508 55 M T 20N 5 K 22, 3958 TVDI 78
RAHIE 564 TR .

AN, 7 TVDI IR A B R, BFRXTE T “%
A4 NDVI 5 LST J5 it % TVDI” 1 “45it5 TVDI
HATREA” PR NS . SRR, mEMARKEES
(B 2), H R*50.76. RMSE & 0.07, Bl 2T /5#&
(R* 5 044, RMSE A4 0.13) . iX ¥ % 5 ESTARFM #

RIFh & ML & TVDI #4 @ REPEAA ¢ . ESTARFM H5 A J
FHAME e e, 8 I R 25 [R) A0 38 P G B R A AL
%3t H ARG ICHEAT ™, NDVI A LST 7] g 4
Bour B B R H AR, RIS R R R AP R B
1§ 07 (R G5 A REE . (E Bl & PRI B0, I/ A7 O A
A B T R RIR 2 B8, REpa s g, m TvDI
YEN%ET NDVI-LST 4 /iR E M 2 & d, Higgd
A K NDVI 5 LST 2 ARtk R, &% T
TRIN RLA G5 R RO, TR0 R T X R 4
WG RS, #1598 T Ao R A ST RS R,
SR ST TVDI FEAT RG]y B 7Y 1 FH o8,
EFAEZ M A T M TVDL, Hot Sl fExH &
TGS (B G5 MR AR (R 5 e 2 AE R G fE v gt — 2D A% 0,
IR W @A R s T “ oAl A NDVI S LST R it &
TVDI” EF A REG A, (ARl Hir R g
[ Z5 AR, AT R 759 B i ) Rl K
32 FEBMMSERMS T

1 ) FH 3 B A R ) A R A B i
ZRAGI S R RO AR R T TR BT S
I 25 b & H 9%k, 8L ESTARFM % 7 Fit & Landsat 5
MODIS 8 B AR B 25 70 HE % IR 5] N s FEAL 1E LA
55 1T RS %E TVDI RS2 7, 38 50 H 6 & 2 2 2% 1
T K IR AERE S, [E I8 I A S s AR AL 4R T
TVDI @& RSB . AHECT 2T 5 — s i) TVDIL U7
S N 1 TS 11 U R =1F o il BTN s = 1 < 3 AP 5 0
T TVDI X HEMRAE B R AR B

MIRAESE TR F, %7 IEAEE XOR R B b
JEo TEARTE IR BE DX, BE T REAS m A VRV B T
HAS B R ARHRE A 90.8%, Kappa %08 0.80 (£ 2);
163 AN HRIFE X b, SRR T AR L S B R VB T R A
BIR AR Z 4 B0A 15.1% A1 14.3% (£ 3) . i X
VRS DR &5 AR W], TS ShE 2 [ 0 A AR
BER, ZEFFEZHIVFM. KIEEESE KM REY
FES SR REW. SRS, ARG RS
DX 35 S B 7 50 B A B — S0, AR 1) 5 vk ] D X3
R A 2R S AR K R R AR S
33 FERRMSHu#GE

7E 2 b DX VR B A SR e R R B K
WAR TR I X FE AR UG REE . T VR AR HEIX
P B i A e, (ETE 2 1 S o e 2 o DX e T
FHB, T B A DL 7S 20 S WA [ 4328 R L AR R
BN R K B 22 5o eAh,  BRK St xd
WG RBP4 F 8. R AW FUARYE R (8] Bk & 2%
SN EE AT T AR, DL K, (HizdEAER
—E F M, HARBEFR S B K F AR 25 7 A0 L
VEDXORPEIRUE S5 AR B, TR AR SSOR 2 1) TRV R R
JEE DA B A VR T AR 5 S o VR R T A 1) R 50 R P 2 e s
Ut B TE 2 I 70 DRI 260, L TR R 32 0 1 5 1
i) 25 SR 1D 52 T A K A B

S SR 7T AT M IR o 5 R OK 43 S O VE AN T
T — TS SR BOR RS . —J7 |, "5l
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N NZ 606 B BEE ISEm . A — 510, E 3K R
BOSFE R, AT 5] NIE AR R R IH AR T X 3R K
RILHIRAERE 1. Hidh, OPTRAM #5 AL # 8 NDVI
555 P A MR S B RS AE A ), S R R K 4y
ARV WS, A Bh T 2 A% 4t 357K 0y S 86 AT Ah 8
PE AR, T 0 R S P B T . 3 T i s
1) 3K REFR (Wi A SMAP 5 Sentinel-1 115
IR A3 b ) A I T 5 M R 4 TR A WL 7 TR EL A B B
e, ARANE IR RAE L A N AR ok A4k
G R PR IR B R S T R K PR, TERR T
KO IR SRR E L B R SR A R R K
U 7 9 0038 P SR AR

4 & B

A LG TR L X O R, MR T T TR R
B A 55 25 Rl S VTR A R BGR  v. dEid
AL IE S E A SR ik, &% T TVDL 5 3R AR
FHOCAE SR REFE, FRSREIL T 2024 4235V 19 1) E V0 T A
ST ESSR A . FEEE R

D FFEVAEBTME, SEEKLIER TVDI X2
MV AR AL B BRI N BE T, 5 10~20 em 123
T BE A AH 55 R BUR = T 3A—0.77, BEWS A BCRIEER & 3h
S K AR

2) TVDI &g, “Jafhi& NDVI S LST,
P TVDI” HISEIS RS 8 (R*=0.76. RMSE=0.07),
BT “Jeits TVDI Ml ATala " Mg (R=0.44.
RMSE=0.13) .

3) TEVEDCRUBE, SR VIR T APUR S B YRR [ AL 17 °F
PR ARZE 2 BN 15.1% A1 14.3%, R 145 5B 50X 4
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Remote sensing identification of irrigation information in Guanzhong
Region using spatiotemporal fusion algorithm

WANG Yubao , LIU Wentao , DING Jiayi , CHEN Yitian , WANG Peishuo , WANG Yakun™

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A & F
University, Yangling 712100, China; 2. Institute of Water-Saving Agriculture in Arid Areas, Northwest A & F University, Yangling 712100,
China)

Abstract: Satellite remote sensing can identify the irrigation information, because of its rapid and wide-area observation.
However, only a single source is often extracted from remote sensing data. Spatial and temporal resolution cannot fully meet
the requirement for the high-accuracy and dynamic identification of irrigation information at the regional scale, especially for
the strong spatial heterogeneity of agricultural activities in the complex terrain. In this study, a remote sensing framework was
developed to identify the irrigation information using drought index analysis and spatiotemporal fusion. The Guanzhong
Region was also taken as the study area. The temperature vegetation dryness index (TVDI) was selected as the identification
index after correlation analysis between drought indices and soil moisture. Elevation correction with fusion optimization was
introduced to characterize the variation in the soil moisture. Its spatiotemporal fusion accuracy was also enhanced under
complex terrain conditions. Subsequently, the enhanced spatial and temporal adaptive reflectance fusion model (ESTARFM)
was used to fuse high-spatial-resolution Landsat imagery and high-temporal-resolution MODIS data for the high-
spatiotemporal-resolution TVDI time series. Spring irrigation information in the Guanzhong Region in 2024 was identified
using the threshold method with precipitation data. The results showed that the correlations between the remote sensing drought
indices and soil moisture at the 10-20 cm depth were generally higher than those with soil moisture at the 0-10 cm depth.
Elevation topographic correction effectively reduced the influence of terrain on land surface temperature. There was a strong
correlation between TVDI and soil moisture. Furthermore, the elevation-corrected TVDI showed a strong negative correlation
with soil moisture at the 10-20 cm depth, with the maximum correlation coefficient of —0.77 during the spring crop growth
period. Normalized difference vegetation index (NDVI) and land surface temperature (LST) were fused for the higher accuracy
of TVDI than the strategy of first calculation and then fusion. R* and RMSE values of 0.76 and 0.07 for the former, whereas
0.44 and 0.13 for the latter, respectively. The validation showed that the overall accuracy was 90.8% for the identification in the
Donglei Phase II irrigation district, with a Kappa coefficient of 0.80. The mean error was 15.1% and 14.3%, respectively, for
accumulated and actual irrigated areas in the irrigation districts. Regional identification results indicated that the spring
irrigation was mainly concentrated from March to April, with the irrigation frequency ranging from one to two times. Irrigated
areas were distributed in the relatively flat Weihe Plain, with a spatial pattern characterized by broader irrigation extent and
higher irrigation frequency in the eastern and western parts. While the central part exhibited relatively lower irrigation intensity.
The spatial distribution and irrigation frequency of spring irrigation were dominated by regional topography, water supply, and
cropping structure. The finding can provide a strong reference to identify the regional-scale irrigation information and water
resources under complex terrains.

Keywords: remote sensing identification; spatiotemporal fusion; irrigation information; TVDI; Guanzhong Region
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