35 % 4 &

2020 4 8 H

oA 5 M OH
REMOTE SENSING TECHNOLOGY AND APPLICATION

Vol.35 No.4
Aug.2020

5] A #& X :LiChao,Li Xuemei, Tian Yalin, e al. Time and Space Fusion Model Comparison of Temperature Veg-
etation Drought Index[J].Remote Sensing Technology and Application, 2020, 35(4) : 832-844.[ Z=# , 2= F iy, H ¥
A, Al AR B T AR MO s A R [T R 5, 2020, 35(4) :832-844. ]
doi:10.11873/j.issn.1004-0323.2020.4.0832

mEEETREEYNTM SR

B oA AEEE |k R g
(1.ZMIBRFMNA S EFRE,HH 20 730070
2. H AR R EMN T EREE HHR 2 730070;

3 MR E B W AR A B R B AR P HR 2 730070)
WE. AR EARTHBRLEFIFRESRFTREEMN, AHNBEL AN AP, BTE AT HE
B B4+ & @k 4 B A (Spatio Temporal Adaptive Reflectivity Fusion Model, STARFM) | 3% 3% #
STARFM (Enhanced STARFM, ESTARFM) # & % £ & #9 b = £ 4% &k & B2 A (Flexible Spatio
Temporal Data Fusion, FSDAF )iX 3 # % W &9 £ & 2t Landsat 8 f# MODIS £ 45 # 47 #k &, M2 T iR
JE ML AR F F 48 4 ( Temperature Vegetation Dryness Index, TVDI) , 5f & /A £ 3 48 2+ i & (Relative
Soil Moisture, RSM) 2 # #F TVDI R /% #& R 4T T BiE . 25 R R O3 A 248 mk &AL AT AL M
ey FFBF ()2 - IER AR R E )L A 5% Landsat 8 2 % Ff iR 64 T F B F 4836,
ESTARFM # A £ A a ¢ F F B T F) & 2 K (R*) A=) 7 AR 3% £ (RMSE) 48 T 3t 75 Fr £ AL
)2 — AL MK 15 2 (NDVI) #) R F= RMSE 4 #1352 2] T 0.924 4= 0.076, 3 & 38 E (1.ST) 4§ R*F= RMSE
ik 3] T 0.877 A2 2.799; @3 H k&AL A AL TR M 49 TVDI @ it 55 A 5 Landsat 8 4 4% K%
#9 TVDI & RSM 2k # 3t /7 2 )b 354 , X I ESTARFM A A A FA M &9 TVDI 5 ik 7§ # & 3 2
Rl 8 R ALK T e B AR AL A, 5 #1383 T 0.87342 0.248, ESTARFM AR 2 — & A2 & £ & 4k ft

Ko A BTN B B 28 Landsat 8 %1269 TVDI 4 AKX 5L .

x #
FE4SEKS . TP75 XHEkFRER A

1 5 =

IR A K o I 45 T8k R A BOK
SR 3 A R K o3 5 B G S B AR A 5 Y
B N TR AR R OK R D AT
50X PRI DX RO B B e R R S R IR % 1Y
FEREG 22— KU, 52 A o A O T R
o JBE A T S, T e BB A oMb A 7 HL AT R
o TR I R H AT E T R R B R
) 25 KB S T AR T 200, an R W B O ofe
it X Al T AT U ST AE R, [ A G

W5 B8 :2019-07-09; f&1T H #3:2020-06-26

i/ : Landsat 8-MODIS; STARFM; ESTARFM;FSDAF ; TVDI
X E %S :1004-0323(2020)04-0832-13

o EE R A A B RO M R (R A
WA BT 238 5 (TVDD Sl + B2 A7 %
W TVDLS + 88 R 2 el 2 0 5 A9 A1 6 1k,
Je A 10 em - 383 1 A5 A A A SR, T HER A R
MY A K 43, B UE B B e R ) s
FHHE BT 1 5 36 o 2 AR 45 R Landsat 8 %%
P X 2 At Hl D5 W b, 3R BT T VDT AR X ik
M I BT 54 A (MPDD) B 5 5 ik B 5 e K38
20252 BT MODIS 08 F1 TV DT W i 52 74 #4752 5
185 K H s A5 A8 b, HUAS AT 58 o 45 01 5 v 95 4 ik

EE&WHE BERALRB#EIELST A (41761014) , 22N 5830 K5 4 H LT AA K FRHR17, 22 M 2858 K2 (201806) .75 F- & ¥ Bl .

EE® T

(1994 —), 5 HIRFEO W00 A, 322 A 50K SGE B 58 . E-mail: 1373910491@qq.com

BIRAEE BT (1983 —), 20 INARFFEN B 282, T2 NS SRARLAUK SOKBEBESE . E-mail: lixuemei@mail.lzjtu.cn



5 4

2P A5 -l JEE AR T A RO S S BT R L 833

MODIS 5 5 ¥ i # # 7 NDVI-LST ,EVI-LST,
SAVI-LST % 3R RRAE %5 (0], 45 3% B 3 P ReAiF 25
] TVDIHE 505 D7 50 4 A X %) AH 56 14 248
i1 99 %6 By MK . i X b, & BT Y i T
EL i) 22 5% Fl MODIS 5%, Landsat 2 B — & RS .
I B — 32 JER S AR 78 Il 1 XL I R A7 e B Bk B L 1
i, B R 1~2 W U7 I ) MODIS 2448 FOR g i
S R R ARl 50 S A W I B A 1
iR A s ) 43 B R AIK (250 ~1000 m) , R M
Xof o N RUBE Al 52 E A7 W, O 2 0l A2 S PR T
3K Landsat F %1 T3 5L 80 19 2 0% 1% 0% B 25 18] 0 BF
RN 30 m, AR RE S B R G B bkt b /N R ARl
SRR AT W R T G SR 4 BRI (16 d) L 1R
ST /N RUBE Al T 5 i A7 S g AR W, i H
Landsat 5 4% 1 1 23 32 31| = F0 A% i v Ak 245 Hoflh i
Z [N & B BRI BT ) — M X 3R B 22 T = S A% Y
JWI T Re A, il @l A 22 R B OB R A
H B 28 40 E R 0 P 35, % Tl 1 5 0 I H A E
) B 8 7 SCRI N AR

2 VR % BB il A 2 B B A B A R AT
A3 8 (i MODIS #5408 ) 5 55 20 A% 45 25040 (4 Land-
sat BH ), LA B T B 30 A e A0 ER 43 54l R B HBLAR
SECTI s 30 1 AR B . Gao SR IR T
SRR [ 3 R R A AR (STARFM) , AT
ZIET 5 BAME I B FOG IS A IR R T
B[] 1 A 22 S5, IR A 4 %) A 0L 0000 25 S L A
Tie 258 T v AR R A 4 B — S B B R DA Rkt
S JT b ) A AR SO Hilker 858 R T — Rl 4
BT F AR AR B A5 | OIE N Rl A 5T (STA-
ARCH) , BE % ¥ 0 b 15 I0) A% MR 55 155 00, (R0 2 S A
HUAS 3 Y S S 238 5 2 B S S AR N L 2500 1 T
g I S5 o B 2 SRy 11 P ) ) 2 S B
IR A 15 B o PR AR OC Y M R A SE R
I Zha S e STATFM BB LAl 42 T
N Rz i A STARFM(ESTATEM) J7
2, RS M U STARFM J5 25 Hh R BE 191 &2 2% 4 IX.
B4 /N A DL R 2 1 1 A S S 3 78 Ak i ) A AE 2
N S5 PR3 AN By i AT R X9 52 B B H 5 Zha
SRR AR T T Y I A B HE A A A (RS-
DAF) , i 5 B Ay A (4 5 /0, HL g 08 1000 Hh 2% 75
A A AR DA S 57 (H R IZ AR A L ESTARFM
AL T A S0 A5 T K B s A Wu B B T —
Tofr 5 T i ] A2 Ak 5 A (14 5 25 8040 fil A AR (STD-

FA) , BB 1400 4 8 3 B 3045 00 1 Ml 3 050 S 3 3%
B, SR T I ARS8 3R BORS 1R 14 B 23 A2 Ak A5 B8 A TR
M, S FER RN AR EE, BHMNIE, 2
TR 1 JER B B 2 il A B R DR [ B S K B A AR
Hb W T Al A= ™ D0 Al A i AR AR B (LA B2 HR
Y 7 A I b YRR R S L R K R R A AT
TR IS5 1 £ Jr i, I L AE 6% BUAS 4 R R 1t 1 45
S SR T AR T 5 W I B S A
H 45 fil A A8 R ol T 5 W A X Bl a3 B B
& R A R R AT

PLUHT 8 B & 45 b o 9], 3 F Landsat 8 il MO-
DIS #c#s $2 0 7+ 2 7 (NDVI M LST) |, ff B
STARFM .ESTARFM K& FSDAF ix 3 fl i F 4 0
7z BB Ay 6 T S 2R AT TR G O o i
ST TVDIBER , d5 5, SR T A S5 AR 0k W 1 25 40 %o
J2 {8 25 B AT L B8 IE , PR 43 AT 4% Rl A 4 A (1 3
FHME R 3 Tl ik 23 B30 il B Y v i v T R R AR
KRS TR | L fu B S ST 7 R e T S B A T SR AR
HEAT R W

2 HRER5H&E

2.1 HRX#ER

55 8 7 b b Ak 5 i 2 LK 4 Hb AR BN (86°39'~
88°20" E . 41°23" ~ 43°31' N) , i i R £ 7231 km”,
b A pR PG b 1) 2R R AR A R 3 A IO ] e 2 b g
A LAY A . AR SR AE 1 200 m A2 A T
P AR A — 1T G W 1T 1 047 m™™, J — > i Ay
R & P — e T 52 At LAY o AR VR 2 A 32 2 DB
Fen /NG Ry L F b JE R TR AT R Bl M T R,
o 5T AR B OK R A, £ AR S 2 R K
270 mm, AR ZE R R 1 141 mm, PR
W2y 7.9°C, 7T HFEHAME228°C, 1 AFEHARIRE
—8.1°C™ . T Z5 bV B X [ AR Hb B A% 1 3 T
Al & e, 20 20 50 4F LIk, LI 70 AR AR SR
DX Ml Al T FR AL T 3 KR B TS A o 3
B 52 N 206 Bl 5 ol B B A IR 2 —
22 HE5IHEA

T SR AE K Landsat 8 MODIS09A1 & MODI-
S11A2, ¥ & T 3¢ [5 M it 4 £ &y (https: //www.
usgs.gov/) . Landsat 8 & it B Uf , = 2 B i
INT 3%, AR AT A5 143/31, If [E] 43 W4 16 d,
23 6] 43 B R 30 m, AU H 1 2018 4F 8 H 10 H
26 H X% 9H 27 H . 81 ENVI5.3 KI5 &b B 5k 18 %



834 &

R 5

35 %

42°20' N

>
?# S
I ki
ke
07 14 21 km g B
N AR
86°0’ 86°40" 87°20' E

1 # %X Landsat 8 8% & %1% (2018/8)
Fig.1 Landsat 8 false color image of the study area(2018/8)

Landsat 8 OLI & & 52 AR #E17 JLA AL IE 48 3 22 A
KA IE VL S A 57 45 Wi ab B )5 38 FH 40 0% Bt
(Red) FI3E 21 40 3% BE (NIR) 43 2 HF 58 X ND VI, - 3
T RAMKIE ¥, & M Landsat 8 TIRS [ 1 LST.
MODIS #8885 47 41 5 o h24v04, ilifg H W 5
Landat 8 #H X I , 1l 3% 52 5 2% 7 iy MODIS09A1 Al
H R 7 B MODIS11A2 4 B [8] 43 B R 25k 8
K, a5 ] 43 HE 43 5] 4 500 m AT 1 000 mo 1 BY
MRT (MODIS Reprojection Tools) # {4 X} MO-
DISO9A1 F1 MODIST1A2 3 17 #% X e | 51 $55% %)
Universal Transverse Mercator A& #1 & (Zone 45 N)
N A% BRI AR I AR JCTE B R AR (30 m) 45484 . FHEN-
VI5.3 % MODIS09A1 #1 MODIS11A2 i 17 5 ¥ {#
b B B s A T W T X R R BT AR R AR fS L 4
BAS 2 BF 52 =5 19 NDVIAILST 09

T STARFM # 8 Fil FSDAF A5 76 455 481 751 0
NDVI, R A (8 A 10 H ) 9 Landsat 8-ND-
VIEHE 4 MODIS 4 48 50 5 i 1 ND VA
PL K 22 MODIS %4l BT 3545 19 8 A 26 H NDVI 4L
Pt AL 8 H 26 H Y Landsat 8-NDVI 4 .
HT ESTARFM R B I NDVIH, 15 %6 % H
FEEWI(8 H 10 H A9 A 29 H ) ¥ Landsat 8 il MO-
DIS %3 Wit B S B NDVI, R F 44 8 H 26 H
MODIS #1435 15 2] (9 NDVI #4947 8 H 26 H
Landsat 8-NDVT iy #5481 Fil il . 45 455 784 A5 480 150 U
LST B {4 F (4 254 B30 5 8540055000 ND VI B i)
EHE H AR

- AR X U R A R TR T b [ R R R R B
Fe52 ¥ (http://data.cma.cn) CLDAS 38 AH XHIE & 43
B V2,077 iR, 25 [ 73 B34 0.062 5°X0.062 57,
K5 i TR S o 0L I (L W) - B v o8 P A2 A X I v
B TVDT SEAT RS BE B0 F . 33 )32 /9 SCHk 8 i),

FH 55 3800 B 3 6 7 B B BE 9 0 ~ 10 em RSM %4k .
34, E 12400 J7 47 8K R BT 3 S A
MG B o (http://www.ngcee.cn/ngee/) ,DEM £
T3 A L ES A5 2 (http: //www.gscloud.cn/) o

3 TR *E

3.1 STARFM ## %)

STARFM A58 7450 55 — X o B0 X} ¢ 1 20 1
Landsat 8 MODIS %4l A} ¢, B 2] MODIS %4} ,
456 AN T 1 23 [a) B RS R T 4 2, 1) 20 ) Landsat8
B, BRI A LN R

L(Xwn,Ywnsta)= ZZ,Z;WM X(M (xi,yita)+

L(xyinti)-M (xi,yit1)) (1)
HA (2 Yo s AR 1, I 20 RS B 8T 11 BT B2 AL 00
WY rh RO s w ARSI RN W, B8
AHAAG T X a5 e A R 5, g T i B 1
PN 25 A5 T 6 T A 9 BTk R/ L H B 1 S AR AU T
() 3 B B AL T [ P A R S [ B A R 4
i3 — A Ab BEAS ) 5 L AT M 43 ) %R Landsat 8 5
MODIS 4T B DNAE, & F HI G 1% B B L) 18] 1 2
s (Al B R W 5 R B EE 5 (s s 1) R0 1 I 2
BN (2, y)RERIERTT s (2, 30 )RR LI 2L
BN (2, y) AERER T,
3.2 ESTARFM &%

ESTARFM i %5 fill & 455 #1057 23 51 5% [ —
i 1E] (2, F1 2,) B MODIS il Landsat 8 #4 , 115445
AR S A 404 22 5%, 456 53 — I E] (4,) i MODIS
I A M S IR ] £ Landsat 8 w5 I 23 20 B R4
T AR AL LRI AR 0T Sy O B E RN Y T
e, X E H N AR TR I ACE B AT B R s
AL EP R T EUNE . W Sh B DR IR AR b
B — % o)y, AT A5 2 000 AL

N
Ry (XvwnVwnsty,B)=Ri ( XwnVwnst,B )+ E W.xV,x
i—1

(Ry (xiyisty,B )= Ry (x1,y0,t:,B ) (2)
HA R (20 s Vs s 1, B) T () 2,855 2] 1) 15 53 B %
1R TCAE s R (Lo s Yo » 1, B) 32 1,055 20 1) 15 40 HERAL T
18 3 (s o) A B DR TC 1 H O AL B 5 B RS AR K
Btsw MW shtd 0 KAN; () RHEE i S FUE T B
D1 5 2, 05 A8 AR U R) 5 N2 AL 36 o il 4% oo 1y
ARG TC R B H 5 W 28 (8] B[] O 1% 9 B g At
/] e s B AL K/ 5 VR SS CAS AU oo 1Y §% 4 &R
B A (2), 82 (2, 1 2,) B9 MO-



5 4

2P A5 -l JEE AR T A RO S S BT R L 835

DIS $o#i 73+ 5 B0 H 39 ¢, 04 5 5 9 % 5 B AR
*E‘ ,iaﬂ‘j Lm(Im/Q, yw/2s [p, B)$ﬂ L/;(Iu‘,"Z’ yw/za [/77 B) o
T A 2 S SN 5 2R A AL A A B B ) e R oe

/

j=1i=1

ZEM ( xiayjatﬁvB )' ZZM(xiayjath)

j=1 i=1

ST o o L GO T N A A
HEN A T A O (3) o e, U B 0
Boolam X (4)3H5 .

B.=
S0/

j=1 =1

ZEM(xiﬂyj’tﬂ:B )' ZEM ( xr':yj:tpaB)

j=1 =1

J(t=be) (3)
)

L ( X YVwislp ,B ) = ,Ba x L ( Xwi2sYwiasla ,B ) +L ( XYV wiasls ,B ) (4)

3.3 FSDAF##

FSDAF £ #5058 3 i F| 5 STARFM Fil
ESTARFM Z& L1 Jr i, 45 5 2, B 20 585 16 28 43 3R
AR . 78 FSDAF B8 rh gy A B A2 46 — X
£ 2, FF 2 A ARG 45 0] 4 SR AR, LA B — W 2, s 220 %) 725
25 () r BER AR . 1 o, X o 20 B S A A4 R
A8 (Landsat 8) A7 AR WiB 4328, R 45 & 1 0, I %
AR 23 18] 53 A0 5 A 28l 8 5 28 B % 1 [
25t BRIG T 2, B 220 09 5 40 HER B IR TSR
Or R I IR 2% . B A8 i 2 A o)
BB, A AR R 2% A7 (o BT 2, B 20 Y o
Oy BE B O R 5 22 40 0 45 TIOIN 1 vR 0 B SR A
W e R AR BT B R o B R AR e
O, BRI R R

Riign ( xijayijab ):ngm ( xijayij»b )+ Ewk “AR(x,yi,0)
k=1

(5)
AR 1ign ( X57550 )= €nien (X550 )+ ARy (a,b ) (6)
H Ry (2 3y, 0) R BT EE S B ¢, 5F 220 4 85 4 3%
BHAE s R (20 50 0) 4 I 20109 5 43 B R 5030
AR (xe, o 6)RF 1,81 1 0] 2 2 [0 45 T 43 B 56 (1) A2
AR s w, AR e LB TT R A, HAH R ik S
ESTARFM # v K E (1 358 — B0, A& 9 A 3¢
B3 AR Ca, b) Ry 1, R 1 B 20 2 6] 55 43 FicHi 2 5]
a FEUE B O R B 5 e (2 s OVIRFREE (MK
IIZRIC O TC 45 5 A R M AR JC R B 22 Bk 22 R i 5
50
Engn (XgyiD)=me(x,yib ) W (xy,v5,0)  (7)
e(xi,yi,b)=AR. (x1,y:1,b)-

1 m m
m{szghz " (xypib)- ERhighl (x5.5.b )} (8)
j=1 j=1

CW (xp.y5,b)=E (x5,05,b )+
e(xiyub ) [1-HI (xy4,y5) ] (9)
Eno (%550 )= Rusgiz ™ (Xy2055D )= Ruigre ™ ( x7,5, )(10)
Riig ( Xy Viisb )= fres o (Xi,Y i) (11)

Horbrom S — A KR 00 T AR TT A B R
(X yy. 0) 0 BB () 22 S5 T50 00 1) 2, BF 221 o 0 B3040
RICAH s Rus™ (s vy, ) R LA AR FE 25475 {8 PR %K
ZHE T 0 A o B AS JTE s CW (&, 0 0)
AR T R 25 M RLCE s W (xy, vy, 0) X CW
(2, vy, O)H— AL Z 5 PR s HI R [R5 R fres
(g, vy) AL B b AR 25 475 1EL PREKC
34 TVDI#&H

Hsu 58" DL TR B G 2  RIEE LST 5
TH #% 75 £ ND VI B dilh, 3 T NDVI-LST $#1E =5
], 2 T — R kB9 TVDI. TVDI A8 % i i 1o
ST R B 2 SR AR A B 32 K 4 e B FE AR, AT
FoRA

TVDI= (LST-LSTuwin)/(LSTmu -LSTyi ) (12)
Hop LST AR R AT AR JC 1Y b 32 I, >R A Landsat
8 KA IE ¥ I 3 T 15 5 LST,,. i R AiF 25 0] + 34,
LST,.,=al+bl*NDVI, % /% H— NDVI XJ i 1) b
Tl KR LST, MR E 2 M8, LST, .= a2+
b2*NDVI # /R B — NDVI X} B 1 # 2 fe /N iR 5
al.bl.a2.b2 408 TR AR LG H RN R
B OOPK LST H RS T# & R A& 0135 TDVIiHE
N TVDIMEA T 0~ 12208, 5 4 59 i & 6 2k
PEAR G, W T W IR 5 45 A 5 — I S0 A XY
A R

4 HR 54

4.1 NDVI#E#IHn

ML ] 2 7, 3 b i 2 il 5 1S A0 A 1 8 H 26
H NDVIGZAR ot & 54, HAALACR leicdzin . A
3T LA, B F 2 A AE 1 1 2k Ja 1, AH
T At 9 b il BRI, STARFM 5% 8 455 41
T B NDVIE R B, O 5E BT 3 iRl 6 1
BRI, AR SR FH 8 52 22 80 (Coelficient of Determina-
tion, R*) & ¥] J5 # i% # (Root Mean Squared Error,
RMSE) 3k ¥t 3 F i 5 45 B fir AR i Y ND VIR FZ



836 S s R N

I 35 %

3 0] %0, ESTARFM 55 & fif 1 /9 NDVIH 5
FLSAE 22 (B) P 2R A R R A B OB D
B0 T {5 B S =z 1A B AR A i — 3tk . K
i ESTARFM #5811y R* 5z K (0.924) , FSDAF #i
R Z (0.912) , STARFM # % & /N (0.849) , [A]

i, ESTARFM 5 B4 70 /) NDVI{E RMSE #x
/IN(0.076) ,FSDAF #1722 (0.089) , STARFM #5
A RMSE £ K (0.108) . Z5 I firif ,ESTARFM £
AR LTI 1 NDV RS B 5, 78— 8 F2 B L o R
YA AL T00 [R] B 1) Landsat 8-NDVIZr AR

Landsat NDVI
Y& 075

&: —0.25

STARFM NDVI
e 075

&: —0.25

ESTARFM NDVI
075
&: -0.25

0 10 _20km ¢
[— | 3

FSDAF NDVI
010 20km g B 075
fK: -0.25

= 2

HE 32 Landsat 8-NDVI 5 3¢ ;i % il /Y Landsat 8-NDVI

Fig.2 Observed Landsat 8-NDVI and predicted Landsat 8-NDVI

1 I 1

L

I 1 L I

0.6 0.6
— ; 0.4_ 0_4_ _
5 =) £
a Z 5
4 E [a)
s Z 02] Z 02] i
% o9}
% = 2
= 7} 7]
2 = 00]. Z 00] L
C I R=0849. R*=0.924 .+ R=0912
S - RMSE=0.108 | -0.2 RMSE=0.076 -0.2 " RMSE=0.089 [
02 00 02 04 06 02 00 02 04 06 —0.2 02 04 06
Landsat NDVI Landsat NDVI Landsat NDVI

3 E 3 Landsat 8-NDVI 5 3t 57 1l ) Landsat 8-ND VI & = &
Fig.3 Observed Landsat 8-NDVI and corresponding predicted Landsat 8-NDVI scatter plots

42 MFREEMERE

M P 4 7R, 3 il 5 B B B0 8 H 26 H
LST 8 5 HIGHAR B RV &, 25 [0 4071 % 2R3
U, WNE S AT LLE Y, STARFEM KR R4S 8 35 0 1)
LST {8 % 1A bt B S {E i /Iy , il ESTARFM #2 8 ji
BEALL I (4 LST (A B2 B0, ARy 11X Mk &

XFFR A3 A, FSDAF #8583 ffr #5480 Fl I 4 LST {A b &
SR R . R 553, ESTARFEM A5 8 151 0 fi
NDVI{E 5 B AH Z | 1 R* 5 K (0.877) ,FSDAF
FERIYR 2 (0.874) ,STARFM #81 £¢/N(0.839) . [all},
ESTARFM #& A1 £ 481 #i 9] 19 LST {6 RMSE £ /]h
(2.799°C) ,FSDAF ik 2 (3.144°C) ,STARFM



25« il A T A RO =S S R E

837

Landsat LST
e 55.0C

0 10 20km =
[— ]
Iﬂ‘;&: 20.0 C

STARFM LST
E 55.0C

0 10 20km g
%: 20.0 C

ESTARFM LST
w550 C

. &: 20.0C

0 10 20 km &
—

FSDAF LST
w550

%: 20.0 C

0 10 20 km Ay
[ — | 3

4 HE3 Landsat 8-LST 5% iz {9 iUl Landsat 8-LST
Fig.4 Observed Landsat 8-LST and predicted Landsat 8-LST

45 i | 45 ] L 45 3
404 s 40 L 40] L
P 3 P
= = =
7 351 L 9 35] L 9 35] i
z ] L % 30] a é 30 i
E 2 2
& = B
w1 wn w
251 i L 25] 25 ]
R*=0.839 R=0.877 R=0.874
- =2, RMSE=3.144
0¥l RMSESS0L it RMSET oI} o i
20 25 30 35 40 45 20 25 30 35 40 45 20 25 30 35 40 45
Landsat LST/C Landsat LST/C _ Landsat LST/C_
Bl 5 ES3ELandsat 8-LST 53 & #y#1ill Landsat 8-LST & =

Fig.5 Observed Landsat 8-LST and corresponding predicted Landsat 8-L.ST scatter plots

B () RMSE #% K (3.501 °C) o £ E ik, ES-
TARFM #8575 — 5 #2100 B v o b 4SS 00 330 0[]
f 8 Landsat 8 244 A9 LST 2 A R -
43 TVDIHJ#&

3 F ENVI5.3 IDL (Interactive Data Language)
S A, K 20184E 8 H 26 H 5 NDVIAILST H %t
N 38 £7 i NDVI-LST #5 | (K 6) , 75 3] 3 —
NDVIE 6 I A LST f5e KAE /M B NDVI
M LST e K fe /AIMAVEAT S ME LA, 45 3] T 3 i i
Xif 7 A 2P0 A O R (R 1), ki A O R (12) 3
AN G TT XS B9 TVDIfE . NDVI-LST Hi &

B i 30 R R K 3 SR A A F AR R Wi RoR
K A3 R AE R 10020 MR . Ik, TVDI 4858 5
RIZHHREFEHEMEE, T BL RS
T NDVI/NF 0 32 22 /K R 55 B 1 10 11
N HA K E R 100%, Ir L X% B NDVI K F
OB ML . 76 NDVIS LST 3 & 7 1 , B % NDVI
(38R LST e KAE B, 2 /M 3 LST fe/IMA
A, B ABLA AT, ik o AR R
FUNF 0,0 7 B AR R KT 0, R W BE & b 55
JEE I 3G IN, AH N Y LST S K H 2 /N, LST fie /)
B0 32 ¥ 35 K o [WIRT, 5 B 52 Landsat 8 NDVI-LST



AR

G

838

o 35 4%

Landsat LST/C

STARFM LST/C

55 q
50
45
40
-

30 f

25 Hilslii

20' ) L 1 1 1 ]

Landsat NDVI

ESTARFM LST/C

L
0.2 0.4 0.6 0.8 1

FSDAF LST/C

o

0.4 0.6 0.8 1
STARFM NDVI

il
i.
| [ K ! \&Elkjﬂ
vy B Sl St e

55-_‘~; .
50 {

45

40 {
35 f

30 f

25 1

ESTARFM NDVI
6 HEXNDVI-LST 53t R #ill ) NDVI-LST & 81 &
Fig.6 Linear fitting of observed NDVI-LST and predicted NDVI-LST

| P
0 0.2 0.4 0.6 0.8 1
FSDAF NDVI

e T

%1 ESXNDVI-LST 53 5z Fiill ¥ NDVI-LST FiE i &t it
Tablel Wet and dry edge statistics of real NDVI-LST and corresponding predicted NDVI-LST

TVDIZH! Tih U5 R* 3 g5 R?
B9 Landsat 8 y=—15.673 x+46.884 0.884 2 y = 3.5522+22.108 0.3714
STARFM y=-7.898 x+53.838 0.709 8 y=1.542 2+22.673 0.218 5
ESTARFM y = -14.938 x+53.041 0.802 4 y=3.1512+20.611 0.299 3
FSDAF y = —10.838 x+53.238 0.7751 y=1.8502+20.773 0.2656

L4 45 B A, ESTARFM B8 FF 4814 (19 NDVI-
LST &% S 0 4% 31 F B 3¢ Landsat 8 NDVI-LST (%
1) STARFM £ A fr 85 45 500 1) A& B T VDI {H %%
/N 7) SO R KR #UAE . 1 ESTARFM #5571
B0 () TVDI 5248 A 8 T STARFM £ A4 Al
FSDAF B RUBLL I i TVDI AR M &, H 5 B
AR W) A BERC R, A8 (B 40 S A, SO
5 W, A — R T G o o AR L ] A
Landsat 8 #1419 TVDI 4 Atk Bl .
44 TVDIEESH

X 4% A5 R I i TVDI & 5 B 52 Landsat 8-
TVDI Bl i# 17 2216 70 Hr o R 48 £ 2 fr x|, ES-
TARFM #5881 22 {5 & 19 Y08 e #2030 0, B i 22
/N, FSDAF X Z ,STARFMiZ 2R k. K 8%
LY fF F5 0 (9 TVDI 5 Landsat 8-TVDI 2 [i] f) 22
H AR . 74 BB 35 X 3w Fl 9, ESTARFM #5

AU 22 (8 B S0 3AF BV T W, [8) Bt B SR B 4
7 1E e % 20 m 25 5] 40 75 {5 2, X BB 5 T ES-
TARFM # 8 #2451 1 U () TVDI i 5 Landsat 8-
TVDIA 43 At 25 5 38/, 358 FAth 19 Fh A58 789 1 35 70000
E RN MERG . 11 STARFM Fl FSDAF #1 %I A] fig
S 5% W B b IE | M 2 T 35 28 A R A AR B i 3 0
BOHE B D R, R BEXT T VDI 2R 47 o B b A5 421
T 2 1) S 5T Oy T, DA PR 8 AT A K B, 4% A AR il
R DL 500 4 4 B X 8% TVDI 5 Landsat 8-TVDI &
BEAEAR AL Ty I i 22 SRR R A B A U X
DEM 4310, & 30 1 DX 358 1) g 4 48 T Ath X 3807 34 5
ik 35 ~ 45 m, H B Eh & 2% , /N X 3831 ] Py i 34
22K, X% NDVIALST Y 00 5 55 i, 308 1 F
% T TVDI 00 &5 5 0% 6 1
4.5 TVDIEEWIE

{fi F§ B 52 Landsat 8-TVDI fil 0~10 cm RSM



5 4

2 A5 < AT A RO s S R X T 839

Landsat TVDI
w10

0 10 20km .
B 00

STARFM TVDI
W10

010 20km 4
B 00

ESTARFM TVDI
P L0

010 20km
' B 00

FSDAF TVDI
o Lo
E g 00

0 10 20km
[—

7 E3k Landsat 8-TVDI 5 X4 iz #iill /Y Landsat 8-TVDI
Fig.7 Observed Landsat 8-TVDI and predicted Landsat 8-TVDI

%2 il TVDIS Landsat 8-TVDI Z &% it
Table 2 Prediction of TVDI and Landsat 8-TVDI

difference statistics

! S b iff 22 fe/MHA LN
STARFM -0.044 0.085 -0.320 0.280
ESTARFM -0.013 0.037 -0.200 0.260
FSDAF -0.039 0.079 -0.280 0.290

AR B 5501 3 ) 2 G ASE AR S T ) TV DI
B 38 ¥ Landsat 8-MODIS 45 481 #i 0 (1 3 Fh
TVDI Y B 52 Landsat 8 5 A S i 19 TVDI#EAT He
B, AR R (F9) R4 B F ER ARG o f
77 A i 22 T O A U R 2 R AR AE 25 S5 L {H 3 Fh
Fill G B AU BT AR A 19 R* 3K T 0.83, Ho i 2 P<<0.05
WEER . F B, RMSE ¥ /8 T 0.11, L ES-
TARFM filt & # # fiz o8 i % (R*=0.873, RMSE =
0.079) , Ze P 0L A5 75 B B 0y, 8 WIOREE 32 /N 4L T
DA 5 B A B i — B0k . Ok, BE AL AR H
H CLDAS + 3 A X0 B2 43 B7 77 dh V2.0 77 il 4R BT
PRI B B 5% XA R H 9 6% 2 10 em RSM 84 15
BB BUS YA H0N 133, % F RSM S0 19 40 HE %
B AL 5 (B B# X F 5 ko 43 3 LA B 52 Landsat 8 /2 i
19 TV DI 25 A5 AU AR 4D B 38 1) TV DI Ay 8 AR A, LA
XiF g B [8) B A9 10 ecm RSM $0 45 4 9 A A A 2 TV -
DI-RSM #{S B (B 10) , I AT etk B 543 0 . H
& 10 AT, 4% TVDI 5 RSM 2 ] 52 A [f] #8 BE 1) 171

kP R, B TVDI#E K, RSM /), 2 2 IR
SR . M TVDIHI RSM W 2k L& 25 SR & L 3 Flfil
A L ESTARFM fil & 45 AL i Ry I 3 (R'=
0.251 2), & B ESTARFM A5 51 B A5 400 15 000 ) 55 et
254y B TVDI A /E 55 & 45 b Al 1 5 1
E{EL s
5 i #

AT T 3 AN ) 25 il A A AL 0 ND VI
B, >R I F A A 21 0 5 o ] Landsat S-ND VT4 |
MODIS-NDVI £ K il H # MODIS-NDVI &
i, 45 B A TA) 2 () A E P 4 A58 0L A B T A 1
Landsat 8-NDVI % #li , 5 H 3¢ Landsat SNDVI Z
6] () ke o BB T 0.849 ~ 0.924 2 Ja] o 3l 1 Bl 3
SCHE, K BAR 22235 43 BT 1R 3R A3 il A A
BRI A ND VIR, S6ia FIA R AP 5000 1 Landsat £1
U B R 2141 ik B AR, P4 T VA — A A o i B
LI EAFFINDVI, 5 F AL Landsat-ND V1 2 [i] ) 2
EREEAN T 0.71~0.85 2 1) 2 i 3 B I B
SOFE B HUI ND VI i #2 v Bl T — A
YT S BT AU T R s R B
bR H T A R E R, A B X b, &
B 3 A B A7 19 NDV IS #4725 i) 28 NDVIAY
B0 T 2 AT AT 04 o S A X A AT IR A
SE B ISR BT L L i NDV LA 8 30000 7 45 32



840 &K

R 5

o 35 4%

; TVDIZ{E(STARFM )
0 10 20km .. © ’ | W 028
[— | 4
e 28 5 B fik: -0.32

TVDIZE(ESTARFM )
wE: 026

B iR 020

0 10 20km
[— |

o TVDIZ B (FSDAF )
010 20km Jupeant Sl W 029
TN g —0.28

8 FXEFN TVDIS Landsat8-TVDI £ EH G E
Fig.8 Prediction of TVDI and Landsat8-TVDI difference
images by each mode

B 58 X AR AR 4 288 0 2 S DAL 3 il AL/ 2258
L ST RIS )N S AR A TR E S RS T R
80 BT 1 25 T 5 O, R AL 2 AR R S B I A
225 S ORI 25 R i AN E L TIT R AR T3

ol 5 A5 AR AR AU T 00 P A E RN BT . D A, SRR AR
AR LT 00 ) K Ry TR R X6 3 el AR AR 0 4T 0 T
W, Z T 4% B Y 3z A B TA], G i DA B TR |
XA HEAT PR M o L, JE SR TR ok & 5 R
ALY BT A AT [ B IE), DAGE 7 50 4 T L R G % 3
FREL RS HETPF

K H 10 cm RSM 48 XF A TVDI 8k 174 i 31
e, & BE AT Z 08 ) R A%,k B R T
48 0 (9 Landsat 8= TVDIAI 10 cm RSM 4 % %k
it 22 [ (1% 2 ) 4 9 23 2 B A K, TG vk S B A F
K AE, Hok & i T 10 em RSM 8 A& B 7776 10%
9 22, ME B 23t B0 R AR B O o T 5 15 432 5
#RY, %& B Landsat 8= TVDI 5 [&] I #5204 0 ~10 cm
RS K B B WA, L RS T
VB vl 45 6 B 37 S0 - 5800 B H5CHE X AR 48 T 7
TVDDK B #4750 UE

PS5 AT DL B X A% R A R bR L ES-
TARFM 5 8 (1) il 50K B2 359 L At 7 A A8 700 2 5
ESTARFM il STARFM X} It J5 i , & %& ., ES-
TARFM & %) J§ #h STARFM B v 14 ol oF | I 58 3%
R SR Al % 4 R BOKIR A IR 5 BB AR R AR i
e Ry b i o FE AR E DA RE A5 0 DR X /N R
FIVER M A E AT HE B A W . LR CESTARFM 5
STARFM AH It , $& = 1 B AH IR R M Ewf M, I\
17 FE A% B O/ LA (7] 79 ' 335 00 0 3% B 1 B 1) AH LR
o AL TEAMEME R N RCETFEES-
TARFM i FH & 43 BE A2 R AR/ PR RR R Z M
G AH LM KR AR o3 BE R AR R TR B L TR 2
JE iR STARFM w9 5% 335 B 2, i ] DLkt A i F 4R
SR IE RN R AR IE T S B R g 22T ES-
TARFM #l FSDAF Xf Lt J5 1 , ESTARFM #5% % £

1 .0 1 1 1 x .l. - 1 .O 1 .0 1 1 1 1
0.84 0.8 0.8
—

B 06 g 8 06
g 0. 2 0.6 1 =L
& &=
z 2 5
2 044 % 044 3 0.4-
& ; 2
7] m

0.2 ’ 0.2 1 0.2

R>=0.834 4 R?*=0.873 R*=0.845
o 2% % RMSE=0.101 0 5 RMSE=0.079 o RMSE=0.083
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Landsat TVDI Landsat TVDI Landsat TVDI

9 HE 3 Landsat 8-TVDI 53} iz il 9 Landsat 8-TVDI # =
Fig.9 Observed Landsat 8-TVDI and corresponding predicted Landsat 8-TVDI scatter plots



54 2R A ok BE AR T S RO S Rl BTG L 841
140} 140
y=-63.838x+95.631 == =-0.0006x+60.956

s 120 + A 5 s 120 - A
a A A R>=0.3153 7 A R?*=0.000 2
& 100} &~ 100}
g A =} A A
o 80 A A A A S 80F 'S A A A A
= A 4 a L = A a v A
L —_
T 60F  aa A 4 A *‘f“i“ 1 60 & A - -

401 4 A A 40+ A Vg A 4

A A AT 4 A ’A‘
20} A% 20} 4 4
02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09
Landsat TVDI STARFM TVDI
140} . 4or
$=-56.152x+90.689 y=-52.517x+87.028
s 120} i X = 120f 4
2 A a R>=0.2512 2 A a R?=0.2477
& 100 & 100+
£ ~ = N
é 80t A AA AAA 2 " e g 80} A AA AAA R pa—
ol e Giikepbeda’s Dol Haietan e
A A
40+ A Al 40+ & N
t‘ A :A At‘c { A AAAA A }“
20 20}
02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09
ESTARFM TVDI FSDAF TVDI

E 10 10 cm RSM 5 TVDIW#&
Fig.10 Fitting of 10 cm RSM and TVDI

LTI A 8 b ORG EE EE E T FSDAF £8 RL, B R
FSADF #5& B 85 R 3%, W55 25 A — W & o3 56 5
HERCHE , T ESTARFM A5 1 55 255 A 1 5 43 R
FMEBE TG R 2 H R SR £ XS R R
JH 55 55 e B 400 $50 0 4 46 A5 A FE T REAS [, BF 5% X b
Aab 5 5 X 48K, M 3 B 26 S AR A R A A i P
43 B3 o B A T RE 0 B vk B A L IR IR R
HEBR T

6 % it

UGB RS 8 i M AR X 4, 25T Landsat 8 fll
MODIS #2817+ 5 W+, 18l STARFM . ES-
TARFM J FSDAF X 3 Ff i 25 il A 458 78 43 51 X 1
BHEFHAT T RG0S T TVDIE A, &
J& K 10 ecm RSM U 4 %F 2 38 19 TVDI 3 17 5
E , DURE T8 1 3 Ff i 2 il G 5 8 o i 3 T R e
PR AR SCAR DA R 458

(1) 3 i 25 il A 455 8 iy 455 400 950 0 )+ 2 I 7
5 FL 5 Landsat 8 5048 T 58 1 T 52 5 4 1k, ES-
TARFM #5% A1 B #8548 151 U+ 52 4+ 59 R* il RMSE
P4 000 JH Ay 7 Ao A 7Y

(2) 3 Fofr %5 4 w5 455 R0 A 0L F90 00 1 TV DI 3 i
5 H9 Landsat 8 840 I (19 TVDI Mz RSM £ 413 i
735 LB IE , & B EST ARF M #5578 4 48 F1300 i1 TV -
DI 5 [ i B0 8540 22 18] () R A 35 48 T 5 Ath 19 A
ALy K2 T 0.873 F10.248, ESTARFM ## # 7E

— 5 B I R S A o A AR DL T 0 () e JB] Land-
sat 8 AR TVDIL 43 A AR B0, #F 17 f e Al 1 5
AR TV A Jz 35 b 3% 1 HE K 4R 0 1 5 FLYE B
SR AR AR R Z AL . B SE, TV DA A i
(1) = 48 1 R A5 AN BB 7E [R] — B[R] 2E A7 X6 B 17 ] —
DX 358 22 A~ ] 8] 55 5] — Bof 5] AS [ 31 [l X3, Jr 45 3] 119
TMHAEA . F4, TVDILH & i % R
JE RIA — b A B 48 B0 A B3R, R B R OK 2R
VB 45 oAty 1 52 7 W I &5 SR g 52 o IR, A
A J5 T 5T b T B0k — A 4 AR BF 58 A E 43 A, LA
T TVDIEL R ) 7K.

2 % 3 i (References) :

[1] Mishra A K, Singh V P. A Review of Drought Concepts[J].
Journal of Hydrology ( Amsterdam) ,2010,391(1-2) : 202-216.
[2] Pang Sufei, Wei Wei, Guo Zecheng, ez al.Agricultural Drought
Characteristics and Its Influencing Factors in Gansu Province
based on TVDI[J]. Chinese Journal of Ecology, 2019,38(6) :
1849-1860.[ PE# AF , Bl , SR PF 2,55 . 2 T TVDI A9 H it &4
Al AT FRAE B S K K (7], AR A2 44K, 2019, 38(6)
1849-1860. |

Son N T, Chen C F, Chen C R, e/ a/. Multi-temporal Land-
sat-MODIS Fusion for Cropland Drought Monitoring in El
Salvador [J]. Geocarto International, 2019, 34 (12) : 1363-
1383.

Schirmbeck L. W, Fontana D C, Schirmbeck J. Two Approach-
es to Calculate TVDI in Humid Subtropical Climate of South-
ern Brazil[ J]. Scientia Agricola, 2018,75(2) : 111-120.

Bai J,Yu Y, Di L. Comparison between TVDI and CWSI for

[3]

[5]



842

35 %

[6]

[10]

[11]

Drought Monitoring in the Guanzhong Plain, China[J]. Jour-
nal of Integrative Agriculture,2018,16(2) :389-397.

Liu H,Zhang A, Jiang T, ez al. The Spatiotemporal Variation
of Drought in the Beijing—Tianjin-Hebei Metropolitan Region
(BTHMR) based on the Modified TVDI[J]. Sustainability,
2016,8(12):1327-1342.

Gao Z,Gao W, Chang N B. Integrating Temperature Vegeta-
tion Dryness Index (TVDI) and Regional Water Stress Index
(RWSI) for Drought Assessment with the Aid of Landsat
TM/ETM-+ Images [J].
Earth Observation and Geoinformation, 2011, 13(3) : 495-503.

International Journal of Applied

Liu Ying, Yue Hui, Hou Enke, e/ a/. Drought Monitoring
based on MODIS in Shanxi[J]. Remote Sensing for Land and
Resources, 2019, 31(2) : 172-179.[ X 3% , & #% , 43 WAL . MO-
DIS He 45 78 B 75 4 T 5 W50 b iy B[] 1 % e U
2019,31(2):172-179.]

Yu Junlin, Luo Ya, Zhao Zhilong, et a/. Drought Monitor in
Karst Gorge Area based on Landsat-8 and TVDI[J]. Bulletin
of Soil and Water Conservation, 2019, 39(1) : 104-113.[ & %
LB, e, % . BT TVDIA Landsat—S8 (1 % #7451 4
AR ] K £ PR, 2019,39(1) : 104-113.]

Yan Feng, Wang Yanjiao. Estimation of Soil Moisture from
Ts-EVI Feature Space[J]. Acta Pedologica Sinica, 2009, 29
(9) :4884-4891.[ Fl e, FHlg . 2k T Ts-EVIHFE 25 [ #9 1
Bk S R[] A4, 2009,29(9) : 4884-4891. ]

Rong Qiyuan, He Qisheng, Liu Baozhu. Study of Drought
Monitoring based on Landsat 8 Data[J]. Science Technology
and Engineering, 2015, 15(31) : 205-211.[ 5 A3 , fa] #L ik, X1l
FH . BT Landsat 8 19 T R UTWBF R [T ] Bk 5
T.#,2015,15(31):205-211.]

Xue Tianyi, Bai Jianjun. Spatiotemporal Variations of Spring
Drought based on TVDI and Meteorological Index in Shanxi
Province[J]. Research of Soil and Water Conservation, 2017,
24(4):240-246. [FE R, % BT TVDIM R LB W
W76 A5 A7 2 LG I 23 A3 BT (D] 2K AR BRI ST, 2017, 24(4)
240-246.]

Sha Sha, Guo Ni, Li Yaohui, ez al. Applicability of TVDI in
Monitoring Drought in Longdong Area of Gansu, China[J].
Journal of Desert Research, 2017, 37 (1) : 132-139.[ ¥ ¥ , 58
e, 2, 55 O EE AR B T R AR BT VDD 7E Bl AR 1 387K
I Al LT ] A E b, 2017, 37(1) 1 132-139. ]

Shi Yuechan, Yang Guijun, Li Xinchuan, ez a/. Intercompari-
son of the Different Fusion Methods for Generating High Spa-
tial-temporal Resolution Data[J]. Journal of Infrared and Mil-

limeter Waves, 2015,34(1):92-99.[ 1 H It A5 % 281,

ARl 22 TR BB A TR I A 0 W SR BN Y ik X L
[J]. 2145 2 K 244, 2015, 34(1) : 92-99. ]

Liu Gang, Zhang Yu, Zang Zhuo, et al. Extraction and Com-
parative Analysis of Forest Information of Multi-source Re-
mote Sensing Data[J]. Journal of Central South University of
Forestry & Technology,2012,32(10) : 158-161.[ XK , 5k 1 ,
PO, S 22 U TR R AR AR AR R R IR LB AT (]

[16]

[18]

[20]

[21]

[26]

MOl B R 244, 2012, 32(10) - 158-161.

Ping Bo,Meng Yunshan, Su Fenzhen. Comparisons of Spatio—
temporal Fusion Methods for GF-1 WFV and MODIS Data
[J]. Journal of Geo-Information Science, 2019, 21(2) : 157~
167.[ 18, = [, JR A . 1 [ GF-1WEV 548 Al MODIS
O Y I 28 Al S SR XL Ay BT (). Hb Bk A B R A
2019,21(2) :157-167. ]

Gao F, Masek J, Schwaller M, ez al. On the Blending of the
Landsat and MODIS Surface Reflectance: Predicting Daily
Landsat Surface Reflectance [J]. IEEE Transactions on Geo-
science and Remote Sensing,2006,44(8) :2207-2218.

Liu Jianbo, Ma Yong, Wu Yitian, ez al. Review of Methods
and Applications of High Spatiotemporal Fusion of Remote
Sensing Data[J]. Journal of Remote Sensing, 2016, 20 (5) :
1038-1049. [ XU, 58, B o) K 45 . I8 o 16 25 il 43 07 ¥
VBT 9 2 i B v T BRR [T]. 38 4l L 2016, 20(5) - 1038~
1049.]

Hikker T, Wulderb M A, Coopsa N C, ez al. A New Data Fu-
sion Model for High Spatial- and Temporal-resolution Map-
ping of Forest Disturbance based on Landsat and MODIS[J].
Remote Sensing of Environment, 2009,113(8):1613-1627.
Xie Dengfeng, Zhang Jinshui, Pan Yaozhong, ez al. Fusion of
MODIS and Landsat 8 Images to Generate High Spatial-tem-
poral Resolution Data for Mapping Autumn Crop Distribution
[J]. Journal of Remote Sensing, 2015,19(5) : 791-805. [ ifif ¥
e kAR K VB AL L 4 . Landsat 8 A1 MODIS il £ #4 2 125 i
2503 B B YU BOR A [T]. 38 a2 4, 2015, 19(5)
791-805.]

Zhu X L., Chen J, Gao F, et al. An Enhanced Spatial and Tem-
poral Adaptive Reflectance Fusion Model for Complex Hetero-
geneous Regions[J]. Remote Sensing of Environment, 2010,
114(11):2610-2623.

Zhu X L, Helmer E H, Gao F, et al. A Flexible Spatiotempo-
ral Method for Fusing Satellite Images with Different Resolu-
tions [J]. Remote Sensing of Environment, 2016, 172:
165-177.

Yang Min. Comparison and Application of Downscale Spatial
and Temporal Fusion Method for Land Surface Temperature
[D]. Xi” an: Xi’ an University of Science and Technology,
2017. [ A7 . 2R R B8 e XL E N 23l O T X bE B R
[D]. P42 P24 R4 R 2, 2017, ]

WuM Q,NiuZ,Wang C Y, et al. Use of MODIS and Land-
sat Time Series Data to Generate High-resolution Temporal
Synthetic Landsat Data Using a Spatial and Temporal Reflec-
tance Fusion Model[J]. Journal of Applied Remote Sensing,
2012,6(1):63501-63507.

Liao C H, Wang J F, Dong T, et al. Using Spatio-temporal
Fusion of Landsat 8 and MODIS Data to Derive Phenology,
Biomass and Yield Estimates for Corn and Soybean[J]. Sci-
ence of the Total Environment,2019,650(2) : 1707-1721.
Dong T, Liu J, Qian B, ez al. Estimating Winter Wheat Bio-

mass by Assimilating Leaf Area Index Derived from Fusion of



5 4

2P A5 -l R AR T R RO s il S T R L

843

[30]

[31]

[33]

Landsat 8 and MODIS Data[J]. International Journal of Ap-
plied Earth Observation and Geoinformation,2016,49:63-74.
Mityok Z K, Bolton D K, Coops N C, e al. Snow Cover
Mapped Daily at 30 Meters Resolution Using a Fusion of
Multi-temporal MODIS NDSI Data and Landsat Surface Re-
flectance [ J]. Canadian Journal of Remote Sensing, 2018, 44
(5):413-434.

Bai L, Long D, Yan L. Estimation of Surface Soil Moisture
with Downscaled Land Surface Temperatures Using a Data
Fusion Approach for Heterogeneous Agricultural Land [J].
Water Resources Research,2019,55(2):1105-1128.

Liao C H, Wang J F, Pritchard I, ez al. A Spatio—temporal Da-
ta Fusion Model for Generating NDVI Time Series in Hetero-
geneous Regions [J]. Remote Sensing, 2017, 9 (11) : 1125~
1153.

Niu Haipeng, Wang Zhanqi, Xiao Dongyang. Paddy Rice
Planting Area Extraction in County-level based on Spatiotem~-
poral Data Fusion[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2020, 51(4) : 156-163.[ 2F gl , T /&5
AR R T A RO S B L A RS A A AR R R
(1] Al B4R L 2020, 51(4) : 156-163.]

Zhang Lifu, Peng Mingyuan, Sun Xuejian, ez a/. Progress and
Bibliometric Analysis of Remote Sensing Data Fusion Meth-
ods (1992~2018) [J]. Journal of Remote Sensing, 2019, 23
(4):603-619.[ 3K, 2 IR, AN &I, 45 . 3 S EUHE 5 O
Tk 5 S3CHRSE B4 AT (1992~2018) [ 1], 38 %2 4t , 2019,
23(4):603-619.]

Gulziba* Anwar, Mamattursun-Eziz, Mihrigul- Anwar, et al.
The Seasonal Runoff Variation of Qingshui River in Yanqi Ba-
sin during Period from 1956 to 2010 based on Wavelet Analy-
sis[ J]. Research of Soil and Water Conservation, 2016,23(1) :
210-214,220.[ W F E - LR FUAR , 22 22 $ kst - 2C M,
KA - 3CJR FLR L AF L R TN R BT 1956~2010 4F 15
M T KT AR i e AR AR AR LA [T ] R R AR FRBIE S, 2016,
23(1):210-214,220.]

Mamat Z, Yimit H, Eziz A, et al. Oasis Land—use Change and
Its Effects on the Eco—environment in Yanqi Basin. Xinjiang,
China[J]. Environmental Monitoring and Assessment, 2014,
186(1):335-348.

Sun Rui, Rong Yuan, Su Hongbo, ez a/. NDVI Tme-series
Reconstruction based on MODIS and HJ-1 CCD Data Spa-
tial-temporal Fusion[J]. Journal of Remote Sensing, 2016, 20
(3):361-373.[ I, 50 , R 413 , % . MODIS I HJ-1 CCD
B I 25 il TR ND VIS ) 7 510 (7], 38 & 241 L 2016, 20
(3):361-373.]

Liu Yongmei, Ma Li, Huang Chang, e/ a/. Study on the

Change of Vegetation Coverage of Loess Plateau in Northern

[36]

[37]

[39]

[41]

Shanxi Province based on MODIS-Landsat Fusion Data [J].
Journal of Northwest University (Natural Science Edition) ,
2019,49(1) : 62-70.[ Xkl , BB, 8 5, 4F . 2T MODIS-
Landsat i 7 il & (9 B 36 2 1 v JeURE ol e s ek e (0], vy
JEIEE AR (A AR R ) L 2019,49(1) : 62-70. ]

Guo Wenjing, Li Ainong, Zhao Zhiqiang, ez a/. Constructing
the Time-series NDVTI Dataset with a High Spatial and Tem~
poral Resolution through Fusing a VHRR with TM Data[J].
Remote Sensing Technology and Application, 2015, 30(2) :
267-276.[ MICH, FRA B, T AVHRR A TM
KA 6 1N 8] 7 910 45 5 43 R NDVISE 4 A 77 ik (0], 18
AR 5, 2015,30(2) :267-276.]

Hao Guibin, Wu Bo, Zhang Lifu, ez a/. Temporal and Spatial
Variation Analysis of the Area of Siling Co Lake in Tibet
based on ESTARFM (1976~2014)[J]. Journal of Geo-Infor-
mation Science, 2016, 18(6) : 833-846. [ # # ot , 22 3k , 3k -
i, % . ESTARFEM KA LE PG e (0 b 5 9 17 AR 0 25 72 4k o iy
IS F 20 Br (1976~2014 4F) [T]. HBR A5 B BE 27 241, 2016, 18
(6):833-846.]

Yang Min, Yang Guijun, Chen Xiaoning, e/ a/. Generation of
Land Surface Temperature with High Spatial and Temporal
Resolution based on FSDAF Method[J]. Remote Sensing for
Land and Resources, 2018,30(1) : 54-62.[ # i , # 5% 4, B Ib%
T AF . BT FSDAF J7 i Bl £ 25 B I 225 20 9% 38 32 3 B2
(77 [ A+ B %, 2018, 30( 1) : 54-62. ]

Wang Jie, Li Weipeng. Research on Relationship between
Vegetation Cover Fraction and Vegetation Index based on
Flexible Spatiotemporal Data Fusion Model [J]. Pratacultural
Science, 2017, 34(2) : 264-272.[ E7% , TN . 2T 295 (1 i
23 il R A IR S E SRR BOC R [T ] Bl A,
2017,34(2):264-272.]

Wen Guotao, Bai Jianjun, Sun Songsong. Variation of Drought
in Shanxi from 2004 to 2014 based on Bemotely Sensed Data
[J]. Agricultural Research in the Arid Areas, 2018, 36 (1) :
221-229. (6L [V , A, P s il . 5 T 0k il 7 27 3 SR A
BB P 45 20042014 4F T SR AL FRAE X AT [T ], T 5 4 XAl
WF5¢,2018,36(1):221-229.]

Hsu W L, Chang K T. Cross—estimation of Soil Moisture Us-
ing Thermal Infrared Images with Different Resolutions [J].
Sensors and Materials, 2019, 31(2) : 387-398.

Chen Menglu, Li Cunjun, Guan Yunlan, e/ a/. Generation and
Application of High Temporal and Spatial Resolution Images
of Regional Farmland based on ESTARFM Model [J]. Acta
Agronomica Sinica, 2019, 45(7) : 1099-1110.[ Fx 8 #% , 2= 17
T LH B % T ESTARFM #1350 AR 1 8 1 25 43
FeR RS M LT] /R4, 2019, 45(7) £ 1099-
1110.]



844 wmoOE OH R 5 N O 35 %

Time and Space Fusion Model Comparison of Temperature
Vegetation Drought Index
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Abstract: Drought is the first disaster affecting agricultural production. The annual precipitation in Xinjiang of
China is scarce and the climate is dry. This is one of the major obstacles to the agricultural transformation and ru-
ral revitalization in Xinjiang. Therefore, timely and accurate monitoring of agricultural drought in Xinjiang is of
great significance for safeguarding agricultural production. Yanqi Basin in Xinjiang was took as an example.
Landsat8 and MODIS data were used. The Spatio Temporal Adaptive Reflectivity Fusion Model
(STARFM), the Enhanced STARFM (Enhanced STARFM, ESTARFM) Model and Flexible Spatio Tem-
poral Data Fusion (FSDAF) model were used to construct the Temperature Vegetation Dryness Index (TV-
DI). At the same time, the Relative Soil Moisture (RSM) was used to verify the TVDI inversion results. The
results show that coefficient of determination (R*) and root mean square error (RMSE) of the drought factors
(NDVT and surface temperature) simulated by the ESTARFM model were better than that by the other two
models. And the R and RMSE of NDVI simulated by the ESTARFM model reached 0.924 and 0.076. In addi-
tion, the R* and RMSE of surface temperature simulated by the ESTARFM model reached 0.877 and 2.799.
Comparing with TVDI of the real Landsat8 data inversion and RSM data, it was found that the TVDI simulat-
ed by the ESTARFM model is better than the other two models, with 0.873 of R*and 0.248 of RMSE. The
ESTARFM model can more accurately simulate the TV DI distribution of the Landsat8 images in the same peri-
od, so as to monitor the drought degree of the farmland in Xinjiang.
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