1007-4619(2024)09-2383-22

ZFEMER” N AT TRENNAHESES

X\HORA, PR, RO, B, AR

1 AR YE R B AR AT S DL 2 F S =, BT 430079;
2. AR RS ST SRR A B, I 430079;
3. hERFERE 2 KAE RAQUEBTSERE, JLat 100094

A OE: ERRARRSERME ST, TR, X ARES RG2S T RGN T RS R
R E R o AW B0 RS B AL M RARWOIR DL, RALAE S RGN 2 TR S RIS S B W B, BT K
PRI IR S i U BIIR S B ELVCL (Vegetation Condition Index) #%)72 i FH T KR EE s 2 Wil 247y
FEWEE B ARZ , 77 i Z I 25— Bk S, i e S BT R AR B MR AT B Sh AR A A9 A — 20k F T A B
AT X ], % e fE e (MODIS, AVHRR) . ZE#¥# % L (NDVI, EVI, LAL, VOD) A
PSRE (S4E | 104F, 204F) 2577 WAFIE R R B2, 58 50 M 1 22 5N DI 8 i T T VLT3R A E 1
FEXF 7 i Z BAEAE I 28 S AT T IR A0Ar . Z2REHT . (1) AR 2R 2E Bk, BT AL AR NDVI
PR AR RN VO T A1, E RS XA s Hh i 3 AN — B, B 5T A Y VIR [R] 81 22 () A7 7
TREHAIOGHE . SRR 228 (2) ASIRIRIAE B 2 500™ i 3 B0 22 S I TR [ A% s S B 22 5, HAEARE IX
25 SARARAER B, T NDVIFIEVIF= &, . NDVIFILATP= 82 B3T3 2 VCI s ] 471 22 18] 2L A 5
AR OGHE,  TTHET NDVIFIVOD 7 i 5845 2 i VO] R SR R0 3 X I B B e S5 (3) ply [l s
ESENZESTEBN, T AT )25 B T A5 09 V CLEH R 5 81 2Z ) ELA 00 i — S0k, 7= i (9 sl T 85 B A
VO 22 5N o RS2, FEAE A AR R SRR i AT S M I, 5 4 i b A R DPAy 22 DA i 28 7 i 22 )
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Wk RN —mTrk, HAEAEERE S K,
T A GE I 7 R L I 18 . AR RER | 3
A BR, MELABEAT SEmE . RO+ 2 . i

ARk, TR R RS, A % B I
I RS WL S RO AL

o UL 8 T 1A S M ) T B, A
S AR T AR T 50 A K el B AT A T Y
SEHF S AR I (S48 4%, 2018; AghaKouchak
45, 2015) . ARAEANIE TLEARIRAS | 18I i Bk
AR (AR L IRBE . FRST) . fEE (a0
MeERE . RS EEEN) DA (I
W Ky SEER, REEE XS T FAR AR AT 4T
W (West45, 2019; Z2AL, 2018).

DASEHF A o BRI AVHRR (Advanced
Very High Resolution Radiometer) 1t 43 ¥ &K %
1% 9 % {1 MODIS (Moderate—resolution Imaging
Spectroradiometer) A8 % 14 ifi o LI T9 2 A% 8% 4%
FEad LA AR ] 3R T RS AL R S 2
AN i R AE B S B0 W R, X SR R S A
PR AL T 1z T SRR 4 BRI A Y B A AR R
(Tucker %5, 2005; Didan%%, 2015), FEyl2H T
KRREET RSP (E%fh 558, 2014) BT
LB 2 ™ it g T 5 A0 3 AR O U
WS BT R 22 10 K o3 3 T 25 52 30 A i 25 1
S (BCFY) ARRRSE, M Tz m
ok BT RN E, RIETRErmE.
FEr L Kogan T 1995 45 41 i A8 iR 25 45 %L Vel
(Vegetation Condition Index) MM ¥z (Kogan,
1995; Liu %, 1996; H5m 28, 2003; Dutta 5,
2015) . MR EARE LA E (FAO), KHE[E
KRR E IR (NOAA) DA b EE K T
AR P0 (NSMC) AF7EH H # T 5 0 TAE
¥ VCHE R B AR O Fe bRz —, T ey
AR B (R RROIR L o A5 DL VCLR A bR AR 9 S 8
Ta BOERAE R R S T AN BE S8 2 I R Tk o ik 25
50, DT AN BEAE Dy B — F8 Aok i+ 5
(Karnieli 5, 2010), {H 25 i 2 HAE 18 & 5
GU R BRI FE R, A SCATRH HAE Sy —Fh 1 5
FEBOR X o 21T AT S0 9% 3B T8 2R 45 il AR
Z, g bIXser el T Vs R . AR
T AE T 5 000 5 DAk 2 B v, AN Ta] il 0 SR ™
2 /0 MLAT 345 T A] BB BV CLHH 45 R 1 A1)

FEME

(1) B A0 S H0E L2250 R
RS BORZE , X LS H 5l A [F]
R0 TR AT 17 A 8 A AR R I, A B 4 S
it )2 ZE M RRAE . A A RRIE SR (A,
2018; Xie &%, 2008) . #H #% 45 %L VI (Vegetation
Index) J2&— 7 ] {5 1] 2519 B 1 285, mT AR
PR R R AR KARDE (Xue 1 Su, 20175
FBEE, 2003). Hi Rouse T* 1974 44 i H —fLAH B
§HUNDVI (Normalized Difference Vegetation Index )
HA TR R R s 3G 0 sk S0, Bz
TR B Wy A R RRR DL AT A (Rouse 45
1973) . SKT, NDVIHRIZLASFEE . = AP
. ORAL R R A AN SRS P R
2y, ELAE A O 35 X B NDVI AR 21 B 4
(Pettorelli, 2013). ¥EsRAUHPFEECEVI (Enhanced
Vegetation Index) J&— P& EILHITEBEFE 4L, fE
% P e AT R M DX PR R IR G, X i AR A DX Y
L ) BB 1 92 R - R X AR
T, )z TR S SR AESE (Jiang
4%, 2008; Matsushita 55, 2007) . AS[A] T 70 i 49
() AE 5 %, i AR AR 20 LAL (Leaf Area Index)
JE AR BN A M AR B AR R ST A TR
AR, HO2 M RS R G MR Z H RE Y
JoT AE 48 B 1Y) AR WY BRI, LALSE I S )22 1Y
REEE . K Mk A4 B, SRR E T R B 1 4
WA T DL R AR S RGN RAR T BE, Mg
Z T ARAE Yy 7= 5 VAL A B 0 AN T 5
(Fang %%, 2019; Zheng Fll Moskal, 2009). 52%
R R ARG A AL oy R PR TR, EHOE R R
J£ VOD (Vegetation Optical Depth) J&%& F il ) 1%
BAE5 SO A B T3ROS (L& iy FIZEF)
FOKE R AR (Liu%E, 2011). VOD 7ERE #Y
I Ty T RA — S B R A, B AR A
A B B, O HLRE A A 2 R AR
IR AL (ShidE, 2012). B2, X
26 5 BOX 6 S BURAEAE B 3h A FRAEAS 7] R S A
TEm 25 22 5¢

(2) FEAE TR [ 7™ i S T8 0 A2 Sl 2 e o B
S A —E T Ry eSS E, W] LA AN [R] A9 1 2k
s RO BT R] . TR AL BRERAETE
T I PR LI AR 3 SOULI LR B 22 5,
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WK T B S B 1Y R — A B S 8O S AETE A — B
P . L NDVI & #l , AVHRR., MODIS, SPOT-
VEGETATION FI SeaWiFS 45 {4 J8 8 # 45 fit 7 K )
FF R i, HH Y R VP4 25 A 3R WA e S A
R KA 28 R—2erk:, e DL B 4 T 85 77 5 i
B 3 2 W5 PE A (Van Leeuwen %5, 20065
Fensholt #1 Proud, 2012). X244 7= 50 25 5
Wt SR A S A S AR A (BlAnveD) AR
—3, MNTITAE TR W R A R AR B R T R
fh4518

(3) & AHBE I A (BF34) AR R
FHEOE ] B o T VOS2 2 A B 2E KR 25 0[]
WD AR RS A He R A, X FAESRGA T
ORI IX IR, 54 10 4F B 20 4 0] 5
B EMmE D ERE (B0FY) SrTaEESA
Koo AHH AR A A S0 B 2 [m) 4R 3 8o 4
RABRG BB ZMN . K1 HT 5
B 20 & PR 4 BROFE B 52 B0 A T AR AR S G K 0 B
e A S < e 2/ i [ Rt A< S ) PN )
(Chen 55, 2019; ERKH# 55, 1999). FEX X
B, R THE TSR F Y S AR TR BE Y AR Ak
i1 21 7 A8 B 2 800 e KA R /MBI 2SRl 2
KA, I BE BB A B 1) B A AR B Y A
XA AR DL o 22 T K 22 B0 TR g ™ i i T
WA 5T 55 0 AE B R BB s ] 1 s A Sk il
B (ZR M R E N SRR K IE SR ), X
ol B ] 825 B R 2R 5 1) T R 0 5 A AS B

Fé R &/mm
S High: 2750

B Low: 830
(a) FFHIREIK

(a) Average annual precipitation

P 1 AN B BT

gi b, MRS VORI BGE ™ il i 55 T Y
i . T RAL YA B S KL L= bl ) S0 5 5
WIEEIE R BOTRAURNES, KRR Z AT
AT 5 i R = 7 ek DA, DT X 1= 572 R 0 2 )i
SV PR SOOR A E L . AT LU VLA I
X, AT T AR . A RS BORI [a] 5
JEEAE 3 R S B 2 AR I S T R
I A AN 1, AT LA A T A A T
SER BB VEFIAT RO B 1 S AR

2 WX BRIk

2.1 HIRERHER

KyT g s XA 0 . MR . 1LV
34, DRI . KUbdifes B hdon ik,
BT AL R i b DX AR RO T B o % X D) A
WA A E, XFRMOW., EREEHREZW,
DX IR T % A L WA AR Z, KB SCEAE ], B
TRE N FT o VT A s X AF - 34 [ W 2 DA 830—
2500 mm VA B (Bl 1(a)), FFHRELT 9 C—
28 °C (B 1(b)), FEMEMES M EHMICEI R
(38 K BB 3 o AR H 2 A7 7 0 BH S S R 2
W SRRV T R 5557 S X, F J5 ] LA S
TSRO IE 3000 m 1 L Hb, T AFSE DX 8] 3 ) £ i
BRI A . RAR (R 5 i i MORT g o
R Rk (1 1(d))

(b) 4FH il

(b) Average annual air temperature
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Fig. 1 Geographic map of the middle reaches of the Yangtze River temperature

KA X R E R EMRE X, W
KILA T i L sy SR, MRz ),
S SEANG S/ N P 1 2 =R WA T o B N W =T
KA 28 RHERS, BB E RIS . BRIR
FHMB N ELSN, ZHXEFER . KR REE
KA T FE R A T i b DR AR R A
HEE IR REZ —, RRAEBZHXZ 3 E
KIZTEIR (e, 2015). WL, HERMARL
5T XS R VT O DX R R A BRI Sk
FE, WERRIHFEEFRHCE, £ 2001 4F—
2020 4, 2001 4. 2003 4, 20114 | 2012 4F |
2019 AR AFAFEMy , VL i M X & AR T R
5K E

2.2 WRBIERTALE

A 5T Fp R B 3 2 A A2 5% AVHRR
NDVI 7 i 8 E 5 (GIMMS3g) . MODIS I —fk 4
BeAREL (NDVD) P2 i B4 . MODIS 1 5 A 1
88 (EVD P=iBdE4E . MODISHEAFESL (LAD)
77 i BSR4 BR A U B ipd A e ol 2 R A
% VOD = i B 4

GIMMS NDVI & W53 T 26 B B K i 5
KAR RN LRSS TR NOAA LA |1 AVHRR
T s AR B A B 55 ™= . GIMMS NDVI3g %4
Pt % ) [ M RS J (NASA) R AR 5 3
=i, HR WS R NDVISESE , %77 BA

BHRF I . 2 KA /NGRS, B 2 i H
TRIC I sh BB FFE T (Tucker 45, 2005) .

HT R A TS AL (MODIS) A& R A% #5 3%
EHER LI RS (EOS) R 41 Terra Al Aqua T3 /2
=, MODIS &% ™ i EEARE 4 KA i
Moo vKE L MV, HEASRGHRMH . JGEE
FRLT™ o 5 e A o DA B R R i A, T
AN AR EREE NI AR E W LA
Je R AR5 g W A SR AR ) Tz W .
MODIS %4 % A 25 H E R A MR (NASA) X
KA R H0 LAADS DAAC (Didan, 2015; Myneni
45 0015), Horfr, MODI13 J& B = A% = 5
ALV — LA PR B0 (NDVI) 1 5 50 4 48 %
(EVI) %4, MODIS 4 2 MOD15A2H 7= & H 1 B
SRR AR BRI RS S (LAD) FDGEA L
A% (FPAR) (Didan %%, 2015).

Moesinger 55 A& fii | 4= BRI B 3 Tl A B 27
JEEEF= i (VODCA) o 327 i filt FH Bty S 50K 2 A
R, 4545 T NEZRIEES (SSM/LL TMI, AMSR-E,
WindSat f1AMSR2) R451% VOD i 455, HAag
AFEEE B B VOD 7 i, B Ku-band (1987 4F—
2017 %) . X-band (1997 4=—2018 4F) . C-band
(2002 4-—2018 4 ) , /=M e A S RG22 1k
WD R R ALK AW 1 (Moesinger 55, 2020) .
M VODCA FRHL C 3 Bt VOD %4, ok [a] 5 i
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20024F—20184F, HHEIFHEFEA 1d, ZSE3HE%
425 km, EECEY—ANH N HAE, BHRE
VOD P i R E B H R I

A58 I AVHRR A% 2% 25 3K U NDVI ™
(EPGIMMS3g), IFEIEEE A 1981 4F—20134F, Hif[A]
SPHER N5 d, SRR 8 km, A MODIS 1%
JEERFRIU NDVI, EVIAILALF= & (BRI MODI13A2,
MCDI15A2H), NDVIHIEVI 7= & (8 i [a] 5 95 % 4
16 d, 2343830 1 km, LAL 5 AT ] 20 %
F8d, ZSIAIAFHEZ 500 mo  FH OGN A5 3] (4
NDVI. EVIFILAL™ 45 5 32 3 = AR A5k
A5 i) 2 3B 25 AN 3 SRR o A ) R e JE ™
TR Tia e RN AVA S s AN O Dl T B o AR A O
b P RE 0 A AP T WS DOKE B (Xie 1 Fan,
2021; Menenti f15737., 2016). ASHFFEH HAEAS T
WERBIE (GEE) “F& L SL B I ] 3 5135 ik 43
Briks (HANTS-GEE) X i &6 7 f g 47 i 23 8 g Ab
B, Jfg A = S TR IR SR B VCL YT
(Zhou%:, 2015), Hifr, MODIS NDVI 1 EVI St
DL K GIMMS ND V14 75 5 B i Bs i & o 4.
P IR AR E 7 0.05, MODIS LAT S 76 5
RHEIE RO E R 4, A IRZEFIRIE R 0.5,

oS R B Y £ B et T A E A6 182 S e
GEE (Google Earth Engine) ¥, T8 &FE84
AR IR T R 465k, =23 0] 3 BrR 2 E R
FERN 1 km, Ff4 FEAF ST X IR 7287 .

23 WMRAZXESIWHIZE

231 BEHRRSEHTE

FBCIRASFEELVCI (Vegetation Condition Index)
JEFRAL 5 Iy S S LY BT RO R R DL,
Kogan (1995) f2ih, ZJrikit o, X reawm
B 50 B B R RIERE ), e AR R
JET SRR Z W (Kogan, 1995), VCI%
AEAIE /T H HEBSEL VP (Vegetation Parameters )
SRR m/MaMRREZ R RR, @R —
O 05 s VPAEE B AT I — T H 3, S s ¢
TEY TR RN T ARG . THRE AT

VP, - VP! .,

Ve =
! VPF.I’H‘(IX - VPH

(1)

K, VP, RS AES A A BRI, VP
FntERE AN H B ERKRAE, VP! e P i

Hf/ME . BHn AT 54, I ARSI
VA AR . X L VP ] LA R [R] Y
%2 %, W NDVI. EVI. LAL. VOD & %,
VCI iR X 25T NDVIETTHR VI,

232 AFEMEITEMIERR

A SO A HT A P B 48 be A 5 OC R B
(Correlation coefficient) F1¥ 7R Z= RMSD (Root
Mean Square Deviation) (Asuero%$, 2006; Willmott
Fl Matsuura, 2005). MEFRE (r) HTIHHHE AN
432 3% S BR BN Y V CLZ [ AR DG, AT R
W P AR i 22 TR OGOC R Ay — BOME R, IU(ESE
Bl —1—1, X (BT 1, WEE AR G 2
() PR AH DGR BE B 5 4 X DB 0, U338 A AH O
FEREE BN 07 iAW 22 (RMSD) HI T JE A
VCIZ5 R Z IR 1M 25 o PPN $E AR A BT A =X
W

(3)

A, n MEEARREC, X Y, 4350 R A S TR
V&R SRR B VCT, X AY 43 51 R % VCL B R
M

2.3.3 Sen & ZE{41+F 1 Mann-Kendall #2245 7

AR Sen RERAG T B 8] 77 510 00 1)
Ak BY, Il i Mann—Kendall JE 2 50k 56 325 %
AR Al ) B E AT RSB (Gocie A Trajkovic,
2013) . Sen RpFRALIHE—F i@ AES B S
BHEAHE I, LR B R E R e,
T ] 7 51 B HlE i oA (Sen, 1968) . H
HHEA:

X~ X

B = Mean( .

: .),Vj>i (4)
]_L

Kb, 1 <i<j<n, M HETEFIEGE, 2B
B A E R R R P 5 B IHias, > BE Ny Tt
PRI R]F 91 5 T Rt
Mann-Kendall £ 56 15 & —Fp9E S 850 1 H 4 56
Tk (R M-K K51k ) , HAEABIEA T EAA
IERRHE, SR AZ DB AT, &
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TR IER 5340 K SCR R B 3R 55 .
FREN n IS E ) (%, 2, o,
Kendall 304 111 S & Ly

S=,§.i sgn(x/—xi) (5)
K, n WIRF I BE , a2 50 D
A1 18] J5 371 E"J’Ei(/ > i), sgn(xj - x,)ﬂi]’ﬁi%@

S R N

X, ), Mann-—

Lx—x,>0
sgn(xj - xi) =1 0,x,-x,=0 (6)
-Lx, —x,<0

Mn > 100F, Goita S RKEARMIES S, 3
EHRO, Gl Sz RN
Var(S) =
n(n=1)(2n+5)= St - 1)(2,+5) ()
18
A, o 2 AR ERE SR ECH -
A 1) 1 1) e A ) A8 Ak P A o LE S 0 A e it
Z FWr, HEsSmsitEZ oA

S-1

Var(S)

7. = 0,S=0 (8)
S+ 1

JVar(S)

WA S F R, H, ORASIEEH)
BRI H, (AR EE), TERERN s
HAKT L, % Z =2, 0 WHELTREH,, %
SRR H,,, BITEEAEKF B a] 51 45 B i
NS AN S SR

234 HEHERTMEXIRIZE

N T PRAE AR IS R RS ORI (] 5 R X A
PORSIR B VTR, A SCBCE T 3452507051
TR VOIS a5, SRR | A SRR ]
5 B 22 ) B — > 5 0 DR A L SR o MR B
JE R, MRUTIRL VLI ] ¥ 51 =Z [R] A AH G &R
B (r) A7 2 (RMSD) B34 48 b5
FH A A AS [R5 100 DR 3 18 PR AR B S 2 T 118 2
5o 3RS HBCE IR 1 PR,

,5>0

,5<0

F®1 ZHSEEE

Table 1 Experimental parameter setting

SEH 7 s ERIE 1 IR} ) 25 2 /4T
- GIMMS3g AVHRR NDVI 2001—2013
T MOD13A2.006 MODIS NDVI 2001—2013

MOD13A2.006 MODIS NDVI 2003—2018

St 2 MOD13A2.006 MODIS EVI 2003—2018
MCD15A2H.006 MODIS LAI 2003—2018

VODCA Multi—sensors fusion VOD (C-band) 2003—2018

MOD13A2.006 MODIS NDVI 2001—2020

SEG 3 MOD13A2.006 MODIS NDVI 2001—2010
MOD13A2.006 MODIS NDVI 2001—2005

SEH 1 H LA BUNAE A (MODIS. AVHRR)
XFVCLEIFEIR, RS BOR R) 5 R AR — 2, &
43 BT 2001 4 —2013 4 MODIS NDVI #l AVHRR
NDVI (GIMMS3g) 15 5 1y VCI Z [H] 1 22 5 .
SEd 2 DL A 8 2 % (NDVILL EVI, LAIL,
VOD) Xf VCIWysZm , f&E&4% (Bk VoD dls) #il
i a) 5 B AR R — 20, A2 & 2 AT 2003 4 —2018 4F
MODIS NDVIFIMODIS EVI, MODIS NDVIF1MODIS
LAT X J2 MODIS NDVI I VODCA VOD 5 i 1511
VCIZ [ 22 5. T2 Ui Z, VODCA VOD ™~
fift [F] MODIS ND VI 7= i 22 [i1] [/ 777 S 80 CRnfE
TSI 225, HERIME VO 2 R ARE 2T T3

BoE X255 (HAH L TRE R IO 2 i 22 5
MBS HOE SCHY 22 57 02 S RE R AR ¢ 21 ) ) 35
PR 2E S . W TR E SCT MRS EO™ &,
VI AL RS 22 Sl R p e . A AU NDVIA]
TIPS WA AR AR B HTIS 48 WL, BT
VOD Y 58 1Y 1 5 W 05 34k 0 58 L 7E 1T 4R R 0%
HAFHNE (Afshar%E, 2021; de Sanchez Fll Luisa,
2018) o X HE T VOD FRAE A B 5 5 48 b [7] 4% 5t
NDVIIHR R SR e s (W veD dEfrxite, ik
Hmpzs a5, BAEEMMSERME. BT
TRUE SR B A — 2k, ASOH VOD 7™ il 4 A 31
AR S A LE G . i VTR € AT
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L, 7R ) R AR Ak R TR oC R A
KA RS s AR (R E—/ME) . sk
LB RGATHIEAERRET (NEfERK B
B, AL IR 2 B I A B R Kk
Bl —wEKER, hSuRSBETRE., B4
BRGEAT-Hrn; (WA R R ), X438
A0 I B — AR R A, R B80T
B VO 2B, XS ATRE N TSR
GER WIS AL, R TS A T T R A
WieR g sh (5 AR . Rk ]
PR VCI, 4N ) Ik ) 85 1 1 g A B IR
N FE 02 IR T TR R R . AR — ek
AHFFE 526 34 L MODIS NDVI Ky 45143 4 i 8] 85
JEASRAT R SE BRI SS R A . HLAR M, 5256
3 R AL IR AR R S B — 3, AT S AR

FI104E . 10 45120 4 DA J2 5 4F F1 20 4F 1) MODIS
NDVITFR A0 VCLZ M A 25 57 . e 3, 4%
204E NDVIFHI 53 H 44 S4EB . 24N 104EBE, 4
SR EE S A | 10 4FI ] 25 B2 1) V CLE ]33]

3 iR

31 ZREWERTmMEATTRERENNSEE
S

T AR AE RAS ) NDVI = 8 T8 59 VI
i 1] P 81 22 R A8 R 43 IX R 1 3 7 i B 35 7 25 5
(Kl 2(a)), HAFFEMIBIMEH . BIRmERK,
AR RECRH 0211, ¥riim2:40.380 (£2).
U H 2 FE A 5T DX P4 Fg 3 0 AR PR ML X, VCT Z (]
L0 I R DG, X O AR e 2 TR B AR O
PN

(a) MODIS 5 AVHRR B9%f Lt (b) NDVI 5 EVI (9%} L

(¢) NDVI5 LAT#XF L (d) NDVI5 VOD fy*t Lt

(a) The contrast between MODIS (b) The contrast between NDVI  (¢) The contrast between NDVI  (d) The contrast between NDVI

and AVHRR and EVI

(e) SAERFAIESJE 5 10 4F
Fisf 1) 8225 2 14 % L

(e) The contrast between 5—year (f) The contrast between 10—year (g) The contrast between 5—year

(f) 104 [R]85 )3 5 20 41
FIsf [E) i85 B ) %) L

and 10-year time—span and 20-year time—span

and LAI and VOD
r
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Fig. 2 Spatial distribution of overall VCI correlation coefficients in the middle reaches of Yangtze River under different experimental

parameter settings

TN E A S 0™ S5 VCTES ]33]
Z ) 25 /N TS [ AR TR 00 77 i Z ) 1Y) 25 5
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Fig. 3 Statistical histogram of the overall correlation coefficient of VCI under different vegetation coverage types
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based on different sensors
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Fig. 5 Histogram of root mean square deviation of VCI calculated based on different sensors in the middle reaches of Yangtze River
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Fig. 7 Histogram of root mean square deviation of VCI calculated based on different vegetation parameters (NDVI vs EVI, LAI,
VOD) in the middle reaches of Yangtze River
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Fig. 8 Monthly map of correlation coefficients of VCI in the middle Yangtze River region from January to December based on different

time—spans
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Fig. 9 Histogram of root mean square deviation of VCI in the middle reaches of Yangtze River based on 5, 10, and 20-year spans



XUHT A5 Z2 U5 1l 18 ™ i By FH 52 W ) A 1 4 B 2397
AVHRR NDVI_VCI MODIS EVI_VCI VODCA VOD_VCI MODIS NDVI-104:##_VCI MODIS NDVI-204E#5E_VCI
A
7H
VCI
m0—0.15
8H m0.15—0.25
™ 0.25—0.35
10.35—0.45
[10.45—0.55
[10.55—0.65
[ 0.65—0.75
m0.75—0.85
M 0.85—1.00
9H
300
L 1 km
(a) VCIZS [ 431 1E
(a) Spatial map of VCI
AVHRR NDVI_VCI MODIS EVI_VCI VODCA VOD_VCI MODIS NDVI-104E % _VCI MODIS NDVI-204E 5% VCI
50000 50000 ‘ 50000 50000 ‘ 50000 -
i 40000 i 40000 4% 40000 i 40000 4% 40000
7 & 30000 6 30000 £ 30000 & 30000 £ 30000
1§ 20000 1§ 20000 1§ 20000 1§ 20000 1§ 20000
# 10000 : 5 10000 & 10000 # 10000 & 10000
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 10 0 02 04 06 08 1.0 0°' 02 04«06 08 10
VeI vCI VeI VeI VeI
50000 50000 50000 50000 ‘ 50000
1% 40000 1% 40000 4% 40000 1% 40000 1% 40000
g 3 30000 £ 30000 £ 30000 6 30000 £ 30000
1§ 20000 1§ 20000 1 20000 1§ 20000 | 1 20000
# 10000 # 10000 # 10000 # 10000 & 10000
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
vCI VCI vCI vCI VeI
50000 50000 50000 50000 : 50000 ‘
1% 40000 1% 40000 4% 40000 g 40000 1% 40000
& 30000 30000 £ 30000 30000 £ 30000 ;
A 5 20000 1§ 20000 1 20000 18 20000 | 1 20000
# 10000 ‘ ! # 10000 # 10000 # 10000 # 10000
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
VCI VCI VeI VCI VeI
---- F_mean - \/CI
(b) VCIZEit EH I
(b) Histogram of VCI
K10 T Z Wk i = fhi T A9 2003 F5 k1 5440018 (7—9 H ) A VT X EL &
Fig. 10 Map of VCI based on MODIS NDVI products with different time—span during 2003 drought
4 B Bi AL W I B Y b B A T AT AR A . BT
> o)

AVHRR 1 #% i 2™ & 40 fo] 5 J5 22 () MODIS |
SPOT-VEGETATION . VIIRS %1% i 2% 5 B B3
TG HE R OGRS M2 —  (Tian 5,
2015) . HOHIEAESEREY], REHET AVHRR 4L
kb B AR 77 1 GIMMS3g NDVI 7 Al MODIS NDVI
PR AR B A — S AN — B0k, (H TR B 4
BRARAR A EAATERIE IR —2M: (Fensholt
Ml Proud, 2012). SR i — 220 B AR SO
VL r i b DX AR B AR R R R R B S 7 A

RIS R R, TR T R T Y
TR BOT A, R R . S EUE
SR B 0 K 22 S R 2 BOAS [R) 2 B ) 495 2R
AN—Fhe, s T SRR TR
2550 BT B VR 25 S Ok 1 ) — R B S 0™
(T s Wy B SORTR]) - 22 1) ) — B i 247
1] (van Leeuwen 2, 2006; Fensholt Fil Proud,
2012; Tian%§, 2015). VEAIAFAE P H& HNE
IRE VRS AL AR, AVHRR 00578 KU 36



2398 National Remote Sensing Bulletin i & 54k 2024, 28(9)

BT AR R (B 11). 3T MODIS NDVI
JIT A5 04 &5 SR A B VT it L DX R 4 DXl 35 At I
ot (B 11(a)), JEHOEWFSY DI AR AR
X, WfEHICA VT X AP R e X . Wi R A
Pa b M DX ARG B 4 X DL & FEF AVHRR NDVI
(GIMMS3g) JIr 15 1Y 45 R AE K& 43 X 00 i 35
P, AR VL i b DX T i b X T
(FE11(b)), B 7E R b X 52 B 00 B a3,
JUH 2 W P 4 VU R R A X B TN R AR IR AR

GIMMS-NDVI Sen’s Slope
we High: 0.80

S Low: -0.88

(a) AVHRR

NDVIFHE Y VCIE RS 43 DX (325 1) e i 74 3l
DX AN L Rt X)) S B 2 R A G, R
J&H A AVHRR- NDVIHI MODIS-ND VI 7E i £ [X.
ESUWE IR Rt 2R S G A PO PR T
BT ] 7 9 X e S0k T X — e B (BR T4
BRI e ) o IR i Z [ 4 i 22 Sl
B0 KRS 1Y VCLZ ] XE LR e i — ek
(Fensholt 1 Proud, 2012).

MODIS-NDVI Sen’s Slope
wm High: 2.63

4 Low: -3.09

(b) MODIS

Bl ST AR 24 (MODIS . AVHRR) Y NDVIF™ i 2001 4F—2013 4F 23+ NDVI 25 [ A8 R 50T b CHerb 160,09 T8 it 35
X, R Sen RERAG AR (B #, I8 55 Mann—Kendall 35 285006 5012 X 25 (b A4 3410 1 5 PEEA TR 30 (95% B AR 1))
Fig. 11 Comparison of spatial trends of cumulative NDVI based on different sensors (MODIS-AVHRR) for NDVI products from

2001—2013 (Where white is the area with no significant trend. The trend of change was calculated using the Sen’s slope estimation

and the significance of the trend of change was tested by the Mann—Kendall nonparametric test (95% confidence level ) )

AVHRR J2 MfE — BB A% $12 {15 2 401 4> BR 7 25 M e 45
B S AL IRES A MODIS 12 J8 4% 2 Rif JT g K
VU L R 0 7 D A T O R, A AR 2 X I,
Ty BT R TP S T B A HD
{8 2000 4 2 J5 A 1 A L B 19 MODIS & Jg 2 $2 1t
BB, AVHRR 424 03K Dy 50 i (9 A8 B
Sl 25 B AR SR I TP R R 4 %o S ) o, A 5%
BRI L1 (XuZE, 2020; FuentesZE, 2022).
SRUFT RIS LS R T AT AVHRR F1 MODIS f%
AR NDVI 7= St VeI — 8k 22, (HixJf
ANBER N VI TR p vl 116 . ixbiFoy B
DA i X O, ™ Tk VET A 5
WA, SR PR [l AR B i ™= i (B4 2k H AR TR
RIS ) P RE S TE R4 X 3l = A — 2 7 AN — 3
FZE SR o Tk AR VT e b X AR — B AR — a2
SEERR A # B, PR B, Xu% (2020)

TESTHT VCL 2 ERAE AL T 58 Hh 558 T BRI E6
433 5 3T AVHRR H1 MODIS i NDVI = 555 1
VCI I 8] 80 il — 3 i . 25 28 % IR BT e 1) 34 4~
S, PSS ARSI VCT A 56 2R 507 A
Sl AR T 0.5, AU 34k A B A 2 R B0
T0.5, MEREBER AR B U, T8 0.968, /R4S Xu
% (2020) A TR A BRI B8 00 1) — B0
B, AHA AT DA A 4Bk RO L JEF AVHRR
FIMODIS NDVI ™ fiy 38 VCLLE A BRCHS 43 X
IR — M, FOR SRR E i XS 2
AR 2 — B0, A SCYRTIT Y BT C HE TL
L I IE AR Tl . XA ZERE, 5T
ATV E R, RRA LB — T e 4 8k
JRUBE AN [ A 5 A i 28 J™ i X V L2 SR — Bk s
M A3 AT, U — SO 5 25 1 DX DA X s 22 1Y
R A RS



XUFT 45« 2RI S8 ™ i 0L T 1 5 M D A A B 2 R 2 2399

JAEYIHE SURTR], MRS (246 NDVIAI
EVD) [m]- TR B0 [ A TR R A DG, R
Bl 2 i e g4 ) 28 AR AR KRR T 25 5 R e R AR
HASAL, JRZIRNER o GlBR T AR RG22 R s
T MODIS 19 3 S E0™ i i H 3R VCLZ [ FE
KB 53 DX A A B AP — B0k o (H A AR AR X
(FpA 24 K Z5) MODIS NDVIFIEVI } LATZ 8] i
MM R E, TREEZIHHF NDVIFEFE g%
XA IR . 76 S A B 35 X, NDVI X B 2%
FE R AR AN PR, SRR, I EVI AN

10
0ol ¥=0.757x-0.07
N=19496

08
0.7
0.6
5 0.5
0.4
0.3
0.2
0.1F

S R VR RS I | L 1 1
0 0.1 02 03 04 05 06 07 08 09 1.0
NDVI

(a) NDVI5 EVIfIX] L
(a) The contrast between NDVI and EVI

LAT VU REAR G A 11 555 0 P AR, KSR B XA B IR
B HUEYE (Wang 55, 2003, 2005) . il i
X FEAFSE X AR AR 25 X NDVI 5 EVI A LA, #J
DL & 3% NDVI A9 1 FR00; 7612 X 3t 3R 5 2%
BI7E M B 251X (NDVI>0.7), EVIHI LAIAH X}
F NDVII AR R sh AR s (& 12) . 3
Tt X TR AR 5 R X, HUGEH EVIRI
LATSEANAFTEAR RIS [ R4 AR 7 it A T i iR
BIREOHA.

10
9l »=10913x-4.44
N=17273
8 -
7 -
6 -
2 st
4 -
3 -
2 -
1F g .
0 PRI ol st R L 1
0.1 02 03 04 05 06 07 08 09 1.0
NDVI

(b) NDVI 5 LALIX] L
(b) The contrast between NDVI and LAI

12 2003 4F—2018 A5 X S A RRbf 4t IX B ]
Fig. 12 Scatter plots of forested areas in the study area from 2003 to 2018

VOD 7= 5 FIMODIS NDVI = 5h 3R 1 i) VCI 2 B1
WE R 2E 5, 2 AR X R B A R AR
SERHIE . X R BT H A A A, XX
Fb 22 S e DIE B HERf A R . B S S 80 X
M5, NDVIRAER 5 Z 2% B F VOD RAE e 27K
Y ESRAFAE B 25, (AR S A A BLAK
Ve TFRATAY 2 M 8 R TR R 2= 0% W) F P M
DX T W B A A e . R, VoD R i
(25 km) AINDVIF=fh (1 km) Z A48 K )25 0] 43
PR s WA AET I E VO 4 R 25 5, XA R
JEE RN 5% T iR B A i — 2D Al L oA, R
VOD S5 T B % B 2 IR AR 9t (0 15 7K & R i i
TEG AR R T 5 b B Ry o, H5Ekr
Y VOD 7 ity 1 B RS FE TS 52 315 22 R 3R A R 1
AHEE T 12 N 1 2 W00 5 DA 9 ' 25 b
TS A, VOD 72 ok T 52 W iy DX 3k 52
5A B8 Z R AR .

TR A 22 5 . Mg sEoe X 2E5, B
[i) 5 25 5 B0 VO T AS B o Mk 22 B dg /R

% o AFY T 04 B () 125 B 25 SR, Gy S
SAEPE I 2045, Pri RS 210 VO Z B i 22
SN ZA, FENJE AR, AEBOIR AR AL
(VCI) 2 24 i R A RS A 1 [ s Wi (IR
SAH B, FESCERI T 2 W N b, ande]
VEICA 38 1 o B) 35 8 5 D7 S A (A 1 — A& 2R
(O FLSEHETR ZEUR ARV . JETF VO 5 Wi
M, ZRE XX (1) MK o6k
SEMESRG M), XA — AT
XA R G R D RETE AR TR &R A, Rk 4y
BV IER I, ASRGEWRRRYIKE BT 520
I IEFIRA (Liu 1 Kogan, 1996, Kogan, 1990),
AR A R G0 T 52 N Ry 4 A B AR R A A JE 0
AR, BRI RS R G R BB R, DA
el A5 1sF [i) %5 32 PR 38 6 T X3,V CT 3550 52 i 4 /)
(F 1), RmxtFHRMAES RGNS, KEEk
o AR Sh AR X AR A R B R BN K (B
EECHRCT ) Regtesgm, RIAS RGnlRe™
TR (R EN) gttt it



2400

National Remote Sensing Bulletin i & 54k 2024, 28(9)

T MODIS NDVI iy #a #8553 Hr (E19), VT i
XA R AR AR 25 R G AT 78 3k 25 1 850 4 1] 2 B
B ES (MODIS EVIFI LAL P 5 [FAE
EIH ) . ZX R, BT 20 4ER)
] 85 B 500 VOB P 3] L T s 2, T
10 4R 1) (] 85 TS 45 R BT Rk 2, ST 54F

R A] 85 2 A9 3 325 2R o R S B I Y s R AR
@h@otﬁm?ﬁﬁﬁ%%%i@%vmﬁ%
SR TR T R IS PR AR A B
Bom 2z, AR VO T K DX 9 52 s I e
BEF -SRI R R & 2 Gl PR p e SE L0
s H A EGEBG R A R BS . (104 LRI o

1.0
0.8 ) ,‘ ' \ f'}flﬁh i{\\;\] A ;,\\ f‘. «’)\j
p .l ' lL/Uxfﬁﬂ*”;x
/“\/- /'\ /v\\ m ﬁ\h A )’\mf‘a\/\:[ ';\‘.fw ol /‘ ’V'v \ A\\?’v
§ /\ ..... ’A\W}RVK/ \gl‘q\ri;vu; \Aﬁ‘jk/,u\{w‘f‘\‘f“& !AIJ\\%{]’Y\;“I I ,’J\!\’ 4 \/ X ! |
o[ 1TV VARV T VYU | [ AN
i3 1-»&}«\;) ! \J | i‘ j
\

O 1 1 1 1
Q\ qe\ 6@ Q\ Q ‘)Q Q\ oS 6& N Q 6% Q\ QQ\ 66\ \Q\ N ‘P Q\ Q\ 66 Q\ o> 63\ Q\ Q\ 63\ Q\ Q\6
ISR NN WS NSNS N RN NN NSNS N NN S INENURNSIENRENY S
T F SN N NS XS AN &GOS

OISR SRS NS NI NN N N SISO SRS S
I S S I R A S S S N R R A AR A >
e SEEPE TS 10FEEE T ——— 204FE5E oo LIEGFEL) LPEOFEBEE) o LRI QQ0E L)

FI13 BT AN RN 0 B L35 AT A5 A DXARP- 24 V CIAE 2001 45—2020 4R Ll 3537
Fig. 13 Trend analysis of VCI over the period 2001—2020 based on different time-spans

Fil %8 VCLIE BAG B AR HR e v, AR SCpn 25 A 4
TARE e RN . EERH, X5 %S S0
FHFROR B T 5 W 5 9P Ad B F S s AR
ARFANFAEIL T H A EH R — 5%, o
e, ARSCALBERU T JUAS H g i AR 2 1 A A 1 o Ja%
PR R AT T A E RIS, REH T & EEN
RIS RN, A5 B A G H A 5 2R i
JB ™ 5 i SPOT-VEGETATION %731 . VIIRS &7 .
GLASS 24N A Hk, ARSCAE i 5
R T LA K A (B A PR AT T B b B, R
JEARTA] B 25 (8] 23 BER X R 2 SR, 78 5 52
B AIF 2 3 i e m] LD 7 i 22 (B A7 A 25 1) RUBE RGN
Dy, SN A B I A 2 R R R
X TR) 5 R 2 08, AR SC R BEE T LA R
P B B [R]85, A BB i T AN 0 2 B e [
FE B A AR, 15T 45 A B A B ) 5 e 48
2 I, ARSTN SR (EAR S AR X ) —
M TR, X R SO AR S L
AN TR) B2V 7 1 8 A TR A 1T BBl oA JL 06 A Y 128 Jk
PRI — 2, R R AR 25 R 2 KR
JE R FR AR 7 i B AN — B0 B A R — 25 4B

KGR S HnpEK . £HEK sy . R

B OZREUR . LR KA AR K 2 AR e A% 3E 1ot 1 )k
HR RS, HEMSHAEH 20 67
MAEFH (CuidE, 2018) . KIEZSELRG 8K
5 W AR 2T R R I R AR )
B 2 —, BE Rk S A SR AR AR D
C 4T T 20504 (Jiao 5, 2021), 2K
1B 22 Y5 2 8% ™ i i ok ) T S W DU A8 B AN
e e, X 26 2 IR KA P18 S ™ i T B0
WA B LS R 2 A A — B A kAT Y
L 504 o A B T 2 80™ iy ok iR 22
A BB A DI S I ok ) S 2 KRR E B R
IO P 2 LS 1) 1 3R R B AR AIE

5 45

AR SCHE T ARG A R S B L R ] i
JEE ) A S i T T A B SR AR B (VED)
AT 2tk 43 B A PEAG T 22 U5 A e S ™ i I A T
TR AT e RIS

(1) AEfEEgs (MODIS, AVHRR-GIMMS3g)
[ NDVI = i i 543 2 i VO[] 3 30 7 VT v g
K I AR 2R NEBHkRE, =
HVT R TAR 1 VCLIN ] )3 37 22 (8] 47 7 55 A+ 5t



XUFT 45« 2RI S8 ™ i 0L T 1 5 M D A A B 2 R 2 2401

SRR K, NS HRERE, I—10H =#%2Z
] SO ARG, 11 H R 12 A 3% 2Z 0] 2 Al
%, HAR2ZER R4 H oK. 20—k
A BB EE R T R AR X IR AR — U
K EAFRIE S HA . HX AR =R TR
YL AP e X A S TR, 4 3ok H Al I J 1) — BOPE 4R 1
AREE—50 17 .

(2) ANFEMHEHE =% (NDVI 5 EVI, LAI,
VOD) 77 i 5 30 25 SR TR [RAG A 3 B0
25, HFEREE XIR 0 22 A RAE R B . K
T NDVIFIEVIF= & . NDVIFILALP= &, 3 itE
FRHN ) VCIB ]38 2 (B EAT i 2 AR G L Bk
2R/ 6—9H , FRMHLIX =35 Z (8] i AH &
BN, w2k B4 H R ME, X5 NDVIEE %
EXAEEMRAMING A G, SR, T NDVIFIVOD
PRI RAR B VO R P LB AR I 22 5K, FER
B4 X ek 2y S 2

(3) ANEIEFEEE (54, 104, 204F) )
NDVIF= i, THEAS SR VI a) 751 2 6] B 5%
UFmy— 3k, R B A A N B S T AR X R
URER/IN o A 7™ i v 1 R SRR AR AT 2 X R AN A
PRI R Z —

B A AR B S S A W b, R P e AR
S Ak R AR B A RO A BEALYE Nt oE
VL5 B A AR B Y A9 RE % AR U™ b 1)
KRB . B A S T, FATARE R
T3 45 b 3 FH AR 8 7 i AT R LR G 3 W
Al BB BN R B A PPAL 12 25 . AU oE 4%
Sy S5 R O 0L HR 7 i A g T 4 R A s A At
THAR:

(1) XFREEmsEX, g2k VeI fats
FRIFEMMEEI s (nFEHETR), k™
il HAAE TR AR 0T R S e B0 7 DA 5B, ik
TR R AN [R) B ) 255 B R R i o Ah, SZ AR B A
BN, X6 T v AR 7 s XS i AN EERE I NDVI
7 i T AR B S 400

(2) AR S0 G R AE T AR A W] AR
P ERAE,, AT FEBOT AR R VCLZ AR
—BRRAE, 80T 5 S 0 i RO L e o
JEIXE R 257 .

(3) AVHRR NDVI 1 MODIS NDVI & % 75 4
BRI e 4RI 4 2 1 R AR Al 1 R A 2 B
i B — S0, (EFH T R A A R R B B — 3K

PERE 22 . % R85 MODIS 5 8 4 b i A 2 1 A 4
SEPE, BR8] B 2000 4F 22 R A4 e 10 R WA
3, #I%EF MODIS NDVI = S 148 bRt .

RS AN [) 5% i) R 28 RS0 AN 8 M R /INE A
FE5 R T 2 SR 1) U A R S B
At FH A 3 8% AT R D AR Ehe), R4y
KB AR N Z X R E R, R
(R 7= i, FERT W5 SR 5 B ) Mo o

2 % 30k (References)

Afshar M H, Al-Yaari A and Yilmaz M T. 2021. Comparative evalua-
tion of microwave L-band VOD and optical NDVI for agriculture
drought detection over central Europe. Remote Sensing, 13(7):
1251 [doi: 10.3390/rs13071251]

AghaKouchak A, Farahmand A, Melton F S, Teixeira J, Anderson M
C, Wardlow B D and Hain C R. 2015. Remote sensing of drought:
progress, challenges and opportunities. Reviews of Geophysics,
53(2): 452-480 [doi: 10.1002/2014RG000456]

Asuero A G, Sayago A and Gonzalez A G. 2006. The correlation coeffi-
cient: an overview. Critical Reviews in Analytical Chemistry,
36(1): 41-59 [doi: 10.1080/10408340500526766]

Chen C, Park T, Wang X H, Piao S L, Xu B D, Chaturvedi R K, Fuchs
R, Brovkin V, Ciais P, Fensholt R, Temmervik H, Bala G, Zhu Z
C, Nemani R R and Myneni R B. 2019. China and India lead in
greening of the world through land-use management. Nature Sus-
tainability, 2(2): 122-129 [doi: 10.1038/s41893-019-0220-7]

Cui Y K, Chen X, Gao J Y, Yan B Y, Tang G Q and Hong Y. 2018.
Global water cycle and remote sensing big data: overview, chal-
lenge, and opportunities. Big Earth Data, 2(3): 282-297 [doi: 10.
1080/20964471.2018.1548052]

Dai A G. 2011. Drought under global warming: a review. WIREs Cli-
mate Change, 2(1): 45-65 [doi: 10.1002/wcc.81]

Dai A G, Trenberth K E and Qian T T. 2004. A global dataset of palmer
drought severity index for 1870 - 2002: relationship with soil
moisture and effects of surface warming. Journal of Hydrometeo-
rology, 5(6): 1117-1130 [doi: 10.1175/jhm-386.1]

de Sanchez H and Luisa A. 2018. Vegetation Optical Depth: its Poten-
tial as an Agricultural Drought Indicator: A Case Study on Pepper
Fields in Indonesia. Mekelweg: Delft University of Technology

Didan K. 2015. MOD13A2 MODIS/terra vegetation indices, 16-Day
L3 global, 1km SIN Grid V006. NASA EOSDIS Land Processes
DAAC. https://ladsweb. modaps. eosdis. nasa. gov/missions-and-
measurements/products/ MOD13A2

Didan K, Munoz A B, Solano R and Huete A. 2015. MODIS vegeta-
tion index user’s guide (MODI13 Series). University of Arizona:
Vegetation Index and Phenology Lab. https://Ipdaac.usgs.gov/doc-
uments/103/MOD13_User Guide V6.pdf

Dutta D, Kundu A, Patel N R, Saha S K and Siddiqui A R. 2015. Assess-

ment of agricultural drought in Rajasthan (India) using remote sens-



2402 National Remote Sensing Bulletin  # 254k 2024, 28(9)

ing derived Vegetation Condition Index (VCI) and Standardized
Precipitation Index (SPI). The Egyptian Journal of Remote Sensing
and Space Science, 18(1): 53-63 [doi: 10.1016/j.ejrs.2015.03.006]

Fang H L, Baret F, Plummer S and Schaepman-Strub G. 2019. An
overview of global leaf area index (LAI): methods, products, vali-
dation, and applications. Reviews of Geophysics, 57(3): 739-799
[doi: 10.1029/2018RG000608]

Feng Q, Tian G L and Liu Q H. 2003. Research on the operational sys-
tem of drought monitoring by remote sensing in China. Journal of
Remote Sensing (in Chinese), 7(1): 14-18 (555, M [E K, Hi4
K. 2003, AT SE B NE T RGO . 2R, 7():
14-18) [doi: 10.11834/jrs.20030103]

Fensholt R and Proud S R. 2012. Evaluation of Earth Observation
based global long term vegetation trends — Comparing GIMMS
and MODIS global NDVI time series. Remote Sensing of Envi-
ronment, 119: 131-147 [doi: 10.1016/j.rse.2011.12.015]

Fuentes I, Padarian J and Vervoort R W. 2022. Spatial and temporal
global patterns of drought propagation. Frontiers in Environmen-
tal Science, 10: 788248 [doi: 10.3389/fenvs.2022.788248]

Gocic M and Trajkovic S. 2013. Analysis of changes in meteorological
variables using Mann-Kendall and Sen’s slope estimator statisti-
cal tests in Serbia. Global and Planetary Change, 100: 172-182
[doi: 10.1016/j.gloplacha.2012.10.014]

Guan Y H. 2015. Extreme Climate Change and its Trend Prediction in
the Yangtze River Basin. Yangling: Northwest A and F University
GRBUE . 2015, (YT S fi Ao A2 A S AR A 4 10 . 4%
v PHALR BB )

Guo N. 2003. Vegetation index and its advances. Journal of Arid Mete-
orology, 21(4): 71-75 (B4 . 2003. 18 #% 75 K K Huf sy b e . +
BR4,21(4): 71-75)

Jiang Z Y, Huete A R, Didan K and Miura T. 2008. Development of a
two-band enhanced vegetation index without a blue band. Remote
Sensing of Environment, 112(10): 3833-3845 [doi: 10.1016/j.1se.
2008.06.006]

Jiao W Z, Wang L X and McCabe M F. 2021. Multi-sensor remote
sensing for drought characterization: current status, opportunities
and a roadmap for the future. Remote Sensing of Environment,
256: 112313 [doi: 10.1016/j.rse.2021.112313]

Karnieli A, Agam N, Pinker R T, Anderson M, Imhoff M L, Gutman G
G, Panov N and Goldberg A. 2010. Use of NDVI and land surface
temperature for drought assessment: merits and limitations. Jour-
nal of Climate, 23(3): 618-633 [doi: 10.1175/2009JCLI12900.1]

Kogan F N. 1990. Remote sensing of weather impacts on vegetation in
non-homogeneous areas. International Journal of Remote Sens-
ing, 11(8): 1405-1419 [doi: 10.1080/01431169008955102]

Kogan F N. 1995. Application of vegetation index and brightness tem-
perature for drought detection. Advances in Space Research, 15(11):
91-100 [doi: 10.1016/0273-1177(95)00079-T]

Li X. 2018. Research on Drought Monitoring and Terrestrial Ecosystem
Response Based on Multi-Source Remote Sensing Data. Cheng-
du: University of Electronic Science and Technology of China (4%

B 2018, 3T 22 50 SR A T I Ok S 2R A AR e

WE9E . AR: P RHE )

Liu W T and Kogan F N. 1996. Monitoring regional drought using the
Vegetation Condition Index. International Journal of Remote
Sensing, 17(14): 2761-2782 [doi: 10.1080/01431169608949106]

Liu Y'Y, de Jeu R AM, McCabe M F, Evans J P and van Dijk AT1J M.
2011. Global long-term passive microwave satellite-based retrievals
of vegetation optical depth. Geophysical Research Letters, 38(18):
L 18402 [doi: 10.1029/2011GL048684]

Matsushita B, Yang W, Chen J, Onda Y and Qiu G Y. 2007. Sensitivity
of the enhanced vegetation index (EVI) and normalized difference
vegetation index (NDVI) to topographic effects: a case study in
high-density cypress forest. Sensors, 7(11): 2636-2651 [doi: 10.
3390/s7112636]

Menenti M and Jia L. 2016. Observing the response of the land surface
to climate variability by time series analysis of satellite observa-
tions. Journal of Remote Sensing (in Chinese), 20(5): 946-957
(Menenti M, 5557 . 2016. 3 J8 5 it [ il M R S HO0 T2 4k
T W S BF 9 . 38 R, 20(5): 946-957) [doi: 10.11834/jrs.
20166223]

Moesinger L, Dorigo W, de Jeu R, van der Schalie R, Scanlon T, Teub-
ner I and Forkel M. 2020. The global long-term microwave Vege-
tation Optical Depth Climate Archive (VODCA). Earth System
Science Data, 12(1): 177-196 [doi: 10.5194/essd-12-177-2020]

Myneni R, Knyazikhin Y and Park T. 2015. MCD15A3H MODIS/ter-
rataqua leaf area index/FPAR, 4-day L4 global, 500m SIN grid
VO006[EB/OL]. NASA EOSDIS Land Processes DAAC. https://
ladsweb. modaps. eosdis. nasa. gov/missions-and-measurements/
products/ MCD15A3H/

Nie J, Deng L, Hao X L, Liu M and He Y. 2018. Application of GF-4
satellite in drought remote sensing monitoring: a case study of
Southeastern Inner Mongolia. Journal of Remote Sensing (in
Chinese), 22(3): 400-407 (B4, X34, M1 4, XIW, B3 . 2018.
1R DU TR A TSR0 A I ) BT . B IR, 22(3): 400-
407) [doi: 10.11834/jrs.20187067]

Pettorelli N. 2013. The Normalized Difference Vegetation Index.
Oxford: oxford University Press [doi: 10.1093/acprof: osobl/
9780199693160.001.0001]

Riebsame W E. 2019. Drought and Natural Resources Management in
the United States: impacts and Implications of the, 1987-89 Drought.
New York: Routledge [doi: 10.4324/9780429045332]

Rouse J W, Hass R H, Schell J A and Deering D W. 1973. Monitoring
vegetation systems in the great plains with ERTS//Third Earth Re-
sources Technology Satellite (ERTS) Symposium. Washington:
NASA, 1973: 309-317

Sen P K. 1968. Estimates of the regression coefficient based on kend-
all’s tau. Journal of the American Statistical Association, 63(324):
1379-1389 [doi: 10.1080/01621459.1968.10480934]

ShiJ C,DuY, DulY, Jiang L M, Chai L N, Mao K B, Xu P, Ni W J,
Xiong C, Liu Q, Liu C Z, Guo P, Cui Q, Li Y Q, Chen J, Wang A
Q, Luo H J and Wang Y H. 2012. Progresses on microwave re-
mote sensing of land surface parameters. Science China Earth Sci-
ences, 55(7): 1052-1078 [doi: 10.1007/s11430-012-4444-x]



XUFT 45« 2RI S8 ™ i 0L T 1 5 M D A A B 2 R 2 2403

Tian F, Fensholt R, Verbesselt J, Grogan K, Horion S and Wang Y J.
2015. Evaluating temporal consistency of long-term global NDVI
datasets for trend analysis. Remote Sensing of Environment, 163:
326-340 [doi: 10.1016/j.rse.2015.03.031]

Tucker C J, Pinzon J E, Brown M E, Slayback D A, Pak E W, Ma-
honey R, Vermote E F and El Saleous N. 2005. An extended
AVHRR 8-km NDVI dataset compatible with MODIS and SPOT
vegetation NDVI data. International Journal of Remote Sensing,
26(20): 4485-4498 [doi: 10.1080/01431160500168686]

van Leeuwen W J D, Orr B J, Marsh S E and Herrmann S M. 2006.
Multi-sensor NDVI data continuity: uncertainties and implica-
tions for vegetation monitoring applications. Remote Sensing of
Environment, 100(1): 67-81 [doi: 10.1016/j.rse.2005.10.002]

Vogel C, Laing M V and Monnik K. 2000. Drought in South Africa,
with special reference to the, 1980-94 Period//Wilhite D A, ed.
Drought: a Global Assessment. London: Routledge: 348-366

Wang C Y, Niu Z, Zhang Q Y, Wang W and Chen X W. 1999. Analysis
of vegetation green wave change in China using NOAA NDVI da-
ta set. Journal of Image and Graphics, 4(11): 976-979 (T #E, 4
B, BRPRDL, B0 BRF5 T . 1999, FI I NOAA NDVIEUIE4E 4
r ] R B R MRS A L [ R R R 24, 4(11): 976-979
[doi: 10.11834/jig.1999011231])

Wang Q, Adiku S, Tenhunen J and Granier A. 2005. On the relation-
ship of NDVI with leaf area index in a deciduous forest site. Re-
mote Sensing of Environment, 94(2): 244-255 [doi: 10.1016/j.rse.
2004.10.006]

Wang X W, Liu M and Liu L. 2014. Responses of MODIS spectral in-
dices to typical drought events from 2000 to 2012 in southwest
China. Journal of Remote Sensing (in Chinese), 18(2): 432-452
(CEAef, XU, MIAK. 2014. MODIS Y46 B7E Hh [ 5 g 1 5
W g R 3R R IR, 18(2): 432-452) [doi: 10.11834/jrs.
20143023]

Wang Z X, Liu C and Huete A. 2003. From AVHRR-NDVI to MODIS-
EVI: advances in vegetation index research. Acta Ecologica Sini-
ca, 23(5): 979-987 [DOI: 10.3321/.issn:1000-0933.2003.05.020]

West H, Quinn N and Horswell M. 2019. Remote sensing for drought

monitoring and impact assessment: progress, past challenges and

future opportunities. Remote Sensing of Environment, 232:
111291 [doi: 10.1016/j.rse.2019.111291]

Wilhite D A. 2000. Drought as a natural hazard: concepts and defini-
tions//Wilhite D, ed. Drought: a Global Assessment. London:
Routledge: 3-18

Willmott C J and Matsuura K. 2005. Advantages of the mean absolute
error (MAE) over the root mean square error (RMSE) in assessing
average model performance. Climate Research, 30(1): 79-82 [doi:
10.3354/cr030079]

Xie F and Fan H. 2021. Deriving drought indices from MODIS vegeta-
tion indices (NDVI/EVI) and Land Surface Temperature (LST): is
data reconstruction necessary?. International Journal of Applied
Earth Observation and Geoinformation, 101: 102352 [doi: 10.
1016/j.jag.2021.102352]

Xie Y C, Sha Z'Y and Yu M. 2008. Remote sensing imagery in vegeta-
tion mapping: a review. Journal of Plant Ecology, 1(1): 9-23 [doi:
10.1093/jpe/rtm005]

XuZY,Cao LY, Zhong S B, Liu G, Yang Y S, Zhu S, Luo X G and Di
L P. 2020. Trends in global vegetative drought from long-term sat-
ellite remote sensing data. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 13: 815-826 [doi:
10.1109/jstars.2020.2972574]

Xue J R and Su B F. 2017. Significant remote sensing vegetation indi-
ces: a review of developments and applications. Journal of Sen-
sors, 2017: 1353691 [doi: 10.1155/2017/1353691]

Zhang Q, Zhang L, Cui X C and Zeng J. 2011. Progresses and chal-
lenges in drought assessment and monitoring. Advances in Earth
Science, 26(7): 763-778 (3K ik, ik K, £ AL, 541, 2011, +5
D05 PEAN B R B R M R 2 PR MR 2 kR, 26(7):
763-778) [doi: 10.11867/j.issn.1001-8166.2011.07.0763]

Zheng G and Moskal L M. 2009. Retrieving leaf area index (LAI) us-
ing remote sensing: theories, methods and sensors. Sensors, 9(4):
2719-2745 [doi: 10.3390/590402719]

Zhou J, Jia L and Menenti M. 2015. Reconstruction of global MODIS
NDVI time series: performance of harmonic analysis of time se-
ries (HANTS). Remote Sensing of Environment, 163: 217-228
[doi: 10.1016/j.rs¢.2015.03.018]

Analyzing the uncertainty of the multisource remote sensing—based
vegetation products for drought monitoring

LIU Xuan"?,ZHOU Jie'?,LU Jing’,JIA Li’,XIONG Xugian'?,CUI Yilin'?

1. Key Laboratory for Geographical Process Analysis & Simulation of Hubei Province, Central China Normal University,
Wuhan 430079, China,
2. College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China;
3. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China

Abstract: In the context of continued global warming, the risks of drought have increased remarkably, causing tremendous impacts on the

sustainability of natural ecosystems and socioeconomic systems. Remote sensing-based vegetation products are widely used to capture
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terrestrial vegetation dynamic and reflect the response of ecosystem to drought events. The vegetation condition index (VCI) derived from
long-term vegetation products is one of the most popular indices for drought monitoring. VCI calculated from multisource vegetation
products had been applied in applications for drought monitoring. However, little attention has been paid to quantify the uncertainty of the
drought monitoring result caused by these products. This study aims to explore the uncertainty of drought monitoring using VCI derived
from multisource remote-sensed vegetation products by considering the impact of difference in sensors, physical definition of vegetation
parameters, and historical time span of products on VCI result. In this study, the uncertainty of multisource remote sensing-based vegetation
products applied to drought monitoring was analyzed and evaluated by taking the middle reaches of Yangtze River as an example.
Specifically, on the basis of the experimental settings of different sensors (MODIS, AVHRR), different vegetation parameters (NDVI, EVI,
LAIL VOD), and different time spans (5, 10, and 20 years), the corresponding VCI time series were calculated. Then, the correlation
coefficient (r) and root mean square deviation between VCI time series under different experimental settings were calculated to quantify the
uncertainty of multisource vegetation remote sensing products for drought monitoring. The possible explanation for the quantified
uncertainty was further attributed in the study. (1) The VCI time series calculated from NDVI products based on different sensors show
considerable inconsistencies over most of the study area, with weak correlation and large overall deviations. The inconsistent long-term
trend pattern between MODIS-NDVI and AVHRR-NDVI over the study area might account for the large uncertainty. (2) The differences due
to different vegetation parameter products are much lower than those due to different sensors, but the differences are still over specific
regions, with strong correlations between the VCI time series calculated on the basis of NDVI and EVI products, NDVI and LAI products,
respectively, while the VCI time series calculated on the basis of NDVI and VOD products show significant differences in most regions. The
saturation effect of NDVI still effect VCI calculation over highly vegetated area. (3) The VCI time series calculated on the basis of different
time spans keep well consistency with each other, and the larger the time span of the products, the smaller the differences in VCI changes. In
summary, when using vegetation remote sensing products for drought monitoring, the consistency characteristics among multisource
vegetation remote sensing products must be carefully addressed to ensure the validity of the monitoring results. Similar analysis should be
further expanded to global scale and more vegetation products to quantify the uncertainty systematically.
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