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Abstract ;[ Objective ] By the spatial and temporal heterogeneity of winter wheat drought in the county was
analyzed to provide auxiliary decision support for drought resistance and disaster reduction. [ Methods] The
vegetation condition index (VCI) was selected as the drought monitoring index. Based on GF1, Landsat,
Sentinel-2 and other high resolution remote sensing data, the VCI of winter wheat in Yuzhou City from 2011
to 2021 was calculated. The variation coefficient, linear trend method, center of gravity migration and standard

deviation ellipse were used to analyze the drought characteristics of winter wheat in Yuzhou City, such as
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stability, change trend, spatial and temporal changes. [ Results] (1) From the spatial point of view, the
drought of winter wheat in Yuzhou City mainly distributed in the northern and western hillock areas from
2011 to 2021, and the drought area and drought intensity gradually expanded from plain area to hillock area.
(2) The mean value of variation coefficient and variation percentage were 0.62 and 13.12% , respectively. The
spatial distribution of drought stability and variation trend of winter wheat was highly consistent. (3) The
total distance of the center of gravity migration trajectory and the standard deviation ellipse flat rate gradually
decreased from no drought to severe drought, and the standard deviation ellipse area gradually increased,
indicating that the spatial distribution of drought tended to scatter from concentration. (4) In terms of time,
mild droughts occurred every year in period of winter wheat growth in Yuzhou City, with moderate and
severe droughts occurring in an average of 2 to 4 years. Droughts were severe for three consecutive years in
2012—2014, with moderate and severe droughts accounting for more than 35 percent, followed by 2016 and
2018. [Conclusion] During the 11 years, the drought of winter wheat in Yuzhou City generally showed a

good development trend, and the drought in the period of winter wheat growth in most regions was improved

significantly, for severe drought and unstable areas, prevention and control should be strengthened.

Keywords: winter wheat; drought; vegetation condition index; county scale

T X AR A 7S e e ) AR KE 2 —
AR 0% 5 Rl i ) K g st e ERAE
B Je) 1 5 R AR AR AR B v [ R AR A2 T R
AL AE D I ARG B 30 00 2247 . 10 48 2 v [ A4/
& EFFRZ— &N R R A e AN BT R
285 HE P H R R E L2t SRES,
SR 32 2 A2 Wi o YT 1 4 28 /N2 A B P R R B
KR AN P IR R O AN R e, R
TG R A8 A /N A T BRI X T AN E A Y
Bl S I K B X b 22 4 oA B

T R R B A ] 3 S WIS R B O A TR
Vi AR R Rl E UG SIS S AP S S I E T R P
I 2 A B HHE O 1 5 W D R o ) R A &
INETEIFRT ZRAIWEFE, W Yan'™ | ERRFIET 5
ST MODIS #1 HJ T2 8ol 1 5 e gk Al i+ 5
84 (modified perpendicular drought index, MPDI)
A B ML 7K 48 $0 (vegetation supplication water
index, VSWD X} 1] B & /2 £ 7 X 2009 4F Al 2011
RN T REAT T I 5T s R 3 Huang' ™
SFNHE T MODIS i 8] 52 51 7 i U9 — 16 8 9 45 L
(normalized difference vegetation index, NDVI) Fl i
ZFIR ¥ (land surface temperature, LST) 505 ¥ # 15
M g T 5 +8 B (temperature vegetation dryness
index, TVDD . 47 K I [8] F7 5] (4 ] 1 45 4 /N 2+ B
B 25 AL FEAEDF Y . Kogan™'" B T NDVI fy 8 A2 £2
H T A8 #5288 (vegetation condition index,
VCD , VCI X Al AR 25 728 fb BURR 8055 1 M TR A 1 1
X NDVI R 52 i, 5 4 1) 7= 12 5 BAR % (9 415G
PR AR R [ AR T T W0 A R [ R T R

i 2 FEAE AT 55 o A5 21 R4 /9 Ry FHRICRD 2 anvdb b
PRI AVHRR B8 35291 041 7 VCL XA 4
T R S N, R B ARG RE X I R A /N A Y
SEMA A I AR 1~ 3 A 5 0 g A5 L MODIS
BAEIHE VCLE N BCR SRR bR, G AR K
TR E TR LR A T R B, 5By
T 20012011 4FET R A A /N A T B 2 AR AR
fif JE % 22 e T MODIS 8046 % L 4r#F 7 VCT fil i
H T 5 48 # (perpendicular drought index, PDI) .
TVDI, VSWI X A B i i) 32 8 XA /N 22 3015 28 3
01 5 0 s AR

ZE LR O AR N AT T VCT X
] g 48 46 /N 22 1 SR U0 1Y 5 i AR ATS A7 AR — SR 2
ZAb, EE RN — & BT HE R EE £ MODIS,
NOAA/AVHRR ,HJ %5 T8 2 50, 25 [A] 4 B R 1K,
TR RS BN 5 TR S 1R 22 A R AR A B X
R JeF BLIRA /N2 T AR I 0F 5 F0 6F Bi = , XE DA
B HT S BN TR S e, Rt AT
FELAE N TN A B 2T GF-1 WEV, Landsat8 OLI
J Sentinel-2 45 T3 B ¥4 , 38 i 11 524F VCI i T 5 Wil
FRPR ST 20112021 AF @I A& /N2 T 5 A FR O 1
AR R T IR RS A A R AT A /N T S s AR L R
i Ay B3 A /N2 BT S0 K B Bl B o S

1 HREMGR

A N T R e R A B BT A T R A R
H PR B AE 33°59'—34°24'N,113°03'—113°39'E, &
MAA 1 461 km®, THE 4 NMFEFL, 22 12
BED o 8 B i i 2 KA DX, AR 28l 14.4°C L 4R 1Y



%4l

K B2 A L B TR AR A 1 B B A /N T B A AR AL R AR 4 425

R K& 650 mm . EH IR K 225.7 m. XA [ 5k H
PR U, M AR 2R R 2R, R I 40.8%, i< b
30.6 %0, Frb o 14.7 %, 1liHs 5 13.9% , Hi & pE Ik & .
AREAR, SR ERAR o3 A Hoor ST ., B AR 9.1 X
10" hm” , RAEY LA A& /NFE oKy 32, & /N 22 o T
FRZ 4,810 hm?,

2 HESHE

2.1 BESRIER AL E

ARBFE LI GF-1 WFV, Landsat8 OLI } Senti-
nel-2 55 H g 40 HE 5 TR B0 . F T A& /N 22 Fop T AR
TR RN & /N 2 4 B W T 2 M0, B R B R R
20112021 4F, GF-1 WFV £ i v 5 %6 51L&
J g0 Chttp: / www. cresda. com/) 3k B, 25 8] 43 #F
R4 16 m; Landsat8 OLI 45 ti 35 E #b 5T & # &
(https: // earthexplorer.usgs.gov/) 3K B, 4% 23 [6] 43
PR 30 m. Sentinel-2 U4 H1 B 25 7 HF 11 )2 B
1.0 Chttps: // scihub. copernicus. eu/) 3% B, Bl & 5
AR S R A RN 10 mo, S 3R ORI 4 B0 15 RS
B IE LAl A% I 45 AL 34, 28 5 R AE R 30 m )
21 B LT 21 AP BT S A SR IR A R AL
22 BARAE
2.2.1 MACKRSIA A EEHIESE 2011—
2021 AEA/NE A B N ZE A MBCUIR SR E(VED L it
RNV IR

VI = NDVI, —NDVI,, 25
i NDVImax - NDVImin

K. VCL AR —4 ¢ A MRS EGNDVLL
HF—47 AK NDVI {8 ; NDVI,,, N~ 2011—2021 4E ¢
A NDVI & /ME ; NDV1,.. & 2011—2021 4 i A
) NDVI e Kff. VCI i BUEEE Sy [0.1], VCI A
BN, R AR KRS 2, TR E Rz, T
b,

FHBE = KRAFHEEWEm, AHF5EH VCI

MR b, R B K ME A k15 24 VCTL, #R 4
Kogan 3 A VCT X A&l 52 20 50 b o K 5
T AN TR 50 A AN 5300 R T R (V>
0.35) B2 54 (0.25<CVCI=<<0.35) . 5 (0. 15 << VCI<<
0.25) . F(VCI<0.15),
2.2.2 EFHFE AR HERRBE kM=
VCI 1 25 8] Fa g s iF — 25 43 @& N lT 2011 —
2021 AEA/NE T REJRMFERE, CV B, %
/N 20112021 FETRBARE  RZ, TRBRE.
CVIHHAEAXIT .

CV:Q (2)
VCI

X H.CV 2l 2011—2021 4F VCI B 728 5 & % VCI,
g 2011—2021 4E VCI k2% ; VO 2011—2021 4F
VCIF#HE., BT HWITFME&/NE TR EKRADL
10 A X BB F SR 1] T 4050 A CV 143y 4
AEEL AR AR E R E (CV<20.50) VB E (0.50<C
CV<C0.65) , A FaE (0.65<<CV<<0.80) R A &
(CV>0.80),
2.2.3 &g HE AREHEHBRIEITR
20112021 4F & M 7 4 /N2 A IX B AR B 1R o0 )
VCI 28 Ak fa R i 58 4 /N 22 T 5225 [0 43 A 19 728 AL E
e, AP A AT .

2 (X VCIL) — 2i X 2V,
=1 i=1 i=1

slope= - - (3
n2it—(22i)?
i=1 i=1
sl
VCL =n % 2P 100y (4)

~

1. VCL K5 % VCI 20112021 4E VCI 1
XM s slope M PRI (A ; VCL, 5 @ 4ERY VCT Y
EBHE 50 IR B BRAEE (n=11) ., slope>>
0 Fnixfg ot VCI BT [E] h3 hnta#; slope=0 FIR
%A% 70 VCI HA RS slope<<0 FniZig ot VCI K
W R R SR )T AT R AR AR VCLL
MY SRR 5l 5 AN, 43 5 R s 1 3 s (VL >
50%) B ik 3% (30% << VCI << 50%) , 3L 7K A 75
(10%<<VCL=<30%) R HUE A (0<VCL.<<10%) .
FEE A (VCIL<0),
224 EOEBBEBAIFEEZME AR E
LB BRI A /N T AR X AN [R] T 52 4 ) F 0
225 B AL bR L I 38 L FO IR RS B ) L R R R S i
FEWIF T X A6 /N2 Fb oA XA ) 1 52 SR G ) 0 A8 fb
PO A o0 A AR AR B BT . T AT B A R Y
S EITE AT
S, XX SM, Xy
Xj= N s Vi T u
M M

Kfrex, My, HE ;] FE-TEBREMNELLLS
B sn N IR T RN EBEEG M, N i
TRBEM LB X, MY, & & BESEE;
Pi(x; vy RS j T REOAR,

WG ) FETRMEOLIRN P, (20,
Viaew ) SBAEE §EREG ) FERNTRELOES S
w0, it E AR .

0, =arctan[(y,;+, —y,;)/(x;en—x;)] (6

(5)



426

/N s 3 & 0

530 45

TRELBHEE ) BITTEARXRE .
d,=V(xjim—x;)" t(ypm—y,;)° 7
A F OB R [ FE At L R A I 25 A0 (B DR S A
8 XA /NN TR T R AR O A SRR T ),
WL 7 T 5L 2 8] 43 A B8 R RRAE 5 I 2 AR fh s AR,
At aE LT .

(Y w2 ‘—ya ¥’ +/\/LM 1
=1

n
2\2 2.2, 2
2y 224 Y w20y,

i=1

H L\ﬂ“'

€))

n n

2 (w080 —w,y, sind)? 2 (wiz,sinfd—w,y; cosf))?

JE L HORUNAT DR B4 B A B 58 X & /N A T R =
lﬂﬁ\fﬁ‘fﬁﬁ,w, j‘j*ﬂiyr, s Vi j‘j/l\lzlﬁfrh’b@ ﬁﬂ:
FEX DR 50, 00, AU = Hill Ly BHAYPRIEZE

3 HBRGHMH

ZINETEREHHTHIFME

WFE LA & B8 oh Ge it B o0, XA VCT #4743 X 48
11,455 2011—2021 4E @M TH 45 £ LA /N VCI AR
PRASALRE DL (R 1. & 1 Al AL @M VCI 248
B 0.46 e KAH Rl /IMA 43 5124 0.54 (2017 4F) Al
0.24(2014 4F), 2012—2014 4F VCI{HE /M, 75 H

3.1

6.= o, = AR B BN, 45 £ A/ NAE VT AEBRE (L a3 5

2wt L BB M T8 R, 2012 4546 5 B VCT 2 Bl e f

€)) FR/IMEST 512 0.5 QLT |E £ ) F1 0.19 (Mg 11181 A R

A0 AR o 22 1 IR AR X DE A6 5 ) BT O A% 1Y £ B AR 4 £ B4 VCI 2 HA K,
1 2011—2021 EFMBTLNE VOl FHEERETH
Pr— VCI FH#){E
2011 4 2012 4F 2013 4F 2014 4F  20154F 2016 4F 2017 4 2018 4F 2019 4F 2020 4E 2021 4F

FHEZ 0.50 0.23 0.31 0.28 0.46 0.36 0.50 0.37 0.51 0.47 0.50
RCIEY 0.56 0.43 0.34 0.25 0.49 0.40 0.56 0.40 0.57 0.50 0.53
T W 0.47 0.29 0.33 0.27 0.45 0.38 0.50 0.41 0.51 0.47 0.51
J7 i 4 0.55 0.24 0.29 0.28 0.47 0.40 0.56 0.39 0.56 0.50 0.54
J7 11 #H 0.52 0.20 0.32 0.28 0.42 0.36 0.52 0.39 0.53 0.48 0.51
Ty ol 0.57 0.35 0.33 0.25 0.46 0.39 0.56 0.41 0.55 0.49 0.53
EgL 0.59 0.42 0.34 0.26 0.49 0.40 0.56 0.40 0.55 0.48 0.52
B 4l by T 0.51 0.30 0.36 0.31 0.48 0.36 0.48 0.41 0.41 0.46 0.48
195 1% 45 0.52 0.24 0.30 0.28 0.43 0.37 0.53 0.38 0.53 0.50 0.54
1A 0.53 0.26 0.31 0.28 0.44 0.38 0.56 0.40 0.53 0.48 0.52
K et 0.55 0.40 0.34 0.25 0.45 0.42 0.57 0.38 0.58 0.49 0.53
g 1L 0.52 0.19 0.32 0.31 0.41 0.34 0.51 0.41 0.51 0.48 0.51
By & il 0.51 0.42 0.32 0.28 0.44 0.37 0.49 0.43 0.48 0.44 0.48
P 0.54 0.40 0.34 0.26 0.48 0.42 0.55 0.42 0.56 0.49 0.53
B 0.47 0.20 0.33 0.32 0.43 0.32 0.46 0.37 0.46 0.45 0.50
B 0.49 0.21 0.34 0.25 0.46 0.40 0.51 0.40 0.49 0.47 0.50
L% Il % & 0.60 0.50 0.38 0.26 0.50 0.44 0.61 0.39 0.59 0.52 0.54
R A 0.47 0.19 0.31 0.32 0.41 0.35 0.50 0.37 0.51 0.47 0.52
I 45 0.52 0.36 0.34 0.25 0.44 0.40 0.56 0.37 0.56 0.46 0.51
SCHR A 0.53 0.21 0.30 0.29 0.42 0.38 0.56 0.39 0.53 0.49 0.55
TR 0.55 0.23 0.31 0.26 0.47 0.36 0.54 0.42 0.53 0.48 0.52
SR IE 0.53 0.42 0.33 0.30 0.45 0.39 0.53 0.38 0.53 0.45 0.50
UNEES 0.52 0.37 0.35 0.27 0.47 0.40 0.51 0.39 0.53 0.45 0.51
A 1B 0.49 0.38 0.34 0.22 0.43 0.38 0.53 0.41 0.52 0.45 0.49
[ 3EL 0.52 0.33 0.32 0.26 0.48 0.39 0.53 0.43 0.54 0.50 0.54
R 1) 0.51 0.29 0.32 0.25 0.41 0.38 0.53 0.37 0.51 0.43 0.51
&N 0.52 0.31 0.33 0.24 0.45 0.38 0.54 0.40 0.53 0.48 0.52

LI VCI A+ 2 W bR i 4/ N2+ 809 . e it
gEIL G B 20112021 EFBIMHTA/NEETEE SN
5.99%, RSN 18.77 % e N ol 42.72% B 5

Feh 32.52% ., VA2 4 G20, 45 3] 2011—2021 4F
B NFE T 55 8] o A 45 SR B RN 4% & 4R ] T 545 i
FUS AR E (B D B E AL B S\ TN



%4l

2 S T RO S TR B B R A/ T R s R A A A3 A 427

RHEHE A R W rh R E R o R,
S H 25% DL BT R 2~4 a K4 11K, 2012—2014
AEFESE 3 a RIS He iR 3500, Hk Oy 2016 4F
(27.30%0) F1 2018 4F- (25.26 %) . 2014 4F T i Ry ™ &,
FR A 15% R Al 25%0 .40 204 A &A T
x5 VO ERRE S R —8, 250 1,2011—2021
AEWFIEIX A /N 1 50 A 3 ] 32 43 A AR AL ER AN PE

A 201148

B 20124 (. FF

HrpPUas A 500 £ R Rk UL 200 3L E A
W Tl TR R LR o &, BRI, R
i SR A 2 R RS b 2 [ A AR Y i P 3
JeAG B AP 8 Sy e b AL M L 8K AR T 22 WE I
it D AE F IR KN RED 2 &N E R R BT RIAMET,
ReAE RS, TR R AR AR T S b B i
HEEKBE T4 REBR B AR X 55 4%, T 5 A A XU/

|
o =R
B +=
-l ==
[ #rsarRx

0 5 10km
I —

I T AR E M R IR 55 R G R 309 5 8 S(2019 4F)026 5 1 b ofie s P A L S T R s e, N R TRD
1 20112021 EZNEFEMHESH

32 TREUREMESN
M P78 S 28 Bk b o N T &/ e A A ] L

28 Ak AT R E MR 2 BT, 20112021 4F & M T & /)
FFRMA R RN T 0~2.31, 41{H K 0.62., 3 {4k 3k



428 /e o B 1

530 45

FEMTL/NE T RBAR IRE., miRErEsE
3 AT BTN B 2) , @ M T A /N T R RO 1 A
A L AL ) B He b T R AR R AR 09 X L
20,60 %6 » A AE HPEBT R A s TR R E Y
X3 He g R ol 40,64 %0, 28 [ 4340 )12 T R AR
FE DX R 24,53 %6 3 B4 A AE PR AL IR
Bz b DX s T2 AR H N R 0 X3 by 14.23 %6, BB
L A3 AR AR AR L e X — 71

et
5 R E
[T #FkE » He S gl
B ExTFEE o 5 10km 3o
] #EazmER L1 |
B2 2011—2021 EENETETUNEEEZTELS
33 FRETHBERERLSN

TR E NI 2011—2021 4E4/NAZ VCT 4EfRAzE
S AT 5T 0 i TR BRI VCT 5 I [E] 2R AT e 1
T, FIHAX O IX /N VCI 8501
AR 532350 E (B 3) o B AT F 5 XA /N T 5
AR AE 2 ] o A PR IR AR R R 2= L, B E A
I —72.44%~95.31 %, ¥I{H Ry 13.12% ., &/NFE
TR BRAR b 2 A S T AR o Ll 47.76 26 . FoH L
BIGE 5 S M7 (35.44 %0) , BT A EBAE R IX
B T RAR PR AR A SR A AN AR 1 X AR 7 LR 25,520,
23 [A] 431 0 343 8, 5 T A8 A AR E M 2 T 40 A
R T T PR AR A 5 AR R S DB R L
1.20%,3 W] 20112021 4F @M i & /N T RA ki
BN N e R S NF SR8 i N B e S N
BEE. TR XA TF R X R 2 gkl
IR AN it IR BT, B A PR B AR 9 B, by BOURY
TG S K E R F AT, fE#F T K 5L 0y R LR
R ER A3 b X 2 /N A2 T 5 LA B e
34 TEZETZNHFLEST

DI GE X A /N A VCT AU, R 20112021
IELNEANF T RERWE O B IR -2
il o A B8 BT N — A o 22 W 1R CIET 4D, I X6 A 1
22 WA 158 1) st 25 R 1D AR A S B AT g i (BR 20, AT 43
BT 1525 18] 43 A3 14 7 1o 1 R

VCIE L

N BEus
] mpeEs
[ &4K%
[ mamEn
B eE L
] MK

B3 20112021 ELNEFETUBEETELSS

M 4 O EREPILE K TR OB IR L 3.88
km/a WYL 10 2R J5 10 3% 5y, 12 7% 030 SR 250 42.70
km; B HOBAKLL 2.86 km/a 15 JE [6] 4 Bg 7 14
s, TR B B 31,46 km; R E OB R L
2.61 km/a {3 BE ) AR J5 10 % 21y 3 B L300 5 IR S
K 28.69 km; H FHEOREAKLL 1.44 km/a By 3 FE 1)
Vi rg 7 1 # h , iE R Bl BE h 15.89 km, B R
Lo A B S B D U B R Y s (AR Ak L A
TRER MBI/, BRENESETRERNE
AL AN A T AR B T R A T R b e K ML XL (H
N EOEBPLE T UG EEX TREL
fE2s (A E R st g,

B2 M6 18 1 Jd 38T AR B 2 /N2 T B2 25 8] o3 AT
B PE . AR 2 RIHL BT IX A /N2 B o 22 W 15
JFRAE 0.36~0.62, A THE MG RV S5 T 5
o515 T 50 s QO = M S RN Pt () RS Sy N
0.62, R Wb 3 A e o A vy, i 5 o 2 0 ) s 238 e/ s
M 0.36, F W 8 oA B o HE

Tom v 206 182 1 1T R AT DAL R WA /N T B A5 R o A
HYBSRPE . 255 3R 2 Al 22 I T AR 5 8] 4 A oE 254
[ 43 A5 AT AT, 20112021 AEAFF5E XA [R] - 52 560 B 14 s o
2E MR B 7E 25 (8] 3 A b A 2 501 AEL B 5 T 52 DX e 3
DX S il 1) 19 ot A Ao A v 2 A6 161 T AR B T 5 S o
RIMAE K R+ T2 6] 40 A i S bl T . Hir,
TC5 S5 G B 22 WG 15 43 A 7 1) Ay 2 1) PG 6 680 T AR A
/A 15113 km® RV R RS M M oy S, BB 5E
DI BRAE 2GR o345 5 10 R AR AL 1w P e, b B A R
et B 1 s i [ 1 N o I S 2 Q0 i
HE 22 W6 18 43 A 7 1) R 2R G 1) VY R L 1 IR TR 0 KR
518.57 km” , KU R 255 A 43 Mi fe K.




#

4 4 K B2 A L B TR AR A 1 B B A /N T B A AR AL R AR 4 429

FRELCEBPBRITEEME
— EE BE PR
— HE @ Eo

2021 2014
2020 2016
o
2015| [ 2011 2014 1, 2020
* '_ AN 2015
s | 2013 #0211
= - 2012 5018
L 2018 2017 *
2017
2021
20_16 '- 2020 2011
2011 « 1 2012 2013
2013
2012 > _2015_ 2018
2019 ¥ 02018 3 2015
2014 { 2016 2014
. L 2019
2017 S0
0 2 4km
I T

B4 2011—2021 FENEFERELCEIBHRTERIREEZHESF

z2 20112021 EXNETEREEHMESH

T2 X% Yh s/ . T/
g KB /km KJE/km @) km?
TR 9.98 4.82 92.78 0.52 151.13
BE7.60 11.68 54,138 0.54 278.50
R 16.13 6.17 110.65 0.62 312.44
wE 11.02 14.98 44.87 0.36 518.57

4 it5HR

AW 5% 36 TUIT B 48 R M T A4 /N 22 T 5 0T 5
% . FIH GF1,Landsat,Sentinel-2 25 {1 5 43 #2318 7
Bl v A4 B @ M T 20112021 4F & AFE VCIL B
VCIAER TR W H8 br , R AR 7 R St a3k .
O T BB S bR 2E W B Ok, BT TS 11 a
BN T A /N T R 25 AR R AE , BB .

(1) M7 [ AAEFRRIE SR 5 2011—2021 4F & JH 4/
o e s v i e i 3 RN B 7l e e N ]
TR AR AR A TC 2 o 3, 32 [ SRR IK R I S 52
M), 52 1 ARUR T R B P 1) L e DX A SR
KA S REIIME N 0.62, F B T R o3 WL EE
OB MER L BRI, A& /N T R AR 7S )
A ERBR, SRS ES E A — Bk s . il
W 1530 7E 25 1) 2 A L A 25 0] (R R 67 T i 58 X
SUE R Hh 1) VR it 7 R s v 2 A [ T R B T SR R
AR K, T 25 8l o i A T /.

(2) MBS [a] A8 4k ¢ 1E ok B, 20112021 4F & I
ME&/NEZHTERAERELEE P ENERREAE —EN
JEAE, B 25 % E TR 2~4 a KA
1¥K.2012—2014 4E% %L 3 aVCI ¥{H/NF 0.35, 5
FVE 2 H AT 35 %0, LKA 2016 4F(27.30 %) il

2018 4 (25.26%) ., H v, 2014 4+ B & R ™ H,
VCI¥E R 0.24, EBE H B 15%. PR 5 KR
2520 AN 2000 ZEA W A /N WA TR, 20112021
EEMTTE/NE TR E S FHE N 13.12% ., &
T4 /NE TR R UGE R m B H o 47.76 %,
HRetsnam— St &NETREREL
WAL AT XA BT ALY 1,20 %0 AR
H I G 1) R e R A XA N F T Bk B
PRIB U, ERESEAEREN, ERENEOTE
R W0 MOBE B B/, R 15,89 km, HAb AR R g i B
(28.69 km) . #25(31.46 km) I E (42.70 km) ,
gl + 22t AR IR A S AT E LA
ENEES A B RIS, SR TI NI RS (B A = S
B XA AR PR B 2 S D AR 5 R 4R
R N T A /N2 R A X R T EL sk Rl T R A A
TERFSE 3 b M 7R T BB & /N 2 50 25 ] 7 R
P, BEAN . AR Z 2 FH IR A M A F R Ry
SRR BE 4y A7 T T e 4 /N 5 BB L X
HEASWE ST DX B, A 9T AE B O 5T I AL R T R
R 5T X S8 4 v T 48 /N 22 bRl IX 3, 3 F VCT 48 50y
Br 1 2011—2021 4F¥0) jg @ M T 4 /N2 1 B 25 28 4k
RO B T 45 R XA s . H2E VCI 48
B LA I A A KRS S 0 T R R AR L 15 e AR
P KRS IR AR T2 A0 R F RF
ol 5 0 M S At R 2R Al 2 B R e AR KO ES AR
fb. TERZHR D, T8t —L & NE TR K
AELER B2 8 A /N T R BRI K O
5% 30k
(1] ATz Skt AR/ S5 o [ b o T L 2 A8
L) 1Rk AL -5 KRR (rh 9 30) 2020, 18(2) - 79-85.



430

/N s 3 & 0

530 45

(2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

SEURA) ML, K P X 19022018 4R
S s AR RRAE 43 BT [T K L R FFBFSY, 2022,152(3)
220-227.
ExRgit R mEg I AE%[Z] At E gt R,
2021.
SoCEh AR, XN SRR B E AR T 2N
DEAk AR 1) 2 /N 22 43 A 1 B[] 38 82 41, 2018, 22(6)
1023-1041.
A RHE B4 T SPELIE SRy ik 53 4F
TR T 5 s AR AR AR AR LT ] 3 BEAE 5T, 2015, 34(8)
1547-1558.
Yan M. Remote sensing monitoring of agricultural drought in
Henan Province during spring and summer of 2009[J]. Applied
Mechanics and Materials, 2012,193(195/196) :1189-1193.
SRR X 85 i L AR R T IR R K TR RE R Y
AN TR N5 [T ] R Aol K225 4, 2013, 47 (4)
465-469.
XV, L 2538 L 45 3T MODIS B 75 4 % 5238 2R
LT T 5t XAl WF5E 5 2018, 36(3) : 218-223.
Huang ] X, Zhuo W, Li Y, et al. Comparison of three
remotely sensed drought indices for assessing the impact
of drought on winter wheat yield[ ]J]. International Journal
of Digital Earth, 2020,13(4) :504-526.
Kogan F. Droughts of the late 1980s in the United States as
derived from NOAA polar-orbiting satellite data[ J]. Bulletin
of the American Meteorological Society, 1995,76(5) :655-668.
Francisco Z, Mario L. S, Koen V, et al. Sixteen years
of agricultural drought assessment of the BioBio region
in Chile using a 250 m resolution vegetation condition
index(tVCD[J]. Remote Sensing, 2016,8(6) :1-20.
Bk THIRER BB AR A T AR SR B = M
A T B RG24 7 [T, b Bk A5 B R 2 % 3R
2016,18(12):1634-1644.
B 5 ST MODIS S i 1 45 0 X i k1
SR T o el R 222 42, 2020, 25(10) 1 44-54.
Yu Y H, Shen Y Z, Wang ] L, et al. Assessing the
response of vegetation change to drought during 2009—
2018 in Yunnan Province, Chinal]]. Environmental Science
and Pollution Research, 2021,28(34):47083-47085.
Shang Y R, Hu Q H, Liu G Y, et al. Winter wheat
drought monitoring and comprehensive risk assess-
ment: case study of Xingtai administrative district in
North Chinal J]. Journal of Environmental Science and
Engineering A,2017,6(3) :135-143.
Dutra D J, Elmiro M A T, Nero M A, et al. Temporal
analysis of drought coverage in a watershed area using
remote sensing spectral indexes[]J]. Sociedade &. Natureza,
2021,33.DOI:10.14393/SN-v33-2021-59505.
ZEHTSE MHIRLE LM S TR HOR S H8 B BV A 4k
bR s B AT AR SR L 2018, 37(4) : 1172- 1180
RO AR BT VO 388009 75 R X i

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

25 B AR S M), e A B R IR 2021, 33(1) : 152-157.
Baniya B, Tang Q, Xu X, et al. Spatial and temporal
variation of drought based on satellite derived vegeta-
tion condition index in Nepal from 1982-2015[]]. Sen-
sors, 2019,19(2) .1-21.

Zhang L. F, Jiao W Z, Zhang H M., et al. Studying
drought phenomena in the Continental United States in
2011 and 2012 using various drought indices [J].
Remote Sensing of Environment, 2017,190:96-106.
[ S o 3 K RN e S GV O IS DAY
TR RO E - DU R A O B LT Kk R A, 201835
(4):990-998.

XI5 A AT R AR A T 2 R B i Al T R
WS TR AL R A [T ], M BR AR B A 24 25 42, 2019, 21 (1)
1811-1822.

AP JEEZE AR T R A5 3 19 12 S M T g BT HE 43 B
SE DR A A (]I 2 5 25 (] b B4 L, 2016, 39
(6):40-42.

Kogan F, Sullivan J. Development of global drought
watch using  NOAA/AVHRR data [ ] J.
Advances in Space Research, 1993,13(5):219-222.
AEN SR AR 56T CWST I SN T R i 58
AR A K5 R R 3R A AT LT ] K AR T 5T, 2022, 29
(3):284-291.

FBEA, CE A kB 20032017 4EBE P§ 4 NDVI i
75 A R R PR [T ] 7K A A 5 3 412 . 202040 (3)
155-162.

FA 55 B BE.1990— 2005 4 1 [ AR A )™ 45k 7O Vil A%
J BILHRFLHRI T ] 5 IR, 2009,31(7) : 1188-1194.
AR, KL - PER LA, 5F.1950—2015 4F P [
FRAEAE 7= 28 2 A A8 A [T ] i 3 4% 4 L 2020, 75 (8)
1699-1710.

SURME R0 50, B DY 45 B v T b 2 5 DB i b 2 g
AT LT ] A TRE %41, 2021,37(5) : 256-264.
KA TSR AR B AR A A T AR AR B 7 X
iR T IF 23 43 A0 e il LT 1. &Mk T8 2% 4 » 2020, 36
(15):1-8.

RAE » /N 1B T BN B R R R THI G 114 R (1]
B R ENBLT]. T 5 S4,2015,33(1):1-18.

TR A B R L AT R A B S VR W A 2 T A
SRy A Je Bl Al 4y XA 5 LT . b B ol %08 5 X &),
2019,40(7):152-163.

TR A5 IV L 3 B, 46 5k T 22 0 JBOOE 19 ol T 5
M 0 A5 By e R i (D] AR A AE 4R 2019, 39 (20)
7757-7770.

EF, 2 8 Bt T SPET BT [ 48 & /N & A T R
B zS FRAE A AT LT ] M ot 5 B DR K%k A R B &
J&,2015,7(2):159-167.

TR, IR % SRR E B RIEW LR
Bk 537 5 b 2 AR A A3 T L) L BE IR AL 22, 2013, 35(3)
665-672.

system



