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Abstract:[ Objective ] To profoundly understand the difference in vegetation response to climate at different
spatiotemporal scales plays an important guiding role in ecological construction and sustainable agricultural
development. [ Methods ] Firstly, the pattern and the dynamics change of EVI(enhanced vegetation index)
and key driving climate factors (precipitation and the average, minimum and maximum air temperature were

investigated using the GRC method and the Mann-Kendall trend test, and then vegetation activity responses
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to climate change at multiple spatial (from pixel scale to basin scale) and temporal scales (yearly, seasonal
and monthly) were examined based Pearson correlation coefficient and t-test method. [ Results| The average
EVI of the middle and upper reaches of the Huaihe River basin showed a significant growth trend with a
growth rate of 0.055/decade. EVI increased over 93% of the study area from 2001 to 2015, with a significant
and extremely significant upward trend observed in 82% of the basin. The EVI in spring was significant
positively affected by precipitation of the same period and the previous period(p<C0.05), and EVI in winter
was significantly negatively affected by precipitation(p < 0.01). Monthly EVI showed a significant positive
response to T ., in March and November and a negative response to T . in September(p<C0.05), and in
December positive and significant negative responses to T ... and precipitation, respectively(p<C0.05). The
correlation between seasonal and monthly EVI and meteorological factors on a local scale was different in
different regions. EVI of Gushi located in south of the Huaihe River was positively affected by precipitation in
winter, while other regions in the north of Huai River have no such correlation. In February, November and
December, vegetation of Zhumadian was mainly positively affected by the temperature(p<(0.05). The precipitation in
April and July had a positive effect on the vegetation in Xuchang(p<C0.05), and the vegetation had a one-month lag
response to the precipitation in May and August. From July to August, the EVI in Gushi had a significant
positive and negative correlation with the precipitation and temperature ( p <Z0.05) and a very significant
negative correlation with the temperature in September, there was the one-month lag response of vegetation
to temperature in October(p<C0.01). [Conclusion] The correlations between watershed-scale EVI and local-
scale EVI and meteorological factors effectively reflect the regional differences of the main vegetation growth
characteristics and vegetation change drivers in the watershed, respectively, and human activities have
obvious positive and negative effects on vegetation in the cultivation and urban areas, which can provide
theoretical support for ecological construction and sustainable agricultural development in the watershed.

Keywords: EVI; precipitation; temperature; multi temporal and spatial scales; response characteristic

PR i A S R G R R BRI AE 1L
(48 7 g s H BN AR A AR S R G A K R TE I B
AEEZRY, FERBERSH ST RN 5
TR KL E R A B EAT, Rk
55 G R — L A RS b 1 G e ) B, A B A o]
AN TRl 25 ROBE b )37 <468 728 A6 A9 58 A B T R A 3L i
PSR,

BB R AT A S R Ak B A i R YR
I3 —Ak # 8% #8 % (Normalized Difference Vegetation
Index, NDVD) ., 3 55 % 48 #% 38 %0 (Enhanced Vegeta-
tion Index, EVI) J7 iz ] T #4 # #F 5. AVHRR
GIMMS 5 MODIS 7= i & N % . GIMMS NDVI
(1981 — ZA) B MR 7 K 43 FE K (8 km) , /N A
Z3 ROE A Y MODIS NDVI/EVI(16 day, 0.25
~1 km) 1 EVI Mkt NDVI A& 5 i i 55 /0 % K<
AR TS Y o 5y %o g J2 25 K AR AR A e

WIF 5 30 3 4R T R B X A 1) W) 7 R A 2 T T
X E R XK A E e v A A R0 R
[ B 2 RS R AEL B G 5 AR K BEHE R R % . O
VA DX 3R 114 ik R R A B AR A s o R R A
DX ol B K 3 R A7 IR RE R B K S L T ARG

AR B 22 B R AR Y 2R IR B R TR
AR A A BT a0 75 19 o R IR BE 5 7 e /K A i 1 A B T
it e R AR 7K R D A DX B A A0 T ek K A2 At A B
ST R T R T 2 22 S T XY R K
XPAE A 5 A A A DU AR A AR A B T R 391 A0
LI I 5] 52 [ K B 42 1 A5 T 7o AR08 g
JOL DR AF-AE i I 500 88 -5 2 R g R ) R A o
IRAEAAT I o AT DX I8 A g a7 1) 28 S Y 102 X
i 78 18 72 S5, 3 FROREL Wi 0T A A A By i B 2 5 L R 2
B R [B] IR b T BE Ll R R e
SRR 5 TR s il L B (R RS A O Sk
% 2 S0, A R R A S R AR A I K 22 5 e R
TEAR DG, T ZE AT | e V65 AE BIO0T 5 AR A0 o o7 B
WA AR AORT Calh AA B DAt A ) WD IO R i T B 4
PR T o T A 728 A o L B e I o K 5 SR 1Y
", LATEBIFSE 32 24 v T A X B R 25 ROBE S
SRR UNPR /B 8 R/ A AR BR/ ZE A G PR AL, A
D W R R M RO RUBE S H T A OGS A B g
IO 47 AN [ ff 2 RURE £ 26 9 0 80 45 A~ il A L i e 5
KL HERTEA R I 28 ROBE b 1A 5656 2 e 2 A5 B
AT 20T PR B R O R AT RS R



270 /e o B 1

530 45

A SCLLUET i o ], BT MODIS EVI %4
TRIE 2001—2015 4FHE B o 1) 25 (8] 73 A7 Rk A0 A2 4k
R WIS ) i) 23 RUPE 4B 9 5 0% TR 04 i) o, B
AL PSR BG4 W I RN, N AR S R
g VEWA KR SRS %,

1 HARXBREHE

1.1 WHREHR

TREVAT 3l oy A A8 AU DX, Y TRT DA g oAy S BT
T 2 XU DX, TR T LA A Sy 22 iy 2 0 i 2 XU X
R R TR LN E - A I N = U 181 O e o/ VAR R
M-S EBA BN L 19 1 km®, 0 FH 2K
M A 7 R B 5 P R AR O L DX R X A A A
B ARH A Ry R B )z A A .
K132 m AR SIR 11~16°C , i dba) e . i 48 16 74 i3
W ZAE K& 920 mm, /1 EF A b i X g SR
Ji 32 UK 5 7% 2 i F /N AL KL AR H K T2 & il 900 ~
1500 mm, ARHEHLIE b 35 A Rl 43 7 A X AR 4 1L
DX AR A AR L X HE R L e X RS BBk X B PE I
Fe DX v AP e DX i e P R X (B D

BiR/m
1 -7~50
] s0~100
B 100~200
B 2002010 # 0
o RR¥

0 60 120 km
| I E—

B1 HRRER

1.2 H#ERIESaE

LR A EARE BB LW htep: /
data.cma.cn/$2 L2 H S L8R &£, S 13
B AR SR 0 AL HE H K L H YRR H s <R
55 H AR AR BOE 4 S 4ok IR LA R AT R AR S
(B S 43 St Al s K R 2 R 2R AR
DA 3 35 M, LA B 3R A 28 BB B M AL TR 3R A
20012015 4F - ¥4 4F f /K o 25 8] 40 A5 B (&L 2) . i
T L e R L DA i K i e 22 R IR 2 L I T TR
iR KD, HBEKEZEZEP T 59 H, 5
1960—2015 4F A ¥4 b, 6—8 A Bk, Hias A 4
D B . 20012015 4R O B AR R OK B H A

W i TR (p<<0.01) , AE A H B F %
BHO<0.D . FHEEmARBEAEETRBER (p<
0.05) VAE AR IR B AR WL R i,

FEIYREA R/ mm

. 1382

600

I E—
—— KW —— RESR
M0 T o PH=E - RIESE ]

400 1 L L L L L 10
— o wy o~ N -— o wy
[ = [=3 [ =] (=] < — — —
<> (=2 <o > <> @ <> <>
o o o~ o o o o~ o
£
250
B 1960—20154
200 | 2001—2015%
g
Biso |
i}
B 100 | y
= i 5
0 - / g 5 7 HE
A B4 Hi H HH HE
OEEEE Eﬁaa
1 2 3 4 5 6 7 8 9 10 11 12
A #

B2 WMk SBREEOTHSE

TR L B 53 0 3l $2 43 7 MODIS 7 i £ 408
(https: // ladsweb.modaps. eosdis.nasa.gov) . FH#EEIE N
MODISI3AIEVI, 28 33588 16 d,500 m, 2384 . &
AR HE PR A AL B, TUAL 3L T ENVIIDL i
5. FSH 4253 H I twice filter M7 k> & g} 5
G198 TAIE L = G 5 RS R R KA S
FEAER EVLIEA B KR KIS EASERERE T
.2 TZEH EVIRIEEY) AR AR EK EVI R4

EVI/NT 0.05 BRITH A THERR AL 2L,
Ry ¥ IR I e b A AR Ak E R MODIS MCDI2QUL
A [ B L A= 4 P X (TGBP) - b 43 R 8 4R 46 (Rl 5 17



43 BRI (B H R A K 3R 1 2 2 R O 271
A BB A A ] S BER Dy 500 m) KRR BEBLE HO 79.206,9.804,5.306, 2.6 00, A M TR o

B R 735 Ml R TR R S KSR

b FH M, A2 B 20012015 47 72041 1 96 7 36 B0 di . 5 T +

HF) PR B 3115 20012015 4F 8 + b R FH 55 7% 43

A E 3) . I 5 M bR | R ) 2 A
F1 #hH B =[S

O Hkih B 2 11 &2
B HAik
0 e RARRABRRARRF
so [l f b
s i INENERHE
53 60 K q IR RERE T
1 il AR
B 40 ] Al el R R
== " o B eE BB b
20 R b L IRt R R R
772????@%%??%??
4 4 E 4 4 E HH B H E
0
- NNt VN O~ 0O —~ NN N
O O O O O O OO O O ™ = = = = —
[T = B = T == R = T e R e B e T = B < 2 == 2 == == R e B ]
AN AN N AN AN AN AN AN ANA N N AN
F &
&3

2 WMIRFE

21 HEEEHSH

R H GRC 77 329 94l EVI A4k, GRC & L
A I S0 P AR B AT B A A Y SR /N B ORI R T TRTIH
P2 AR TR EVILE 10 5 8BRMEE XN
AR AR BE DL 4 B i R EE EVT B AR AR R AE 5 X F
BT RE EVIL, A ] B /)y — 3¢ 2 8 4 X Bl B4~ EVI
BITHY AR L 21 1Y I ] i e, T GRC 55 A8 B
S AT Bl (Range) DL KA Bl AH X 7 3 — 4F 19 22 46 e
fiil (Percentage) s L A" Range 878 EVI A28 k{5 [l ,
Range KF 0 F8] VI 23 in a3, ) Z Wk 2>, Per-
centage <75 AB 4% 748 Ak il S W 5% R U AR X T 00 0
M AR B W T E s e RoR . R AT .

n X XEVI, — 2 SiEVI,
i=1

GRC= - - 2 EVI, (D
n2it—(21)* ’
i=1 i=1
Range=GRCX (n—1) (2)
percentage=100 X Range/E VT, (3)

Arfon ACRERGEVL N ¢ 4£09 EVIH,

FFH Mann — Kendall # #4656 ¥ 46 56 2001—
2015 4R A AMG o0 M A8 10 19 B 35 1, 0 by e AR 4
ST LRI A R R AR R o H R PR p
1B 52 e A 5 8 APk AR AR O, Hoh AR B >0,
<0, v=0 735l s #a G ks B A2
MK p<0.01,0.01<<p<<0.05,0.05<< p=<<0.1

e RAR G A 1.3 %6 (B ), 2001—2015 4F Hs 2 il i 25
¥ S A R DGR Ml A 1 A 050 P M Y 90T T 9 B L 7R
O L P DX B 0 e e A 3 R L DXL 1 e X R
SRR MBI [) B M B b3 1) B

2001—2015 EFFE LA ALEBEAR &L .2001—2015 FLHF AERTESH

I R F IR AR G FAR B2 R R R
PR AR Iy 7 P
2.2 MHEMSH

Pearson (JZ 7K #b) #H 3 2 B2 28 o 1l i A~ 728 &
Z ) S PR G 56 F I 46 A, 3 B2 B 2001—2015 4F
TR M REE B EVLL B S 0 RS 4 W F
(B KRR TE AR B L 2 A0 H 19 A1 56 R 80 M6 R 8
RO TR R W BUEAE 878 EVI 5 A
T2 IR G FR IS B A OC AR B0 3 W AR o 2 [] Y A
KRR R ¢ et I T B A S,

3 #£RE5Ea9Wm

3.1 RIBEE AT TAAFE

B EVI 2r A% (0.05~0.25) ,H1(0.25~0.45) \ 5
(0458 325, I Z VY EVI(EVLL,.,) I AR
EVI 75 [ 530 A5 JE AR EAE L EVL,., S BLAT P 5 b 22745 A9 HE
PR o), WEILSFIR L XORE B A 2 7 55 HAth X 35
AR AR R RN A LR 1 7 T e K. 20012015
4F EVIL Al EVL,, 3 5 PR 5 & J& H 3% 1 i
(p<<0.05) AL ME EE 4y 0.055/10 a, MAS[E R i A ([
5, FEH AR ML A EVI 2 8 3 FTF R R B TR
(p<<0.01) W HlL 1) A 1 7 55 B A K Bk b /)N , 2007 4
b A B 7 R R T 2013 AF SARHLEET L 25 A
Bl 225K T MRHIL A AT B 22 5 /)N o i S2R AF sl A
AFEPR 22 5 3 R AH N 2013 455 B I 20, MR AT b 2
AR AU IR b TR R AR AN, R ISR KR AR AR 1



272

b il F SO/

530 45

F 2013 4 JF 3 P AR (2003 4E 2009 4E 43 51 K 45 K it
KTV TRy EVE S E R E 22 TR AR
P A B 4 B PR A 4R, 2013—2015 4FT 1 K T g i
FRUfESEA A AT 55, IR B N A T IR T
“ T bR A R T R SR T T A SR T
WA M AR 77 5 1 B b b v 22 B GO/ T R S A
Ko WAEEK EVI SR BF b 4 bR 35 ol 5 KL AR b 1 i
R FMR /N, WNEEWARE ., %2R EVI 2R
R HLZe TR 3, AR R 1 3R A ZR R K (0,007
5/a) K /0,004 7/a), 20012015 445 H EVI #
SIEHA T H EVI #2 8 %E E I (p<<0.05), A

=,

EVI 28 4L BE A T 0.043~0.081/10 a (3 1), A% 15
A ) U o 7 A IS R

A DX S AP 7 5 S ) LU TR P B I
B EVI 880584630 0.055/10 a. 52280 1174 Bk
P44 (0.05~0.06/10 a) A5 fb R g2 3, i F R IL
T LT P IR R (20 0k 0.04/10 2B KT
B 4K (0.068/10 )7 H G K T # 0) <2 3t 2 9T T Yl
A RS L R AR b R (0.027/10 ) ] B A
(0.042/10 )™ MK 22 BRI RE S BT X [ SR 400 Eidia
R/ R HCA 23 0] A R F S BE S 2 R A
IR ATH AT 2 BRI 53 it Sl 4 7 i A R o

0 50 100km

[
‘ , -
EVL,, &:i.,;:, : b ju—
[ ] <025 F it [ <0.25 —
[ 0.25~0.45 ' 0 0.25~0.45 e
B 0.45~0.65 S B 0.45~0.65 [ -3
B 0.65~0.89 K&
L] Hfmm
B 4 EVen EVL. ME 2015 £ =65 %
0.45 0.45
B £ HEVIR &
0.40 0.40 |
_, 035 _, 035
> >
m m
0.30 0.30
0.25 > 0.25 D—n_n_n,u—l:l-n—ﬂ—n-nau-n’n\ﬂ-ﬂ
0.20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 0.20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 0.20 1 1 1 1 1 1 1 1 1 1 1 1 1 J
— o wy o~ (=) — o w — o wy T~ (=) — o wy — o wy T~ (=) — o wy
[ (= [ [ =] [l — — — [ [ (=] [= [l — — — [l (= [ =] [= (=) — — —
> [ [ L] [ [ (=) <> [ [ [ [ [ > <> <> [ [ L] [ (=) > [ >
o o o o o o o o o o o o o o o~ o o o o o o o o o~
F & £ F &
—o— i ——  FH —>—  Fi ——  WREBHE
Bs REEFZEMHRNTENEN EVLEH EVINERTK
R1 20002015 FZFAEVISEFHESTHRE
S5 1H 2 A 3 A 4 A 5 A 6 A 7A 8 A 9 A 10 A 111 12 A
¥IE 0.213  0.276 0.336  0.394  0.442  0.476 0.479 0.447  0.366 0.29 0.251 0.226
AR Ak 0.081 0.048 0.044 0.051 0.053 0.05 0.044 0.043 0.051 0.068 0.07 0.073

MG TG EVI A bR fb#a 375 (18] 6),2001—
2015 4F S 43 DX Bl (2 o 3t i AR Y 93.2060) A 8
EVI A B (GRC=>0), Hoir 52 18 3 (p<<0.05) Sl i
F (p<<0.0D) MG F vy 1 B L 8206, F B T
DX I L X R L DR e B X, RGP IR EVI 3
TR 22 (40 %6 ~60%0) IR L1 X 3G 55 > (<220 %0) , HiAfth
X I 20% ~40% . EVI Z=5 45 4k 52 B 8 4 25 ] 5
Bk, FOE KA DY R R (p<<0.05) Kb

F(p<<0.01) E I+ XI55 5 2 5 42 i Y 48.200,
42%,67% ,64% . HhF BB K X 32
A FWEACF JFORE R L XS e X E A K X
D) A A I X, B PR LD X
YA B 184 A1 43 1) g 15 %6 ~ 25 % . <10 %%, T ik 4
DX P4 A k20 B /N T 1596 4 2R OF T XA a1
JnEe i 15 % ~35 % , HERg 1L XA B AR T 500,
R Bl 5 0 0 k3 98 A X A R A e



CHER:]

BN A < T o G I A B R G TR R Y £ i s R T 273

Z HERD KBEUEOHERERLFREZ A F i
D JCAE A B SR A DX sk HL T A T 9 T LA Y [ AR

Percentage

I -100-0 [ o~20

B R H R

20~40

LT LG BB T L 5 A2 B X AR A R A b
4 DX 2O R R

" 0 50100km
-

B 40~60

Bl 60

6 E_EETRE 2001 —2015 £ EVIZUBH T @SS

MR X 3k EVI B &, i FHE X 5 A0
BV BEE DX iR I S T AR R — R
W N 20 Bl % B A DA e o e R A A
WA FFIESEHY . 454 20012015 4E4F EVI #a#s
b5 Hb 28 B 4 245 6] 43 A5 B o bR b 2 1) 5 e DX 358 ) A
ToAB A e, B b 5 ) A i b DX 3% A A Oy TE 2
1o/ 5% T RS, — i TR I 23 3l X Bl
AL WA AE
32 HEHESSFERXRENSHT RESE
3.21 ABMREMMEAFRENF . F AMXKE

TR EVI 5REK R S 4 50 5 48 A6
Z CAREM R RBHEERE I L 23, WER
FEF A5 A K S ARG, 5 A SRR R IE A DG,
B2 W — AR R K 5 e AR AR A 52 0 R, AR S R B
B, XAReh TR EME S XL HEE 550k A
FAG IO N3 5 4, HL s e 3 2 o Bk A
T R AR A KA — s B

WA ZENE, LLFERNG], WIS 3—5 A, 41
Widh 2—4 H L Er s 2 2—5 H L3 A 450
FRiC M s.f Mla, 2 EVI 5 A7 67000 H e
R A 2 3 (p<<0.05) WY IE A 3C , 5 AR I Y T e
S TE ARG, 3 W 3 7K 0T 7 2 A B A K R e K A Bk A
O o DI e 1 e (E T s AN 15 1

SRR A L A K . B EVI 5K R B
W) T oo BERKIM X R I, 5 T, 2 IE A
KL RUFEREKFEE iR 2 BRI & A 12 ki
Bl AE K, T BE I PR 8 v 28 A B 0 BEL AR T R AR
K. BZE EVI 5 AR FFoKEZEME 55
Tk 522 555 19 TE R OG5 2 W RK 2 B K 19 in mT AR A 4 1Y
A IR R A A IR IR, 42 EVIL Y
[Fi) 30 o K o S B AR A OG, 5RO RS . X BR
AR B3 K 38 on ko Bk 2B KA BT S

A EVI 54 H Fr 13 HMREEKCRERMB
B RAMAKE RO 2. v A EVI 54 A DL LR
1 H BAR AR K 5L 35 IE A DG (p <<0.0D), 5T 1
HORRT 2 F BT RE R R K AR G, R 2 2 A
EAMARR MK MR, A EVI 541
T ean ~ F BEK B S (L 7)) RTAT 10~ 28°C I EVI
R e MR, TR R 2 U SR A I A R R S
204 ek 3 A 3 R B A 9 2 R 14 L AE B 2R KT R
Z ML Y H KR AE 0~160 mm B, EVI {13 5%
R Z IR TRE.

M AR (R DS T e 3 H 11 A
B2 IEAH G (p<C0.05) , 78 Ho Al 43 1 1E AH C 55 , % B
R IR TEL A0 T v T A X 37 Je R B Rk A K H A B
ERGHE 9 A T . 2 50 G 38 B 5 m SO T = XF



274 /e o B 1

530 45

FE A B0 VR FH 5 76 12 H 403 B 7K 384 o kot A A 1 1)
00 340 R e v AT T v R A AR R AR

SR EE RS R E R WA RIS 3
BN LR AR ER 11 H ORAE 3 H (Or B 4K
WHD BRI = A B TEY AR 12 H GEAHD %
Bij AR A3 53— 4 H (R — B TR K A K, &
AR SR A OGP RE A B R B AL et
3.2 BWREMMEAFRENF . F AMXKE
T 6 ANE S 500 mX 500 m~20 km X 20
km 25 Al (4 Z2 A FEH EVI 5SRE W ER LR,
Horp g2 2 Y BRPE AR BLBE A T kT LAk ) i, 5
o) VA R WD | R s B R VA e R TIN DN R
W, FE R EVIAEARES/ EVI HE T
B A8 Ak B S E O B AE 7 km,3~5 km &b EVI
{H &A= B AR Ak o gk B )5 EVT B S8, 15 B
GRS T B 5 A Bl 2 R A o A R R AR G

Il 8 AT, WAFAH G P ARAR 9 S T fE 5~
20 km B F A (p<<0.05) L JEFE 7~20 km 5
T i 835 TR (p<<0.05) , BVARE#E SR LN TR R
REBE . VS R b XA ZE4 w5 E 2, 5
BLH I A E R RS T O E B T 5
REB R IEAIE . &Z, kot B [ 46 LA B4 B A b 1X
(R B AR A R TR, 2% 2%, 0 T T 1 [ G 4 LL i
JE DX S AN TR] 7T i [ 4 4 ZE R K AR X AL 22 HLF- 18

0.6

0.5 :)gg- o O O eees 0
Q. - €@
0.4 I ° 5 €
% 0.3
0.2 Bpo™>
01 k R=0.4764
0 1 1 1 1 J
100 200 300 400 500
F&7K &/mm

TRAIRK T 0°C , FEAK I 0 A XA 4 7 2 SO S e, 45
G EVIEZRE JE S0 B SRR A,
AAOCHETE EVI W] AR fuab 7R BA B A8k,

x2 EVISSZZEZNE FHEXY

. RV ;
AYOREHE RV, e T
0 —0.21 0.17 0.12 0.34
EVI 4 )
1 —0.37 0.26 0.22 0.48"
i 0 —0.08 —0.03 —0.08 0.17
EVInax , ;
1 —0.46 " 0.32 0.31 0.46
§ 0.55" " 0.08 —0.09 0.46 "
% f 0.35 0.06 —0.06 0.18
a 059" " 0.43" 0.37 0.477
§ —0.27 0.06 0.03 0.15
"5 Of —033 —0.05 —0.13 0.11
a —0.18 0.07 —0.007 0.22
EVI )
§ 0.45" —0.18 —0.26 —0.07
B f 0.44" 0.16 0.05 0.36
a 0.37 0.27 0.14 0.40
§ —0.647 " —0.008 0.15 —0.23
& =022 0.07 0.02 0.18
a —0.28 —0.004 —0.12 0.22
0 070" 088" "~ 0.89" "~ 0.87° "7
1 0.50" " 0.60" " 0.60" " 0.57" "
EVI
A 2 0.19 0.15 0.16 0.11
3 0.26 —0.34 —0.32 —0.37
WA AR R T 0.1,0.05,0.01 By W E KO-,
T,
0.6
05 3¢,
o °o£%?" d
04 | RN, T2
> 03 | ° ol 0
H -8 5 \ O’O'%%‘??)O ¥ 5
b 8 op o o %00
0.2 _060 o o)
oo R=0.73
0.1
0 1 1 1 1 1 1 J
-5 0 5 10 15 20 25 30
EKRE/°C

7 REVIS5A¥HEAEMSEHREXKE

*3 EVIERKEZEEZMZAMEXYE

Aty RVI KVLr

" T e T T i
1H 0.41 0.06 0.12 0.00
2 H 0.13 0.14 0.16 0.10
3 H 0.11 0.35 0.17 0.54"~
4 A 0.45 0.11 0.18 0.04
5H 0.38 0.07 0.03 0.25
6 H —0.31 —0.13 —0.19 0.06
TH —0.24 0.00 0.00 0.08
8 H 0.18 0.21 0.19 0.24
9 H 0.43 —0.39 —0.49" 0.06
1A —0.27 0.22 0.16 0.32
1A 0.28 0.37 0.16 0.53" "
12 A —0.64" " " 0.44 0.54" " 0.12

IS AT I B Sy A B fE 2 A .3 A L1 A .12
AE&FRMEE R B E EAHK(p<<0.05), Hi 2 A
T X 3 AR A KA BURAE L B R b fE 4 A5
A7 A .8 H5BEKA BEIEME(p<<0.05),4 .7 A
R 7K A3 S ELAT it i 52 M RN s [ R e 7 .8 54 28K
T 7K 4 ) B2 AR DG RN IE AR C (p<<0.05),9 H T o s
T e XA S0 2 00 TET 200 (9 <20.01) 29 H A T s K
10 AR g A BIHTE 11 HS T X T (&
KR BFE MAHK(p<<0.05), FEHE 1AL T
TEAHSE (p<<0.1),7E 11 H 5FK 3 Tk 56 (p<<0.05)



%3 VO S L IR R i A AR AR X R R R Y 22 B A RO I i 275
£1.0 i 1.0 Bm 1.0 5Ok
O -
0.5 ﬁ-qbdam% 0.5 0.5 CEB ooo%o
o
=]
< 0F mﬂ 0 0 &'&0 < AW
EW * ol S
0.5 & -0.5 0.5 g BT
-1.0 1 1 | ] _1.0 1 1 1 ] -1.0 1 1 1 ]
0 5 10 15 20 5 10 15 20 0 5 10 15 20
BE B/ km BE B/ km BEE/km
% 1.0 1.0 1.0
_1.0 1 1 1 J _1.0 1 1 1 J _1.0 1 1 1 J
0 5 10 15 20 5 10 15 20 0 5 10 15 20
FE B/ km BB/ km B E/km
B 1.0 1.0 1.0
-1.0 1 1 1 J -1.0 1 1 1 J -1.0 1 1 1 )
0 5 10 15 20 5 10 15 20 0 5 10 15 20
B /km BEE/km B 8/km
-1.0 1 1 1 J -1.0 1 1 1 J -1.0 1 1 1 )
0 5 10 15 20 5 10 15 20 0 5 10 15 20
BEB/km B/ km BEB/km
& 1.0 1.0 1.0
0.5 0.5 0.5
|°°‘:‘P°(mo QEaFP © 00
N0 Pt Bepereat Y 0F
05 | R @000 0586 &8 o888
Co000AEOaE00
_1.0 1 1 1 J _1'0 1 L 1 J _1.0 1 1 1 J
0 5 10 15 20 5 10 15 20 0 5 10 15 20
BB/ km B/ km BB/ km
o P o Tp AT, o T,

Bl 8A Bt REE EVI.ET EVI 57K, Ty s Tmen s Toin B T8 X B 2]



276 S o S %30 &
g 10 1.0 1.0 i
2k £ B
0.5 o 0.5
DEI:F# SRR A %p:[t
o
ol n %&(9 MMM & 0 i
O OIhgd
20 I Seeteeicuraiesyeteetess) A G oy
-0.5 Eﬁﬂ o -0.5 [
_1-0 1 1 1 J _1.0 1 1 1 J _1'0 1 1 1 J
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
PR/ km BEB/km BEE/km

10
BE B/ km

15 20 0 5 10 15 20

10
FEE/km

10
FE B /km
o P

15 20 20
1.0
U g s
SRR SRS KO
0 AN A
0.5 F
1 ] _1'0 1 1 1 J
15 20 0 5 10 15 20
BE B/ km
1.0
0.5
N0
(2]
-0.5 % é
[rm J _1‘0 L L L J
15 20 0 5 10 15 20
BE B/ km
o Tow A T

& 8B

1.0

1.0

0 5 10 15 20
BE B/ km

15 20

o 5 10 15 20
BEE/km

iy

X

-

o 5 10 15 20
BEB/km

oo,

min

Bt REE EVI.ET EVI 5K, T s Ten » Twin B X R E



CHER:]

BN A < T o G I A B R G TR R Y £ i s R T 277

Py R ER AR B S AR A EZ MR R R E A
WEFE /0 VF B 3 XA B 52 K52 I L 3 55 55 0L
PN R GRC] (o S E R TS E PSSR S PR L e R
Az A B Bl R 2R A A B I DX 22 S 4 S A AR
i PR 4K 8l 23 B HhoRE 9K 3l TR 3R 20 S R LR U
SRR AL AR AR T ARSI AL 4 ROk R
RUBE B AR5 05 DR 3R A AR S BE 50 1 e e K 3
XIS,

4 5

(1) 20012015 AFJRERUEE EVI 52 BT 9 3

L EVI K 3R 0.055/10 a, W 8 %
(2) JBAEY EV S8 nd AR Ay S0 B AR

9 93 %, Hirh 8200 iy IX Bl B2 W 3 St it 3 BT,

23 A] b e S R OBk EVT 38 g 55 K, Uk R I ek

L DX L DX 4 2 S Ao b ) o O IR B

P52 2B 2 22 5 0 N 2R Bl b BR A L Il B DX A A 1

B RS IRTA R AV Y ESRIEE 'S A N
(3) WENERM EVI 52N K442 M

M B T T e gt B 3 A A A Y A KRR R Ry

REER EVI SRR R E A A REA &

e L A8 A 18 3R 5 PR R L X 2% 5

5% 30k

[1] Yan]J, Zhang G, Deng X, et al. Does climate or human
activity lead to the degradation in the grassland ecosys-
tem in a mountain-basin system in an arid region of Chi-
na? [J]. Sustainability, 2019,11(9):1-15.

[2] Lei H, Yang D, Huang M. Impacts of climate change
and vegetation dynamics on runoff in the mountainous
region of the Haihe River basin in the past five decades
[J]. Journal of Hydrology, 2014,511:786-799.

[3] XiaJ, Chen]J, Piao S, et al. Terrestrial carbon cycle af-
fected by non-unicorm climate warming[ J]. Nature Geo-
science, 2014,7(3):173-180.

[4] Eastman J, Sangermano F, Machado E, et al. Global
trends in seasonality of normalized difference vegetation
index(NDV1),1982-2011[J]. Remote Sensing, 2013,5
(10):4799-4818.

[5] LiuY, Li Y, Li S, et al. Spatial and temporal patterns of
global NDVI trends: correlations with climate and human fac-
tors[J]. Remote Sensing, 2015,7(10) :13233-13250.

[6] Guang X, Huifang Z, Baozhang C, et al. Changes in
vegetation growth dynamics and relations with climate
over China's Landmass from 1982 to 2011[J]. Remote
Sensing, 2014,6(4) :3263-3283.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Pettorelli N, Vik ] O, Mysterud A, et al. Using the
satellite-derived NDVTI to assess ecological responses to
environmental change[]]. Trends in Ecology & Evolu-
tion, 2005,20(9):503-510.
Huete, A, Didan, et al. Overview of the radiometric and bio-
physical performance of the MODIS vegetation indices [ ]].
Remote Sensing Environment, 2002,83(1/2):195-213.
B, E I PR S 5 K MODIS EVI U 1 4 bk s
A L A AR RR AR [T R0 TR 24 40, 2015, 31
(22):191-198,315.
Wang J. Rich P M, Price K P. Temporal responses of
NDVI to precipitation and temperature in the central
Great Plainss USA[J]. International Journal of Remote
Sensing, 2003,24(11):2345-2364.
Piao S, Mohammat A, Fang J, et al. NDVI-based increase
in growth of temperate grasslands and its responses to
climate changes in China[J]. Global Environmental
Change, 2006,16(4) :340-348.
Jiang, L L, Jiapaer G L, Bao A M, et al. Vegetation
dynamics and responses to climate change and human
activities in Central Asia. Science of the Total Environ-
ment, 2017,599 (5):967-980.
3B B R, T2 7R L 45,2001 2018 4E K 1 1L A AR
XA K NDVI A2 Ak 3¢ AR K H X A0 8 28 Ak 1 i iz
[0 A 25 %4, 2020, 31(4) : 161-170.
IR A5 AL, RETE - A5 v R L 2 48 R L XA Bt
A Z NDVI i 28 48 4 K H o S04 A8 Ak 1y o 1oz [ . iz
FHAE A 2A 4, ,2017,28(8) :2413-2422,
Zhang X Y, Friedl M A, Schaaf C B, et al. Climate
controls on vegetation phenological patterns in northern
mid-and high latitudes inferred from MODIS data []J].
Global Change Biology, 2004,10(7) :1133-1145.
Davenport M, Nicholson S E. On the relation between
rainfall and the normalized difference vegetation index
for diverse vegetation types in East Africa [J]. Int. J.
Remote Sens.,1993,14(12):2369-2389.
Spano D, Cesaraccio C, Duce P, et al. Phenological
stages of natural species and their use as climate indica-
tors [ J 1.
1999,42(3) :124-133.
LU, AT, SR 28 19822013 4F T E A B ND-
VT 23 (8] S 5P B9 UM B2 0 0 A7 () M B 2 41, 2019, 74
(3):534-543.
J7 R ESCAR L # IR L 520002014 4R RO VL0 R
Crr ) AL 2 0 25 73 A % HG o) =M 78 b g o 1o [T .
MR RL 2 ,2017,37(11) :1745-1754.
INVRIL X 5 5 4 L 5 08 843 B oK L b T A pl B

International Journal of Biometeorology,



278 K E PR BE 5T H30%
X A AR Ak By 22 I ) RO ma Rz [ ], ARl TR 2 AR R BB 2 B AR AR B ST [T ) 2R VL AR 2
2014,30(15) :248-255. e 24 4% ,2018,32(6) : 24-27.

(211  JH EBE. 7 M JF AL B NDVI XA B i 7 14 #s 2% [32] sE7Kk#, EibR AT &8, . P9 A g NDVI i 255 718
AR AT [T ] B 27 3E . 2019, 38(5) 1 718-730. P B SRS S 5[]/ OL Tl P8 R 2 2 4l . H AR BE 2L

[22] FEHiA, FEMR, T4k, %50 20 4 o B R [F 295 0 2022,D01:10.13451/j. sxu. ns.2021113,

A8 Al B X A 1) 5 55 9 o [ . 3t 3 b T [33] il o A AR 5 T IR L SR VL R b AR S R 48 ND-
{5 B AR ,2020,36(4) :33-40,76. VI ET/‘”’W&%?IF&?UWK% <A LT ] AR

[23] Solomon S, Qin D, Manning M, et al. The physical e B 4%, 2019,36(11) : 7-15.
science basis: Contribution of working group I to the [347] Pk, XUHRAK, 2 H],%.2000—2018 4EVT.7545 NDVI B}
fourth assessment report of the intergovernmental pan- SIS E R S SER TR E2 N T L RBEH T K
el on climate change[ M]. Cambridge U K: Cambridge 222 [ ARFEL S MR, 2021,44(4) 1 370-376.

University Press, 2007. [35] Mot PR %, BTG, 45.2000—2018 4F )" 74 H 4

[24]  Peid, o ms 2, 02 kMg, 55.1982—2015 4F 5 3% A X R 1 235 AR A K R I A R et ) T B8 m R [ ] AR

I T b AR R A B A R i % 2 S (0L G T AR S TR ,2021,37(17) :234-241.
#2.2018,29(7) :2362-2372. [36] SEP, . XA, 4. 2T MODIS NDVI i £t

[25] Peng S S.Piao S L,Ciais Pet al. Asymmetric effects B 1A 180 1 4 A B AT 5 L) ] T IR R B R S B
of daytime and night-time warming on Northern Hemi- 2021,30(5) :1100-1109.
sphere vegetation[ J]. Nature, 2013,501(7465) :88-92. [37] A2 .ZFE G H0M, %.2000-—2018 4E B Jit 8 ND-

[26] Velleman P F. Definition and comparison of robust nonlinear VI I 23 A5 b B HX A8 AT 28 3 3l i e i R[] 1. 7K
data smoothing algorithms[ ] ]. Journal of the American Sta- + AR R, 2021,41(5) . 276-286.
tistical Association, 1980,75(371) :609-615. [38] Jumdil. 53 %5, fh4E K. 2000—2015 i,ﬂé\?ﬂ?ﬁwﬁr{ﬂi

[27] SRHA M B, XL, 5.5 T SPOT NDVI py 4k if NDVI ipzs A8 4k e R 5 S SR T ] At k3
Jb B b, 3% AE WAL T AR A R S LT e 3L 5T, 2008, 27 e HAARIAERR,2019,55(1) :171-181.

(4) :745-754. (391 BRMTF AEAL B, VT3 P2, 47, 1982—2015 471 il 3 80 B

[28] Stow D, Daeschner S, Hope A, et al. Variability of the sea- AR S S R & 5[] ].7K 3¢, 2018,38(2) :66-72.
sonally integrated normalized difference vegetation index [40] B4EZ ., 5IKT.2001—2015 FEA4I0F JFAH 9% 4 55 B )
across the north slope of Alaska in the 1990s[J]. Interna- AR REAE S s e PR R e Ar L) 0. 00 4 5 5 ) b B AR
tional Journal of Remote Sensing, 2003,24(5):1111-1117. H.,2018,41(8):47-51.

[29] SCoE L, B R B R X T BB R b & TR (41 2780 A4, 2K 3% 4, Bl %5.2000—2015 4 1] /4 4 AH B%
?aéﬁtﬂﬁ FXF LT Al T/ 2442, 2018, 34(19) 1 131- NDVT A %8 A8 b Ak 43 A1 [T g K2 22 3k« AR B2
139,3009. % ,2018,48(5) :554-564.

[30] ¥, FMR . 1 %858, 55 B UG 4 A A 2 = 1 2 728 1k S HC ) [42] BEz=WE,ZEWELS, 15 42.1983—1992 4F H [ fili b NDVI 25

[31]

W S A i 107 [ ). 2E A 254 2022,42(3) : 1022-1033.
YL, BRIT, ® 2, % £ F MODIS 1 2007-2017

e iyt R 7 98 3h o3 A L. 4 9 24 25 52 4R 2001, 25
(6):716-720.





