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Abstract: Xinjiang Uygur Autonomous Region ( Xinjiang) locates in the arid region of Northwest China. Xinjiang includes
11 grassland types and is one of the five largest pastoral areas in mainland China. Due to climate change and drastic in
human activities, we should more focus on grassland ecological security and health. It is necessary to carry out long time
series grassland observation based on remote sense. Then, we could further explore spatio-temporal features of grassland,
and analyze current environmental pressure on grassland and predict the trend of grassland ecological health. Here, this
research was designed to explore spatiotemporal dynamic characteristics of Xinjiang grassland Normalized Difference

Vegetation Index ( NDVI) on different spatial scales (e.g., Xinjiang, northern and southern Xinjiang, 14 administrative
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districts and 11 natural grassland types) based on NOAA-AVHRR NDVI dataset from 1981 through 2018, with the method
of descriptive statistics, maximum synthesis, and linear regression, respectively. We also analyzed the response of natural
grassland NDVI to climate change (e.g., temperature and precipitation) due to correlation and partial correlation. The
results illustrate that NDVI of grassland in Xinjiang showed the spatial and temporal variation during the past 40 years, and
the responses of Xinjiang grassland NDVI to temperature and precipitation were different. The NDVI of grassland vegetation
in Xinjiang showed a slight increase trend with slight interannual fluctuations from 1981 to 2018. After 2000, the
interannual variation of grassland NDVI was further decreased. Overall, the Xinjiang grassland NDVI decreased gradually
from Ili River Valley, Tianshan Mountains, western Junggar Mountains, Altai Mountains and Kunlun Mountains to Junggar
Basin and Tarim Basin. The grassland NDVI, which accounted for 41% of the total grassland area in Xinjiang, showed a
significant increase trend. However, 9% of Xinjiang grassland NDVI was a significant decrease trend. Although the
grassland NDVI in northern and southern Xinjiang showed a slight increase trend, the water and heat conditions in northern
and southern Xinjiang were different. The NDVI of grassland vegetation in northern Xinjiang was 1.4 times that of southern
Xinjiang , and the area of grassland vegetation in northern Xinjiang showed a significant increase in NDVI. Correspondingly,
the NDVI of grassland in northern Xinjiang was higher than that in southern Xinjiang. The NDVI of grassland types in
Xinjiang had a significantly higher response to precipitation than air temperature. Among them, the NDVI of temperate
desert grassland, temperate desert-steppe grassland, and temperate steppe grassland had significantly higher responses to
precipitation changes than other grassland types, and precipitation had a greater impact on grassland NDVI. Our results
indicated that the change of surface moisture caused by precipitation was an important limiting factor for grassland vegetation
growth. Since the 1980s, climate in Xinjiang has been warming and humidifying. In this background, this research analyzed
the response of grassland vegetation NDVI to temperature and precipitation in the same period. However, the impact of
temperature and precipitation changes on Xinjiang grassland NDVI is particularly complicated, especially at different
temporal and spatial scales. In the next step, it is necessary to be studied by using multi-source datasets to carry out long-

time series scenario simulation.

Key Words: Xinjiang grassland; temporal and spatial characteristics; normalized difference vegetation index ( NDVI) ;

climate change
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Fig.1 Geographical distribution of grassland types in Xinjiang
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Fig.2 Temporal variation of normalized difference vegetation index (NDVI) in Xinjiang grassland

I 1981—2018 4 87 i B M NDVI 4F Br 242 6 43
M, TT AR H 2 oy 4 1 B 68.849% 1 [X 35, 5
NDVI B R B hnka 3, 31.17% 0 X 3 oh b #a 3, &
B TS /R B AR R I S RSl B AR
BIUAKBT/R 4L (B 4) , B EERTE (R A, &
S B s B TR ALY 41.06% IX 38, B NDVI & i % 3%
I (6,,,>0,P<0.05) ,27.78% [ [X 8 i b, NDVI %
BRI EEE(0,,,.>0,P>0.05) ; 47t 9%y E i NDVI
i W (6, <0, P<0.05),22. 17% Uil /b 4
(6,,.<0,P>0.05) (&1 4),

2.2 s bR NDVI Ak

2.2.1 FggE JCEEECHL NDVI B RRE B3 1981—2018 FHBEM S FF 19 NDVI ZE 57
2&%13?9”{1&#% ﬁ*ﬁT 1981—2018 ﬁg%f %T'ﬁ :”: g Fig.3 Spatial distribution of mean average grassland NDVI in

M NDVI 1 25 5 4k, DB i) b 5007, J g gy e o R 2018

NDVI 2523 s (R =0.57,P<0.05) ,1981—2018

AEJCHE R M NDVIAE AT 7E 0.301-0.442 Z ] (& 5) ; pE i A ih NDVI R B 55 34 in a4 (R* = 0.35, P<

0.05) ,NDVI fiF 0.214-0.327 [a] (8] 5) . 7 1989 4F, Ry JbsE &t NDVI {E ¥ 8 0 58 B e iR fEL, R4

LR NDVI AR LI R 38 hita 3, (B L5 5 NDVI A9 24 {5 (0.379) 2 58 (0.270) 19 1.4 %, b

5 RS AL NDVI 725 (8] - HAT i 2/ = Bk (P<0.01) .

MzsTE] FRE LG E L NDVI B4l (NDVI>0.5) X3 T B 45 R L b3 7 08 JR 74 350 L b L % ey
JRZE IR, NDVIARAE (NDVI<0.2 ) DX 307 T 08 /R 4 b IS b (161 3) . B vt NDVI &l X7 TR 1R

NDVI

http ; //www.ecologica.cn



414 FRFBEDE 55 1981—2018 4757 0 5 s A — f AR 1 36 00t 25 Rk K H S s AR A B o) 1o 1543

NDVIZ {4
-
W - B

o B
0 200 km W

B4 1981—2018 £ FEE M NDVI ERTU BB REBEERE
Fig.4 Variation trend of grassland NDVI and its significance testing in Xinjiang from 1981 to 2018

Yoo Lo HTREGE I BN B M NDVI B4R PRz b ta e, s M it e B LS RD L NDVI 525 i 44
(6,1, >0) 1 T ARt 4 5 505 b B4, T B 40.619% , b 5 B4 I T B o5 HE A 24.54% (6, >0, P<0.05) ; Jb i 50
NDVI R I #H(6,,,,.<0) TR HY 11.82%, W85 ol 1.71%(6,,,<0,P<0.05) (&1 4) ., 7§
SR NDVI %%f)dviahﬂt}}ﬂ’ﬂﬁiﬂﬁ ek 25.28%(6,,,.>0) I EH G R 22.3%(6,,.<0) , Horb i 21

i bR 14.76%(6,,,.>0,P<0.05) , B E WA 5 R 6.9%(6,,,.<0,P<0.05) (14 4) ,
05 [ »=0002396x-4412554 J
é%&%'mmnm Lol T
g B TTTIITTITITTL T
ig;é 82: y=02.(¥)1411x*2.549944 [GEEEES:
mw 33 [1r111L aaeessi R iiasaansanany!
o HHH R T o

A4y Year

B 5 #iEitiE FEE NDVI FREN
Fig.5 Variation of grassland NDVI in northern and southern Xinjiang from 1981—2018

2.2.2  FiEEASHUIX FH NDVI A1k

AWFFEGTT T 1981—2018 4FH A M X FE o NDVI SFE-IE SARMEZE 155 T 45 M X Bt NDVI 4R FRAR
(B 6) , 5B T £ M X i NDVI (A8 (L B FF 04T T B BRI, 7225 8] B 41T T 1981—2018 4545 Hi X
i NDVI ZEAL A AR A7 LG (3 1) . 1981—2018 4 545 b X F0 M NDVI 2 5055 3 A8 4Fbrie 8, s fir
AR TR NDVI S fin#a 5 2% (R? = 0.85,P<0.01) , Hk B e 5 i IX (R* =0.77, P<0.01) 5 A X (R* =
0.64,P<0.01) s FAELN B8 B () /RS RLSEA F A M S35 00 R NDVI AR 30 R (LA ) A
T 0.5—0.6, ¥ T W R (P<0.01) . ZEAFEH  EE IS G 8% 5 5 A0 93T R 5e4i
HIA M F L NDVI A3 RPBAR, Wil i T W PERR 30 (P<0.05) 1 b X B Ml NDVI 2 52 53 in
BERE RPWAG, A T B A MR (P>0.05)

http ; //www.ecologica.cn



1544 O % Ol 43 %
o 55 2 3 X X

8§ [ y=0.001836x - 3.347712 8§ [ y=0.002661x — 4.960354
0.6 - R*=0.41 P<Io.01 HI _ 8:2 L R2=0.54 P<0.01
0.5 st
o b T 8
b3 [ ST, s

0 0
o SERIFR KT 0o PREERISE s BIAM
0.6 | y=0.008566x - 16.829518 T 08 - »=0.003217x - 6.017180
8‘51 : R2=085 P<0.01 8% B R>*=0.56 P<0.01
03} {Hi 8;5;:{ H % H}H—ﬁ-ﬂﬂl%m{ }H
02 03k
0.1} 02

0 0.1

RN BB B (1) B R H RN
3 =0.002825x - 4.994905 3 =0.002278x - 4.247773
R*=059 P<0.01 R*=047 P<0.01

i TerTh IIITITII
il et

LA
»=0.001475x - 2.595992
R?=026 P<0.05

) TR AN
L »=0.000974x - 1.665593
- R2=0.24 P<0.05

] Nl
i

ol 537534 X
»=0.003391x - 6.506403

= R*=0.77 P<0.01 ¥ % -H{H

) Wett X
L »=0.003494x - 6.684923

5L R2=0.64 P<0.01

1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015
Ay Year

6 1981—2018 SF 338 & i1 X Eith NDVI SR
Fig.6 Changing trend of grassland NDVI in various states, Xinjiang from 1981 to 2018
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F1 1981—2018 FHE R X E s NDVI TLER G/ %
Table 1 Area percentage of grassland NDVI change in Xinjiang prefecture, autonomous prefecture, and prefecture-level city during 1981

to 2018

WX H AN g T ERM il W W
Prefecture, autonomous prefecture, and prefecture-level city Significant increase Increase Significant decrease Decrease
P[22 HLIX. Altay Prefecture 8.19 6.99 0.43 3.56
EIRHEIX. Tacheng Prefecture 6.47 4.13 0.65 2.69
TR T Karamay City 0.6 0.05 0.02 0.05
TH/RES RIS H A ) Bortala Mongolian Autonomous Prefecture 1.6 0.75 0.1 0.7

DHALM B & (TIT)

Counties (cities) directly under Yili Prefecture 4.44 1.32 0.08 0.68
B 75 [E#% H A Changji Hui Autonomous Prefecture 3.74 2.97 0.45 2.65
B8RS Urumgi City 0.66 0.68 0.05 0.03
W% Hami City 1.95 1.62 1.07 2.78
EL5 SR 52 T H AN Bayingol Mongolian Autonomous Prefecture 6.13 3.89 4.8 4.66
44 &7 Turpan City 0.64 0.25 0.1 0.23
B[ FE TR HLIX. Aku Prefecture 2.55 1.2 0.18 0.7

LRI R S P A VA M Kizilsu Kirgiz Autonomous Prefecture 1.57 1.69 0.23 1.04
WA HLIX. Kashi Prefecture 1.6 0.95 0.07 0.53
FIF HLIX. Hotan Prefecture 1.01 1.4 0.77 1.66

T AR e A e TR AR i s R B 1 AR LT

2.3 HrEEA RS NDVI AR fE

ARHFFE MG T 11 Fh R 2R RIRE B NDVI 7645 0] b A9 B S5 hn i 22, nT AL 1 45 B 28 70 ) 4F R AR
1k 573 [B) S AR AR AL ZERH B ROEE B2 1 4% S 2R () AR (b B 34 DL R I J T e S MR 08 (1R 7) e 2s A b
Giit T AR R AL AR AT H (R 2) . FTRLE ), 1981—2018 473758 10 Fh s i 2 RUAE 9% NDVI 3
TS G IS AR FEF B R NDVI 22 3 HIL AR R L(R? =0,P>0.05) ; M FE HL K B 3R
ARG I B AR AL ARG BT HL A E it 2 AR 55 (R® = 0.03, P>0.05) . kML F )25 (R*=0.79,
P<0.01) 5HEFZE(R*=0.67,P<0.01) FIHELAHE B &, it NDVI B9 25 [0] 22 S 45/ A B b S0 B 3 ookt 3%
PERES (P<0.05) EBLA KT 0.5,

R2 1981—2018 FHEEM KRB H NDVI EUER G L/ %
Table 2 Area percentage of grassland type NDVI change in Xinjiang during 1981 to 2018

E IS RN Hm > Uik 2>
Grassland type Significant increase Increase Significant decrease Decrease
R F A2 Lowland meadow 6.67 2.34 1.31 1.47
FFEEfZE Alpine meadow 3.09 1.88 0.25 0.86
I FEHJEZ Alpine grassland 1.73 1.88 1.02 1.97
EFEFEEE Alpine desert 0.07 0.17 0.14 0.23
L2 f) 2% Mountain meadow 3.62 1.49 0.1 0.64
R 55 ) 5552 Temperate meadow grassland 1.48 0.59 0.04 0.22
TR S AL T 2 Temperate grassland desertification 2.52 2.32 0.84 2.41
MR B2 Temperate grassland 4.23 2.21 0.29 1.76
PR IR JFK Temperate desert steppe 3.89 3.11 0.61 2.98
TS Temperate desert 13.41 12.35 3.79 9.61
TAEZE Swamp 0.33 0.06 0.02 0.01

IRPEFRR S R NDVI 2 1 (6,,,.>0,P<0.05) 14 1A A oy 42 55 A bl S 18T BN 13.419% , LA AR 4
2K(6.67%) SNER R (4.23% ) , HARFHIZEIRT 4% ; lPETE SR # NDVI & 8 258 (6,,,.<0,
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Fig.7 NDVI trend of grassland types in Xinjiang from 1981 to 2018

P<0.05) BITHEAR 5 el 3.79% , Hok AR R A28 (1.31% ) S5 FE R 528 (1.02% ) , Hidy 9 Fh i 2R R B T
1%, Hri 11 FpE 2RI B NDVI Z45F 2 205008 0.295 (K A2 ) 10,495 (=9 B 28 ) |0.265 (/9
R 0.174 (T IFERTEZL) [ 0.654 (1L F A 25 ) L 0.568 (IR R 5 2 ) | 0.238 (TP F AL e s |
0.457 (PRI ) (0,326 (Il PR B 28 ) (0.241 (MRS ) A1 0.583 (TRFEZE) o 11 Mol il 2 B A
NDVI FeARAE 1 BLAE 1989 4F, Fil NDVI ZZ BRI 2 I P T 5E25 (0.148 ) , FLUOR AR B f) 25 (0.147) 1= %8
TP (0.142) , i FERE JFRE B /N (0.096)
2.4 GHERECHL NDVI AR PR K B

AWFFESHTT 1980 4FJ5 B S B 7K i ) 28 AR A A% Ry, DAatE— 2D 0 R il NDVI 5L K 1+ ¢
KFR, BMEKE,1981—2018 AE i LRI A« BRI (& 8) . WFFT BN, B a7 4 <l 2 3%
THEaS FHEHE N 0.21 °C/(10a) (P<0.01) ; B p oK it th R s 3 324 17 mm/ (10a)
(P<0.01) , FEFIR BRI 2 (B 43 A0 b SR, BT e g 8 09 A 2 AR & FALER L IX (B L BRI AR R K 5 2
Fpe i 5 LU D (B R AR 1L R A L R L MRS 7 D 5 L ) S 3k SR AN R 22, v MRS 7 4 b R 3 BLR 4
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AR KD E B | A (4 TR X B A S A A SR A SE I B S (181 9) o R e A L R K AR A5 ]
R S AR X SEAT B AR BREOK AR LR R IE AT, 25 R R AR 67.619% 1 X R TR R I
F LT, 32.39% 2 R (1 9) 1981—2018 4, 425 95.16% 1Y IX IS 7K f R A3 I #  {1 4.84%
Y IX Sl S JR (&1 9)

| »=0.021489x - 35.343558
R*=0.41 P<0.01
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Fig.8 Annual variation of temperature and precipitation in Xinjiang during 1981 to 2018
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Fig.9 The distribution of mean annual average and change rate of temperature and precipitation in Xinjiang from 1981 to 2018

SRR NDVI 5 [R) 9200 B KT R AH SC A3 HT , 45 6t 1981—2018 4F R NDVI 500  FE K
HFIER (F10) SRR (E 1), FERFFTRTEEP , 2505 NDVI S550R B AR IE 2805 A O &
BHEAZ RS, S NDVI 5 AH & R EIYME N 0.061, i {H 0 0.808, FfIK1EH A -0.764, 1981—
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2018 4E (), 45 B M NDVI X[k i iy 3= 2 30 IEAH ¢, Bt NDVI 5K AR 26 R B E K 0.212, 5
H}0.817 , AR 1H - 0.580, B HL NDVI 55 . 7K 19 I AH 06 250045 914 T -0.752—0.795 F1-0.597—
0.837(& 11) .
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Fig.10 Correlation coefficients between Xinjiang grassland NDVI and temperature, precipitation
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Fig.11 Partial correlation coefficients between Xinjiang grassland NDVI and temperature, precipitation

K HI 1981—2018 4FHriEHE L NDVI 5 [RUSS0R FK IF 8 B B e e (181 12) , 45 R s 2 s RLH NDVI
5K A 3 TE A SC AT AR 5 HE R 36.24% (R, >0,P<0.05) ,84.18% (1T B i bk 5 [ K R B R IEAHSE K R
(R,, >0) , 5FE/KE B2 EA I RE 2 e AL A R bk | B2 R & s Ll B DA S B Ll v Be s 1
Rk AR Al g o 2SR A BT 15.829% M B NDVI S T ARSE (R, <0) , i HE 2.65% /Y 5 NDVI KB H
BEAMKKR (R, <0,P<0.05) , EEIPATER A IR BB /R G 10 (18] 12)

P AR RIS AR 57.53% 1 IX 8, F NDVI 5 GRAHSCICR M IEADE (R, >0) 513.19% M IR 4 L
HARE B EMDC (R, >0,P<0.05) , BRI 5 NDVI &8s 7623 8] 1 3204 FAR AL 4 R
L LK DA B MBS /R A A 2% . 45 it B TR R 42.379% Y REH NDVI AR e 7 S T A G (R, <0) ,5.6%
AR L AR S B E ARDE (R, <0,P<0.05) , BISRIS N, FHh NDVI R Ih W 35 B A% 7625 [A) [ 3%
SLFARR ALY RS AR B IARB R ARB (K 12)
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E BEIEMAR EE BEARR NEiES GBS

B 12 FEEM NDVI 5RPSIE BN EEERE

Fig.12 Significance testing between Xinjiang grassland NDVI and temperature, precipitation

BT s s NDVI 5 R1R  BRK ARG DL B MG I8 25 5 AR T it — B G374 X il 11
TP 2R R g NDVI RYTEAR S L (R 3 3% 4) . 4P REW UL & IEMX (R, >0,P<0.05) , B & #LH)
ST HIA N B 5 Ry 3.28% B 7 R FH IR R 2.12% BT 28 1 IX 7 R 1.66% W 25T He A
1.12% AU B @ B (1) F 1.09% DA S IR X 1.02% , oA 45 Hu X 1 5 L35 /N T 1%, BEHiAE3E NDVI 5
ARERETHL (R, <0,P<0.05) , ELEsBEi5l BRI TR A L6 A 1.33% 5 T H B A&, HUCh Bl
[X.(0.88% ) P 5T 5 HLIX (0.79% ) F&#EE T (0.74% ) ST ZEHIIX (0.72% ) , HoAras MDY o LE34/N T 0.4% , S5 1%
KEBEF AR (R, >0,P<0.05) W X TR & H Ry 7.13% , Hk BT 28 i 1< (5.35%) 5 & 58 5l
FIAI (4.22%) , HARAHIX A 5 USSR T 4%, i sl NDVI 50K B3 FAH5C (R, <0,P<0.05) BYHEIFR
o7 A 2.65% , B3 FE S FHA M TR A7 HoA 1.05% , oA a$ b X ) AR o e /N T 0.4%

®3 FEXRMWEEMNDVI 5RE BEAREERBERSEIT %
Table 3 Area percentage of significance testing between grassland NDVI and temperature, precipitation in Xinjiang prefecture, autonomous

prefecture, and prefecture-level city

IR Temperature [k Precipitation
8% . B , BE , B .
N 1EAH N EH . IEAH N IEAH
mhe R e Xopmy R gy R

P4 ZE 11X Altay Prefecture 1.66 10.15 0.72 9.8 5.35 13.28 0.23 2.05
BEIRUBIX. Tacheng Prefecture 1.02 6.43 0.88 6.59 7.13 5.8 0.23 0.89
TERIFR T Karamay City 0 0.16 0.02 0.5 0.43 0.21 0 0
AR PSR 52 YA N
FRSERLS  FA 0.44 1.87 0.05 0.61 1.34 1.06 0.05 0.39
Bortala Mongolian Autonomous Prefecture
TR B EL(TiT)

1.09 3.46 0.11 1.92 3.92 2.03 0.06 0.37
Counties (cities) directly under Yili Prefecture
== NN
B i i A 3R

2.12 4. . . . 44 .04 .
Changji Hui Autonomous Prefecture 05 0-39 3.83 3-8 5 0-0 0.56
L& AR Urumgi City 0.22 0.95 0.01 0.47 0.67 0.72 0.02 0.14
MyB5 A7 Hami City 1.12 2.63 0.74 3.64 2.12 3.72 0.1 1.08

2B S A 1 94
BF R E A 3.28 7.67 1.33 4.51 4.22 6.86 1.05 4.16
Bayingol Mongolian Autonomous Prefecture
% Turpan City 0.31 0.51 0.02 0.26 0.48 0.45 0.03 0.14
FA] 52 R HBIX. Aku Prefecture 0.5 2.01 0.79 1.52 2.25 3.04 0.09 0.94
FRIIR SRV

ABAR R B A 0.74 2.43 0.16 1.49 2.25 2.46 0.37 113
Kizilsu Kirgiz Autonomous Prefecture
WA M X Kashi Prefecture 0.43 0.78 0.13 0.78 1.15 1.05 0.14 0.22
I [X. Hotan Prefecture 0.26 1.24 0.25 0.95 1.13 1.82 0.24 1.1
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R4 HEEMEIER NDVI 5RE EAEZEREEREIT/ %

Table 4 Area percentage of significance testing between vegetation NDVI of grassland type and temperature, precipitation in Xinjiang

SR Temperature %7K Precipitation
B . e , ITE . e .
N B N 1EAH N TEA N TEA
mhe T e Lo e TR e PRI

I E A2 Lowland meadow 2.28 4.81 0.78 2.25 3.36 5.23 0.11 1.81
EFERIMZE Alpine meadow 0.98 3.34 0.15 1.56 2.69 2.42 0.27 0.73
T FERL 2 Alpine grassland 0.80 2.41 0.28 1.54 1.81 2.45 0.46 0.92
EFEFEHZE Alpine desert 0.02 0.09 0.04 0.13 0.07 0.14 0.02 0.11
I HLFEf) 2 Mountain meadow 0.59 2.67 0.29 2.30 3.37 1.76 0.12 0.16
N
i ) A R 0.18 1.22 0.07 0.99 1.52 0.81 0 0.09
Temperate meadow grassland
R RES
f“ri?mtm%ﬁ . 0.95 3.28 0.65 3.93 2.31 5.07 0.2 1.67
T'emperate grassland desertification
MR ZE Temperate grassland 0.61 4.61 0.29 3.48 4.33 3.65 0.16 0.61
TRPETCIR L JF 2 Temperate desert steppe 1.28 5.19 0.75 4.30 5.04 5.01 0.19 1.05
TRPEFE Temperate desert 5.38 16.5 2.29 16.36 11.48 21.33 1.12 5.98
T2 Swamp 0.12 0.22 0.01 0.03 0.26 0.07 0 0.04

11 FhEE AV B NDVI 5RE/K R B EHDE (R, >0,P<0.05) B & H R F IR 5 <R 2 B3 AR
% (R, >0,P<0.05) M HIAR 5 LE s 5 R W3 TUMDC (R, <0,P<0.05) MR 5 LK T[R9 5 K 5 1 % 6
HIK (R, <0,P<0.05) RYIE Y (3R 4) o RZETRIR G NDVI 5 URIEAR (R, >0,P<0.05) By HIRL L H
(0.02% ) /N RIS AR (R, <0,P<0.05) [ i H.(0.04% ) , HiARRE IS R R B8 5 R IEASCHY
AR LR T 5 A SO 5G9 o5 e, il PR SR 2R R M NDVI 5 0T &2 3 I AR S Y T A L R
5.38% (R, >0,P < 0.05), [} SRR S 2 EA DR ERLS Ll 11.48% (R, >0,P<0.05) , HIFLH i &
Hg e, RSB EEE QR MR F RS i R 28 5K 2 B3 EAC (R, >0,P<0.05) BYTAR i
Fom TR S SR 2EADE (R, >0,P<0.05) BT 4 H

3 Tt

TERERAALTE 52T, 1980 4F LR Mm% R B0 B IR Ak ta 3, =UR T R /K 384 hn BB 2 41 1F 5 i A 9k A=
K2 ORFSYSE SR R 1981—2018 AEFTEE LY NDVI L4203 hnfa3s {0 1981—2000 4F [ B2 4 NDVI 4F:
PRAS AL 5 T 2000—2018 4F, s« Bgig b BA AL MRALE ), 51 B AR g% NDVI P2 A A1 B 4R PR
Ak, R KB BEM A 2R INIX K29 H R R, R NDVI( ZAEE1E) i AL
A KL BT IR 2% 1L 55 9 S I DS 1L i ) 7 W 7R 3 b, | 3 R R 9% B 3 BRI 5 A I B R NDVT A, pl BT 457 2 by
X B IX | L SRS A A PR AL B B (i) BB A TR F AN 1 I3 DX s

BT HRL S b DX R T A K AL A I IR R 7 25 59 3 A T 45 X O A B NDVI AEBRAR b A 22 5%
B G B IR M B SN SE I A IR T S X AR T, 5 R R R T R AT S A A )
R T K I R KN AR T R R A A, DL DU M TR K R (R, >0, P<
0.05) R THARASHLIX , 1981—2018 4F B & Hi i 25 S AR, 5 B 7K A I 23 AR AL AH O, 0 A 4 2 (0 1 i
BRI Z AR 1981—2018 4F | 845 i X AT B TH I 3, DR/ 20 1 50 fi ol R 2% i T, 5 2
A SRS IE A ko AR Bl A K B — R A R

TE IS ARBIRAL T 5T, 11 FhECHE SR B NDVI XAl K i oy B 2% 5 | [6]—Fh & NDVI 5
R 7K 2 S 5 TE AR DG A T AR R T IRl AR 2 0 3 B A DG B e 5 AR 2 3 SR DG B TR o B R T [R] RE K
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R E GG B L, BT R R 7K R B ) R S R NDVI Y DK, X 5 iR AR R R
ARV RTS8, IR R T R T M R A A A TR T R AU X AR RO
BRERER D AR s e B J AL T 5 R iR ST E T R Sre i e S A 5 P e DA I 7 A i oz A H Y
#. CHBIIRY, SR X A A2 SRR Y e e JE R S | SRR i R
FOAR B NDVI XK BIIE L (R,, >0,P<0.05) W i Tk, X 54 8 SR T TR 52 A9 e T 4K R e B A I
{14 B 1 PRI S AR T R K A 2508 — B

KM 1981—2018 4F NOAA-AVHRR NDVI BHa 4k AW 58 RIS AR 4E B RBE 73 A 1 4= SEE A 45 L X LA K 11
Pl RE M TR NDVI 28 A (H B B AR B NDVI 72 R F 45 B Be L H R LR Ay RUBE R R AU AR SR E 2L
1980 4F IR 8 UMk 22 B iR AL a3 AR S A 1 BB AFL A NDVI X AR R A fiymig 17, SR 7 A=l L B Kk 28 A xo
HTEREHL NDVI B2 MR AE 52 2%  JUHAEA R 25 RUBE R Al /KO0 Rl NDVI B STRRAR 33X 7 2R T 2 1
Bt ST A IS P 9 A ST LAE S . R4S CMFD s 8RR BE AT TR LI 5 3 sSO0E 22 [1] | (H 2 7E B
FEAN T HE— LB UE , AW ST SE CMFD JT AN 7T, 32 255 B ARATIRE SR I B A D A A T B 5
B,

AAFFE R H NOAA-AVHRR NDVI 5 CMFD FIAH 4 B EcHE , LUBT 98 5 b NDVI AR by 5 i A= 28R 00 1 8
BLARbR , WAEBRASAL 5 223 (A RUBE (428 ma LS 25 i X 5 0 R SR b 25 A0 ) 43 Hr 1B i &l NDVI A e
23 RRAIE B O SR K AR A e 7, 45 SR 3R

(1)1981—2018 4, B HL oA 5 NDVI 2wl 55 38 I 401 11 BE A 32 34U PR il 3, 2000 4F J5 B2 NDVI
MYAEBRAE A — 208 /N BOHBAR B NDVI B AL 2 R L L bk | o8 2R P 0 L) | BT 7R 2 L B LR o o) 4
MBS IR b B B 2 B ARG . o o e e b B T R 41 9% O B NDVI &2 B 5 38 ka3 99 1 IX 38l @ 25 Uik
DX

(2) RS et NDVI 28 Bk F G0 in e 34, SR T b 5t | e 3 %) /K $A A% {2 2 5 AU Sl ol A
NDVI JE R 1.4 7%, Jbsm s A g% NDVI 2 0 538 iy I BUZ RIS 1.7 A% AH I 0 30 55 A DX ) L b
NDVI & T ra s A X

(3)1981—2018 4F , 7EF A BEIRAL " 5 5 T, 11 P 55 s S 080 % B /K o o7 s 10, o e e e
25 TR T T RS S R R S R b A R B S KR R NDVI A5 i B8 2 R I K S8 b K
A8 Al S B IR A K A B PRI R

B - B R e 88 AR 245 M PEBIE T BT SR B T 63 IRT R R SRR P I RIS RS P gy
T B

£ 2% 3k ( References) :

[1] XuY]J, Dong K, Jiang M, Liu Y L, He L Y, Wang J L., Zhao N X, Gao Y B. Soil moisture and species richness interactively affect multiple
ecosystem functions in a microcosm experiment of simulated shrub encroached grasslands. Science of the Total Environment, 2022, 803: 149950.

[ 2] Robert C, Michael M. What is a healthy ecosystem? Aquatic Ecology, 1999, 33(1): 105-115.

[3] WuZH, LeiSG, LuQQ, Bian Z F, Ge S J. Spatial distribution of the impact of surface mining on the landscape ecological health of semi-arid
grasslands. Ecological Indicators, 2020, 111; 105996.

[ 4] Bardgett R D, Bullock J M, Lavorel S, Manning P, Schaffner U, Ostle N, Chomel M, Durigan G, Fry E L, Johnson D, Lavallee ] M, Provost G
L, Luo S, Png K, Sankaran M, Hou X Y, Zhou H K, Ma L, Ren W B, Li X L, Ding Y, Li Y H, Shi H X. Combating global grassland
degradation. Nature Reviews Earth & Environment, 2021, 2(10) ; 720-735.

[5] Wbk, AR, 280, %5, HEW. KILIEMOR B R iR AL BCHR R, BARBEIRR, 2011, 26(8) : 1306-1314.

(6] Bef, skmm. Kb i 55 B ot i@ AL 5. BBk, 2017, 34(1) : 30-39.

http ; //www.ecologica.cn



1552 JAE = 43 4

(7]
(8]
(9]

[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]
[33]

[34]

JAZR, RARE, SR, e, RARME, B/NTT, JRAEAS. TSRO AL L DX R i - 32 i as AR R A0, LA, 2016, 25(1) : 64-75.
EMRA, XIEE, B E, 7R, XI5, 2000—2015 FHHA RIS Fih NPP 1 245 AR LRHIE. K L ORFRIFSE, 2018, 25(5) : 390-396.
13, HVCAe, R, EL, XK, RITE, el BT 15 450 NPP 328k 52 W T RHISEHERT ST, A ARk, 2017, 36

(3): 43-51.
EMRAS, X, 4R, R I 1S5 45 AL 4w iR A 25 AR AL RRAE. BB, 2018, 35(3) : 508-520.

MG, BBk, F96, THEGEE. AR LA AT Sl % B R i AR 3 R T NPP S Y GE o b P R AR B K24, 2020, 37(1) .
51-62.

Duan H, Zhao H L, Jiang Y Z, Li Y L. Analysis of seasonal grassland change and its drivers during 1982-2006 in Xinjiang. Rangeland Ecology &
Management, 2017, 70(4) ; 422-429.

sk, SR, RREE, SURME - P, EwWeE, &%, 7%, XUEE, 9. P AVHRR GIMMS NDVI Z4: 42 i % Lt 43 Hr—LA
X M. A SR, 2016, 36(21) ; 6738-6749.

SRR, WK, I, Y. JET NDVI AR B A A AL RRAE. 1 SRR 5 TR R4, 2020, 28(6) : 1369-1381.

HHAE, ®Om, ZUJF, EYL 3T MOD 09GA ¥ i s we A= FOR I E BRI SE . Bl 24, 2018, 27(4) : 10-26.

Wik, IR, TBSCIN, XNk, AhAk e, S 3CHE. AT 20 45 5 e 0 6 b 20 25 A8 Ak S H X SR AR fb i e . Fl 2 4R, 2021, 30(3) -
1-14.

FASE, TSR, AT, SR SR, BUR, EIEL Hh I X T 8RB A N e G 7 A0 A R R RS L AR AR, 2018, 38(13) .
4789-4799.

P, 22, L, XM, 55T NDVI (S8 i B B A 25 sh S R S SRR K R B SRR, 2018, 37(6) « 38-44.
KA, S, RSB, BTSRRI AL 7 J) (NPP) 45 [0 43 A5 i S B S ARAE A i . AR 25241, 2020, 40(15) : 5318-5326.
e, Nk R, 206, S5 GIMMS 3g NDVI 13 30 45 [El Jb s p pl A K FR LR AR fR A o . HBRAL 2% | 2017, 37(4) : 620-629.
B, 25N, BE. T 20 a Hrim KR NPP i 25404, TR IX#F, 2022, 45(2) ; 522-534.

WERSR, WA, MINSE/R - FEPIEASE, WS, BERE. HR oK SR H G 8% vk 1, 2021, 43(5) : 1498-1511.
HEAEE R FIR X B HUT. s s e I IR . B8ORS R Rk TR 1993,

Yang K,He J, Center NTPD.China Meteorological Forcing Dataset (1979-2018) ; National Tibetan Plateau Data Center,2019.

He J, Yang K, Tang W J, Lu H, Qin J, Chen Y Y, Li X. The first high-resolution meteorological forcing dataset for land process studies over
China. Scientific Data, 2020, 7; 25.

WagE, Wochk, /NG, TESE, AR, FETUT 20 4F MODIS NDVI H $UCHE B 75 1544 T b 0% 5 20 25 W) e X BRS5E IR 1 B i . a2
%, 2021, 30(9): 1-14.

XIHa, Z2b, R, Br#de. MODIS MOD13Q1 $Hs 78 A6 55t BEAb Wl b i B FH P4 . B0k 244f, 2010, 19(3) « 14-21.

T HIRHR, =, KRR, S, AERLE. JET CASA BRIR L IR NPP I 23 i 5 ML g Re. [ EYRIRE K, 2015, 27(1) .
133-139.

Li C, Wang R H, Ning H S, Luo Q H. Characteristics of meteorological drought pattern and risk analysis for maize production in Xinjiang,
Northwest China. Theoretical and Applied Climatology, 2018, 133(3) ; 1269-1278.

Wang Q, Zhai P M, Qin D H. New perspectives on ‘ warming-wetting’ trend in Xinjiang, China. Advances in Climate Change Research, 2020, 11
(3) : 252-260.

Yao J Q, Chen Y N, Zhao Y, Mao W Y, Xu X B, Liu Y, Yang Q. Response of vegetation NDVI to climatic extremes in the arid region of Central
Asia: a case study in Xinjiang, China. Theoretical and Applied Climatology, 2018, 131(3/4) ; 1503-1515.

TR, XU | TR ST I A A 7 U AR AR KX AR N R BT ST . R Vb, 2012, 32(1) . 181-187.

An L X, Hao Y H, Yeh T J, Zhang B J. Annual to multidecadal climate modes linking precipitation of the northern and southern slopes of the
Tianshan Mts. Theoretical and Applied Climatology, 2020, 140( 1) ; 453-465.

SRS, BRBHAE, TRIEM, AT, SRR BT AR A A DX 6 s A 4 7 A Ak R X S AR AR e . M BEARF 5T, 2010, 29
(11): 2004-2016.

http ; //www.ecologica.cn



