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Abstract: The ecosystems on the northern slope of the Tianshan Mountains is fragile and vulnerable to drought. Global
warming and damaging human activities exacerbate the effects of drought. Here, we assess the response of the vegetation
cover to drought, and provide a scientific basis for improving the ecological environment and mitigating the effects of
drought. Based on the normalized difference vegetation index of the moderate resolution imaging spectroradiometer ( MODIS-
NDVI) and meteorological observation data, standardised precipitation-evapotranspiration index ( SPEI) and vegetation

coverage on the northern slope of the Tianshan Mountains were calculated. Then, the temporal and spatial dynamics of
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vegetation coverage and multi-scale SPEI over the period from 2001 to 2015 were analyzed. Finally, in the perspective of
land-use and land-cover change (LUCC) , the correlation between them is discussed. The experimental results demonstrated
that most of the northern slope of the Tianshan Mountains is in a humid state, with mild drought in the central ( Shihezi,
Hutubi) and northwest ( Kenamayi) regions. The SPEI of three, six, and twelve months showed an inter-annual variation
trend of enhanced aridificationt. The vegetation coverage of the northern slope in Tianshan Mountains was generally low to
medium, of which with higher coverage level in the mountains and urban oases, with the overall height trend being high in
the south and low in the north. From 2001 to 2015, the vegetation coverage of the northern slope of the Tianshan Mountains
showed a downward trend, and this was positively correlated with drought. The vegetation coverage of different land-use and
land-cover types was different from SPEI 12, and the order was: grassland > unutilized land > urban and rural land > forest
land > water area > cultivated land. The influence of drought on vegetation coverage in summer and spring is the most
obvious seasonal effect. The drought in different seasons had different degrees of influence on vegetation coverage of different

land-use and land-cover types.

Key Words: The northern slope of the Tianshan Mountains; Vegetation coverage; Standardised precipitation-

evapotranspiration index ( SPEI) ; Land-use and land-cover change (LUCC)
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Fig.1 The location of Northern Tianshan area and the distribution of meteorological stations
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Fig.3 Long—term dynamic characteristics of multi—time scale SPEI

L3 BT LA H, SPEL 3 S i 101 R /K il 32 A8 A A sk, JCAIE Ik 380K ; SPEL 6 32 22 W 1 A /0 W9 1 11
S B B LK . 2001—2015 AR R LG T P2 i )ik A7 S DL L & AR i v, 1 A H RUEE
_1,2001—2002 4 ,2005—2008 4F-,2012—2015 4F (1) T 25005 5, BT P2t 4K, 2008 45 H 3 a4 T
BT ERE 2R TR 3 N A RJE | ,2001—2002 4 ,2005—2006 4 ,2013—2015 4E ()T 40 R4 5 ,
HREEEmt A K, 2008 47 2012 AF ML &4 T 5, TR E 2R 88 52,6 A~ H RE 11,2001 47,
2005—2006 4F-,2014—2015 4F 1) T S35 05, BT FRELERT [ #01 2008 42012 4F a4 T 57, T 2/
FEL N ET 5,12 A RJE | 2001 4E,2007—2009 4F,2012—2015 4FF S50 5800, BT SRtk
2001 4F,2012 4E 2 4E T 5, TRREZ B RE T2, 28 LAk, ZEE B RS SPEL AT IAT R4 S il K 1L
b TSR B R LR ] | I EAS [ B ] K22 (49 SPET Z8 30 M1 T S [R5 B 1) 4 B 2 0 AR B A8 AL AR AIE ) 1 A
HRBE FIC 5 A, 3 A H R B2 B R 8 45,6 A~ H AN 12 A4~ H RUEE L2 R Rl 9 45 K
PR ) 25K T LA 55 B 7 KT 25 55, AT BE 28 T 5 0 251 AR AR AR AR AR FLEAR b AR A i ) 2 —
I,

212 J 05 AERE SPELAERRAR {53t

M 3 BT LUE R4 A SPEL AR AE BAFAEAE PR 25 5, A E T O AR AR A, B 16 A4 0k
MU SPEL 1 3448, anf&l 4, AT LA 2] SPEL A A8 4k ka3 Je i/ NG 38 K 47 E7E 5.7 Ay, R RET
5.5 Ak 7 0K I RS &, 28 W0 = T REK R

SPEI 3 A] DL J T 5 iy 2= 45 AR AARAE , 2 e B 2 A 5 8 A (11 H 1 16 -3l s i) SPEI 3 “F-34{E K
Wi FH BENTEARG (K 5) . ATLLR L, 2001—2015 4F 15 4E A4 H Fk A DU 25 B 42 T 2B 50 (1 4R 0y

http ; //www.ecologica.cn



6 S % 39 &

RIH TR, EMETRRICNRE T8, DEE M T E T2 EAFE N RE T2 BFE A 2005—2008
AR IEAE T 552008 AU ZERSRIUNVRE T 5, FRHEE SPEL AR PR LTCH] W ¥, B Z=H14 2= SPEI
AERRAR L R R, T RRREE NG . 2001—2015 AEZEK M T RmEHETE > B > £F > #hE,

MAERJE SPEI 4EPr2s ks (18 6) il LLFE 1 ,2001—2015 4F 15 4E3k K 1Lk SPEL LA 0.025/4F 1 %
TR, TG | T AR 2008 AR

0.025

2.0
%Eé 0.020 + . s
ﬁg £ 0015 HEx5
_%.9*8 QEEE 1.0
. gg 0.010 | §§§ '
Ao 8= 05
§§ 2 0.005 | wEF
5 g 0\._.\\ )
$EE T AL S 53¢
£is Y AT E-05
BE8 00050 1 2 3 4 5 6\7/8 9 1011 12 ZS20
i Z 8 S0 1
-0.010 L H 4 Month a0
-15
2001 2003 2005 2007 2009 2011 2013 2015
J— i by
B4 2001—2015 £ X Wit A SPEI 4L £y Year

Fig.4 Variations of monthly average SPEI during 2001 to 2015
5 RidbigFET RE SPEI K HABIASHHE

Fig.5 Long-term seasonal dynamic characteristics of SPEI

213 SPEI E@él‘ﬂﬂ?‘&@{’t%*ﬁ ——— SPEI 12 eeeeeees 2%1#‘ (SPEI 12)
HAE 2001—2015 4F 19 SPEIL 12 %4, 73 3 K Lk . rSies S0
YR [F) - M0 P/ - M0 B 35 19 SPET %3 [l ) 2525k ( N T R0y

7)o MKl 7a Bl Te 153,15 4E[A] K1l AL e 48 AR 731X
SRR, AR (AT PR BE ) PR ER (S

O'Z'. ................... e /\[\,,\/

AL K A U R B

Standardised precipitation-
evapotranspiration index

W) BT 5, ANFE LR /7 55 SPEL K —0.5205{1 2003 25?/200 09 20\1 0137015
SRR Ry 7K > ARHL > FHb > BEHL > RAI ML > 3% Lo ¢

2 MM, #R4E SPEL AR LT (18 7b (&l Tc) , PG R T ey

(FERFY T KIX 5T SPEI SRR, K ik i e

2] 0.047/4 UL G T 52 2510 S 0ok 55 #a 35, {1 1k 1 E6 XL 2001—2015 4 REE SPEI &£ FREA

g, HoAth X 38f, SPET & R Ry, i Kk $]-0.075/4F, 4 Fig.6 Inter-annual variation of SPEI during 2001 to 2015
B X3 T AR S B e Y  2001—2015 4F 15 4F 8] K
b stk 2 S ks smka s, ANE R+ 55 0% SPEL ¥ 2 R RS B+ A i, K/
WM HFHE > 3% 2 M > skl > Ak > KA > Bodb , IR + A/ A H 56 0h = it i 3 1
FREEANIE] b A 114 28 Ak 52 i) 1t 2% 1) 7K 28 i ANV SF 3 58 | R SR ARAR | 0 b Xof 2 22 ik /L 4 5 11
VE LI o T AF M sl iy b X, Xl SR a8 ] e BRAR I B L
3.2 2001—2015 4 FE 7 55 BE I 25 sh &S i
3.2.1 2001—2015 4FFE 4 7 5 FE AR BRAR Ak B

S3HT 2001—2015 4F- K LA il v 78 o B AE PR AR A #5181 8) , R Il Ab I AE 97 75 & 2001—2015 4R 4% 4K
RS RREEZE N 0.04/10 42001 ,2006 2009 F1 2014 4F Hi 50 FE 0% 7 o5 B8 R, A BAE 2001 4E
(40%) , f5cimn HHBAE 2002 4F(50% ) 15 4F], 4 0k 7 55 5 sh A48 1k i 3 BH 8, 2001 4F 2 2009 43 & % s 4%
K ,2009 4EFE 2015 AEP B HREFRE
3.2.2 2001—2015 4FAH B AT o B 2= 1522 1k

Sy BT T AN L ORI/ - 78 S5 A B 2 S 2 ARk (&1 9) M 7 5 ) 2 AR KB B, 2001—2015
AR RN AU B e ol 7 26 B e, B AR IR 2, BEH bRHb M 3k S bR Bl B R R S AR A B

http ; //www.ecologica.cn



17 #5 ZEHsE 4 HET LUCC 19 2001—2015 4E K LAV A% 1% 78 2 b 52 A4 0 7

SPEI 12 N SPEI 1245 L%
= 0.03 A = 0.04
b

" = -0.02 ‘ = -0.08

PR HR SE EAHL > B > 8K, 5 7 A VAN ooy

Hhy O SE RO i A K, R R ARAE Y By 24
KA, 0'352001 2003 2005 2007 2009 2011 2013 2015
322 20012015 4R 0 25 LS L ST e

AR 2001—2015 4F Al w78 =5 B 5500, 15 3 Rl db B8 2001—2015 FRLIFERBEEFIRELBER
Wi AR ) - Ho i L/ 2 26 A B 26 e 2 4 A 5, T8 The inter-annual change of vegetation coverage during
(P 10a) ,2001—2015 4ER ALY VA BT R IE G B 0 o0
22V MENE R 7 K BT o R VD TR R A X
LRI i BE A/ IR LU A 30 L DX s A e, C AR T 5 P 8 B 2 g ) F 20 ] e ] i 1 3 o Y]
TR A 5 FE AR L 15 AR AR5 X - AR O B 5 FE Ol 43% , JE IR o, e A i IX A A R 2 A
TR R R R G DX SR B A R S SR R R, 15 AR [R] - R b b B 2SR A 5 (K
10c) R/AMERUCBEHL > Al > IS Al > Roih> ARA I > K, BF L ARV A0 55 53518 70%
N 65% , J& T i BE 7w, BRI 2 FH Y- Y RE 4 7 5 B2 4300 45% N 48% , J& T BE A 55 Bk b R A ) 4% 32

-
0  80km
| |
HE B
EBEE 00100 m SPEI 125FHf
%-% E c i SPEI 128 AL R i) P36
ﬁ%% 0.005 |
&3 2
S35
« -0.005
o #
%:Z) -0.010 #‘:
§7§ 0.015 =
e [ e
o020 | 35
-0.025 L ki Ay HiHl K3 Wz i ARF FH H
St RS
Land-use and land-cover change
7 2001—2015 F£ XL FLH AR E L F B/ LB S SPEI ZEEEEW
Fig.7 Spatial distribution and variation of SPEI during 2001 to 2015
T HAH DR S5 I & TR R HAR DI 55 T2 AR 055 - e B A AL
N _ N N R (i
5, R AR LA R A e
SR BB ERAMPM I BT T L 2] y= 000+ 4174
. — R #2 3 L =0.
T b B 7 i R e T At b b R A AT A 2R B2 045 17N e
&
>

http ; //www.ecologica.cn



8 S % 39 &

035 07 ¢
o&EE
o 0.30 F 1 0.6 F LB=ES
& I I LR7E
$§0% 0.5
mEozo- 04
%% 0.15 | 03
on
2 o010} 02 a
: 0 | 7l §
=% HE [ & i i T KIS SR A R
Z&45 Season R/

Land-use and land-cover change

B9 2001—2015 FRIALEAR LR A/ H i BESERESEFHEN
Fig.9 The seasonal change of vegetation coverage during 2001 to 2015

1o AEAE A B R

3BT 2001—2015 AFAE 978 26 BE (A8 (ka3 (J8] 10b) |, BF 5T IX i 28 Ak i 35k 1F F1 R 170 X 388 43 501 5 33%
H67% W5 X 45 R o3 X A 7 B 2 N R 3 P R i =35 -0.09/4F . 3ok T S W A s v g 7 o 35 A
S T R A, SR Ll b L DX R b e v o e o 7 5 B AR T e g, T S B AR AR AL S IR TR L
EORFE R LA K T B A A R A IR X AR R Ak, 2R B R Ll Ab B3 ol A E R X AR A 5 A S

AR
0.09
-0.09

N
o,

N
;Y e A

08
0.7 F M
0.6
05 F
0.4

03 F
02
0.1 F
0

LA 7 2
Vegetation coverage

BRd Ak R ki SRS I RA M
R /i

Land-use and land-cover change

B 10 2001—2015 EXRILILFEAR L F B/ T BEEAREEE TS TLZEASH

Fig.10 Spatial distribution and variation of vegetation coverage during 2001 to 2015
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