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Spatio-temporal variations of NDVI and its driving factors in
the Tianshan Mountains(1982-2021)
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Abstract: Vegetation dynamics are driven by multiple factors and are particularly sensitive to climate
in arid and semi-arid regions. The Tianshan Mountains, as the largest mountain range in the world’ s
arid regions, have undergone significant vegetation changes, yet the drivers behind these changes and
their relative contributions remain insufficiently understood. To address this, we used Theil-Sen
median trend analysis and Mann-Kendall test to analyze interannual and seasonal spatiotemporal
patterns from 1982 to 2021, and applied a Geodetector model to quantify the effects of natural factors
on the normalized difference vegetation index (NDVI). Results revealed an overall increasing trend in
NDVI (slope 0.001 6 a'), indicating a marked greening, with localized degradation in the northern
part of the central Tianshan. The spatial distribution of vegetation was primarily shaped by interactions
among elevation, precipitation, and temperature, as well as between these factors and other
environmental variables (e. g., VDP). The impact of climatic factors on vegetation change has
increased significantly over the period. This study provides a scientific basis for informing ecological

security and sustainable development in the Tianshan.
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Fig. 3 Spatial variation trends of NDVI in the Tianshan Mountains from 1982 to 2021

2.2 BAETFINDVI I 7 E 00

A A B 300 2% R 51 SM(X,) (B K
(X,) AR (X,) .VPD(X,) -k (X,) 5 (X,) 3]
(X;) 3R (X,) 8 F IR 5l K 7 X} K 1 NDVI i 52
M, 1982—2021 4F , AEFR 5 4F 115 1 3K sl [H 28 %
AR . TR g Gt R 1SR
PR~ X% NDVI 52 i 1) fff B 07 ik, 1H 53 45 51 Dl 18 58
HAR:MER 1,

1982—2021 4%, % 4 K 2= ND VI B ) s o8 11
R F AW AR A, 1982 4% 1 48244 (15.1% ) , 1987 4%
4 VPD(16.1%) , 1992 4 R KK (17.3%) , 1997 4K
+ 12590 (18.8%) ,2002.2007 . 2012 4E-34 S VPD (fi#

B0 R 23.5%.19.6% . 18% ) , 2017 12021 4F1
by LAY (gt B T3 53 00 R 18.9% F120.6%) o Fir A
UKl P rp 7 A A R B 5 e e KR T R
VPD Fll - e R B K R 2RI o SMA
TR o R L 1] 1Y g 3% 30 /N T 1% , 7 HOXHE ¢
A B AN

X 7 22 NDVI 52 i 8 K9 PR 7F 19821987,
19972007 F1 2012 4 ¥ Jy K& K, i B J1 43 5
7.2%. 21.4%. 16.6% . 14.3% F1 10.9%; 7£ 1992 F
2021 4F2h - S AY  fRE 1 5390 R 19.2% Fil 11.8%;
120022017 4F 53 51 il (20% ) F1 SM(12.3%) .
L AT O B K L - SR N £5 Z NDVI Y 52 i e



6 iRz (HARHERR H3E30)

XX &

K, HYONTEH  SM AR, VPD 3R R ] 1) ¢
ESTN A I NP e A ) AL I S

X} 5 22 NDVI 5% i 2 5 1 R F- , 4% 1982—2021
AEREIR S AR HE AR Ry R (22.8% ) RS
(20.7%) A (22.4%) £ HER T (21.5%) <R
(27.5%) .SM(23.1%) .VPD(23.3%) <.i& (24.7%) .
T (22.9%) . BT UL, X2 22 NDVI 520 £
KK A SR VPD, Hik O SM L ik . Al
A TR B3 RS o) XA B AR A S I AR

XFRKZENDVITF 5200 e K i R <l i
P, IR JE Ry RN FL M i R 1Y) g BTt i
BEIN XA B R AN BT . BR 1982 4F - e 2 A
(7%) fit B Sy Be s A1, 19871992 ,2012 F1 2021 4 fi#
BT d5c ik i R 1 o SR (43 R 5.5% . 8.3%
11.5% F14.9%) ,1997.2002,2007 12017 4 fi# B 11
e o 1 3 o R (A3 0 o 11.3% L 12.1%
9.6% #1 8.7%) -

K ZENDVI F 2 2SR A4k 2 A~ 3R o [H 75
Wi B 1987 12012 4y i 08 32 BAE A1, Hir
A A0 25 R SR AR A R T B i, S R A A -
2.3 FMEFHEEERX NDVIHIZ T

A5 H 28 B AR AR I &8 0 92 I 1 Ak 3 40
A Jil R B B 1 X6 K 1L NDVI Y 52 0 [ R 45 5
TR LK. SRR, O A EAE R Y 2
A 2P 1 5 RS HE 3G, AR FR T 1 g e it
TR TP, BB A6 ND VIR ) B 5
B4, 33 R ) A SR A 3 R g < 1%, (H
165 HAb PR 740 B4 5 X NDVI A f B 1 B i 42
15, 3 A g > 10%. AT AE 4RI 8% AT )
TXF NDVI S35 [ 52 i 2 75 5 3%

AR ZE(E 4), 1982 4F K 11 NDVI ) X 32 5
R MR N 3E R (31.3%) , 1987 4F N FE /K Nt
1% (34.2%) , 1992 4F & VPDNE K (34.7%) , 1997 4F
RN SR (36.5%) , 2002 4 K [ K NI 3k
(50.2%) ,2007.2012 F12017 41 5 VPDN#EK (43
5 SR 45.5% . 38% F1 37.7%) , 2021 4 S SMN i 4k
(40.7%) o FHICT] AT, BRI PR AE I X NDVI
SR I AR AH 5 F AR PR 7 A0 BAE F S X NDVI Y
AT E X751

FZE (1), 1982 F1 2012 4F oxf B 7 B ) i
B 8 B R B K NI (20.8% ), 18 o) A 48 1) 52 i) -
AN E(P>0.05). KHitt, 1982 4 NDVI B X F 5
K R BEKNVPD (16.9%) , HAYAFE 0y ¥4 A KNS
IR (4390 38.5%.37%.30.9%.43.7%.31.7%. 23.8% .

32.5%.28.8%) . HHULTT UL, BEIK NV RAE A =M
EDOEEE= ek A0 ATh N,

H 21982 4E 0 NDVI Y i 4 325 A 1y it
N AT (39.4%) , HAFEAy > VPDNIEEIR (43
Wk 41.5% ., 47.2% . 41.3% . 53.4% . 49.8% . 44.7% .
47.4%.45.3%) . KL, BER VPD FNGIR Sl VE R
NDVI i fiff 8 71 3 AN SEAR 58 , (0 W6 35 A0 B4R S %
RE AN ES S E ) RO NS A

Bk, R F IR TR A 2 5 &/
ZA G B . 1982 4E 52 NDVI A4 sl 3 51 1
3 SMN + HE 2K (11.1%) , 1987 4F 2 SMN K i
(9.3%), 1992 4 R FE KNSR (16.9%) , 1997 - RS,
TN HE2 R (20.2%) , 2002 4F g 7 $ N+ 425 8
(28.2%) ,2007 4 R RN HEZK AL (19.2%) , 2012
AR R K NV (19.3%) , 2017 4F Sk [ 7K N 4K
(17.3%) ,2021 4F R FEK NS (9.2%) o« FKZEZ L
KT PR % A 0 A S M BN 2, EL RO 2
IR Aok H SR, AR HoAth H 52 |
AF FH X6 A 118 R T e K

27 1982 4E 52 NDVI 1 BN 3 S0 7 [
KOV (44.5%) , 1987 4 R g kN3 17] (24.1%)
1992 4F g [ K NHEFR (28.3%) , 1997 4F g SMNifEK
(49.7%) , 2002 F1 2007 4F- 35 S SMOV i (43 51k
35.2% F133.6%) .2012 4 & SMNiEEK (42.7%) ,2017
AN IR NYE 1] (27.3%) , 2021 4E S SMN I 4K
(17.7%) . & Z= [ K F X NDVI {4 i B i i 1
BRI T BV RS, AT RNV PR 5 ) A ZEAT B
S3 A B B R AR RS AP B A ELAR
FH, TRIRE S S 4 22 ND VI 2045 19 35 5 0 R 1 5 3%
2 W AU R RN A 2 A B 0 A kS B T OC B

I,
39 ®

3.1 RIINDVI KBz I L 451

WFIT 45 W, 1982—2021 4F K 1L 1 NDVI 5
RS TR S X 5 A X R L XA B AR Ak () IF
Fr 4k R —% (Piao et al., 2020; K FHBWHEE ,2019) . &
AR T, T K o b X 2 S g fb R 3 il 2 K
L 2R B A v B S — S R A i R AR Y X3
T A A AR A P i DX AR A rh 1 R L v Be B R (a3t
AUy PHIEETCIE ) o S50 b SR AR R R A Ml
DX A 2 AL N R A AR AL A L X 2
A AR 1R 0 i R AT e o BE O Ik Ak
AX,



XX

FRBL, 4F

1982—2021 4K 1L NDVI i %5 284k K

A 01

X

(a) 19824F

~0.091**

© Lt
SRR

X_ 10:140 0.077+*

X, {0385+ @80+0. 1440+

X, {0:185%0.172*0.264 0.140**

X, {0887 @5+0236+0391+0.096++

X_-oi6+0d03*0A60*0d59+013%0.006+*

X, 003+0.087+054*048+0006+0.014 0.005"*

X 01154

1

X, {0.230%0.212%0.299 0.266 ‘*0.1*0.5*0.159**

)(1 -0.123**

(b) 19874F

© RN
PSR

X 0:184*0.151**

X ﬁ(‘)*. 0.147%

X, 10.223*0.238 0.299 0.161**

| @ o

X_-{oda7+0d81+0M62+0077+025%0.006°
X, 032+ 0630580 @72+0M14%0.014 0.005

X, {0242 0269 o390 0.275*.*0.2*0.1*0.140**

-0.143**

(c) 19924F

© LR
R

X -0:200%0.173**

%, @ @

X, 10.245%0.248 .*04171**

X .*.*(‘*."0.089“*

X -069+0200+0/5 1+088+0(13+0.007+*
X, -{ofi53+083*044*080*0[403+0.016 0.007**
X, 0258 0.286*(.)*0 288*.*0.5*0.2*0 1520

r & 31 ¢ 3 F T 3

(d) 19974

© Lk
SR

X, 10:151 0.126**

X, {887 a@ie0.1440+

X, 0.212%0.201 . 0.142+*

X . . 0.252*.*0.115**

X_-o38*050*0461*0060+0040%0.008**

X -{of25+037+0458*0053+0/30%0.018 0.007+*

)(1—0.119"*

X, 10.273+0.277+0.328*0. 298*. (‘1*0.9*0 188+

)(1 -0.175**

L . T . . . ]

(e) 20024F

© RN
PSR

)(2 -0.262*0.233**

1\’3 4. "0.185“‘
)(4 —-0.326*0.354 .'0.235“
& @@ @G

X, -{of@i @8 @00+ @65+ 0 9 1+0.007+
X, -{ofiBs+a@+0f30i*o37+059+0.018 0.008+*

X, -0.324 0.380%0.345 osw.*o.s*o.s*o.ns**

X 0137+

1

XXXXXXXX

() 20074E

© Lk tEH R
WU T 38458

X, 10.214*%0.154**

2
3
4

X,

6

- @@
X 70.234*0,304‘. 0.196%%
g 4“ 0.336'.‘0.157**

X, -oflazos-@0o+ @8+ 0fs+0.007+

X, -{of7ofb++B05+305*00+0.016 0.006+*

X, {0303+0.319+0.354 0.345 "('1*0.4*0.183**

XXXXXXXX

(g) 20124F

© Lk
SR

X 01173 0.110%*

X, —’*(‘*0.150**

X_{oda0+032+0@70*097+0(43%0.009

X Jof30+023+0@62+0490+0/21%0.017 0.006**

. 1028070 264*.‘0 324 .'0.0*0.6*0 1780

)(1 -0.144%*

T T T T T T T T
XX X XX XX X
(h) 20174F

© RN
U T35

X 01187 0.136**

2

3

X, ~.“0,287*0.168**

X, 10.250%0.225%0.296 0.182+*

4

5

6

5 GG @ G

X —0.5*0.7*0.1*(.7‘0.9?'0‘008**

X Jofd55+0049+0/1840096*0{21%0.018 0.008**

7

X,

s -0.296+0.295+0.328+0.323 ‘ (‘a*o.o*o 189+

X.

1

H0.171**

T T T T T T T T
XX X XX XX X
(i) 20214F

© LR
SRR

)(2 0221 0.171**

X; -0.337 0.307 0.168**

X,

,\’6_
,\’7,

X,

0.263 0.245 0.314 0.171%*

. | @ G @ o

0£497+0200%0/9 1*093*0(37+0.01 0+
0£81+084*084*0A83*0/125+0.020 0.008**

8 -

0.323*0.331*0.339*0.324*’*(‘;*(.7*0.206**

XXXXXXXX

XXXXXXXX

* . 55F NDVI 2 B 5200 5 35 (P<0.05) ; ** . %F NDVI 204 152 i 5. 35 (P<0.01) -
El4 AR Z=sgm KRR AR T Y B R 71 g e T i

Fig. 4 QO-statistic of pairwise factors affecting vegetation changes in the Tianshan Mountains during the growing season
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Table 1 Major pairwise factors affecting vegetation changes in the Tianshan Mountains and their g-statistics ~ P<0. 05
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