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Driving force analysis and ecological assessment of spatiotemporal changes in
vegetation cover in the Kunlun Mountains from 2000 to 2020
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Abstract: This paper is the result of ecological geological survey engineering.

[Objective] Vegetation cover is a critical indicator of ecosystem stability. Researches about the factors influencing vegetation cover
changes in the ecologically sensitive Kunlun Mountains region are limited. This study aims to analyze the spatiotemporal variations
of vegetation cover and their driving factors in the Kunlun Mountains and to perform a regional ecological assessment. [Methods]
The Normalized Difference Vegetation Index (NDVI) was used to examine the spatiotemporal patterns of vegetation cover from
2000 to 2020, and the Geodetector (GD) and Random Forest (RF) models were applied to identify the primary drivers of NDVI
changes. Meanwhile, RF and Long Short—Term Memory Network (LSTM) models were used for predict the NDVI variations, and
the Remote Sensing Ecological Index (RSEI) was used to evaluate environmental quality. [Results] NDVI showed a generally
temporal increasing—decreasing—increasing trend, characterized by a spatial distribution that higher values in the west and north and
lower values in the east and south. The RF model identified the digital elevation model (DEM), precipitation (Pre), distance to towns
(Town), and gross domestic product (GDP) as the most influential factors, whereas the GD model showed evapotranspiration (ET),
DEM, GDP, and temperature (Temp) had the greatest explanatory power. The RF model was more effective for NDVI regression
analysis than the LSTM model in the study area. The RSEI value showed an increase in 80.52% of the area, but the overall variation
was considerable, with 78.86% of the area showing significant variation. [Conclusions] DEM, GDP, Pre, and ET are the primary
factors affecting vegetation cover in the region and the significant improvement in the regional ecosystem over the past two decades.
It also reveals a significant enhancement in regional ecological quality, indicating that ecological conservation measures have been

effective.

Key words: Normalized Difference Vegetation Index (NDVI); Random Forest model (RF); Remote Sensing Ecological Index
(RSEI); driver analysis; ecological evaluation; ecological geological survey engineering

Highlights: (1) A comprehensive spatiotemporal analysis of NDVI was conducted in the Kunlun Mountains using a variety of
methods, including the Hurst index, coefficient of variation, and trend analysis; (2) RF and LSTM methods for regression analysis of
NDVI was employed in the Kunlun Mountains. RF importance analysis and GD explanatory power analysis was utilized to
investigate the dominant factors driving NDVI in the region; (3) The RSEI was calculated to evaluate the ecological environmental
quality of the Kunlun Mountains and provide reasonable recommendations.
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S 2278 RN M BRI A2 A Y DI, AR F AR R
F14) Wi 1 B SR B0, (H TR s X H A7 4 B 1Y
MR (Chu et al., 2019) . PRI, BFFEAE BB 75 B 1O 2%
R HEG BRER R EE SN E IR R, A
SIENER S5A BRI S H KA, XA
BT A AT FH AR Bl fme A5 B o

IH— A B FE B (ND V) BA i 25 i 2k, nl
0D 2 A i ) Bl AR A, R AR B AR K
RIS EEFEBR (Peng et al., 2019; Li et al., 2021; Li
et al, 2023) . H A7 i & HI /9 NDVIZ I8 £ 45
SPOTVGT NDVI( Bai et al., 2019) . AVHRR
NDVI( Pinzon and Tucker, 2014) #1 MODIS
NDVI(Hmimina et al., 2013) , =& UR KM, & Fp
Bt 7 ot R R TR B 5 22 A SRR L 1
Hi B 5 U LA B AR 7 534 O T A AT L
(Tian et al., 2015; Ju and Masek, 2016; Martinez and
Labib, 2023) . *1[E NDVI RS, HAR
DX T B R R AN [R] (BR o 1 4, 20015 X S84
45, 2015; [FIIL4E, 2023)

AT T A e ) E IR S T 2 WU SR T
T2, O A #E TR R A (5 TR %, 2014; P 224,
2017; GxPLAF, 2020; KB LICAE, 2022) o HI T AN[A] ML
XK IR A A B S RN ], F 281k S 3 2R
PRI~ B i o7 e A7 ZE AR R 28 () 2% 57 (Wen et al., 2017;
Fang et al., 2019; Liu et al., 2022) . A SRR H 4R

75°E 80°E

PR 23 sl iy i L 4 R 2 (Zhu et al,
2020; Gao et al., 2022), M T4, FErPAIZRIEA
P AR X, X R Ll A B AR Ak B LR R 4
Braf AR 3/ (T ZE 4%, 2014; XISEEE S, 20155
FoedE 2021 P FEAESE, 2022) . B ILEAES T
B RN b S5 S LA A2 2 e A 55 1, A ZTE s xR
£ LR A A Y R ) K IR B 77 25 57 v R 5 4 T A
(Zhang et al., 2022a) . K, A HETER S ILHILIX
TF e R B A8 AR 8 VA R 5 AR R Bk it 1

ARSCULE S I X NDVI X [ 2K 7 F1 A 2K
T e W BT N2, SR AR 35 H 2000—
2020 4F B £ 1L NDVI 28 1k 1% JE A FE AR B %) 2 [
F MR, SR H GD FHLAS 2% > 7 ik g i i A
] Al % NDVI 13K 3l 77, {ifi F} RSEI #& # PF-f
C IS ARWFSE N R L AR A
AN AT Bt A SR AR, DA R A 1L b X K
2%
2 MRS ITE
2.1 HARXHBER

B Ll Dk v A A K R SR AR R, 47 T 34°19'~
39°58' N, 73°30"~ 92°45' E([& 1), i BHHr 88 . POk,
W ZE 32 75 9 5% P (58 25 45, 2016; Aiwen et al.,
2016) o ZIX Ny A, TV D, AR SRR K 2
170 mm, FEYRE -5 C(RIRSE, 2021) . X4

85°E 90°E

N
z. A £
S =
z [ I#F%IX Study area | =
n f#if% Elevation/m o
« -8569
0 300 km _—
_797
75°E 80°E 85°E 90°E

1 B XS )L
TE: BT RGOSR PR 55 3 GS(2019) 1823 5 ARkl P, ik Pl SR AB B
Fig.1 Spatial location of the study area
Note: Based on the standard map GS(2019)1823 of the standard map service website of the Ministry of Natural Resources of China, and the boundary
of the base map is not modified
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K24 2500 km, V31K 5500~6000 m, % 130~200
km, PEZE AR B8, RLHERLL 5x10° km? (HIH4%, 2014)
2.2 HiRKIR

B 5 FE 4 AU ( Digital Elevation Model, DEM)
FE T3 (Slope) . 3% 7] ( Aspect) #1 DEM
Kl F, NDVI, [%7K (Pre) ., i B (Temp) . ZZ K
(ET). GDP. A1 (POP)udi FI B RIA A7, % W 25
A F R THE RN (AN T8 R
(River) , 2K 25 (Oushi) . BI4A =4 S B 2
(Town) FlE] 3= EL3H p% ((L 52K ) #E 25 (Road) 55
T BdERIEANER 1 PR,
2.3 MRFE

A3 f A DEM, CNLUCC #1 MODIS # %1] 45
B, R MK K5, A% 55+ 22 3 (Coefficient of
Variation, CV ) I 4745 0 (Hurst Exponent) 55 7
25T 2000—2020 4F B A Ll AH 1 B o I 25 8
k., i GD. RF M)A a9 771k, pFoefeiel 4 55
AL R BK Bl J1, i FH LSTM il RF A5 0 B
L3 X A9 NDVI s 247 010505 b, fd ) RSET X
EL A Ll Ml DX AR S IR B SR AT PE A o BF T SELES
K2 Fs .
2.3.1 Theil-Sen ¥ {44} % #» Mann—Kendall 423

Theil-Sen Median /7 7% X % & Sen #F% Ak 11,
MR AES g TR R % (Wang et
al., 2020; Geng et al., 2022) . HI B A N:

: _)Vj>i (1)

B =Median (

e B MR, (v, x) WATEPIHEA
0 FFIVAEAE L THES, B< 0 P9I 2 T i d.

% p>

M-K K 55 32 8 2 H T 5086 0 8 #0451 .
MK R34 5038 3 A8 1 b o IE A A Ge i T it Zg ok
FIBTREA (a3 o X T30 S7. [R] 434 (4 R [R] PP 5
Xos Xy s X 1 RBTTFHI BE, 0 LGS S:

n-1 n
S = ZkZIZFMSgn (xj - xk) (2)

AP i=1, j<n; Sgn(xi—x,) N 167 KA, K I
xx, IIETCS BN 1, 0 51,

1, )Cj—xk>0

Sgn(Xj_xk)z 0, xj—xkz() (3)
—1, Xj— X <0
S G R T2 0:
Var(s)zw (4)

18
n P AN B AL, 4 n>10 B, PR EIESSE
T Zg A
S—1
VVar (8)
0,S=0 (5)
S+1
VVar (S)
ABEFE L E B E VK a=0.05, Y |ZJ% T
1.28. 1.96 il 2.32 i}, &7 Hota & {5 B 4 il Ky
90%. 95% H199%. AAHFELL 2000—2020 4F- NDVI,
RSEI HU O 55, K 0< |ZgJ< 1.645 bRic AN B 3
Ak, W Zg> 2.58 pnic h i AR, B Z= 0 hrich
T4k
2.3.2 #hArAF 5 A
A ST AR B8R — i P R o 15 [) 4] K 40

,§>0

5 <0

=1 HIEkIE

Table 1 Data sources

HHE AR LAETEp HHE KR

DEM ASTER GDEM 30M 7 #5 £  m FE A Y Hb 3 2 [0 = (https://www.gscloud.cn/)
- " SR 11 ST K

R 2R Tki;;?;;igﬂmjﬁ@hm“ﬁﬁ% (CNLUCO) R LR E S PE PO (https:/www.resde.cn/)
38 HWSD tH Jt 38 4fs AL 4T 3l (FAO SOILS PORTAL)
NDVI (MYD13Q1)  MODIS 500 m%3 ¥ 2 7= i NASAHER#H (EARTHDATA)
ijl;g Ei}eﬂip) ERAS 500 m/ HE 2 ¥R GEE##i& M3 (https://developers.google.com/earth-engine/
RN datasets)
AWK (ET)
W L4 B R W R AT R AR [ 3R R #Fi 5 V3.0 Chttps://geocloud.cgs.gov.cn/)
2 SN RE -/ 1 km 53 F i Hds BHIRIA LRI 55RO Chttps:/www.resde.cn/)
2 1) 55 2 A ENET A E IS B BIE H R RSS R4 (https://www.webmap.cn/)
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v
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7T NDVLHEHHRI PSR K sy N
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Fig.2 Flow chart of the study

STZE BT, T I I T P 3] e 5 A A Bl U =) (NDVI,~NDVI,) (1<i<7) (7)

FYHFAE (Zhang et al., 2022b; Hakkar et al., 2023), 7% W2 R FGRHERE S P51
BFFER I R/S 34 J5 ST 52 X NDVI i il R, = max (U, - U,
SIS LAELEPE. TR Lie[LeNN (8)
5E X NDVI i} [E] 51 NDVI(), t= 1,2, 3, ..., X .
—— TR AL
1 (6) R./S. = (a7)" (9)
NDVI, = — NDVI,, 6
0= 72 NPV Horr, 7GR [0,1] BRI R 24 H=
ZBUR 2T U, 1) A: 0.5 it FPAIBIA I A E ARG Y H> 0.5 1, 7
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G AT B8 A DG s Y H< 0.5 B, P 2A
B ) RS .
2.3.3 RF ## fo LSTM A

RF F1 LSTM J& M A A [a] 1) L 5 > 18, B
BRI LA T Ak BRE 50 5, (047 4 B A Sk o5
(Scornet et al., 2015) . A5 d ] RE 55 [0] )5 )
B &AL X NDVI 9 i B g B8 M 8 22k, i
LSTM #ERIHATXS L 43#, {81 R*. RMSE #l MAE
YRR TR o

RF J&— PR W27 > ik, ' 21Uk 24
J, A R SR AR R i A B 2R AT A 28 [l U 4
A R EIE A R R SO R B R A . RF
Do 52T 0T AA P = 4 B 8, AN B E e
ol B4k, AT IIPAS FRAE M 2, AR G i A,
YNl 5k T B pR, 52 PR {7 B (Schonlau and Zou, 2020)
LSTM i i 51 ATC I Hoe i = AT T HLHR S H S
SRS, DT A DR 1 5730 7 24P 25 9 £ (Recurrent
Neural Network, RNN) 7£ Zb B Fy 51 B 25 55 tH BRL Y
B BE T 2% 48 KE 1Y IA) @ ( Sherstinsky, 2020)
LSTM M4 g2 & mT LI KW 1 F SUE B, i
HF B RE T AR | 358 U0 45 80 88 (Karevan and
Suykens, 2020) ,
23.43%EEN%E (GD)

GD JEHRIN 23 (8] 73 SV K48 /s 15 Je SR sh R 1)
— MGt vk, R AR A A 4 A AR 1 7S (]
S UM R [ AR AR S AR, ©
TEAR SIS AR 2 172 b H CE Sh AR iR,
2017) o P3RS, B0 45 28 fe X 17 AR 5
P FZ KNSR T KN, BB

Zfﬁ Nyoy?
g=1- X;O'2

q R 5 PR 0 A Bl it 1 0 R L (LR

[0, 17, TZAE MR, VB2 PR —F X6 ffi i ot 728 1 1) i

JdnR . S HAEFERIES, T WA [ R % i

figt A HAEH . AT GD kiR~

X NDVI BRI . ASCHFSE R nl&l 3 fr.
235 EF R

75 5 ZRA S I A ) B R Y

XS R . B e SR BHR AR 2 5 ¥1E

Z e, H CV R (R, 20065 i 2 L& 1E,

(10)

2011), 5 REBATEARXS:
SD
V:Mean
Hop, SD Mhnifef 2%, Mean N EH#{EH . 28 5
Z KL 0.05, 0.10, 0.15, 0.20 A [alp& 4> R T2, 43
AP B AR B, A3l . A i 3l
2.3.6 7 T RSEI # 2R35 R4
oI L TR B =y GNRLT 5 R0 w1 - S e = G
RIS HURRERE VBT | TSR, 71t
SLhih LA RSEL B4 (R 1Fk, 20132, b) .
RSEI = f(NDVI, Wet, NDSI, LST) (12)

Fik v, NDVI B &g EF5 45, Wet R 18 & 45
Fr, NDSI 4 B $8 bR, LST H#JE S5 4R . RSEI L)
0.2 NAE2REM BRI A TN 25, B2, hag, RA
Pk P R i i
2.3.7 B T Fo 2 4R

AR EREN AREF A : & F(DEM) .
Slope. Aspect, NDVI, [%7K (Pre) . {i (Temp) | Z€
i (ET) . B3 A T2 599 3 19 #E 25 (River)
FE W 2447 5 25 (Oushi) ; AZETE BN 74 B34
#i %5 (Town) . GDP, A [1(POP) ., | %2iH F AL 45
BRI RS (Road), M58 BRI F 1Al 3 Fos .

ARICHE F B Y - SR P R, AR AR R AT
5% (W 1 2 MR AR, 2006; FRAER] S5, 2009; B 58 5%,
2023; Yuan et al., 2023), X} £ A E R DU 4
Ko VWP, AR, ™, P, P4, AL, A, R
JEAATTI . P EELL 0~5°0 1 9%, 5°~15°k 2 44,
15°~25°28 3 9%, 25°~35°h 4 9, 35°~45° R 5 9%, K
T 45°k 6 9t . DEM /T 1500 m i 1 4%, 1500~
2000 m Ay 2 9%, 2000~2500 m & 3 %, 2500~3000 m
4 9%, 3000~3500 m A 5 2%, 3500~4000 m N 6 2,
4000~4500 m &y 7 4%, 4500~5000 m & 8 g%, 5000~
5500 m & 9 245, KT 5500 m Ay 10 2., FEWTAR
FE B UEAT 9k, b TF WAl o 1 4%, 0~1000 m H
2 %%, 1000~2000 m >4 3 2%, 2000~3000 m & 4 4,
3000~5000 m A 5% , 5000~7000 m K 6% ,
7000~10000 m & 7 2%, 10000~15000 m & 8 2% ,
15000~20000 m & 9 4%, KT 20000 m 24 10 %%, +
MR FHZEARIGNE 4 FoR, HAE2AanIE 5 fs .

(11)
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Fig.3 Spatial distribution of driving factors used in the study
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3 WA I 0 Wi " e
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. Btk . e N
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Fig.4 Spatial distribution of land use types

4 e, WA (R=0.874) , i 1 2 2% M4 56 (P>
3 ARSI 0.05, [ 6a) . FA 1l NDVI %5 il 5 i M 5 A 1
3.1 NDVI Btz 25 {h#a sy HAEPRIE 3h, JToH R A2 a3 (P> 0.05, K 6b) . X
3.1.1 B A R ALHRAE B, NDVI Z4E {8 M 0.0727(£0.0089) , H1 2000 4F

2000—2020 410 NDVI 2Bk 9 0.0658 38 Jin £ 2020 4F 1 0.0794, 20 4 3L 34 Jin
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Fig.6 NDVI's 2000—2020 annual average (a), annual value and median (b), change in average from previous year (c¢) and change in
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Fig.7 Multi—year trend of NDVI from 2000 to 2020
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Fig.9 NDVI response to different classes of elements: Slope (a), aspect (b), elevation (c), distance to faults (d), land use type (e) and
soil classification (f)
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Table 2 Explanatory power statistics of individual driving factors estimated by Geodetector (GD)
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0.0067
plE 0.000 0.000 0.000 0.000 0.000 0.000

0.1208 0.0768 0.046 0.0545 0.0079 0.1729
0.000 0.000 0.000 0.000 0.000 0.000
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