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Spatiotemporal distribution and driving force analysis of fractional vegetation cover in the
Kaidu—Kongqi River Basin using the Geodetector model

ZHEN Hui, WANG Yang, XIA Tingting, WANG Yin, ZHANG Zhichao
(College of Grassland Science, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China)

Abstract: Fractional vegetation cover is an evaluation index that reflects the quality of the ecological environment. The
systematic study of changes in vegetation cover and driving mechanisms is crucial for regional ecological management.
Based on MODIS data, this study uses Sen + Mann-Kendall trend analysis, a geographical detector (Geodetector) model, and
other methods to analyze the evolutionary trend of vegetation coverage in the Kaidu— Kongqi River Basin in Xinjiang,
China. It also explores the spatial correlation between vegetation coverage and driving factors and identifies the dominant
factor. The results indicate that: 1) From 2000 to 2020, the vegetation coverage in the Kaidu— Kongqi River Basin was
trending upward (0.013- 10a71). The mean coverage fluctuated slightly prior to 2011 and then continued to increase, reaching
a maximum value of 29.0% in 2019. Spatially, in 2020, the distribution of extremely low vegetation coverage was the

broadest, accounting for 51.93% of the study area. This represents a decrease of 5 010.31 km® over a 21 year period, while
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high vegetation coverage accounted for 22.84% of the study area. 2) The conversion from extremely low to low vegetation
coverage was dominant in the Kaidu— Kongqi River Basin. There was a slight improvement in the vegetation trend, with
17.82% of the study area showing an extremely significant increased trend, while 71.9% showed non-significant or no
change trend. 3) The vegetation coverage is mainly affected by elevation and land use type, and its explanatory power is
above 0.45. The synergistic effect between two factors was significantly higher than that of a single factor, and the

explanatory power of the intersection between elevation and land use type was the highest at 0.743.

Keywords: fractional vegetation cover; transition matrix; sen + mann-kendall trend analysis; spatiotemporal variation;

spatial differentiation; land use types; Kaidu
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Figure 1 Sketch map of the Kaidu—Kongqi River Basin study area
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Table 1 Driving factors for fractional vegetation cover
in the Kaidu — Kongqi River Basin
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Figure 2 Interannual variation of vegetation cover in the Kaidu—Kongqi River Basin from 2000 to 2020

http://cykx.1zu.edu.cn



% 5 1] BER S BT B RO B 0 S — LA VT U AR 4 T RS S I AR A K SR B 7 43 B 1145
84°E 86°E 88°E 90° E 84°E 86°E 88°E 90° E
Z z
9 g
z z
=4 S
* | 2000 ¥ | 2010
84° E 86°E 88°E 90° E
€45 Legend
\:I WA AR 15 7 75 Extremely low vegetation coverage
oZ - ICHE 478 75 ¥ Low vegetation coverage
I
N :I R Y 7 55 B Medium vegetation coverage
R - fR A W 7 35 B High vegetation coverage
N
oZ A 0 100 200 400 km
=
5
2020

B3 2000—2020 FHAH —FLEAREENESETERE
Figure 3 Spatial patterns of vegetation cover in the Kaidu —Kongkqi River Basin from 2000 to 2020
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Table 2 Vegetation coverage area of the Kaidu — Kongqi River Basin from 2000 to 2020
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High vegetation coverage
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Table 3 Vegetation coverage transition matrix in the Kaidu — Kongqi River Basin from 2000 to 2020
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Coverage type . Total of 2000
vegetation coverage coverage coverage coverage out
WA e 7 7 5
Extremely low vegetation 58 817.88 4747.75 768.94 606.63 64941.19 612331
coverage
R4 S
low vegetation coverage 1 .099.00 10 839.88 1797.75 1 546.13 1528275 4442.88
A R i
Medium vegetation coverage 9.00 924.88 7 535.06 2 345.63 10 814.56  3279.50
e R 7 ot
High vegetation coverage 5.00 23.44 2476.81 21860.13 2436538 2505.25
20204F 1} Total of 2020 59 930.88 16 535.94 12 578.56 26 358.50 115 403.88 16 350.94
N Transfer in 1113.00 5 696.06 5043.50 4 498.38

2.2.2 YR &R B

2000— 2020 4F FF FLIA] LI 45 78 55 AL Ak g Rk
W, R 7B 7 % 2 AR Ak TR 12 736.06 km's
210 41.31% B X8R R D &S, IEH 47.66%
(9 DX 3k 1 AR 52 G I, 10EH 21 4 R I LR LI
MR B e s R A (B 4. 3R 4) B 338 i
T #2412 185.69 km’, 294 10.56%, & %43 1 75 IF
FRIAT A i T 5 LA A R i b A R AR R . AR s
= 5T M XS AAR R, AR5 N 8 375.56
1 34 438.88 km’, P & 7 5| & 7.26% H1 29.84%, I
Ly A AR T 5 X UG b 50 A0 A 0 2T e 8 R s P R
AN Sk 25 ek X3 B 2 D AR 2 D ) 3 X
Wy A AR — D, A AN B 2 D 11X 3 T A
35799.19 km®, 5 B 78 X T FH EL A5 B K9 31.02%,
F BEAE TR IAT b i 1) R L X 3 A L IR R U B R
VX A3 A7 5 W% S 3 b 1 X8 T AR 4 939.31 k',

He 3 B ALK F > A B 2, AR 5T IX AL ER 0 Al
B b, i 2 ek /b DX i A B 3 R D X s
At B k2 DX AR o L fe /N A 4.28%

23 EFEFEM=EF RS

2.3.10 PRI 7520 Sy 53 Hr

4 BIR B DR 7 0] AR 4 7 5 7 A T R T iR 55 0T LASE
o R R4S I g (B K/ R B . R T s e ) 4
B, FIWBNH T g EHEF N EfE (0.481) > &
Hh R 25 A (0.472) > Sl (0.430) > Rl A\ 1% B
(0.389) = A\ I # & (0.389) > &K (0.385) > 4 & 4E ik
L% (0.381) > Hi¥ GDP (0.277) > 3 1] (0.005) (& 5).
DRI I, 5 T 0 3R 4 7 5 B S () oy 2 2 S I R R
M) R] - A v R R0 =t R B 2B, S R ) A R
Bt 0.45; SR RN OB N E . BEK
Bk & A Sk BRIk s IR, R I AE
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] 23> Significant decrease Lk 3
Z | [ A E# /> Non-significant decrease w.ﬁ?: Z,
ot i
S | [ FA24 No change R e ?3'_
[0 A ZE 1IN Non-significant decrease 5
[ ] 2300 Significant decrease = S
I H E 3EN Extremely significant increase 0 100 200 400 km
84°E 86°E 88°E 90° E

4 2000—2020 FHE - FLEARBERBESELHED
Figure 4 Vegetation coverage trends in the Kaidu —Kongqi River Basin from 2000 to 2020

R 4 2000—2020 FFFFH — FLEARIBAE W
BEEETHES ST
Table 4 Statistical analysis of vegetation coverage trend
changes in the Kaidu — Kongqi River Basin from 2000 to 2020

AR BEE A =a]
Change trend level ~ Confidence/% Area/km™ Percentage/%

EE I

Extremely significant 99
increase

B
Significant increase
ENTE i

Non-significant increase

12 185.69 10.56

95 8375.56 7.26
90 34 438.88 29.84

FA54k, No change - 12 736.06 11.04

ENTE 2
Non-significant 90
decrease

Significant decrease
2 S 2 R
Extremely significant 99
decrease

35799.19 31.02

95 6929.19 6.00

4939.31 4.28

0.35 LA 5 3% GDP B f# B ) 88 1 0.205 3 ) (1) B
AR R ST
2.3.2 R HAEFH 54

A8 HL R A 32 B VP AN 7 DR T L R 2
5 o= 38 0 B s /b 6f i v P 7R FE MR RE 0, BT
T AZ H R 3 T FVC AR AL I Bk . o

0.5

04 |
0.3 - I I I I
| |

X X X X X X X Xy X,
IX N+

Driving factor

q 8

q statistics

5 BRWTEFHERD
Figure 5 Explanatory power of each driving factor

Xp: mfEs Xor s Xg: A Xee BEAKs Xse NOEES
Xe: ¥ GDP: X;: HEFFER KL Xe: R ANAEE; Xo: -
A A KA. FE.

X;: elevation; X,: aspect; X;: temperature; X,: precipitation; Xs:
population density; Xg4: average land GDP; X;: head count of livestock at
the end of the year; Xg: agricultural population density; Xo: land use type.
This is applicable for the following tables and figures as well.

B T B S A D RS AR R A 2 b o,
HRHEIXRH 755 (K 6). P HEME
B 3 1) R0 M ¥ GDP g e Ath 3K 3l R 7 1 22 BLAE
fift B J14E 0.65 LA I, 73 5l N X NXy (0.743). X3NX,
(0.727).  X,NXy (0.706). XsNXy (0.663). X;NX,
(0.662)~ XgNX, (0.658), M fifF 7141 &, + HFlH
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A5 HAh 3R ) 7 1 0 R AE R, IR T
et R S A G M B B AR R R RS e s AR D AE
0.50 LA LA X,NX;5 (0.584). X,NX, (0.554). X;NXs
(0.599). X,NXg (0.592). X;NX; (0.606). X;NXg
(0.603). X;NX5 (0.512). X3NX, (0.510). X;NX;
(0.510). X3NXg (0.502) X,NXs(0.503), HILFEH, &
T AR 7 A 5 % R 2 18] 52 HAE G R AR AR
A - A Rk P R A 6 R s o = N PN el ]
A A FEE 3 1) 0 A B 7 R R B R W BUR,
Ui W P R 1 R 28 0 280 R Jt K T B — PRk AR A R
i H R
2.3.3 PRI 3 1 22 7 o A

Az 3 TR 7 ks W T ) W A2 B R T AR R B FVC
()25 18] 3 A B G R E R, AR T
PESFHT 45 R (32 5) AT A0, e AR R A B 7 2 TA) 22
AN 2 (P> 0.05): B m) 5 B BRI R IR B R R
Xf FVC =% (8] 43 A 35 R A W 3% 2 7 (P < 0.05); i
A e R R MR EEZE R, 5H
R F R EEZE R K EE. R ANO%
. 135 GDP. # & 4F i Sk #, Rl A 1% 2 8]
MALFEER S E SRR EEER, 54
i 1 FH 2 B R0 3 1) 0 R B 7 AR FE A (R AR AN A R 3

E5, NOZEE 5. R B S8 59 A8 B AE H
X AR W A5 FE S (A o A AFAE A W 2 s Hh3Y
GDP 73 7 5 i #2 . AR AR N D% B 122 AR
X E SN S A e LR EEER &
RS Sk BOURN AR b N 135 FE 4y ) 5 3 1)L HL 34 GDP,
TR HEMNEEEER, M5 HMKE R LR E
ZE 5y R H SR 5 AR 1 S AE R N E g
B AR EEE R, WS H A5 A
HREER.
2.3.4 PRI F3& 5T

AN[E IR B R T R A% FVC ¥1E 2 7 11 B (68 6).
BE = AR BEZK N D26 BE R3S 0, B 70 X PN e 4 7
B3, 43 BIAE 2 932~3 291 m. 228.11~270.46 mm.
1A km > 4y X i, FVC i B 1 K, 20 514 79.8%-
85.0% F11 61.9%; 1M i & iRty M EHEE T
R, 7£-0.73~2.26 ‘C fi& B 0 H W FVC 1% F
B K (85.3%), Ut W IX AN 16 JEE 3 1Bl e 3k 7 R A K
FVC ifi #1135 GDP. 44 & F i Sk 2. R 1% BE 1Y)
| B =Tl R MO SR U ) R R A .
99 735~257 254 JG -km » 43.1 J7 ~116 Ji k. 1~3
A km 2 S X I, FVC 3B K, 43514 50.7%. 61.9%
1 61.9%; 3 1a) 9 A6 3% o B 18 B HE B AR K, AT B

q 18
q statistics
0.744
Xy 0.472
X, 0.389
0.596
X, 0.381 0.389
X 0.277 0389 0.389 | 0448
= X, | 0.389 0389 0.389 0.389
Mo
X, t 0.385 0.503 0.495 0.486 0.499 ~ 0.300
X, b 0430 0.456 0.512 0.510 0.510 0.502
0.152
X, b 0439 0393 0395 0.283 0.389 0396 0.477
X, k0481 0.487
0.005
X, X, X, X, X X X Xy X,
[X]-¥ Factor

Ee6 HFXE(EMHM@EN

Figure 6 Explanatory power of factor interactions
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x5 FMEFEZMHED (ERKF 95%)
Table 5 Significance analysis of each detected factor (Confidence level 95%)
[%-¥ Factor X, X, X5 Xy Xs X X, Xg X,
Xy
X, N
X3 N Y
Xy N Y N
Xs N Y N N
X N Y N N N
X5 N Y N N N
Xg N Y N N N
Xy N Y Y Y Y Y

NZEIRAE0.05K T B E A T BN FVCEM KA BENZR, YRRERENZER.

N: no significant difference in the influence of interaction factors on FVC change at the 0.05 level; Y: significant difference at the 0.05 level.

*o WEFHEERBICCE (BERFKTF 95%)
Table 6 Appropriate type or range of driver (Confidence level 95%)

Ueil P T 2R B TS 5
Driving factor Suitable type or range  Fractional vegetation cover/%
{=ifE Elevation/m 2932~3 291 79.8
i\ Aspect Jt3 North slope 36.6
i Temperature/C —-0.73~2.26 85.3
F#7K Precipitation/mm 228.11~270.46 85.0
1% & Population density/(person-km ) 1 61.9
H135)GDP Average land GDP/(CNY -km ) 99 735~257 254 50.7
E & i< 3k # Head count of livestock at the end of the year/(x 10" head) 43.1~116.0 61.9
Mk A 1% B Agricultural population density/(person-km ) 1~3 61.9
T3 282 Land use type #kH Cultivated land 78.9

JEIE £ 36.6%; - Hh R FH 2 AN B LT, FVC ik 3 i
K (78.9%), X FI G H T N R FF B3 th, S EoHfth i
PR TA ™ i, (645 4 49 78 o T AR B B 2 3
3 9

T — FLAE W IR 4 7 i S R Bk — R
A (B 35, 2000— 2020 4F It 38k A e 2E AR Ol B R 2
WK, X5 U FH R B sl 8. 21 4R ()
FEFLI IR FVC 78 (8] bR AR B B AR 4k, LN ¥ A7 7E
BB Ak o B OB AR A L, 2011 4 L A
] 5% Jo A 2 R AP D B 52 AL o) A A AL R AR AR
Wi o BB T A o) O, R W SR T Rk R n .

P AR 3 T D R X S i A R B R, 1
A S, S 4R ok B K B 7R R B R b Y
o 5 385 23 M R 0 T X A e T R P
SN 1 X R K R TR D I AR S T X
Tt BRI AP, R 5 B H T 2R R L A ] R
BRI R A E T A . R ke, B X A b T
5738 1 B A 5L TR I T Y R 3, (R SR AR AE LR
F) A5 25 5 i)

AR5 R, 7o R A ) ) 2 TR B o 2 —
L VT A A 7 e P AL BB T, R
L X R e T 3 R K B IR 2, R RE T 9 7E 0.40 LA
b, Hpm R AR > LR R > R
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5 25 UV B T e 1 A I 9 O L AR A B
KBLBEE SO I, MR BRE LSS
Al o W T IX M 9% 22 K, PRI B2 i, e iR
e, E Ry A OE R AN 2R R A
Z LP R REON T, IR A KRR,
RILAAR WA AT 75 8 . N 2R3 3h 2 2l il ot
AR A 2 RO 5 i AR A A2 Ak, B T30 Th) A 3
P A S T AR S N AL 2, T B3 A AR R B i IX
JA I DA K 5 A T, R 7 R R BB 2 M 0,
oh v AR 5 o MR P R SZ ELAE P O R B A G I A
A A 0 AR 7 5 K o R 0% 2 A B O A
JERAE R SR T T T 5O, Bk > B KR
A, AR SR IZETTE T LT BT BEOK, SR
A R o K e B BN T DR, 4 B M
A A1 B B B PR 2R K e DR 2 T R B R A X
We I 22 AR A Y R T, R 2R UK Sl PR A (2 BEAE B AR K
(38 Y L, AT AT B T 2 M U A2 AT A Y
T WU A A AL, I N 2R R At SR i BT R i, A
Rt A5 3 R R R AR

AW TR AE BR FVC MR AL AT 118, Mok
XFEEA FVC $ME AL, PSR B BRI 2 1
HISE MR BEAT BT FC o £ J5 00 AR, R IR 2R T
# — LA B IR S N RIRX B PR 3R i L,
2 i) D L 7 o R A AR ARRR AL, I X A A A A Y
WX AL AT 2R G bR

4 it

1) 2000— 2020 4F JT #8 — L £ Ju] It 5 4 e 78

22 Y #k References:

JiE B N i, EIHIERE N 0.013-10a ', 2000—
2011 41t 78 o5 AL O P AR, 2011 SR 2 5, i
W78 oG P R AR . A 0E) b, R A R T R BNV
A0 190 < 7 38 93 1 A ] 43 A KR AE o 7E 20 4F ) v AR 4
78 % TR N 1 993.13 km®, =5 B4 A 76 g R $0 H
JE 3 X AN B 38 2

2) FF AR — L2 T i 3 DA AR A 7 o SR T
2 T e A oy 32, 3 Hp R AR A 7 5 A T AR
78K T NTHAR, 2 B A AR T 55 . TT LI R
RGBT A RO s i A, R 17.82% 1 X I
BRE . BEEINES 10.28% 1 X 5 £ )k &
2D B 71.90% [ X 5 BN B R TG AR
bk

3) e AR A b ) P A 2R R S X 3 P A A A
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