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Abstract; With Shiyang River Basin as the study area, this paper used a remote sensing model to calculate indicators such
as greenness, dryness, wetness and heat to construct ecological vulnerability assessment indicators based on the ecological

characteristics of Arid Inland River Basin and the characteristics of rapid, objective, and large-area observational remote
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sensing, which was analyzed the spatio-temporal evolution and motivation of ecological vulnerability by Spatial Principal
Component Analysis (SPCA) in 2000 and 2016 in Shiyang River Basin. The research showed that (1) From the spatial
distribution of each remote sensing index, the mean of wetness and greenness showed an increasing trend in 17 years, which
proved that the water conservation capacity was better and the vegetation coverage was larger in the basin. The mean of
dryness had decreased, indicating that the degree of surface exposure of the basin had reduced. The mean of surface
temperature closely related to vegetation and water resources was increasing year by year, which indicated that the
differences of water and heat balance were further increasing in the basin, which had a significant effect on ecological
vulnerability in the future. (2) From the spatio-temporal evolution of ecological vulnerability in the whole basin, the basin
was mainly dominated by strong vulnerability and moderate vulnerability, and the ecological vulnerability had been slowly
decreasing in 17 years. (3) From the ecological vulnerability distribution at different elevations, the highest in medium
mountain area ( 1000—2000m ) , the medium in high-medium mountain area (2000—3000m ), and the lowest in high
mountain area ( >3000m ). During 17 years of change, the ecological vulnerability of medium mountain area had decreased
while the high-medium mountain area and high mountain area were on the rise. (4) From the ecological vulnerability of
different administrative divisions, Jinchuan, Liangzhou, Yongchang, Mingin and Gulang as a whole were at the level of
moderate vulnerability and strong vulnerability, while Tianzhu and Sunan were at the level of slight vulnerability and light
vulnerability. (5) From the motivation of ecological vulnerability, the four indicators had significant effects on the
ecological vulnerability of Shiyang River Basin. The main influencing factors of ecological vulnerability were heat > wetness
> greenness > dryness in 2000, and the main influencing factors of ecological vulnerability were heat > dryness > greenness
> wetness in 2016. Overall, the ecological vulnerability of Shiyang River Basin had decreased in recent years, however the
comprehensive management still has a long way to go. The remote sensing methods and analysis ideas of this paper provided

theoretical basis and decision-making foundation for the ecological vulnerability protection and management in this basin.

Key Words: eco-environmental vulnerability ; remote sensing index; spatial principal component analysis; spatio—temporal

evolution; motivation; Shiyang River Basin
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Table 1 The results of spatial principal component analysis

. I FHE PHETE
S Eigenvalues Percent of Eigenvalues/% Accumulative of Eigenvalues/%
2 g g
Principal component
2000 2016 2000 2016 2000 2016
1 4.6522 3.7132 88.54 85.92 88.54 85.92
2 0.4512 0.5021 8.59 11.62 97.13 97.54
3 0.1154 0.0904 2.20 2.09 99.33 99.63
4 0.0355 0.0160 0.67 0.37 100.00 100.00
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Table 2 Statistics of four indicators

Bt 2000 2016
Statistics MBI Wet 2% NDVI T NDSI 4 LST B Wet S NDVI FJE NDSI  #AJ¥ LST
52/MB Minimum -0.83 -1.00 -1.00 10.00 -0.84 -1.00 -1.00 11.00
1K AH Maximum 0.53 1.00 1.00 55.57 0.66 1.00 1.00 54.05
HJ{E Mean -0.29 0.22 0.09 37.40 -0.15 0.27 0.06 39.33
FRifEZZ Std Dev 0.09 0.21 0.11 8.36 0.07 0.24 0.15 6.24
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Fig.1 Spatial distribution of ecological vulnerability levels indicators
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Fig.2 Area distribution of ecological vulnerability levels in

Shiyang River Basin
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Fig.3 Spatial distribution of ecological vulnerability levels in Shiyang River Basin

et 17 SRR A S ME 55 g AR R SR (6 3) . MFRE 3 PRI, 17 AE 1) 4528 A 2 55 1 4 2 i AR
FEAY BRI 10117.30 km®, 2000 45, 05 i 59 3 200 ) R BE M 55 , 5 A T RCA 582.05 km® 5 4% B i 55 3 24 )
TREE R BEIGSS , R IR AR 9N 1023.61 km? F1 1275.20 km? ; 7 B G 55 3 B4 [ 48 B RN B8 G 55 , 776 % I AR
53312 1505.46 km®Fi1 2070.34 km?® ;58 B [ 55 32 B4 ) h BE G55, S5 RS IR 932.26 km?® ; 7 B e 55 32 22 4% )
SRS R R T AR 2218.63 km® 52016 A BTG 1) 0 e 55 1 AR 2y 4 G 55 e Ak ok, e AT AR o U
Jift 55 8 1 TR 70.2% 5 % B W 559 1 AR S 2 bl o B e 55 e Aok, e AR TR 5 L 60.8% 5 v e 55 1T R R 2
0 i 553 T AR AR TR, AR TR o EL R 55.6% 56 J32 i 553 1 AR 2 2 ply o 3 o 35 o B Ak i ke, e kT AR

Lb R 50.3% 5 73 553 1 AR 2 B Pl s B 55 2 AR, e ARTETRR 7 LUl 99.5% , 17 A [R), T 8 B e 55 IX 1Y
BT RS> A 1458.31km* Fll 2474.88 km® , 7EZS MR A I ) N T4 LA K JA] 90 b DX A= 25 e 553 2 1) 1 e 53
R A ITGE VD BALIR BT — 2 AL T (EUR DRSRAE Y 5K A8 1L XN e B R W VR 45 T B0
AL R AR 1L b DX AR A BT 2R 4, AR A NE S P ) = ME S PR RS . IR DX P AR ARG S5 R AR L BRI AR R T
TR, AN T S5z et i i sk A 5 R Ay )

AACARTE A AT

B [ ooy e
- 12/1- |:] 31/1-1 - 44/V-IV
Ese-n T symn [ ssv-v
C Jwiv [eymn [ suv-1
B -0 om0 sav-
Bt v [ s v-
B [ amv-r [ sev-
v B v-o [ ssv-

2 B =2 ~ 2 B2 =

< =2 B =

B4 AFEIRBESESERN=ETRS
Fig.4 Spatiotemporal evolution pattern of EVI in Shiyang River Basin
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Table 3 Conversion matrix of ecological vulnerability area of different levels in Shiyang River Basin

2016
i 55 P 55 % MOENES  REEMES hEEIEE  WEMES EEMS 2000 4FEGT ZOfeijﬁjf%
Vulnerability Level Slight Light Moderate Strong Heavy Total of 2000 of 2000
vulnerability ~ vulnerability  vulnerability  vulnerability  vulnerability

2000 FHBEHESS Slight vulnerability 1035.58 582.05 49.81 11.33 0.00 1678.77 643.19
RJENETS Light vulnerability 1023.61 3370.96 1275.20 114.66 0.06 5784.49 2413.53
RS Moderate vulnerability 332.91 1505.46 4203.33 2070.34 0.34 8112.37 3909.05
3 B G5 Strong vulnerability 90.51 354.33 932.26 20246.64 75.37 21699.11 1452.47
FEMEHT Heavy vulnerability 11.29 33.04 36.11 2218.63 1005.02 3304.09 2299.07

2016 4 B3t Total of 2006 2493.90 5845.84 6496.70 24661.61 1080.79 40578.83 -
2016 4FH 34 & Increment of 2016 1458.31 2474.88 2293.37 4414.97 75.77 - 10117.30
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Fig.5 Area distribution of ecological vulnerability levels in different elevations
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Fig.6 Spatial distribution of EVI in different elevations
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Fig.7 Spatial-temporal change of ecological vulnerability levels in different elevations
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Table 4 Conversion matrix of ecological vulnerability area of different levels in different elevations

2016 2000 4 2000 4F
55 P A5 REENESS  FREENESS  CPEEMESS  BEEMESS RN Wi MR it
Vulnerability Level Slight Light Moderate Strong Heavy Tolaiu(‘)f 2000 Reduction
vulnerability ~ vulnerability  vulnerability  vulnerability  vulnerability of 2000
e i i Bl
il MI.E%)” . 28.55 51.57 25.08 11.31 0.00 116.50 87.96
Slight vulnerability
2 FF i o
‘h&‘%hﬁ e 376.95 751.72 425.53 110.58 0.05 1664.83 913.11
Light vulnerability
S
B e 271.55 870.03 1065.50 619.55 0.34 2826.96 1761.46
Moderate vulnerability
o . 87.44 338.84 662.04 18338.71 74.84 19501.87 1163.16
Strong vulnerability
B o 11.26 32.64 36.04 2219.98 1005.82 3305.74 2299.92
Heavy vulnerability
SN
2016 ﬁ‘:.lu U 775.75 2044.78 2214.19 21300.13 1081.05 27415.89 -
Total of 2016
kg
2016 43 H 747.20 1293.07 1148.69 2961.43 75.22 - 6225.60
Increment of 2016
g e
ml MI,B:%% . 311.93 103.71 3.31 0.02 0.00 418.97 107.04
Slight vulnerability
%E%% - 341.61 882.72 267.94 3.05 0.00 1495.33 612.61
Light vulnerability
e o 54.52 504.28 2805.75 1387.74 0.00 4752.29 1946.54
Moderate vulnerability
TR [ it 0
ML 311 13.64 258.54  1890.42 0.49 2166.21 275.78
Strong vulnerability
RE i B
RS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heavy vulnerability
2016 4F 5t
. . . 3281. . . -
Total of 2016 711.17 1504.35 3335.55 281.24 0.50 8832.80
AE 3
2016 it i 399.24 621.63 529.80 1390.81 0.50 - 2941.97
Increment of 2016
(=il ﬁﬁf;ﬂfﬁﬁﬁ' - 693.85 426.20 21.34 0.03 0.00 1141.43 447.57
Slight vulnerability
%Eﬁﬁﬁs . 304.89 1734.91 580.55 0.92 0.00 2621.26 886.35
Light vulnerability
ke . 6.73 130.98 332.43 62.00 0.00 532.14 199.71
Moderate vulnerability
BRI . 0.05 0.93 11.62 22.71 0.00 35.31 12.60
Strong vulnerability
———
EX % e 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heavy vulnerability
2016 4 &t
Total of 2016 1005.52 2293.02 945.93 85.66 0.00 4330.14 -
B
2016 i i 311.67 558.12 613.50 62.95 0.00 - 1546.23

Increment of 2016

& 7 FAR AR AR, o = 5 2 RIAE 2000—2016 4E4% 45 A5 55 1 2540 R & A2 AR Ak i R TR ARN 29865.02km?
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VIF>10 (B TOL<0.1) B, FRBARTEFe bR 2o ME ™ E . 78 ArcGIS 10.2 1, R H 3kmx3km 4%
BRI I ik, Je 350 IR AT X 4523 A 8, SR 5 43 Rk 26 2 B4 i 5 EVI IGE, T SPSS
21.0 TR A F8PR Y VIF 5 TOL(F£ 5) . MITHEZER T LA &38R VIF ¥/hF 10, TOL K F 0.1, %
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Table 5 Results of multicollinearity diagnostics

LD ES 2 KA ez 7 Z KT KB
Index VIF TOL Index VIF TOL

TJE Wet 5.276 0.190 TB NDSI 6.520 0.153
4 NDVI 6.003 0.167 P LST 3.446 0.290
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Table 6 The geographical detector results of 4 impact factors of Shiyang River Basin

2000 2016
AT Factor q fi p q 17 q fi p fi q 17
q statistic p value q ranking q statistic p value q ranking
MBS Wet 0.736 0.000 2 0.774 0.000 4
£} NDVI 0.714 0.000 3 0.826 0.000 3
T NDSI 0.633 0.000 4 0.843 0.000 2
HE LST 0.912 0.000 1 0.844 0.000 1
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