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Abstract: Environmental change will affect the sustainability of human-environmental systems with natural and
anthropogenic driving forces, especially in the ecologically vulnerable dryland, where the loss of biological and economic
productivity hinders the prospects of poverty reduction. To adapt to a complicated changing environment, human society has
to respond with various adaptive management and human behavior adjustments. The environmental state variance is greatly
dependent on the system vulnerability, which was defined as the balance between exposure to physical threats to human
well-being and the capacity of people and communities to cope with those threats. Vulnerability research can help to identify
coping strategies for dryland regions. The present study provides a vulnerability assessment for the semiarid grasslands of the
Xilingol League, Northern China. The grassland cover change of Xilingol is computed using the AVHRR NDVI data for
2000, by comparing it to the NDVI background from 1981 to 2006. The driving forces of grassland cover change are

investigated by correlation analysis between grassland cover change and its potential climatic, topographic and anthropogenic
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drivers. An combined exposure-sensitivity index was calculated across the region using Spatial Principal Component
Analysis (SPCA) for climate and anthropogenic indicators that had a strong correlation with the observed grassland cover
change. This indicator was compared with an adaptive capacity index, constructed using principal component analysis
(PCA) for relevant variables from aspects of location, economic development level, natural resource availability and
administrative efficiency. As the relationships between exposure, sensitivity and adaptive capacity are not clearly
understood, A vulnerability map was constructed by classifying and overlaying the spatial distributions of exposure-
sensitivity and adaptive capacity. The results show that in Xilingol, the exposure-sensitivity index increases in a radial
pattern with the valley in the northwest and the adaptive capacity index decreases from northeast to the southwest; the two
indices are negatively correlated with each other, showing that harsher environmental conditions leading to higher exposure-
sensitivity which failed in supporting the socio-economic and ecological infrastructure require a greater adaptive capacity.
Combining exposure-sensitivity and adaptive capacity, the northeast part of Xilingol is identified to be least vulnerable due
to a more favorable resource status and greater economic development. By contrast, the counties in the southwest, with
harsh environmental conditions and a poor socio-economic infrastructure, have the greatest vulnerability and are in dire need
of targeted adaptation measures to avoid a further decline in human well-being. The vulnerability of Xilingol decreases from
southwest to northeast, which is opposite to the trend of annual mean precipitation, which indicates that the drier areas are
more vulnerable than others. Based on the combination of exposure-sensitivity and adaptive capacity, Xilingol can be
divided into eight sub-regions and the results of SPCA and PCA help in pinpointing the source of exposure-sensitivity and
the advantages of adaptive capacity, which gives clues to find out a specific way for each county to reduce vulnerability by
alleviating exposure-sensitivity and improving adaptive capacity. This paper demonstrated a straightforward approach to

regional vulnerability assessment that can be readily applied in other dryland regions.
Key Words: environmental change; exposure-sensitivity ; adaptive capacity; ecological vulnerability; Xilingol
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Table 2 Eigenvalues, contribution ratios and the factor loading matrix of SPCA
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Table 3 Eigenvalues, contribution and correlation matrix of PCA
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PCA 452 7R 50 1 Ry EERRE A K A 2 ORI 75 5 2 U 5K R IR R YT,

%3 FRH ANOEFREUIEIG, 54 ER0r SETRIRAEDC, 3R 3, M v re 14K
AC=0.3115%PC, +0. 2948 xPC, +0. 2001 xPC,+0. 0925 xPC,

3.2.2

T PERE S50 2

(4)

% 4 TR BT W A5 FLE N e ST 38 8, MO 0 M BE 0 H8 8, K 5 X A AT BT A =
K AC=0.25 FEid MPERE ST IX ,0<AC<0. 25 R i@ P RE 1 X, AC<O F8 DX 8l R RR 3 v P fiE Hy X3

x4 BEEHHIEREEENIEH
Table 4 Adaptive capacity index of each of the 12 counties in Xilingol

e i 1y P BE 77 B EA 5 T A B EMSR ERUENI &L S
Counties AC PC, PC, PC, PC,
TR R M 0.593 1.8797 0.1005 -0.1874 0. 1662
DY BRI I 0.2756 1.2994 -0.0732 -0.7166 0.3902
oy [ I g 0.1885 0.9887 -0.557 0.3565 -0.2892
piN eV 0.1304 0.7502 -0. 6284 0.6138 -0.4442
Bypka T 0.9206 -0.0714 3.0199 0. 3401 -0. 1688
R 0.2373 -0. 8987 -0.3389 2.3143 1.6545
piVEXs YY) s 0.0119 -0.1322 -0.0102 0.6311 -0.7623
) -0. 4527 -0.7918 -0.1052 -0.2651 -1.3167
1E P -0.617 -1.2192 -0.2145 -0.4322 -0.9428
2 iy -0.3858 -0.2828 -0.9616 0.0277 -0.2139
EZ (wit -0.5829 -0.9287 -0.2504 -1.0076 -0.1913
AN -0.3191 -0.5932 0.019 -1.6747 2.1183
3.3 AEAMEsS RS E S HT

H B R U B S 5 0E R VERE 1 0 JEb AT B, 26 p 2 B U 50

SMEsE T X FEE XAy 8 A AEZSES PR TLIX (E5) .
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Table 5 Entry points for vulnerability reduction according to the indicator values at the SPCA and PCA components

HF R ROk PEER RE SRR BN EN ek , FEE s P KAb
Factors Ecological meaning F2IDE BIDHE WK e ey BT e TE WA 1 R 2R S ff
T BR WU AR 5L 0.78 1 0.76 1.15  0.76 1.57 1.74 1.11 1.22 1.52 1.33 1.51
SP,  ZEREKHE o o . T . L N 1 1 T 1 1
SP,  FHEZEMK 1 T . o J o T T 1 Tt Tt
SPy %*WH 1 T 1 i . T i . . . Tt Tt
SP, B3| 1 o 1 Tt L o o L I T N R N A 1 i
ﬁi;mﬁtubjjﬁgéﬁ 0.59 0.28 0.19 0.13 0.92 0.24 0.0l -0.45 -0.62 -0.39 -0.58 -0.32
2309/ S il R . . .
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