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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] With the continuous increase in socio—economic development and the urbanization rate, the ecological environment that
supports mankind’s survival has been damaged and ecological vulnerability has become more serious. Therefore, ecological
vulnerability evaluation has become a hot research topic. Since the industrial structure of the Orogen Region changed from hunting
to farming and livestock in the 20th century, the local ecological environment has been threatened and is likely to be vulnerable to
further threats. Consequently, in this paper, the ecological vulnerability of the Orogen Region was evaluated in three phases to
provide a scientific basis for environmental protection and sustainable development. [Methods] The Orogen Region in Inner
Mongolia was selected as the study area, and 14 indicators were selected based on the SRP model, which were categorized into three
types, namely ecological resilience, ecological sensitivity, and ecological stress. Then, Geographic Information System Spatial
Principal Component Analysis (SPCA) and GeoDetector were used to analyze the spatial distribution, spatial and temporal evolution,
and driving factors of ecological vulnerability in the Orogen Region in 2000, 2010, and 2020. [Results] (1) The overall ecological
vulnerability of the Orogen Region was a good-mild fragile state, the distribution area of the general fragile area remained stable for
about three years, the moderately and severely fragile areas were mainly distributed in the south of Alihe, the south of Ulubuti,
Dayangshu, and Guli, and there was an overall research deterioration trend. (2) The ecological vulnerability trend of the Orogen
Region was positive from 2000 to 2010, and the ecological vulnerability increased significantly from 2010 to 2020 when the
ecological environment was damaged. Moreover, the area of severe ecological vulnerability that appeared for the first time in 2020
was 111.72 km?, accounting for 0.51% of the study area. (3) The spatial distribution of the ecological vulnerability in the Orogen
area was mainly influenced by the biological abundance (D2), landscape diversity index (D3), elevation (D5), population density
(D13), and other factors, and the influencing factors were more diverse in 2020. Furthermore, the two indicators SRPeading index
(D4) and average annual precipitation (D12) had a strong driving effect on the local ecological vulnerability. [Conclusions] The
ecological vulnerability of the Orogen Region was low in the northwest and high in the southeast in 2000, 2010, and 2020, and the
ecological environment became less vulnerable from 2000 to 2010 and deteriorated from 2010 to 2020. This was due to the
continuous change in the natural conditions and the long—term influence of human activities. The ecological environment of the
Orogen Region is deteriorating in general.

Key words: SRP model; ecological vulnerability; principal component analysis; geographic detector; environmental geological
survey engineering; Orogen Region; Inner Mongolia

Highlights: Combined with remote sensing technology, GIS and GeoDetector were used to analyze the spatial patterns and temporal
and spatial evolution of the three stages of ecological vulnerability in the Orogen Region, and the driving factors of the spatial
distribution of the ecological vulnerability were discussed.
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Fig.1 Location map of study area
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L AER oK . AR, AH GDP Bk i T
o [ B2 B 5% I A BT R 2 B PO BRI PR R R A
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2015) bRIFERI R (2020) ABIFFE, R B A 268
TRAY R, AT
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ARAN AR E A F5E XS mR
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A rf: SHDI K & JE B H5 50 n 3R So M2 A%
B PR IR IEARLT G AL

5 GIE FiE 18 BRGS0 A B T, (R K SRR
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P(A) ABIFFE X N H A TR, AR SC s 1 b 3
INF 5o DXl A RIS B AL H = 45, 2022) .

PSR 6 1= v w1 R i e I B L8|
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Table 1 Grading standards for assignment of land use types and soil types
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Table 2 Grading standards for ecological vulnerability in Oroqen Region
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PRI A 4 B, A ST FEZER o3 7 S R 45000 4% 0
HrBAE 7 Hn X A= 25 g 55 1 2 (] o3 A SR sl IR 7, g fEL
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FEPEDTIRR R . 2010 4F55 1 ER AP AL, 5ollE
FEPE . AW | E AR TR 5 2 F s 14
FEAI TR A 55 3 o R AR ok B
BRSRAL S 55 4 F2 o0 v 3k B R - AR ok T kA
K 5 5 FRLoH & SERE R R S 2 AR GDP
TLRR K . 2020 4E55 1 FALH T AT & E i 4
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R TTHR R A 5 3 F A3 v 0k B A0 -+ 342 0ok ik
FREKR; 5 4 FR g . AN H I GDP BTk
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3oy as F, R 2 3 (8) 15 2 2P 48 F HL X 2000,
2010, 2020 4 3 M A= 2 e 55 1 48 £, pR AL s an
& 2a, c. e AN, MR A2 55 1 0 obn X 3 3]
HAANESI TR ANE 2b. d. £,

A4S HL X 2000—2020 4F 3 A= 25 MG 55 7
TRFE R S m by, J 22" RARHIE, 25 0] L 2 AR
T, PEALTAL” oA As Jm, AR F R AR S R
T DXORIRE W 55 IX 7 2 s o AR R 3 012E S e
551 43 9 B (B 2d~0) 115 H SRR 3 b X A S 55
PR ARG A R ANE 3 iR, 12 & g4 R an
4 JiR, 3 WA S ME S R AR 9 LA 2 B X FilgL
FEMEES X A E, A2 R IFIX 2000—2020 454315 [
T35k 8205.61 km®, 10284.80 km®, 4266.41 km?,
TE 2000—2010 4F ] A= 25 R 47 X B S 354 n, T AR
FEN 37.81% S hn% 1 47.39%, A= ASIES A BTk,
{H7E 2010—2020 4F[H], 53 AR KM FRE, 434 mA
1T 19.66%, ik I 2B AL S R I 55 X 4 A

R3 BEEEHASNER

Table 3 Results of principal component analysis in each year

ES %y

o PCI PC2 PC3 PC4 PC5
FFAEE A 0.103 0.046 0.021 0.014 0.012

2000 TIRE A /% 45.148 20.082 9.162 6.297 5.431
FRATTIRE/ % 45.148 65.230 74.392 80.688 86.119

RFAIEE A 0.095 0.043 0.025 0.017 0.014

2010 DIRE A /% 41.948 19.108 11.182 7.448 6.143
RFATTHRZE /% 41.948 61.056 72.238 79.686 85.829

FRIEAE A 0.115 0.050 0.033 0.023 0.017

2020 TUERH A 1% 43.046 18.758 12.253 8.527 6.464
RFATTHRZE /% 43.046 61.804 74.057 82.584 89.048
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Fig.2 Standardized index and grade map of ecological vulnerability of three periods from 2000 to 2020 in Orogen Region
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Fig.5 Types of spatiotemporal changes in ecological vulnerability in the Orogen Region
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Fig.6 Shifts of ecological vulnerability grades in the Orogen Region in three phases
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Table 4 Detection q value statistics of spatial distribution
driving factors of ecological vulnerability in Orogen Region

B qfa
HAE T 2000 2010 2020
IH— LA FREINDVI(D1) 0.199* 0.264* 0.260*
HEPFE(D2) 0.564* 0.586* 0.672*
SOWLZ FE e £U(D3) 0.682* 0.716* 0.742*
& IEEFR (D) 0.343* 0.404* 0.737*
FEFL(DS) 0.651* 0.700% 0.712%
I B (D6) 0.085* 0.075* 0.075%
HE AR (D7) 0.217* 0.202%* 0.200*
KGR Z (DY) 0.064* 0.060%* 0.060*
T HURFH 2R EY(DY) 0.380%* 0.410% 0.378%
LR A(D10) 0.370* 0.400%* 0.354*
EHFIRDID 0.432% 0.516* 0.484*
FEEKEDI2) 0.221%* 0.243* 0.568*
A% % (D13) 0.659* 0.671* 0.583*
AFIGDP(D14) 0.420%* 0.328% 0.085%
VE: *FRORIEIT0.050 BB .
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Fig.7 Change of g value of driving factor in Orogen Region

from 2000 to 2020
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