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Abstract: Assessing the vulnerability of large-scale forest ecosystems is of great significance for
maintaining regional ecological security and ensuring sustainable development of our society. In
this study we selected 13 indicators to construct the ecological vulnerability index system of
Northeast China forest belt from the perspective of natural and anthropogenic disturbances. Com—
bined with the spatial principal component analysis we evaluated the spatial and temporal distri—
bution and changes of ecological vulnerability in the forest belt in 2005 and 2015 and analyzed
the main driving factors. The results showed that the ecological vulnerability of the forest belt was
mainly potential vulnerability slight vulnerability and light vulnerability with the ecological
vulnerability at low level. The spatial aggregation effect of ecological vulnerability was strong and
mainly comprised of high-high aggregation. Area with high-high aggregation was mainly distribu—
ted near the border of the forest belt. The regional ecological vulnerability index in 2005 and 2015
was 2.339 and 2.450 respectively showing a slightly worse trend. The main driving factors of
ecological vulnerability of the forest belt in the two periods were net primary productivity land
use type and habitat quality. Our results provide a theoretical basis and decision-making basis

for large-scale forest ecosystem protection and management.
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Table 1 Data source and processing

Data type Variable

Data product and processing

Data source

. ( DEM)

10.5

GDP GDP
ArcGIS 10.5

ArcGIS 10.5
CASA

InVEST

http: //data.cma.cn/
http:  //www.resdec.cn

ArcGIS  http: //www.resdc.cn

AreGIS 10.5 https: //doi.org /10.7927 /H4VD6WCT
ArcGIS 10.5 http:  //www.resde.cn/

http:  //www.resdc.cn/

http: //www.resdc.cn/

https: //search.earthdata.nasa.gov/

https: //search.earthdata.nasa.gov/
http:  //www.resdc.cn /

http: //data.cma.cn /
http: //data.cma.cn /

2
Table 2 Ecological vulnerability evaluation index system of
the study area

Goal Dimension Factor Indicator ~ Characterstic

GDP

( 2016, 2018) .
(SPCA) 2
( EVI)

(Zou et al. 2017) 1

( 3
EVI,05=0.489 X PC1 505 + 0. 189 X PC2 s +0.122 %
PC3,)s+0.066XPC4 5 (1)
EVI,,.=0.507xPCl,,+0. 182X PC2, . +0.135
PC3,,,5+0.062xPC4,, 5 (2)

1.3.3

(EVI)
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3
Table 3 Result of principal component analysis of Northeast China forest belt in 2005 and 2010
2005  Year 2005 2015 Year 2015
Principal
component Eigenvalue Contribution Cumulative Eigenvalue Contribution Cumulative
percentage contribution percentage contribution
percentage percentage
1 9.777 48.9 48.9 10.673 50.7 50.7
2 3.780 18.9 67.8 3.822 18.1 68.8
3 2.444 12.2 80.0 2.839 13.5 82.3
4 1.331 6.6 86.6 1.291 6.2 88.5
5 0.872 4.4 91.0 0.823 3.9 92.4
6 0.727 3.6 94.7 0.688 3.3 95.7
7 0.438 2.1 96.8 0.425 2.0 97.7
8 0.316 1.5 98.4 0.240 1.1 98.8
9 0.135 0.7 99.1 0.132 0.6 99.5
10 0.080 0.4 99.5 0.080 0.4 99.9
11 0.078 0.3 99.9 0.015 0.1 100.0
12 0.010 0.0 99.9 0.006 0.0 100.0
13 0.007 0.0 100.0 0.005 0.0 100.0
5 (1).
(1) . (Im) . (V)
(V) 2.1
( SEVI) (Li 2005 2015
et al. 2006; 2019) .
1.3.4 ( 2.
. (2018) 5 kmx5 km
(
2021) o
( 2005 2015
2012) . GeoDA
( (4
2018) . N
1.3.5
77.7%  73.5%
( 2017) q
21.2% 21.5%
o 2005 o
2015 2.2
Y X 2005 2015
X 0.486  0.518
ArcGIS 10.5 500
X Y
X Y ( . 3
2019) . 2005 2015
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4 2005 2015
Table 4 Quantitative characteristics of ecological vulnerability grades in Northeast China forest belt in 2005 and 2015

2005  Year 2005 2015  Year 2015
Ecological SEVI SEVI
vulnerability Area Area proportion Regional Area Area proportion Regional
( km?) (%) SEVI (km?) (%) SEVI
I 157699 25.7 2.339 155244 25.3 2.450
I 232901 38.0 216898 353
| 85963 14.0 79346 12.9
v 130046 21.2 132011 21.5
\ 6501 1.1 30489 5.0
. SEVL o VL I VIV: v Ve

Note: SEVI: Synthetic eco-environmental vulnerability index. I : Potential vulnerable; II': Slight vulnerable; Ill: Light vulnerable; IV: Middle vulnera—
ble; V: Heavy vulnerable.

2005 2015
300 km
A SIS S HEITHE SR
Ecological vunerability grade Ecological vunerability grade
[0 Y FEfESS Potential vulnerable I YEXEMESS Potential vulnerable
[0 B4EEIfES Slight vulnerable [0 5 Slight vulnerable
[ 52559 Light vulnerable [ R BEIE55 Light vulnerable
0 1 EE a5 Middle vulnerable 0 S5 Middle vulnerable
B S JE55 Heavy vulnerable B F ¥ [i55 Heavy vulnerable

2 2005 2015
Fig.2 Spatial distribution of ecological vulnerability in Northeast China forest belt in 2005 and 2015

. 2005 2015
( 4
2005—2015
2.3 2.4
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2005 2015 2.339  2.450 6 2005 2015
( 4) 10
o 5 10 ( P<0.05)
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Fig.3 LISA and significance maps of ecological vulnerability of Northeast China forest belt in 2005 and 2015
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Table 5 Area transfer matrix of ecological vulnirabil)ity grade in Northeast China forest belt
2015 Year 2015
I I | v \ 2005
Transfer in 2005 Total
2005 1 140214.96 18445.65 1071.62 592.39 64.25 20173.91 160388.87
Year I 15965.69  195584.04 20631.66 3051.62 234.99 39883.97 235468.00
2005 i1 791.94 4391.97 46032.01 27178.94 799.51 33162.36 79194.36
v 414.76 1321.58 5263.97 101611.47 22894.19 29894.50 131505.98
v 10.93 14.01 17.64 296.83 5159.10 339.41 5498.51
2015 Increment in 2015 17183.32 24173.22 26984.89 31119.77 23992.94 123454.15 -
Total 157398.27  219757.26 73016.89  132731.24 29152.04 - 612055.72
I: | e ;I p IV: .

Note: [ : Potential vulnerable; II: Slight vulnerable; III: Light vulnerable; [V: Middle vulnerable; V: Heavy vulnerable.

0.869.0.826  0.445( P<0.001)
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Fig.4 Evolution pattern of ecological vulnerability grade in
Northeast China forest belt
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Table 6 Geodetector model results of the original index °
system in Northeast China forest belt
2005  Year 2005 2015 Year 2015
q r q r
1 0.127 0 7 0.072 0 9
2 0.200 0 6 0.166 0 7 R
3 0.284 0 4 0.234 0 5
4 0.223 0 5 0.361 0 4 (
5 0037 071 - 0.092 008 2012) .
6 0.826 0 2 0.746 0 2 (
7 0.025 0.04 10 0.050 0 10 1999) .
8 0.122 0 8 0.167 0 6
9 0.102 0 9 0.138 0 8
10 0.445 0 3 0.371 0 3
11 0.869 0 1 0.854 0 1
12 0.028 0.99 - 0.000 0.99 -
13 0.010 0.99 - 0.022 0.13 - °
D 1~13: 13 .1 s 2 ;3
4 ;5 ;6 T
;8 R ; 10: HSTE A
p12: ;13 GDP B o
Note: 1: Altitude; 2: Slope; 3: Topographic undulation; 4: Vegetation 3.2
coverage; 5. Soil erosion intensity; 6: land use type; 7: Mean annual
temperature; 8: Mean annual precipitation; 9: Mean annual relative hu—
midity; 10: Habitat quality; 11: Net primary productivity; 12: Popula— ( 2019) . “
tion density; 13: GDP density. "
o 13
2005 2015 o
o GDP

3.1
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