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Ecological vulnerability assessment on Changbai Mountain National Nature Reserve and its
surrounding areas, Northeast China. ZHU Qi'*, ZHOU Wang-ming', JIA Xiang’, ZHOU Li',
YU Da-pao', DAI Li-min'* (' Key Laboratory of Forest Ecology and Management, Institute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; *University of Chinese
Academy of Sciences, Beijing 100049, China; ’Changbai Mountain Academy of Sciences,
Erdaobaihe 133613, Jilin, China).

Abstract: Exploring the ecological vulnerability of nature reserve and its surrounding area is essen-
tial to the maintenance of regional ecological security and sustainability of human development,
especially under the stress of global change and human activities. Based on the integration of " sensi-
tivity-resilience-pressure" conceptual model and spatial principal component analysis (SPCA) , we
analyzed the ecological vulnerability of Changbai Mountain National Nature Reserve and its sur-
rounding 30 km buffer in 2005 and 2015. The main driving factors were further analyzed. The
results showed that the ecological vulnerability of Changbai Mountain Nature Reserve was mainly
potential , slight, and light levels in 2005 and 2015, indicating the ecological vulnerability inside
and outside the reserve was in a good condition. For the whole region, the ecological vulnerability
showed a slight downward trend from 2005 to 2015. The degradation area inside and outside the
reserve were 254 and 967 km®, respectively, with the contribution rate to the increase of overall
vulnerability being 30.8% and 69.2% , respectively. The changes in ecological vulnerability inside
the reserve were mainly related to the changes in net primary production (NPP) , vegetation cover-
age, and the nearest distance to the road, whereas it was mainly related to the changes in NPP,
vegetation coverage and gross domestic product (GDP) density outside the reserve.

Key words: ecological vulnerability; “sensitivity-resilience-pressure” conceptual model ; geodetec-

tor model ; nature reserve.
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Fig.1 Location of study region.
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Table 1 Assessment indicators from SRP model

S (SR s
Frame Factor Indicator
U HIE T 2 Altitude
Sensitivity Topographical factor 3£ Slope

HIE AR Topographic undulation
T SR Vegetation coverage
IR PR Soil erosion intensity
AR FHZERY Land use type

AEYJIR Mean annual temperature

AE 4R Mean annual precipitation
AR X B Mean annual relative
humidity

WE ) A5 i i Habitat quality

s —PEA: = 77 Net primary produc-
tivity

NI Population density

MR T

Ground surface factor

TR

Meteorological factor

Resilience

iVl NS EI )
Pressure of Human
activity P B I B

The nearest distance from the road
GDP %% GDP density

Pressure

BRI
Pressure of economic
activity




4 VAN I O I 30 &
IRERIP X AR MBS AR OL , 2R T AR IBTHL 1% (NBC) 5 2 (Pud —Po A )

A NESTE (EVD) S8 ARE— 00 9 5 AR5 I e c =i SO T 100%  (2)
Mgtk 1) e stk () B Ress vk () | g St

HEERE S (V) R ZUBE (V).
1. 3.4 KB ERM I FELE G HREBUNITE AT
SEPPAR XA 2 2R G0 i 55 R AR Tl 34, st DX
S HE S IO A 85U (SEVD) |, F FIEA 3 A~ ZR L
HiL X 2005—2015 4[] A= 285 28 5 s 55 72 B2 114 28 b #
WO HRE T ES % L %D
1.3, 5 MU BRERI SRR O T i — i e K A
L1 AR X AR 2 55 1 2 e A Jey S AR Al g 32 38
SO R 2 AHES0R 2015 1 2005 4F 9 A 25 i 55 7
R K Wi 2 250 Ry TR A 4 Y, 0 IO 1) 79 A B 44
JRARFEPMA R DL B PR IR R Z 224 B AR & X, Al
FHMb PRGN SRR 7 R MR R, Gt ¢ &
N EAE R X X RIAS Y 23 [l 43 SRS T, g {E K
K, VA X T Y 25 [l R s ok, P 2R A
TARRE ST, P AN, BEI X XHT Y 0 Ry, B
RIT:27% Wang 2 RS
1. 3. 6 R4 DX PRI DX A X AIF 9 X A A 265 Jf 559 2 72
ERITTER AT R IEAG O X SRR ST X
TR A A S5 AR BTk, ASF ST AR S 2005 445 e
S5PEAEL TR 2015 4545 ME 55 PR S5 9% T BT 6F v 1 15
Gy i G A E DL R

n
z (PiZOISAiZOIS - Pi2()05Ai2005)
=

c =-
. St

a

100% (1)

B

Aty € Cy 4 BRI P A X M Y Sk 43
FCsn I m A3 R PR X P A0 X A SR 908, AR
Fi n=m= 55 A pg0s 11 Ajzoosi%%fbﬂlzm b 2005 4F
6N 55 S G 1R ) R R B X IR T L P s
P os PR X PN B 2005 45 I 55 459 1A T 43331
XERLIIAR 3 i 5 A g, 1 Aj20157~E11:'f%:BﬂlZ|j‘] Abh 2015
AEASMESS PR 1 A T TR L ) DX R TAT R 5 Py 5
P oois AR XN A 2015 4EIESS#E454% 1A T 4351
XL AF 53 i 5 St St RARIF X P SMETRL

2 ERENH

2.1 AEASMEHSPE A [A) e AR A )

K E ARG X 2005 F1 2015 4F 391 Y
25 18] AT M4 S UNFE 2 BT, N AR r S U
BT B X B e I B R 3 A4S 3 AR
VENAWEFE A F5 FR.2005 1 2015 4EFTRAS0 32
B BN T 22 i R 32 43 il 1K B1] 82.6% il 84.8%
T A AR i SR B A B 3 4% s T 32 oy B
Yo 7 B TR 43 O AR 3R S5 2 SRR ) A T 4 A S
Jif 555 P i A T S AR AR | B AN S

EVILys =0.4897PC1 05 +0.2616PC2,0ps +

0.0739PC3 s (3)
EVLy5=0.5240PC1 ,,,5+0.2580PC2,, s +
0.0662PC3,, (4)

£2 KBLEBARPREREBEZWK 2005 F1 2015 E=BEER S HTER

Table 2 Results of spatial principal component analysis in Changbai Mountain Nature Reserve and its surrounding buffer in

2005 and 2015

ES %) 2005 2015
oncipal RSN FHCEA BRI HEE (L FEA BbEEE A i
omponent Eigenvalue Percentage Cumulative percentage Eigenvalue Percentage Cumulative percentage

(PC) contribution (%) contribution (%) contribution (%) contribution (%)
PC1 3.350 49.0 49.0 3.622 52.4 52.4

pPC2 1.789 26.2 75.2 1.784 25.8 78.2

PC3 0.506 7.4 82.6 0.458 6.6 84.8

PC4 0.408 6.0 88.6 0.435 6.3 91.1

PCs 0.293 4.3 92.9 0.207 3.0 94.1

PC6 0.183 2.7 95.6 0.147 2.1 96.2

PC7 0.145 2.1 97.7 0.121 1.8 98.0

PC8 0.095 1.4 99.1 0.072 1.0 99.0

PC9 0.040 0.6 99.7 0.037 0.5 99.5

PC10 0.023 0.3 100.0 0.019 0.3 99.8

PCl11 0.005 0.1 100.0 0.007 0.1 99.9

PCI12 0.001 0.0 100.0 0.004 0.1 100.0

PC13 0.001 0.0 100.0 0.000 0.0 100.0

PC14 0.000 0.0 100.0 0.000 0.0 100.0
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Fig.2  Spatial distribution of ecological vulnerability gradation
inside and outside the Changbai Mountain Nature Reserve in
2005 and 2015.
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Fig.3 Spatial distribution of degradation pattern inside and out-
side the Change Mountain Nature Reserve from 2005 to 2015.
1-1 . F eI 55 1B A0 % e 55 Degradation from potential vulnera-
bility to slight vulnerability; 1 -1l . FH ¥ 7E e 55 1R fb R 42 B2 i 55 Degra-
dation from potential vulnerability to light vulnerability; 1 -1V . H ¥ 7€ IfE
59381k A o BE IS 559 Degradation from potential vulnerability to middle
vulnerability ; I -1 . i £ B JfE 55 3B £k 0 4% B2 I 59 Degradation from
slight vulnerability to light vulnerability; IL -IV . i 3 B 5538 1 A vp B
JfE 55 Degradation from slight vulnerability to middle vulnerability ; -1V
PR % MG 55 38 1k 8 P ME 55 Degradation from light vulnerability to
middle vulnerability; -V . A% R G 55 8 b iR B i 55 Degradation
from light vulnerability to heavy vulnerability; IV-V ; fi /1 BE B 5518 1k~
ZUESS Degradation from middle vulnerability to heavy vulnerability.
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Table 3 Quantitative characteristics of ecological vulnerability gradation inside and outside the Changbai Mountain Nature

Reserve in 2005 and 2015

s %% 2005 2015 XS BTk o L

Vulnerability Contribution inside and

level outside the reserve( %)
KWEH KAEE & X i KR KANER A Xy x5t X X4
Area inside Area outsidle ~ SEVI SEVI SEVI Area inside Area outsidle ~ SEVI SEVI SEVI Inside Outside
the reserve the reserve  Total SEVI SEVI the reserve the reserve  Total SEVI SEVI [im ) l};e ’

( ka) ( ka) SEVI inside outside ( kmz> ( kmz) SEVI inside outside 1‘ese£\'c reserve
the reserve the reserve the reserve the reserve

I 658 3782 1.92 2.37 1.75 549 3521 1.95 2.42 1.84 30.8 69.2

I 462 2111 554 2495

| 338 1317 358 1128

v 285 366 330 374

\ 149 75 113 121

SEVI. XA S MeEs 5 Li a5 synthetic eco-environmental vulnerability index. 1 ; VETE G55 Potential vulnerable; 1II ; T I 55 Slight vulnera-
ble; 1 ; 2 e 55 Light vulnerable; IV . 4G5 Middle vulnerable; V AU Heavy vulnerable.

F4 FRPRAIMEEE LA RIBRIER
Table 4 Increasing area of degradation inside and outside
the reserve

B X A TE R X AR
Degradation Area inside Area outside
type the reserve the reserve
(km?) (km?)

-1 141 559
-1 0 8
I-IV 0 5

I -1 53 213
n-v 0 7
- 54 146
I-v 0 3
V-V 6 72
S Total 254 967

I-T . AN R AU MES Degradation from potential vulnera-
bility to slight vulnerability ; I- 1l . fi &£ 55 1R 1L B BEESS Degrada-
tion from potential vulnerability to light vulnerability; I-IV ; F 78 7¢ g 55
B K E 55 Degradation from potential vulnerability to middle vul-
nerability ; T -T0 . 3 e 55 1B Ak b 2 3 G 55 Degradation from slight
vulnerability to light vulnerability ; I -1V ; B 73 B g 5548 £k 0 H B8 g 55
Degradation from slight vulnerability to middle vulnerability ; Mm-V.hm#
FE i 5518 f6 R o B BE 55 Degradation from light vulnerability to middle
vulnerability ; IT- V ; i %% Ji i 55 iR 16y 5 ZU G 55 Degradation from
light vulnerability to heavy vulnerability; IV-V . 1 7 B s 5518 1k Ry i 21
f&55 Degradation from middle vulnerability to heavy vulnerability.
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Table 5 Geodetector model results of the original index system in Changbai Mountain Nature Reserve

L 2LICRE 2005 2015 2000—2015
mpect GG P WAgH P KWgll PE KA PE KGR P KA P
factor q value P q value P q value P q value P q value P q value P
inside value outside value inside value outside value inside value outside value
reserve reserve reserve reserve reserve reserve
A 0.428 0.000 0.126 0.000 0.419 0.000 0.118 0.000 - - - -
B 0.430 0.000 0.190 0.000 0.400 0.000 0.162 0.000 - - - -
C 0.395 0.000 0.012 0.414 0.371 0.000 0.180 0.000 - - - -
D 0.061 0.507 0.093 0.000 0.099 0.012 0.146 0.000 0.157 0.000 0.076 0.000
E 0.403 0.000 0.051 0.000 0.455 0.000 0.044 0.000 0.017 0.124 0.008 0.128
F 0.797 0.000 0.676 0.000 0.787 0.000 0.707 0.000 0.000 0.872 0.000 0.903
G 0.012 0.695 0.044 0.000 0.046 0.455 0.057 0.000 0.003 0.328 0.050 0.000
H 0.111 0.000 0.020 0.000 0.049 0.000 0.011 0.072 0.043 0.000 0.003 0.275
I 0.142 0.000 0.012 0.414 0.016 0.178 0.007 0.242 0.095 0.000 0.017 0.061
J 0.507 0.000 0.419 0.000 0.463 0.000 0.413 0.000 0.000 0.806 0.033 0.320
K 0.834 0.000 0.666 0.000 0.833 0.000 0.704 0.000 0.207 0.000 0.336 0.000
L 0.040 0.000 0.094 0.000 0.080 0.000 0.153 0.000 0.013 0.167 0.034 0.000
M 0.070 0.000 0.038 0.012 0.110 0.000 0.015 0.000 0.097 0.000 0.016 0.091
N 0.039 0.000 0.088 0.000 0.035 0.027 0.176 0.076 0.029 0.111 0.051 0.000

¢>0.5 BYMELIHL , B2k 2 O R G [ A5  xF T IR A 2 AR K The value of ¢> 0.5 was coarsened , which meant the corresponding independent varia-
ble had a great influence on the dependent variable. A: & Altitude; B: 35 Slope; C: HiJEAZIKE Topographic undulation; D: fH#H % Vege-
tation coverage; E.; THERIMIRIE Soil erosion intensity; F; - HbFIFHZEAY land use type; G: 4F¥J{E Mean annual temperature; H:4F3J[%F Mean
annual precipitation; 1. FEHAHXT B Mean annual relative humidity ; J. =358 fitg Habitat quality; K. ##285—1:42 7 71 Net primary productivity; L:
A% % Population density; M. I 238 I B B The nearest distance from the road; N: GDP %% GDP density.

WFFE PR 171 25 B | I 3 5 S 3 I B AN GDP %% 3
3 AR 45,2005 4F BRPTIX Y 3 A48 BR B (E AR R R
0.040.0.070 F10.039( P<0.001) , T {47 X 4 il i) 22
X, X 3 A EFRK A 0.094 .0.038 1 0.088 (P
<0.001) , 6B 2005 4, A 6 F R X P A%
A YA A e 55 1 EE AR AR /N, PR3 IX A = A
PIXIN.2015 4 PRAP X N 5 I PR AR BRI g
(EAEEL T 0.1, BAB R AR I X T o, R AR P X
TH BT T B AR X PN A 2 G 55 14 B MR A SR
AR/IN  AE I 30 T 3 A 1A 0 T X PN A 2 i 55
1) BIR BRI A T 55 3G in A 4 A BiF 5 45 SR 5 A,
HSEBIFIEA 22 A, Gl a8 26 00 DAl i 7 o5 P
VeI T HR , & B 2000—2010 4E[H] K 1L H SR 15
1 DX N AR B A I AR AR DX A DX T
TR 1.3% , AR 36 43 Ji A BT 2008 4F 152 1Y
ZEA T L R LU AEARORI 5 TR 1) e 3 R i 2 6%
DL 2009 A HE 5 AA7 F U3 A0 A ViE 23 5 1 7E PR 4
XA, N3 BRI GDP % FE /) g {E 43 ik 3] T
0.153F10.176 ( P<0.001) , #% T 2005 44 1 $ i
eI, B 2005—2015 4E ], NI Zh%t T3
1 DXL 1 % o X118 A 285 M 3559 2 %) 5% i 7 38 T K
X S5 (] R 477 DXt it 7% 3 10 X4 A B
A K H IS XA AR ABON 21 2297109 20 J7 A
U F] 2010 4EAR [ 244 T7 IR, A A K8

JBERIN i liE N 2 B IR o BUR I L IX 4
A AL A, 2152 00 2 PR DX 10 A A Mg s R 2.
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ARSI AN DR (L2 ST 7 A4 285 MG 553 1P 8 0K 8l 240 )
T SR AR (A PR DX B J) 20 3 DX BN B
.
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