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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

fER T ECL
Frame Factor Indicator
Hugk HIEHF i Altitude
Sensitivity Topographical factor 3£ Slope
HIE AR Topographic undulation
HiZEHF TBE TG Vegetation coverage
Ground surface factor IR Soil erosion intensity
AR FHZERY Land use type
SEWT AEYJIR Mean annual temperature
Meteorological factor  AF4JF ] Mean annual precipitation
AR X B Mean annual relative
humidity
WE ) A5 i i Habitat quality
Resilience i —HEE 7 77 Net primary produc-

tivity
iVl NG T) NI Population density

Pressure Pressure of human

activity P A B

The nearest distance from the road
ZUES GDP % £ GDP density
Pressure of economic
activity
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Table 2 Results of spatial principal component analysis in Changbai Mountain Nature Reserve and its surrounding buffer in

2005 and 2015

E %) 2005 2015
oncipal RSN I BIFERE A HEE( FEA BFEEE 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

PC12 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.

I . WEAEMESS Potential vulnerable; 11 . ff & ifE 55 Slight vulnerable;

M. BEENESS Light vulnerable; IV ; Fr 4555 Middle vulnerable; V.
$ZUE 55 Heavy vulnerable.
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Fig.3 Spatial distribution of degradation pattern inside and out-
side the Change Mountain Nature Reserve from 2005 to 2015.
I-10 . v AE R 55R 46 T HESS Degradation from potential vulnera-
bility to slight vulnerability;1 -1l . B/ 7ENE 551R L M B2 BE 55 Degra-
dation from potential vulnerability to light vulnerability ;1 -1V . H ¥ 7€ }fE
59381k A Hh BE S 59 Degradation from potential vulnerability to middle
vulnerability ; II -1II Fh A5 B G 55 1B 1k S R G 55 Degradation from
slight vulnerability to light vulnerability; IT -1V . i3 B 5538 16 A P
Jf&55 Degradation from slight vulnerability to middle vulnerability; I-IV .
PR 4% B BE 55 38 1k 4 P BE BB 55 Degradation from light vulnerability to
middle vulnerability; -V . Fh 8% 5 ifG 55 38 A R R 2 G 55 Degradation
from light vulnerability to heavy vulnerability; IV-V . iy H B g 5518 1k A
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 il 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‘eserrvc 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. X4 S ME5a g8 &85k Synthetic eco-environmental vulnerability index. 1 ; VETE G55 Potential vulnerable; 1II ; T e 55 Slight vulnera-
ble; 1 ; 2 e 55 Light vulnerable; IV . 4G5S Middle vulnerable; V RS Heavy vulnerable.

967 km?, AN BRI R 77.7% (£ 4) X HFIIX
S A IR Y S AR A R VA I 55 1Rk R U
W55, LA b7 b a3l ik 3] 55.59% 1 57.8% , 15 BA A
FERMRAP X Ah e A T ISR MG 55 X B9 A= R B0 B Ak
SR IS DXl A 55 M T R BRI
13 AT, FEZS )L PRAP DX P PR v e A 55 1R Ak A
JEE i 5553 1) DX s = AN TG A 1A A LK
FEPRIP XA, b v A i 555 3R Ak R i e 53 1) DX 3k )
FBA T AR HIX.

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

plEgaegi| X P TR BN TR
Degradation Area inside Area outside
type the reserve the reserve
(km?) (km?)

-1 141 559
- 0 8
I-IV 0 5
o-m 53 213
In-v 0 7
-v 54 146
m-v 0 3
V-V 6 72
KA Total 254 967

I-T0 . A AERE 5B A6 A U MESS Degradation from potential vulnera-
bility to slight vulnerability ; - Tl ; tH V& 76 M 558 10 0 52 BEHE 55 Degrada-
tion from potential vulnerability to light vulnerability; I-1V ; F 7 7E IfE 55
BRI HBENER Degradation from potential vulnerability to middle vul-
nerability; I -1 ; FH 0% J 55 18 1k A 42 B i 55 Degradation from slight
vulnerability to light vulnerability ; I -1V ; f1 73 B g 5548 £k 0 o BE g 55
Degradation from slight vulnerability to middle vulnerability; -1V ; Fi 4%
EEME SRR P EEESS Degradation from light vulnerability to middle
vulnerability ; -V . i1 5% F& Ifg 55 1B 1k 0 58 20 5 Degradation from
light vulnerability to heavy vulnerability; IV-V . g1 H B2 g 5518 16 Ry 21
Mf&55 Degradation from middle vulnerability to heavy vulnerability.

3 8

3.1 RIPIX AR ME S P 25 6] 53 546 SR 19 3K 5
J153 8

H R 5 AT, P B 0 DR A X P AR A AR 1 32
BLRZ R S LR ) R —E 25 7. 2005 4,
PR3P X P AR S M 55 M i fe KR 3 A4 23 K
YN NPP A Ml 2R AR B8 i, =& 7
fif B F143 15 3] 0.834 .0.797 H1 0.507 ( P<0.001) ,
FHN, WIE A R AR ok R T AR A — 5
Wi, 3 (R B IR AE 0.4 224G W s i R4
AT LA B 4R R 9 52 e A AN K 5 SRR A
SIS R DX A 2 5 1 DR A A 9 4 SRS
— 3, AR S P RO R AR SR E A
e KR TR X, RS R % XA
P 5 AR HUTE 90% L) | AR K B AR
SRR DL BT 55 A R T LE AR FE T E 1 R4 IX R
& iy 2 a) S B vk W AT R LA 3K 30 -, B
DAFE 25 () b 6 A 25 55 1 A IR S 200 BH e 55 5
AR XN 30 km 28 #p X PN, 32 220K 5l A (7]
FESA NPP 4 Hi ) 28 AU A AR 85 i, {2 Hb I [
TR A AR b PR X T DX A 25 i 55 P 1 AR A
s, X 5K A I ANE I 41 5 X N 22 R iR
A 2015 4 A4 X P R FBL2 o X AR S e 5 v
FERZ M FF- 5 2005 4EFA S, AR X ) 2
e Al 42 45 NPP | A 2R R A BE i i | =
T AIHIE 25, J5 L2 wp DX Sk NPP | 4 b 1) 2
AU A 35 B 5 I R] DR 4P DX PN AP A A e 55 1 25
(4% Jr A8 Ak i 52 S e S5 AN ] FE AR AP X 32
SLENPP AP 55 R R ET R X 1 R R B
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Table 5 Geodetector model results of the original index system in Changbai Mountain Nature Reserve
SR 2005 2015 2000—2015
Impact KWgfi P Kihgfi  PIE Kigfi P Kihg P Kiqfi P Kibgf 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
] 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

q>0.5 MELIIHL, 2 HX 0 A9 B A8 1) T R AR B2 AR K The value of g> 0.5 was coarsened, which meant the corresponding independent varia-
ble had a great influence on the dependent variable. A: FF2 Altitude; B: 3%J¥ Slope; C. HEHALREE Topographic undulation; D FEHHE % 35 Vege-
tation coverage; . THEZIMIREE Soil erosion intensity; F; T HuFHZEHY land use type; G: 4F¥Ji Mean annual temperature; H:4FHJFERY Mean
annual precipitation; I: EXJAHXTERE Mean annual relative humidity; J: AE3585i i Habitat quality; K. 43 —¥#E£E7 J1 Net primary productivity; L:
ANFZEFE Population density; M 5 2518 B 5T 2 The nearest distance from the road; N: GDP % GDP density.
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