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B9 ,ﬁ,ﬁaﬁm Il E"Jﬁ{ﬁ*ﬂm 7 14 SRP model in Zhangjiakou area
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F2 WHROMRESRSE S RITHE
Table 2 Classification standard of ecological vulnerability in Zhangjiakou area
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Table 3 Interaction type of interaction detector

SR ZCHARH
g(X1NX2) < min[g(X1), g(X2)] AR
min[g(X1), g(X2)] < g(X1MX2)<max[q(X1MX2)] PP AR M 5
q(X1MNX2) > max[g(X1MX2)] S T-HE
g(X1NX2) = g(X1)+q(X2) AHE AR ST

g(X1NX2) > g(X1)+q(X2) FELRPEI R
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YZERIFRZESF IR, q B8O, UL A 2 X0 AR Y 23 8] 70 A 4 52 15 7 8
R, plHFRPA W T RIFRARE, plE8U], Uil A AR XX RS E YRR

2 ZERAT

2.1 KK OHX 4SS B2 R E

FIH ArcGIS 25 [a] 43 HTEhfiE, XF 2008 4F . 2012 4EF12016 4F = 4F B 7K 52 11 i X A 25 s
ST AR R P 14 TP 21T 00 08T, THERIR AR XS I 144> F2 4
B, MHAFFEEA, DTRA R orikoR, THRZRINME 4 PR, IR DTN 85%
DU ERYRT ST 0, MWRAER (4) 11582008 4F . 2012 4 F12016 455K 5 11 [X A 25 M5 55
PEFREL, ISR I ARSI MR (R 1), PRI XA S M55
[ GO IE S5 2 R

F4 KROMXZBEERTFTER

Table 4 The analysis of the main components of the spatial main components in Zhangjiakou area

A 2008 4 20124 20164F
FAE(EL DIBRE/% SBDTIRE /% FHIE(EL STk % RPTIRA /% AR STkt % SHRTTIRAE %
P 5.249 37.493 37.493 4.599 32.852 32.852 5.289 37.781 37.781
P, 3.274 23.389 60.882 3.433 24.520 57.372 3.158 22.556 60.337
P; 1.789 12.780 73.662 2.044 14.598 71.969 1.686 12.046 72.383
P, 1.345 9.609 83.271 1.450 10.357 82.327 1.501 10.725 83.108
Ps 1.073 7.665 90.935 0.869 6.207 88.534 0.970 6.929 90.037
P 0.591 4.218 95.153 0.577 4.123 92.657 0.506 3.615 93.652
P, 0.344 2.454 97.607 0.453 3.233 95.890 0.431 3.081 96.733
Py 0.204 1.456 99.063 0.342 2.446 98.336 0.233 1.663 98.397
Py 0.100 0.717 99.780 0.140 0.999 99.335 0.098 0.700 99.096
Py 0.014 0.101 99.881 0.046 0.328 99.663 0.055 0.392 99.489
Py 0.010 0.069 99.950 0.035 0.251 99.914 0.036 0.255 99.744
Py 0.005 0.035 99.985 0.010 0.071 99.985 0.021 0.153 99.897
P 0.002 0.012 99.997 0.001 0.010 99.995 0.014 0.101 99.998
P 0.000 0.003 100.000 0.001 0.005 100.000 0.000 0.002 100.000

2008 4E 3K 58 1 1l X A 25 I 55 P F8 TE 0.0028~0.9647 Tl M . AR IE 2 a1, 2 Hi L
W PESREREENE, =& B 88.82%, Hir, sk T HUL IR IX
ZRIXTEHS . M7 X A A RAR I i S A AR S AR B a5 X, A S ss il oy e,
FEMESS X EEE AN R, SARERAE  skAbE L SR A bR R TR B PR
BB [EIEE, WU AEKRE B AR . PRk B rp R BH 5 R 0 /NER o b DX R Ay o 3 A 2 g
90X BEE R PERLARS . AR B A SEAL DR R A eSS AR, ARG SA R AT,
SR e 55 RN A S MEES X . PSS X AR ik, MR R . R E . Mok
B W R R IR B 0 . BAORE, SR L AR S NE S B A s R) R
HEE AU . AR PSR A A 5

2012 4E K 1 b IX A= 2SI 55 S 40LE 0.0129~0.9920 JE Bl Y, 5 2008 4F LA 8 i Al i
AEANEST R ARG, SRR | BRI RS X 32, =3 A iR 89.09%
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Fig. 2 Classification map of ecological vulnerability in Zhangjiakou area
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Jfia 55 B A S, P B R 55 AR R R B B U 55 . SRR, MR AR DR AR P X
rh b B e 55 X ST AR L 2008 4R Y K S3ALIX SRR 2008 4E AU AR LG, Hh B
i 55 B DX TETRRBG I, B RS B 55 X LA /DN, F R I AR I L RS AL IX FE 2012 48
AESIREEE SR, A MEES PG

2016 4F 3K 58 F1 b X 2R 25 e 559 PEFS E0AE 0.0027~0.9862 T B P, HefR LI b i | 4% B Flim
JERETI N F, = EH BN ik 98.71% . 7EZS [B] RSB E AR 1] PG A6 AR 25 e 55 A AL
FEREE R ) AR AL, B ZR RS0/ M X R R M55 , Rl X AR R AESS , PaAL
RA_E o B R BERGE S5 o LA 2R DX VG S RS D A5 s ke 2 101 i DX A 2 e 55 1k e ™
IR, RS, (H5 2012 4FFPROCAH L, BB I 553 1 DO B2l s 7 4 X
WL BPEHR, B 2012 FF YRR EE RS9 A S TR R SS , AEROREE IR PR B AR B
HPEER XA R T B RE S, (VSRS 2012 4R A E, B PYER AR/

MECE BB, 20084F ., 2012 4 F12016 4F =AM 8K 52 11 b X AN (7] i 559 2 25 0 i ok v
AT L (K13) . 2008 4F 0B MESS RIAN . e BEMEss AR . rh e eSS AR o B M55 i AR
JRIVRH J fG 55 T AR L4333 R 10.84% . 27.24% . 30.96% . 30.62%F10.34%, Herf B2 it 55
R Fe e, PR IESS o5 et/ Ne 201240008 | e . e | o R ARG B G 55 1 AR
FL 514 10.03% . 29.54% ., 59.55% . 0.61%H10.27%, Hoorb B es mfl G ik, W
JERESS 5 RN, 2016 ARG . R L R L TR RO G 55 T R o B A3 o 23.44%
35.57%. 39.70%. 1.15%F10.14%, HrrhEEMEss s b bk, BEMESS o /. b
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13 BRI Es EER T
Fig. 3 Ecological vulnerability of Zhangjiakou

REAERYT, 7E2008—20164F (1], 5K F iy d BRI B AR A ME S5 X 7 b ML 30.96% TR
1.29%; TR AR EE AR S B IX 7 FE M 38.08% 4 KM 69.01%., 4K, FkF kiR FAZ
ARG MesatEa A R, AR NSRI%M, A RGE S DR IR ) Bk Ak

FR A B IX AT A TT R OO i 55 B 248, AT oy e A2, G5 RINE SR, 454G
B2 5% 5AH, H2008—20164F, K4 X EA S B A 2GS, A8
IR AR T G S Ak i 2 . MIX BTk AR, 101 DY L A 2 599 3 ol 5 L X
B, BT EMEERS X, AASKERE 5, PUOMNETIRE L, Wi —EE kR
C A SRS E R, I R AR S IESS X o 67 T30 M DX (A7 AR X PG 3 AR P
X PR AR T R X Ry A, NS S TR, ATk, KA T i 5
R, T X E A E SRR, DRSS MRS £, M 2008—
2016 4F (0], AMARLAES T AR E MRS . AR EER AR SAL X R AR IR ELAE 2012 446 3
RS BT RO, MDA R Sy A P, 312016 4F MUK M 0 R 32

RS KROBRXESRESEE

Table 5 Ecological vulnerability of Zhangjiakou county-level areas

A= A E A M

B 2008 4 20124 20164F s 2008 4 20124F 20164
i LH T RE Mg TR I T R a5 AL s TR I rhEE g
JRefR R s TR I EEMES | RS T RE g TR I BRI
Ti&IX T RE g e hEENES | RS BRI TR I TR N3
MERIX RIS RN e | SHLX g TR I 53 BRI
RS BN BN WSy | R TR g5 RN Rl
[{3)/-8=C TR g5 HhRE G 55 RN | ARPEIX TN TR I TR g s
T BRI E RN BENS | HARKX TN HE eSS TR g 5
Mok BRI E T NEsE WS | EEX TN BRIENEs RN

oo w R RS SRACE AN RE AN X, HACHINT X

2.2 RF MM X AEZRNE S5 1= B 5 RIBNILE 547

RS M XA S eSS PR A2 8] L B T ANFE ARy, R TSR AR AL
ARTORE 14 T ZSWE S YEFI R PR A 785, Rk A i AR A S P FE R s
S MBI g b, HEATIRZE T

T ERIME RS R B (6), 2008 4F5K 5 1 M X A= A s PRS2 DY 5 R ) e
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F6 KROMXEFRMER

Table 6 Detection results of factors in Zhangjiakou area

WM T glf T gl
20084F  20124F  20164F 20084F  20124F 20164
=T 0.158 0217  0.148 PO AR - 3R 0.132  0.196  0.098
b3} 3 0.814 0321  0.625 NFPK G U 0.116  0.473  0.355
AR 0.367  0.535  0.539 TR I A7 1 0360  0.507  0.502
AESRREK i 0416  0.150  0.784 P A AE S I A 0.768 0254  0.456
TEIR% 0471 0342 0.725 UNEFES 0.025  0.051  0.056
FEBIA w5 0.597 0287  0.637 GPRE L 0.023  0.048  0.052
A ORI 0132 0196 0.098 PR THTARAR I 0.736 0234 0432

SRIFHT HASR ZON R | R T AR A b A7 L PR TR b L AR B R
TRIRE; 2012 4F A5 AP I 5514 5 ) R - A8 T s Y T S PR R AR L R v
WIFET) . NYPRGEIRR . TR EOMIE R 2016 4F AR A8 P45 1 55 14 52 v Rl 1A A )
TR T N R FE AR RoK & . TR 8. R R . B RAESR . ] A,
KA DR . TR AR 5 T R ORI 5 M 5K 58 1 b DX AR 2SI 5 PR AR A i 322
S,

THHEMEE R TR (F4), 5KEOTHLIX 2008 4F . 2012 45 F1 2016 4F 5 A= 25 i 55
PEPEAY 14 TPEA B 776 2647 28 AN 2 J5 43 ) 7= A T 91 T A8 B R VE 45 5 . 2008 4
q(X1NX2) {EHc KA 0.881, /N 0.132, ARYEH T B 28 BAEFHZE R AT LA A, L
R F4805m 69 10T, JRZMERGIR 22001, 20124F g(X1NX2) {HIR KN 0.751, /A 0.196, XA
THITR 5300, JELRMERG TR 38 T, 2016 4F (X1NX2) {HH KM 0.892, f/NA 0.098, XA
TR 670, AR MR TR 24 30, b, 2008 AEAE WL AT 25 B 5 B0 1A AR AE ZS P HE 5 L
WIS 15 22 (8] 52 B A AR, XK SR L IX AR 2S5 M0 A A8 AL AT e e 15 20124F
NG IR o 55 300 o T AR e 2 () 28 B AR, XK SR T HBIX 2012 48 1 A= A R 55 14
A A ELAG SR AR S5 2016 AFAF 35 [ /K s RN X PR AR 1 2 [B) 52 AR Aok, W
AR A S I 55 A 23 (A AR A B S R ) . WUR U . T SR BRI B A o
SRR T AR A ME S M 1 AR Sl R T

3 4iE e

3.1 &ig

2008—20164E[a], 5K 11X A= 25 ME 5 B A i3 . 2008 4F 5 B A 55 X i A5 e o
30.62%, F|2016 4F98/ 0 1.15%, A ASME 5 X s /a3 aE o B35, H kgD
T 29.47%; R IG5 XY FE AR AR R R, 2008 AR TR 5 LM 30.96%, F1] 2012 4F 2 i
K 59.55%, 5120164 /0K 39.70%, LAKEIN T 8.74%; 48 BEHESS X Vu FlH it
W B, AR F 27.24%38 K3 35.57%, AN T 8.33%; i AR ASMESS X A4 i AH
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Fig. 4 Interactive detector results
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Study on ecological vulnerability and its influencing
factors in Zhangjiakou area

XU Chao-xuan', LU Chun-xia®, HUANG Shao-lin’
(1. School of Geography, Liaoning Normal University, Dalian 116029, Liaoning, China;
2. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;

3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ecological vulnerability is one of the key issues that the international community
cannot avoid in the face of a series of ecological problems. It is also one of the hot spots in the
research of ecological civilization construction and green development. The paper, based on the
SRP model, takes Zhangjiakou area as the research area, and selects 14 indexes to construct the
index system of ecological vulnerability assessment in the study area, and combines the
principal component analysis method with geodetector to carry out the research and analysis of
the ecological vulnerability and its main driving factors in Zhangjiakou city. The results
showed that in space, the ecological vulnerability of Zhangjiakou was characterized by a low to
high pattern from the south to the north, which was consistent with the natural environmental
characteristics of Bashang plateau (at a higher altitude) and the area below Bashang. The
ecological vulnerability of Zhangjiakou decreased significantly from 2008 to 2016, and the
proportion of light vulnerable area in 2008, 2012 and 2016 was 27.24%, 29.54% and 35.57%,
respectively. In the last nine years, the proportions of severe and extremely ecologically
vulnerable areas decreased from 30.96% to 1.29%, and the proportion of slightly and lightly
ecologically vulnerable areas increased from 38.08% to 69.01%. The structure and function of
ecosystem was developing in a positive direction. And the spatial distribution differences of
ecological vulnerability in Zhangjiakou area were mainly related to the changes of slope,
drought index, vegetation coverage and temperature. Due to high altitude, drought and less
rain, the ecological fragility of Bashang plateau was generally high. The whole area below
Bashang is slightly fragile, the ecological systems may have strong resistance to external
interference, and the ability of self-recovery is strong. The results of 91 interactions indicate
that the interaction between any two factors had greater influence on the ecological
vulnerability of Zhangjiakou than the effect of any single factor, indicating that the ecological
vulnerability of the region was affected by many factors. Based on the evaluation results of
spatial principal component analysis and geodetector findings, suggestions for the development
of ecological management in Zhangjiakou city are put forward.

Keywords: Zhangjiakou area; ecological vulnerability; principal component analysis; geodetector;
GIS



