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Tab 2 Indicators system for the response capacity of economic system of coal mining dties

X1 GDP ( /)

X2 GDP ( /km?)

X3 (%)©

X4 GDP (%)
X5 @

X6 (%)
X7 (%)
X8 ( /km?)
X9 «C )

X10 ( )

X11 ( )

X12 ( )

X13 ()

X 14 )

X15 (/7 )
X16 ()
X17 ()

X18 GDP (%) ®

o - / (%); @ = 1/ 2,1 Yim— Yinl,
Yim i m , Yin i i m n 1,
2, 3 ® 2005
2005 »
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Tab 3 The loadings of each principal component
F1 F2 F3 F4 k5 119
X1 0 671
X2 0 652
X3 Q0 837
X4 -0 947
X5 - 0 836
X6 - 0 663
X7 0 928
X8 0 740
X9 Q0 547
X10 0 877
X11 Q 915
X12 0 789
X13 0 891
X14 0 851
X15 Q0 522
X16 0 849
X17 Q0 786
X18 0 730
5 037 3 767 2 189 1 524 1 360 1 274
(%) 27985 20 927 12 161 8 466 7 554 7. 078
(%) 27. 985 48 912 61 073 69 539 77. 093 84 171
05
F1 X9 XI11
X12 X13 X14 XI5 XI18,
, ; X2 X3 X5 X8 XI7 F2
; F3 X1 X6 X16 ,
s ; F4 F6
X10 X7 ,
F5 X4 , X5
(n . )
25 3 (4,
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Tab 4 The assessments results of economic sensitivity, response adapability and

vulnerability of coal mining dties of China

Fl F2 F3 F4 F5 F6 R ES \%
- 048 -0836 0483 -0933 -18%4 -035 00923 35 645 38 571
-0199 0011 -0.024 -1495 1221 -0742 1345 47 677 35 421
-0098 -0824 0233 -075 -1615 -0569 1043 35 564 34 065
- 0551 -1342 0165 0 029 0 419 0 209 1. 080 36 760 34 006
-0798 -0314 -0.25 -02304 -1423 0031 0 979 30 980 31 64
0481 -2098 -0.622 -0250 1038 0 276 L 155 35 180 30 4%
0385 -0411 0712 2122 -079% -0122 1775 46 641 26 262
-0683 0561 -2293 1153 Q711 0 377 1 307 32 910 25 19
Q 227 Q0 972 0.309 -0988 1168 -0624 1 830 45 890 25 063
-0312 0829 -0782 -0529 0172 -0452 1429 35358 24 743
Q0 109 Q0 347 1. 799 0032 -0258 0378 1 880 46 245 24 512
- 0666 0501 0. 353 1332 -0712 0293 1 564 35233 22 527
- 0448 068 -0.079 -1069 0104 -0634 1375 30 232 21 987
0076 -2185 -0.318 -0532 1308 -029 0990 20 588 20 7%
- 0381 1407 -0.091 -0437 -1251 -0339 1540 31 340 20 338
-0404 0755 -1.502 1812 0 194 0 005 1 551 3L 461 20 2&4
0 396 0253 -0.787 -0020 0339 -02343 1595 3L 620 19 94
- 1039 0844 2. 683 0 498 1529 -065 1900 37577 19 767
0056 -1433 -0.663 0275 -0422 -0081 1 064 18 659 17 536
- 0429 0075 0.412 -0914 0 465 4 481 L 777 31 078 16 845
0 406 L 361 -0.543 -0733 1047 -0727 1 869 31 416 16 800
-0515 -0371 0476 -0274 -0471 -0424 1215 17.947 14 759
3726 -0045 1011 0 923 0 439 Q115 3 031 43 915 14 489
2 062 L 021 -0.984 -0713 - 1358 0343 2 147 24 698 11 504
-089% -009% 0 323 L 798 0383 -0115 1445 13 677 9 465

F1 F2 F3 F4 F5 Fo6 6 ; ES RV -
5
Tab 5 The results of ANOVA
Cluster Error
F Sig
Mean Square df Mean Square df
10 631 2 0 124 22 85 454 Q 000
R 10 631, 0124, F
83 454, F Q 000, 0 01,

’

25



4 . 913

33
2 ( )
’ - (ES:
15 812), , ,
25 ( 3.031 2 147),
, 14 9 ,
64 29% s
; , (
) ’ -
(ES= 30 225), )
, 6
5 )
- (ES= 41. 502),
2 2 @ 2
(V= 27478) > (V=
22597) >  (V=2L315 > (V= 14 195)
, 6 4
(ES= 15. 812) < (ES= 30 225) < (ES= 41. 502) ,
( (R= 1. 331) < (R= L 511) <
(R= 1. 563)),
12 10



914

27

90 8%
65. 0%

B

(V=25 086) >
14 875)

B

B

(V=23609 >

9 2%,

(V=16 855) >

90 4%

[27]

(V

25



4 915

[ 1] Kates RW,Clack W C, Corell R, et al. Environment and development: Sustainability science Science, 2001, 292:
641~ 642

[ 2] Turner II B L, Kasperson R E, Matsone P A, et al. A framework for vulnerability analysis in sustainability
science PNAS, 2003, 100( 14) : 8074~ 8079

[ 3] JanssenM A, Schoon M L, Ke W M, et al. Scholarly networks on resilience, vulnerability and adaptation within the
human dimensions of global environmental change Global Environmental Change, 2006, ( 16): 240~ 252

[ 4] Roberto S nchez Rodriguez, Karen C Seto, David Simon, et al. Science Plan: U rbanization and Global Environmental
Change THDP Report No 15, Bonn, Germany, 2005

[ 5] Buchman Nina, Canadell Jossep, Graumlich Lisa,et al Globalland project: Science plan and im plem entation strate-
gy IGBP Report No 53/IHDP Report No 19,2005

[ 6] Young Oran R, Agrawal A, King L. A, et al Science plan: Institutional dimensions of global environmental change
IHDP Report No 16, 2005

[ 7] Hans-Martin F ssel Vulnerability: A generally applicable conceptual framework for climatic change research
Global Environmental Change, 2007,(17): 155~ 167

[ 8] Fraser ED G, Mabee W, Figge ' A framework for assessing the vulnerability of food system to future shocks Fu-
ture, 2005, (37) : 465~ 479.

[ 9] CutterS L, Boruff B J, Shirley W L. Social vulnerability to environmental hazards. Social Science Quarterly, 2003,
84(2):242~ 261

[10] Eakin H, Luers A L. Assessing the vulnerability of sociat environmental systems Annual Review of Environment
and Resources, 2006, (31): 365~ 394

[11] Brooks N. Vulnerability, risk and adaptation: A conceptual framework Tyndall Center for Climate Change Re
search, working paper 38, 2003

[ 12] Cutter SL The vulnerability of science and the science of vulnerability. Annals of the Association of American Ge-
ographers, 2003,93(1): 1~ 12

[13] R R , - . , 2005, 24(5) : 653~ 663

[ 14] R , - — . , 2007,
26(6): 1156~ 1165

[ 15] s . . : ,2001

[16] , 8 s - . ,2006, 21(2) : 170~ 177.

[17] s . . ,2006,(11): 1~ 6

[ 18] . : ,2003

[ 19] , 2005, 14(7): 5~ 9

[20] ) ) . . ,2005,20(1) : 68~ 77

[21] ,2005,25(1): 1~ 5

[22] .21 . ,2002,11(1): 1~ 9

[ 23] s . . , 1999, 21(1): 44~ 50

[ 24] ,2006, 15(8): 14~ 16

[25] , . . ,2006, 15(11): 20~ 23

[26] s . DEA . ,2003,28(4): 342~ 347

[27] R . . ,1999,27(3): 1~ 4



916 27

Vulnerability assessment of coal- mining cities’
economic systems in China

SU Fei"?, ZHANG Ping yu', LI He"?
(1 Northeast Institute of Geography and A gricultural Ecology, CAS, Changchun 130012, China;
2 Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Coal mining cities are confronted with a lot of serious social, economic and ece-
environmental problems. Though extensive research on coalkmining cities are from many
relevant disciplines, few arefrom the coupled humawrenvironment system There are obvi
ous socie-economic and ece-environmental vulnerability characteristics on coat mining cit
ies Vulnerability analysis framework in sustainability science has many properties of
multiscale, mult+element, muli+ flow and mult+cycle, which presents a new research
paradigm for coal-mining city. Based on a detailed discussion about the conception of eco-
nomic system vulnerability (ESV), the essay establishes an economic vulnerability assess
ment model of coalt mining cities from the aspects of exposure sensitive to and response ca
pacity for the gradual depletion of the regional minable coal resources The conditions of
minable resources, industrial and employment structures, which determine their exposure
sensitivity to the depletion of regional minable coal resources, create an exposure-sensitiv+
ty index From the angles of urban economic strength, industrial state, regional and infra-
structure conditions, the degree to open up and economic conditions of urban and rural res-
idents, it constructs a coping capacity index. According to the model, the economic system
vulnerability of 25 typical coal mining cities is evaluated and divided into three categories
by principal components analysis The results show that economic system vulnerability of
coal mining cities differs significantly in different development stages, city sizes and re
gions The ESV of old coal mining cities is generally high; the ESV of middle-aged is at
most in 3 vulnerability grades, especially concentrated on medium grade; the ESV of
young is low. The ESV of coalmining cities presents obvious regional differences, nclw
ding north to south and east to west. The high economic system vulnerability of coat min-
ing cities mainly concentrates on Northeast China T he average score of ESV shows a trend
of Northeast> Central> West> East. The ESV of southern coalmining cities is medium,
while the northern region is distributed in three grades. The ESV of different size coat min-
ing cities shows a trend of big cities> medium-sized cities> mega cities> small cities The
study provides some lessons for the vulnerability assessment of other subsystems and hw
mar-environment coupled system, and also gives a basis for relevant departments to adopt

some policies for economic transformation.

Key words: coal- mining city; vulnerability; economic system; principal components analysis



