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Fig. 1 The concept and connotation of social vulnerability
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Fig. 2 Social vulnerability assessment framework
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Fig. 3 Sketch map of the study area and investigation samples
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Fig. 4 Differentiation of exposure, sensitivity, adaptive capacity and social vulnerability at Jiedao level in Xi'an's fringe area
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Fig. 5 Differentiation of exposure, sensitivity, adaptive capacity and social vulnerability at community level

in Xi'an's fringe area



64 BRZE A5 PO A A 5K T P T G X 2 Mg s e 22 RUBETA 1011

®2 HRREMSEHERR

Tab. 2 Types of social vulnerability at community level

. e HURETREL SEIATIEWAE 1Y QR R DG 2 (=11 A
B beifEzE M ARz B bR I dRiEE Bk Hil(%)
SV 0.448  0.079 0353 0.108 0.257  0.070 0.063  0.019 7 16.7
el ERERL 0420 0.136 0.395  0.082 0.256  0.095 0.069  0.060 16 38.1
JEAEFFRAEL 0595 0.168 0397  0.122 0.401  0.150 0.078  0.067 9 214
HEEER 0441 0.165 0377  0.119 0.435  0.126  -0.001  0.041 10 23.8
SO 0.467  0.155 0384  0.102 0330 0.137 0.053  0.060 42 100

O A& it Ak DX A 22 T B R kT PR . 28 R M Ak 2 e A 4%
R X B TR PR MURMEFE B N AE T BRI £ i 55 M 4R SO A 4 R
0.448. 0353, 0.25710.063, #ME5HPEFEEAEAS R P AL FAIXTES R K. @ k&
AR X AV 2285 S8 0 7=\ R X AE i 2 Ak DX A v o A 2E 3T 2R LR A
FEI PRt 45 X P A e o DX A AR R B ) B AL R P=alb Sk, 5k JLAN =l I 22 IX ST 41k
PO 25 (A 5k A B8l i 22—, IR X R iR e s BRI R B, E e s
BRI 2 e 59 PEFE B2 20 510 0.420. 0.395. 0.256 F110.069, 5 HAWZERIAALL, 4
e 55 S B AR A . B JEATTF R B Al b 3250 FHAE b 7 IF &, X2k
ARG LT s [ ik i BB S )y, SRR X R R R R SRR B SE NI RE R
B2 e 59 MR BOEE 2 91 0.595 . 0.397. 0.401 F10.078, FE2sMess e 5rE &2
IR Fhe K. @ 208 DIRE AT DX A b FH H 32 B0 VG 22 T 4% K e BT A X T o
H, AR X o S, EEAET R R AR B IR . AR B SRR 2
JEEBEH A I XK 2EI %A X FR TR B P4k . MUSRPEFE 8 . 36 WV RE ST HR BRI S e 55
PEFEEOE- B4 918 0.441 . 0377, 0.435 F1-0.001, F-23 06 555 Ko fe 4 2 3 v kb T f
Ko
43 RPARE

s A (5) il 5 ;2% 88— USR8 OIS N BE I F8 81, A RRAA K
(4) HEARRA A2 PER S S5 ER, K EE—UREIRECEE N 0.173,
T N BE AR B R 0257, A2 MEss MR BCF I R 0731, it —2 4B ARl A
FEMEETE2E S, 43N A5 A P R R —WURR P H8 BIORN I 1V e P8 BGHEA T Z bR fb AL
PAGE/INFI B 2Z R LR 225 RN B 25 SR R e S R L, AR R MR R AR TR
et st EBOON (F6), JRIEZ SRR, BEFrA AR R 4 Al (£3),
O KA . BRFE—RE . BENAE AL, 7R R E— RS R SO N
0.317, BN AENHEECEYIE R 0342, PIZEE, Lo MEss e B4 M 0.976, Ak
FrmAk Y, @ KA . RBRRE—HRE . SENEE R, 2R P RE— R ETS
BOEHIME R 0.110, 350 AE JIHEECE A 7 0325, Bf—HUREEFe 0t THRARAE, i
TGN BB I FR B A, A SIS R SRR, FIME N 0.344, B KA . KA ER
— R | GE RIS AR P B R — R FE O E M 0.099, 3 N RE S5 AL
SEYE R 0.190, PHE AR, ST TERSECEYIE R 0.555, AT HRKF-, @ K8
V. SR E—UEE . (GERNRE A, AR P 2 — U S B 4{E o 0.286, &
N RE SR BB R 0195, BfE—MUSEEFRBUR &, MG N A AR BN RAL, S8t
WassrEde B e, FIME L 1.507,



1012 i B 2E 734

Z-Al
4
L]
3
° [}
[ [ J
°® ° [ J
3 4 5
Z-ESI
[

Kle A R hess ity

Fig. 6 Differentiation of social vulnerability at land-lost household level
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Fig. 7 Correspondence of social vulnerability hierarchy at different scales

5 #hgHitie

5.1 Zig
(1) #E2MEs e TN s Tt SR8, BT H S A SURPERRE R B = X}
ASFNPL BT B N GE 7 i 52 4852 2] 1) B 5 e s TR . AN B a2 R a S5 1
B4, RENIEFRE R et S ME st rY E 2R . 4E S ass i RE L4525
FRE (FRX s X)) RIS R (R . BHARFIHESHEY).,

(2) BEWN TR, BREARSEIZR, W T S5 EANHELE (SVAF),
FLFEIARR PN BT . EHT Okl BE TR . WEITEM R | e e AR R . ik
B i RGNS TR BEER . HUSE RGN RE T PR AR AT AL A 2
WSS TERAZ AR, RT3 X 3 4 B R MR R bR B e U A S R 5 M PPN PR PR A &

(3) X PGS [ B B PG L3k i 2% XA E . A DR P T i 2 s 55 407
e, AR E AT rEas [ (CGRRY) g, HERE L, Kk S st
G K, B8, fr mﬁAW%ﬁﬁLﬁ%Eﬁﬁm%B%@;ﬁBRE
b, I AEHBHE AT R 2, R AT R A XA e s e R, A )
AR AR PR L, #hasMesstELirh a3, sk s ass e giok . el Tkt
SR B .

(4) XFHOEIE . 4R XA 3 A RBEFE S a5 R 25 R T g it o b, 3R
B 2 (AR SCBRARAE . BE BB —4 X —A P R A i ARk, wh 2 e S5 k8 5 %L
B A Mo ie e b, I HUMRMEAREE R o 3, BEERIZEM T, (MERE
PR E. AP —tXREZE, thaWesstEas s . b R3S T4k xT
K R A AU AR B, T At B A RUBE [RT R 61 56 BRI A T4 2
5.2 11

(1) PRl G H A FEAMA R IR TF AL S ME S PRI B 98 1) S8 . AN ] R 2R R RN
KHRPFﬁﬁsA%F%%mu&%ﬁ@%ﬁ%ﬂMﬁ%Eﬁ%%iﬁou%%Fﬁ
B, FEDX T e X AR A ] T R S EE A ) AR, HRE R,



1014 i B 2E 734

JEFE AL IE B 2 . BN, BT TR Uish ik ek, X A 525 AR L
DX N TR ZE S A ) 320K o Ao BAOUHY B ER T ASHED 7, foin, BE—4t DX 32 XS
Wiy, ARMESP HEAN R S B B s TR KGE AR BE A 26 5, HLRE NI Jim RN i X i 71
FOLMESSPERRIE o A SCrh MU P 252 FE TR AR S RO e s S e X — 5 oo SRR i
PRHRAT AL S RGO B A S Z 2SR S, SRR T RGN ELRAE, W
b, SURPEIR b 2 P LTRSS F S D RE TR PR S M. MR AL S eSS PR P I
R GEH NAELE M RHIEDRE 1IN 2R 58 L AP h BT S8 R G5 HIEEA S5 M RERY
L, L o o i e SR s R M TR 5 A% 0 B DA 1 e 5 o A7 2 > G 55 1
WFTERIME R o

(2) BEHIAE 2 MESE PR PEAL B RUBERNE, A 22 RUBE IG5 M Al b el s e RUE S

KIBRFIE . WESRKF, I8 XA 3 UZ AL 258 PERE RO 2 B R A 1k
Perfilad, XAE—E R LX)k 34 RUEE it 2 a5 PEREAS L (A B R A PR 2 RSB T
Bk, fE3MEZME ., B RS ESEEESON N E R b, HA R —HIXZ R
X RBONWIE, AP —nE | AEX—HrEZ EEARE . FRENATREE T, HiE
REEJEHEIR, 2B mtEsR, Bkt XTEPPARAERE |22 R il REHOR, U H 2 5%
JEE,  [R]— > 9 R PN AN [R) s 14 2 [RI T Aok F 22 5K, AT 3 B0MS RUBE =22 [
XA . R X Z B AR B e R, RPRTE TAE X RETE N,
FEPRE IR T 25 (8] P 5K T, AT X B ERAE SRR T, Ak DX A B4 o P A ) A
5, AHELT RS N SRR A A — il . RN SRR A X — I T 5, A A X 1]
MR R AT R R, R Z A M 9 PSR 028 S i — B S X iR W . Rkt
SMESSVERTIE D, AR IR R 225 . RUBESCHR | RUBEHOMSURT RUBE AL 1B A ()l LAk
— B At 2 S R A OB

(3) *rafEsgth et o RGN —FIRPERFAL, o MEss v iralnl DU S B )
23 [A] BAC 22 (B A [ AL BT 2 [l 2 G s PERE HE 25 53 09 LU, XA BERIPE RO IR Mg 555
PRI BLHA R S BRAE S eSS PG 2 A, i w5 B — 2D T A 2 e 55 P i A i
P SEMANER | AR LB SR BN A5 N AR BESE, IS S R SGIE T, A REHIE
A s RS S AR . A EE . AHRDORIR P 3N RUEZ AT SR, b
AR EE A2 e S PR 2R 20 S B2 ] 38 DL R s ROBE A B, 48 s DR 23 [l 7 k4
) 3T G XA 2 e S MR LR A SR Bt — 2D PRI N 2

5% L Hf (References)

[ 1] Cutter S L. Vulnerability to environmental hazards. Progress in Human Geography, 1996, 20(4): 529-539.

[2] Adger W N. Vulnerability. Global Environmental Change, 2006(16): 268-281.

[3] Carrao H, Naumann G, Barbosa P. Mapping global patterns of drought risk: An empirical framework based on sub-
national estimates of hazard, exposure and vulnerability. Global Environmental Change-Human and Policy Dimensions,
2016, 39: 108-124.

[4] Shi Peijun, Wang Jingai, Chen Jing, et al. The future of human- environment inter action research in geography: Lessons
from the 6th Open Meeting of IHDP. Acta Geograhica Sinica, 2006, 61(2): 115-126. [SR 1545, FH#Z, Wi, 2. 21t
B2 2 N A EAT TS B 1 2 BRAE A0 AN AT R (IHDP) 55 75 e T 2 LB L. M B 22417, 2006, 61(2):
115-126.]

[ 5] IPCC. Climate Change: Impacts, Adaptation and Vulnerability. Cambridge, UK: Cambridge University Press, 2001.

[ 6] UNISDR. Living with Risk: A Global Review of Disaster Reduction Initiatives. Geneva: UN Publications, 2004.

[7] Xin Yuan, Wang Shourong. Future earth research programme and sustainable development. China Soft Science



64 BRZE A5 PO A A 5K T P T G X 2 Mg s e 22 RUBETA 1015

Magazine, 2015(1): 20-27. [FFI, E5FAR. “ASRHIK B4R 50T R0 . ihEIEGERE, 2015(1): 20-27.]

[8] Galea S, Ahern J, Karpati A. A model of underlying socioeconomic vulnerability in human populations: Evidence from
variability in population health and implications for public health. Social Science & Medicine, 2005, 60(11): 2417-
2430.

[9] Zhang Pingyu, Li He, Tong Lianjun, et al. Vunerability of Human-environmental System for Mining Cities: Theory,
Method and Empirical Study. Beijing: Science Press, 2011. [#KkF-F, Z889, (&% %, 25, B\ IR A RS pa s v B
W IrERISAIE. JEat: BA I, 2011

[10] Adger W N. Social vulnerability to climate change and extremes in coastal Vietnam. World Development, 1999, 27(2):
249-269.

[11] Adger W N, Eakin H, Winkels A. Nested and teleconnected vulnerabilities to environmental change. Frontiers in
Ecology and the Environment, 2009, 7: 150-157.

[12] Cutter S L, Boruff B J, Shirley W L. Social vulnerability to environmental hazards. Social Science Quarterly, 2003,
81(1): 242-261.

[13] Emrich C T, Cutter S L. Social vulnerability to climate-sensitive hazards in the southern United States. Weather Climate
and Society, 2011, 3(3): 193-208.

[14] Cutter S L. The perilous nature of food supplies: Natural hazards, social vulnerability, and disaster resilience.
Environment, 2017, 59(1): 4-15.

[15] Blaikie P M, Cannon D, Davis I, et al. At Risk: Natural Hazards, People's Vulnerability, and Disasters. London:
Routledge, 1994.

[16] Birkmann J, Cardona O D, Carreno M L. Framing vulnerability, risk and societal responses: The MOVE Framework.
Natural Hazards, 2013, 67: 193-211.

[17] Ivar S Holand, Péivi Lujala, Jan Ketil Red. Social vulnerability assessment for Norway: A quantitative approach.
Norwegian Journal of Geography, 2011, 65(1): 1-17.

[18] Depietri Y, Welle T, Renaud F G. Social vulnerability assessment of the Cologne urban area (Germany) to heat waves:
Links to ecosystem services. International Journal of Disaster Risk Reduction, 2013, 6: 98-117.

[19] Chen W F, Cutter S L, Emrich C T, et al. Measuring social vulnerability to natural hazards in the Yangtze River Delta
Region, China. International journal of Disaster Risk Science, 2013, 4(4): 169-181.

[20] Cutter S L, Finch C. Temporal and spatial changes in social vulnerability to natural hazards. Proceedings of the National
Academy of Sciences of the United States of America, 2008, 105(7): 2301-2306.

[21] Siagian T H, Purhadi P, Suhartono S, et al. Social vulnerability to natural hazards in Indonesia: Driving factors and
policy implications. Natural Hazards, 2013, 70(2): 1-15.

[22] Ge Yi, Shi Peijun, Liu Jing, et al. Improvement and application of vulnerability assessment methodology for flood
hazards in China: Using Changsha Prefecture as a case study. Journal of Natural Disasters, 2005, 14(6): 54-58. [& 15, &
BRAE, X0k, 45 i R KA NG MG 7 2 B scIE S 1 LI YP DR 1. H SR 2241, 2005, 14(6): 54-58.]

[23] Zhang Qian. Herders' social vulnerability to climate change: A case of desert grassland in Inner Mongolia. Sociological
Studies, 2011(6): 171-195. [3KA. RN AL AL AL METTME: LA P9S8ty S o i — AW Sy ], b 2e2 5
5%, 2011(6): 171-195.]

[24] Li He, Zhang Pingyu. Vulnerability of urban employment of mining cities in Northeast China. Geographical Research,
2009, 28(3): 751-760. [ZEE8, 5KkF-F. AR XA W TTAE Sl 5515434 HUERRFSE, 2009, 28(3): 751-760.]

[25] Zhou Limin. Social vulnerability: A new perspective for the study of sociology of hazards. Journal of Nanjing Normal
University (Social Science), 2012(4): 20-28. [JAFIf. #hasMasst: & F b= B mati kM k&R
2ERR), 2012(4): 20-28.]

[26] Xie Pan, Wang Yanglin, Liu Yanxu, et al. Incorporating social vulnerability to assess population health risk due to heat
stress in China. Acta Geograhical Sinica, 2015, 70(7): 1041-1051. [i§ffy, EAMEE, X 205, 45, FeT 402 [ 550 10 v
B N HRE XUB TEAr . M P41, 2015, 70(7): 1041-1051.]

[27] He Yanbing, Huang Xiaojun, Zhai Lingxin, et al. Assessment and influencing factors of social vulnerability to rapid
urbanization in urban fringe: A case study of Xi'an. Acta Geograhical Sinica, 2016, 71(8): 1315-1328. [{a[ vk, THEEE,

BAEE, LD AL G X2 S PETAN SR P R B BEAEHE, 2016, 71(8): 1315-1328 ]

[28] Liu Jisheng, Na Wei, Fang Yangang. Research on vulnerability and countermeasure of social system of Liaoyuan city.
Economic Geography, 2010, 30(6): 944-948. [X 4k, AR, D I, S0 it 2 R S8 A Me 55 P S LR . 28 35F
HuFH, 2010, 30(6): 944-948.]



1016 i B 2E 734

[29] Tate E. Uncertainty analysis for a social vulnerability index. Annals of the Association of American Geographers, 2013,
103(3): 526-543.

[30] Gu Chaolin, Chen Tian, Ding Jinhong, et al. The study of the urban fringes in Chinese megalopolises. Acta Geographica
Sinica, 1993, 48(4): 317-328. [JBIEIAK, PR, T 4%, 4. o BRI 2 KRR AT 9. 374, 1993, 48(4): 317-
328.]

[31] Peng Jian, Ma Jing, Yuan Yuan. Research progress and prospect on the identification of urban fringe. Progress in
Geography, 2014, 33(8): 1068-1077. [3ZHE, h iy, 7208, T 30 Gy WU 5 it e 5 J 2. b R} 7 3JE i, 2014,
33(8): 1068-1077.]

[32] Huang Xiaojun, Huang Xin, Cui Cailan, et al. The concept, analytical framework and assessment method of social
vulnerability. Progress in Geography, 2014, 33(11): 1512-1525. [#IE%, 58, MR 2, 45 LS MEF AR S A TiES
SN thBRLEIERE, 2014, 33(11): 1512-1525.]

[33] Turner Il B L, Kasperson R E, Matson P A, et al. A framework for vulnerability analysis in sustainability science.
Proceedings of the National Academy of Sciences of the United States of America, 2003, 100: 8074-8079.

[34] Gallopin G C. Linkages between vulnerability, resilience, and adaptive capacity. Global Environmental Change, 2006,
16: 293-303.

[35] Engle N L. Adaptive capacity and its assessment. Global Environmental Change, 2011, 21: 647-656.

[36] Eakin H, Luers A L. Assessing the vulnerability of social-environmental systems. Annual Review of Environment and
Resources, 2006, 31: 365-394.

[37] Acosta-Michlik L, Espaldon V. Assessing vulnerability of selected farming communities in the Philippines based on a
behavioural model of agent's adaptation to global environmental change. Global Environmental Change, 2008, 18(4):
554-563.

[38] Polsky C, Neff R, Yarnal B. Building comparable global change vulnerability assessments: The vulnerability scoping
diagram. Global Environmental Change, 2007, 17: 472-485.

[39] Li Pingxing, Fan Jie. Regional ecological vulnerability assessment based on VSD model: A case study of Xijiang River
Economic Belt in Guangxi. Journal of Natural Resources, 2014, 29(5): 163-170. [Z253F- /2, BEAS. FEF VSD BRI [X 5§,
A RGNESIVEPEN: LT PEPIIT TR 0 . A ARVTIREAAR, 2014, 29(5): 163-170.]

[40] Chen Jia, Yang Xinjun, Yin Sha, et al. The vulnerability evolution and simulation of the social-ecological systems in the
emi-arid area based on the VSD framework. Acta Geograhical Sinica, 2016, 71(7): 1172-1188. [[54E:, #5842, 75, 55,
LT VSDHEZL R T R X AL S — 28 R G M s M (b S L B 2E4], 2016, 71(7): 1172-1188.]

[41] Cui Yuxi. Research on sustainable livelihoods of land-lost farmers in the process of urbanization: Based on the survey
of Chang'an District in Xi'an [D]. Yangling: Northwest A & F University, 2013. [#£ 545, 3 fb b fe oo 2k g ) v] 5
ZEATHISEID]. B PUALAHBIE R, 2013 ]

[42] Song Jinping, Zhao Xijun, Yu Wei. The Space Evolvement and Recombination in the Urban Fringe of Beijing. Beijing:
Science Press, 2012. [K 4, VG, T15. et & X 25 g ibmifb S s, dbat: Bl e, 2012.]

[43] Peng J, Zhao S Q, Liu Y X, et al. Identifying the urban- rural fringe using wavelet transform and kernel density
estimation: A case study in Beijing City, China. Environmental Modelling & Software, 2016, 83: 286-302.

[44] Wang Yan, Fang Chuanglin, Zhang Qiang. Progress and prospect of urban vulnerability. Progress in Geography, 2013,
32(5): 755-768. [ L, Jr Bk, sk, Sl MEss e mE I PR S5 . 3R =k, 2013, 32(5): 755-768.]



64 BRZE A5 PO A A 5K T P T G X 2 Mg s e 22 RUBETA 1017

Multi-scale assessment of social vulnerability to rapid urban

expansion in urban fringe:
A case study of Xi'an

HUANG Xiaojun"?>, WANG Chen', HU Kaili'
(1. College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China;
2. Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi'an 710127, China)

Abstract: Social vulnerability assessment is an important approach to analyzing the elements
of vulnerability, quantifying degree of social vulnerability, and identifying vulnerable spatial
units or social groups. Meanwhile, related policies addressing targeted management of social
vulnerability are necessary. Therefore, we analyzed the concept and connotations of social
vulnerability in four aspects, i.e., disturbance, structure, dimension and scale. We established a
framework for social vulnerability assessment that defines the evaluation process, objective,
elements, data and method. Based on this framework, we developed a common evaluation
index system of social vulnerability according to the three dimensions of exposure, sensitivity
and adaptive capacity. Finally, the social vulnerability assessment framework was applied to
the case of the urban fringe of Xi'an, which has undergone rapid urban expansion. Using a mix
of qualitative and quantitative analyses, we combined data from a statistical yearbook, in-
person interviews and household surveys and evaluated multi- scale social vulnerability. The
spatial differentiation and types of social vulnerability were displayed according to three scales,
i.e., Jiedao, communities and land-lost peasant households. The proportion of Jiedao with a low
social vulnerability index was 48% . The social vulnerability index of communities
requisitioned by housing estate was the highest, and the social vulnerability index was the
lowest in the area of educational function. More than half of the land-lost households lay in the
middle range of the social vulnerability index, with fewer households having a high index than
those having a low index. With the decline of the scale from Jiedao to household, the low value
distribution of the social vulnerability index changed from decentralization to centralization.
Meanwhile, we found a significant correspondence at the level of the social vulnerability index
between household and community, but not for other levels. Our research highlights the social
vulnerability assessment framework involved in the evaluation process, index system, data
organization, method and multi-scale assessment. These conclusions could be further explored
for theoretical research and practical application of social vulnerability assessment.

Keywords: social vulnerability; assessment framework; index system; urban fringe area; land-
lost farmers; Xi'an



