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Tab.1 Outline of agriculture, livestock husbandry, and social economy in the study area in 2015
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Tab.2 Indicator system and description of livelihood vulnerability assessment at household level
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Tab.3  Comparison of the indicators of risk, livelihood assets, and adaptive capacity
between the high- and low-vulnerability groups
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Fig. 6 Types of livelihood activities of sample households

100% 7
90%
80% A
70% A
60% A
50% +
40% A
30% A
20% -
10% +

0% |
FilfagatE
PEAK

7 BJRIESERERNEITENTRELLR

Fig.7 Comparison of the number of livelihood activities

o4fl o3fp
o2ff mifp

o T LE 2 LA

eSS 1

between the high- and low-vulnerability groups

(26.46% ) LARMES TESBE (61. 68% ) k. BLAN,
HE s A RE A ) P S E (2. 77 ) A HE ARG Mg 55 1k
HEE (3. 54) ik, AT A R 2 BEAL 3 A ) T
R BE I ME S TE o

U AR A RO I Xk IRV 1 S0, B8
B AN REAZ I A P R R KB I RE ST o i ARG
5 5K E B 4 AN W P 9 2300 D 15 351. 28 It
21371.3950, 44it, mMEs R A 97. 53% 1
FREGAF BT AN , AR ME 55 1 S RE 4 v 3R A B i 4
W o

3 whe

ARSI B, et G 583 P 5 B R AR SR B A RS e 7
PSS N AE D B AR, X Piya 27 (95T
SR B HAA D BURF DL B = A 7 19 887 A
S AV DL v U Y QU & g R 7 DD
W7 AN S BN 5 AR T S £ B

Brz migep, GiEmEE L .Rajesh 20540 Ghimire
2 PUBE ST G5 T H R B, 32 AR AR AR i 9 o
PRSI, X AR B IR v AR AL R AR 2
ANlrl X AR B A T eSS R SR AR . 5 HABRIESE
ANTRI ), o D DX 4B MG ) B R, XA — e R
FRRR TR BERINE S . SCRE ) TR E S VAT 3l
BHE AR SCIEAR A B AR — B 8] 0K B2
28, T SE BB b A3 Bl o 78 AR R ] ) Y I [
BRSBTS G 55 Pk (4 Bh ZS R AE | A , AN ] 2
AP a2 T G A AN RUEE IR R S R
o e S TS 4 T A e

R e A R I RE BRI A T 5 1, B
AT EL 221 P R X S it 7 22 B R G, (E AT A —
SR AR O S A SCUT TR AR, 4 LA T B
PR .

(1) BB R B R H

VU L DX R N S ATUAS B N A TR | P
FNGE S B A5 J5 THIAT — € Y RRL . (B Tzt X A
IRIEFRZ PR I SEER, KEFE B
T A o RS s v AR R A M R 3
AR 38 200 S BB R 4 DX I o 3 S8 35 T R
R B 2 SR AW A A SR THEZ BURFA
GBI 55 BE T3 5 0 58 L 2 T 48 AL T
Ve, S AR B T R T

(2) I EHKF

R AE KRR BCERMR A TE FUR, BF
(R SHES SR AN /S ¢ = P O A GO AN DX E N
BEAR ) B ) 1S AR S B SR BRI R L T
O DY B X H B B A (HPU RO X B
RFEHG , BA 7 AR, AR AR — K
W HARE AL . 1R 55 HF Hnt b, @i
98 A 5 580 A, 32 T B0 B %Mk 3R K
-5 A I SR AR BRSO E 551, LT T
E

(3) BEEARNOI A 561 B AR T 2R

AR ATTER 2 v Dt DX G JE ARORSE 1 Btk A 1
VR, BURTXT e Dt X $i Ak 19 22 b A Ol 4R i (4
G RAGHE FhF RIS ) L 803 1 FKBE A 7 1
o fH ey = H AR R I 4 i A R A, AN fiE
ERBIRA T AT R 8k, PR, A BB Ak 28 58 35
PN FEBE BN , FEAL AL B L SE oo,
A A 77 55 A 5+ XA 2R T Je A Ol B



938 W % R 36 %
ARIGI, ISR AR PO 42 A S 5 7] B AR AT B U8 (1):52-64
[5] GAOY, LI X, LEUNG L R, et al. Aridity changes in the Tibetan

SESR L (AR L ROBET Tl SR R dh
TR EE) K e gt AR T AL, S A P R 22
BRI

ARSI T RS TH AT HESE, 76 KU - 22
T - 3E N RE )7 = AN b A HEVE R — YL
{0 M IX 5% RBE B AR MG 5 PE A T AR &R, R
I N IR AT i AR 58 P S 1) 2 51
FH 7w RSN X A A TS TG SR . 1
HELREE: (1) FEREAR KB, 43. 09% S v e 55
PEFRBE , i e 55V A e B A B0 UG By, 275
7RI N RE T 85 5 S22, ARG 53 1k 5 B XU, e I
FETHRE T AME DL AR ) fe o (2) MU 4R B, Rl
SIPESBERT F IR GO By, =2 B TR K
MR (3) RT3 4R T b, e E 55 M K2 1Y
AR BA UM R ARt i BRD 2 E A
Ll IR BEAR SR He i FE AT B A
AT A2l T HACE > G RE IR S 5K
HAULHIR. (4) & N RE Ty 4k T, RE 55 v 5 e
BN 22 AETHRIYEYI RS I 2 R

22 3Lk ( References )

[1] #rfest. EIEE Lk & EIRE R L[R/OL]. 2017 -
10 — 18 [ Xinhua News Agency. The 19th national congress of the
Communist Party of China [ R/OL]. 2017 - 10 - 18] http://www.
xinhuanet. com/politics/19¢pene/2017 - 10/18/c _ 1121821145.
htm

HEL0AE. SRR SRR 0 5 | 1) R 5 St AR ——

TS 4R % W S G 1 JBE 2 W 25 B AR T 0 i 4 [ A R R 22 UM
MEE RS SRR [T, P AR FT 42 35,2018 (9) : 136 — 144
[ CUI Hongzhi. Progress, problems, and implementation paths of

[2

[

Rural Revitalization and Precision Poverty Alleviation; a summary of
the conference on “ Rural Revitalization and Precision Poverty
and the social science and

Alleviation seminar 14th national

economic cooperation network conference” [ J]. Chinese Rural
Economy, 2018(9) : 136 —144]

(3] SREEE, ZWo0, BB, e iR sl S AR [T ], s BEaTR,
2002,21(1):1 -8 [ ZHANG Yili, LI Bingyuan, ZHENG Du. A
discussion on the boundary and area of the Tibetan Plateau in China
[J]. Geographical Research, 2002, 21(1): 1 -8]

[4] YAO T, THOMPSOM L G, MOSBRUGGER V, et al. Third Pole
Environment (TPE) [ J]. Environmental Development, 2012, 3

Plateau in a warming climate[ J]. Environmental Research Letters,
2015, 10(3) : 34013 —34024
[6] LIU F, MAO X, ZHANG Y, et al. Risk analysis of snow disaster in
the pastoral areas of the Qinghai-Tibet Plateau [ J]. Journal of
Geographical Sciences, 2014, 24(3) . 411 -426
mARDY , B TR R T AR I R R S S A LR Y
[J]. TEX®ES5HEE, 2011,25(8):101 - 106 [ GAO

[7

(-

Maofang, QIU Jianjun. Characteristics and distribution law of major
Journal of Arid Land
Resources and Environment, 2011, 25(8): 101 —106 ]

WEI Y, WANG S, FANG Y, et al. Integrated assessment on the

natural disasters in Tibetan Plateau [ J ].

[8]
vulnerability of animal husbandry to snow disasters under climate
change in the Qinghai-Tibetan Plateau[ J].
Change, 2017, 157 139 - 152

FANG Y, ZHAO C, DING Y, et al. Impacts of snow disaster on

Global and Planetary

[9]
meat production and adaptation: an empirical analysis in the yellow
river source region [ J ]. Sustainability Science, 2016, 11 (2) .
249 -260
[10] &hife. MassrE SR 2 RI]. 4l 258, 2004(10) :8 -
12 [ HAN Zheng. Fragility and rural poverty [ J].
Agricultural Economy, 2004 (10) ; 8 —12]

[11] ADGER W N. Vulnerability[ J]. Global Environmental Change,
2006, 16(3) : 268 -281

Issues in

[12] IPCC. Climate change 2007 ; impacts, adaptation and vulnerability
[M]. Cambridge: Cambridge University Press, 2007 3 —26
[13] MOSS R H, BRENKERT A L, MALONE E L. Vulnerability to
climate change: a quantitative approach[ J]. Prepared for the US
Department of Energy, 2001 ; 155 - 167
[14] VINCENT K. Creating an index of social vulnerability to climate
change for Africa [ G]//Tyndall Centre Working Papers. Norwich :
Tyndall Centre for Climate Change Research, 2004 : No. 56
[15] BROOKS N, ADGER W N, KELLY P M. The determinants of
vulnerability and adaptive capacity at the national level and the
implications for adaptation [ J]. Global Environmental Change,
2005, 15(2) ; 151 - 163
[16] CUTTER S L, BORUFF B J, SHIRLEY W L. Social vulnerability
to environmental hazards[ J].

(2): 242 -261
GBETIBOUO G A, RINGLER C, HASSAN R. Vulnerability of

Social Science Quarterly, 2003, 84

[17]
the South African farming sector to climate change and variability :
an indicator approach [ J]. Natural Resources Forum, 2010, 34
(3):175-187

[18] GEY, DOU W, GU Z, et al. Assessment of social vulnerability to

natural hazards in the Yangtze River Delta, China[J]. Stochastic

Environmental Research and Risk Assessment, 2013, 27 (8) .

1899 - 1908

[19] HAHN M B, RIEDERER A M, FOSTER S O. The Livelihood



56

T S — VLT DR R S A T g S LT Al

939

[20]

[21]

[22]

[23

[

[24]

[25

[

[26]

[27

[

[28]

[29]

Vulnerability Index: a pragmatic approach to assessing risks from
climate variability and change—a case study in Mozambique| J].
Global Environmental Change, 2009, 19(1) : 74 - 88

KUMAR P, GENELETTI D, NAGENDRA H. Spatial assessment
of climate change vulnerability at city scale: a study in Bangalore,
India[ J]. Land Use Policy, 2016, 58 514 -532
PANDEY R, JHA S K, ALATALO J M, et al. Sustainable
livelihood framework-based indicators for assessing climate change
vulnerability and adaptation for Himalayan communities [ J].
Ecological Indicators, 2017, 79 : 338 —346

MONIRUL ALAM G M, ALAM K, MUSHTAQ S, et al.
Vulnerability to climatic change in riparian char and river-bank
households in Bangladesh: implication for policy, livelihoods and
social development[ J]. Ecological Indicators, 2017, 72 23 - 32
WEREE , WSCI I, T AR, 55, AU IE ) T R AL 20 e
ST ——3E T NS BRI 4 DAL R R [ T].
FE & R4 P, 2016 (7): 67 - 80 [ TAN Shuhao, TAN
Wenliejing, LI Tingyu, et al. Herders’ social vulnerability to
climate change: based on the investigation of four livestock
husbandry banner in Xilinguole League, Inner Mongolia [ ] ].
Chinese Rural Economy, 2016 (7): 67 -80]

RAJESH S, JAIN S, SHARMA P. Inherent vulnerability
assessment of rural households based on socio-economic indicators
using categorical principal component analysis: a case study of
Kimsar region, Uttarakhand[ J]. Ecological Indicators, 2018, 85
93 - 104

GHIMIRE Y N, SHIVAKOTI G P, PERRET S R. Household-
level vulnerability to drought in hill agriculture of Nepal:
implications for adaptation planning[ J]. International Journal of
Sustainable Development and World Ecology, 2010, 17 (3):
225 -230

FANG Y, ZHAO C, RASUL G, et al. Rural household
vulnerability and strategies for improvement: an empirical analysis
based on time series[ J]. Habitat International, 2016, 53, 254 -
264

WIS e A R DX AL S 5 P 2 TP B 5
JELT). Ho3A}2£5k R, 2011,30(1); 27 =34 [ YU Ou, YAN
Jianzhong, ZHANG Yili. Reviews on regional climate change
vulnerability assessment [ J]. Progress in Geography, 2011, 30
(1):27-34]

WANG Y, WANG J, LI S, et al. Vulnerability of the Tibetan
Pastoral Systems to climate and global change[ J]. Ecology and
Society, 2014, 19(4) . 8

EITIN, sk 5t LA A A S P R ——— 4~
W HTHESRL v [ P R LA A PR T SRR [T ] BRI
#2,2015,30 (11) : 1798 - 1810 [ PENG Kaili, ZHANG Anlu.

Farmers > vulnerability in farmland conversion: analytical

framework and empirical research on five provinces in central China

[J]. Journal of Nature Resources, 2015, 30(11) ; 1798 —1810]

[30]

[31]

[32]

[33]

[34]

[35]

[36

[

[37]

[38]

[39]

CELIDONI M. Vulnerability to poverty: an empirical comparison
of alternative measures[ J]. Applied Economics, 2013, 45(12)
1493 - 1506

MUTABAZI K D, SIEBER S, MAEDA C, et al. Assessing the
determinants of poverty and vulnerability of smallholder farmers in a
changing climate: the case of Morogoro region, Tanzania [ J].
Regional Environmental Change, 2015, 15(7) ; 1243 - 1258
WARD P S. Transient poverty, poverly dynamics, and
vulnerability to poverty: an empirical analysis using a balanced
panel from rural China [ J]. World Development, 2016, 78:
541 -553

GIBERT J M, AUSTIN E M, FADEL G. A Household Social
Vulnerability Index ( HSVI) for evaluating adaptation projects in
developing countries [ J ]. Rapid Prototyping Journal, 2010, 16
(4):284-294

L, BT, BER S TR AR P A0
SIBMCHINESS VLW —— LA B R [ 1], A
4R ,2016,36(13) :4141 - 4151 [ ZHAO Xueyan, LIU Chunfang,
WANG Xueliang, et al. Assessment of the vulnerability of
farmers’ livelihoods to ecological degradation in arid regions of a
continental river basin: a case study of the middle-lower reaches of
the Shiyang River in China[ J]. Acta Ecologica Sinica, 2016, 36
(13): 4141 -4151]

VEFIY-, B8, BhRET . DX AR AN PRI M 580 1 PP A —— LA 7 g
S YL X AT ], AR ,2006,24 (6) : 761 - 768
[ TAO Heping, GAO Pan, ZHONG Xianghao. A study of regional
eco-environment case of “ One-River-Two-
Tributaries” , Tibet [ J].
761 -768 ]

L A WY, SRS, . R IRUR IR R R AR T I 5
PEVEAS [J]. Hb B RL 4%, 2011, 27 (7): 858 — 867 [ YAN

Jianzhong, YU Ou, WU Yingying, et al. Livelihood vulnerability

vulnerability—a

Mountain Research, 2006, 24 (6):

assessment of farmers and nomads in Eastern Ecotone of Tibetan
Plateau, China[J].
858 —867 ]

LI C, TANG Y, LUO H, et al. Local farmers’ perceptions of

Scientia Geographica Sinica, 2011, 27(7) :

climate change and local adaptive strategies: a case study from the
China [ J].
Environmental Management, 2013, 52(4) . 894 - 906

TR, BRBHAE , JE A, 45, 30 50 4R SURAR AL X P — L
PR 3t DAl S MR BRI A SR [T ] BR R4, 2010,32
(10) ;1943 1954 [ ZHANG Geli, OU Yanghua, ZHOU Caiping,

Middle Yarlung Zangbo River Valley, Tibet,

et al. Response of agricultural thermal resources to climate change
in the region of the Brahmaputra River and its two tributaries in
Tibet during past 50 years[ J]. Resources Science, 2010, 32
(10): 1943 -1954 ]

ZHANG G, DONG J, ZHOU C, et al. Increasing cropping
intensity in response to climate warming in Tibetan Plateau, China

[J]. Field Crops Research, 2013, 142; 36 —46



940

36 %

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

PpATEE, XUJEL . P — L ) v ol AR A5 B 5 R
PApEie[J]. HEERHEBIFR, 1997,10(1) 146 - 51 [ YANG
Benjin, LIU Houtian. The agricultural ecological environment and
its protection ways in the middle region of the Tibet “One River
and Two Stream” [ J]. Research of Environmental Sciences, 1997 ,
10(1): 46 -51]

P A XS R. PUIGE T AR S [ M. dE o ST AR
41,2016,129 — 184 [ Tibet Autonomous Region Statistics Bureau.
Tibet Statistical Yearbook [ M ]. Beijing: China Statistics Press,
2016, 129 - 184]

BATTAGLINI A, BARBEAU G, BINDI M, et al. European
winegrowers’ perceptions of climate change impact and options for
adaptation[ J ]. Regional Environmental Change, 2009, 9 (2):
61 -73
AYANLADE A,
smallholder

RADENY M, MORTON ] F.
of

Comparing
farmers’  perception climate change with
meteorological data: a case study from southwestern Nigeria[ J].
Weather and Climate Exiremes, 2016, 15(1) ; 24 —33

JIRT O, MAFONGOYA P, CHIVENGE P. Smallholder farmer
perceptions on climate change and variability: a predisposition for
their subsequent adaptation strategies[ J]. Journal of Earth Science
and Climatic Change, 2015, 6(5):1-7

PANDA A. Exploring climate change perceptions, rainfall trends
and perceived barriers to adaptation in a drought affected region in
India[ J]. Natural Hazards, 2016, 84(2): 1 =20

SIMANE B, ZAITCHIK B F, FOLTZ J D. Agroecosystem specific
climate vulnerability analysis: application of the livelihood
vulnerability index to a tropical highland region[ J]. Mitigation and
Adaptation Strategies for Global Change, 2016, 21(1) : 39 —65
SRR, X5 HE AR, 55 i A A s DX A A X AR T
BINESE ML W —— U H R s RO I [T]. AR A,
2016,35(3) :781 =790 [ ZHANG Qin, ZHAO Xueyan, LUO Li,

et al. Assessment of the impact of climate change on vulnerability

of farmer households’ livelihood in an ecologically vulnerable alpine

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

region ; taking Gannan Plateau for example[ J]. Chinese Journal of

Ecology. 2016, 35(3): 781 =790 ]

DFID. Sustainable livelihoods guidance sheets [ M ]. London:
Department for International Development, 2000: 68 — 125
EAKIN H, BOJORQUEZ-TAPIA L A. |Insights into the

composition of household vulnerability from multicriteria decision
analysis[ J]. Global Environmental Change, 2008, 18(1): 112 -
127

PIYA L, JOSHI N P, MAHARJAN K L. Vulnerability of Chepang
households to climate change and extremes in the Mid-Hills of
Nepal[ J]. Climatic Change, 2016, 135(3 —4) . 521 —537

HUA X, YAN J, ZHANG Y. Evaluating the role of livelihood
assets in suitable livelihood strategies: protocol for anti-poverty
policy in the Eastern Tibetan Plateau, China [ J]. Ecological
Indicators, 2017, 78 62 - 74

SHAH K U, DULAL H B, JOHNSON C, et al. Understanding
livelihood vulnerability to climate change: applying the livelihood
vulnerability index in Trinidad and Tobago[ J]. Geoforum, 2013,
47. 125 - 137

PNz HR, BN, SE AR MESS LT T s B A AR
HLI]. P ERRZ5,2007, (4) :32 -39 [ LI Xiaoyun, DONG
Qiang, RAO Xiaolong, et al. Farmers’ vulnerability analysis and
its localization application[ J]. Chinese Rural Economy, 2007,
(4):32-39]

RAJESH S, JAIN S, SHARMA P, et al. Assessment of inherent
vulnerability of rural communities to environmental hazards in
Kimsar region of Uttarakhand, India [ J ]. Environmental
Development, 2014, 12 16 —36

e, H M, B, 4. JET GIS F1 ANN [ P AR T 55 1 1
ZSEIEL T[], 2= 4, 2012,30 (5) : 622 - 627 [ LIU
Jin, GAN Shu, LYU Jie, et al. Spatial simulation using GIS and

artificial neural network for household livelihood vulnerability[ J].

Mountain Research, 2012, 30(5) : 622 —627 |



56 T S — VLT DR R S A T g S LT Al 941

Household-level Livelihood Vulnerability Assessment in
the YNL River Region of the Tibetan Plateau, China

LI Caiying', YAN Jianzhong'* , HUA Xiaobo®, ZHANG Yili’
(1. College of Resources and Environment, Southwest University, Chongqing 400716, China;
2. Graduate School of Asian and African Area Studies, Kyoto University, Kyoto 606 —8501, Japan;
3. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research ,

Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Although numerous studies concerned about the livelihood vulnerability to climate change at district or
community level, few researches on how to precisely identify the vulnerable population have been done. A
household-level assessment of livelihood vulnerability contributes to a deeper understanding of the characteristics of
vulnerable population, enlightening the policymaker to develop climate change adaptation strategies and poverty
alleviation policies for farmers and herders. In this study, 188 households were investigated along the Yarlung
Zangbo River, the Nyangqu River and the Lhasa River Region (the YNL river region) in the Tibetan Plateau.
Followed by a framework of sustainable livelihood analysis and an approach of evaluation on “risk-livelihood asset-
adaptive capacity”, a household-level livelihood vulnerability indicator system was introduced and accordingly the
sampled households were classified into two categories (i. e., the highly and the lowly vulnerable households)
using K-means clustering. The results showed that: (1) The highly vulnerable households accounted for 43.09% of
all involved households, which featured in a higher level of risk, but a lower level of livelihood assets and adaptive
capacity as compared with those of the lowly vulnerable households. (2) Compared to the lowly vulnerable
households, the distinguishing feature of the highly vulnerable households were those, such as highly subjected to
natural resources, more susceptible to extreme climate disasters, poor livelihood diversification, and insufficient
government subsidies. The study suggests that the government should actively take actions to control natural
disasters, to improve educational level and to promote livelihood diversification, which would help farmers and

herders improve their adaptive capacity and reduce livelihood vulnerability.

Key words: livelihood vulnerability; risk; livelihood asset; adaptive capacity; Tibetan Plateau



