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Abstract: The effect of environmental degradation on the agricultural population is particularly significant in continental
river basins in the arid regions. Therefore, it is necessary to evaluate the vulnerability of farmers’ livelihoods to
environmental degradation, and to identify both vulnerable populations and the causes of this vulnerability, in order to
formulate measures to ameliorate these effects in agricultural populations. We conducted our study in the middle-lower
reaches of the Shiyang River in China. Stratified random sampling surveys, participatory rural appraisals, and plot
investigation were used to investigate and sample 366 households. We analyzed the farmers’exposure and sensitivity to
environmental degradation and their adaptation ability, and assessed the vulnerability of their livelihoods to environmental
degradation. We then used an econometric model to evaluate which factors have the greatest influence on the vulnerability of

farmers’ livelihoods to environmental degradation. Our results indicate the following: (1) exposure level, sensitivity, and
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adaptation ability were highest among high-income and well-educated farmers; however, livelihood vulnerability was also
highest for these farmers; (2) farmer’s exposure level, sensitivity, and livelihood vulnerability was lower, but adaptation
ability was higher in farmers with single-livelihood strategies than those with multiple-livelihood strategies; and also in pure
agricultural households than off-farming households; (3) The degree of environmental degradation was the most important
influence on the vulnerability of a farmer’s livelihood, but the farmer’s affluence, education level, social capital, and
livelihood strategy were key factors as well. We recommend reducing or remediating the effects of environmental
degradation, increasing farmer affluence, education level, and social capital, and promoting diversified livelihoods to
decrease livelihood vulnerability in agricultural populations. Finally, we indicate other concerning issues in research into

livelihood vulnerability.

Key Words: farmer affluence and education; environmental degradation; adaptation ability; livelihood vulnerability;

Shiyang River
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S T LA (8 YRR K M X | 2 AR R KR 15.75%10° m® , S HIFRK R B b R K BRI 1.1
10°% m? , KBV A 16.85%10% m® | AFJ/KBEUR 788 m® A My Bk Bk 2k 1700 m®/ A\ (K 44.47% ; 7K %R
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Table 1 The evaluation index of farmers’ livelihood vulnerability to ecological degradation
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Table 2 The farmers’ information in the middle—lower reaches of Shiyang River

o AR A 5N 2B TR % .-
e ?(}\Eﬂ%;‘ %Li’]\jj Kk Labour’s education level ﬁ\ﬂjﬂ& it/
AT /P (AN /7T .
2L o ) Livelihood
Farmer's type Family Labour XH M (2 Fl RERUL Per capita . 1vc' 1 00,
scale quantity iterac Primary  Junior high Senor high College or income diversification
teracy school school school above index
4lif¢ F'' Farming household 4.62 3.23 5.23 22.58 26.76 25.21 20.22 6076.83 1.35
£ Household
ol Houschold 4.86 3.31 6.56 32.00 29.04 19.28 1312 7381.87 1.80
with combined occupation
B4 P Off farming househol 4.45 2.64 2.80 40.23 37.06 11.96 7.99 8255.34 1.95

2.2 RPVETR AR SRR B

SEAFSE A S AR A 25 XU DX I e e N IS 1 e 2 285 XURS: DX ol N i R IR Je 20 ep R ik
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B A X AR AR IR B R L1 0.894, FLrp RURAC P RO BRER I 0.898 , i THiFA
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Table 3 The farmer’s exposure, sensitivity ,adaptation ability and livelihood vulnerability to ecological degradation in the middle—lower

reaches of Shiyang River

A2l TR R & N fE T AT 8 B
Farmer's type Exposure Sensitivity Adaptation ability  Livelihood vulnerability
A Income i Low 0.904 0.879 0.343 0.502
i Middle 0.876 0.862 0.381 0.440
& High 0.924 0.922 0.430 0.459
AR fiX Low 0.883 0.878 0.333 0.493
Education level H Middle 0.886 0.877 0.371 0.464
% High 0.909 0.880 0.399 0.455
TR Hi— Single 0.898 0.886 0.337 0.506
Livelihood diversification Wi Two types 0.895 0.878 0.389 0.452
level ZFh Mutiple 0.870 0.853 0.458 0.364
115 Livelihood mode — 4li4% Pure peasant 0.912 0.902 0.355 0.513
FHe\ll Part-time peasant 0.905 0.885 0.394 0.457
JE4& Non-peasant 0.854 0.837 0.376 0.416
X 35, Region 13 Middle reaches 0.890 0.891 0.384 0.451
“FUiE Lower reaches 0.898 0.894 0.369 0.473
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Table 4 The farmer’s characteristic of the different livelihood vulnerability level in in the middle—lower reaches of Shiyang River

o AR AEHE mSW . - e[ EIE2
REMB yomy AR L afbg MAEA Ry g m[w&
P IRE S Family ,y\ AN/TG . " . AT B . i.a
R Labour’s . Per capita  Leadership K Non- Livelihood
Farmer's type scale/ . Per capita . . Trust to Risk . . .
education . cultivated potential . . agriculture  diversification
(N1 income . neighbour assistance K
level land index level index
Wﬂﬁ%@;&ﬁ . 4.554 1.473 6805.80 0.184 0.139 0.344 0.450 27.51 1.426
High vulnerability farmer
A A
Medium vulnerability 4.678 1.718 7162.04 0.209 0.241 0.369 0.563 37.30 1.736
farmer
1EEHJESE}@/&F 4.780 1.538 7580.08 0.164 0.231 0.429 0.670 43.71 1.901
Low vulnerability farmer
x5 RPETRISENEZMERNDEER
Table 5 The estimated results of the factors influencing the farmers’ livelihood vulnerability
JEbRifE E| 715 o
o o " 5 brifEfl
= feR=E LR - &3¢ ,
Akt BRI e | s FH O TRB
. Non- Standard K Non- .
Variable .. T value Variable Standard T value
standard  coefficient standard .
.. .. coefficient
coefficient coefficient
" . REZ
# 4 Constant -0.515 g | EIERAUER -0.052  -0.233  -11.082°**
Livelihood diversification index
5% 125 H A %
%JL%L&: -0.011 -0.081  -3.791 **7 jl;;&ﬂﬂkq: -0.018 -0.036 —-1.424*"
Family scale Non-agriculture level
BN BT KW
AL L0032 0177 —7.910++| KIRREE 0.144 0387  16.064"""
Labour’s education level Water resource shortage
¥ ALy -
A /JLMI/\ . -0.0001  -0.134  -6.059 **" }T—:{i{{szif; . 0.143 0.585 23.965""*
Per capita income Degradation severity
RS AN Hb X FU 7S
! Z.:)\ZIL. -0.213 -0.242  -12.033**" ﬂ_ﬂ:}fﬁ an . -0.003 -0.009 -0.310
Social capital Region dummy variable
F&iifta .
R® Goodness of fit 0.865 ST 253.567 "
F-statistic

s 7 0.05 7K G2 % £E 0.001 /K | 2

P E NG LRI R S5 P A T IE s BE i O &R B i L5 A BE 1R 5] 0.865, F Giit ik 253.
567, 7E 0.001 KV F W2 UL T Bl G 8 hs, iR AR R R e AR TS5 MY 86.50%

PG G R TIR  FRIERBL 578 12 8B A a8k dERAKE LA T2 b8 B AR iR
HEAL RECSAREAL R B/ T 0, HAE 0.05 5% 0.001 7KF- 1 2 GBI RLEL A A& EA Az it 7 0
L AT eSS VA B W& S T HLRE S I WA AR AR ALK SR T 2R B R dE
AP R TR AR AR IR A B ME 55 PR AR 5 SR T K B IR BB TR ™ E R A AR AR AL R A S AR R B K
FO/NT 1, H 0.001 K- i 2 Ui B A Z5E A0 R B 18 ks s 4 P i A T ig s

AR B TS A P A T 55 1 B S AR B R, A SR B R A R R, Hp K R R R i T T
A7 5 B AR AL R B 3A 0.387,0.585 32 = T AR T A SR AETF SRR EE RS2 ik 2, FORR U
R -0.242 -0.233 , FRIR A 55 8 I 2 B TR 5 AW Hbr AL R 500 5 -0.177 .- 0.134,
AL DL W AR I R SR P AL SRR NI AR R B S AR T 2R AR B X T R SR R A
FA A TG S PR O

http ; //www.ecologica.cn



13 1 AREME A TN BRI 7 AR TR AR R A R G55 PP —— DA S R i A 4 9

3 e

31 AESBAERE ST

WFFEAE R | KB IR A 5 e T A ™ E A B R R A P AR T IE S R Y B RN R BT S AR e
S5 Z ) W IEAOG,, AP R BRE AR A  K 24 A BB | F AR BEIRURI AR ) 2 R A i
BT EE R, AN LA SR U5 Ry A T SRR B A A 1T 8 R P ) 3 T RE S L 2 i A S R S R G K
Fes ™ BRG E TARE S RGIHL AR I AR IRAR T BN A S RGN S5 S B R 2 B R A AR
AKOF TR FE 2R 5 R 5T R Y 35 S B 3R Tsegaye D 457 FE SR FE MK LU WF 52 ) R WA IR R AR (b ik 28 T F
525 DR S R BRI TR | 25 A A R TR S P T B A 1 G T R I, IR T A A B 8 A TG 55
Yoo FEHIRNAE T, A B DO A A 09 A= B8 AS 7™ 2 B, i L i % AR BEAS iy s iy LA K
Jit T3 K 5 G Rl T A A4 S T (B M R A P AR T A P RBOSE 7 O A QB 7 B BE D R i, A
AETTRESS AR . PR s A B, A7 ST R R A P o A IR AR B TA I BE g A IR A RO A A1 T I )
e R B AT RURE , RAR A - B K BT BBk TR R K BR B YR B S — RSN A AR R E
EALAT TR A 7 A3 AR R N, AR AR B0 18 32 P E R 40 A © S AR BB o AR S HER ]
L, Bl A 2 PR B R A T P R AR P AR T S M AR AR T
3.2 ASWA ATEAGAT ST

WFFEEE AR R AL A A BEASIE R M AT eSS PR A SR DN 3R A 1S A TG 59 J3E 2 T 2 Ak 2 1
M, FEHIERAET B0 AT GEAA AT (2 e A8 A A= T BRI FL, o m] 4 v A 7 XA AR T BEA
AR AT A, AN TITISC 4 P S ISE BE T, R AERAR - A A T S P 5 TR o By 2 BEAR AN (S RE e £ 8. i o AN R
et i AR IBCEE iEifl 9 A BB AR A5 B 23 A 20000 XS IR AR SR s 5 R AR 1 0 2R 2R A Y 2 5 K
-5 RS IR 5y A AR HEA AT , A ™ 7 TS BRI A0 A S8 Pk e BE R AR AT 3, L [R] Eaed wfl 5
CA BT SR oy M4 5 Ehes OCR S BT T4 s A P (3 v e i o B A R,
Ii] 2F A2 KA BIAT R 2 AT 5100 PP A SR ) iy T 2 XU IO X SR M, 532 A 19 248 RIS | S E 7 98 19 4K
8 3 KRS N RE BRAR A SR, TS AT I 28 RILARSAT IR EL I 2% PA RS B3 S AR R 5595 A AR 7 T 52 XU I e L A5 3
AR,

ML BEA G NI AR A S IR R 1 e e 2 1 Y A B AT AR St 23 AR, A2 A
SEAPER IR BN AL AT A S HR BT S R B AR AT D 5 Ay B s B A B 34 B, X5 | ke A=
ASIPBEEAL R R NIE ST L0 1 21 5 AT TS MR AR LU REHT 26 5 B9 RE T, DA Aie 1 25 25 3R 45815
DA i A P AR TR bl R A i A B, 2 0 KPR BOA P AR AT B DG K B IR Rk A 7D
AR AR A AR AL AN i LS i [ 58 e D7 RO SR MU A 23 BILECHE b A 2R A XU 4 mT R 2 5
FPRIEI R SR A, o 20 B XU SRR Ak 1 R B e R R R BB DA 3 5 TSR T K BOR Rt
AR B KBS ) SR I R . T UL 3R A I AR S 2 A R AR A 2 ) v T Tl
AT s 0 B AR
3.3 Aitref SRS

IFFEA AR RS AT SRR AR XA P AR T 55 P 7 A B, e ] 5 A T 5 R 2 ]
RFIERR, SANISERERD], AT IEss AR T3 IR = DAL s R ARl Ml R RESE B AR T 2
FEAL, ENEE Himachal Pradesh i DX 149 Bt DRI ke 2 W0 3 JE J3 38647 A= THZREAR TR 0B T 58 (93580, Antwi
—Agyei S IE SRR T PR 458 A AL WU A P i A A7 G EE  Je LR, A T AARR T 3
ER AT ZREAEASCE R T B XK BF LSS B IR BT IR AR, 08/ A P X AR B AL O B 82 8 A A T
R IEAR T RIS, R 2 4 D VLR U . DR, JER 23 A P 42 BT 32 2 e Al 2
7 XK SRS R0 K BRSBTS 1 AT A AR T SRR A 7 AR B Al

http ; //www.ecologica.cn



10 A E = 36 &

WA REARR 5 100 R A A 7 D) S e iy TN BRSOl A 7 2R AR IR AR A: T ohi il . R A o 2 91, B
F AR (B 5, AR L3 S8 1125 (A1 280 b DA 1~ o P A 1) S P 2 A ek 2 P 4 RS K T
25 B S PR S AR P B IXURS BURE R D s, AT D0 S DL ARAR IR B o M 2 AR AR T O BRI
A 2] TR A P AR TR I S T A RGE AR
3.4 EHACFSA TS T

WS R W A SR AR T 55 B 5 W A oG . SSRGS MEZE AR L, = e 59 PE S SE AT IR,
NI FO ARG 55 A PR 774.28 TT, VAW T IR S0 E LU s AR X SE G 58 , 48 v o M A B A B T e ) 1 2R
THMESPE, X5 Sen ™ MWL — 30, AL L, CA RIS MSRIE T W & 78 ISR A A 23 R 5 B2 1 66 1 A FE A
Moser and Satterthwaite * -t 48 H 5 #312 FE XoF 52 B2 D PR BE AR AL B i A BE N B QA o8 LR, R824k
TR T B2 R G E AL BRER 5 AR 52 e 1) BE 7, RS G2 & Xof A 5% 7 (8 7T 54 LA B IR sl N R 458 728 A %o
HATHREW S -G . 8, & N BA H 2P ER A Sa bty BRI HIPL 2 B9 RE T, DA
BRI A T2 2 AT RRE b T B AR BRI 5 M55 AN AEAT B2 FF A AR IR A R 7, DI foff L7 P55 725 Ak 1
AN TC B, Bz N I AL R G2 o RE T A g ss HEnR] . R A b A B OB R AR X AR S BB
) T B By, o) A 23R A XU (14 R A B iR A i B XL e A A1) B B R B A A TR X AR 2
BRI, (RIS WO A3 s AR P T e D B IR Ot R BB . AT DL 45 8 B AR KR B A A ST
WA P AT INE 55 P I OCHE2E

4 ZREHRRE

4.1 45ie

TPl A= A ME 55 XA XTI AR AR (R G 551, TR G R U802 s 55 1 P T 5 2 4 i Pl e 2 R R = A o i %
AV, ASSCAAT T A 2E 00 R AR P A T AR AR AR Y B R B B S IV RE ) M ME g B, A5 LA
ZEie

(1) A By SCAR R BE A P B 6 A 2R 1k 1Y) 2 8 325 SR Pk A vy, (LS 7 FE Tt Aot B0 L A B 55
PERAR

(2) gl &R P N —A R P B 2 AR A R P AR TR AR SR A Y R R
{HE N RE S8 0, oA TE e S5 PR 2R

B3RP E AT ANTTREARGH SR AERAKT- 54 1T 2R BEH A WA P A= 1 e 55 1
PR R A AR AR B A AR = AR T Mg s AR A

BT LRSS AR 0 R Rl P B A TH I 55 P T N Bl A AR AR i B = s AR K 3 B
AGH SR ARSI RAT, 401, 2% — 2R A E i A B IR LR GG B B [l
NEE R SCARHE N LS ST B VR ZAE B R AR R OB TR IR A T AR AR I, s A
JRE AR AR A S O RE 77 5 TRl s, ARk = ==k e, e PR bR AR il a0
4.2 W

JiE 55 PEVTAL 2 M i e 55 R A — DN EEMR N, AIFRARH— R FR AR R R IR T AR PO AR
AR RS BB T T A P AT eSS P4, . M 3R BG5S mT LA AR P B9 A T IE 55 1 R ik
5T X LB S AT A, X UL A G R A AR TG 55 P P 7 i B —E i A U B4 R iR TR it — 2
K S IE,

RBE )R T4 P A TR e AN & B R AR Y TR i TR b S @ i st 2 B 5 Hifthrh 2 28 0F
PR IR AR P AT AR RO, AN GV PRI AR A X A P AR T e 55 M Y 52 i AR 5 S e dL
il B DG PR [ R At A T XU i 28 BAE DG 3R |, DA S A Rl Sl A 7 A6 3 e 55 7 1)V PR B S A
BEAR  JEE R AR P AR T MESS PR B SCHE D R BRI AR P AR T 55 M AT UL, 38 7R A P X 22 I Bl A g 1z 3k

Z

C

e

HUB A 5 VR

http ; //www.ecologica.cn



13 4] AREME A TN BRI 7 AR TR AR R A R G55 PP —— DA S R i A 4 11

FEG R LR (G130 B A= 3R s PEBOR T BWESE , IT A HAT B X 3 N7 SR -5 33 B BORE

5% 3Lk ( References) :

[1]

[2]

[3]

[4]

[5]
[6]

[9]

[10]
[11]

[12]

[13]
[14]

[15]
[16]

[17]
[18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

McDowell J Z, Hess J J. Accessing adaptation; Multiple stressors on livelihoods in the Bolivian highlands under a changing climate. Global
Environmental Change, 2012, 22(2) . 342-352.

Kates R W, Clark W C, Corell R, Hall ] M, Jaeger C C, Lowe I, McCarthy J J, Schellnhuber H J, Bolin B, Dickson N M, Faucheux S, Gallopin
G C, Griibler A, Huntley B, Jiger J, Jodha N S, Kasperson R E, Mabogunje A, Matson P, Mooney H, Moore Il B, O'Riordan T, Svedlin U.
Environment and development. sustainability science. Science, 2001, 292(5517) : 641-642.

Adger W N. Vulnerability. Global Environmental Change, 2006, 16(3) : 268-281.

Smit B, Wandel J. Adaptation, adaptive capacity and vulnerability. Global Environmental Change, 2006, 16(3) : 282-292.

Cutter S L. The vulnerability of science and the science of vulnerability. Annals of the Association of American Geographers, 2003, 93(1): 1-12.
Tunner II B L, Kasperson R E, Matson P A, McCarthy J J, Corell R W, Christensen L, Eckley N, Kasperson J X, Luers A, Martello M L, Polsk
C, Pulsipher A, Schiller A. A Framework for vulnerability analysis in sustainability science. Proceedings of the National Academy of Sciences of the
United States of America, 2003, 100(14) : 8074-8079.

XIFEAE, ZEFM. Mo R ARBAEE S T Rpg A, dbat: RIS EN3E, 2007

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

Paavola J. Livelihoods, vulnerability and adaptation to climate change in Morogoro, Tanzania. Environmental Science & Policy, 2008, 11(7):
642-654.

A, TP T AR AT R el e s AT s, 2009, 28(3) : 751-760.

Hinkel J. “Indicators of vulnerability and adaptive capacity” : towards a clarification of the science-policy interface. Global Environmental Change,
2011, 21(1): 198-208.

Shah K U, Dulal H B, Johnson C, Baptiste A. Understanding livelihood vulnerability to climate change: applying the livelihood vulnerability index
in Trinidad and Tobago. Geoforum, 2013, 47 125-137.

Skjeflo S. Measuring household vulnerability to climate change—why markets Matter. Global Environmental Change, 2013, 23(6) : 1694-1701.
Pauw K, Thurlow J, Bachu M, Van Seventer D E. The economic costs of extreme weather events: a hydrometeorological CGE analysis for Malawi.
Environment and Development Economics, 2011, 16(2): 177-198.

W3, IMERR, Ede. AR SNSRI S o . 85T, 2012, (4) : 40-51.

Heltberg R, Siegel P B, Jorgensen S L. Addressing human vulnerability to climate change: toward a ‘ no-regrets’ approach. Global Environmental
Change, 2009, 19(1): 89-99.

FKEL, ik, BRI, K, R REGMFE ROk 2SR TS BEE, 2011, 31(5) : 1149-1155.

B, FATEE, WA, SRR R R AR TSR P A b R —— =i R X S AR B SR E S MU A4, 2010, 65 (11)
1401-1410.

L, REgm, REE, ML, ARk TR R IR ARSI AT 2R IL. BEZE, 2009, 64(2) : 221-233.

Siegel P B. Using an Asset-Based Approach to Identify Drivers of Sustainable Rural Growth and Poverty Reduction in Central America: a
Conceptual Framework. World Bank: Policy Research Working Papers, 2005.

Nz, Hil, GUNE, BT R BESE TR AR AR, P ERA 25, 2007, (4) @ 32-39.

VAL, MRS, REEET, SRERER. R FUR TR R R AR T S PEEAL . MUBER ) 2011, 31(7) « 858-867.

Hahn M B, Riederer A M, Foster S O. The livelihood vulnerability index; a pragmatic approach to assessing risks from climate variability and
change—a case study in Mozambique. Global Environmental Change, 2009, 19(1) . 74-88.

Etwire P M, Al-Hassan R M, Kuwornu J K M, Osei-Owusu Y. Application of livelihood vulnerability index in assessing vulnerability to climate
change and variability in Northern Ghana. Journal of Environment and Earth Science, 2013, 3(2) . 157-170.

Rohan N, Phil K, Lisa E, Jo-Anne K. Structural adjustment: a vulnerability index for Australian broadacre agriculture. Australian Commodities,
2005, 12(1): 171-179.

SRR, ArEEE, B, XN, BAE. BT SO0 R T 5 ARG LA A A U AT —— A A SO . H AR BRIRAAR, 2014, 29
(3): 410-419.

Rodima-Tyalor D, Olwig M F, Chhetri N. Adaptation as innovation, innovation as adaptation; an institutional approach to climate change. Applied

Geography, 2012, 33 107-111.

http ; //www.ecologica.cn



12 SR 36 6
[28] Millennium Ecosystem Assessment. Ecosystems and Human Well-being: Synthesis. Washington: Island Press, 2005.

[29]
[30]
[31]
[32]

[33]

[34]
[35]

Tsegaye D, Vedeld P, Moe S R. Pastoralists and livelihoods: a case study from northern Afar, Ethiopia. Journal of Arid Environments, 2013, 91 .
138-146.

Adger W N. Social capital, collective action, and adaptation to climate change. Economic Geography, 2003, 79(4) . 387-404.

Pretty J. Social capital and the collective management of resources. Science, 2003, 302(5652) : 1912-1914.

Deschingkar P. Climate change adaptation in India: a case study of forest systems in Himachal Pradesh. International Journal of Environment and
Pollution, 1998, 9(2/3) . 186-197.

Antwi-Agyei P, Dougill A J, Fraser E D G, Stringer L. C. Characterising the nature of household vulnerability to climate variability: empirical
evidence from two regions of Ghana. Environment, Development and Sustainability, 2012, 15(4) : 903-926.

Amartya S. Development as Freedom. Oxford: Oxford University Press, 1999.

Moser C, Satterthwaite D. Towards pro-poor adaptation to climate change in the urban centers of low-and middle-income countries. International

Institute for Environment and Development, London: Global Research Centre, 2008.

http ; //www.ecologica.cn



