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The evaluation of famers’ climate change adaptation strategies in high-frigid
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Abstract: Climate change is one of the most serious challenges that the world is facing in the 21" century. Because the
farmers depend on the nature resource, they face various negative impacts of climate change, particularly in the high-frigid
ecological vulnerable region. Consequently, climate change has strengthened the livelihood vulnerability of these farmers.
The farmers themselves have devised various adaptation strategies to deal with climate change. Hence, it is important to
determine how effective adaptation strategies are, and to assess their adaptation strategies. The Gannan Plateau was selected
as a case study, and through a stratified random sampling survey and participatory rural appraisal, 548 households were
investigated. We analyzed the characteristic of the farmer’s climate change adaptation strategies, evaluated the effects of
these strategies with a fuzzy integrative evaluate method, and determine the most effective adaptation strategy with a multi-
criteria decision-making analysis. The results showed that; (1) Most farmers of the Gannan Plateau combine different
strategies for dealing with climate change, with 65.30% of the households being farmers and 30.21% employing the
‘ expansive and accommodating’ strategy. Furthermore, the choice in adaptation strategy of the farmers differed per area, In

the ‘ pure pasturing area’, the strategy most used was to reduce the livestock, whereas farmers in the ‘semi-farming-
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pasturing area’ , used early pasture transfers, or regulated the timing of the farming season. In addition, famers in the
‘farming area’ also used early pasture transfers, regulated their farming session, or increased irrigation. (2) The overall
effect of the adaptation strategies is moderately positive, with an average effect index of 3.43. From this index, the social
efficiency index is the highest (3.63), and the economic efficiency is the lowest (3.25). The effect of adaptation strategies
was highest in the ‘farming area’ (3.56), less strong in the ‘semi-farming-pasturing area’ (3.37), and worst in the
‘ pure pasturing area’ (3.33). (3) The optimal adaptation strategy differed per area, and adjusting the agricultural and
animal hushandry structure was the most optimal strategy in the ‘pure pasturing area’ and ‘ semi-planting-pasturing area’ .
For the households of the farming area’ , improving agriculture and animal husbandry facilities was the optimal strategy.
Finally, we propose some relevant advice to improve the effects of farmers’ adaptation strategies and discuss several issues

require further attention in the future.

Key Words: the farmers; climate change; adaptation strategy; fuzzy integrative evaluate method; multi-criteria decision

making analysis
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Fig.1 The study area and the survey village
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Table 1 The characteristics of the farmers
FENNZHE T Labor education/%

o PETHE T - N

" papy DEDI gy, A , pdie KA
ek il - RAER/a R /(N _— N o Senior high KER L . .
, i/ % (NP XH C AT
Famers types Average years - The labor ; Elemental ~ Junior high  school or  College degree .

Average age . Family size literacy . Per people income
of farming force ’ school school/ % technical ~ or above/%
school/ %
AR E T
@WEXV,JF 42.55 26.64 541 2.70 20.44 36.49 15.12 9.88 9.07 6313.41
Pure pasturing area farmers
S o N[ T3
iﬁ%%[x?ﬁ)ﬁ 44.38 24.99 5.89 3.48 34.78 24.57 13.67 18.51 9.17 5910.53
Planting-pasturing area farmers
K2

ZE]:,X ﬁF . 43.15 20.63 5.30 3.4 15.96 2.12 36.65 17.22 9.79 5704.51
Planting-pasturing area farmers
2RZ i All farmers 43.24 24.18 5.52 3.20 26.18 27.06 22.56 15.49 9.35 5976.15

1.3 5Tk
1.3.1 SRR I SR WSROI 1%

(1) BTt

AR NS A AR T I SRR B PPN PR AR LA B Y | LA T e ST, A ZE S TRk
ST BORIECA I — P G IR I, TR e M S A R BT, AR A B e M A A B BN e 3 [l
T EA AR AR AR DRI, ARBI 5 SR USSR 255 A DA 12 M AR P A T3 A 728 A 35 IO 55 W 1) SE R RIR
HEMLERMNT .

OB E AR 7 3 ] SRS RO PPN U FEBR AR U JTf 8 25 Fahn AR W(3R 2) .

QW E TR A . KR SR 8 B R A T A, B PPN EE V=10, 0, , -0, | AR IETE BLRRE R AR P
AR A TE I S B SRR S 5 AN B =5 RN E V= (ARG BT, — I, B2s IR

O ELES TP AR R, MR IBR IR AR , B 55 g DHEFR w, TP R, = 1 ry o, | ERTF
MERGE LI —AF4 b, FORE g MEWEE 0 NMERFIEE, HANEIRIT N EE R (g=1,2,
<o m) B BCPEHRE  «

i T T'in
r r oo r
21 22 2n
R= (1)
r ml rm2 o rmn

IRIG R M( - | +) i3t B = W x R 13 BOWIZE &1 4E B,
@XM, RHBMIZE S TN B R8s E THE A DI bR 2R B RCRIEM F8 5 P
P=BXE (2)
Kb E= [ RGF B0, — M 1022 IR 25| = 15,4,3,2,11

http ; //www.ecologica.cn



2
He

2396 2 SO Eire 37 %

(2) fEbRik R

UGS R P U 22 25 (8] 22 J2 UK ARSI St 2 B T A5 AR G U AL AL A9 1 AT AE AN [ R JEE
AR 107, FEEAE VAN FEBR A AT | R Gt ARSRIE USSR | G S b 9 A 5 4 LAAE R RCR T F
FERR' 30507 15 H R e S A S IREE BEUR B SO IR AR i A O D R A Ak R P AR T
M AF SR O, N T At 2 AR S EREE 3 ANJ7 IR A, B 1 REA 4 1 S i Rz SR S8R B PE A Fi A
Lo HARAHRUEL, FF AR WA E SRR (R 2) o e, BEHUCAR P SRR MR AR AR FRAE T 17 56 W 1) 22
TRRCR s IR P gtk 77 2R A AR (A P 0 AR AR A A8 S BE AR P X A AL A )RR AR ) (2B 36
Jo R AR A 3 N RE 7 A8 A A L 3R I Py A 2 RO 5 T IR -5 0t Jo i 7 Ao SR A 35 7 SR W Y PR B8R

® 2 RPFARBITIER R SRITENERER

Table 2 The effect evaluation index system of the famers’ adaptation strategies

BITEM s bR Fuzzy evaluation index P4 Famer ranking/ %

BN T2 R bR RE SR 5 4 3 2 1
Target layer Rule layer Index layer Index interpretation valuation Five Four  Three Two One
AP IATIE R s BIRZ 5, 18— 4 VA 7%

A 2 3737 FIE 3737 a . L17 441 02 18, 1.
R 2FRCR 0373 FEEA 0.373 13—t AR | 6 350 8.09 56
Overall effect of f: oL A s . 5, A3,

verall eflect ol famers 31 A MR 0.3674 kst 0.2507 RAAAEAA S BRI AE 5000 000 385 000 1537
adaptation strategy ol el 1

REMRE 5, Rm—LL 4, WHE

s Ab e
SRR 0.1565 13, FH—2, FHEZ 1

2,14 67.32  25.68 447 039

Jor X S AEAS AL R AR 0.1761 272 6342 2646 642 097
A B 0.2774 3.50 66.34 2043 739 233
TERAE S 0.1394 117 5817 2996 1031  0.39
IERUR 0.2589 F i 0.4952 WERS 5, k4 WA 233 4728 3696 1265  0.78
HHF R 0.5048 163, K —28 2 FRIGRZ 1 0.78 5078 3794 875 1.70
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Table 3 The assessment criteria and weights

SEH i) HEN & X N 4305 A B
Assessment criteria Criteria meaning Criteria classification and value Weigh
TERCR Efficiency PRI BE A I B R A 3 L BE T FEHIIE 3, — 2, AR 1 0.35
JRARLA Cost SR Ui AW 14 AR FEFAR 3, — M2, dEw w1 0.27
3E I R 3 P Flexibility I BE AT S IR FEH R 3, — M 2, A RRIF 1 0.08
TE R 3 Responsivity M AL X2 AU B H AR — 2K dew—53, M2, AR—% 1 0.12
1 )W ] BEME possibility A7 R B A 4 ] e FEHTIRE 3, — 2, AKRATAE 1 0.18
(2) TOPSIS ¥

18 1T PRAE 25 HE P 15 ( The technique ordered preference by similarity to the ideal solution ) f&— i i i1 PR AH fi
AOHERF 2 AL BRANT .
O, EH RS W%Li']ﬁﬁqjﬂﬁq I8 LS Y p DU AT DAAS 21 5 AR B A G -
= 1%} (3)
A, x, FRE AN %%E’J%J/I\ﬂ:ﬁ/ﬁmﬂﬂﬁﬁﬁ i=1,2,0q,j=1,2,-p,
QBRI . ] z-score ARifEAb 5 X FEBEHEA T U0 —fL AR B A5 30 0 — (LB A

A=Aa;} (4)

QR ¢ RIS TP A e AT AR 2 R A (B2 IE | in*ﬁﬁ’q’:)
A" :(bl ) 2 5b3+a'"5bq+) ;H\:EP, b[ —dea =1 2 (5)
A"= (b, by, by ,eub, ) b —mlnaij,j—l,2,"',p (6)

(@ FE2% 285 107 SR B 5 B A0 e 25 SR O BE 28 ;1

Z(a,,—b> d7 = [Y (a;=b7) , j=1,2,,p (7)

O REZ- SR '3?%?%111%501%5@';5 T C. .
C=d/(d +d’), j=1,2,p (8)
O©HEFN AN 18 R SR W AR ST 7, 3 B C R P it AT HES ], T 0< C <1, H. C {378 N 5 s 9 54
TR, Sz, T H 3 07 SR AR 2

2 GRS

2.1 A BRA TR L R

T AR AEAR AR, H R R R A P ORI T R N RS WK A P A E N R IE 4r R 3 25 (1) B
TRBUSRWS | B TE AR A% 58 AL 7= KA SR, iy SEAmpR R R g 36 I Bk 250 i f A &
RS T (2) TR A EELJ‘&&T&EXTFJEﬁﬂ%ﬂiﬁiﬁﬂéLf‘%ﬁ@Eﬂ:ﬂﬁ%ﬂ% MATFE &
Fh/VEY) SRR R RSB B T ARAE I 454 SR RTHE 0/ VAR 5 (3) W4 RUSRWS , 5 E a/AR ll 48 9% A =
TR SRS, Al & R 5 ﬂ%‘ RN, H AR P 2R U A RO (R AR Yk + R A
7R S TR I SR TR e | SR R S R A D DA KW Y S R R D T S SIT 1SS S SR /N
T, AN ) DI P T SR B A5 728 A3l 1o 5 s A IS A ]

Sl XA P e 22 Y 3 I A A D s U I SE DR PR O A BE G AN TR o A
35.80% \31.48% 27.16% .27.16% 4 F BEHEIX DU i , 4 7 70385 N7 SR i 2 FE AL A8 K 2.48 5 PR R IX &R P
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Table 4 The climate change adaptation strategy of the different type of farmers in Gannan Plateau

AN[A] X35 Household in the different areas

T2 7 SR SARZZ 1
Adaptation strategies All the famers apix SEACEHIX AKX
Pure pasturing area Farming-pastoral area Farming area
WA SE4A AL Buy feed 25.93 31.48 17.86 28.42
FH %% Rent the pasture 15.40 27.16 17.26 3.28
HEMPEBE Increase irrigation 28.65 20.37 33.33 31.69
A ZG AR A Increase pesticide and fertilizer 12.87 7.41 10.71 19.67
EH IR Build fences 18.91 14.20 15.48 26.23
FT3F Drill wells 12.87 8.64 13.69 15.85
AT HE Plant forage grass artificially 27.88 27.16 29.17 27.32
B/ VEY BRI R Livestock/ crop breed improvement 23.20 19.75 23.21 27.32
Sk 2 78
'ﬁl:&l:e?::iifﬁﬁrﬁture adjustment 20.86 17.28 23.81 2131
LRI Y/ AR
ii;ﬁaﬁ:ﬁiiﬁfi/ regulate to farming season 33.72 25.31 44.05 31.69
W/DHER Decrease livestock 32.75 35.80 32.74 30.05
PRI/ 54 Rest grazing / rotational grazing 12.48 12.96 21.43 3.83
I i S 2 AL 2.65 2.48 2.77 2.67

The diversification index of adaptation strategy

2.2 BTG R RO

R AR P BT SR BGE S SR 1 SRR AR PR BN 3.43 fiﬂz%ﬁﬁ%,/\rh,i b o RBEER PR E Bk
3.25.3.63.3.39, A UL, A P TSR IBGE 1 3R W i At SRR g e, VRS e s . it — %ﬁ*ﬁﬁ;zﬂ(%%) A X A
)'3ﬁ%ﬂlﬁ@%%ﬂ@ﬁﬁé%ﬂ,éiEWIXZEFB?%EXﬁ@%B%E’M S22, HL IO R ) B AR R T B0 o
3.56 .3.33,

®5 HESRRFPREUERREHREH

Table 5 The effect of the famers’ adaptation strategies in Gannan Plateau

e Pk 2R R FR AL PR E TR i I8 ¥ e[ 4 PERE NV ETE A

F ﬁ?: hconomlc efficiency Social efficiency Environmental Overall efficiency
amers ypes index index efficiency index index

A IX A P Pure pasturing area famers 3.19 3.46 3.35 3.33

A M X AR I Planting—pasturing area farmers 3.20 3.58 3.34 3.37

RIX AP Farming area famers 3.36 3.82 3.46 3.56

2RZ 5 All famers 3.25 3.63 3.39 3.43

22,1 PRATIE N R I 25 R A

R = JEIT R S 1 SR W A 22 B AR FR BN 3.25 R T ARG R 5, Hor 4l X 22l X R IX
A F TR EBUR M () 28 B85 48 5000 1 K 3.19 .3.20 336, MK UK E TH#a 3, e WA X 4 P e SR SR Wt 1) 25 5%
RS IS BUUIX d5e 22, PR B, 45.33% A4 PR Sk T SR IO A A 28 A 338 1o SR s B4 T LR 2 MR, TG
A 19.65% B4R PO A, Horp R IXH 51.63% 4R 7 I\ Sk i SR B0 1 5 s A B 1 LIS A 88, i
LK LR 38.89% , ITAT 19.75% ISl X AR 1 287 SR BE AU AR JBCHE il 177 9 /0>, 90 4 0 IX o 2 s bk
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Table 6 The assessment value of famers’ climate change adaptation strategies in Gannan Plateau
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