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Table 1 Population and samples of dairy farmers in Saraburi, Nakhon Ratchasima, and Ratchaburi Provinces

The number of samples that can be

Number of samples collected

Provinces Population
calculated
Muaklek, Saraburl 2,362 185.65 186
Pak Chong, Nakhon Ratchasima
Photharam, Ratchaburi 1,757 138.11 138
970 76.24 76
Total 5,089 400 400
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CsL vannunasns Mol
Prob(CSL=0)=(1+ exp(P-u,) )"
Prob(CSL:l):(1+e><p(P—ul))71—(1+e><p(P—uo))r1
Prob(CSL:Z):(1+e><p(P—u2))71—(1+e><p(P—u1))71

Table 2 Definition of variables in the analysis

Prob(CSL=3)=(1+exp(Pfua))’17(1+exp(P7u2))’1
Prob(CSL=4)=(1+exp(Pfua))’17(1+exp(P7u3))’1

Prob(CSL:S):17(1+exp(P7u4))’1

Variables Meaning Unit/variable value Measurement
method
csL Adaptation CSL practice 0 = No practice Graded based on the
5 aspects 1 = Minimal practice mean scores of

1) Energy efficiency management
2) Grazing management
3) Feed and feeding management

4) Manure and waste management

2 = Little practice farmers' CSL

3 = Moderate practice adaptations in 5
4 = Practicing quite a lot aspects

5 = practice a lot

5) Animal disease and health

Personal factor Description
GEN Gender, 0 = Female, 1 = Male
EDU1 Primary education, 0 = No, 1 = Elementary school 4-7
EDU2 Junior high school education/or equivalent
0 = No, 1 = Elementary/Vocational Education
EDU3 High school education/or equivalent
0 = No, 1 = High School/High Vocational
EDU4 Bachelor's degree, 0 = No, 1 = Bachelor's degree
EXP Dairy farming experience, Number of years raising dairy cows
ADP Farmer's adaptation, 0 = No adaptation, 1 = Adaptation
Economic factor
INC Income from milk production baht per month
DEB Debt from raising dairy cows baht per month
CRE Access to funding sources in the system, 0 = No access, 1 = Access
HHL Household labor, Number of dairy farmers in the household (person)
Siz Farming area size, Total number of dairy farming areas (Rai)
Social factor
GRP Join group, Cooperative, Raw milk center, Number of participating groups
GOV Receiving assistance or support from the government, Number of times
INF Source of information on dairy production, 0 = No access, 1 = Access

NAKAZITAINANITIVY
31NN15d1599T 8y av0 N ¥ATNINITULAUL WU
wnwasnsaulng In1siuisnsidsundasesanmgiionnia
Tuiluil Meguugfinfeutuluggoudivhliusinamanantu
uarnIsiusIMIsanas uazludrmitudsiaznutlymnisve
waauft vomsdnd i I id uermsneunaziAwng eni
nsinus Tauddlseandsan wu Tsanensluden Svsintu
nlurngy fiindsnansznudeguamitsludnunanEauas
sruvduiugueslauy (Djelailia et al,, 2020) udu tnwnsnsd
nsufuimidndesluisesemsiviaunaulaenislding fu
sysuvAlusRL 1wy Ugnugs® Sevay 10.50
dethdeyauniinsesisedunisusufanuuu CsL i
5 euaINASaU (FAO, 2021) oA 1) M3inn1sUsEENSAMNS
Twasau 2) mﬁmmivjal,gﬂqé’mi 3) ANFIANITEADIMNT 4) N1T
dan1svesdouaryadnd uay 5) nsianisquaindniuag
Tsmfnde Wielimsussiunsusus feazuuui 6 s¥u an

Table 3 WUTMNBATNTANTUSUAIMUWUIUZUR CSL nnsa
seavluliunans AlgseRuAzLUL X = 2.76 (S.D.= 0.93) 1N
FunmuanweNsUTUMLAarwIUUR CSL wulnynsng
din1susuiegluszduraudinn lude 5 drunisdanig
gquamdniuaslsnfinsie Sauay 70.80 lnedinsviunulayisns
avhauagenlsaseu vauaseingunsallunssuIunis
Hanu wagdununisliiadulesiunisiinlsafindewasUsdalu
Taun 1 Tsatnuazivin Wuusedr smunisufdaunasiiu
WIRIAUTINGTY 110n31NsUFTRR LS Y sesawnde To
4) fun1sdnnisvendsuavyadnilaeinisdnnisdeuna wwu
wadnd thiis Witvestn Yeatuveadeaniiuiivedna Judeu
Tuih fiu v3eorna Ssasduamaniadutlsvedauumior
Tilade®In inwasnsseray 59.80 v suusguyadnluazves
deoarnrsuluvihendnnseleBuvsguagnadanunaun uay
Tngeenanituiinenifiolushnisninuisussgnszasudming
InulsuazanuenyululdvhJendinuasdedunsd
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Table 3 Adaptation of climate-mart livestock

CSL framework

Level of CSL

X S.D. adaptation
1. Energy efficiency management 1.1838 1.1297 Little
- Modify of the dairy housing structure 2.2725 1.7352 Little
- Use ventilation fans 0.7200 1.4183 No
- Use a fan to spray water mist 0.4300 1.1172 No
- Use a shower in conjunction with a ventilation fan 1.3125 1.7211 Minimal
2. Grazing management 23708 1.1297 Little
- Reduce the grazing of cattle 2.0250 1.7811 Little
- Managing the frequency and duration of grazing 2.0400 1.8115 Little
- Management of resting points shade for cattle over time 3.0475 1.6254 Moderate
3. Feeding management 2.8450 1.3519 Moderate
- Modification of feed composition by using local feed ingredients 3.2950 1.4979 Moderate
- Adjustment of feeding time/frequency 2.5600 1.7128 Moderate
- Agroforestry by planting plants in combination with trees to 2.2425 1.9579 Little
increase soil carbon sequestration
- Availability of a clean water source or building a water storage 2.4250 1.9491 Little
pond on the farm
4. Manure and waste management 3.3950 1.3862 Quite a lot
- There is a standard procedure for dealing with sewage, such as 3.7925 1.4747 Quite a lot
manure and effluent
- Process waste from the farm to make compost or organic 3.8675 1.4630 Quite a lot
fertilizer for sale
- A wastewater treatment system is used to reuse biogas 2.5250 2.2049 Moderate
5. Animal disease and health 3.9893 1.0122 Quite a lot
- Knowledge and practical guidelines that can control and 4.0050 1.2303 Quite a lot
prevent disease in cattle
- Have a plan for vaccination against foot-and-mouth disease 4.5050 0.9682 A lot
- Use appropriate methods when livestock is sick, such as giving 4.2125 1.1272 A lot
antibiotics and medication for the treatment of mastitis
- Vaccinate against methane-producing microorganisms. 3.1750 2.0579 Moderate
Overview 2.7568 0.9260 Moderate

Remark: A lot = 4.01-5.00, quite a lot = 3.01-4.00, moderate = 2.01-3.00, minimal = 1.01-2.00 and little = 0.00-1.00.
Table 4 The result of the analysis of factors affecting the CSL implementation
Variable Coefficient Standard error Z-statistic Significant

Personal Factors
Gender (GEN) /™ -0.1964 0.1896 -1.04 0.300
Primary education (EDU1) /™ -0.4214 0.7975 -0.53 0.597
Junior high school education (EDU2) /%™ -0.3818 0.6816 -0.56 0.575
Bachelor's degree dairy 0.3054 0.7052 0.43 0.665
(EDUA) /*
Farming experience (EXP) 0.0017 0.0153 0.11 0.913
Farmer's adaptation (ADP) 0.3655 0.0660 5.54 0.000***
Economic factors
Income from milk production (INC) 4.839e-08 1.18e-07 0.41 0.679
Debt from raising dairy cows (DEB) -2.29e-07 1.01e-07 -2.26 0.024**
Access to funding sources in the system (CRE) -0.3706 0.1281 -2.89 0.004***
Household labor (HHL) -0.0511 0.0752 -0.68 0.497
Farming area size (S1Z2) 0.0222 0.0147 151 0.131

Social Factors
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Variable Coefficient Standard error Z-statistic Significant

Join groups such as cooperatives and raw -0.3193 0.1481 -2.16 0.031**

milk centers (GRP)

Receiving assistance or support from the -0.1131 0.0348 -3.25 0.001%**

government (GOV)

Source of information on dairy production 0.2559 0.0921 2.78 0.005***

(INF)
Cutl -3.4251 0.9005 Log likelihood = -485.8890
Cut2 -0.4376 0.8637 LR chif(15) = 112.90
Cut3 0.8853 0.8614 Prob > chi’ = 0.0000
Cutd 3.6619 0.8950 Pseudo R’ = 0.1041

*, *% *** Significant difference at p < 0.10, 0.05, 0.01.
/"™ Dummy variable.

Table 5 Marginal effects of independent variables on the likelihood of compliance with the CSL framework

. ) Prob(CSL=1)
AnkUs (Variable)

Prob(CSL=2)

Prob(CSL=3) Prob(CSL=4) Prob(CSL=5)

0.0240 0.3038 0.3190 0.3203 0.0329
Prosonal factors
Gender (GEN) /™ 0.0046 0.0387 0.0016 -0.0386 -0.0062
Primary education (EDU1) /o 0.0119 0.0861 -0.0079 -0.0789 -0.0113
High school education -0.0025 -0.0208 -0.0010 0.0208 0.0034
(EDU3) /™™
Bachelor's degree dairy -0.0064 -0.0580 -0.0074 0.0610 0.0108
(EDUA) /*
Farming experience (EXP) -0.0000 -0.0003 -0.0000 0.0003 0.0001
Farmer's adaptation (ADP) -0.0086*** -0.0720%** -0.0030 0.0719*** 0.0116***
Economic factors
Income from Milk production -1.15e-09 -9.36e-09 -3.96e-10 9.62e-09 1.55e-09
(INC)
Debt from raising dairy cows (DEB) 5.37e-09** 4.51e-08** 1.86e-09 -4.51e-08** -7.29e-09**
Access to funding sources in the 0.0087** 0.0730*** 0.0030 -0.0729*** -0.0118**
system (CRE)
Household labor (HHL) 0.0012 0.0101 0.0004 -0.0100 -0.0016
Farming area size (SI2) -0.0005 -0.0044 -0.0002 0.0044 0.0007
Social factor
Join groups such as cooperatives 0.0075* 0.0629** 0.0026 -0.0628** -0.0102%*
and raw milk centers (GRP)
Receiving assistance or support 0.0026*** 0.0223%** 0.0009 -0.0222%** -0.0036***
from the government (GOV)
Source of information on dairy -0.0060** -0.0504*** -0.0021 0.0503%*** 0.0081**

production (INF)

*, ** *** Significant difference at p < 0.10, 0.05, 0.01.
/"™ Dummy variable.

91N Table 4 NANTNAFBUAILLMIZAUYDILUUTIADY
(Model test) merada Likelihood ratio (LR) Chi-Square wusl
Fwiiu 112.90 (Prob = 0.000) FawsneAnain fauusesune
Wi (Fuyaea Laswgia wasdsay) Addsnlusuudiass
danarouurufURlunsviuadaifviniusienisiuasuuas
anmgilennia (CSL) fiseiutivdndny 0.01 wazsan1saaeUans

sUaln@ (Goodness of fit) vesuuuTaBazdLUsm I dud

AMAN ANadF Pseudo R-square fAviriu 0.1041 MngaIy

T fuUni (Fuuaea LAsugna wazdeay) Suseansninly
nsesunglenialumsufifanuuu CSL lesewas 10.41

nadaszvidadefdemanonisuiuuiaufud csL luly

! a o 0’:’ L = v v iJ U

nudn AiuUsis 6 Yade Ae Jaderuyara duiu 1 Jade
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loun nsUsusweanensns (ADP) Yademumsugia 91uiu 2
e Usznoudae nilduiiinannisidedeau (DEB) sidnis
wa a3unuluszuy (CRE) Yaduarudeay 91udu 3 Jade
Usgnousas nsdramnga/annsal/guduium (GRP) n1s
IPsumnudiswmievseatvayuduasuannasgrenndnla
Uy (GOV) uvasdoyav1iastunisuanlaus (INF) danasants
UURnu CSL agnailifudnfay 0.05 fawans (Table 4)

UNUAT U Toedl j=0,1,2 3, 4 Ao 9ALULENAIYEY
15U URM LU CSL (Threshold value) usitiasainnisifiv
Joyameuuvaauay wud lifinensns luinsususmiuwn
UHUR CsL vilinseuwinainiusunsudnsagudalaaunse
AMuINAIg ALY Ienvaan1sUfvAnuuLe CSL 18 dadu
avannsauUIngununsUfoRniuu CsL g

CSL, = 1 ule CSL'<-3.4251
CSL, = 2 4ile-3.4251<CSL ' <-4.376
CSL, = 3 1l -4.376 <CSL'<8.8853
CSL, = 4 1l 8.8853<CSL <3.6619
CSL, = 5 iile CSL'»3.6619

wonani Feausoninansenudluiiy (Marginal
effect) vasfulsdassudazimanuiasduiiinuasnsay
NsURURmuWT CSL ladauanslu Table 5

310 Table 5 M3AATIZINTUSUFIILLUIUTRN9
Undnifvinviudensidsunuasanmgiiennia (CSL) vaarhdy
mwam@?ﬁymiﬂum wuindladeis 6 AUUIYDUNYATATNRY
HregfinsufoRnuuun CSL Asefudssdraden (CSL = 2)
war sduUIunans (CSL = 3) fewar 30.38 uay 31.90
AUETU uagdadaununinInquiiegwidunigaiesay
32.03 Ao naufifnsUfURmuuws s lusziudeutisunn
(CSL = 4) annsnedueiladeiidsnasdemsifiuniuniazidud
inumsnsagUfiRmuuun CSL Tuseduiigedu (Juszdumn
(CSL = 5)) vaeiifinstadoniauiiAntuannsidodeun 7
nansevvalwiiy (Marginal effect) Tidwwasanisiislonialu
MU AR CSL 1uixﬁuﬁ§ﬁu il

1. Jaduauunna Usenausmie

nsUsufveanyasng (ADP) iluiladefidamasianis
UftRAmauus CSL egnaiifudndvneadia 0.01 waziilofiansan
31nA1 Marginal effect Wu3111nLNwATN T FULUUVDINIS
U%JUé‘ll’JLﬁlE]%I‘Uflaﬁ“Uﬂ’liL‘Ua‘lEJuLLUaﬂ‘UaﬂﬁﬂWW{]ﬁa’lmmﬁmﬂﬂ‘ﬁu
azdenaliinnuinasduiagufodniunun s Tuseduunn
Wiuduandosar 3.29 1u 4.45 (Rududosar 1.16) &
aoandosfuIuLes Abbas et al. (2019) Aldusdmninumsns
n31ugUnuvlunssuiieannnansenuesnisiUd sundas
giiona agviliinuasnsdanuddlafiesuiuiafatude
fuflefunaasuutasesaningfionnmdiiuaniy

2. Tadpnuasuga Usenaumme

nsiirfaunasiuluszuy (CRE) Wulladuiidaasio
nsUfRmuuLL CSL ageivddyn1eada 0.05 uaviile

#91300199nA1 Marginal effect Wu3MMINNEATNITTIINIUNNT
wfaundaiuny Wwsadud) dWssndy svdmwaliamanig
Huiiazfoiauuun csL lusefuanniiutuanndosay 3.29
Hu 4.7 (findudosay 1.18) aeandosfuauyas Gbetibouo
(2009) MsiAsdudodutiadovanidioiinanuannsaly
nsU3usa essniutiadevdnlunsianmaluladanely
vsuieuuAsurhdllT s R LU R CsL 1

3. Yadasnudsny Usenoume

nsisamngu/annsal/gudiuiug (GRP) Hutiaded
derasionsUuRnuwwg CSL agnaliledrAynieadia 0.05 uax
dlofin1sana1ne Marginal effect wudn wninwasnsiisiuiy
st andu/avnsal/gue sy Wiusntu svdmaliao
vhegtduitazufoRniuuun CsL lusgduunn Wiutuandosas
3.29 18u 4.31 (ududosay 1.02) aonAdaafusuTes Barmnes
et al. (2013), Abbas et al. (2019) wag Chankong &
Sittisuntikul et al. (2019) MNINTURFURNUSTENTNUNYATNT
shefu nsufduiusiudmiidaady nmadisungugusy
#e 9 ogaasiiane uarldunastoyadinansildluiudly
Wisawouazvangan aifiunisiadulalunisufofmuuun CsL
iy

nslasuanuismdeviseativayuduasuainn1nsgne
nsuanlauy (GOV) WuiladefidsuaienisufdAnuuus csL
agaiifuddyn1aadf 0.01 wanidofiansamnainAl Marginal
effect WU NINEAINTIATUAMUYIBINEG BN DA VALY
dnasuannaisronissdelavadistu 1 %t azdwmalinn
thagiduiagfoRnuuun CsL luseduann Wi uanesay
3.29 1 3.65 (fuTudosay 0.36) aeandasiuaures Jones
et al. (2013) 11m35n15 A9gdla Auugihuaznisaduayuds
ulsnefiufoaldase Wuleduddyguanidosnnidumieny
Aireadulovisasndmylsauiii atesdumsifinaimg
Aenfunisususmunnufod csL seinudsuuaraunndon
g aThiwazasiane

#5UNan1339Y
nifadetanuamninyasnsnfulauuiloniadiay
UFTRLL e 5 duldunndy asviliiAeuuufoad
wanzaufiannsathluusuld tnuasnsaasfnwiuuinienns
Ufudit oaamansznuananingfeania d1un1sdanisg
1AsgIUTsumuuUU URUada i v eanmgiennia
(Climate-smart livestock) leiufi nsdnudattsaseuliaiunse
srueaufeulddtu nisdanisnanisliermaiiioannis
afemnueulunszuiumstes nMsdansyadniveadonduin
Tdlmilugufie@ann (Biogas) saudansudsgvir]endinuie

+

yiledunissmhelstunynsnsynlismaniniuiedu
nsifiuyaduaziinsels wivsdidediinluunade 1wy 3os
sulszsnaasuadunsuuasy widdideujiandisannns
Tindasnliiinannsldfedanm Feauddamduundanu

waztdunistieguaduguewde Mdauwnaamiziugigelsali
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Wunsaaduyuitunissnwmnlaldulagld uinininuas
UFTRLE avannsnifismandntunldfuTinauazamunin way
annsUdesieiseunsyan

TefunuiigatuguassalunsufoRnuuunufon cse
vounwmans wuhdl inwasdulvadadedeaun Tuguuuudadu
muussnygy Aiffeslifisfosay 10 Afnsusuasu Jadu
ngunwassulniandunen viedunwnsnswiiln wagly
WinvuelvgldFuinnsgiud Ingumasgurifasgatiy
daasu 1) ﬂmmwﬁ;ﬁuu 2) M153ANTTNITY Uag 3) N13TANIS
9T UARLNYATNTUBT1 WNUTUAsuUf TR asidu
Funuitiingaduninninseldvienandndldinduun adofu
91U Abbas at el. (2019) W4 W udszifuideatuii o
AnudAylunIsUTURI ULl UR CsL lildiinaineny
n1s@nwn nioUszaunisal uilAnanmssufidiladleldsu
wanszvuaINMsUdsunUasanmgionne liasdugugi
Aoy fouds waztvin uddswianiadifeannud deya
Hansgnukazn1sduasuliuTuAInuLWIUUR CSL naonau
nsdfaundaiunu dadu nsduasuainaiady nid
dudunaziaornedinuiinunsnsildiusin msdnluliamg
Wosnszaiunssuiuarduasulinszvindemnudsas
HansEnU AaenduddaiueusuIsusudlviddunis
Wasuwlasanmadennianuuuit R CsL Waundoyanis
hunganmgiiennialueuankaziiliinunsannsadifuay
U sawdsnsatvayudsuloviedslunad foadls
ssaeatuayunsiinivnududeainanasy wWelduuuama
Tinumsnsiadulaususmuuuiuua csL iileannisgade
NaNARIINNANsTNUNTIABuuUasan1ngienia vaeaing
selduazanusiuamse g
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ABSTRACT

Keyword

Climate change

Climate-smart livestock practices
Adaptation

This study examines the adaptation of dairy farmers in Thailand in five aspects according to the
latest climate change guidelines: 1) efficient energy management 2) grazing management 3) feed
management 4) manure and waste management 5) animal health and disease management. A
questionnaire was used to collect data from 400 medium-sized dairy cows in Saraburi, Nakhon
Ratchasima, and Ratchaburi Provinces using order logit regression analysis. The study found that
dairy farmers in the sample group were moderately adapted to the overall climate change in
livestock farming practices. The factor that contributed the most to the higher level of practice was
the personal factor, i.e., individual adaptability. If farmers have more forms of adaptation, it will
affect the likelihood of complying with the Climate-smart livestock (CSL) at a large level,
significantly increasing by 1.16 percentage, followed by economic factors such as access to funding
sources in the system, social factors comprised of joining a cooperative group or a milk collection
center, assistance or support from the government and access to information sources. Farmers who
complete all five aspects will be able to mitigate the effects of climate change in the area and be in
line with the climate. Government agencies and related agencies, including provincial and district
livestock extension officers from cooperatives or raw milk receiving centers where farmers are
members, should be provided with knowledge to raise awareness of the risks and impacts of climate
change as well as promote adaptation models based on livestock farming practices that are abreast
of climate change to mitigate and reduce yield losses from climate change impacts that will increase
in the future.
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