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ABSTRACT: This study aims to compare costs and benefits of sugarcane and alternative crops while taking into
consideration the effects of climate variability on the productivity and planting area of sugarcane. Using primary data
from 421 interviews of farm households alongside climate related secondary data, a cost-benefit analysis is
conducted. Further, CropWat and Positive Mathematical Programing (PMP) models are applied. The results indicate
that while, on average, sugarcane farmers’ income exceeded variable costs by 1,496.26 baht/rai, alternative crops
may be more lucrative. This is driven by high variable costs (e.g., labour) in sugarcane production compared with
alternatives such as wet-season rice, dry-season rice and cassava. When taking into account farm size, the study
finds that this is of particular relevance for small-scale farmers. Regarding climate variability, the CropWat model
determines that the yields of sugarcane 7.2 percent and dry-season rice 6.7 percent decrease in severe El Nifio
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years, whereas other alternatives are not affected when compared with the 2018/19 baseline. The results of PMP
modelling show that the occurrence of El Nifio and severe El Nifio years will result in not only the reduction of
productivity in the survey area, but also a decline in planted area of sugarcane, which will greatly reduce overall
production in the study area by between 7-19 percent. The following recommendations are drawn from the study:
First, small scale sugarcane farmers should cooperate in farming groups in order to reach economies of scale or exit
sugarcane production in favour of alternative crops. Second, sovernment agencies should encourage farmers to
insure their crops against climate variability which rain delay is expected to increase in frequency. Third, we
recommend that support irrigation systems be established to depress risk of sugarcane shortage in long run.
Keywords: sugarcane; cost-Benefit; climate variability; Positive Mathematical Programing
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91dely 2. veuUKNY 313 f79819 2.01WAUS 12 39819 2.UMIEITAIN 29 A39819) T1Iu1Uuazd1IuUse 37 daegia
(inwnsnsiiendelu 2. vouuiuiavun) wastudilends 30 afadou (numsnsiiondelu 2. veuniy 15 Fegh a.nmdug 10
29819 2.umasA 5 f18813) Feinsiaudinanandunuasnsfiegiesuianun ionds 2. voulnu 365 fogs
umansAy 34 §19879 waza.nwAUS 22 Meehs wuvasunuilddunwaildunuvasuamuuuiilassaing (structure

[ P [

interview) lnedl 5 duiiddny Ao dnvueniliveiniisou anvaen1shionsasnnu HandawazselaNNIsHanNY Auny

AldIglunisndn waginIesilainiesdnsuazgunsal Audeyayisgiuszneume (1) Jeyaifeltuanimgionaluiiug
Audenioninerniang Juesnidesnilonauuuainnsugnilesinen (2562) id1Aey 6 AU Usenaude USinaumuade

(uu/Afow) aumgiigeaaade (esmiwadua/don) suvgingands (ewmwailea/fiow) Auiudunivg (Uosidud/iew)

q

ANISIANRAY (Was/Auniiidew) uazduuiluiiivaseriindinde (@aluyfwidew) 2) Teyaieatuszuunisugnity

£ a

foyaviiavesiu 1deyanin FAO (1998) uay nsusimuniidu (2560)
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Figure 1 The study area covering sugarcane plantation area 50 km around Khonkaen sugar mill

Source: own illustration
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guasnw maiuien waznisuie (2) sunuartandadenisudn laun amiug Ade erasweddesduidniaiiy Aransed

q
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Yoatuidadmgiivuazlsafiv indudemas aniduvdedu erdounsugunsal \udu uaz (3) Auruandaleniaiuadyu
srevdu lurngidunuas Usenausie (1) suuandeusianaiesdleuazaunsal (2) sunuaniniau uag (3) Andelonia

Ruamuszeze

o

Finnmenisfunualdiediaiy melemesiesmunuduuneouwmudmiuusas sl

seldiamanols = nandnsield x Avienlaniu

sunuitsnuasiols = funuiuwsiomasieols + fuuesiifomasols

Kamuwnuavsiols = eldiamadels - Fuyuiuidsiounsiels

NAnBULLAYE oy uiuuUsGuandels = eldmuastols - Munuiuusiiduuaniomndels

frlsavidsiels = Meldviamuesiels - duyuitomedels

KamTInszivesinutarstiawarUssanazgninneduisuanioufleusswinsfismadonsi 4 uenainiina
mseneizgninluliiiensiieseiddulssansvessanouunuanssolsdmiunisuanialu flaiduingUszasdues
wuUSaewsadanmansiiduaa (Positive Mathematical Programming Model: PMP) lughusialy

nTIATIEAngUssenduuuTIaoam9aamansiiiuase

v v

NTIATILATUIINNTNTUWANTIAT BT oAU UNanauLnY Teyanisidninens Tunsudaiivihunivun

wuuTaeududy (Linear Programming Model: LP) lusgdugiinialagsiuvesiiuiinis@ing (Regional Model) auguhuy
nsuanievuludnisudn 2561/62 91nnn53Asgi LP Adldedndnnuiinizlgniiiavuaseaglimsianavemsngins

s

WATIIANLINYDINAAENAAINTTY FeanunsatunAuINduUsEaNSINa M MUALUUTIADY PMP kuudnaesiiugIu (Baseline

o

scenario) (318ax488AN15AS1MUUTIABY PMP wagn1sAwindudssdns dunanuin) figduuuvesilaniduingussasdidu
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¢, Ao AdudszAvdvealuudians PMP anmsilasizinanauuugyimvilesunuiuulsmogaying
(Marginal Gross Margin) 1ag j=1,2,3,...,n (31882L88ANIAIUIBLERASAINIANLIN)

A a

j e AanssuUsznaumefansTuASHAANY Tuiil Ao N1INERdeY N1TNERTIY Lazn1TNARTUA UL NES

i fin TodinUsenaumeninensnIskaniiy il fie NAY wsINY wagRunu

iiefnwnsasuwlasnisindulalunisudn msanwil fmvusdanunsalsass (scenario) 4 danunisel a1l
mMsasuulasanimernie fie 1) antunisaineldanimernawuulieaily 2) aonumsaineldaniwennauuudieadiay
quuss 3) anumsaineldanmernmauuuarian wee 4) aaunisalmeldanimenenuulaiyigunse vedusas
aonuMsaikanunsasuuamisaniwenmalagldinasided Nino 3.4 Sadusuil ONI (Oceanic Nino Index) fifuins

a -

NAIRUNYITIRIUIMLG 0 UShaasRgail 555N uarassdyail 120W-170W lneardvdfidualdvzgnlddusaimun
) a I ) cd a &

anwarTIngmsAuLUsUTIwean ngionaiiduwuulalas seAuauTulsweusIngnsaliiindu (Golden Gate
Weather Services, 2018) anfienaidu Weanansanadud Nino 3.4 udanudn Unsiusingnisalandayusenausael 2538

a

2539 2541 2542 2543 2550 2551 2553 2554 2559 wag 2560 Gﬁa;ﬂaaqummmﬁmﬂ%ﬁ méwﬁgﬂﬁmﬁmiwﬁm
AnadvesaniizeInAuiasdnyy 1wy gamal Uiasidu armduduivg dudu ainduihdeyanniiasgiilu
wuudaesity CropWat WiemranisiUdsuulamwemandnisiiinananunsaiania nardnfivustazyiaanaaiunisel
mﬁap%gﬂﬂ’]mLmuﬂ'ﬂuﬁmiz?ﬂmé y, Tuuuudiaes PMP antunsalandoy Wusiu

NITUATIZAYIUIUNANANTY CropWat model

ﬂ’1ﬁnmﬁﬂssqﬂmﬂlsﬁuuuaﬁ’waaﬂﬁmmnI‘UiLmﬁu CropWat (FAO, 1998) LuudnaasnNauUszunausuiunandnigain
Arpudeen1slduirvesity (Crop Water Requirement) Tngfiansansauduus i iaaiuisaldla (Moisture

Availability) w3eanwaurauluaniwanuduifisnesnis mndernandvsuuiifivemisaldlanninusuiuu i

v v
U °

AoinsazdnaneUiununandnfiazlasu Meluvudiaesialulusunsy CropWat muiaiAIANAeIn1sIguIvefigain
29AUTZNBUANNY 4 duUsenaunie
1. Ysunaunsldunvesiueade (Reference Crop Evapotranspiration: ETo)

TBnsewInAn ETo 1435 Penman-Montieth (Bsgwa asasysy, 2549) IngA1uinuaIngms

900
0.408A.4 n= G) + 1(7U2(es - ea)
ETo = T+273
A+vy(1+0.3U 2)
o
ETo = USinanslsinuesiiasnsds (/) Rn = USinaussavesnsendingvamuniinialésu (My/m2/d)
G = flux Aarwdaumesiuiu (M)/m2/d) T = guugfiveseiniAads (C)

A = AANNAINLUBAEY curve w3eAule (kPa/°’C) vy = AAsIves psychrometric (kPa/°C)
U, = aanuidiauiisgdiuanugsaniitl fu 2 u. (m/s)

(e e,) = AMAUAvaLLule (kPa) 900 = factor USuuA
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2. YTunamusieiiou
TUsunsu CropWat fuiauSinamuiildusslowiléad (Effective Rainfall) fae3snnsduans USDA Soil
Conservation Service (FAO, 1998) qmﬁﬂmmﬁa

Peff = Pmonth * (125 - 0.2 * Pmonth) / 125 01 Pmonth <= 250 331

Peff = 125 + 0.1 * Pmonth 1 Pmonth > 250 w.
e Peff = Usuaulufildusslowiléasa (Effective Rainfall) ()

Pronth = U3tnasluadesieiiou ()

3. szuumsUgnily Useneudie Andudszans n1sldinvesiio (Crop Coefficient: Ke) szaznsiasaiiuln (Stage)
AUETIBI3N (Root depth) dndauthiifieldle (Critical depletion, fraction) duUsAnansnoUaLBwEWaNAR
s (Yield response factor: Ky)

0. deyaviiaveshuillivgniivusazaiin Ussnaude arudulufuiisnua (Total available soil moisture) §ns1n13
%m&humawuaﬁuqaqm (Maximum rain infiltration rate) A11181351Ag9&8A (Maximum rooting depth) Wag e
L'%'uéfumiqmlﬁaﬁﬁmnﬁu (Initial soil moisture depletion)
dlensuesdusznoudiieg 4 drwuds Weduusyansine Tnsginuuusiaeinisasaiulavesity Cropwat

(Smith, 1992) s18azLd8AvaLUUTADUT UMD

Yield = YM. (l - KY. (1 - SUMﬂJJ
SUMETMi
o Yield fio Usinamandniiadlazuase (n)
YM fio Vsmnaumandndivfidulldgefigaiianusoldsudiovgniedhiluiui (n)
KY Ao AdulsyAvSnIsanaseHananfivaINNsYIATY
SUMETA, fie nasmUsinaniiialdese lusazdrcvessounisnan (u.)
SUMETM, #io nasmUimnanigeaafifedonis luudasdisnessountasdn (u)

i B YUNIHENTIUAaYYIATOURANTELY 1 LD

Nan1ANYN
v o & o =
dayanaluvasinunnisfne
nunn1sfnwaseumguiuNnIsNEnstudminvauLnuLINgn LazATBUARUNLNEN 4 Jnin Ao 9.9a5571 3.
eela1g) 2.uM1E15AN wag 2.01waAWS Ussaa 2 G 3 uauls sauudiUsenaumeiiuiinuasviaun 3,027,460 13

(Table 1) wusnslduszleviiduiuiiugnduinfigadiui 1,427,841 15 Aadusesaz 47.2 vesiiuiinunsiiaiun

'
a

3aﬂaqmﬁaﬁuﬂ7‘iﬂqﬂ5% Fuduznda wazldidudu JWuf 877,494 404,445 waz 247,303 15 wSedndudesay 29.0 13.4

WY 8.4 VBINUTNLNYATNINUA A1UAIRU



KHON KAEN AGRICULTURE JOURNAL 50 (6): 1752-1772 (2022)./d0i:10.14456/kaj.2022.XX. 1761

Table 1 Agricultural land use in the study area in 2017

Nong Bua Lam

Khon Kaen Udon Thani Maha Sarakham Kalasin Total
Land use Phu

(rai) (%) (rai) (%) (rai) (%) (rai) (%) (rai) (%) (rai) (%)
Rice 915,625 47.4 77,982 28.7 155,977 75.9 170,183 68.9 108,075 29.1 1,427,841 a7.2

Sugarcane 593,496 30.7 125,627 46.3 11,008 54 31,300 12,7 116,063 31.2 877,494 290
Cassava 211,678 11.0 46,409 17.1 13,517 6.6 26,846 10.9 105,995 28.5 404,445 134

Tree crop 159,399 8.3 16,400 6.0 23,191 113 9,512 3.9 38,801 104 247,303 8.2

Other 51,293 2.7 5,224 1.9 1,832 0.9 9,096 3.7 2,933 0.8 70,377 23

Total 1,931,491 1000 271,642 100.0 205525 100.0 246,937 100.0 371,867 100.0 3,027,460 100.0

Source: Land Development Department (2017)

maﬁnmaﬁ’muﬂﬂisLmsuam%”sL%umwmﬂimumﬂsﬁﬂiﬂwﬁﬁuﬁwaﬂqﬂefauimg U funuasnsiaug
wnzUan 100 15 Ugndes 90 15 axduundunuasnsgugndes 1Judu deyannnsdunisalniifounsnsns wuii lag
WwAsinumsnsiugndes MfiAununsiade 355.28 13/a%a3eu sunumsnsiugnin wastudendsdensosiifuinuns
\fy 23.82 wax 34.16 13/A%Teu muddu ImmamaLL‘U'QLﬂwmﬂiﬁﬂqﬂé’aammmmﬁuﬁﬂqﬂﬁaa woadu s1edn (1
59 19) 1¥inwatds 3249 13/asa5ou s1enans (60-199 15) 108.82 13/af13eu uagsnelve) Gnnndt 200 15) 924.53 13/

ASIL30U A4 Table 2

Table 2 Land use of farm households based on their main crops in crops year 2018/19

Land use (rai)
Household type

Crop land Sugarcane Rice Cassava Other crops

Sugarcane 355.28 342.93 T7.77 0.01 4.57
small sugarcane (1-59 rai) 32.49 22.09 5.81 0.03 4.56
medium sugarcane (60-199 rai) 108.82 93.37 6.29 - 9.15
large sugarcane (more than 200 rai) 924.53 913.33 11.2 - -
Rice 23.82 7.45 8.55 6.73 1.09
Wet season rice 24.16 7.30 13.98 1.53 1.35
Dry season rice 23.49 7.61 3.13 11.93 0.82
Cassava 34.16 14.01 3.77 16.38 -

Source: own calculation
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Snvaszanmgionaluiuingsing

deuvsanwornanudail Nino 3.4 Tnglddeyaaninndenniadoudd we. 2494 - 2561 wui1 animeniely
fufinnsfinulnisudn 2561/62 Fdnwurnsnszareimesiuiu gaungll msduduimsilndiAssiuidgionand
TneiUsnaninuadeduiiy 1,216.60 wu. gumgiadewhiy 26,50 esrigaidea wayanutuduinsiviniy 71.85%
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fl.0. uaztraiou n.o. 81 we. Feasfandn udiiasinisugndes uanludisdifiedosnisinilenaasyiulnwed
Feunsieflyguusdmansenusonisnanses tosndlanflyizuuss & Figure 2 uennileluniriuaindeyanfogd
wurfstsilonmainTutssuazuiuiy & Figure 3

a '

Augunll wud Yndusingnisalieaiileylenmgiindeluiiuiiviiiu 27.20 esrngaidea TUsingnisadeailly

= o a

Julsgungdaziisgaungeanitguniliadely 2 919 Ao Yaameu wa. 89 .o, uag Fruneu a.a. f9 5.A. luvuendnd

Y 9

pmid }

Usngmissiandiguazandgnsuussgumgilusdasifeurreginimielndidsstug umgiindsluiiu lneUandg

gumnliviniy 26,91 ssrnwaldua vasudinandy guusseamgiluiiaieu wa. fs w.e. wllgamgiingeanitgamyd

wAvoghann Mntuluti we. i 5.0, gumglagsniaiads
autuduinsludfiiunngmsaieailyaedautuduivslndifssiumutudnivdiadovesuraziouludas

syt enriutiafou e, G n.a. azllanududuivsiaduanitszauiaisegiunn lnetioatdlydautudusivsluiumg

'
o '

WU 70.79% vaueianududuivsiedeminiu 71.51% Uniiusingnisalieatilyjussinnududuninsasisequiiaindd
ANUBUFUINSLRALENLIUTINADUY N, kA i.a. Wasdiaiou a.A. A 5.0, YueNUNTUTIngnIsalatlauavariaguwnss

AnuRuduinsiusdazifowareggnausuduivsadsluiui lneUanllgrianududuindivindu 71.88%
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Figure 2 Average monthly rainfall by weather condition from year 1951 - 2018

Source: Thai Meteorological Department, 2019
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MULTR

= number of times of absent rain period (times/year) avg number of days for an absent rain period (days/year)
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Figure 3 Frequency and intensity of absent rain period yearly from 1951 - 2018

Source: Thai Meteorological Department, 2019

AUNULBTNANDULNUNSRARNYNSAIANYIUNSHER 2561/62
KamsAnyIFuLLATKana LTI 1IHARdoslasaluuTin1Anw wud Tneswdenunsnsiiduyuioms
8,184.94 uw/ls LL‘U'@Lﬂuﬁumuﬁgﬂwmﬁﬂuﬁuam 6,416.51 v /13 wazliiduSuan 1,768.42 vw/ls LLazmﬂﬁumuﬁmm
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\iolsuiisudunu uaznaneuunuludnisimizlgn 2561/62 vesnsudndostuiivmadenluiluil 3.
Usgnausne $17und $1aunde uazfudends wudn defiansanamesunels inwnsnsiugndeslasunelsselsan
nsUgndesrsutnegs lnsnelalndifssiunsugninuniilssuneldgaiign sgrdlsAmuilefinnsananmlsiiladsusiols
wui inwssnsgUgndesndumayulssuinlstosiian Aelasadeudiuamu 272.16 vn/ls luvasiiiemadendulérils
nsUgndnutilasuilsgeiian Ao 5,078.04 /13 sesasnfednuiusadils 3,210.79 vn/ls wazsfudUzwda 279.08

v/ls sisildumsizdununisndsvesfismadentaeianizdiund warwidseinitdununisndndeseguin wiulddn

v
=]

AunuiuwlsgeUszneulumisAusu wardanlade veanisndndesaanditniunduasuiuseosay audinu el

Wewnannsuandeeinisldusanugninnisint seaszidends Table 3

Table 3 Cost and benefit of sugarcane and other crops in crop year 2018/19

Sugarcane Wet Dry

List season season Cassava
average small medium large . .

rice rice
Fix cost (baht/rai) 826.02 970.79 314.17 206.81 212.01 212.01 1,236.32
Variable cost (baht/rai) 7,358.92 7,479.54 6,740.35 6,306.19 2,822.68 2,586.95 4,402.30
Total cost (baht/rai) 8,184.94 8,450.32 7,054.52 6,513.00 3,034.70 2,798.97 5,638.61
Yield (kg/rai) 10,434.36 10,377.65 10,942.14 10,111.21 740 548.18 804.44

Price (baht/kg) 0.76 0.76 0.77 0.70 10.96 10.96 7.36

Total income (baht/rai) 7912.78 7,841.02 8,431.48 7,083.47 8,112.74 6,009.76 5917.69

Income over cash variable costs
1,496.26 1,306.15 2,642.24 1,387.59 5,672.70 3716.45 2,498.99

(baht/rai)
Income over variable costs
553.86 361.49 1,691.13 T77.27 5,290.05 3,422.81 1,515.40
(baht/rai)
Profit (baht/rai) -272.16 -609.03 1,376.96 570.47 5,078.04 3,210.79 279.08

Source: own calculation
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Figure 4 Productivity change of sugarcane and dry season rice by weather scenario

Source: own calculation

Table 4 Crops income changed by weather year compare with base year 2018/19

Income changed Severe El Nino El Nino La Nifa Severe La Nina
Sugarcane (baht/rai) -611.07 -237.64 -135.80 -42.44
Dry season rice (baht/rai) -763.04 -582.74 -787.04 -654.86

Source: own calculation

wanizwwmﬁuﬁﬂgnLLamJ'%mzuwawﬁﬂé'aamnﬂ'muLtﬂsﬂiaumqamwgﬁmmﬂ

HanssnusouUgndoeluiuinising

KaNsANYIINNTIeTEIuLUUSawsadamansiiiuass PMP aglduuusiassneldanunisalfiugu
(baseline scenario) fifideuluuaznanouinu suieandeavomandnuazmslivinenslunssdadulunuaninmg
wanluszAugfinarsauaguituiinsinuludnisudn 2561/62 wansiasien wuih wwuaesiuguasnsasiaonisld
finudlensugninluiiuiidnmlndifestuiuiiugniadiiatuatdlulniman 2561/62 fo ffufivgndes 417und $1u1
U5 wazsiudUende windu 877,494 15 1,427,841 15 464,298 15 way 404,445 15 anugieu ﬁuﬁﬂ@jmﬁmda%ﬁﬂuﬁuﬁ
GuaqLL‘UUG\]"Waaaﬁugmmqmﬂﬁuﬁﬂgﬂﬁﬂuﬂmsmém 2561/62 Winflu 0.14 0.16 0.08 uax 0.09 13 aud1duiiy uansds
ANANINT0TUUUT AR AN s assaaunsaiiAnd Al ndiAssamuaie uasndeudmdunisliiiaserinng
Wasuulasszdumandnneldaniumsnianunsaidaessely

nan1sezsinsldfiauluaaiunsalsiaesanneIniAne 4 wuu wudt wlnisiinganunisalang o szl
KanAnuazsgldveanunanadeuntadly uisUuuuiiufiniamedgnlunmauvesiiuiinsfinuisaaiiu fe Ugndnaud

WNVgn sesauAeUgndey 11U wazsiudUsvas fa Figure 5
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Figure 5 Plant areas by weather scenarios
Source: own calculation
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Figure 6 Percent change of planting areas compare with baseline scenario

Source: own calculation
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NUNIHEN 2561/62

Table 5 Summary of sugarcane productivity, planted area, total production under the weather scenarios

Sugarcane
Scenario Productivity Plant area Production Production change from baseline
(ton/rai) (rai) (ton) (ton) (%)
Severe El Nino 9.63 770,820 7,423,243 -1,732,845 -18.93
EL Nino 10.12 845,535 8,558,235 -597,854 -6.53
Baseline 10.43 877,494 9,156,088 0 0.00
La Nifa 10.26 872,466 8,947,732 -208,356 -2.28
Severe La Nifa 10.38 873,895 9,069,737 -86,352 -0.94

Source: own calculation
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