F8UATUENY T
(Final Report)

lasansAnwinansznuvasnsuUsUsuYesiianiAran1sUugnivy
A e
UUWUTEY NSaiANElATINITUALS

Study on Impacts of Climate Variability on Plant Cultivation
in the Highlands: Case Study on Royal Project

wHINATBe HularausnYnIneNIsTIUNRLa AW InA Y

Tne

g3uns dad13ny3n uavaoe

aduayunieles aordudTenasimuniiuigs (sRnsumvw)
UszdUauussanns w.a. 2559



FgURtUFNY T
(Final Report)

lassnsAnenansenuvesnsuususiwvesniionddanisuaniny
UUNUTge NTAIANYILATINITNADS

Study on Impacts of Climate Variability on Plant Cultivation
in the Highlands: Case Study on Royal Project

wsuAdEeNuuazausnYnININTeTTHVRLA AN

ARITEITY farim
HALAT.dRuNS Tad13nedn ANIZINEATANERS UNTINYIFeLTesln
ns.Nug BosaTan ARITLNYATAIANT UNTINEEETeIn
Uge3n ALl ATLNYATANENT UNTINEEETeIn

AN 2559



AnfAnIsuUsznd

41mf‘a'{fa’luL"?"mwaﬂsswu‘ummsLLU‘;U?Jwaagﬁmmﬁeiaﬂﬁﬂqnﬁwuﬁuﬁqq
nsdiinulasamanansilldsunuatvayuludsuuszana e 2550 Mnantuideuagiam
ufias (esdmsumaw) AlFdaiunnuddyvessafuluFesesdiuindoniiudsuntas
lunnmsinanndlandouiimdadudamvarsegaufatufunuduinuasiias 1uided
Iisuseifosndudi 3 ud wardeliauddyivuuinmeiinrarunsatrluldlviAn
Ustloginnuuudnaesanngiianniaazuuudiaosiivluiiuiivesyadslasnisasdely
iewIsundouduranssnunnsuUssauesanmgionmealuounan

mssiiusuluaiedifsuameyinseilunislitoagnisninsuas doyaiy
masuldinaresmdu ugiae wazelanilafinswdnnigldnisdniuauesyais
Tassmsnansluiiuiivesanfinuasnanssnses qudiaulasinisuaisiedigu aud
WALIIATINTVANUNLE AUITAUTATINTUAINInTUNS AudiauIlaTINTYaNLENT I
AUGTALIATINTVAIMUBUTEY AUIRAUINATINITNAIILAN AUHAUILATINITNA
YUz AUITAUINATINITNANNTZUIMIIEAL AUSHRILIIATINITNAIYUSS Audiamn
lAsenIsnatevjaisn Audimuilasenisualanuemes Muldnadiunaiy @runauyails
TAsamavian uagvaeaudug iieates fosweveunasn u lematiiusgags

1Y UAMMNUEBIUIINTS Fantamaeenu Waniiliing ($uiniigsnig was
FiAeatesdue 5mqmrhuﬁnqm1113’?1'4'111a‘1.5Lﬂ'i1zﬁ‘ﬁ'agam’1,ﬂUﬂﬁﬁﬂmﬁLLazE‘J’wmém’m
AuavmnogiuiuiinnUszms ulufanunsnsluiuiiuilidenatuiifowaslmdnly
iuilumsiiuiegslunisAineade venain tudsiyeainsuasmisauiinldnarou

=l 1 2 1 = [ i = oW A [ at &
aﬂwmamuﬁ‘lwmmmamaamuamm \‘1']‘L!'Jf\]EJ‘L!’"IN‘Uﬁ‘i@Nﬁa’]L‘i’JﬁﬂM’]quﬂ‘iﬁﬁdﬂﬂﬂﬂﬁzﬂ']'ﬁ

Sl oo B

AnrAIJudpIvevaunuiluag1agen ol Teniatll gavielineanzgidudesvoveunn

U L

WimiAvesaarduidouasWauriuiigs (e3an15um1vw) aviiuuas fussaiuay

@t

= & A w o a w o a 3 & I aa
Iﬂ'ﬁﬂﬂqi'ﬁ]ﬂu sfj']ULWﬁaaLﬁaqli'ﬁﬂ@']LU'LN']u‘L@NﬁaWL‘iﬁ]LLaSBWU'ﬂﬂﬂjqﬂﬁxﬁnﬂLUU@H'N@EN

@t

PR
AUSHIY

WEAINNBU 2559



fl
ALY (9311157 519N13)

W89

=
[a]
el

s/ insans
=1 =1
fioflo

Email:

Yo-ana (n1wlne)

Yo-ana (Sangy)
AT
AL (M93B7015/ 5719079)

VU289

=1
[s2]
el®_

Wnsdn/Ansans

Email:

AUNLY (M19IBINNS/ 51UNNT)

WUILITY

=i
=
el

nsdw/Insans

Email:

Loy
AUSHIY

wgasuns fdad1sedn

Mr. Surin Nilsamranchit

Usgyeyien

HYIBMEnI19158

dnumviivau naIvivmaniuasUgiaans
AMZINYASAIENT ATINETAeLTedln

239 DULMILLAT FUadnH BLnBiles
JandaLieelumi 50200

0-5394-4040 #ia 116

08-1950-4143

surinaggie@hotmail.com

unnilug) Besatan

Mrs. Kanita Ueangsawat

UStyeyien

UNINeIAENs gy

armivgiemans neviveansuasUsiienans
AMZINYASANERS N Iendeidedlng

239 guuiieli Muadwn g1inedias
Janiadeslva 50200

0-5394-4034 ¢io 107

kanita.u@cmu.ac.th

g8 e

Mr. Suriya Tateing

Ysgygln

UnInemaEns

gty medvniymaniwazUgiianans
AMZINWATATERNS UnTINEIaeLdedlnl

239 auuieLm Muadmn 81lnaiiles
JaiaLtiealuial 50200

0-5394-4042 / 0-5394-4086

a_azura@windowslive.com



unagudmsuguing

anulusnvadlaseanig
miﬁ’mmnwiuuﬁuﬁqaﬁnﬁaamiaﬂ1wq5’.‘|a'mnﬂ%’auaé’wumﬁwaﬁaumu
nssgAvlanagiauINIsvesiy nsuususiuvesgilennialuunlisdinansenude
nsuanfigld anuRaunfvesgamgiussAetudioslifunfidmademedouiunmanan
anasld Ballanufinunfuniubsaznsznuroamninuaznanananadly Felafinisdnu
mMaAsuuasanmgiiannaiiiiuansenusionands liavuiuiaduituiilassnisaiaan
s w.el. 2557 ﬂ’1aJ'LéfﬂﬁaﬁuaqunuﬁﬁamﬂamﬁﬁﬁaLLaxﬁﬁumﬁuﬁqﬂ (DIANTITUNTU)
INHANTANWILANIIT ﬁuﬁﬁﬁisﬁummqa 900-1,100 wastulUnsERuLT Aty
Aadevesgungiigsaniuuliuanas gamndaniuuiliigetu uazU3inainusused
fuulduininntu LLaxlrﬁfﬁWLauaLLUUﬁﬂaaaamwQﬁmmﬂuuﬁuﬁqaﬁwmﬂizﬂamw
pllonnduazAnwiuvusiassitvimensainananfiveeatiouaz gy daurlunisdnyad
W.A, 2558 15@7’1LﬁUﬂﬂ‘iWﬂﬁaULLaBﬁWU’]ﬁg&LLUUﬁ’]ﬂBQﬁﬂWWQﬁ@Wﬂ’]ﬁ LUUINADINTVDINAU
uaas warenlanalufiuiidnwvensesnlUlufiuillaseinisvas 5 uns wan1sAnwINUI
m‘iLﬂaiaut,mawaqamwgﬁmﬂwﬁﬁgﬂLLuumirfIULLU‘aqquﬁmé‘wauwﬁamﬁamﬂulﬂ‘lu
ﬁﬁuaaLﬁmﬁ’uq@mamaaqﬁmﬂﬁ uazlswuuraesiivilinensainandnizainnisiinsg
auduiusvostaduanmeniafunarandae Microsoft Excel 1utpdasiiolunisnen 34
1ﬁﬁi1é’uﬂisﬁwénﬁﬁﬂﬁu‘laﬁqmazﬁ’]Lﬁunﬁwﬂﬁa‘ummLLajuﬁ’maumuﬁmmﬁﬂﬁ‘lﬁmﬂgu

favy Tut) n.A. 2559 U F90TM0USEAIA MUNISNAAD VLAY UILUUIIa09aNIN

9
o '

pionakazkuUIaesivesliinauuiungsuiiuilasensuarsnniminaual uasveny
naldanuifngidudnsindiuiu 12 une uazAnwiuuanianisiddsslestanuuuidness
angiioniAuaziuvdaesivdmiuidmihivesyaislasensunaluazinunsnsgugn

eiauunuiigs



TngUsTHA

' '
= e

1. iionaasukariauinuuitaesanmgiioniavuiiuiigeiaiunsaneinsal
ﬂﬁLU?{auLLanaﬂ']wnuﬁmnw

2. ilenaasunariauILuuIIaesiiving nsainansynuvesanmgieniase
HAKERYTBINEU UzaeiuguIad wazarlinlauguaniily

3. tleAnwuuamanisldusslevdarnuuuitassaningiennianazuuudtassity
dmfuidniiiivesyadslasinisumenarinyasnsgugnlinavuiiuiiguie

wissunSauiunansznuINAsUUTUTINYRIAN MQTRINA

UsEaaNan15 I 8keNIUINQUIZAIA

'
=i =i

af o ) g i
1. AMIInadauilasnaiun LLUUQ’]ﬂENﬁﬂqWQNEﬂﬂ’IﬂUuwuﬂgﬂﬂﬁ'nl"lﬁﬂw&’]ﬂ‘iﬂj

= a
nsaguLasanInniaINA

TumsAnwasstitlasiunuteyag

'
=

NNITTUINteyagun)ilgian aungilsn

U

VyuINe19189TUVDILARE N UNUS D NUNLNALAYS
gn wazUTuauiduua dundnigiuteya
anmaenianaznaniniluudaz Nuidnwdmiuiunldnageunaz iaiwuuitass
o N v d’l’ Gﬂl [ T 1 =] & et
anmaImalariuuMasiivasliNauuuigs Hansinwikanslviiuitaniil/gudiaun
Tm:m1wa’saﬁﬁﬁﬁaaﬁiumﬁw’fﬂﬁaﬂm We9518 wazayu 1nseeuaNganie
SLAUUYVIZLAAILA 495-1,400 LUAT ﬁﬁqaquﬁﬂssmﬁ ANINAY LAZANINDINIALANAIIU
-X aid at =l o = ot a:’ I .ﬁ’ d'nl 1 @t =Y
wazanInaInFvesnuniln1sauwlslusevleaiendanu Feusaziuindanunana1aduluide
Usuauidala drvsunisfineinismesemen1edalaleisnis modified Penman-Monteith
mn%’a?‘hﬁ'ﬂﬁﬁ%’a;&aLﬁ’aﬁmﬁuﬁn‘l’a’mﬂqmmﬁqaqﬂLtazqmmqi‘lﬁﬂqm WUINAIGINTIAT
ﬁ']u’ams.rmf‘.l%mm'ig’mmm Penman-Monteith Uszunauso8as 20 taU1u1f1ulIumIonsd
ﬂ'1'5ﬂ'1aixma*umﬁuﬁﬂgnmﬂwﬁﬁwmm1&1‘53:wiafgjaLLaxqaﬂdw%mmﬁmuﬁlﬁ%’ﬂu
U19LABY A9TAMULASSIUNI5VINRAALL LANINAITNAULAE BN ANLNSIN1SANELN
o oA = o @ = & e & w
YasnindatUssuisunuusunuelulununfnednad
mﬂmimaamwmﬁ’ﬂaaaamwmmﬁLﬁaﬂ'mmizﬂqﬁmmﬂa"zwﬁwaaamﬂ
INYATNAB19UN (Table 1) wazgudimulasaNITvianeuIyu (Table 2) laglddidin
. . . L o = = o w = 2 ] ot
Southern oscillation index (SOI) nwayaq@uammmmuwﬂm wunimuTaLIuLanIZ Ly
UAnUsngnsalieatilyviseartysinirunaauar Juisainuu lesawizdnwuiu SOl

AflanuduiusAeutdnauivaumniawn samginanlutiafeudaauiesunauuag

1
]

1 = o= o A)o i 1 L]
m&]u‘lumaLﬁauﬁmﬂumuqmﬂu anL‘UUmaaaamwmnmumﬂumawmﬁaummLmum



d. =y = 1 1 ﬂJ
TulsinusngmsaieatilguavariigiviinUunanawazuusasely drunisiudsundas
anmgiiennmaluszezgnildiiaseiainuuuitassanmeiniaseaugiinig ECHAMA-

1
= a0

PRECIS aU#U W.A. 2531-2564 Wunaunnlasanuazaunninnanuaanunanwiduuiluy
q Ty e 3 i a

Windu USunaindusiudnudluuliviuey f'mﬁﬁ’uuﬂ'ﬁwiwﬂﬁaquaLLaxlﬁQﬂﬁﬁm

nadeuALuiug e teyagnduinetlull w.a. 2557-2558 1l

2. mwﬂaa‘uLLa:ﬁ@umuUUﬁﬁaaqﬁwﬁwEJ'1n'miwani:mummamwgﬁmmﬂﬁiaNawﬁﬁ

VRINAU UzaWWUGUIAAT uazarlanlawusuaaiiil
nsWaLasnedouLuusaesiiaselUsunsa SPSS tiuasasiialun1siasizi

AN USvaIdaToanIne N AR UNANANYRINEY YzalaiuguIaT wazeilinila

& |

wugunaiily dmiunensalnansenudenandnluiuiivesaniil/Audiauilasinisvaiiu

14 i
|

WU'.i']LLUUﬁhamﬁwENLLﬁiaswumﬁﬂwﬂ%ﬂﬁUamwaWmmﬂué‘fulﬂﬂmﬂﬁmﬁ'umﬂqmwgﬁ
21n1@ USuaauinely 3nwauiuniddusnn wazanududuimsluannialusyeyn suAuingIna
sywinadeuunsrudadiquiy Jsanuisaldnensallaaravtnlavingy wan1siasieiln

ANUENNUS NN d AN NERAlUNITIATIZREUNITONNDITILEY LansAT P-value Uaunin

a,

= =

0.05 Tunnuuudnassity JlvArnnuududwansniuly Ardudssans (R) agsyning
0.639-0.971 wansAnwELALUUSIaesityly Table 3 AiflAutanizvosiuiAnw ST
12 wumeiu wazdldfnufulsvestladanmeinafiinansenusenananluuuusiass
WY (Wav) ﬂaaamﬁmwwmqEi']W’N/ﬂuéﬁmu'ﬂmamwawﬁqaﬁﬂﬂu WAYWUUT 109N
(UzalaNugLIAA") TasguiRmuIlATINITMANMNBNTIN INTBN1TNRdDURMLUTYRITTY
anwonialuuvusiasefiad dresuaudeyaiiimnliiinseiidesas ifeussifiu
Uszandwalunisnensainandnudl wuinsiudsvesiadeanineinialunuusiaesfied
Anwnil finansenudenandnuomdvkazuzihsiuaadluiuidne welfifuedesile
dmsumioumiauiunansenuresnsulsusauaniwglienniaiidnase nsugnitvueayais

TAsaN1svaala

3. msAnwuuImnsldusleviainuuuinassanmglisnnAnazuuuinassiigdmsu
v = o v ] & 4 = = v ar
Wintnvesyaiislasenisualruazinensnsguanliinavununganamisunioudu
NANTENUINNISUUTUTIUVBIEN N TIDINA
n1sidnuudaesivlUlgusslevidlaluiuiidunisdennislunisinssunsouiy

HANSENUINNTWUTUTINTRIEN N TDINA Wip19dvdalileuludninvaswuuinassiivly



= o/ o

msnensallaarmtuasyszansnmanuuiugn Tadsindusesldsunismaasuuas i
wuudnaesiglausaluldlaasedmiudmtinueyaiislasinisnaisuazinunsng

ugnldnavunuiguitawssuniauiunansznuannsulsusiuvesanmgienia A

'
174 at at =l

lendayaanimeinmanardnuyusfuvesuiaziuinnnuanizianzaadududiulsiidfy 7

124

fostnuIfiansudenansenunanisikananvealiinalluagiaunn nnsatenennus

[

RefusasInsaesEesnsds (ETo) warnsaessimevasive (ETc) uansdennudesnisly
iheasfivanunsadanldlinnuifudmifidaadunsinuasdmiunisliduusiug
inwnsnsiugnlinaluiudls
m‘sﬁn‘mﬁﬁqlﬁﬁﬁmmméfaamﬁ%’ﬁa;&aamwa’m’msﬂmL%’Wﬁwﬁuaxmwmm
Qﬂgniﬁmauuﬁuﬁga LLam"LﬁLﬁuiwmwsnwuﬁuﬁqﬂﬁ%’u%m%waﬂﬁnﬂ'rsrl’ul,l.ﬂwmamw
pmafidmansynusenslinandafiintuluilagiu uasinuasnsldliawddysediiay

WAATUL U UIARLINENISINILHUSDITUANIUNISAINITEULUSUDIENINBINA m‘a%hfg"ifama

U

@

“Linawﬁ]'mwawﬂawwﬁtﬁ&J'Jﬁ’u%yaamwa'1mﬂa"zwﬁ'ﬁaLflumuﬁaﬂw{faﬁ'mw
NMSUTUFILAYNNTIANITAONANANAR SIUTNYATNIABINISIATURILLLNA AL M
nMainumslngnss Fanvasnsiauetenianislasutnasteyaiunsdunasidnves
Twﬁﬁ'w‘ﬁﬁaﬁaL“fl'uLﬂ%ia@ﬁaﬁiaaﬁﬁﬁﬂ'smazmn‘luﬂwﬁu Fatiu yailslasanisnalmse
mhouiAgitedu q msilevsuagnsnasunilunmsudsinalifunvasnsagldsu

JowSsunsouunlvanumsalarmthlaviuvieiiselu

d3UnanIsIvY
N1sANEIHANTENUTRINITWUIUTINTRI o mAdanisUgn linauuuigs 3 vila
at 1 =) o 1 =f 1 J E‘Id
(W& wzaine 910n1la) YveyatislasimIvads Iuau 12 Wi mamsanwluwsaziufdnw
wuiwﬁamwgﬁﬂ‘mm ANNAU WATEANINBINIALANANNAY HN1sHuwUsaNINeINIALUSaUT
AaeAAINY FedinnuwenanefuludsdSununinle nsaeseivevedldinandazyia wuin
& & ' | . ¥ =Y v = ' W as
nsAesEieniiuilgnuziisgeandivsunanieuiilasuluvaseunaziinnimaudiu
21M7A1AN28 IINAISNAFDUKLUUINADIANINDINIANUAINFURUSH19TALIUTENING
Southern oscillation index (SOI) fiugaumaiaign gaungiagaludiaseudamauia
at = %.’ 1 = = - ct" o =4 r 1 o ach
sunAuwazUsnanduluhsfeuliviauddiguisy Fedndudemagounuwiugiludn
iausingnisedieatilyuazariigivdaUiunaiiuas unse @uiuuitassanineiniely
5388817 (W.A. 2531-2564) 38aU)iln1A ECHAMA-PRECIS wulngaunnilgednuazgumyi



ﬁi"ﬁqmaaﬁuﬁﬁnmﬁLLuﬂﬁmﬁ'uﬁu Usunahelusanlduduey waziinistunyusseningd
ABUTNEN

ATHAIUILALNAGBULUUINADINTA28LUSUATH SPSS 21nN15ILASIEUAILEUNUS
YBIANINDINIALATHANAAVDINGU UraaWUTUIaA1 wazerlanilaiuiUaaniile
Tufiuidneil 9rnnsTtadanmenadusiuusiu wandifiuindulsildluuras fud
fannuuanenstuaingaumaiionia Yy Suauiuiiflunn wagautuduing
omAluszazneuliuifsmasyninafounnsaufsiqguisu dldwensalaamhlalsivindu
Han1FIATIEAl AU LS T T ddaunadnlun1sIAssraunsannoeiadu waneen
P-value Hoenin 0.05 lunniuudnassiiy IsbiAranuidugansisiuly ArduUsEans (R)
9858117919 0.639-0.971 azlfuuusiassitefiianuianizvesiuiifnw s1uau 12 wuu
ey warladnemulsvestatuanmernaiiiinansenurerananluwuus @ity (Wav)
VOIFANULNHATRAIO NV / quéﬁmuﬂmamwmaﬁwﬁwju WAYLUUINARINY (N9
WugUIaen) YosAudiauIlATINITUAINILENIY laadunisnedeusiuwlsveataduann
omaluuusasiivi ﬁwaﬁ’wmu%’an&aﬁﬁaaauﬁaﬂwLﬁuﬂi:ﬁw%ma'l,unﬁwmnizﬁwawﬁm
W& nudinudsestiadsanmennielunuusiassiteiidinui finansenurenandnuendy
LLa:mﬂ1dﬁu§uaaﬁ11uﬁuﬁﬁﬂwﬂ mstuuusaesiivluldusslonildluituisadumaden
wildlunisinnisuannaisndudesliiunmsmaaeuiasiauinuusiassisliansnsourluly
1@1’%‘%@LﬁaLrﬁ%EJ:Jw%’auﬁ'umaﬂs:mumﬂmiLLﬂiﬂﬂwmanﬂwqﬁaﬂnﬂﬁ

ﬂﬁﬁﬁ’Jfﬂm'mﬁmﬂ1‘51%'?’1’013aan'1w91mmmL%’WﬁﬂﬁLLazmwmmﬁﬂqﬂlﬁwa
Uuﬁuﬁqa LLam’LﬁLﬁu'j"|an‘iﬂ‘sQ’Ugnlﬁwauuﬁuﬁgalﬁ%ﬁ5w%wammﬂiﬁuLLUwaa
anmeIniaiidsansenusionislinandniintulu n1sfuiioarnmsanvarstesma
AAerFuan meanaiunadonuiadmunisUsuRuay s IanIINanNa faiu yails
Tassnmsvanaviomiisnuiiiendedug msiulevneuaznisinaunuanulunisudanaliiy

WNensnsazlasuilawssunsauunlvanunsaiarsntlaviunieisneld



Executive Summary

Background of the project

Highland agriculture involve usually climate alternated to warm and cold
weather around the year that effects on growth and development of plants. The
climate variability of some year impacts on the plant cultivation. Unusual
temperature happens a few minutes can be resulting in damage to the yield decline
and affecting moreover on both of quality and yield decreasing. Study on the
impacts of climate change on fruit production in the highlands since 2557 BE under
supporting on research fund of Highland Research and Development Institute (Public
Organization) was studied. Preliminary result showed that the highland areas at 900-
1,100 meters above sea level had the average maximum temperature likely to
decline as well as a total annual precipitation, but the minimum temperature was
likely to rise in contrast. Our studies presented the climate models for forecasting
the highland climate and plant models for forecasting fruit yield of Japanese apricot
and persimmon. In year 2558 BE, study on the testing and developing of climate
models and plant models of persimmon, mango and avocado grown on extended
areas were determined under 5 areas of the Royal Project Foundation. Result
showed that climate change varied similarly the average temperature of each month
followed on regional seasons. Developing plant models for yield prediction were
analyzed on relationship between the meteorological data and fruit yield by
Microsoft Excel as the tool that they gave high coefficient of determination. These
plant models were also studied their accuracy testing.

Aims of study on year 2559 BE are testing and developing of climate models
and plant models for fruit production in highlands under Royal Project and the
orther extended areas are investigated totally 12 areas. Utilization of climate model
and plant model has been applied for the operation officers of Royal Project and

fruit growers in highland areas.



Objectives

1. To test and develop the climate models on highland for forecasting the
climate change

2. To test and develop the plant models for forecasting the impacts of
climate on yield of persimmon, mango ‘Chiin Hwang’, and avocado ‘Buccania’

3. To study sguidelines to take advantage of the climate model and plant
model for the Royal Project Foundation’s officers and fruit erowers on highland to

prepare on the impacts of climate variability

Processing research separated by purpose
1. Validation and development of climate models on highland for forecasting
the climate change

Qur study collected the daily meteorological data (maximum temperature,
minimum temperature and precipitation) in these locations or relate nearly areas.
The climate data and yield data in each location were arranged into databases for
testing and developing of climate models and plant models of fruit production in
highlands. Result showed that station and developmental centers of the Royal
Project in Chiang Mai, Chiang Rai and Lamphun provinces from altitudes ranging at
495-1,400 meters above sea level were differed between the geographic, soil and
weather conditions. Weather in each location was varied similarly around the year,
but it showed differed by quantitative measurements.  For reference
evapotranspiration used the modified Penman-Monteith method with limited data
recording of maximum temperature and minimum temperature. Result revealed that
the evapotranspiration values were differed higher than 20% when compared with
calculating by the standardized method of Penman-Monteith. Calculated represents
of evapotranspiration in mango cultivated area was higher than the rainfall in this
location for some month, then it risked into water deficit regimes. Cultivated area of
mango showed evapotranspiration values moreover than persimmon and avocado
that they had lower when compared with totally rainfall under studied locations.

Validation of climate models for climate forecasting of Ang Khang Royal

Agricultural Station (Table 1) and Huai Nam Khun Royal Developmental Center
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(Table 2) were determined the relation between Southern oscillation index (SOI) and
the recorded meteorological data of these locations. Result showed that it found the
distinct relation on SOI with maximum temperature, minimum temperature during
the period of August to December and precipitation during the period of March to
June, that they must be accuracy under the moderate and severe phenomenon of
EL Nifo and La Nifa regimes. Climate change for long period analyzed by the climate
model under the regional level of ECHAMA4-PRECIS since 2531-2564 BE. It revealed
that maximum temperature and minimum temperature of these studied locations
tend to increase but precipitation was uncertainly and highly variability in year.
Climate model testing was also studied its accuracy with the meteorological data of

year 2557-2558 BE.

2. Validation and development of plant models for forecasting the impacts of
climate on yield of persimmon, mango ‘Chiin Hwang’, and avocado ‘Buccania’
The developing and testing of plant models were analyzed by SPSS program
on the weather data and yield of persimmon, mango ‘Chiin Hwang’ and avocado
‘Buccania’ for forecasting the impacts on yield under station and developmental
centers of the Royal Project areas. The result showed that weather variable factors of
studied locations differed in each plant model on temperature, precipitation, rainy
day frequency and air humidity, which they could forecasted the yield before
harvesting period during January to June as unequal period of harvesting. However,
analysis of relationship was statistically sienificant linear regression showed P-value
less than 0.05 in the all plant models, therefore they had different accuracy. These
12 plant models in Table 3 gave coefficient (R) range at 0.639-0.971, which showing
specific acceptable in the locations. Study on variable of weather factors impacted
yield on the plant models (persimmon) of Ang Khang Royal Agricultural Station /
Huai Nam Khun Royal Developmental Center and the plant models (mango) were
examined by decreasing data for assessment of yield prediction. The variable factors
of meteorological data in these plant models impacted on yield of persimmon and

mango ‘Chiin Hwang’ in the studied locations that they could be used as a tool to



study the impacts of climate change on plant cultivation of the Royal Project

Foundation.

3. Study on the guidelines to take advantage of the climate model and plant
model for the Royal Project Foundation’s officers and fruit growers on highland
to prepare on the impacts of climate variability

Utilization of plant models used an alternative to preparing for the impacts of
climate variability. However, limiting factors of the plant models were predicted
before interval of the harvest time and their accuracy. Testing and development on
the plant models for the Royal Project officers and fruit growers on highland should
be studied in the future for impacts of climate variability. These results showed that
weather data and soil characteristics had the specific variable of each location which
there were important to consider the impact on fruit yield. Knowledge transferring
about rate of reference crop evapotranspiration (ETo) and crop evapotranspiration
(ETc) indicated to water supply for crops should be educated to officers who advised
for fruit erowers in the agricultural extension areas.

This study was surveyed on climate information of officers and fruit growers
on highland. Results showed that the growers on highland areas realized to climate
variability on their gainful yield. Their focus on happening in the future emphasized
to remedy the impacts of climate variability. Perceptive information through multiple
channels on the weather forecast altered to adaptation and crop management.
Agricultural officers should be directly recommended to growers. Other channels
may be informed the information through internet network of mobile telephone as a
convenient communication system should be used. Then Royal Project and related
agencies should have the policy and plan to inform information for preparing on the

impacts of climate variability.



Table 1 Climate model (Y) of maximum temperature (Tmax), minimum temperature

(Trmin), and precipitation (Rainfall) in each month of Ang Khang Royal

Agricultural Station in year 2558 BE

Avg 3meonth SOl | Tmax Model Tmax, * C Errer from obsenvation, (%)
(x) (y) Observatien| Prediction| Normal | Prediction | Nermal
ASD X1 -DeeT
SOM X2 073 | Mar |y = -2360X1 + 5.550X2 - 4.1853 + 26.44 57 269 256 18 0.4
OND X8 0700
ODJF X1 0400
JFA X2 0433 | May |y = L47exl + 3.608X2 - 74863 + 27.13 55 %62 54 27 0.4
FA X3 0167
OND X1 D700
NOJ  x2 o -0787 | Jun |y= -0.232X1- 0.62762 - 0102 + 24.69 242 254 24.1 4.3 0.4
ODF X5 0400
Ave 3month 801 | Tmin Model Tmin, * C Error from observation, (%)
(x) y) Observation| Prediction| Normal | Prediclion | Mermal
SOM | X1 | -073
OND | X2 | 0700 | Jan |y =-6.322K1 + 8.101X2 - 25113 + 21.36 48 4.0 4.5 121 22
NOJ | X3 | 0787
ASO | XL | -0t
SOM | X2 | -0733 | Sep |y =-1.4B8K1 - 176142 + 0.9230 + lo.02 162 1y 1e1 EN | 0.6
OND [ X3 | -0.700
ASD | X1 | -DeeT
SOM | X2 | 0733 | Oct |y =-1216X1 - 0.738X2 + 0.155K3 + 14.51 142 158 14.2 110 0.0
OND | X3 | -0.700
Ave 3month 501 | Ralnfall Model Ralnfall, mm Errer from observation, (%)
(X) ) CObservation| Prediction| Normal | Prediction | Mermal
NOJ | X1 | -0.787
JRA | X2 | 0400 | May |y = T5.000K1 - 15430562 + 15385000 + 21333 2617 150.% 2.1 438 3T
FMA | X3 | -0433
SOM | X1 | 073
OND | X2 | -0700 | Mov |y=-53.286X1+ Z3.180X2 - B543X3 + 7926 54.0 108.7 515 101.2 4.6
NDJ | X3 | 0767

ASO = ave of August-October, SON = avg of September-November, OND = avg of October-December, NDJ = ave of November-January,

DJF = ave of December-February, JFM = ave of January-March, FMA = ave of February-April, When v = maximum temperature (Trmax)

minimum temperature (Trmin) and precipitation (Rainfall) in each month




=]

Table 2 Climate model (Y) of maximum temperature (Tmax), minimum temperature
(Trmin), and precipitation (Rainfall) in each month of Huai Nam Khun Royal

Developmental Center in year 2558 BE

Avg 3month 33 | Tmax Maodel Tmax, *C Error from o bservation, (%)
(3 () (Observation| Prediction| Normal | Prediction Mormal
OND | X1 | -0.700
MDY X2 | DT6T | Mar |y=-0032X1 + 32702 - 595855 + 27.018 264 26.6 26.2 0.9 0.4

DIF | ¥5 | -0.400
WNDJ | X1 | -0.76T
DIF | »2 | 0.400 | Apr (y=-2391X1 +5.B38X2 - ZBOBYGE + 26.089 270 277 27.8 0.1 0.5
JFM X5 | 0433
DJF | X1 |-0400
JAM | K2 | -0.433 | May |y=4.92BX1 - 0.554X2 -5, 1800 + 26.93 26.1 26.1 258 0.3 1.3
FMA | X5 | 0167
S50M | X1 | 0735
OND | X2 | 0700 | Jul o |y=0.792K1 - 0.90052 + 0.515%5 + 24.342 24.¢ 24.0 24.1 1.5 1.1
NDJ | X5 | 0767

Avg 3 month S0 Trmiin Model Trmin, = C Errar from o Bservation, (%)
%) Obseration| Prediction| Mormal | Prediction Marmal
ASD X1 | -D.e47
SCen X2 0733 Jam  |y=-2.382%1 + 205632 + 084925 + 10.876 113 10.4 10.8 Te 4.2
OND | X3 | -0.700
M ¥ | 0787 | Feb |y=-0.500X+12.45 124 128 121 3.6 22
NDJ x| 0787
DJF X2 -0.400 | Apr  |y=-0.526X1-0.B75X2 + 15885 + 18.143 18.0 18.2 ir.y 14 0.3
JFM ¥3 | 0433
ASD X 0.687
SO X2 0733 Sep |y=1.241X1 - 1.61532 + 085935 + 19918 19.9 19.7 200 1.5 035
OND | X3 | -0.70
ASD X1 | -D.e87
SO X2 L7353 Oct ' [y=2132X1 -4.295X2 + 245135 + 18 216 18.4 18:2 185 11 04
OND | X5 | -0.700
Avg 3 month 501 | Rainfall Madel Rairfall, mm Error from o bservation, (36)
(il (Observation| Prediction| Mormal | Frediction Marmal
NDJ X1 | -0.767
DUF ¥2 | 0400 | Mar |y=1.067X1 + 1868222 + 30.517 227 222 341 321 4.2

NDJ | X1 | -0.767
DIF | %2 | 0400 | Apr |y=1765.49X1-32654X2 + 107025 + 116.037 61.0 65.0 59.6 6.5 235
JFM | XS | 0.433

ASO = avg of August-October, SON = ave of September-Novernber, OND = ave of October-December, NDJ = aveg of Novernber-lanuary,
DJF = ave of December-February, JFM = ave of January-March, FMA = ave of February-April, When y = maximum temperature (Tmax)

minimum temperature (Trnin) and precipitation (Rainfall) in each month



Table 3 Plant models of persimmon, mango‘Chiin Hwang’, and avocado‘Buccania’

under 12 studied locations in the Royal Project Foundation areas

Fruit crop Location Plant model
Persimmon Ang Khang YPAsg = 8713.64 - 83.002bs ¢4
Huai Nam Khun YPHso = 55757.11 - 4141.69¢; + 4274.31d,
Mae Hae YPMgy = 3830.93 + 6382.18b,
Wat Chan YPwsy = 3034.38 + 290.88a,
Mango Mok Jam YMmigg = -207739,32 + 10342.55d;
‘Chiin Hwang’ Nong Keaw YMnNKso = 16281.11 - 2142.74 b,
Khunphae YMkpsg = 20367.87 - 976.80d,
Phrabaht Huai Tom YMPTso = 16261.54 - 985.16a,
Avocado Nong Keaw YVNKsg = 33151.79 - 114.26a,
‘Buccania’ Thung Reang YVTRse = 43241.69 - 139.76a,
Thung Rao YVTOs =-753.17 + 53.72f,
Nong Hoi YVNHg = 4116.18 + 66.52a;
a, = precipitation of January ds = minimum temperature of March
a, = precipitation of February dg = minimum temperature of April
a, = precipitation of June ds = minimum temperature of May
b, = rainy day. of January f, = air humidity of February
bs = rainy day of March $bs.¢ = rainy day of March-June

c; = maximum temperature of May

Conclusion

The study on impacts of climate variability on fruit cultivation in highlands of

persimmon, mango and avocado was studied at 12 locations under Royal Project

Foundation areas. The results showed that in each location had differed between
the geographic, soil and weather conditions. Weather in each location was varied
similarly around the year, but it showed differed by quantitative measurements. Crop
evapotranspiration represents the evapotranspiration in mango cultivated area was
higher than the rainfall in location for some month and showed amount moreover
than persimmon and avocado. Climate model testing found the distinct relation on

SOI (Southern oscillation index) with maximum temperature, minimum temperature



in the period of August to December and precipitation in the period of March to
June, that they must be accuracy under the moderate and severe phenomenon of
El Nifio and La Nifa regimes. Climate model for long period (2531-2564 BE) under the
regional level of ECHAMA4-PRECIS revealed that maximum temperature and minimum
temperature in the studied locations tend to increase but precipitation was
uncertainly and highly variability in year.

The developing and testing of plant models were analyzed by SPSS program
on the weather data and yield of persimmon, mango ‘Chiin Hwang’ and avocado
‘Buccania’. The result showed that weather variable factors in each location differed
on temperature, precipitation, rainy day frequency and air humidity before harvesting
period during January to June, which they could forecasted the yield unequal period
before harvesting. Analysis of relationship was statistically significant linear regression
showed P-value less than 0.05 in all plant models, therefore they had different
accuracy. These 12 plant models gave coefficient (R) range at 0.639-0.971, which
showing specific acceptable in the location. Study on variable factors of weather
impacted on yield by plant models (persimmon) of Ang Khang Royal Agricultural
Station / Huai Nam Khun Royal Developmental Center and the plant models (mango)
of Mok Jam Royal Developmental Center were examined by data decreasing for
assessment of yield prediction. The variable factors of meteorological data in these
plant models impacted on yield of persimmon and mango ‘Chiin Hwang’ in the
studied locations that they could be used as a tool to study the impacts of climate
change on plant cultivation of the Royal Project Foundation. Utilization of plant
models used an alternative of crop management. Testing and development on the
plant models should be used in practice for preparing on impacts of climate
variability.

This study was surveyed on climate information of officers and fruit growers
on highland. Results showed that growers on the highland areas realized to climate
variability on their gainful yield. Perceptive information through multiple channels on
the weather forecast altered to adaptation and crop management. Then Royal
Project and related agencies should have the policy and plan to inform information

for farmers will be gotten promptly in time to remedy the situation.
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Abstract

The study on impacts of climate variability on fruit cultivation in highlands of

persimmon, mango and avocado was studied at 12 locations under Royal Project

Foundation areas. The results showed that in each location had differed between
the geographic, soil and weather conditions. Weather in each location was varied
similarly around the year, but it showed differed by quantitative measurements. Crop
evapotranspiration represents the evapotranspiration in-mango cultivated area was
higher than the rainfall in location for some month and showed amount moreover
than persimmon and avocado. Climate model testing found the distinct relation on
Southern oscillation index (SOI) with maximum temperature, minimum temperature
in the period of August to December and precipitation in the period of March to
June, that they must be accuracy under the moderate and severe phenomenon of
El Nifio and La Nina regimes. Climate model for long period (2531-2564 BE) under the
regional level of ECHAMA4-PRECIS revealed that maximum temperature and minimum
temperature in the studied locations tend to increase but precipitation was
uncertainly and highly variability in year.

The developing and testing of plant models were analyzed by SPSS program
on the weather data and yield of persimmon, mango ‘Chiin Hwang’ and avocado
‘Buccania’. The result showed that weather variable factors in each location differed
on temperature, precipitation, rainy day frequency and air humidity before harvesting
period during January to June, which they could forecasted the yield unequal period
before harvesting. Analysis of relationship was statistically significant linear regression
showed P-value less than 0.05 in all plant models, therefore they had different
accuracy. These 12 plant models gave coefficient (R) range at 0.639-0.971, which
showing specific acceptable in the location. Study on variable factors of weather
impacted on yield by plant models (persimmon) of Ang Khang Royal Agricultural
Station / Huai Nam Khun Royal Developmental Center and the plant models (mango

‘Chiin Hwang’) of Mok Jam Royal Developmental Center were examined by data



decreasing for assessment of yield prediction. The variable factors of meteorological
data in these plant models impacted on vyield of persimmon and mango
‘Chiin Hwang’ in the studied locations that they could be used as a tool to study the
impacts of climate change on plant cultivation in the highland. The survey on
farmer’s opinion need to receive weather information for their adaptation and crop

management.

Keywords: Climate variability, Weather model, Plant model, Fruit in highland



