F189uatUaNYTal
Final Report

lasansAnyazdningiutedaniaeINAd s uUITeuaT RN

2 1
=] =

Nungeveslseinalng

The weather analysis and database construction for research and

highland developments in Thailand

WHULTAE: LieNUILAZaUSNYNTNEINITITUN AL AW IR DY

lng

NS NaIAY hazAnY

atuayunIdelag @a1UuITeLAT NRIUNUNZS (83ANTUMYL)
Usganteuuseanal w.a. 2559






Fg9uatuaNysal
Final Report

lassnsAnwiwazdavingruteyaniaenniadmiuuIdeuasiamun

& ]
=]

NuNgveslssmalng

The weather analysis and database construction for research and

highland developments in Thailand

UNUS WA LﬁaﬁuwuLLaxaﬁm@w%’wmﬂiﬁiiumﬁuax%qmﬁau

ADYRINE {anm

1. A3, NOBYINUG WA1AT AEANARDL LAY NS NN TAANS
UININYRENANR

2. UNENTIYUY HaNavas MNEITUNITBRNUUULALIAINTTY
Audwalulaglaveuas Tanueyf

3. 05 Usiinn Wugaed AIEAUNSDLLAT NN INTANANS
UNINYuNing

4. wehitn ale ANEIUFANENT UNINEFNYATAERS

SUAN 2559






AnfnssUUIZANA

T,m's:mwﬁﬁ’aﬁﬁﬂﬁaqzﬂ"gaﬁqdﬁﬁmﬂﬂ"ﬁatgm'i'lxﬁmaaq@ﬂaLLawﬁ’;amwmaﬁm UYBVOUAN
Andvihssn waslant Tnivins antuifouaviimuniiufias (esdnisume) Aldinnsaduayy
niouriatsuszarualunisiniidelisuiu veveunsean seas.fuuin Snfna auud Aue
Aauandounazninensaiand un1ingrdouiing AlElKAUTnulasIn1539 venani
verauNsTANMIatuauutayagienmassuannsugaienine wavanidnsainoniauuiiui
g antuddeuasimuiuigs (eednisumw) veveunsEAn WBInsIng Junsaied {iaedde
wazUsyaunumMuMsInYingIuTeyanIaeIn A sufadmihinuuimsnuideuasuinsivnms
YosAMTALINARILAL NN INTMERS W IMNdETing Nnvinutelinsdulasansdululd
089103 anvhedanziifedomavaunsyananiideuainiuiigs (sdnisumau) AlglH
nsatfuayuyulassnsielunsed

By, @t
AR
S5UAN 2559






1. WINUIATINIG

Fo-ana (Mwlne)

Fo-ana (nw1ang)

AR

ALY (M9IINT5/919079)
MUY

oy
nsdwn/\nsans

E-mail

2. Un3de

2.1

2.2

Fo-ana (nrwilne)

Fo-ana (Mw1sangw)

AR

AVUE (MIIN5/519019)
MUY

nsany/Insans

E-mail

=
Yo-ana (N lne)
Fo-ana (Mu18ngw)
AR
AU (MN93YIN5/51905)
NUILIUY
7108
YU
Wnsén/Insans

E-mail

ALK

WIENOu UG Haia

Mr. Kritsadapan Palakit

U5.0. (uAans) awivinaingauilsl

919158

AugMIAnw 39y wavgrevenwaluladduindouuas
yinenssssunR en1sdanisduhesnaysannisluiud
MAie (Anda.) AnsAndeunasnineINsmans
UAINEIGBURNG

2 iy 6 AUAKINgE DBy Jina1U1e 52220
+668-1713-6871

kritsadapan.pal@mahidol.ac.th

UNANITTYUU  DANAYT

Miss Wassamon Phusakulkajorn

U3tyeyin

AYetinIdY

ioalfuRnisasuianesteluniseaniuy wiheiae
MIvBNLUULAZIMINTTN Audmaluladlavzuayianuvai
+662-564-6500 f1® 4359

wassamon.phu@mtec.or.th

UaNUsn WuseA

Miss Paramita Punwong

Ph.D. Paleoecology/Paleoclimatology

919130

AnrAIIAdDLaTNeINTmEans unIneduuiing
999 Q.NVBUUMAANY 4 8.A18181 .UATUFN 73170
+662-441-5000 fig 1310
paramita.pun@mahidol.ac.th



2.3 Fe-ana (Mwilng) weidn ale
Fo-ana (M1dsnqw) Mr. Pichit Lumyai
AR M. (umans) avivnsianisiild
AIWIAUY (NIYIN15/599015) 19158
AT eI Me3gNsIan1sUlyl AuzuAans

UANINYIRBLNUATAERNS

MAInsInnsUIlel pauzauEns
UAINENFENATAIEAST INTNT NFANNY 10900
Insdwi/lnsans +668-5056-0643

E-mail fforpcl@ku.ac.th

=5
«©
el®_



unagudmsuduims

1. ANulunveslasanig
anmndemaduiatondniidmansynusonanaannisinasuuiiuiiadaenss 990013
Uszifiunsidsunvasanimgiionmialuussmalve Insamuenssunissznineiguiaindaenis
Wasuulasgiionnaa (Intemational Panel of Climate Change: IPCC) wuin gaumailiadsiiuuliy
diugetu 1.5-2.0 esansaidoa nely 40-50 Y uenani sedvammgdasanludisna
ﬂmﬁumw:qaﬁu 3.0-4.0 D4 LTALTYE eima‘tﬁs:uumquLLa:U‘%mmﬁwmﬁﬂﬂﬁmé"auuﬂaqmu
Wshe maasuudasnanilfdmansenudeUunnuaznanmuandaniinisinussvesineuuiiud
GR 'ﬁ’mﬁamﬁmzmEn?f’maﬂ‘mﬁﬂdﬁuﬁqaaa}wﬁimﬂm U'i:,'mmlma%'aﬂa"mLﬂuﬁuﬁﬁﬁmﬂmﬁmqa
uazo1vaziinAnudsmesonandavnansineps luyadiuinnitfesas 25 aelu 50 Dl
Jalmnudndusiosinuaudsaasdnuuznsiasunlasanngiionnmegsdundu msiinde
Ay sudshunauuazanuuiudaitanusunssas WelviAnmsindousuiieldis e

fausnenuing  swEunseudnuasfnymansynuesnsidsuiasanmgiionnely
lodvyiifugruresnsvieadisuasiasugiaunthaudy  uanswensallazmsiinuiranseyuyes
msAsuulasaniwniionauuiiuiigessemdlneddadulufemmuendn el s
wensainsiUAsuLUasEnwgliennia LAENTATINADUNANTLNUIMNANING N ARDH AN
wdedldgudogaanmemaidaioy  uariinnuenvesieyavansdul  Uszneududnuas
pliomanmeiind | (Microclimate)  anaagsnstusmaluwsiazuinnmasituiias  Selilanunseld
sUuuMImensainususUssiiunawdsuwaduiiuiigddlaenss  egdlsfon  dined
anusdufiazdesnumauasUsuduanmnioniauuiiuiigs Wevssleviionsiduifedestu
mainuasluiiuiiadldiniian  suisldaunsnidoyamsensaiangiudegamailvldnuld

NULardzAINgIUU

TnssmsAnwidadunisufudssuuiiassdmiuiannssuungnsalanmgiienniauy
fiuigs Tnglddayaanmgionmavuituitnuunstieds fiaenrdastutoyagiionnaiifinistuiinlag
amﬁuﬁﬁmasﬁwmﬁuﬁqa (IANITUMIYL) | UAZATIUUUTIARIAMSUNRIUNTEUUNE N SN
piomavuiiuiigilngldgudosaanmgiianmaivuiinlneaniiifouasiauniiuiigs  (sadns
wnww)  Tasmaviriagaansoneinsaianmgiiennialuiuiiviifou  uaglivszneulumans
wnumstansuazmsdindulamenisnuesuuituiiaddognieuasmnzausdtely

2. InqUsseeA

1) ifoUfulsanuusiassdmuiaussuunensaianmgioniavuiiuiigdlaslideya
anmpfoniauuiiuiisuuilade

2) Lﬁaa%"mLLUUﬁﬂame‘i’m%’Uﬁ@umwwwmﬂizﬁaquﬁmmﬁuuﬁuﬁ@ﬂmd%’gmﬁaya
amwnﬂﬁmﬂ'mﬁﬁuﬁﬂiﬂaamﬁu%{faLLazﬁmuﬁuﬁqa (29ANTUMITL)



3) ilew3suiiisuaugniesesuvuiiassdmiuiaunsruunensalaniwgiennis
vuiluiasiilideyaanmofionauuiiufisuuaruuituiigduniswensal

0) vioidoulssgudeyauuuiaessruuneinsaianngfiomavuiuiigsiuniaivledves
anntuideuaziannituiias (eadnisumvy) Tnsmsvhausaufufuyaainsvesandus

3. HAN1TITBUUINININQUTEEIA
TQUszaean 1: iieuTulsawuudiaesdmiuiaunsyuuneinsalanmgieniauunungalayly
Toyaanmgiomavuinunsuuslade

MnuuUTaesnIswensaianmglianmavuiiuiigdaslideyaanmgiiemauuiiuis
vreadelulasensseesd 1 L‘ﬂum‘swmﬂ‘iﬁﬁﬁmmﬁmuiwqgma (n 4 o) Feonaliasnndas
somuspsnsliusslaviveinidoiideanmaudeyantsmeinselndaminassoiieu sauds
foyasel Usznouiutoyaswilliluvudrassdnadudeyaenmavuituiisiuiissegnaion sl
aunsnedutdnyugninlisullasesanmeiniavuiiuiigildes1idaaun augdideddld
Ufudssuuhassuiinaisluuiiuiigdaglidoyaanimgfiomavuiiuiiswustedesuiuioya
anmenmavuiuiigy wielianunsaneinsaideyauinalusedun nedeu uazseUld Tne
yhmsAinvdoyaaninglomauuiuiisuuasiufigmnsmamieflfifudoyafiugudeunisass
wuuiaes uazUFulssuuuTaeaiionswennsaiuTinasuuuiluiias i

1

1.1 °z|agaamwgﬁmmﬁuuﬁuﬁsmmamﬂmﬁa

%’auaﬂﬁmmFmaLﬁaumqmﬂmﬁamﬂﬂsuamﬁﬂﬁwm 30 an1il Usenously vaya
USinanielu oUMQiigsan aunQIAAn AL udITS WUt U'smzumst.aamwﬂmnwnamum
A 1283.92 1y, Usuaudduseusd w.a. 2494-2536 Suualtiuansias a0 1447.12 uy. Ju
953.51 Uu. LazAByY mqumﬂu 1333.66 uu. lullagiu Irﬂammﬂimimmwaqﬂsmmmﬂu
INNTIATIEUNATA (Spectral analysis) W9 2.3-2.4 U wag 5.2-5.6 U Psvdupnandesiu 95%
(Mt 1A) dmfuanududuimiduuldnfvdudndes Tnsfldedunududuingdu 73.25%
wasfisuan 74.22% ’Lu?;J WA, 2494 1T 75.63% LUl W.A. 2556 Lwihii'hﬂLLuumiLﬁmﬁgﬂﬁLLﬁuau
yaadnsNstins1veInNUELING (Nl 1B) IummmﬁvmuammuaaamuLLuﬂuumw 32.51 °C
waz mmﬂaﬂuuﬂaaaa‘tuma +1-°C luue mmnﬁm*smmsmaqamwnumaﬁmmﬂwmq 2.1,
2.3-2.4,2.8-3.3 uay 3.6 U (nmil 10) muqmmumqmwﬂuLLuﬂumwu@wwm 20.61 °C ¥
w.ei. 2494 {u 21.33 °C Tl wa. 2556 Tuvnziisziuguugimaniedssioliia 20.79 °C Feoz
danalissiuaunurnduniiniamilevesssmalnganas awil 10 LLﬁﬂdfﬂﬁﬂiﬂ’lSLﬁﬂ‘g’mm
gaumgiisnanidssned ynq 3.6 U Aszduannudesi 95%



1.8605 - A B
1.0505
1.‘“-;@;—_&
1.2€05 - —-_\v
RO PO MUY | v
emoad
BECA \
asos] S M it
= SNV VA IV NN
> 005 ©1 015 02 025 03 035 04 045 OS5 o28 0.3 o038 o4 oas o

Fraguency Fragquancy

) o.08 o.1 ais a2 o028 . ; y ¥ X ¥ 3 A ©.25 o
Fracuenay Fracusnay

AWl 1 ’Jgﬁmm‘ammswuawsmmmﬂu (A) A sudnS (8) gunniladn (C) LLaz@quﬁﬁT’lﬁjﬂ
(D) 1 szAvANMLLTRIIY 95% uag 99%

1.2 anglinmavuituiigimeniamiie

lefinsandeyagiionniafivuiinlasanidnsaineniauuiiuiigs antuidouas
Wauiludigs @sdn1suvvu) $1uau 28 annil wud deyaiinuanysaites MapuReLdesves
Toyasoifiou Fnibiliamisouansuunliimavasuwlasanmgiionniasetld Uszneufune
ToyaeINIANNEN1LATININDINAYUANTY JINIAUIU FunFedeyaaIn1AInan I ln s ine e
vuituiige andudfouasimuiluiigs (esdnsumew) dannsalifenedluaiaiiiies 27 anni
ogslsfnmuAnadeyuntely autuduing sumafiasn suvalinds uaronmgianse
Ao annsminnlFwunituiifiguuuuniswdsuslasesanmgiioniaiiaonadesiu Ingld
wadian1siATeAdade (Factor analysis) d1niudioyadedsysuiaiiuseifounuiiuiias
mmim"wLLuﬂﬁuﬁ‘F’iﬁgﬂLLUUm‘:?LU?{auLLanaaU%mmﬁmulﬁ 2.nq (DI 2A) s?faﬂejuﬁ 1]
Umanidusunaeaietiiios 1,240.71 uu. luvazioqud 2 Suinatidusiunasanadis
2,393.08 3. uaﬂmﬂﬁﬂﬁjmﬁ 1 ﬁﬂ%mmfﬂﬂuﬂwqﬂwu (W.A-5.A) WlE 934.62 3. Fasninng
7l 2 faniwui 2,229.41 uu. egnetniau

ﬁw%’uﬁuaé‘amm%uﬁuﬁwéwalLﬁauuuﬁuﬁqaamﬁm‘huuniﬁl,ﬂu 2 ngu (AWl 28)
Tnenguil 1 wagnduil 2 Farududuindiade 80.63% wag 79.35% amaiy AuTuduinsyes
nquit 1 ludaeggdou (nw-1w.0.) wazggeu (w.e.-n.n) 61 67.26% uay 86.78% Famninanudu
duimslungud 2 thi’,lmmtﬁmﬁ'u fifien 71. 03% waw 87.21% AUAIRU Lwimm%’uﬁmﬁwﬂuﬁw
09U (W.e.-3.0.) ’fJENﬂEIiJVI 1(81.69%) %%wumnmwnam 2 (71.95%) agetialay drud1iade
ammumamiﬂamau‘uuwwaammmﬂ'm.unwuwwmmwum‘st:daauuﬂawaaammumamiwa
maulmﬂu 2 gy (Al 20) Imaﬂqm 1 flsziugumpiigeaniodsseiiou 32.80 °C Fsunnniing



7l 2 filsziugungiigegaiade 32.50 °C Tasnguil 1 waz 2 fsziugungiigsgaiadesoifounin
flanlugg¥ou (-8 7 35.28 °C wag 34.56 °C wazAoy ansnadlugauy (w.a-n.a) lnenaui
1 fssfugungigegandsneoulungru 32.90 °C luvugiinguil 2 fssfugumgiigeanindes
wouluggelu 32.07 °C uazgumgiiagwanndsneideuldansoiiedlugavun (me.-u.a) lnsdsydy
sumpliasgaindsuiieurenguil 1 way 2 10y 30.10 °C uay 31.30 °C muddy

o

BOD

gsm | g :
£ 500 - ;
4 - E
& 300 2
200 = =
s}
*7 —W—fidu
5 ¢ -I-rreiuz 20 4
7 3h =
'g 33 | élﬁ
'f‘giﬂ %:[:
#1 i 5 =g 1
27
5 e L TRiy 0 L L
Uh. nn ﬂ.ﬁ. [=TRN nR :.LI. n.. an ne. N RIRIN 4.8, HE i, fin wh e i ne ad N, LE ny
e ey
ATNN 2 *ﬁ'aiga{]ﬁmmmuwumaa'ﬁﬁ&lmaumﬂamum’l'ﬂ’mmmﬁuuwuwad A01UUIVYUAZWAIUN
‘h’ d =)
WUNZ (DIANITUNITL): Usmmumu (A) mwmuauwma (B) amwﬂuaaaﬂ (@) LAY
@ (D)

o = =

L) ﬂ‘l.JE]m‘lﬂﬂlJGﬂﬂﬂLaﬁEJ‘i’l gLaUY ‘UWU‘VIH\'lﬂ’HJTE ﬂ’iﬂLLUﬂﬁUWWJﬁU LUU ﬂ’]‘iL“lJaEJ‘L!LL‘UﬁQ

U 5 Y
oo

mmamwnumamaaﬂimﬂu 2 nau (ﬂ']‘I"WI 2D) ‘ﬂdﬂﬁll“ﬂ 135 ﬂuammumamaamwmaumm

‘]
= =1 @t CI

16 37 °C Tuﬁuiuvwnaw 2 mm'uamﬂﬂumamaamwmau 17.24 °C ﬂazm 1 9zilsy m‘uammu
mamaamwmaumaaq meawumm muammmmamwmau‘mqwuﬂ (W.8.-4.A.) aqmau
(N.W.AU.8.) WATADY meuaﬂiuqmu (w A-na)lngiian 12.24 °C 14.22 °C wag 19.50 °C
2RHGRINY ’Lu‘ummnaw 2 31‘sum‘uaﬁuwmmamaaaiwmauﬂaumamw Iﬂamﬂquun qmau
wavgaelu \u 17.67 °C, 16.44 °C uay 17.43 °C muadiy

1.3 msﬂ%’uﬂqmuuﬁ*maaﬁw%’umswmninitﬁmmfwuuuﬁuﬁqe
nsUfulsskuUSaesdmiunensaiuiinaiduiiduiunisaetulagldendous
Tasenedszamidieon IanunsanensaiUunatiiduasanseduan stedou wavsiel sau 3
LUUSIaRINsNENNsal unuiituusiasaniswensaluSunanuduiiadetuluteulssanu 2558
mmm‘mwmnmﬂﬁmmmdmmqumﬂ1a L,Lawléﬂ.ﬁ‘uauaamwmmﬁwumumﬂ‘uauammmuu
wuwamuuﬂﬂiﬂaamummmﬂmﬂmuuwwaa amwmwaywwmwwm (29ANTUMITL) TIUAU
mayammﬂuuwuw'mu'l,um'sa'sflal,l.uumaaam'ﬁw&J’m'ﬁm Lmuwmﬂwa;&aamwmmﬂuuwumm



Wieeag1aie) Fauudnassnsnensaliananlaliulsazyinnsmaaeu lngmsiusdeyausunm
’.',' = o 2 I c:inl at 1 u::i 2
urunynanitoanidu 2 a laun yansaeunazyavageu NN8nsINSWUREN 75:25 nUaya
ALLGY WA, 2502-2558 Naniun 58 @nnil saelasevneuszainiieusiilasaasng 16-200-1 wuln
UszdnSnmnlaninnyanisaeunazyanaasuilAiniugniesiigin laeiladulseansnis
fanaula (R%) = 0.9960 MsAUANULTDNUY 95% waziA1AURANAIAR1ad@09a8 (RMSE) =
51.4309 fiadwns lugnaeu uag R” = 0.9601 #isziunaiely 95% wazilA RMSE = 148.4894
fiadwns Tuganageu (0wl 3)

Graph of one-season seasonal rainfall forecasting

T | | | | | |
—&— Observation
1200 —4+— Prediction =
1000 —
&
. 0
E 4 i
- ik
2 Gl
£ & g 9 -
= &
2 4
“ m o ¢ el T I p ¥
] (L {Ty
2004 & P \1%/1
; o & )
& % (L i
D_ -
| | | | | | | | | !

210 220 230 240 250 R0 270 280 290 300
Time (Seazon)

WA 3 Yunadeluilaainnisweinsalanan 1 92anan iWeuiuaassilasuainanninsiadn
pINAluNuNNAwle

TQUIEaAN 2: ieadsuuudnaesdmivimuiszuunensalanimgionniavuiiungelagly

sutayadnmgionafiturinlagantuiduasiauntuiss (esdmsumivw)

dmfunuudiasaniswensaionniauuiuiigeiiairedulvdludeuyssun 2559 Ae
WUUTNa8INITHEINTlgUNYTean LLaxqmwgﬁﬁqqﬂ F1edUA S18dou uazs1el 59 6
wuudraesn1snensal lngldszidevislassnedssamiion pauzgidelaviinisuisoyaaamai
gegauazsiananynanioonidu 2 g léun yanisaeunazyanaaey ANSAsINSWUeET 75:25
mnﬁay’aﬁg\uwﬁ] WA, 2502-2558 iamun 58 anail Fansaranuusrasamensaionmgiiagase
Hanm felassneuszamifeniidlasadne 16-100-1 wuih Ussdvnmiildnyanisasuiia R?
= 0.9929 fiszduaruidaiu 95% warildn RMSE = 0.2216 asruwaldoa warUszansamluge
nagouilAn R2 = 0.7179 Wiszfuannandosiu 95% uagilan RMSE = 1.6923 ssmwaiiea (nwil 4)
dunsainuuiasmensagumgimansedism lnelissdouitlaseussamiionid



£l

IAs9ane 8-120-1 wud Uszdnsnmitlansanyanisaeunavyavagauilainugniesiigeann g
fA1 R? = 0.9960 M152AUANMTDLIU 95% UavildAn RMSE = 0.2421 asrwaidea luynaou uag R?
= 0.9321 fisgAuaAMIoiu 95% uazdiA1 RMSE = 1.1661 ssmwaliiva luganaaay (i 5)

Graph of the Test Set
?0 T T T T T T T T T

target
Prediction

60

10 L 1 L L I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

A 4 gaumaiigeaniilannnsneinsalanmin 1 ¥aaal Wguiuaesanlasuananiiingnia
pInAluiuinIAwmile

TagUszasAn 3: WialUTeuisunNgNARIveILUUTIABIdMS RN SEUUNEINSalAN N Ta1N A
& o i v a & 4 &4
vunugenlddeyaanmglemavuiuisukazuuitungslunsweinsal

nsi3suiisuaigndesosuuudasanisensaianmgdoniauuiiuiigeiilidoya
anmpfiomavuiuiinuifiesed e futouaanwemevuiuiinuiuiuioyainauuiiui
adlunisafrauvudiansnisweinsal ansanszvildlasnisieuiisumdulssaninisdnauls
(R?) wazAeuRnnanaidsaonads (RMSE) fildanuuuassnisneinsaiviinadidululasins
seovdl 1 @auuszna 2558) dlddeyaomavuiiuiisumemamiaiduglunsaiauuudiaes
nswensal Wisuiiisuiudeya R way RMSE fildainnisusudsanvuitassnisnensaiuduw
iheludsudszanuiagtu ddideyaomavuiiuiinunsmamiesmfuteyaeniauuiiuiigs
Jugwlunmsaiiuwuudnassnisneinsel



2

Graph of the Test Set
40 T T T T T T T T

T
target
Prediction

35

30

25F

i
L -; IEH‘-' ||
i Hf!i.H'\l m” ” Mm' |

;\|| | Il‘ |

2

(=}

|
15§
| i

10

0 I I ! 1 1 I I 1 I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

= P P ' ) | = @ 1 a e v = s
A 5 gaunildaniilaainnisnensalanentn 1 9381 Weuiuaaseilasuananiingain
4 4
anNALuNuUNNIAMLe

SNy MU LuusiamisweinsaiUsinanhduaranuuiiuiiadaslideyaeniauy
uiigesdutayaonavuiiuiisudaugndadndifssiuuuusiae sl sy anuuituiias
fiartunniogaomavuiiuiiseghaden faudeslfusmsanmennilun s tiuuians
nswensaitiosnd drudiulfand R luynnsaeunazgamadeuresuysinadiiassiulmidan
0.9960 waz 0.9601 mud iy Aiszduauediu 95% delndlAsaiufl R? luynaoulaznnaaoy
yasuvuTaeiiongnsaiUTmaiHuALTa 0.9937 waz 0.9902 sudidy Aisziuauidery
95% duA1 RMSE Taautuiassmswennsaiuiinaiduavasuuiuiigiaslideyaniniauuiiug
asdwiudoyaoiniauuiiuiisiuien 514309 Safiuns lusnaou 148.4894 Tadluns lusanadey
Tuvauedt RMSE AilFanganisaoulazyananuillianmsairsiuusiassdedoyaoiniauuiiui

SIUENWALIITIAN 26.2730 Taduns way 25.7439 Haalins AuaIeu

L4

b =b

TQUsrasan 4: wiageulesgiudeyauuuitaaseuunensalaningiia1nauunuigesum
o = oad ot J EJ ] 1 @ ar a
Aulgdvaaniuidonasimuniiuiias (esinisumsy) lnsmeaihnusiuiuivyaainsvesanius

AriIdeldeonuuuuazainigiudoeyaninialasldniyn PHP (PHP Hypertext
Preprocessor) Fudunwineuinesludnungidinines-led an3ud Addvandegludnuuslomy
gosadmiuiaviniuled vugudeya Microsoft SQL Server wasuandasenuluguiuy HTML 7]
login page Miflduaninunowdluldgudeyansnsalanimgioniauaziinisiiivdeyadld



q

gudayalu system log lneglidaainnisidenaniingiain deyasinianidesnisnensal uay
ATULIANTRBINTT NiouTIanUsatunintayansnensails Aawandlunini 6

i
’ a2
TUsiinsuwe-nsnianm¥uUAungY = ==

Tmrmﬁ&\mm
AT S T U T 4|m{n.a1l|w.ulr|ln =

vzl B el i Vi

= ) ' vy & I3 v o v &
AN 6 m’]aEJ'N‘WLI’]E#‘Uﬂ‘u‘ﬂﬂdL?Ul‘Hﬁﬁ’]U‘UﬂMﬂﬁﬂﬂﬁ’lﬂlu

4. #5UNan13IY
Tnssnsfnwinardnvhsudayaniaonadmivauidsuasimuiuiigaesusymalnglé
sunukaraigudoyanasnavuiiuiigimniamiiovesussmalng Tassusudeyanis
Wasuuasanimaiienne %aﬂ'ﬁsnauﬁwﬁagaﬂ%mmﬁwdu ol (g9an-sae-lade) uazANTY
duivs A1nannilnsiaineniAvasnsugeuinen LLazamﬁﬂ‘nﬁmmmﬁuuﬁuﬁqu anUuide
uagRauiuigs (@sdn1sumisw) 59w 58 anll annisiieszideyauariaugiudoyaiiie
nwenseianmeInIAuuituiigs lnglideyaemavuiiuiigeufuieyasniauuiisunaniawmie
delididunudoyamnifisme wui Vinahsuwadeduunliifivgadudufontussduonmgd
LLavﬂuﬂu%uﬁuﬁ’mé auzffldarsuuuiasmndananiiiionsnsaiusuuisly guugd
gan wazgumgiaan Imst‘ﬁaum'am'ma:uwuﬁ*ummuﬂ‘snummﬁm'wmﬂumiﬂiwwﬂiuammau
Feanansanensaionavuiiuiigsamiildlunanstanaiseduani sedou uazsed laod



0

i

ALY NszAuAIIEEY 95% wanainil FIduldesnuuugiudeyaniaoiniaiiouanua
w 3 W oa e s & o 4 i o Ya oW aw
wiUleavesanrtuideuagimuiiiuias (eadn1sumvu) esneauazainliiudnide

neasns smdsiaulalunanunside Mswzdgn wagnmsianniiuiigaus luewan

5. daiausuuziionsdnuiiuvauisedaly

MnnsaiLUUiRemTnensainnansmaiialasdisUssamiiisuiulysuns
digagunnadaniniadoudidaiionsnniviinaninu gungiigean wazguuaiisan na
ATULIAN VNLLUU?’]EIHUE]’W Teeu warsed wui L,LuumamﬁlmummLmum’[um‘iwmmmam
sefumIdeiiu 95% usdndusodiinideduiindrdoyeeneiifutiagiu Weifiumnugnies
uiudrwenuuitassdlumsweinsaisimaluaiviardaly sadedesdsliAinnisnensainiy
Pranaidmualaeininidoies SadndusiosheutilafuinidegdauassuuliiAnanudlaly
szuvveInITweINsalfsnanou Welinisnensaliintuldesnieides uasiinsiiudeyanis
wensalidrggrudeyaliedwgnies vidligldaunsadiunduauainisnensalluaunasingg 1o
agalshinu Msguasguunsngnsallastinideansavaunuldlaenisldlusunsudiiazunieada
Tuguuuy enterprise version anunsaideumdslivinnisneinsalonmldmaauiaiglisesnis
wiisIANgaNd1 basic version anewin ety nMsvadeUsTUUNEINTRIBIN MUNNUTIgenaulns
unideidugauaszuu Fudunisadiennuduiaeszningnideiugiuuun)siinueasszuunis
wensajomauuiuigs sawiditinideiuded-todos anugniwesuuuiaesnisweinsal uaz
Anudul vndndudesinduladenlilusunsudisesunaiaiednassnsweinsaiorniely
sULUUYes enterprise version duguuuusalusifuaghisedldinisoquasyuy

o

ogilsfinny nsmaaesmeInsaienrviuiigilneliadfdesiuluzuuunroimsinne
aunsuIan (Time series analysis) KulUsunsuugIu 877 Microsoft excel uay SPSS Ausiaed
aruiugtesnimsinseiingldivadelasaieuszamiiion idesanidunisiinieivuiugiu
voamadianisanasunnga (Multiple Regression) tileseg1aiien udenadunisidmsuinided
Liflanuduineiumsiouddslasldameeuiiames Iausawmuwuuiassmswensalennia
9619418 WALANNIAATIVAD LRGN WBsIUUTIaesTia Tt uNlFies Taufeaunsauiudey
wuusaestun eyl vnﬂﬁﬂWiﬁ@mxaqﬂﬂiajLLa31,51165}'6135@6113%%&11514‘] isA






=]

Executive Summary

1. Project Background

Climate is the main factor directly affecting highland agricultural production. The
assessments of Thailand climate changes by the International Panel of Climate Change
(IPCC) found the increased average temperature for 1.5-2.0 degrees Celsius in the next 40-50
years. In addition, the maximum temperature during the daytime which will rise for 3.0-4.0
degrees Celsius will interrupt the monsoon system and total rainfall. These changes also
affect the quantity and quality of highland agricultural production in Thailand as similar as
the continuous distribution of the plant disease to highland areas. Therefore, Thailand has
become a high-risk area and agricultural production may be damaged more than 25 percent
in the next 50 years. In order to make a better mitigation plan, it is necessary to study the
risks and effects of climate changes including the sudden disasters such as floods, landslides

and extreme droughts.

Although, several organizations in Thailand are realizing and studying the effects of
climate changes in various cities which are the base of tourism and economy, the prediction
and the impact study of highland climate changes are still difficulties due to the lack of
precise and long-term climate data. Moreover, the fluctuations of microclimate in each
highland area may not similar and cannot use the general predictive models of the lowland
to directly assess the changing. However, the collection and evaluation of the highland
climate data is still needed in order to support some researches relating to the highland
agriculture. Finally, the predicted climate data from these databases might be easier to use

and understand.

This project constructed and developed the mathematic models for highland climate
prediction by using some climate data derived from lowland meteorological stations of the
meteorological department and highland meteorological stations of the Highland Research
and Development Institute (Public Organization). These models are expected to be able to
predict the high accurate and appropriate highland climate data in order to support the
management planning and decision-making for highland agriculture.

2. Objectives

1) To improve the previous mathematic model for highland climate prediction
by using some lowland climate factors.

2) To construct the mathematic models for highland climate prediction by using
some climate data recorded by the Highland Research and Development Institute (Public

Organization).



3) To compare the accuracy of the previous and the new models for highland
climate prediction.

4) To connect the highland climate predicted models with the database of the
Highland Research and Development Institute (Public Organization) through the HRDI’s
website in collaboration with the staffs of the institute.

3. Research Results
Objective 1: To improve the previous mathematic model for highland climate prediction by

using some lowland climate factors.

The previous mathematic model for ‘highland climate prediction which was
constructed by using some lowland climate data in project phase 1 (2015) could be
specifically used for seasonal rainfall prediction (each 4 months). It could not meet the need
to take advantages of researchers who want to know the weekly and monthly rainfall
prediction on highland areas, while the climate data used for model construction were
derived from the lowland meteorological stations. Several researchers suggested it might not
clearly explain the nature of climate change on highland. Therefore, the research team tried
to improve the previous seasonal rainfall predicted model to be able to predict weekly,
monthly and annual rainfall data by using the association of recorded lowland and highland
climate data. Before climate model improvement and construction, the characteristics of
these climate data were also studied in order to understand the fluctuation of climate

system in both of lowland and highland as described below:

1.1 Lowland climate data in the north of Thailand

Monthly climate data from 30 meteorological stations in the north of Thailand
consisted of rainfall data, maximum temperature, minimum temperature and relative
humidity were carefully analyzed. It could be explained that the average annual rainfall was
1283.92 mm. During 1951-1993, the annual rainfall declined from 1447.12 mm to 953.51 mm
and gradually increased to 1333.66 mm in the current period. The cyclical recurrence of
rainfall was also studied by using the technique of spectral analysis and found the 2.3 to 2.4
years and 5.2 to 5.6 years of recurrences at 95% confidence level (Figure 1A). The relative
humidity (RH) was slightly increase from 74.22% in 1951 to 75.63% in 2013 with the average
of 73.25%. The RH did not illustrate the exact pattern of recurrence (Figure 1B), while the
maximum temperature was likely to stabilize at 32.51 °C with a changing in the range of + 1
°C. The cyclical recurrences of the maximum temperature were 2.1, 2.3-2.4, 2.8-3.3 and 3.6
years (Figure 1C). The minimum temperature raised from 20.61 °C in 1951 to 21.33 °C in
2013, while the average of annual minimum temperature was 20.79 °C with the cyclical
recurrence in every 3.6 years at 95% confidence level (Figure 1D).
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Figure 1 The cyclical recurrence of rainfall (A), relative humidity (B), maximum temperature

(O and minimum temperature (D) at 95% and 99% confidence levels.

1.2 Highland climate data in the north of Thailand

The climate data recorded from the 28 stations of the Highland Research and
Development Institute (Public Organization) were not completed due to illustrate the lack of
continuity of the monthly data which was the obstacle to indicate trends of annual climate
changes. The lack of climate data since the Khun Sathan meteorolosical station in Nan
province was established was the cause to eliminate the station data from the study, while
the data derived from the rest of the 27 climate stations of the Highland Research and
Development Institute (Public Organization) were applied for the predicted climate model
construction. However, the monthly data of rainfall, relative humidity, maximum
temperature, average temperature and minimum temperature could be used to classify
these area groups with variations of climate by using the technique of factor analysis. The
fluctuations of the monthly rainfall from all highland meteorolosgical station could classify
these 27 stations to 2 groups (Figure 2 A). The total annual rainfall of the first group was only
1,240.71 mm, while the total rainfall throughout the year of the second group was 2,393.08
mm. In addition, the total rainfall in the rainy season (May-October) of the first group was
only 934.62 mm, while the total rainfall in the rainy season of the second group was
2,229.41 mm.
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Figure 2 Monthly climate data of highland zones derived from the Highland Research and
Development Institute (Public Organization): rainfall (A), relative humidity (B),

maximum temperature (C) and minimum temperature (D).

The monthly relative humidity (RH) on highland zones could be divided into 2
groups (Figure 2B). The average monthly RH of the first and the second groups were 80.63%
and 79.35%, respectively. The average monthly RH of the first group in summer (February-
April) and rainy season (May-October) were 67.26% and 86.78%, respectively. There were
lower than the average monthly RH of the second group in the same periods which were
71.03% and 87.21%, respectively. However, the average monthly RH in the winter
(November-January) of the first group (81.69%) is higher than the second group 2 (71.95%).
The variations of monthly data of maximum temperature could also be used to identify
highland areas into 2 groups (Figure 2C). The average of maximum temperature of the first
group was 32.80 °C. It was higher than the maximum temperature of the second group,
which was 32.50 °C. The highest maximum temperature of both 2 groups could be recorded
in the summer (February-April) for 35.28 °C and 34.56 °C, respectively. In both 2 groups, the
maximum temperature were gradually declined in the rainy season (May-October) to 32.90
°C and 32.07 °C, respectively. The maximum temperature consistently declined into the
winter (November- January), with the recorded values for 30.10 °C and 31.30 °C of the first

and the second groups, respectively.

The variations of monthly data of minimum temperature could be used to
classify the highland areas into 2 groups (Figure 2D). The minimum temperature of the first
group was 16.37 °C, while the minimum temperature of the second group was 17.24 °C. The

minimum temperature of the first group gradually raised from the winter (November-



January) to the summer (February-April) and continuously increased into the rainy season
(May-October), with the values of 12.24 °C, 14.22°C and 19.50 °C, respectively. The minimum
temperature of the second groups seem to be stabilized with the values in the winter,

summer and rainy season for 17.67°C, 16.44 °C and 17.43 °C, respectively.

1.3 Model improvement for highland rainfall prediction

Model improvement for highland rainfall prediction by using the technique of
artificial neural network could be g¢enerated 3 mathematic models which were able to
predict the accumulated rainfall in term of weekly, monthly and annual rainfall. These 3
models were constructed and used instead of the previous model generated in 2015, which
was able to predict the highland seasonal rainfall basing on the lowland climate data
derived from the meteorological station in the north of Thailand. These 3 models were
constructed basing on the lowland climate data association with the highland climate data
derived from the Highland Research and Development Institute (Public Organization). The
highland climate predicted models had been updated and tested their accuracy by using
the calibration and verification method. The recorded rainfall data since 1959-2015 from 58
stations were divided into 2 series, called teaching and testing sets, at a ratio of 75:25. By
using the artificial structure of 16-200-1, it could be found the high accuracy of both teaching
and testing sets with a Coefficient of Determination (R%) for 0.9960 at 95% confidence level
and a Root Mean Square Error (RMSE) for 51.4309 mm of the teaching set. The R? and RMSE
of the testing set were 0.9601 at 95% confidence level and 148.4894 mm, respectively
(Figure 3).

Objective 2: To construct the mathematic models for highland climate prediction by using
some climate data recorded by the Highland Research and Development Institute (Public

Organization).

The six mathematic models were constructed in 2016 in order to predict weekly,
monthly and annually highland climate of maximum and minimum temperature by using
the technique of the artificial neural network. The maximum and minimum temperature
since 1959-2015 from 58 stations were also divided into 2 series, called teaching and testing
sets, at a ratio of 75:25. By using the artificial structure of 16-100-1 for the maximum
temperature predicted model, it could be found the high accuracy of both teaching and
testing sets with a Coefficient of Determination (R?) for 0.9929 at 95% confidence level and a
Root Mean Square Error (RMSE) for 0.2216 degrees Celsius of the teaching set. The R? and
RMSE of the testing set were 0.7179 at 95% confidence level and 1.6923 degrees Celsius,
respectively (Figure 4).
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Figure 3 Predicted rainfall data compared with the recorded rainfall data derived from the

meteorological station in the north of Thailand

The minimum temperature predicted model were done by using the artificial
structure of 8-120-1. It could be found the high accuracy of both teaching and testing sets
with a Coefficient of Determination (R?) for 0.9960 at 95% confidence level and a Root Mean
Square Error (RMSE) for 0.2421 degrees Celsius of the teaching set. The R* and RMSE of the
testing set were 0.9321 at 95% confidence level and 1.1661 degrees Celsius, respectively
(Figure 5).

Objective 3: To compare the accuracy of the previous and the new models for highland

climate prediction.

The accuracy comparison between the 2 climate predicted models, which was
constructed by using the lowland climate data and the combination of the lowland and the
highland climate data derived from the Highland Research and Development Institute
(Public Organization), could be indicated by using the Coefficient of Determination (R?) and
the Root Mean Square Error (RMSE) derived from the previous rainfall predicted model
(constructed in 2015) and the present rainfall predicted model (constructed in 2016).
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Figure 4 Predicted maximum temperature data compared with the recorded maximum

temperature data derived from the meteorological station in the north of Thailand

It could be found that the accuracy of both rainfall predicted models constructed by
using the lowland climate data and the combination of the lowland and highland climate
data were similar, although the new model constructed in the current year used the number
of climate factors for model construction lower than the previous model. At a 95%
confidence level, the Coefficient of Determination (R?) in a series of teaching and testing sets
of the present model was 0.9960 and 0.9601, respectively. These values were closed to the
R? of the previous models which were 0.9937 in the teaching set and 0.9902 in the testing
set at a 95% confidence level. RMSE of the present model were 51.4309 mm and 148.4894
mm in the teaching and testing sets, respectively, while the RMSE of the previous model
were 26.2730 mm and 25.7439 mm in the teaching and testing sets, respectively.

Objective 4: To connect the highland climate predicted models with the database of the
Highland Research and Development Institute (Public Organization) through the HRDI’s

website in collaboration with the staffs of the institute.

The research team designed and constructed a climate database by using a free
software, namely PHP (PHP Hypertext Preprocessor), which is a server-side scripting language
designed primarily for web development on Microsoft SQL Server and displays them in the
form of HTML. All users must sign in on the login page to enter the database of highland



climate prediction and the history of user data login will be stored in the system log
database. The interface of the webpage was friendly designed and easier for users to select
the monitoring stations, types of predicted climate data and predicted periods. The

predicted climate data shown on the webpage can be saved as shown in Figure 6.
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Figure 5 Predicted minimum temperature data compared with the recorded minimum
temperature data derived from the meteorological station in the north of Thailand

4. Conclusion

The project of the “Weather Analysis and Database Construction for Research and
Highland Developments in Thailand” collected the lowland and highland climate data in
the north of Thailand and constructed the predicted climate models for climate database in
the north of Thailand. The climate data of rainfall, temperature (maximum-minimum-
average) and relative humidity which were analyzed in this project were derived from the 58
meteorological stations of the Meteorological Department and the Highland Research and
Development Institute (Public Organization). The data analysis and the highland climate
predicted models for database construction by using the combination of the highland and
lowland climate data (in order to increase the sample sizes) indicated the increase trends of
rainfall, temperature and relative humidity. The research team successfully constructed the
mathematic models to predict the weekly, monthly and annual data of rainfall, maximum
temperature and minimum temperature by using the technique of artificial neural network
with the high accuracy at 95% confidence level. The team also designed and constructed a



climate database and displays them in the form of HTML via the website of the Highland
Research and Development Institute (Public Organization). The interface of the webpage was
friendly designed to facilitate all researcher, farmers and those interested in the research

planning, cultivation and other highland developments in the future.
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Figure 6 Searching site preview of the highland climate predicted database

5. Recommendation

The predicted climate models were successfully constructed by using the technique
of the artificial neural network through a statistical software to predict rainfall, maximum
temperature and minimum temperature in several periods of weekly, monthly and annual
predictions. It could be found that all models illustrated the high accuracy at the 95%
confidence level. However, due to the limitation of the system, the prediction could not
automatically run by the system. It is necessary to manually input and update the recorded
climate data by the researcher in order to re-check the accuracy of the input data and



increase the accuracy of models for the next period prediction. The administrator or the
researcher who is responsible to this work must manually run the software to predict the
climate in each specified period. Therefore, it is necessary for the administrator to
understand the predicted system and the process to continuously update the correct data
of the observed and predicted climate to the database for other registered users to
download the predicted climate data throughout the website of the Highland Research and

Development Institute (Public Organization).

The administrator of the climate predicted system can be substituted by using the
advance statistical software in the enterprise version which commands for scheduled
prediction can be used and managed following the requests of all users. However, the price
for the authorization of the enterprise version is higher than the basic version. Therefore, the
manual test of the predicted climate system by the researcher or the administrator might be
better for the researcher to understand, meet the advantages-disadvantages and re-check
the accuracy of the system in the first couple years. Later, the usage information of the
climate predicted system will be the valuable data for the institute to decide to upgrade
the manual system to be the automatic system by using the statistical software in the

enterprise version.

Although, the model construction for the highland climate prediction by using the
basic statistics of the time series analysis via the basic software, such as Microsoft excel and
SPSS, will illustrate the lower accuracy than the construction by using the complex
technique of the artificial neural networks due to the analysis based on the technique of
multiple regression, it may be easier for researchers who are not familiar with computer
languages and commands to construct their climate predicted models and check the
accuracy of the models by themself. Additionally, the input factors of the models can be

immediately adjusted when the new meteorological equipment will be installed.
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ABSTRACT

The Weather analysis and database construction for research and highland
developments in Thailand aimed to explain the variation of weather and develop the
accurate models for highland climatic forecasting system by using the lowland climate data
in the north recorded by the Meteorological Department association with highland climate
data recorded by the Highland Research and Development Institution (Public Organization)
for 58 stations. The database of weather forecasting system were connected and published
via the website of the Highland Research and Development Institution (Public Organization).
Types of daily climate data derived from both 2 sites of the Meteorological Department and
the Highland Research and Development Institution (Public Organization) were similar for 5
categories including rainfall, maximum temperature, mean temperature, minimum

temperature and relative humidity.

The studies of climate fluctuations indicated the increasing trend of the annual
rainfall which the occurred cycle analyzed by using the Spectral Analysis at the 95%
accuracy was 2.3-2.4 yrs and 5.2-5.6 yrs, respectively while the maximum temperature was
fluctuated for +1 °C with the occurred cycle of 2.1-3.6 yrs. The trend of the minimum
temperature was increase with the occurred cycle of 3.6 yr. By using the regression analysis,
the maximum temperature was significantly related (positive correlation) in the same
direction with the mean temperature (r=0.757) and the minimum temperature (r=0.358). It
also illustrated the significant relationship (negative correlation) in the opposite direction
with the rainfall (r=-0.497) and the relative humidity (r=-0.577).

These climate data were then analyzed and were constructed the weekly, monthly,
and annual climate forecasting models of the rainfall, the maximum temperature and the
minimum temperature by using the technique of Artificial Neural Network which will forecast
the precise highland climate data longer than 1 perid with the higher accuracy at 95%

significance.

The weather database was done by using the PHP (PHP Hypertext Preprocessor) for
website construction on Microsoft SQL Server and was illustrated in HTML pattern. The login
page were necessary for all users to express themselves before using the weather
forecasting database and the system log was also recorded. For using, the weather station,
type of climate data and duration were respectively selected and the forecasting data was
illustrated in both of table and graphic representation. Finally, these results could be saved

and continuously used by all login users.

Keywords: Artificial Neural network, Prototype, Spectral analysis, Weather database



