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ABSTRACT

The climate variability phenomena are connected to the nature and the
environment in many aspects including the water resource system of the lower
central region area of Thailand. Such area has quite high population and demands
rainfall and groundwater for consuming, agricultural, and industrial use. This research
is to study the relationship between the climate variability and the rainfall and
groundwater level which leads to the future forecast by applying the proper
statistical methodology for the general time series data.

The total of six indices from three climate variabilities, Indian Ocean Dipole
(I0D), El Nino-Southern Oscillation (ENSO), and Asian Summer Monsoon (ASM), from
the data of the 1980-2015 period are used for the analysis. The first step is to
analyze the return period by using the Spectral Analysis along with the Wavelet
Transform. The result shows that the climate index is stationary and has the rainfall
related return period, but the groundwater level data is non-stationary. Therefore,
the analysis for rainfall forecast is suitable to use the multiple linear regression and
the analysis for the non-stationary groundwater level data forecast is suitable to use
the ARIMAX model.

The multiple linear regression analysis shows that the climate index that has
the suitable lag time could result in good rainfall forecasting result. The IMI and
WNPMI are the indices that influence the rainfall the highest. At the same time, the
ARIMA model could well forecast the groundwater level and even better when
forecasting along with the ARIMAX model. The groundwater level synthesized from
the MODFLOW model is found to be closed to the groundwater level from the
observed well but less than which from the ARIMAX.
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The study result shows that applying the statistical methodology for rainfall
and groundwater level forecast with the climate variability indices could give the
good forecasting result. By using this, there is no need to use the large model that
required a lot of data and high implementation cost but still can plan for the future

water resource development.
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JUN 2.4 nsvyuieueaLuuIeanes (Walker Circulation) Usenausme 2 wwad Aanis
nuRsumloumaynswUTinwa MU lguvileumaymsduie
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(HenzTusenvesmaynsduiie) fgamnfinniund dwaliauuTnauundugudansie
MndiangTusanlugians Junn dwavhliseduimealuimaunsduionisdmg Sunngs
NN Femuundluggfeussiinanians Juanlufiany fueen
TuraziReafussduimzianislmeTuoanidiniiund sldaadnuduuinudiy
nziadnlusuimeslulaat (Thermoctine) fusfgelunazunsnszansauduwiliimes
U%Lamﬁjmzi’uaaﬂ%awmawiaulﬁaﬁqmwgﬁﬁﬂﬂdﬁﬂﬂa uanaInfiudrandiiaainde
ny fuoonlugiing funntheudulufeuiliuinuweninng fuoon (Wmaymsduiie
pgfunn) Srunninnu Tuvaeitwe Sunnvosmyimeunudulaiifoos flunntosas dwa
TAnsaudals dwsunsdl Negative 10D fwgAinssumsednuiu fuandlugud 2.5



Ul 2.5 Usingmisalduiieulerdenlalna (indian Ocean Dipole %38 10D) (§18) nsdifilAn
Positive 10D (121) N38UILAR Negative 10D
(http://www.jamstec.go.jp/frsgc/research/d1/iod)

Immmmmm voawfAingsal 10D aansesuelddedl Prafiounguniny - Iguisu
prunpiAnhmziamens usenesmaymduie uinudurudgnasuduinunidmane
nszudauiiUnAauUnUEEIARUNR Faafeunsnginu - Gomen nsrudaNUTRMR NG
L'%'mﬁﬂLLsa%uLLa”ammﬁﬁaﬁm“Lau%nmﬁ?mvﬁammﬁ@?mdmﬂﬁmﬂ%u lagAuRAUNG
‘Uﬁﬂgi‘U‘UiL’JMLLHTU’]EJEJQGUENEJUIWUL"’UEJ ’Lusumvmmmmvaumﬂsuawmammaummammm
AumgaLiNgady vnlauusnauudugudgasiimaasnituni Imammumwaﬂumq
WaufuIEY - naAy LLamaaammmqmmaﬂumqmaqummau—ﬁmmu lngUnfingal
flifiusingnisal 10D asmsaung Tuoonidedliazaesy Wnlumuuuadugudansliifndy
annszneluuinnufing wiludsiiAsusingnnsal I0D QmmﬁﬂaﬁmmaG’]’ﬂumsﬁ’umﬂﬁuaq
aunsnduinnniund wieniliasduimesnues Tusenidedddaunsoinveisluldlng
nnRudsaliUInAfHusneglunws TuanvesagmsBusinntu el anmeinia
%ﬂﬁ‘uL%’ﬂqjamwﬂﬂaLﬁ'aqmmﬁﬂaﬁmzLaU%L’Jmmﬁuaammmmagm%mﬁaﬁmmEju
wndudesnanldiuanuiouanmseniindunniulutngluliinaiagglulisas Snvs
nszuaauigauidsaaienalnmsUsuf e smalmsLes

2.2.3 Uiﬂﬂgmmil,auiszi (E\ Nifo-Southern Oscillation, ENSO) (Kessler W.S., 2002)
Usangnisalieuld (EL Niro-Southern Oscillation, ENSO) A dnwauuzAulsusiu
vosannnionaluuTnuduaudansvesmaymsuuiin femngnissitdaundenles
fuseninaumagvsuazduuTIEeNA (Ocean-Atmosphere Interaction) Ingtinangamgi
R mgiauouiduaudgasvesumamsuUiinuinaeiveusnldfinnuinund Tnsena
Suunarmiaunfldidu 2 Snvuevdng fe nsdgumglifndmeauinaninariiiaund
dHounmnnathiburinafunsednlutuimeslilaadeduigdulnedenusingnsal
Tugasiidandan (La Nina) LLazﬂiﬁqmmgﬁﬂaﬁmzLaqﬁuﬁﬂﬂﬂaLﬁaqmﬂmafmﬁumﬂ%u
woslulaatususdnadasionusngmsallugasidneadis) €L Nifo) Fuansluzuil 2.6
ﬁu’qﬁﬂﬁmaamﬁﬁmmuﬁmmé’mﬁuéﬁwimgmsaiéfmainé’aa (McPhaden, 2004) Inaun
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audufiififdussinainumaymsuudiindens fusen (UTnungunnideanieveaniv
ou3nld) lumsmeTunnvesuu@iinuanfunisnyuseuseswasian tmziaduuuidy
aumiiauga vhlvnadufuludumesluleateglusduund dinsadigusuuuie
ponluazauog N1 TuANYIUMaynsLUTn (USuUsemaAseansiiy dulaiideniu
nJusen) dwalvusssnimmionmaymsuudfindiny fuan dfanuutuuasnisedaves
waLazAuANUnA J3nszuIunsdinanaenndesiudnuaznsvyuisueiniALuIon
193 (Walker Circulation) ffsiilsinanaunud
uenaniisingnssioailyinginssudedl Ao ieguugiinimziauudingiu

nzfusangeninsnunzfunn yhlsimmnnoinmamaiiang Jusensinimafiang Juan aud
finanuinuiidunin (mwnnoinieg) Tuguinaigundn (mnunaeiniadi) Feiaiu
mefvandudamUng Feunfiaudufazinanmeiiang Fueenlumaiiane funn Tneaudy
ifsvsnaunneivgianlinssuamiulvadioundy anfienzTunnludsfiang fusen 39
ylvumaymsuUaRndiung fusenuauuszimaly fanuguduannninund dewaldiie
gnndale dnuumaymsuldninduasiunn (eawside sulaiide) ssiindaudannniiung
¢ Tunsdivesusngnisaianian aznssdiuiu Ao Aeainnisfiuduesnafinunfvesgumnd
FtmgalusmaynsuUainduag Suan auinaniiang usenluymafinng Tunn Geiaisa
fuandudinegiin denalilunavuinaudiuiianzfunnvesumaynsuddin
(poawsidn Bulnide) fmnuguiusnnniunfdmaliAngnnsisld

fasingnisaiieailyuazaiinn Srundfianudenlosiusenitamaynsuaz
ussenma maasunginssunneadlyludumion wswdsiumunsindeuiiu-as vee
AnuanseauTumedlalaal (McPhaden, 2004) S?iaLﬁuﬂﬁzmumiwai’mﬁmammawiﬁ
:Wouleafu (Thermocline Dynamic) LLazé’mﬁuéﬁuqmmﬁﬁaﬁmzLa Tnenszurunmawanil
Junsgurunsiidrdguesigdnsusmngnisaliouls ﬁaﬁiumsﬁmsmﬁaﬁa%ﬁatﬂmmm
ﬁ@mﬂa%aﬂLauiszi‘i?iLﬁﬂ%ﬂ;ﬂ%ﬂﬂ;@%ﬂﬁﬁ&ﬁx%ﬂﬂEjﬂmzi’uaaﬂmaﬂumawil,l,ﬂ%?\lﬂ ket
unne Tuustazu3ian dautu Nino 1+2 (AnuiinUnfvesgamgiifinimeiaindsluuiiom o-
10 °S, 90°-80 °W) Nifio-3 (mmﬁmﬂﬂamaaaﬁmmﬁﬁaﬁmzLaL@ﬁﬁiuU%Lam 5°N - 5°S, 90 —
150°W) Nifio 4 (mmﬁmﬂﬂamaaqmmﬁﬁaﬁmzLaLaﬁaiuU%Lam 5 °N-5 °S, 160 °E-150 °W)
Fudu uenaniudrdsdistingun 8n wu MEI SOI tteld7innsiiniewls

muiildnasndrssuduiiuiueuin teuls azifeadesiuanuiiaundvesuiunasud
pnluunuiodony Tuoanidedd Fuiliuimasiluuinudindnantesniunfinuistuin
Foudalasazifiuniutgefouluiiuiliiduaudans wastnggrunluiiuiivieduaud
ans uenaniiuds Usngnissiteuls AvinlhAnsoudsluieidons Suoonideddiiaai
Fouleafuusinanisurddvesdriinduena (Outeoing Long Wave Radiation, OLR) ¥84ti
g Taetsiiivsuamauisadinnanduiasnaferiursifisansuiuddundoned
(Wang et al., 2003) Featfuayuinynaymsuazussemeaiidonlesseninaiu



n) @anmgunfvesumagnswugiin

) anngUsingnisalieaiilyy

A) an1gUsngnsalantian
UM 2.6 annzus1ngnisal ENSO Tunmaynsud@iin

(http://www.srh.noaa.gov/jetstream/tropics)
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2.2.4 usqqu%’amaﬁjﬂ (Asian Summer Monsoon, ASM) (Matsumoto, J. 1992)

auusay fie auiadsuiirmadesanmsidsundasmesanunaeimialugises
MswWasuggnia fegatunisiasuggnasgrsneiuiuanggruingaeieu (Yeh et
al,, 1959) InevhlUindnsmsasuggmiavesmivieds Tuggrunanainuinauidanung
01184 (gaumgdia) vesiiuitledZelnaluguinaifanunneimedi (guugiigy) viiw
wmaymsdude lasormamideumaymsduisassigeduarenmavinnletiselnadn
s Insfimnsanagiarushutludaeidelduazundnlunmsg fusen daluriegg
$ou UinuiuAudgumglganitumiagms (aunaoinias) daulusmaymsiigung
(ANNNRBINAge) AndeiadsuTirnanssiutwiulugisgguu Waduauusguayuan
Budliinnumaymslaetienmiuguiundie

viail auusauiialuiiufiofens Tusenszunndrsanusauiliinluiiuiiedels
nanfte fiufloideny fusonaunsaunuunaindusasiiiamansiiniwsaungdoudan
fufhodelinaoniuuszindluodons Tusonideddamiassmelne aldSudvinandn
nnusanlutggiourhiudesnauusaugguuniuivensasniifionenfiudofurng
ag lngusauagseulaide (usaunzunniiedls) asiinunAquuauUsIMeIUINea ATUALNS
suladulunaonaunziaduld Tnsdrsnaivesusausuussuduiounisnatafou
nNywAIAN (He et al,, 1987) %"’amsmﬁlaummmqmL@L%ami’uaaﬂ (East Asian Monsoon,
EAM) uawaisganaidelél (South Asian Monsoon, SAM) fi8viswasresyeyinaniuduyesay
f93ouaLPEeI8 (Murakami and Matsumoto, 1994; Lau and Yang, 1997)

Insusquialdony fusaniiiananisindousainuinamsiaduldudindoulunis
peiameiuldvesssmaiulutiuaneiiounguniey nniuazveedvsnalunneuld
vosspmaduuussinunansieuliguisuuayluAuaaiivnaneunievesusemaiul seana
Uaneipauning1au (Tao and Chen, 1987)

dmsunsquiodslalivuanduniuiuueusgy 2 ianie (Wang and Lin, 2002) Ine
fismausnisuduainaeuldvesmeiaensndeu (Arabian Sea) lUnuwieilasnunsSunnues
Useimaduiie ddumaiiaeadunnimeadeulumaiians fusnideanie TaoEudu
NN eTiAng Tueeniedlavetgiuaneanulunisussmasuiie MilvigauuvesUsvine
SufsBuUssnudufouiiquisy (Joseph et al, 1994) azifiuldinnsthmanufouiiiy
fmsdnlumsEusuesusauggdeuluginaeide 1wy (Lau and Yang, 1997)

fuiluusnanouedeld wsedons fusondeddsuiasanalneg Tusaungion
BalFsudninannusaungTunnidedld Tnefinunaquussmelnglurasseninsnanaion
wouneFinaafounatay vlitiuemnnuagdunnynlagiavngauuinueilmeiauas
enivsusuanaziiunnninuinadu

2.3 w%’wmnsﬁﬂmmamawixL‘Vlﬂl‘vm (ﬂiw%’wmmﬁfwmma, 2553)
miﬁmimwa‘uL”UG]?JE)QLL@Q&’]UW@?@G{’]QG] TuUszwelneanansafiansanannue

mmaﬁﬂsxmaa@iu%uﬁuéaw’%aﬁuwﬁaLfJumiuSﬁluﬂ'ﬁﬁmim Tnensunsnenstiiuiaia

wsussiuimamusemels 27 ues é’QLLamiugﬂﬁ 2.7 WagannssIuTIndeyalud w.e.
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[

2553 T31UIUUDFBNANTUEINSUTLUUALNANITUUIUIAIAINUIUNIEY 2,628 UB AILana
Tup191991 2.1 Fasiulanfidsuiuvedunanisallrdiiuunauwing

A15197 2.1 AT UEAAST TR UNANTAIlULEIUIUINaA1Se TUTEWNA (NSUNTNEINT
WIUIA1a, 2553)

fadu  Fewswhuima  [emuielmigdy  dewsswiwnma  [Ueiduiialusi

1| waadeslval-dnw 150 | 146 | 15 |udunysysal - 79
2 | uBuANITE WU 94 | 133 | 16 |uBUTIRUYS-aTEUM 36 | 135
3 | WBuIIMITEWMRUET 640 | 269 | 17 |udswwaus 58 | 41
4 | uBUATIYENN-QUATIVEI* | 262 | 399 | 18 |uweedunyi-nin 2 | 156
5 | ugssvyes 89 | 21 | 19 |udwn - 28
6 | ussmalng* 60 | 125 | 20 |u8anNgyauy3 9 53
7 | uBme - 31 | 21 |uunysys-Useaaudsdus | 9 79
8 | uBuTBITIE-NELEN 58 | 84 | 22 |ugwvugisil 36 | 122
9 | udssigesaau - 23 | 23 |u9eszues-ana 133 | 94
10 | ugsanua 15 | 61 | 24 |ussuasAssssusv-dinge | 91 | 51
11 | uBauns 10 | 57 | 25 |ugvzuy - 20
12 | wgauu - 35 | 26 |wdsUnnndl - 62
13 | ugsassil-anauns 35 | 215 | 27 |u@ws1dna - 36
14 | wosay 2 73 | W 1,789 | 2,628

Tnevodunmnsaifininsyaefoglutuiiuduimdniifidnonmgavesisaiuima
uiazues dedluapdutuiuduiluduiiuiuiuioeesognielufiufidnluresuds i
snwarlaoiluifufisuguuasiisuasuaavieiuiisuduimainuazaungingui
s iuussiumasrus-agafituiuduihuimandniduduiudininluduiuuds lurued
vadunanisnidiudesfindesginanszaisiegluduiinduiniiddneainsdiasn da
Tnesnifuduiiuduilutuiuuddaesovreuussiiiipfivssmamduguwiedionaaua
g

2.4 Hufudsunmardwszenausng (nsumineansihuianag, 2553)

wiasiumalunenansuinainugumidmssenouds uuwaaiuma
valngfigauasliisnfigavessuna vieeaiFeniusadmszemoudns fudnadiui
fausgneslusud Smradeumlvafainusddudmszen fanudnandudiuiullauds
RuudaUszuns 600 w3 fduiiuiniasgie 8 du udazduliinuuuun veunss
Fanszerduns Tumnegiiufidaunfom ingiesnd anssayFluauisuastgy veundediin
puenuinaiiuiifninany3 assys uasuen Uniuyd aufendunn vinnveuuss
fifugliviinadhlies Wesnnfiudulmgiduiiuganln uwidnazadufiuyuerlmi
1on
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JUN 2.7 wanwusnihuinamuseina (nsuminensiiuing, 2553)

2.4.1 d@naiussme
anmgivsswadiulvgdunsuguasauing Aulpeadivanssaa 0 - 1.5 was wile

szaudmzialiunans (snn.) sniuusnasuiinvievesduiauasuguiifanmduiinoud

(% dy a = IS [ goj dl
Y UWU@UI@EJLQ@EJQQ‘UiSQJ’]m 4.0 WasWesEAuUImMzIaUIUNae LAgANAIAYBINIIU

guuudweiiranlunianalmauadaAiUszana 1:25,000 Feliuiundmszendu
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uhhaeddilnaiiuneeumiovesimiansrunsesesserhudminunusiuunys
nsumamuaskazlvasemineiidminaymsusinig venanddsdiuidviidudusnan
uiiidmsseniidmiadeuminaiudminanssayd uasgy wazlvaasenlnedidmia
aunsanas vonnuaihisaesiuddifinaesdnvansansdsldusslovilunsauuneumis
MSYAUTENU UALATIZUIEU]

2.4.2 @NTWNINTIUING
Snuazuazaiavesiunaeniulasadussaluusnamounssdmsyenouans 11
mafianzTuesnuariinnsiunn definnuddysasifuiudiinvemenaufiianiadluniy
withavauluussavaumyney %qﬂizﬂauéh&Jmﬂauqﬂmama%uﬁ (Quaternary Deposits)
ﬁLﬁ“fJumwﬂaua’auﬁamvﬂauﬁmﬂmﬁuawﬁauufﬁasuaqmm n918 neutl wasiumier Juin
NNTEUIUNITEIINYIF D mim%vma NSINANT wazn1snnaznauazauluLey Aslansly
5U‘v1 2.8 Inefiswazdondsil
2.4.2.1 s3diAngrfiunda (Hard Rocks) dnwaizvesiuluiisiugunianalanouay
LLﬁ“U%LﬁﬂA‘U@UﬁiWUﬁIM ‘Us“ﬂauﬁywﬁuﬁﬁawsmnﬁam A9 WILANLUSU (Precambrian) auis
muwumaaauamiummmmﬂ (Jurassic) I@EJﬂ”liLiENﬁ’](ﬂ‘U‘?JuﬁuVlLiEl\iﬁ]’]ﬂEﬂEJiJ’mVlﬂ@ma’]EJ
uawam il
1) fiulud (P E) fiuudsgandunuiuiou fdnvazmsindoaduuauduves
4L3A105A9 wItrlanalns ausdun wuushanrTusenidesdavesdminasdansuasia
WiloUaIN1YIUY3
2) #ugau (€ 0) Fundsanmanfiuyuiifiongszmisganauiudsuisesln
AWTsuiidnvanduiivesudvdusauiuaduiuiunesaglunmian nunsfidnzfunnves
fisruinafinniovese LomurwaznsTunnvee wmjal‘waq JINIPFNTTUYS
3) fiuduyjess (0) Hunznaugneelalduy awmuﬁwuﬂmuamummm
fiilololalun mﬂmwummuaaummwaﬂmﬂLLauasuszmnmﬂm VSTNDIUIULN WUN
ArngSunnuaaiiudmiadeumuazay fusnvesdminans a3
4) ‘vmust (SD) Aundsealogisouisilailou Usznounie fuflalamile
ANSUBULAY Luamaim W‘U"Lumnmmwmwmnumﬂsuaamwa:umﬂﬂmq mumwﬁu
numimﬂagﬂmma W U3nanz Tunnvasdmiadeun amqs AWTTOUUT WagnIRyauy U
lﬁwuﬁuwﬂgmﬁmNﬁﬂm5*’;’uaaﬂﬁumﬁimf¢jmmﬂﬂaw
5) fuudsuazisiunus (CD) Funusuasisiinuusgailadouisansved
wle¥a Usznoune udsauasfiusinl fuesunaziiuyu fuguunliuazAufaglniuls
anw nuduuinunmidasamemsdiang usenideddavesiinuquananansuinniifmia
UniuSuarassum
6) fiufsfiuuls (C2) Aufsuusanmgansveiinleda Usznaume fiufla
lamifonsnuy ﬁuﬂalas?uazﬁumwLﬁ@ﬁﬂﬂﬁgﬂLLUiamWLLazﬁwmu WUNNTARZ TUDDN
Fodavesdnrinasdans



16

7) fiuduganifuaiinefafauwasifivu (CPK-1, CPK-2) Usznoumaiiu
yanafiumsy (CPK-1) lawn fufuniu funsie upsfufumulunsin@niam uagmn
Funian (CPK-2) laun fiulnau funsiewdoivil wasiilsledfniwil fusaoamantina
mé’fmaqlﬁluﬂa;mﬁuLLfﬁﬂizmuLLazwumqﬁﬁﬁgﬁumﬁumnsuaq%’mi’qu%

8) futugaasifiou (Pr, Ps) Usznouais nauiiusiayd (Pr) laun fiuyy
ﬁuyjul,ﬁaimialméuasﬁm%%msﬁmﬂﬁﬂmmsﬁum wunszreLduuiinmninmiada
pzfumnvesdanianigauyiuassvyd duldnvusiduienumensiuazivriuyuidy
oo lunsdlvasnauiiuaszyd (Ps) Usenoums fuyuienniing vssn fiudem fufuau
funse Funsieidevivl wagiiugi b mjmﬁumsu?wuLﬁuu%nmﬂ’;ﬂammsi’uaaﬂmaq
Fainany3 asvyd uazunsunen daduvevvesiisugslasm

9) fultlstihfaunalnsuaadn (T pu) mnefiulsunseutsznaunis fiu
INTOWIN Aufuau Fuyuuasiunsinuy wunszeduuiinumiwnadnes fusendedla
YT IAUTAUYS

10) #unsreggausaan (J) Usznaune ﬂa;uﬁua?uma ) lawn fiulaau
Funsends fiunse warAuYUNUMD YR ﬁunémﬁwmﬂuﬁammammLmei’ummﬁm
wile-ng Yunnideslanisiiang Suanvesdaninseyd nquitugalass laun mnafiugnass
(Upk) Usznaume fiunseuladeyusaziolun funse fiulaau Funs-Auaung v
AUNTIANY BIAAUNTZINT Upw) Usznaume Aunsediensan dvnn-amun funse
wliuagfiulaau mnafuisassdnannulufiuiiaunievesdminanyiuazudin
Mz IUDBNVBITINTAUATUIENLALUTIAUYS

11) Audaduaziugunlngawesidisudslnsuaa®n (PTer, PTv) Auunsdn
(PTer) finutsznaunie ululasunsiin unslulelelsn uasfiunandlownsin Segnunandug
ﬁuﬁﬂamngﬂLLsaﬁU'«auLﬁaLLéUizﬂauwé’ﬂL%&Ja(?h wumsfielavasornnauiunidamin
any3 lunsdifiuguuiln (PTv) finuvsznoume fulslelan funeudles Fuagalil fu
nsnmdsugl fuiviiidelslelan wazillousudlen Fugulidnaninszneduuiion
ﬂ’?ﬁqmﬂﬁﬂmzi’uaaﬂmaﬁwﬁfﬂawq% asvU3 waguATuen ualunumnsfiang Supnvesiisny
QUNANIABUANS
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JUN 2.8 UHUNSIAIINGIUTIIULBUIINTLYINBUAN
(ASUNSWEINTUIUINNG, 2555)

2.4.2.2 AznBUYAAIBIMBSUNT (Quaternary Deposits) AznougAAIBIveTUIIlui
suaAnaeouaaIaUszadumienssdinenls lnserderiauasdnuns
VRNZERLY) amwLumé%muazmE;ﬂJ'eNmiasaméhLLazﬁﬁﬂé’mgwu%wm filananmuad Tng
wuaidunmunengnouuinaveuLazRznauUT AT IUAY fowaziBondieil
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1) AENDULAYAULTWYT (Qc, Plno Ple) Umaaﬂmaﬁ%a%’“aﬁuaﬁalwaaim

a a

T ldun nzneulssiamiiuyuniasiuinda dufauas inwiiudauasfiuguasiuunds
uay U wunsiieng usenvesisruguaanasuinudminanys assyd Usiduys was
sl dans dauduiiang unnvesisuguaningidunsneumsiudan wunszaeidu
Uinanheiusdmiaanssnngs myauyiaeeg

2) AznaUATINALNIEAUEY (Qt1 Plio-E-Ple) Usenoude n3am N8 uay
fumilen FaRnnnmaasuiiamenisinavemnaihuasnisanssdvasomad viliAe
wnaginiudug aussdiumiugs Ssenagnudsdesduneiing1tisefugs (High Terrace)
peing1isEiunate (Middle Terrace) uagnzinaninszdusi (Low Terrace) Inefinanm
soiflesvasmenouiivanussiuadiedy wikandstuiinumuniosinaznaungindnii
sedugdldrunszuaunsmaaiidunaiy Husslinznoudsuduiuauasieiy
douogduvurasiunsis neeudsiunnndudingns nsfiansTusenvasiufisugumy
mzﬂaumﬁﬂﬁﬂfﬁzﬁuqa (High Terrace Deposits) USHIUAAAZTUBDNYDINNIAUATUISN
U513UYS hazasidans) mwﬁﬂmsi’umﬂsuaaﬁsmzjuwumzﬂaumﬁﬂa"wﬁwssﬁuqa USIuiie
AL TUANVDITINIATEUNUATENTTUYT mqmsazamaamﬂaumsﬁmjmfﬁzé’uqa AIRINeY
luadiglnalotudsruaielnaalatu

3) aenaunzindninsziunanuazznauiwIzUWAL1 (Middle Terrace
Deposits (Qt2) and Old Alluvial Fan, Qf1, M-Ple) agnaumgin d1isgdunana
Usgnaudie dunsin 31e uasAumiley daungneuimguiainsznoudae nsene1y
Yunmnaduiutunnemnunsndetuiumismaduiunmends lneuwansdnumensSessh
vemanzneuananiulug (Coarsening Upward Sequence)

4) aznaungingutinszAunane (Low Terrace) nsiianz Tusenuasitsny
quNANANUTIMTMIRaNYS asyysuaasiliuns Iﬂaé’qwumuﬂauﬁmﬁﬂﬁﬂLmﬁlﬁ%adw
Nz ﬂauiﬂwmmaﬂ (Pasak Alluvial fan) mmmmnmswmwwLLauavamuﬂaummmmmaﬂ
wazd a1 Msfiang Suanvesfistuguniananamunznounsinguinseunaauiim
Ftadeumuazanssnnd uasnuaznauimngUiauiiilitoimenousuinneuwais (Don
Chedi Alluvial Fan) %aLﬁﬂmﬂmsﬁﬂwwLLasazamzﬂammﬁwﬁawﬁq**] Fafuanvrveuith
anssyFluadslnaalady withgiuwdedniliduissdhenssdouasdessi
mqm'iLﬁmaqmﬂaumzﬁﬂduﬁﬁzﬁmmqLLawzﬂaufmwgﬂﬁmm Ao adulnaaledu
faUNaN (Middle Pleistocene)

5) aznaugunalul (Young Alluvial Fan, Qf2 M-L-Ple) a ynoudiulng)
Usznaudie tunsanaduivtunmeuastunseutuasiumies fRugnidavivegiauy
NUUINATT 80 Y. IMITUBg UURENBUIURALALAN ‘LmamﬂauﬂgmumLuum:ﬁﬂaumwwgu
finsunsuauviongnauguinuinass ffuflaseuaquinunz funnvesdneansiites
M TPgNITUNUIT UShawmzTunnvasgnamunakaudminuasugy ushumunzTueanved
gLnaLilBIardNNoYUEN T MIANIYIUYT Hengnsazaunznaualislnaala@unaunais
fameutans (Middle-Late Pleistocene) Lilaaannmznauguiinlmsineiioguunzneugliia
gawidsiiongluasislnaalnduneunats (Middle Pleistocene)
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6) funoudILMABNSITUILATAunBUdIIIMABNYInsee (Delta of
Fluviatile Sediment, Qdf and Delta of Brackish Sediments Qdb, Late Pleistocene)
AumpuELWABLE TN Usznoudie sunsieudslupumider vnataduiuiou (Sandy
Loam) HANAUNTINUTEU 2 - 4 4. LLaviaa%’Uﬁw%’umuﬁuﬂu (Bed of Calcareous
Nodule) FauUszann 2 o, mﬂawmaumuﬂiymumimqLﬂmﬂummmumummmm
ﬂiwammaLLavmmaﬂiw Uu mumauammasmm3uw“mamammmﬂ'mmwamau
L‘vmasuaammmiamwaw'Wmimaimwumaqmmmmmm

funsuaumdsutinsesiingnoudiulvgiusznoudeAumiderdmei -ae
wuuslsled (arosite) Mianluihniesmeldanimernaseutuasielnaalnduneutans
(Late Pleistocene) iiosmnasneuiuniiont briunssuaumsmaeiifunaienuusiild
LﬁmmﬂssﬁlmﬁawufwmammLL'ﬁ'mﬁﬂ LLazLﬁmmawaﬂmaqLLs'mﬁﬂLLazLmeﬁaagjﬁﬂU 1
ﬁumauamm§auﬁméaaﬁwuﬂixmalﬂuu%l,amn"mmﬂ@?@meaumﬁamaﬁwi’maqﬁm
Firfanganw uarUuamaioiunsiudseuanisiung Tusenvesdistuguainnais
1A visdwvesiamiauasuign Uniuyiuazasdun mefirngTuanvesiisugunie
na1a lawn U9dIueITIMINgNITUYT wATUTY UaZI1TYS 918N15aTANsT YIRunoU
auAsLsTILazAuneuaLaInsesluaTylnaaladuneulans (Late Pleistocene)

7 mnauﬁswﬁwimﬁa vnﬂﬁumauLLazmnauﬁiwﬁﬂﬁuﬁﬂ (Floodplain
deposits Qa, Barrier beach and Tidal flat marine clay Qtf, Holo) mﬂauﬁiwﬁm’m
89 l4uA prneuveIRURUsISUTIALaAYNOUNSIRURY FeUsEnauie Funseuazdunsie
azdundiulnglaunvaiundnuavaduduusnidaiinnununsening 1-3 4. nszaneidu
U%L’Jmﬂ"iwwumlﬂﬁué’wfmﬁwé’ﬂﬁlwachuﬁiméumﬂﬂmmaua'w NINEUADU
Usznausg %umwuammuﬂﬂ mmﬂiuauumamm vuwsalslad (Jar05|te) Wasnueslay
wwldl Unsutididudumiionaduivin-dinnauns nznoufistuinduisssneudoduiu
wieiensiouts fgaUszaiuman Wawsuusnida wsailslas Jarosite) @nae-an g
yoatunznousia 3 mite egluatelsladu (Holocene) Fadaulvigjunainuaresnismenglng
C-14 pznouvsndiharsndnuavusithanvuariunouamasusinanansaenesnld
Huaosdnuae Ao (1) aznaudiuiildsusninasinusitlnenss (Fluviatile Environment)
#un senoumilovinaiiuiidmiadouin duiyg e1mes wazanyd daulngusznaude
N579 1518 wazns1euds (2) aznoudluiilédudnsnasnniimziaiuas (Coastal
Environment) Lawa mmau‘u%Lamﬁuﬁﬁqm§QW§zuﬂﬁﬁ§aqﬁmqmim‘q% UATUIYN
aziBams1 Unusndl wumys nyawmamiuas aynsusinisuazayvsains dulugidudu
anoudsUsznaumevseuiluaziumien

2.4.3 gNN3TalInen
gunssdiine1finuguaianarmeuasUsznaudae Juihuiaialungneufiusiu
(Unconsolidated Rocks) uagdutiunealufiuuds (Consolidated Rocks) lnausuiivauiun
Futhuinauandusuil 2.9 uarseazdeasiolud
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2.4.3.1 Fuhuinaluasnaufiugiu
Futhuimamheiiinanazneudiiuaniuluanmuadeudidutausit uneu
Unnusituagneia nanife szneuduiilunsin vie wasiuniolduentuogidudus
gauniuegednlay awné’nwmzquqmmssaﬁ%mawaqﬁuﬁﬁﬂmmmﬁaﬁwLLuﬂ%uﬁﬂmmaiu
Ussuaniiusaumuaiinvesaynauldsed
1) FusuIAIanznaut I (Alluvium Aquifers: Qfd) Juduiuinna

(%
o

yoengnautimain (River Flood Plain) fafituiaanfiuineglurosinwesdunsin v
wudinszaredndunuisideudfiuidentadeuin d99y3 dranes gnssays
NITUATATOYTET UATUTY UNUsIT wunyS N1afiAneTueanvoIdmingIyys NTamne
AYNTAIAT AYNTAIATIY LaraunIUIINIg drumnadlnaifuiiin enculueniiug
NN wavUTUmMa deaufﬁU']mﬂa@mmwﬁ%ﬁufwnéammsﬁwLﬁm lnenqua1ednsn
Tudufidny deldfimsdnwdoyaieseduauinUszana 700 1. nudrdituiumadad
%ummmwl,t,ﬂﬂaaﬂlﬁtﬂu 8 Fauansluguit 2.10

o suummmaniemw ° (Bangkok AqUIfel') maﬁuwmamauumiamw
Futhuraaduit 1 (1) Us“ﬂaumwum 2 Sugon o %umﬂiqmw Fuuu aaaﬂmﬂmmu
Uszana 16 - 30 4. LLazszjumm;amWﬂ Fuaa pginaNAIANUTZINM 30 - 40 4. ot
AumunUszanas 30 - 50 1. Tnesenineduinas fuseduiumie inaudenznounsie
LaznsInTEnsAnun et aduAumiomsn uiastuuszneudinzneunsie
awiBn ne1eveTULaEnTIn lTinEnRlunstnAumn uinuneldangau ey
1#lunsuslanls daulngifudinsesviewds sndu fuiidrunzSunndeddaes
ngamamuns annwwasimeldaulnald fo fusuiueaslss 250 - 500 un./a. Tasduih
vimafianisinadusiu (Transmissivity) Ussaneas 3,950 #3.4./5u wasdadudssansnisin
FRuth (Storage Coefficient) Uszanad 1x10

o %uﬁwmmawwﬂimm (Phra Pradang Aquifer) ﬁaﬁuﬁmqmauuu
Senirduiivianatuil 2 (2) nufieaudnuszuna 100 u. farunuiieds 20 - 50 4.
auantAlunsiniAviuaaeglunmusia Tilunms 50 - 100 au.a/gu. AuaIwd
Feusdn nsoy audady Sainsluaduriuussuna 1,700 - 3,000 #5.3./7U wazdan
Fuusyavamstnifiuiiussana 1x10°

e FunnuranauAsuas (Nakhon Luang Aquifer) wiaiufimemeuuu
Seniduiivianasuil 3 (3) nufieaudnuszuna 150 v. favunuieds 50 - 70 4.
Usznaudienznaunsin v3e ffinsdavuauiunaisfied (Moderately to Well Sorted) §i
ﬂmamﬁmumﬂﬁuﬁ’ﬂﬁﬁ Tinluinasiuszanas 50 - 200 au./val. SA1nslnadury
Uszanal 1,700 - 3,000 A3 /:m ﬂmmwmuslmuwumam aﬂnuiuwumﬂaﬁum wazmould
suaqfmmwwmmwmmm‘wmﬂsamummu



JUN 2.9 dNwUENINEVNSIAINEIUTIANAIANA AU
(NFUNSNEINTUIVINIE, 2555)
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Ul 2.10 dnwazvesduiuinaluuinaiudidne (Mukand S. Babel, 2008)

e Futirurarauuny3 (Nonthaburi Aquifer) AnUszana 200 4. wax
AravLaie 30 - 70 1. auautRvesnsifuing adeadsiutuiiuaman fuiuma
aulan (Sam Khok Aquifer) SnUszanay 250 1. wasdanuvunade 40 - 60 1. Usznause
nsansefimadnuunineld Yeihuimaiiangdndstuihdareguinunouniievesimia
vunyFiedantauyustd Wududhiliilussinunnegluinas 50 - 150 au.a/au. fid
nslvaduriuUszam 5,000 a3.4./5u auniwing sniuluiiuiiesuyiuasneuldves
NFUNTLMTUAT AATHIN NFeEvTolfy

. duthurmasulan (Sam Khok Aquifer) anuszunad 300 AT 21960
ogfldtuinuunyd seduuugavestuinegfiuszana 240 - 250 wns fnrumunade 40 -
80 . 5ﬂwmz%uﬁﬁﬂizﬂaulﬂﬁaa%umwEJUNG] nanetuadSesaduiuasiulnedduiu
wilsunsnaduegnats vethuimaiavegluduiaveguinamiedmiauunyiauieh
Farinunusnil ﬂmmwuﬂﬂammﬂwuumumi wifiUSnanitosny

. mummmawmﬁ‘lw (Phayathai Aquifer) 8nUsgunas 350 . wawdl
Snwaurnsgrnssdidoutuduaulen o Uszneudiensiounsy vanedunasdifumien
unsnadu Tnsusnanfusetuiumieudadouiunundszna 5 - 10 1. szduvugaes
Futhegdnuszanas 275 - 350 1. Arwmu@AsTuthuszna 40 - 60 u. Msdavuiaineld
fgaautinistnfviiedefuduianian dudaidaenzdumie nyfusenuay
Az Junn@eliveInIavmnauAs

e duthuniasuyd (Thonburi Aquifer) FnUszann 450 3. wazdianu
muade 50 - 100 1. Maeglituimalnlnefiduiunieaduey duiuszneudiensan
nielaedfuiumienne unsnadufunnanmeifinisdasuned auaudinstniuiee
Fosnindudun fegirauudesniifumisunsnaduey tninalusuddnmnduiia
vierautnedn aunimirdulngamning sndfudiungfuanuasasSuanidedsvesiiouy3
ihagndesviauy
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o duthurmadinin (Pak Nam Aquifer) nUszanm 550 4. finnumun
vo9duth 80 - 120 1. naAnTeiinisdaruied uasdfumisunnaduduey seduuugn
vostutegananinfulszam 420 - 500 1. duilliheglunusivszana 50-100 av.a/
Y. Sunefiseiudnous 550 1. adldaglihamnmiiian Usnadiuniilindy duhd
Toh3ouflonmnivssann 48 asmiwaidoa

2) aznaulufistuian luiuiiisnuiBae Vsznaudenznauvasiisny

i (Colluvium) fanusunvesaznauiads 20 - 50 . daulwgiivmnaniuimatios o8
Tunawt 2-10 aU.aL/9.

2.4.3.2 Furhunanalufiuuds (Consolidated Rocks)

%’uﬁWUWWWaIHﬁULL%QﬁWUIUU%L’JEWUE]‘ULLE]IQVIWﬂﬁﬁmz’?uaaﬂﬁi’mfjlmﬁﬂﬂa’m
Usgnousenguiiuidifey 3 ngu loun nguiiuyu nuiiugunl wagnguiiuuys-seil lng
Tundminaszyiuazanyd tuthuimalufuyuiiiuinagnifuinduliaaunly
Fasiasolnswuelveiiineidectu Tihlalunast 10 - 100 ava /. frudndssaa
30 -100 41, uana1ni Tufuyudsnandaifufunuuasfiunssunsnaduog waglminldly
LN 5 -20 aU.3./9Y. dau%ufwmmaiuﬁuqLSUWIWM%’W’B’%%@ wazany3 Areiilosunds
Fav¥auasuen Tiilalunast 2 - 10 aua/m. wiluuasinaiiseshiifsnnsesunn
sevusnviiesenideuiineiilastuarannsoliildlunarifigsduds 30 - 40 aua/mu. 1wy
vinasunewanniiey Swrinanyd Judu duduivimalufiuudiniluuinueuuss
funzSunn Uszneudenduiiudididny e 2 ndu iud nduiiuyu uagnguiiuuys-sadl
(hifinguiiunurlimiouuinaueuussiuny Tusen) duurmalufiuyulsildlunasii
Fan 3119 10 - 50 aua/sy. dndutiuinalunduiiuuds-Sad Suldud dudhumaly
Fuduiaus @amesidou-aiueiinea) fuuls @aunuiuieu-Aludow) uasfiuunsin 1
hldlunasiroudiesin sewing 1 - 10 ava /o
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aAa A v

IFUNTIULASNO WYY NINYIVD

3.1 yideiiisatestuanmgfionniauaznineinsii
3.1.1 Vsanautiely
Lma'qﬁwﬂl’ﬂaﬂmauauaﬂaeﬂ'ammLmiﬂi’;mmamwgﬁmmﬁﬁﬁmmuﬂaﬂﬂﬂﬂm
Ingdsaunanainluyiesenineluagseninameissy (Hanson et al., 2004; Gurdak et al.,
2007) ‘?}ﬂﬂ’a’mLL‘Ui‘Ui’J‘uGUENElﬂ’]‘WQ‘fJE)’]ﬂ’]ﬂiUiSﬁUQﬁﬂ’]ﬂﬁLﬁﬂﬁuﬁMaﬁﬁJ%ﬁﬂ WAAIY
wUsUTIvesanmaiieinafifindusgraunsvarsanniianiae touls (EL Nifio Southern
Oscillation, ENSO) finupuiaannisiiia 2 it 6 U (Philander, 1990)
Tuns@nwifiiiuunldny anuuususanlumaymsuddiin (Pacific Decadal
Oscillation, PDO) %nﬁsamsmwmmsimij‘ﬁ'ﬂ'ismm 10 - 25 U (Mantua et.al, 2002) wag
wusau 50 - 70 Ulag (Minobe, 1997) uaﬂmmfuﬁaﬁé’wmzmum’mLL‘Ui‘Ui’Jmmamw
mmﬁam 8n 19U North Atlantic Oscillation (NAO) fiau 7-8 U (Fye etal., 2006) wag
Atlantic Multidecadal Oscillation (AMO) iwulag (KERR, 2000) mmunmaw 50-80 U
AnuLdsUTIuTesan e IMAfIndazdwano g dnsgnnineuazszuuiioe
fregratu gamgll ATy aukawiu Ssazdwmaderuiinartisianwesimainuagii
wds TnemsAnwioumindldnum s diugsenieUsomuuasa LU sUs AT
plionelunatsiiuiiveslan wuludgaiuuausd Tns (Mcbride and Nicole 1983, Chiew
et.al 1998) uwazluituiinyTunnidedldluewdnilag (Hanson etal, 2004) uonanilaNUIN
sULuUYed ENSO fu PDO Wululumaiieafuidioan meiniaguuasdu (Mantua etal,
2002) wag (Wolter, K. etal, 1993) wfluuvunssdrufuiloaninerniadunazuis
(Cayan, D.R., and Webb, R.H., 1992) TwuinUsinaruwazivinluiufing Suanidedldues
ansgeuiniianuduiudgeiudviiould fnuna 2 - 6 7
Uszinalnglasudnanaainauuangd19ve@an IneINIAIINUNIAYNTBULAL LAY
umamILUaAnEene Tuan nanfe Yiinarususedanaddudiiiaunngnisaieaily
LLazLﬁu%ﬂuﬂﬁLﬁﬂmﬁagw (Limsakul et.al, 2007) LLaz‘wumwL%auiaaiwdwamw
piomAuaznnsiUAsuLlaeiinasuluseussezianseninaluas s ninana sy
(vilwgn, 2552, Limsakul A. and Goes J.,2008, 5%843. 2553) lng usaug93auadeu (ASM)
dupisuleideulalna (I0D) uagiouly (ENSO) didninwasonuuususiuresaningiiona
Tugfiniail wenanil (Limsakul A. 2010) nuirseuvesuedduiusiuusauggfoudiin
Twoldeld (M) waznsguggFouiiinlunouny fusnidsaniiovoswmaynsuudiin (WNPMD
NnYeyannnsAnwtinanansaasula uTinasuLazauLUsUT LY meIN Al
wasieUszmelne Tasfianudenlesiulunansrianat 1wy seuggnia seuT sounmssy
UIDUINNINAITTY



25

3.1.2 duima

vIvedefiuunldunistdiivinatinuiniulneanizlulsemaniidasiau
osannsifiuduvessiuiuUsrnnsiuouian msinsinees ilianudesnisinldse
AuLNTY W%famﬁ“uLWLﬁaaLLazqmammiuﬁmmaﬁaLLazmméfamwwé’wmﬁﬁmsﬁu
(Gunatilaka, 2005) TnaUszy1nsuINNIN@98 1UAUIULELTE LYY UINaNA DULAEY U
ulailde FaUTud neuazioauu thumaionisgulnauilan Tagldimnamuinia
lunsdeun1nnin 50 Wosidua (UNEP, 2002) Winslugurailes 1wy 21501m1 e1ues was
dnadddiuimaduunawivdn Turnsiefudiomundnuassuundisiiadiuimade
Fadu Usgrrguuinnit 60 wWesiiudluruunvesuszmatuyeifioniiuinia wiid
Usznau 76 Wesiuditliannsadfsssuuussunfudetnmusiuiy

Tuuszimaduiily asdann Unidn1u seuwmievesdu Mddivimaifundnnig
mstnenstagunnnit 60% vesinldgunisinens Turasfivarsdwminluiudesitaiuinia
Huundadrddgiiionisinumsnssy (Ministry of Water Resources of China, 2000) 55
JunuiluuwndmdnomsidfyvesUszmaliiaaiu Fosnistivinianinnit 40%
(Qureshi and Barrett-Lennard, 1998) Inanslétinitonisinuaslulssimamanifsnivoth
Audundn fedumiulen ﬁﬁmuﬂaﬁﬁﬂwmaGﬁ]’mfmiu%ul,t,azmﬁammﬁuﬁua&imﬁu
lada (Shah et al., 2001) %amuﬁmﬁ’ﬂmmmﬂaﬁwﬁuﬁmm&;mﬂmsﬁmwmmﬁaww51
UIAIALINTY stwﬁwﬁaﬁuﬁmmLLUiUsauammiLUﬁ'wuﬂamﬁawmﬂ d1m3u
nssmuuasliiuiaaiiienisgraiunssuuinnit 60 wWeofdudvesuiunaninlily
gnaMnIINTINnveITTInA Mruasdiuinansldiuimatiauduiussuiansa
Malulseine

AULALAITULTIAEHUAN VTN TIA1AI1 AL AU TULAL AIHANTENURBTEAULN

]
a

v duiinnjuusstuionaliladuasgiuduuiluiuigslaunnidesnirudiulvgiag

(%
;Y o

wUsiasuluguvenii luraginenaiinisiiadvhudesdudmalvdnisifudiasdtuauun

3
a A a

Turnaiufisuguanniu iuamﬂmmﬂ%’ﬂfﬁaz%uagjﬁ’mfﬂmmammﬁmﬁmmm’fﬁmum
AranAsuntasednemnianit nelussaues IPCC 341 fensudmsdansinfafy
Tuﬂmﬁ’uimﬁmwaﬁ%LﬁummmL%aﬁa%aqﬁmizmﬁﬁwaﬂswumﬂmiLU?SuLLﬂm
nliemald Tnevilunansenuiiniaitezifatuainnisdsuudasgionniadoninens
uwigslddnsAnuduuinnuasianisinuiiufisonuud udnmsfnudiuieadiu
UIANaABUYNNBEWATINNR (IPCC, 2001)
miﬁuﬂ%ﬁ%ﬂLﬁlEJ’Jﬁ‘UNaﬂiz‘l/l‘U?JaﬂﬂﬂiLUgﬁJULLUaQQﬁaﬂﬂ"lﬂ“U’eNIaﬂGi’e]Vl%JWEﬂﬂﬁj’]
vimadudesiisniuiasiswu Weldannsouimdansiuvinaldesnaiiusansam
Iﬂﬁlﬁ’]ﬁ\‘iﬁx‘iﬂ?’mLLUiU‘ﬁ’JULLazﬂ’]‘ﬁLUgEJULLUﬁQQﬁ@’]ﬂ’]ﬁ‘U@QIaﬂLﬂuﬁﬁﬁﬁy (Hanson et al,,
2004) Fansviranudlanansenuiianaiiezifetuainnindisunasnfenniaasnis
Wasuulawiothuimatuiinnududeusnnnimansenuseifiafiuunn (Holman, 2006)
ihumafiannsafongdesdaudlififuaunsetiimaiouand fufuihuiaaeivvzasuas
nszaTBnansENUAnanMsIUAsuuUamegiiennald Tuvaziferfuiaduniseiniioy
AUNALALATITNURANTENUABEIUIAE (Chen et al., 2004) Tnglan1zoe198e Aanssuse
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VOIUY Y LU migjufwmma fdsmansznudetimalutsoigienfufunisudsuulas
afionma FeilvnnsuenuezsEnitaNansgmuansUasuuUaeIniauazAanssues
muwé%’u%ausﬁulﬂﬁﬂ (Hanson et al., 2004)

HANIENUVBIUITINGNITUNEITUYIAY ENSO, PDO haz AMO dBnEnag1auinsa
madaniaddau msszuned uaznsudsundasseiutihuimalududuiidaglasiane
aﬂﬂﬂ?iq%gué:mﬁﬂuu‘%nmﬁswqﬂuﬂizmmm%’gam%m (Gurdak et al., 2007; McMahon et
al., 2007; Gurdak, 2008; Gurdak et al., 2009; Handson et al., 2004, 2006) ua g ugu i
NANE UMl UNIAYNTREALAURN UMNAUNTBULAL UATUMIAYNTLEALALRN (White
et al,, 2007) Iﬂammaﬂﬂmm‘i%’&Lﬁhqﬁ’UmiLﬂﬁﬁuLLUaaQﬁmmﬂ‘Eaﬂ‘ﬁLﬁ'mﬁ’uﬁﬁmma
FomsmanisaluazAnaransEnunensiihazistwilefinsiudsuuiasdnsduanuas
gaungdl (Yusoff et al, 2002; Loaiciga et al., 2000; Arnell., 1998) n13Anyuua L0 #e
LL‘UU’vﬁWaENG]'N“] L2 meﬁ’ﬁaaﬂau@a%afmazﬁu (Kruger et al., 2001; Arnell, 1998)
LWUUT1a99B9UTEINY (Chen et al., 2002) wuud1assntulusiail (Cooper et al., 1995)
WATLUUIIABINITNTEIBRUUT UL DU (Croley and Luukkonen, 2003; Rios et al., 2002)

wonaniléfinislduuusraemsadddnuviieafueynsunaitdiuinia Kl
(Changnon et al. 1988) l¢AnwAnuduiusszninaUsuaufuiuiaasssusuly 20
vauiinszaeeginigdadused anszeuint laslduuudiasiendun (ARIMA) Taennsfnun
wuth Uinasufuiuiaaridgliamnuduiusfugaaeiidasaainden 1 Weu luvmed 2
Tu 3 vesiiuiinawmiolussdaiuesdififiuinduneadveadezldiinandouudny

[
A a

auduiusiivisannden 2 Weulunsdifiiupuiuueaiisead luvasil Adhikary et al.
(2012) 1 97331 titeshansmnudurIuvesstduihldfuvesadunanisalnanunluis
Kushtia 989UsginAvsaana Imamamiﬁi’ﬁaaﬂLLamlﬁLﬁudﬁayJaﬁwmmzﬂmwiazﬂa
aanpdesiudoyassuluedid UPNAINTU Ahn and Salas, (1997) wurtnisnnsadiag
wuudiasaenFinildnadedrfud 1 dmudoyasunsunarfiddnvaslined (Non-
Stationary) ImsJLLUUﬁwaaa%%uagjﬁ’mmLamﬁuaaayﬂimLamﬁﬁﬁaf\]mﬂé’ﬂ,wiaemiiﬁmu
Wudwﬁa%aszﬁuﬁwmmamﬂﬂa MUNZ AL ULUUS a0 Nas198 16U 2 (Ahn H., 2000)
Tuvg? Mirzavand et al, (2015) 1d¥in1snennsalsefutinuinnalulseimadnsiu fe
WUUT1A8I8YNTULIAN 5 PRSIV A® autoregressive (AR) moving average (MA) auto-
regressive moving-average (ARMA) autoregressive integrated moving-average (ARIMA)
and seasonal auto-regressive integrated moving-average (SARIMA) U721 KUUT1899 AR

(2) Winan1swensniiafian

(%
o a a I

m5LU?{smu,ﬂmQﬁmmﬂﬁuaﬂaﬂmmaaa’ma&iaLma'ammmuuaumaqfwmmaiu
Uszmelng faii msm?iammamuﬁmmﬁ%Lﬁmmmﬁnaﬁﬁﬁam%’wmﬂsfﬂﬁmﬁu
Tuwaizfiiuimadidnarsduninensunaniiiddyuasdetold msAnwillddneds
mmé’uﬁuéﬁzwjﬂwsﬁﬂgmiaimmmmswmqgﬁmmml,azmml,ﬁ?famiw;iafmuLLa:jﬁw
U114 LﬁaI:fJuLmeﬂumsU%’uéhGiamsm%auuﬂaaamwgﬁmmﬁ ATLASEUAUNS BN
N15USMISIANITNSNYINTTITUVR Lﬁaiﬁmmiuazammméaulmﬁ%iﬁ%’mmms

Wiguwlasanmgiennia
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3.2 e
3.2.1 NM53ATITAANUFUNUS (Correlation)
N1IMIANLENTUS W30 Correlation Ao MyTarumilouiuveItoyansadyayio
A0t FefiarsananradndnIsanwestuInYeseyavanIYn w Tenanfeatu udasau
nadwsHavmaindiefu fuesyareniiasadisuil 3.1 fdnuusmiousu nadnsainns
audoyatiaadidetusdiinuinsutuiiildnedndiiauduuanuasiags
wilunsdiifoyansaosaidnuueiuandrstudgud 3.2 nadwdarnisguug
Fruvsiatonafidnduuinuasuisiumisaaenadanduay sldnasuiifiuinuas
indnsfiuvibinasnsiiateevisailnagudla

5UN 3.1 dnwugvestayanilsuuuuivilouiuns 2 ¢

U 9

[y

JUN 3.2 dnwagvestoyanilsuwuusineiy
NFUN 3.2 dusranunsauSusumianaivesteyalviuieuiu (Time Shift or Time
Lag) Aulviveyansaeyniinansaiulafagui 3.3 vesraTinvemanmanyadeyaniaoila
sefianduuin waslaauniioutudeyalugui 3.1 1d widvinisimdsunaivestoyais
aosdvalinseiunadnsannsniuvemanmaziAlosdlndeue
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5UN 3.3 dnwagvesoyaniinisimasuaiiu (Time shift)

Nndnvaznsvasunavesteyafinan lsaunsamsadwslundaznavaesld
Tngfiansanmuasnvesnagaainyadeyafsrfulunausnivludnnamisimaeuriy
vioanunsni3enimssnduius (Autocorrelation) MaflseasBunnuriade 3.2.2.1 deludl

3.2.1.1 dnaduNUS w38 anduWusludaae (Autocorrelation)

\Humsnsaseunuduiusvesteyaludidiuding 4 lusynsuia Tneteyaiinaiu
k frunis & lag= k A1&uUsanssnnduius (Autocorrelation Coefficient) 1 Lag = k
aunsamleanauns

7= 25 (% = X)X = X)

— 2
z!i](xi -X)

(3.1)

| [ a s

dlethAmduuszansanduiusnuindennsinlaeyilufeglinsmndadulszansgs

fnauvdonduguiuasimduussandieanirlndaudillonanvaondos isdu
3.2.1.2 a@ndunusszninedunusvsauuuled (Cross-Correlation)
Hunsesiaaouanuduiusadrondstunsennduiug luite 3.2.1.1 usdinsd
%ﬁmammmmmﬁauﬁmwdwaaq%’agaﬁLﬁuéhLmﬁﬂuazﬁuﬁmﬁ’uim (Bourke P., 1996)
Talasignuvee andunusuuuled (Cross Correlation) 31 “andususuuuleiiiuisnis
1RsgIdmIUNTUsTTINUAsEiuAuduus AT udeyaeunsy 2 yadifianuduius”
AIEN1SNTANAILUT 2 f7 AD BUNTUVBIAT X LAZAT Y dlo i S 0, 1, 2, ., m agld
AnduUssananduius (Correlation Coefficient: 1) Manndey (Lag Time) Wiy m 91n
qUNS
, Z(xl.—)_c)(y,-_m—y)

= — —— (3.2)
VE (5 =X ) S (Vi =)

G ry, Aa Usyansanduwus (Correlation Coefficient) Avaainasy m

IngAduUsEandanduius (Correlation Coefficient: r) 1laannnisAtwans 1Wusn
wuivsuanfienllsine 2 mtuiinnudunusilnalesiuninteeiiedla (Higgins J., 2005)
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(Gerstran B.B., 1996) lal#anunuigvesn1duussansanduius (Corelation
Coefficient: 1) Aldannsiiasigieunsy x uay y luldsfiansainnisasfitanisnszangves
Toyalii

o fnnendudsrdvSanduiusiidnduuan mneds e x frgs uazen
199 y tufiegamailudae

o SnAnduUsyavsanduiusianduau wuneda e x dee wazean
9949 y tuiiAmnuasuse

o frminArduussansanduiusianiu 0 vueds a1 x uaz v 148
AMNENRUSULAY

Tnesziuvesdulsyavsanduius (Correlation Coefficient: r) iuanslifinsail
3.1 sgllil

AN5199 3.1 duUssaAnsandunuswarseauANNAUNUS (Cohen, 1988)

AnduszAnsanduius FLAUANUFUNUS
(Correlation Coefficient: r) (Strength of Correlation)
£ 0.10 84 * 0.29 i
£ 0.30 89 £ 0.49 Urunang
+ 050 69 * 1.00 a9

3.2.2 n1sasrziaanudalandy (Spectral Analysis Method) (Gu et al. 2007)
(Buckley et al. 2007)

Lﬁu'i'%ﬂwﬁmeﬁsﬁauﬂaw%é’agaﬂnmmmﬁlﬁﬁé’ﬂwmLfﬂ'uaaﬂm \iedmsgisaunis
AavasduUsfifnweng wu anngiienne Usunauiwy Idiudmauunndadumaneiu
é’wmz%’ayaﬁﬁau%mmﬁ (Stationary) Tnisuainnisudasdyaaludeian x@) viegly
'gﬂLLUU%@ﬂﬂjﬂﬁé’Mﬂ@JﬂﬁﬂdL'%‘EJ% (Fourier Transform) %aﬁgﬂuwaumsﬁaﬁ (Papoulis,
1962)

X(f) = [x(t) & di (3.3)

—00

Tng XN As duusznaurasdyanalusuwuuninud f §9NasIuv9989AUsENaU

AR Q

Fryeyadulawuiaa x (1) egluguilenduaasla (Sine) uaslalet (Cosine) fsil

x(t) = éj[ B cos(2mayt )+ By sin(2zet )] 54

' '
a1 =

18 Bii, P2 A FuUsdaseiANafeveInNULUTUTIU (0, 2) Wifiumud

ok A ANUATNYATIUN Kk uansneiu

U 9
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Wil nsUszanaaunLtuadnny (Spectral Density Estimation) i1
AnuEveIsaunsiAng laldian1ses Blackman and Tukey, (1958) d@msunsitasiznlu
dnillglaTusunsu PAleontological STatistics (PAST) aaelunsiasizss

3.2.3 nsuUaganian (Wavelet Transform) (Misiti et al. 2007)

wadianldnannsatszgndldifiofnuaiumaiouagaiuunss e
dunangAnssuiiinisasundasiumuna TaensiudeuysmesvoseynsuaIanymNes
Auansmveadulsiudazdaaam mqjagmaﬂugﬂl,wwaaLé’u%ﬁuﬂ'smqqﬁmmmﬁ@u,ag
Paa197 Fanslinisulasaidnastedusuewosdeyalidianumainuansinniy
wazyilviaunsauenngAnssueneg vesdeyassnunlaegeiiusz@nsan (Torence and
Compo, 1998) aun1snsAdamansveinishiasavidn lagnimuiunainnisuayises
wuufvuantiiang Wudsatunsiinsgianuiaaniu Tnsfladdunisuasovide

S "1 )t
w, = Zﬁ;%xn'w/;’w*[m%)} (3.5)

139 s A9 @navaalan

LUUSBL DI R I

A o ! a Y o 1 Y ' A a
n Ao surtadIaNwUsiulumumuniaveiieg 19NN san
X M8 9819 UNTUNIANANYIAINFIBE 1 ILA N
v Ao Heidunvidn (Wavelet Function %38 Analysis Function)

Tnefleidunidn azfinsusuamunitwemiimaioainalagsnludfiniuaiiud
VENRHE Tnelunisinuiilagldflasdunsian (Morlet Wavelet Function) adufides
desandnisuansnanisiiasiedlinine (Moortel et al. 2004) slunnsiasghildle
TUSUATULUNLAU (Matrix Laboratory, MATLAB) 489 MathWorks (Moler, 1982) ¥agluns
AN

3.2.4 LLUUﬁi’laasiﬂ’munmaﬂL%ﬁwn (Multiple Linear Regression Model)

Hunuusiansmneadi (Statistics Model) Ailduansnauduiusvosiinlsdass m
AKX, Xy Xen) NUFMUTIN Y nedianuduiuseglusuidadu Iaaunmsanuannesigany
FauanapuduTuEsEWIng Y uag Xy, Xo,... X @30

Yi=by + b, X; + b2 Xo+...b.Xn (3.6)

Taedl Y fio fauUsaa (Dependent Variable) #sfdousinasufiantd t Tae X, fe
#1uU58a5y (Independent Variable) by Aa dufnwnu Y way b, fe duuszandainy
anneudvdiuesiinUsdasy X efulsdasedug Saimedl lunishesgiaunisisisn
wsBasiufudsnuiifamuduiusluguidadu lnensfnwaddimualiiuysdas
Wudwiinsanimennie Ingiinsiasigsiaelusinsy SPSS (Nie et al,, 1970) sgisiasn
FAUsDaTLIUY Stepwise %QﬁmLﬁaﬂmmﬁhLLUiSaszﬁmmsam%ﬁajammsLLazuaﬂ
auduiuslaeeduUsyansavduiusi B (R)
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3.3 LUUINA89915uung (ARIMAX)

wuudiassezunnd 1unuudtasameadia (Statistics Model) LiloTiasngsioynsy
1181 (Time Series Data) #ilfe3uren1sindeulmivesdeyanidanduiusuas Tdnuvusis
(Stationary) anansaimuauuuitassldengniesmunzausniign desldluniswennsal
awenld Tnesdunuusiasstananldwmunseiiewnnuuudiasiendun (ARIMA) fiaue
1n8 George E.P.Box waz Gwilym M.Jenkins e 1970 Fsa1nuuusiasiesunasinnsan
awizdeyaresiaeavitu dldRasaniadoneueniifiavsnaniedsuanszmudsiaiiues
Fofusuusiasterduundsaldiinisihfuusnieuen (Structure Variables) inanfiansan
Fedielinsnensaluiugmindadu lumsirunuuusiassesuundindnnisaanonds
AULUUT189991331 ARIMA (p,d,Q) Fausznaudae 3 drunan laun Auto Regresswe (AR
(p) Integrated (I (d)) kag Moving Average (MA(Q)) FeflsnwaziSonveusazausel

3.3.1 LUU1aa9 Auto Regressive (AR (p))

Auto Regressive Lﬂug‘dLmuﬁﬁmsmiwmé’qmm yr QAAMUAINAIVOY Yier,...,Yep
waerdunafiindutounii p InenszuIunInIossuU AR (p) e NTEUIUNIVIDITUU
Auto Regressive Tilisusufi p Fadouagluguaunislddsil

Ve = H+ @i+ oy +“'+¢pyt7p +& (3.7)

Tne v, Ao seduthunena e t
Ll 9 AAsi (Constant Term)
, Ao Wsdwetii p
€ fip AUAAIALARBY QI AN t

3.3.2 LUU1aB9 Moving Average (MA (q))
Moving Average (MA) LT ugULUUNTR1SIT1A1EUNR Y, gNAIAUAIINAIAIIY

ANALAREY Eiy,...,Ecq 30 ANAIUARIAARDUTDENBUNIN LABNTEUIUNTNTETEUU MA(Q)
B NITUIUNITUIBITUUMOving Average Nidumy g Bedeuluzuvas MA (q) lanadl

yl = /’l+gt +018t—l +028[—2 +"'+0qgt— (38)

q
1y 9 Ao Ansil (Constant Term)
0,0 wisdwediai q
Eeq AD ANLARIALATOU B 138N t-q
3.3.3 LUU1aD9 Auto Regressive Moving Average (ARMA (p,q))
Auto Regressive Moving Average (ARMA) 1unuusiassiitineinszuiunis Auto
Regressive ag Moving Average 111952uAU 183z UIUN1T ARMA (p,q) ADNTZUIUNTT
Auto Regressive ifigusufi p uwaz Moving Average 7iSusU g G'TfaL%sJuasﬂugUauﬂﬁlé’ﬁﬁ:

, =0+ PY Py sty , tE 08 +06 ,+..+0&,_, (39)

q
lny p Ao 9uAUYad Auto Regressive
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q Ao DUAUYDS Moving Average
& #e 1Al (Constant Term)
ds,., §, Ao WisTmesues Auto Regressive
0., Gq fin W15 18wmEIURY Moving Average
E1q AD ANUAGIALAREY D 128N t-q

3.3.4 n5¥UUN1T Integrated (I (d))

Integrated (I (d)) tJun1smmas1svesaynsuasenintedoya o Yagduiudeya
neevdly d Aunan Tsauvgiideshnsmmaiisweseynsuariuiesanuuuiiaes
ARIMA FodlFlunsTinszideyaeynsunaniifinaandiasd (Stationary) winiu Tnglunsd
foyasynsunaililumsiieseiiinuant@lin (Non Stationary) fesvinisudasieya
fsnamlsdudeyafifinuantinideu Tnsmsmuasisvesdeyasynsuaiiouiiogily
aauuuiaes ARIMA dalasviluudrindemuasissusui d annsaifeulugves Id) 16
fail

Ay, = A1 0-3i) = (1-B)y, (3.10)

lag y, Ao s8AUUNUINNE U e t
d e e
(1-B)y, Ao Haf9duduil d

B #® Backward shift operation

Tnehluuddeyaounsunaidunineinsihdniug) snfdnvugliad msfnuia
HosmaasuamantAnsiineu #e Unit Root Test B9814150MAABUAEA1TNAGDY
Augmented Dicky-Fuller Test (ADF Test) Tunsdififilymanduiusvesdinainaion i
vavan 3 dnuai fo

[

1) 81 Yo 1unwafudiadgu (Random Walk) anansaleunuusadlasail
AY, = &Y, +§I¢iAYt_i te, (3.11)
i=
2) &1 Yo 1unuaduBegu (Random Walk) Feilmanalfuidessilusiuegdie
(Random walk with drift) w3edadessaingus inansaideusuusiasslddsdl
AY, = B, +0Y, ; + f}¢iAYt—i te, (3.12)
i

3) wagdn Yo WWunuiudeguiedannuldudeanlusiuegiie (Random Walk with
Drift) kazdlwuluuniuiandawdu (Linear time trend) 151811150108 ukuuinaasbnnail

P
AY, = B+ Bt +0Y,  + 29, AY,; +¢, (3.13)
i-1

Imaamagmﬁiﬂumimaauﬁa dUNRFIUING Hp - O = 0 (Non-Stationary), duuf
57509 H, : O # 0 (Stationary) Faniimesaulalunnaunis fo 8 vienanlding &
=0 9l ¥, & Unit Root #isil Tunnsufjiasvidesensuauufignuinanunsafinisanaind
Dickey-Fuller Test Statistic MgufiuAIngnuas MacKinnon 534678
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SlonAdou Unit Root Test dmuinyateyasynsuialufinuasd@nd foswiing
MINAA1IUIUNTULIATTENINeteya o Yagduiudeya asendsly d muiian (First
Difference) u&in15MAFEY Unit Root Test 3nass Fadndoyaiinnandinsiiainnism
wassvesteyadoundsfiaunan d Ssaunsoasldiinuudiasiensan (ARIMA) vesteya
quﬁﬁ Integrated () 11y d

3.3.5 LWUUI1a9 Autoregressive Integrated Moving Average (ARIMA (p,d,q))
nEsanneaeuamaniiaed warlddudu d imuzauudadu fiinisdmua
LUUFIaeITMINEALYEIMUUTIABY ARIMA Baansnsavildlaenisiansaniladduanduig
TufaLe3 (Autocorrelation Function : ACF) wagenduandunuslusiesuisdiu (Partial
Autocorrelation Function: PACF) 1Uﬂﬁiﬁﬂﬁim1§ULLUU Autoregressive Processes fu 9UU
p ey Moving average U JUAU q %a%lélwmﬁ’wam Autoregressive Integrated Moving
Average a4 9UAU p, d LAz q 30 ARIMA (p,d,q) Ag

Ay, = 0+ 9 Ay, + Py s+ P, A,

(3.14)
te+0,6,,+0:6,+..+0,6_,

Tnefouvesdaydnuainieg doandesiu @aun1si (3.7 - 3.10) Wil ACF (P oy
PACF ({y)) Li‘]uﬁ’a%’;’mmmé’mﬁua‘%ﬁaaﬂaﬁLﬁ@%ﬂM’;ﬁ'}@iNG] Fedeaiiandlndegud ot
JedesodunsmaaevaunAgiuiiefiansanin ACF uay PACF Wugudvieli Tnefiansan
NNAEDR FadmualinsmadeuauuRgILIng Hy P = 05 Ha Py # 0 4ag Ho: Py = 0 ;
Ha: Ok # 0 Tunsaznsdinugidiv

AsiruaLuusiaenfudnvarnsvhgt lneisuannsdensuuuiiuldldan
US2NUAIN TR0 SHAZATIABUAMLMNIZATEINUY Bedmuitwuusiassiiiulle
Huldmanzan doshgnszuiumsinauninazlduuusassiimnsay

3.3.5.1 N15A3I9EBUIULUUNIMNITFIYRIEUNNT

Tngunadenandululdheynsunayanisenaiiuuiiaesiivangaunnniinilsi
W fatunsinnsudenlfifiemilsuusiassanilunzautanuadesinnsanan
Soulasia el

1) nMsnaaeuamsiwesluaunisiaefinnsanainanada t (T-Statistic) Felunns
yadeUtuazsaLAndn1 Avosmafimeshiriieaingud uazdn T-Statistic inndaA
Ingn wUfasauniguiinAwesmnsfimesisanqudesaiidoddnisdelsinaunsi
Tz a

2) fnsauidonan Rsquared way Adj R-squared AeAfiinun1sudndvsna vess
wUsBaszang onlutimunuda R-squared BeiiAndnlng 100% wnwinle Aesureldingy
wsdaszanansnosurefudsaaldunnviii

3) pranduiusluiieesrimuaandeu A9150:197005 M (Correlogram) Fos
Liddnwauznisanaswuy Exponential d3ubnauatun1siiansangainel Q-Statistic fuan

a a

IngAves Chi-Square a4 s¥AUTNEIAYNINIMUA F901 Q-Statistic AA1UBBNIIAINGH 9
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BONSU H, Bauansiravdusiug ludiese snuaamadoudugudvnaiuanaindauuu
FonLdusuuuiivanza

4) RangaAn Akaike uag Schwarz Lilasinlagiluudadamdululsiieynsy
nangeilenafifuvuivnzauinnimilsiuuy Feduedoailodn davils fidredndnla
P3UkuvaunstaminzaunitiuAeen Akaike Information Criterion (AIC) 38 Schwarz’s
Bayesian Information Criterion (BIC) Im%ﬁmsmﬁgﬂLLUUI@V‘W@'W]@?’]LLamiWLLUUﬁTWaaﬂ
annsaliduiunuvesdoyasildodiaumngay uazileldsuuvuiimungauudr3nily
Uszanuamnaiiines felsnidsaesdeniiqn (Ordinary Least Square: OLS) iudunou
gaving

3.3.6 LUU1aD9 Autoregressive Integrated Moving Average with Exogenous
Variables (ARIMAX (p,d,q))

Autoregressive Integrated Moving Average with Exogenous Variables (ARIMAX)
Huuuudiaesiiinafinsudsdasy (0 dhlulusuusiass ARMA Taglumsfnuniasiia
fudsnieuen X Ssannsndndulsivesnaneinsal fwiluuusiaesdizUaums il

Ay, =0+ §:¢iAdyt—i + igj‘gt—j + i?’sz—k +& (3.15)
i=1 j=1 k=1
e y: Al seduhuiana o van t
P D DUAUVDY Autoregressive
d fio Suuefawesnsmamadielioynsunaiinuansined
q AD DUAUVDY Moving Average
r A9 DUAUTBIMILUINIEUBN

Ay Ao dydnuwalrein svinaneeununl d (d-th Differences Operator)
0 Ao A1ASA (Constant Term)
(1)1,., (I)pﬁ’e] W153LMEIURY Autoregressive
= a [ .
0,,., 079 Wi5iwmeasves Moving Average

Y1, e AD M5 Tmesv0efiwlsneUen

X Ao FUIA18UeN (Exogenous Variables)
€ Ao AmnuAAALAGEU M L1Ian t AMvualidauaudR White Noise
t GRELDeGY

Wahduusareuen (X) Aezdndrundisluaunisi 3.15 dosvinnisnaasu
auaunsalunsesuesuUsauiigesnisnensalluednldmfiods frenisageuay
Huweduna (Granger Causality) nanafe [Wummageumaaifiiioganuduiusszming
U3 2 9n X wag Y lnevnsadfvznaaeuanivasisnanlngldaunisanassves v Mdudn
Tuednvesinsiuosuaralusfnuasius X anunsnesuieanuudsusiulu v 18mtundelsl
wluvaisiiionty Y Alimsesune X Idludnuaifionsy futuudiwinduinge 2 dresng
Jumswavasiuuaziu
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lunisnegeudn X Wudumswes Yrseldisiaunsaneasuls lneldaunfigiuing
(Null Hypothesis) Aia Ho : X luilshduanmgues Y (WSpaumsanneefiilinaiia) nanie Tu
nMsfazasuin X Judumgues Y idesdfiasauuiisiuing uazillolddudsiiiunis
naaoufitthiaunsnthiuUsdngn uimsiinnesifiuusiaose3und (ARIMAX)

g1

3.4 ms*ﬁﬂaa\‘iamwwqanisuﬁ’m'lma

wuudiaes (Model) iuasesilefldiduiunulunisussiiuaninuasignisaiingg
fiintussslusssumAvesdsiiviosnisdians wuusrassanimiiuiaia (Groundwater
Model) ifurdosdiovdanieililumsvssiiuuasiuunaresdoyatuinaluau e
Tlunssaesanmsine Aietulusssumfuazainaziumnnisainngg wusiaeniuima
11 2 Uszialung)q) Ao wuudnaesmenenm (Physical Model) uazwuudnaoIneadneans
(Mathematical Model)

wwuaemadamanslafinminuldtusgrunsvarglunmshassanmiiuinma
Tneld38nmamsadiamanfunduanuagiasesissuutinuinia welvannsansuns
WasuuUawesusaduresnit fenenisiva maedeusvesuiaiiuazyseifiuauna i
vmald sadsmangumansenuanmadenlunisinmatuinia wu nsldiuma ms
Lﬁmfwaqaj%’juﬁué:mﬁw naidouiivesaaniifiduiiv uaznsunsnivesindy sy

3.4.1 mslvavesthuiaa

v
¥ o ¥

wuimagniniiulilugngusassesunnvesiu dstuduiuduui desdiaanunguy

3

Weene dnvazvesiuimalagienizludiuvesiiuinalgduiilutuiugud dnludu
avaglulguinliddud dslu nslvavesiiuiaiadl 2 fienslug Ae wudIsIvLAzLUIAS 1ng
fiAn1enisivatued fulseiuvest waranvugiunNfasan @ (Toth, 1963) uusiuiing
[ a S Y & v -
dnuazvesiAnnsivavesiuinalidy 3 wuu daandugun 3.4

(% '
=

1) #usui (Recharge Area) Al Wuiinuuiaalwadiludniuludanaiangu

e

=

2) fudunana1s (Midline Area) Aa NuANU U LAa lULLISIU
a a

3) fiuigeydenn (Discharge Area) fio NuNfU1UIANAlYADBNIINAINAIINTY

TR

1% ' 1%
o

weananil (Freeze and Cherry, 1979) vinsduuniuniuin uagiiungadetn lag
p1denan 3 Usens Ao
1) dnwazgivseine Aunsuidlnglaun usiaungs duiunagydedilawn

ISP

USuiiqu (Fuiuguinuuliusei)

q
[ Y v [y

2) dnwaurvendutunugwedsyiuln lngdiuinasginaainuiianiiiusaiues
11 (Head) @9n31 TUGIUSNUNTILSIAUUDIUIRAININ

Y

3) AMATNUBIUN MUTUALA LN

q 9
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Recharge Equipotential line
area [

Discharge

:] Ground-water basin

SUN 3.4 N13ns¥Rnemvesiiuiiull Wuidunnans uagiiuiigadeun (Hubbert, 1940)

- Boundary between flow system of similar order
—t—_ine oOf force g 3 £ Potential distribution on the surface of the
Stagnation points / theoretical fiow ragion

p—

u Region of local system Region of intermediate system Region of regional system
of ground-water flow of ground-water flow of ground-water fiow

SUT 3.6 svuunslvavesinuina (Toth, 1963)

Tne Toth, (1963) wisszuunisivavesiuimaluwmasiuimasendu 3 ssuu s
wansluzy 3.6 A

1. ssuunsinatanigusie (Local Groundwater Flow System) tunnsinalusesiu
fu finsdsuudasiinm warsasnsiaitliutuey Wesnnléfunansenuainnisdy
voaiafu warlinsmesemeiigaininihiiogfissduinniisseene uasianisinassdy
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A mvandauduturesasazananasu (Total Dissolved Solids, TDS) HCO5, Ca?*
uay Mg?* o fnsivdsundasmesseiuilunnfsdeutiegs

2. 5¥UUNIS IMavuIAnana (Intermediate Groundwater Flow System) tunslua
Tuvinadniety fanududuresarsazarsmany Wutuniussosnisnisiva fins
Wasuuasmasansazans SO uag CU thadnlies seduthiimawdsuawmuggnates

3. SYUUNTIMAUSIAINT1a (Regional Groundwater Flow System) usyuunisiva
firautnedn fenuisinisivadn gumnfiveshaeutiegs anudaduvesansazansanasa
S4147,CLU Age wagdlen HCOs™ anas

3.4.2 AUAAVBNLILIAG
aumshluresaunaestiuina fe

AS =0, - Qu (3.16)
do  As  fe msmﬁammawaw?mmﬁﬁﬁLﬁuﬁﬂiu%uﬁuémﬁw
0 #o Uinaniidngduiiudini
0 e Uinahiloenannduiiudu

NEUNIS (3.16) LAUIAMIIUAT O, Oy had FzaIN1TaUsELUAY AS W30 "Safe
. oY vt ' v ye a el' a o 3 X I a
yield" lagaazgrglviteUsinailmngauiiannsaidiuinaduinldlagldifinUayninis
anaaeIUsunaIuInIe
3.4.3 Usanaunisivadhgaudiuinia
41013095 U8 TIEAZLBUA LA
1) Usunauundudtuiiuguivusgiuidadenateegne As dnuwazvesmigny Agun

AANAY dnwzgIUTEINA N1TINAY SEAUNUINTES karanvMEn19EIIIveT tnetu1sduas

(%
a [

douiuguinsulowtulidudy diluuisdugninlaessuussuievise lnetuiuiidy
duluiuaslanndy daazlvasengmeinilaluign waziursdiugnldlaeiy Tngluiui
wailpenaulagniaiuiauANaInsatun1sBuruiIfAuAnnsildeundasluunds
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2) mauanivdsurenimaduihlumaindn vieuwnduiiAndunasana nsdi
ilmaannnisindrgduiiuimaliondn influent Seepage drunsdifinlasenanduii
U’]magimqﬂfwﬁsmh Effluent Seepage I@&gﬂﬁ 3.7 wanmnuduiugssuinsuiaauay
hfnfu Ra1sunsy 3.7 (@) uansanuduiusluwndudu Tun1agund Effluent Seepage
wandtauuandy A lunmgiifdmannuans Tneuundu B feditlnadrgduinina waelu
Qaudsnisanaswesseiuiumaszsliihlumaivadhdsuivmaiuundu € 5U 3.7
(b) wanIAHENTUSUUALAIUAS

3) Mefdusevinduiuginiiulusssumansiuranenisinasesiiuiniasgs
anysaitudululfenun Sedvinanihdumidsilvannduiuduimislundunilsesng
41 9 shudufiufivinfivseguaifuniseniinsuendsUimnaiuiueuresidnd Jaild
naUszanalunsunuailuaunisaunavesiuna udlunsdiduunuiouds o
Inagduiiuduihdanlvgunanmsiuanussiinainsogioy

8) mMsififininuinnaannumasay (Artificial Recharge) \Judufiddaydideiium
firsan Idud MsfBuainssuulsen dedau AresaUssvnu uarszuuszuneti sy

Desert Surface

watef Mound table
(b)

5U 3.7 ANUAUTUSTENINUIUINARAZEIRIAY (a) LAYt wag (b) LUALTILA
(Ward and Robinson, 1990)
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3.4.4 Ysuanhilvasenanduiiudun
uIun v liivsiunisinasenanduiinguiiviniandfy Ae n1ssemed
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(Y 1%

usssmelutuimasduiy mslwasongynainida nsluasengtuiudinifleginfu
uazmsguanidlassyudiielflufanssusing 9 wu nisgulnauilan nsnuasnssy wagns
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nadl Ao HanseMUITsdULarTrazeN Nadiszesdu iU nadinisanasessEAuT ALY
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nimslvadanmaunu Seilisduiuimaanas daulunainasdunsaigtiiisuinly
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ihumaiiansud wansenuszezduidnladdaau widfasuiluszesen wusses
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YUl NBAINTIUAINE) WINLIY ALFY
1) msgulaauslaalundazaiusoudassuudseliuimslilaimigs viveldniugdiuna
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JUM 3.8 nswdeuniadseiuveadiuinaluseduiuiiosnInnssemedussenie
(Ward and Robinson, 1990)

3.4.5 LUUINABINITINAVDIUIUINIANIIALAAIEAS
Wun1sas1awuuInassuadnnastinuinalagerfeaudiiniemiunienin vaaians
wazedvaiuiasieAlasldaunisnienmamans a1 UUIIaeINIs iavesuiiuInIa



40

sfunsiheenfuaesidruntislunisuidymidudeusariivunlng wuusiasinia
AdINA1ERS dnusawUIeenauanInlayanIwamansla Wi 2 Ussan fe

3.4.5.1 uuushaesitiianmdeyaidunguiou (Lumped Parameter Models)

Hunuuiaesilideyaiudia viedeyaiiimsuusivasusgamnifios 2 fimmg
Wity Useneuseteyavenifilnadiuaresnainunasihuimaduiusiumadsuulas
vosszduiTluumasiiuInanuude 1 luanmnswisuulasseznalanamis uagen
auﬁ’amwamam%suaﬂ%u’uﬁué:uﬁw du AnadvesdulsyAnsuonissneh wavduusyand
109n19LAuAn Frempduuusiaessinde1dls otuinduiriidednaiae
(Homogeneous Aquifer)

sgiuthuImaansasunnldnmsmaneds aunsudnveuuusiaesind fo
Usuanivadnauuinanilwasen Lmﬂumimasmuﬂanﬂ'%mmuﬂu%uﬁuqum (Input -
Output = Change in Storage) wuusnasswdniiitosiauin mseldaniseldsrasetin
vinaluduiiuguiniifiandivavamansiuandsiuluusiazdums (Heterogeneous
Aquifer) 19

3.4.52 Lmuai"laaqﬁﬁamw%'auanswmﬂ (Distributed Parameter Models)

LUuLLUUfmaawiwamamLLU'ﬁLUaauiﬂmmm (Grid) 91 %aﬂum‘umaaa n1s
aifmqumaawmmwmauaﬂivmammmimauama q fiflenuduiustfunastunsesio
futunsmuelusssmAfimudulouiamnslinstassiiiniavan 7 Fuld Tand
au150l35n15UTENNUNSEAaY (Numerical Approximation Methods) tna4819d
nsuidymlgEtunniosanawsoldneuinnoddielunsiuanild el Ssuszan
madsinadineanden il

FBn1s1Bedatan (Numerical Method) #ildmelasuszanamessuysilingiua
YDIFUNSUNA1870 U Finite Differences, Finite Elements, Integrated Finite Differences,
Boundary Integral Equation Method Wt&¢ Analytic Element \Judu us3s Finite Difference
wae Finite Element «Juigmsfildununy wagld§uninudeuunnnin3soy q feaunisildly
nsSrmesgnailuanIInnsUsEanuAesaLn1aYRuSUNaEAL (Partial Differential) Ae
Governing Equation, Boundary Conditions Wa¢ Initial Condition %aa%’wﬁumﬂaumimq
adlnenans lagldinatinn1sussanaAIwuy Finite Difference 3o Finite Element wandnlyi
oglusuuuuiidny uazmaiwenisldanlureufimes lnsaunsmsiivadnazgninlviog
Tugtawdng Fafldumevlunisuidamey 2 funeude

1) Ussendnallas Finite Difference %38 Finite Element fuaun1sneAtinmans
Faial waw

2) ymsuffaunislusumning agldmnoueenin dumisiildlunisduias (Node)
Tunuudnaosdl duallaeds Finite Difference azifuganinansvosningudmasuiiuimie
Awdoudnia wuuuudaesiidunilagds Finite Element 9afildlunisdnaazidugadn
YoadunUanIavionsapeiguivasuyenia

1% v
L

dmiun1siaentydau Finite Difference wag Finite Element tuiusgiulamiuay

Y [

Wdenldiuesitazainiiagldisluu 33 Finite Difference {WuAMinslUswNTL wag
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Whlaladrend nsasien3alddeyatioandn @335 Finite Element aunsafvunvwInYes
usiay Element wagivunvoulunlding Sevinlinmmaaeunavesszayseninsdumlailily
mMsfusenadnslsviliie uazvinmsimuassazBuntu Fault Zone uazd1anagn
T quih 9%y mstuasesseduthuinaldfind

Taeguuuusialuzesauns Finite Difference 1a9n15lnagastituiaaiifinay
yuwduasi dusnandldifudofertu meldaniglingg luwuuildmumdmiuudas
fuvinia mugU 3.9 (@) asnsadeulddad

Bhipjik+ Chijrix ¥Dhivr jk YER ik + Fhijper + Ghijir. vHhijx = RSH;j« (3.17)

dlo  hy e ammiﬁm%’uLLsaﬁwfﬁﬁ@mﬁmm i,k waz fudazsumdaildluns
ATUIUTOU 9) W 6 Fumis
B,C,D,EF,G fn faiuueA1nuidInIaamansseningaaui
H #e Heftuvesidudssansnsiiudn

a

WAy  RSH;x Ao weuvesAduusyansnisiiuinuagnsiisduiiuinia

Tngaumsi (3.17) dduaunsildlulusunsusiassnisiva A Modular Three-
Dimension Finite-Difference Groundwater Flow Model (MODFLOW) a&awsiunlae
McDonald M.G. ua Herbaugh AW. 1wl a.a. 1988 anansaideuluguiumnindla dadl

[A]{h} = {1} (3.18)

o [A] fa Coefficient Matrix
{h} Ao Array of Unknown Heads Wag
i f® Array of Terms on The Right-Hand Side (RHS)

Tun1sfnwpssduvudianenldinisundeynilaeids Finite Diﬁerence Taelgnsa

a

audsnlunisudsiuiidnen Tnsuvadunna (Rows) @nusi (Columns) wasdu (Layers)

<

faduwadgugnunad Insaunitududodertfumniosad muniswsasadnaoniioum
gn fsuslsiliauiniy Ar dwsuanudi 7 aunevessadnasaisanusignimualid
Ay Ac dwsuumd i uazarumunvestuiiudininluiuaia gl
Av, dmsudud Kk Aauanslusy 3.10

SnvurgUiweasadusianead Ussnautufemnuduiusvesiumisililunig
Awnduusazdnys lnewdady 2 wuu Ae wuu Block-Centered uagkuu Mesh-
Centered Tngta 2 uuy fmsutstuiiuginideduniaduuiuiineaindu

Tnguuy Block-Centered iwadgnimualneiduniaidasuduead sumiailily

o ldl L3 & o
NIAUIUBDYNYIAAUYNANUVDILYAA muamﬂugﬂ 3.11



a2

31]17; 3.9 Computational Molecules. (a) Three-Dimensional Finite Difference Molecule.
(b) Two- Dimensional Finite Difference Molecule. (c) Patch of Six Finite Elements
Around Node 8. The Patch is Taken From the Two-Dimensional Finite Element Grid.
(Anderson and Woessner, 1992)

Inguuy Mesh-Centered siuvtsitlglun1sAuiaeg iandnveddunin Yaulunves
\wadne nihdnaswmilesiuriildlunisiunieglagseu dwandusy 3.11

———————— vouinvastli @ Active Cell O Inactive Cell

Arj Dimension of Cell Along the Row Direction. Subscript (j) Indicates the Number of the Column.
Ac‘ Dimension of Cell Along the Column Direction. Subscript (i) Indicates the Number of the Row.
Av, Dimension of Cell Along the Vertical Direction. Subscript (k) Indicates the Number of the Layer.

5U 3.10 MsmvuaveulnvestuiinguulusUveIwn) anusduasduy
(Mahadeva, 1991)
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Mesh-Centered Grid System

Explanation
(&)  Nodes /// Cells Assoclaled With
Grid Lings ¥s £ Selected Nodes

— — — Cell Boundaries for Point
Centered Formulation

;nlﬁ 3.11 MIAMUATULUUTDULaA
(Mahadeva, 1991)

3.4.6 tunsulunsadreuuusnasinisinavasinuina
n13ad1auUIasnfiodnse ﬁfﬁauaammm 3vUUgMNINgT LilonTIaaoUTin
manislwavesinuima Wunisussananaiing, LLavlmwawam muwaaﬂuﬂimm way
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3.4.6.1 MUUAINQUIZAIAYAIULUUTIABY (Define Purpose)

mMsfvuaingUszasdvesuuuitansagaaiuly wu ielduuudiaodlunisnsusy
a1y vide dunifienanisiva Usinunisiva viessnuuunanseny dudunouvoinis
$raedhisniuesasurnasiomn Juegivingusrasdvasnudundn

3.4.6.2 @319uuuanasadeuluiiaild (Conceptual Model)

msassuuuiasadaluiend iunmssumudeyamegnnosdingsuiudeya
Fudswandendu 1 1duf deyatuiiudu auaniRinssamanivestuiiuduh szduih
UInna Toyaan1ngiiuseima anvaegiuseine msldiau 4 ToyagNnINgl 1Y Uy
Snsmsaesaive uazdeyanisliiiuinia Inglidoyamdriadiauuansiuseanisgyn
sstiingesiuidnuoonuluguunuil viosudafiuansnnuduitusvesto yamari

fumenlunisadauuurasadaluimiifutunouiidesldina uagauussann
Aoudngs lumsuiRisuannmsnunsdeyaiifleglutiagtunienumilafingtudin
Foyalsifivanofomaununsdssneauy uasAnwiiisid

3.4.6.3 nsiaenlusunsuneunmes (Computer Program)

nsafauvuSiassnisivaresiiuinia Sunmsaieaunsmadamans ai
Tusunsumeufinmes wdvinsnsadeuaugnieswedlusunsuiiadstufudoyanse lu
Hagtuillusunsudifasumninedildtinmmaasuvieutlvanmaiouiisunanismnaes
TusiesufiAnig uazluauuauduiidedeldudr Uszneudunsilusunsuiliteudoya
(Pre-Processing) wazlusunsudldlunisuanina (Post-Processing) fiazainlu n1sldau
fatunisdenlusunsudesfinnsaningUszasdivosu seduarnndedeveslsunsy
AnuazaIntunsldnu wazsmvedusunsuduran

3.4.6.4 N1392NLUVLUUTIA8Y (Model Design)

deadanvudrasadailuie wazidonlusunsunoufiomesud doyaaninmis
B wargnnAne axgnidandguuudiass Tnensudseandumiteidn q Juegiu
FBnnsuszanuAdsiaviidentd U35 Finite Difference 3838 Finite Element uaz
BoNTUINT89TULIAIY8INITAIUIN (Time Step) LATANTNVBULIATBIUUUTIABN
(Boundary Conditions) ) Ineiivdnsail

1) wu1Aveen3n (Grid Size) $1urudu (Layers) GUL!’Iﬂ%@ﬂﬂinLULLUUf\]’]aEN“UUEJSJﬂU

mamamaa LLavamaﬂivaamaamsmaaauu 7 1 N3TIRRaiieNwNUMITANS LA
iuizé’ugﬁmﬂ fuflounn 500 ms.nu. o1aidenldrunnesn3awiifu 1 as.nu. Idnszas
Tnaniseundodeldluseiuanauay uilunissiasaiteduiamsinasywinesol lu
fuintienuudy asldvunnveniadnaniu 2-3 a5y, wiudegldnanissiassiiluld
Uszlowdils Tnefinnnuniisesniafinnseruldnisarsiuiu 1.5 whesensadiades e
TailAnnansiuaniiianainuin (Domenico and Schwartz, 1998) Tunseifildnia auin
dnifuausndunduvhlifaaaldeuny wsiznsuSuifisuiudsens 9 Tuwuusiasanan
fldlunssnauiazadiariuegiviuruvesiumisiilélunsiuinesuvuiiass
tues feiudsmadenlinafidvuamngauiudnsusronu wazanmmagnnesdiine,

YOINUT LiBANUGNABIYDINANITIRRY uazUsendanian

&l
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2) d@nmuaulIn (Boundary Conditions) @n1Wa8ULUA89LUUINaDY AB YBULIAT
wuudtasdldsunansenuananimaieuen Tuudazusuuiniasiumis Asiudedndud
Jgaeamruaaulanadinmanslignaesiuan niuiase anmveulwaninislely
wuudaesnsinavesidiuinia d 3 wuulve 9 Inevis 3 wuutuiinsidsunlaimuna fe

° a a . I aa

ANNVDULYAYBILUUINGDY LWUUTN 1 %38 Dirichlet Boundary tJuan wvouluniid
L59AUUBIUIAT (Prescribed Pressure Hydraulic Head) sinldiu ngiaau wiiin Ww ve

pRp v ¥ a X a a8 = a I
U NHTEAUEIA Lag WURINUNTL (Seepage Faces) @nnaoulunuuud 1 \uvoulum
inavadudawuuTaewInan wazirelunisauinian

° a = & aa

ANINVOULYAVOILUUINGDY WUUT 2 %39 Neumann Boundary 1Jugn1imveuluaiidl
9n51n15Mamai (Prescribed Flux) Snlaiu veuwafivdn dutudiuinia wuinishia n1s
Fue AR N1IANesEME 9AaUNT wasgaiudn WuveuafiiinaderudenuuItaosliu
nas wazAulaladeUiunana

o a & <

ANNVBULVAVDAULUUT188Y WUUT 3 %38 Cauchy Boundary tJuan1mvauawuy
AU nTeuuUNgnsIN1slraduediunssAuuesun (Semi-Permeable or Head
Dependent Flux) wisngagldiutuiuguiiiuuiagy vieveuuausnaninaauniseiu
P lalaed WunalmAnAIuLANFA19UDILsIALY vouLaLUUTIduvaULIAinatfuse
Luudnaestosiian wasAnnlaeIniign

3) YuAvestuIaTtUNSAWIM (Time Step) Aeudentvivunzauiuingusvasaves
U waglusunsuild wuevestunaniluaiiiuluazyinlananisAiuiuiianaininn uag

& A& a o § ¥ A ~ o o &
Yunvatunamaniiuluilmuasaanilgtiunisimuinlaglisndu
lng de Marsily, (1986) na1vinvuinvestunanidlunisauiunafngn As vuin

yoarauungafieeulildluaunistu 9 visesuiendn Critical time step (At) Tnavialy
ASAANYUIAVBITUN A TNz AL TUSE I lanaun1SA 3.19

At. = S" a’/4T (3.19)
fo  a Ao Anunvesniawas (Ax = Ay = a) [L]
Ao AduUszANSURINISIAUAN
T Ao AduUszansnisaneun [L2T

Tngauyfgrunldivaunisi 3.19 Ao vuievensadisnuvisaesviniu danarauduian
\elieaii uazillaudivnavamansmileudunniianig

3.4.6.5 n15USUAGILYS wazn1sItaTaziadudaulul (Calibration and
Calibration Sensitivity Analysis)

Tunssassusazdunou doyatoutrenadsligndes nansdraosildTsdesily
Wisuiflsuiudeyaangadaunnnisalluausiidums uaznanieadu Wenanisdrasdl
nsafuAasluaudosiinsufuilasududsilinsuauiveu 1Wu desthmaa
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fans UTinanafisdintiiuima uaraninseuaveskuusaesiiiuiumzanndy e
Tinansdraesdiliiieuiieuldfudeyaluauy msuiuuidogadndudedd anudila
szuugMnsIEveIvesiuiles1eh wardesansfinansgniunssitinsiureuiun wartarves
AILUTAN 9 UaEMINNANITIIABIIAIIULANAINDINYBITDYAAUINLIN DIAABINTIVHBY
augniosastoyaauudnads udsnduiadunmsiinseinusoulmveswiuysiia
aruilaiutuey 1wy Aeuinisramans Usinaunsiuiutinia uadudseandnig
frufvvestufiugin iHudu

3.4.6.6 N1IATIVEBUAMNGNABY wazUTuUTeuLIIaas (Model Verification)

e susuAfuUsudr enafinnsnsavaeunuuiaesfinAy iensIaaeuin
wwuaesuannsndufunuresssuugnnssiineldedisgnios lnenslduuudassd
IsdrapsransnouaussvenuUTMeeNAsIEAMeIvTuLALE Wisuifisudunansdiass
vosfayaauugalvl fwansiaesiimnufanaialiunndsainsansiaedluafausnan
ludndudosdsundmudsdn wazthluldmaaziunals

3.4.6.7 NSIUILRA WAZN15IATIYANBaULNY (Prediction and Predictive
Sensitivity Analysis)

nsviuene viemnaziunansfuaseauth efininuisuulasiudsiion
Ananmgmsaising q fazietuluowian wulimsdsuwasinsnmsduii vie ms
quih uardfinnaneuwunislddeyaluswianimiunisiuens uagn1sin sz A
goulmuewiuls nmsdsuulamwesiuusuisiaihlinanissiasaudsulumn uaz
arwsaulnvasiauUsresuuuassfuansinmevosssuutu q deuns Tiesgda
goulmuvesiuusilimauiwiswesifuusiiulld uagwiounniisz Tedeyaly
NSANYT LagATIlusEezena (Monitoring Program)

3.4.6.8 WAAINANIIINADY (Presentation of Modeling Design and Result)

MsuAnsHaNITIaeY Wodelfuuuusaesiiadetu furvesdoya nslinses
Toya N1398NLUY NMIUFURARIFILUT NM153AT18MANE0UlMYBIRILYT HANTALIAT

Y a

AUAY LTUHUN TEAUAINYNABIVBINANITINGDY Todfntalauauuy uagHaasUunIy

€

TrgUsratAveInIsTnaedetna wavtinladne

3.4.6.9 NMSANMINKNANTTTIUIEY (Post Audit)

nMsAnaunanisiusveanuudtassluszere1n F3A23inannt1a12a198901
vhugvesuuudtaes lnsmsiiuteyaaunuiiui ioldneaeuanugniesueanans
uegvesuuiaesluszeren

3.4.6.10 N159718091si (Model Redesign)

o AnTundsnsfnmunanissiaoudadaudilalussuugnnssdinevesiiud
FAnwunndu wegnuiimsinisudsuuasuusaesdealusimi doulafiveuin vionsd
nsasuilassesfuusililuiuudiaes
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3.4.7 wuusassitldlumsinen

nsAnwafeiildiFenlduuudias Visual MODFLOW dadulusunsudniaguldly
N1TATENTBYANDUNITAIUIN UaZhAAINanITAIWIN neuuudnass MODFLOW 1Uu
wuvaesiililunsdummsivaresiuina

LUUS1a89 Visual MODFLOW ilunuudiasiiléfuniswauduiionaslunis
fnnToudoyadeuntsduinnasuanInandsnInnImuInTenIsiaes tuiaia 1y
NAI1UYDY Waterloo Hydrogeologic Inc. U991%13n8188 Waterloo UTEiNALAUUIAN
anselewiifidndny e anunsoldnuluudazdunsuveanisiiaesnisivavesihunald
pgeATUAIURILANIRIUAdnvaE T nMsudsiufinisuSulsuuusiaes nsuanINa
AUIUNITUTUBULUUTIaRIN ThanIn WUy uLeRNg 9 wavaulsaldausiuiuLuy
$1809 2 AAuay 3 95 19U MODFLOW, MODPATH way MT3D tHudu 1alaslddndsann
Visual MODFLOW Tngnss n13dsesn waziid1tayaaintaya GIS (Geographic Information
System) ¢ Tnefintinaevesnuusialdfunisesnwuuuieafuntdias Window vl
dzansanIsltanu

lnguuudtass MODFLOW Walu1lae U.S. Geological Survey, McDonald and
Herbaugh (1988) uuuudtaesildndnyngufinie Finite Difference WUSNZALUY Block-
centered 3afinsl¥uunsuatonn aunisiugildluniséan Wuaunisvesansd
LAZNANIIIE wuuTIaasenaume 10 Package fio

1) Basic Package (BAS) fwiuasiuiudunas worvesduiiudun arseduiiiusiu
PranadnuIUInTRaltsAuIn Mstmusdeyaivouln “av

2) Block Centered Flow Package (BCF) MUUAZNINUDINITINGDY VHAVDITUAY
duth AdudszAvsnsinuiu Aauthmissamans o

3) Well Package (WEL) iuiuatuau1ana 8nsInsgu suviatauinia “a

4) Recharge Package (RCH) Svusituiiiudind snsmsiudisihas

5) River Package (RIV) Svumsziu seuieni Anuthuemeneuienittan

6) General Head Boundary Package (GHB) fmusavauwafisnsinislva anAivuA
Tngszuiludusiuginieng

7) Solver Package AMNUAIGAITAIUI $rurunsAuIaglun SRl ey
394787 ANMINALBEALUNITATIN 187

8) Drain Package (DRN) fvmA%auLIAN15 52 U1

9) Evapotranspiration Package (EVT) Svusitud Snsuazanuaniidnismesse

10) Output Control (QUT) fMwuagukuuNsLanINanIssIaesiifions

mﬂ%’LLuuﬁwaaalmﬁ"]L‘T;Juéfaﬂ%ﬁwmm Package n1sA1UIadlaglTLUUTIa 0
MODFLOW ummmamawwmuawﬂﬁimwEn gNNINE LL@”‘U@W&M?&JW%’JUH’MU@Lﬂ@ul‘ﬂ
yostuiuguiifinnsan nadnsildzdumanunazussuiludundazingi
AL

TunmsUszgnduuudians Visual MODFLOW iftedhassnisivatesituiaa fifuneu
mawdsutoya uazsaes 5 Funsuvdn e
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1) wssudoya
2) Uaudoya (Visual MODFLOW)
3) wlastaya uardtaeaneAdinaans (MODFLOW)
4) hananani1sanasd (Visual MODFLOW)
5) Ysuifisusasil wazdiaszinuseuln
nsPaesEsadLiiun1snielduuuinass Visual MODFLOW lanaan insiedeya
ansaideulgafunuusiass MODFLOW (3elusunsudu) 18viud steiluuusiass Visual
MODFLOW ansnsadsdoyafiduanildluguusufidunssdutui seduilusudanis
S1ERRININAILARNALAABUYRINTTENABY warnSsuLTiBunanissiansiuAiasly

aunulugunsmlanuwnuateeninla



unii 4
A5ATUUN15IY

1NMsANLITAN LY wuindamdenleaszninsanuuysusiuvesanin
pliomatussuuninensii lunisinwidlsdinisunudeyadudanneinia/ayms
fnans Usinaru seduihunana Wednsiiamnuduiusseninadsianineniasieg 3
SvswasiomaUAsuLUas Ty ﬁwmmﬂuﬁuﬁﬁﬂmLﬁ@ﬁﬁlﬂg{'mswmﬂsaﬂ&ialﬂ oy
amsamveamsanuliuansliluguil 4.1

4.1 A153UTIYRYA
4.1.1 Ysuneuelu
Igvhmssusndeyasdiiviinadiluaienedeuluiiuiinanameudisannsy
galeaine lnefiansanaallunianans 15 @il laud aanlingammumiuas aandnew
e anflagi@anst annfaynsusinis aanllgdssugi aanluasugy aaduvusiil aand
WILUATASOYTYT andmunanys anfldeum andgnes an1dunsadssd aartanys
anrflanssagd andsvyduaraningyauyd lnednsaziegisteyanaadnidosiy
Usgneudeaady (Mean) A5851U (Median) ﬁﬂmmlﬁmwummgw (Standard
Deviation) wagAMENNYBTEYARINT1e7 4.1 FeUSnasudildfinuenvesteyaunnsing
fuly Faladadendriauenvesteyaliaennassiudeyanvilaningiienia wazaiy
g1vesteyalimsiesnit 20 U iileflezannsaosurednvarauuususiuvesuldly
Yunalielimmsuienmssy TumsfnuilfiFenldoyausmasilutagd a.a 1980
fa aa. 2015 Tnsuszana Gearnmsieseideyaidesunuiniianiiingaunmununsd
Uinamuseiougsgalutianai@inwedi 676.3 uaAfeu

= I aad = g a4 & e
M1919N 4.1 LLZ‘WNﬂﬂﬁﬂ@WUiﬂuﬂJaﬂﬂﬁﬂqmuqI?J‘Lli’]ﬁlL@EJUIUWUV]?TWH’]

Mean SD Variance Max

Station Kurtosis | Skewness
(mm) | (mm) | (mm? (mm)
Chainat 86.49 94.46 8902.00 1.89 1.36 462.3
Suphan Buri 81.93 90.16 8111.08 2.62 1.48 502.2
Ayutthaya 90.34 94.87 8957.98 0.85 1.13 463.4
Pathum Thani 117.45 | 109.54 | 11,930.67 1.58 1.14 535.6
Nakhon Pathom 85.00 94.07 8826.21 1.88 1.39 479.0
Bangkok 130.34 | 131.72 | 17,351.84 | -0.09 0.85 676.3
Nakhon Sawan 96.63 96.18 9206.94 0.98 0.98 588.0




AnwenansiinendesiuniAdy wu mawisuudasan s

gilenim arudenlaweuinasu Usnauilisu

A 4

aamaufaya@umunm (time series data)

A 4 ) 4 4
eyifanmgdenma Usyauily STAULNUIAE
MI. Wi M Ml M S W B
(M, WINPMI, DI, ME, S00) (nage) (AsuMSneNnsUIUIANR)
Website
v
arndougnnndays Tadusdoya AlaUnd
AAszdmanaLlassiu
AATIERAIUNTITAR
(Spectral analysis),
(Wavelet transform)
v

AnzremuduTusLarmnulonlaaszvinaduls (cross correlation)

sdlannpiionnaiuUTunap

Y

\4

WensRiUSunapussELnsoRaay

sedeyafuilanimaina

WeNNTAITZAUIIUATE AEBa TR LI

Futayasziuiunmanayduiiammennia

A 4

af1auuudnany MODFLOW Tuwuadnwi(ugadimizen
e Usznaudedaya

- eyadiu (An158 K) - N liiunuaa
- angiilssve - Anwesanne
- Ueguhuaznginssusvduih

A

Aesiest erwasuiayansliinihuvaaildnnuuudiass MODFLOW fu

dogarunaiitnunTiaazinseia
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asunan ANy <
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4.1.2 szAuthunnna
Iisnudeyaseduihuimaneifeuresiodunanisailuuinauseiuina
Fmszenouaannnaamineinsiiuinanseuaquituiivssanm 17 Swde Usznaude
Jamiangunnuniuas Samdnaseys Ymdnaynsains Jminaynsusinis daminuasugy
Fniauuny3 Jaminuvusill Fanianssunsaseysen Jaming1mes Jmiadaiys Jawmda
Foum JamIngiies1l Taiauasaissd Jaminanys Faminanssuys Jminsvysuay
Fmianinyauny3 Tnedeyafidnvauedmnssi 4.2
foyavedunanisaidildainnsunineinstituiaia wiaduvslungaunn wae
YSuama 152 @01l 483 Yo ud@anaudnuiu 33 anndl 153 Uo ganauladdiuiu 2 aondl
7 Vo asndoswau 117 a0l 323 Uo wagludwindug uinamssimszeinoudisdn 161
v luusazdanindsd nauy3 8 o Feum 15 Vo uasanssd 2 o 91943 26 Yo am3 6
U0 aynIasnsIy 2 Us a@seys 5 Uo @93 5 Us gnssaius 64 U 81anes 7 U griesnil 1
o ey sausiuiuvedildnisldlutinuusudmszemeudis fo 464 Ue Tnouansdn

(% (%

AIRENANANUFIUTDITZLAULIUIAAT BN Ul LI UNAN¥1AI915797 4.3

A5199 4.2 FIDY19AITEAULNIUIANALRAYT U DUUS LI NNTZYINDUAT

it oy sedUTUnG (ams)

- v o | wesn

a0 | gan |wfle-| IR . Feb- [Mar- | Apr- [May- | Jun- | Jul- | Aug- | Sep- | Oct- |Nov- | Dec- | Jan- | Feb- [Mar- | Apr- [May- | Jun-

-AN ¢ 47 | 47 | 47 | 47 | 47 (47 | 47 | 47 |47 | 47 |47 | 48 | 48 | 48 | 48 | 48 | 48
168826 Wnszen

CWE3/2 |614061| 2 Foum | mouaN |2.14|3.22(3.75(3.12|3.03 [3.07]2.38 | 2.9 | 3.2 | 3.4 |3.52|3.77|3.85| 3.9 | 3.4 |3.89 |3.84
169440 Wnszen

CWE8/1 |618408| 5 doum | moua1e |6.63(6.35|7.48|6.95 |6.90(6.64|5.73|6.08 | 6.2 | 6.9 |7.28(7.43|7.21|7.39|6.57|7.15 | 7.02
160423 WINTEEN

CWE10/1 [621764| 7 qwsm‘uﬁf fmauany |5.67 |5.52(8.61|7.59 [7.54(7.09]|5.75|5.81|6.05 |6.12 | 6.84 [ 7.88|8.11 [ 7.88 [ 7.55|9.65 | 10.3
164423 Wnszen

CWE10/2 [621764| 7 qwssm‘tﬁ fnouany |4.43(4.92|7.75|6.53 6.62|6.31|5.45| 5.6 |5.88|5.85 |5.58 [6.06 | 6.1 6.06 [5.79|7.75|7.63
164353 Wnszen

CWE12/2 (667682 0 awq%‘ nouaNy |1.76 [1.86 |2.36 | 2.47 [2.62(2.49]|2.06 | 2.45 | 2.6 |2.78 | 2.73 [2.02|2.55 | 2.61 |2.74|2.72 | 2.9
164353 Wnszen

CWE12/3 |667682| 0 awuf% mauany | 1.78 [1.90|2.40 | 2.51 [2.66 |2.47]|2.09 | 2.37 |2.58 | 2.8 |2.76 [2.04 |2.48 | 2.67 [2.75|2.72 | 2.89
169802 WINTEEN

CWE2/1 |613912| 9 Qﬁ’&iﬁ’]i MOUAN |4.44 |4.30|4.92|4.72 |4.82(4.70{4.20 |4.35 |4.65|5.18 | 5.48 |5.69| 5.6 |5.33| 5.3 |5.61 |5.82
171084 Wnszen

CWE1/1 |617129| 8 ASERSIA| MOUANY [6.00 |6.17 [6.71]6.61 |6.91(6.80|6.35|6.45 [6.61|6.72 |6.58 |6.65|6.78 |7.10|7.10| 7.40 | 7.59
171088 Wnszen

CWE1/2 |617129| 8 A5aa33A| MOUAY [6.00 |6.16 [6.73 | 6.57 |6.886.72|6.26 | 6.74 [6.83|6.92 | 6.64 |6.57 | 6.88 | 7.09 |7.05|7.38 | 7.57

[
a

M1519% 4.3 FIRgNANERRNUFILYRITEAUTIUIMaT B Ul UNUNAN W

Station Mean SD Variance | Kurtosis | Skewness Range
cTa 23.56 3.66 13.33 0.18 -0.77 15.22
CT5-2 23.83 3.90 15.16 224 -1.52 18.95
CT7-1 24.46 2.69 7.20 0.59 -0.48 13.77
CT22-3 37.28 7.24 52.29 -0.39 -0.22 31.22
CT23 2797 4.19 17.51 0.32 -0.96 17.60
CT26-1 34.68 7.03 49.32 -0.33 -0.33 28.39
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dwiugun 4.2 Dudnwasvesszauiiuiniaanll CT22/3 JaAsned wauigau
wag a0l CT4 5.5.°yadguiiug 1unmiguana n.

da1il CT4 (Kieuw21v) d011lCT22/3 (unvtu)
40 60

30 N
20 \\
0

1981 1986 1991 1996 2001 2006 2011 1978 1983 1988 1993 1998 2003 2008

sueitin (1)

20

10

szamnluiaia (al.)

0

5UN 4.2 dnwagArszauuimaantil CT4 uay CT22/3

Snvardoyatiuinialuusadmszeneuasdmivledunanisallusedviaday
TngjasdidoyaBudusoud w.a 2507 fellagiiu dwiudeyavestouinansummumunsuay
USnumaisutuiindeyaiauiuszana® w.a.2521 fv et lnsmsdmdenvedanmnisnl
wdonvedifinisnmatadoyaseduihesaiosauysalunfigaiioidusunulunis
Ansent Tuunsnsdidnuazvesteyaiiunsianafiviameluvieenaimiiaunfuansing
luandeyaeynsunanfidrsnandus feglndiu Jadosinsassaeunaziiudoyaiiiols
punsunaestoyaszduihuamalimudedesauysaideuisnsussanmuauuuidady
(Interpolate) 1losnidunismialugisednsing wazldrvasilsiulaeyssanaifang
andeuduiivensuld Fuduiitieulilneilunoufiesihdeyaluiinneiludunsudely

4.1.3 Gudanmgiionia/aynsanans

Tngnsnuniunnuinusingansalanuudsusiuvesanmaiienniaiiddgly
wauginiail léud usgugg¥eusBou (Asian Summer Monsoon) Usingnisaiduiie
lawgeulalna (Indian Ocean Dipole %39 10D) kazUsingn1salieuls (EL Nifo-Southern
Oscillation %38 ENSO) 3ldvirnissausinsdifaluudazusingnisaidanarn Taed
swazdondrieluil

4.1.3.1 fdfausguneioulaide

Tnodyiii¥afildde Indian Summer Monsoon Index (IMI) uag Western North
Pacific Monsoon Index (WNPMI) 1ag31nn13AN¥INUIIUSHIUBN I UINDARAENZLAUTLIN
Usgmaflaudud iHuiiudifidnniwianufeugeiian Tnsnisdiwianuseusts 2 viwd
arwdiiusiuiinavesufinnutinuasuussduiiuiidenanndae

ahumiLﬁmﬁumaamiﬂwmmm%’auu’%L';mﬂimﬂﬂ'?\léﬂﬂuéﬁwaﬁiaﬂWiLﬁmmqmq@
Soufifinmugunssuinamning usonves 80°E MUnAqumaeideny fusenidedld Favne
sufsmuaymsdulaiu neweduld uasvziauauUssmailauTud TnsmaiudsuuUamosnis
thinanufeuluudnuenivines waznzlauinassmailauiudidnuuyiideutredass
(Wang and Fan, 1999) Lilefamudnuwaznsinusgugglundaznfinavesiivieidelsedng
gndfeauazisiug Tafimaimuniifnfiosuisauduiusvesnisfinusguggfouluudnig
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Wasuwlasmsimarudeu Tng IM Huid¥adlétineuulsunuvesusqungdouiiin
Tuwauiadeld uay WNPMI LBusdinilli3 i naanuulsusiuvasusauggfeuiinluuay
wnayswUaTinas Tunnidsanile vieuaueidens Tusen Tned¥aa 2 fldenuunneig
ﬂuaqmzLLaamﬁ%’juusimmﬂizé’méwﬁmmgq 850 hPa dmsua IMI ldfuiinislésinm 5
15 °N uazd0-80 °E wagnawilauiiani 20-30 °N wag 70-90 °E d@auen WNPMI Tdfflufinadld
U31aI5-15 °N wag 100-130 °F way mamdeudim 20-30 °N wag 110-140 °E faguil 4.3

Asian Summer Monsoon Indices

= - Pt

S0N{Y, : 2
W U850(2 5

\é\ \"1_> ( ) . U850(2)
20N e <
on{ | U8s0(1) | \UBSO(1), | WNPME:
Wl T ST, Ueso(1)-vasofz)

q Q // w,: &‘:w/ \\ c.'-a/\?\ = }
wsf 4\ v8o(1)- Usso(z) e Y
A/) “/ £ Jll' ¢ fr' ’\[, {\/' \\. \ - S

e 80 80E 100E 1208 140F 160E 180

JUT 4.3 UShuiuiduiusiussninmaymsiastuussenie dmsudigin 2 i
A IMI (Indian Monsoon Index) kag WNPMI (Western North Pacific
Monsoon Index)

(http://apdrc.soest.hawaii.edu/projects/monsoon/definition.html)

4.1.3.2 fPiausngmaniduiieuledieulalna

i taiithanldluauided Ao Dipole Mode Index (DM 1A nnsuiduiusiu
sewinumaynsuazduussernia fadufiiafifiansanainaininuunneisesnii
ﬁﬂﬂﬂﬁmaaqmmﬁﬁaﬁmzLau'%nmé’uqué@mﬁwdwawmwi@mﬁamqEﬁqmzi’umﬂ (50-70
°E uay 10 °5-10 °N) Aunmaynsduionisilens fuoenidosld (90-110 °E uaz 10 °S-0 °N)
ﬁdgﬂ‘ﬁl 4.4 Waulae Saji et al. (1999) uay Yamagata et al. (2002)

TumsAnwnillégutesaves Dipole Mode Index (DMI) #audd a.a. 1980 Fatlagifu
desnnuunliugumgiinimesaluamaymsuddfialutimesss 1970 1ugaden
(tipping point) 1848012 ENSO fidsdnsnaonuulsiuvesanimermaluszfulan
esanumaynsuuiiafienanuinunha Tnewuiineunid 1976 mmmmﬂifmgmm
g iRndutesafauinitniendsd 1976 Fosunaunseieilagtu auivesusingmsnl
aillyazintutesadiuazyicnuguusanniu Tasdedrsdoyadell DM Idndonduans
Tugudl 4.5 Tnewudnwaziidu positive 10D Wwag Negative 10D



54

Uil 4.4 USnadildfiansand Dipole Mode Index (DMI)

(http://ioc3.unesco.org/oopc/state of the ocean/sur/ind)

: : |

) / N AL N A
g0t e AU AV AV VAN D
a | \f '\Ul | "\V/“’ v \Uf ”’\\’l \v/ U \/\,Av/

2005
2006

2001
2002
2003
2004
2007
2008

14 A

g‘dﬁ 4.5 U8yaTeLAeuYesA Dipole mode index (DMI)

4.1.3.3 faAiTausingmsaiiouly

dufuiittaillddinauiiaunfvesusingnisel ENSO Siduiis negviansuuy e
Sl Anwadediifelud

1) Multivariate ENSO Index (MEI)

TngA Multivariate ENSO Index (MEN) Sadughdiafildannanuiiaunfdauys 6
nanluvinanavwuduguigns dadudunisidauduiudiunisivasuulasues
qmmﬁﬁaﬁmuaﬁﬂmﬂﬂﬁ Imamaﬁ%dumﬁauﬁammu’;Lﬁu@uéqmﬁnmw%?\lﬂﬁam
groilaoiusnild Taun Sea-level pressure (P),Zonal wind component (U), Meridional
Wind Component (V), Sea Surface Temperature (S), Near-Surface Air Temperatures (A)
way Cloudiness Fraction of the Sky (C) @amunlay Wolter and Tirmlin (1993) fauandlu
5Uf 4.6 Tnevhnsndenyadoya Multivariate ENSO Index (MEI) faguii 4.7
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SUT 4.6 U3nmiluiAnwAiauUs MEl
(http://www.esrl.noaa.gov/psd/klaus.wolter/MEL.html)

Uil 4.7 doyaneifiouvesdn Multivariate ENSO Index (MEI)

2) The Southern Oscillation Index (SOI)

anufunUsvesszuvenaludnlanls Wuusingmsaliifeafuanuduiusdiu
ndufireidosiuseninnrunaeiniaiisedu fhmzelusmaymsuUdanldsuamanms
ULALUAUAUSENS Tnesaudamstuuysvesnnaduresnsudouvesduusssnalun
Youuiudula-uUdiin FafnannisuaniUdsu o1nmaAseninsaunneIAgRaasou
Lo ULUEANTH (South Pacific Subtropical High) A913AABINIAAILAUAUSENTUT LA
ulnilide (Indonesian equatorial low)uazATLANASTEWINANLNABMATIsER UL
(Sea level pressure; SLP) 7igasnse ‘1’7iLmummmmmﬂqﬁqLﬁum%’ammmm%ﬂﬂié}’ﬁmm
#1399 AumuanunaemesuaugudgasuTnadulailidelagaldi duddvivesnisiunys
gosszuuemelugnlanld (Southern Oscillation Indices, SO wieugunuuenienisiia
vasusngnisaiieadlylddinieisddnldan sLp Asenineiiniem18@ (Tahiti Society



56

Island) USHINA1UMIAYNIWUTTN waz SLP Milladn153u (Darwin) Ussineeaansiae 69
U7 4.8

sU# 4.8 NAsvaNIzadAuaziiion1$iu (Google Earth)

Y

3) Sea Surface Temperature (SST)
ARAan M) IRITMEIaUTRINNAUaYNSWUTN 1Y Nino1+2 Nino3

Ninod Imamsﬁﬂmﬁﬁmamﬁ Nino 4 Aeiuludiuvesumaynswudiniunaudgns
mvaumﬂmamiammaamau aasumwazﬁaw 5°N - 5°S ag aaﬁmm 150 °W - 160 °F

Y

LUUUiL?ﬂJW@J@ﬂJWﬂM‘U@QN?UWW Laawammaw%waiuwmwi LV]?W]EJEJ‘I/I’NG]U'JUWWUEJ\‘]

9

mmagmuﬂwﬂﬂmLLaﬂﬂugUm 4.9

ST

12E 'H'IUE 1E;:E 1:I|:l I'Kll“' 1-1;3“' 12;}'1'1' 1|]I|]W
5UN 4.9 MsfmuaiunnyiAEean UMKz USIMNANIIELNS
wUPWA NINO1+2 NINO3 NINO3.4 wag NINO4

(http://www.ncdc.noaa.gov/teleconnections/enso/indicators)


http://www.ncdc.noaa.gov/teleconnections/enso/indicators
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4.2 M3nsasaunazUsunidaya

nMylaszideya 1y doyauiutudu sy gRutuIAG ﬁﬁmﬂﬁu%’amamﬁu
nauuuASseyafin T Tauar U TN G onliasuiuuaz el Luaqmﬂmmm
U9z WU AnERanaavesirTainnsedeyaiinanudeme uagilesannsAnwi
mmsuaaﬂuwaﬂﬁmumﬂmn‘daauuﬂamummﬂmamwmﬂimmL‘Uummmmasua;ﬂamuiu
sgprnamemuLasiauaiios fuy deuflishdeyeuniinmeiisionihnniudeya
iielveynsuavesteyaiiausdeilesauysallaeliisnsuszanumluiisuuudy
(Linear Interpolation) Inssefuthuinaiikiunisiiudeyaludosduiionin “sedui
vatuu (nitial GW)”

Taen15Uszuaan (nterpolate) datutsalélusunsudnsaguniaadi PAST
(PAleontological STatistics) Imﬂ‘diLLﬂiaJLﬁuﬁﬂwmz’gmwumiwﬁ’m’li (Spreadsheet) i
fimunusnaniusunsy PALSTAT Tag (Ryan et al, 1995) uiteldinmeidayailfeduiis
uazdnifndusi uazldgnitannderosmnannniy 10 ¥ auldfimsihlldluvarganviio
1y mnssu wasvgenand semnldiinsifufnmadalunsiesginaadanineg Wilulee
(Hammer and Harper, 2005) %aﬁﬂﬁmmmﬁ%mevﬁ%’amamaaﬁmé’mamawméﬁu
amﬂwuaﬂuﬂmw mﬂI‘UﬁLmsmmnanuimumﬂﬂums Interpolate g1 Iﬂamsua:ua
sgiuthumanedeu (Audnanuinte) fegludianatiidosnisunFesddu andy
Laaﬂeuaagjamwml,t,auvl,ﬂmw Transform &en Regular Interpolation Wuv linear Imamm
TdeyaiFuatulutisnamne 31 fu (spacing) Fedszanaisiniu 1 ey dauanduguil 4.10

UM 4.10 MsUszanaumdiaia 31 Tuiensimevideyalulusunsy PAST

a ¢ v
4.3 N133AINSNVDYA
4.3.1 NMIMAFIUBAATUWUS (Auto Correlation)
\lensiaaeuANuduiusiUssuvedeyaviamerfiuluddunadalunseieatuy
vy o v - o & A D & a
muilanandliluriade 3.2.1 aun1sn 3.1 vadliten uwuuvesloyanazauiludassves
ToyatINuvIouIUINTG e lvnsuiniiesruseneu wuudu vsearuategludeyansel
Fenanlaanunsadiunvseneunsinsesell lngaduussansanduiug FellAsaus 0
09 1 w30 -1 Yazuanwmatemudniusiieevseannauaniu lnglunisAnwiainsaly
TUsunsu PAST F1eiiasigsisneiay Time Waailden Autocorrelation
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4.3.2 A79EUAUNSAADA (return period)
M%’jumauﬁﬁ]“ﬁmizmiﬂqumsl,ﬁmegﬂmsﬁmevﬁﬁw%ﬁmﬁLﬂswvﬁmmﬁlamﬂm%’m
(Spectral Analysis Method) mmwlﬂﬂmﬂ”ﬂumwgmmaw 3.2.2 WleduundnuazAUnaT
M3050UNTSHINVBIANEIULNADVRITRLATEAUEI UM AKAAY AN swdsUsinanhiduvde
PayanuLlsUTINvesEn mgiona Tagausaldlusunsy PAST 9ie3ias1erinigLuy
Time waaden Spectral Analysis
Tuvazioiuagldisnisulacanidn (Wavelet Analysis) Hiawanisaun1siinwuy
Snwspronduduniiugs Fusiliiudnesasresauivieseunininuesdeyaluusiay
FrananlgrBetulnoanunsaldlusunsy MATLAB thediasies
4.3.3 NSNAFOUENFUNUSIZNI9AUUS (Cross Correlation)
WeRnwauduiussyninaesiulsifinuduiusdotulunrazdaaiaives

¥

Jauamantanaililuiide 2.2.1 Ingn153ATIERaINITAIUAINISINEDUVDNIAT NTLHU

€ e

STAUAMUALNUSAN 9 nAFNUTEEVSaNdNNUS iU nsmiAuduiussznIaadanin

Qmmmﬂ/aw'imam%ﬁuﬂ%mwmﬁ’uwNujwsﬁmmé’uﬁuﬁ‘ﬁ’uﬁ’umﬂ‘ﬁﬁj@Lﬁammmuhl
szovaile lnemsfnwianusalflusunsy PAST tedinesidaewy Time udaudon
\wygay Cross Correlation
4.3.4 N13ATILHANUANNBELTINY (Multiple Linear Regression)

mMslnszaruanoesdmumindutuneuildinalumsdumann Jagiuldd
msitmuTsunsuiiielumsliesgideyalumsadvanslusunsy Taglumsfnwadails
Fonldlusunsu SPSS ietaelunsiinsies

Tumsfnwiagldaunsonnes BanfomenuduiussenineUnanicu huus
p13) AuFwUTanNINeINIA/aynsaans (fauusdase) e Ingldisnisdendiwysdaseidn
aUN39833 Stepwise Fainsruiunsiasized fe WUsunsuazdonsiuUsdasydnaunis
mnnuiliiduusladunusivsl feganisdiiuny Tnefeinlifdulsdaseilad
ArduiusiufauUsna videdduusdaseiiunasidanms fuusduasgnifisdily
Tuaunis Stumeudsil

1) BuanmswisuteyaUinarusazdviiifomnsiemegi fgui .11

2) mﬂﬁ?uﬁ'm’]i‘il,mwﬁ%'au“a Tnansidendds Analyze —> Regression —> Linear
Fanandlusuil 4.12 uazvimseneideyalamdasineg faguil 4.13

3) Wswnsuvimsuananansiinsesilansgud 4.14



U 4.11 fhetnadeyalulusunsudniagy SPSS uiheing Data View

sUN 4.12 fegransiaenldands Linear Regression

5UN 4.13 fregransifendmiulsdasziaviuusnuvedlusunsy
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Taglusufl 4.14 aunsouansaunsnmanneeidanyie Y = 85.480-0.69250K
2.172NINO4+1.487MEI HisuUsgnaaiden fie SOI, NINO4, MEI uazaunsieduyseans
andunusLdany R = 0.423 1usiu

Model Summary
Adjusted R | Std. Error of
Model R R Square Square the Estimate
1 .280(a) .078 .076 2.93525
2 .339(b) 115 110 2.87980
3 .423(c) 479 A71 2.77875
a Predictors: (Constant), SOI
b Predictors: (Constant), SOI, NINO4
¢ Predictors: (Constant), SOI, NINO4, ME!
Coefficients(a)
Standardized
Unstandardized Coefficients | Coefficients
Model B Std. Error Beta
t Sig.
1 (Constant) 23.930 157 152.079 1000
Sor -.846 156 -.280 -5.417 .000
2 (Constant) 56.184 8.485 6.621 .000
SOI -1.365 205 -451 -6.651 .000
NINO4 -1.130 297 -258 -3.802 .000
3 (Constan) 85.480 9.968 8.575 .000
Sol -692 237 -.229 -2.918 004
NINO4 -2.172 .351 -.496 -6.190 .000
MEI 1.487 .289 490 5.152 .000

a Dependent Variable: RAIN
JUN 4.14 fedrmansiiasziteyalaslusunsudniagy SPSS

4.3.5 MIUATIRIABITOTUUNG

Tuns@nunildliasesunndifiensweinsaioynsuaivessedutihuinia lae
Frsdinanildmszduiuinmaresinedusinievusewanluvnsdetuldding
dsPufudstivtesuusdassmeuen (udlanmeinia/auvsmans) igaumsdetito
Toinamsnensaigniesutusiunstu Tnefiduneudwioluil

4.3.5.1 mnagau Unit Root Test

Humsnaaeuilofinnsananudsestesya saensveaey  Augmented Dicky-
Fuller Test (ADF Test) mudilsinanliluinde 3.3.4 Taglunmsiasgildldlusunsu Eview
8.1 afidunaudeil

1) Walrldnuveslusunsy Eview udidendudsiidesmmaasuusiazs laonisne
Double Click fifuusiu Waunsufasuanmiisosdayaiidon

2) Mndurhmsingideya Tasnadend1ds View —> 1den Unit Root Test fiuau
iresilones Series fidnun Faguil 4.15
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3) 1d@en Test Type : Augmented Dickey-Fuller, 91 Test for Unit Root in : L@en
Level # Include in Test Equation : 1d8n Trend and Intercept #un8iaiATIZANTUUYIN
muUswuududsiinnulduidssasivuliudadusgme dauandlugui 4.16

JUN 4.15 sy Views Mkauin3adiloiiedinsnzsi Unit Root Test fiaegeanil CT4

[l
(%4

5U# 4.16 M3ty Unit Root Test Liteyin1siiasigvideya
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JUN 4.17 fpgraman1TiAs1en Unit Root Naanil CT4

nsisaiteya Stationary viseliaunsafiansananaledify (nueseau

o o A

Toddnyfl 0.05 Anudesiu 95%) mﬂmaiugﬂﬁ 4.17 medﬁa;&aizé’uﬁ’mﬂmaﬁ CT4 i
59U Level 1Wu Non-Stationary Liesangesiuauyngiuing lngvadeuseaunisid
Random Walk With Drift tazil Linear Time Trend lagn15@nwagyinn1snagaunufiing s
illuidosq auasunnaniilifiogiusiasiauus Stationary Tuvailn
Mndumeuiivilimuiassduresnis Integrate vasdoyasziuivaaindnuautRitu

amgﬂsmnmﬂ' Integrated 7iszdiu (Order) lad@sasihlimsuinuuusians ARIMA (p,d,q &
586U (Order) o4 d danvinAuwinls

4.3.5.2 nsivuagduuy (Identification)

leldteyasunsunaifinuaut@ds  (Stationary) ud3nirdeyalusihmsivun
WuUI1a0e ARIMA (p,d,q) lasansunanmAsisalawnsual Autocorrelation Function (ACF)
g Partial Autoregressive Function (PACF) Lﬁaﬁ%squwLLUU'«i’waaamiﬁmau (p) waz (g)
winla Tngvihnsaanuudiasdlivans q suuuilemuuuiiassiivnzauian

4.3.5.3 n15UszanaAINIELees (Parameter estimation)

TnonslH38dsansiioniign (Ordinary Least Squares) Lilemannsfinesveton
193115889 (Autoregressive Parameter) war/vionmisdwasvssanadendouil (Moving
Average Parameter) Inedausluduneuiidusuluagldiusunsy sPss drelumsisies

4.3.5.4 n'lsm'maavﬂ'a'mgné’iae (Diagnostic checking)

devnisnwuusiassiumanzaulaeinisiansuaiadi Box and Ljung (Q-
statistic) A1 Akaike Information Criterion (AIC) #3® Schwarz Criterion (BIC) yonaINTua"
SeldRnsanAiaderidiaesuesruaanandau (Root Mean Square Error; RMSE) Tng1a
Fonguuuuihlyirarunaiaiadeusiign
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4.3.5.5 msmadauaNdumialuna (Granger Causality Test)
¥nsneaeuadusiulstiivesdudlanmenniafiiiessdutinuiaia dens
naaaua L dumafuna (Granger Causality Test) Faidunismadounisadaluiiovos
audumglunaszninsdoyasunsuiai 2 9 dlelgshuysannsnageunudtn uda
SnhfuUssendnuihnsnensalstfuiumagie LU 1aeee 3uIng (ARIMAX)
4.3.5.6 Msngnsal (Forecasting)
T¥aunisnennsaififvunuazsunsasvaeUnLTuneuieunthtumensainai
arniraziintuluouian Inedin1snaaeunuusiassoantdu 3 929 Ao 929 Historical
Forecast waw®24 Ex-Post Forecast Ransadayanaudd 1980 - 2011 uazd1q Ex-Ante
Forecast Tud 2012
4.3.5.7 MseuiisuauLdug1vananIsweInsal
YINANISNYINTAINNLUUSIa0997317 (ARIMA) HaZLUUS1a89973UunD (ARIMAX)
Igtaman unUTeudisuiuaintuaswdifuanai Root Mean Square Error (RMSE)
olUTouiiunuudugIsEnIennIneInsalanLuUsaese13 (ARIMA) wasluusiaes
9130UNG (ARIMAX) Tagmuiadvil RMSE 1W3suifisu (Relative Root Mean Square Error)
WInA1 RRMSE fAntiasndnis nuneai1uiwuusiassen3uund (ARIMAX) Teian
WYINTAITILIUEILNNNTILUUI 189987307 (ARIMA) usmniaunnaisuansinnuusiaes
913uun% (ARIMAX) T mensaiiudugtosnimuuusiassendun (ARIMA) Tuvasdinnd
AU sanssdesuusassliamensaifiudug iy

4.4 ﬂi?ﬁ]ﬁa‘UNaﬁ]qﬂﬂ'ﬁWEﬂﬂiﬂjﬁquﬂqaﬁ?ﬂLL‘UU"\‘]"laEN MODFLOW

lngasrauuinasugeuluvirlimeaidedoyanign1nnieassaing1iuiutays
aninwandendug vesiiuiidnwivinansadmzemoudns ldun feyaduiiugui
auaulinssamanivestuiiuduin szfuiuinia Umumstvadigduihuima deya
danngiiuseina Usunausu Tﬁl,ﬁﬂLLmﬁmauaammﬂqwﬂﬁiﬂimaaﬁuﬁﬁﬂmaaﬂm

udr3sinsiassnsinaresiiaalufiuiidnufsuuudiaemadamansd
(MODFLOW) afidunaundnuszuias 4 tunou Ao wdsudoya wasteyauazdasang
adnmanilaeisnisideiiay wansnanisiiasuazUiufisuanfinaziingngsinay
goulva wielfansnusadu fannisiua aunaiiuiaaaznisldivinia el
n3aouioyassivihunadildinnszuaumeneadn Tnefitunoudwioluil

4.4.1 ¥amswensaivTinanufedsianimoinia/amiaians lugaaianile
Avuabl

4.4.2 thSmnamuantite ¢.4.1 Woduainsidu (Recharge) WLUUTIAD
MODFLOW mug’du,wsuaqu:umi’waaqL%quiuﬁﬁﬂﬁﬁmmlﬁﬁm%’uﬁyuﬁﬁﬂm ilodaasz
HaASERUIUING

0.4.3 haszduiuiaaildaniade 4.4.2 yiUisuiisusudissduiiuiaad
Auldasaluauiy



unii 5
WOANITUVBIRLUSNRNY

TuuniiBunansfinwingAnssuvesdnl i Aneateslunisdnel wu Arded
anmgienia/aynsAans Usuaiin seauinuiaaluiuiifne) delevinnisinsien
Toya AadAnsIN seumsiine Ineiisneazidennwalull

5.1 msAnsgineiianingiionie/aynsaans
1NNITHATIENVBLAUTINGNITNAULUTUTINVBIEA N TRINA/aUNTANERS
Usenaudig usauggiouaLfeu (Asian Summer Monsoon) Us1ngn1saiduieuleleula
Iwa (Indian Ocean Dipole %38 10D) kazUsingnisaltould (EL Nifo-Southern Oscillation
W38 ENSO) saumsay 6 il Ienanmsiaszimutatesing o seluil
5.1.1 MMIATIvFBUAUNSIRRE1vBsuTungFoueidy (Asian Summer Monsoon)
5.1.1.1 #2%37 Indian Summer Monsoon Index (IMI)
INNTILATIEVToYaTI8LABUVRIRYE IM A8ITn1shentaunnsu (Spectral
Analysis) 91nlUSWATH PAST mmmLLamﬂﬁLﬁumﬁﬁm’mﬁqﬂaEJ'NGB’@Lﬁ]u FILERS mugﬂﬁ
5.1 (a) WuingUnuuweenswl (Periodograms) Wiuladainfidnuawisgnaaulngjaiunan
unuardnuilignaduiidnniniifienunaites fsennsananliindseuiidaauegiivszana
1/0.083 = 12 ifiou fidnaududusiusesasnAeuszan 1/0.165 = 6 Liteu Turiuos
LEehiY gﬂﬁ 5.1 (b) wansATUMIARGIFIENTLAIINER (Wavelet Transform) n31ulu
unuuauagnionAwasanduluasunuiaduseunafins dawuin munisifndisudn

AoUszunns 1 Ulnsuanidnuueafinaentiaiaifidnen (Stationary) waga1un1siind
diudnsetannioUssuim 6 eulnsuansdnuasiinoudiensd Seavesnunisiinin
#0AAABINUAUNITIATIERAI8ToaIUANSE Lasdidonndesiun1SAnN¥IYes Hendon et al.
(1999), Chen et. al. (2000) uaz Higgins and Shi (2001) finui1AnuLUTUTILVBIUS I QL

MAnNusgUgRTeulldnuazauLUsUTINegluTaUgYNIa (Seasonal) uays1eT (Annual)

(a) Spectral Analysis (b) Wavelet Transform

5UN 5.1 dnwazArumsiinginlgisnisieniaunndyl (Spectral Analysis) uay
nswUaanaidn (Wavelet Transform) vassiil IMI
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5.1.1.2 fn%9m Western North Pacific Monsoon Index (WNPMI)
NNTIATIEIToYaTIEaUMIEITN SHENLEUNATY (Spectral Analysis) a1311130

a

wansliifiuAifianuigeegrsdalou Fnanspuguil 5.2 (a) wuirsuuuuvesngIv
(Periodograms) iudninfidnwaunilsgnadu amsasuldindiseuiidaausgiuszuim
1/0.083 = 12 Wflou luvhuaufentu 3Ui 5.2 (b) wansumaiAasidenisulasanide
(Wavelet Transform) n3wlusnuuaundendwesaniuluazunudadusouniaiia d
wudn Arumsiindudnfetssann 1 U lnsuansdnuuzasiinaontisaatiifinu
(Stationary) Sakavasaumsindfisnunzasnadesiuiunminseiseisalanialusy
7152 ()

(a) Spectral Analysis (b) Wavelet Transform

[y

sUT 5.2 dnvaizAunsiiag1aigisnisueniaunasu (Spectral Analysis) uagn1suuadim
i&an (Wavelet Transform) aasaail WNPMI

5.1.2 Ysngnisaiduideulaieulalna (Indian Ocean Dipole %32 10D)

5.1.2.1 %3 Dipole Mode Index (DMI)

NNTIATIERTRYa BN UMETINSHENLEaUNASY (Spectral Analysis) @11150
LLamﬂﬁLﬁumﬁﬁmmﬁqqlﬁ é’mamm’mgﬂﬁ 5.3(a) WuIngukuUeINI W (Periodograms)
udnididnuavilsgneduiigauardnassgnaduimniuandatiuaesn aansananlé
fisoufitatauagiiuszanal 1/0.018 = 50 Loy wie 4.16 U druiiudnidusudusosamnie
Usganal 1/0.027 = 37 ieu vive 3 U uarluddiuiianuiid1uszanas 1/0.054 = 18.5 iy
vseUszanal 1.54 U Tuvhueadgaiiu gﬂﬁ 5.3 (b) uansATuMaARgIFeNITUUAL TR
(Wavelet Transform) nswilusnuusundendvesiaiduluasunusaduseumaing @
wud munniadiiiiudadusnie Uz 4 U waveglugaed 1990 - 1996 uaraA1ums
Andiiutasesasnde Usvana 2-3 U uasielutned 1996 - 1999 Uszana 1.5 U Tugaad
1983 - 1985 Fanavesmumainiaddnvuzasnndestutunisiinmzise Badanialy
U7 5.3(a) Tnesansdnwaenadesiunisinuiues Saji et al. (1999) uag Yamagata et al,
(2004) Avuinsingnsal 10D FénwazseumaiAniluseud
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(a) Spectral Analysis (b) Wavelet Transform

5UN 5.3 dnwaizarumsiingisigisnisieniaunnii (Spectral Analysis) Uay
nsuUasavlidn (Wavelet Transform) vassiail DM

5.1.3 Usngn1saliauld (EL Niflo-Southern Oscillation %38 ENSO)

5.1.3.1 #1d¥n Multivariate ENSO Index (MEI)

NNTIATIERTRYaTIBFRUMETINTLenaUNASY (Spectral Analysis) a131130
wanslfurifinudgslsd Ussanm 4 A fauansmuguil 5.4 () wuinguuuuvesnst
(Periodograms) fuenUaggefigregiuszanal 1/0.021 = 47 (e vie 3.9 U daufiudn
Judususesaswndududuassfouszana 1/0.016 = 62.5 iiou wie 5.2 U wazdunuany
Aousvanm 1/0.034 = 29.41 ey vi3e 2.4 U Tuvhusaiieafiu JUil 5.4 (b) uansmunsiin
F1saen1sulasanidn (Wavelet Transform) Imwmaumﬂﬁmﬁmmﬁqﬂqﬂ A9 4 year
aonndastuiBuoniaUnndy wiifuanizdaeseningd a.a 1986 uay 1988 uenaIniuen
Uagefisesasn 1w seu 2 fe 4 U azusngamzlutaslsening a.a. 1995 wazd 2000
fuisnslinseiiauneduastisszysounaiialiazaniu Tnsnansinuildiaang
denAdeIfiu Trenberth et al. (1998), Wigley (2000), Trenberth et al. (2002) #1318 inuin
fuil MEI uansiiausingnisal ENSO 1ufiauauuususiuegluraeseninaliazsou
nangl

(a) Spectral Analysis (b) Wavelet Transform

LY

JUT 5.4 anvaizAunsiing1aigTsnisueniaunasu (Spectral Analysis) wagn1suuadmn
ian (Wavelet Transform) a9l MEI
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5.1.3.2 §2%3n The Southern Oscillation Index (SOI)

NNTIATIERToYaTIEaUMIEIT N SUENLEUNATY (Spectral Analysis) a111130
wanslviiiuseunisiinfidainuigeld daansmiugud 5.5 () wUirgURUUIBINTIN
(Periodograms) Wiuinfidnwauzaduiiueuuagagauszanal 3 A Ineendigefianoeiiuszan
1/0.034 = 29.4 \fou vide 2.4 U druuouvdgaiiaududufusesamndudusvassie
Usganal 1/0.021 = 47.61 titeu vide 3.96 T Mudaidusuduamdouszana 1/0.007 =
142.8 ou vie 11.9 U lwhusafeatu 3Uf 5.5 (b) uansaunsifngidaenisuuaa
A (Wavelet Transform) dswuinseumaiindiiiudndoussana 2 U wagaiunisiind
udasesasnfouszana 12 U uazUszana 4 U suddudssaiidnvazaenadeatuiuns
AATIEvimeIsaUansa

(a) Spectral Analysis (b) Wavelet Transform

[y

sUT 5.5 anvaizAunsiing1aIgTsnsuenialnasu (Spectral Analysis) wazn1suuadimn
&% (Wavelet Transform) vesaail SO

5.1.3.3 §2337 Sea Surface Temperature (SST) NINO4

MR sanAmieududnusdug fnanunuditeiu msiiasgiteyasie
ieuvesdvil NINOS mugud 5.6 (a) nui1 mnudgeanedfivseana 3.8 U luvngiigud
5.6(b) I¥atfuayuin arwigeanfeussun 4 9 Tusewinedaed 1996 - 1998 usnaniiés
ANTINUTBUNSARANNY 1 1 T 2 Tuae 3 U naentisanuevesteyaiidn

(a) Spectral analysis (b) Wavelet Transform

5UN 5.6 dnwazaumsiingmnedsnisueniaunnsu (Spectral Analysis) uagns
wlasavlidn (Wavelet Transform) aasdail NINO4
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MnMTeTgaunnisevesiulanmenne/aymsmans vesiauusitldndn
wudransaagUAvessaumaiAndtldnumsd 5.1 lnsifiuiseuniniinvesusaung
YousLduudon dudl IMILay WNPMI flaniuadieadefuogiivszuia 1 Y dwmfu
Usingnisaiduisuleloulalnadvil Aerdvil DMI Iseunsiineglugiauseuia 2 - 4 U
wazUsngnsaliould Ae Avll MEI fseunisiiineglutielseanm 2.5 - 5 U dwil SOI dseu
nmsiineglutisszana 2.5 - 4 uay 12 U dwudvil NINO4 fiseunisiinegluyisdszana
2.5 - 4 uar 12 ¥ Fufiusournanszndned (Interannual) LAZSOUSENIIMAITTY (Multi
Decadal) Bsluninfudaunauiiuin fil MEI NINOA wag SOI fidn sounisiinegiiussanm 4
U adendstuilosnyndviifuiifaanuinundvesusingnisal ENSO wilousuudld
ALUTIATIERLANGNATL.

= ' a a da a o w v oo
M1519% 5.1 asuAmgAnssuseumsiianianudgeanaudiquusnvesiviianineiniey/
AUVIANANTNANWIAINIBTNTIAT IR UNATY

. A saunsiindiiinnudgeda 3 svunsn @)

o sl 1 dduil 2 L

IMI 0.5 -

DM 4.2 3.0 15

MEI 3.9 52 24
NINO4 3.78 2.45 124

SOl 24 3.9 11.6
WNPMI 1 - -

5.2 menneiteyatiunaniisly

Igvhmssusdeyauimnaninuaderodouannsuegnieuinervesanidluaa
nansfogluinnuiiuiifnwivszana 15 a1l Wy aodngannumiues anndaoudes
anntlavil@unsy anlluasugu annfinszuasaioysen anlfiunanys aandgnes annd
uasaa33A anndaniuasaissd wazanifinigauy’ lnsdinmafuieyauiuiigadud
1951 s YaqUiu Inaudazanifgiwalunsiiudoyaunnsisiuly fslaiasandnulu
Prnaiinandiminuideyaauysaifigauaglfimaiemeiiullusnmaientu 366
Fonlddeyadisaaioudd 1980 - 2015 Taefidadinssnnvestoyatiuiléainns
Ansgviedauandumsned 5.2 foll

Tagn15199 5.2 wudrAedsvesuIuardusefoulutianariidnugaanogd
137.61 1.4, fanrdinsammsmuasuaziinsnszanedgaaaiiadrudssuuinasgiumindu
135,36 wade luvaigideyaiinisuauasifoongean (Kurtosis) fanidminanssan3 e
finanilfidmu (Skewness) Wuuan
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¥
a

a I aad a 5 = & A
M1919N 5.2 ﬂqﬁﬂﬂwu:ﬁqusﬂ@\‘iﬂimqmuqNu578L®@u1u‘WUVIﬂﬂH']

Station Mean SD Variance | Kurtosis | Skewness Max
Chainat 84.57 92.49 8531.85 1.51 1.28 462.3
Suphan Buri 81.35 90.12 8100.91 2.87 1.52 502.2
Ayutthaya 90.33 94.86 8957.98 0.85 1.12 463.4
Pathum Thani 117.18 108.11 11612.57 1.36 1.06 535.6
Nakhon Pathom 84.05 92.68 8567.52 1.62 1.34 479
Bangkok 137.61 135.36 18275.4 -0.09 0.85 586.3
Nakhon Sawan 95.70 96.08 9206.94 1.08 1.00 588
Don Mueang 114.42 111.84 12507.51 0.00 0.84 533.40
Lopburi 93.81 94.28 8865.41 0.89 1.03 470.2
Kanchanaburi 88.02 92.11 8461.91 1.27 1.22 469.7
Chachoengsao 111.15 96.84 9379.52 0.60 0.88 490.3
Ratchaburi 97.34 103.26 10662.53 0.42 1.05 441.50
U-Thong 85.90 94.74 8974.72 2.64 1.52 526.10
Takfa 99.07 97.91 9586.47 0.57 0.98 470.00
Kamphaeng Phet 109.02 108.92 11862.83 0.49 0.99 551.7

'
aa v A

lnglugui 5.8 uananginssusuauNsiiag1vesUSunaruluaanindaiien an

) I

foyauiinamuneiiou fontsuvasarhdn Gamud aunisiiedifirudniigafoUssaa
19 uagmumainiiiiudnsesasnfeUszinm 0.5 Ivie 6 ifeunazanyhefoussana 3 -
4 pou ﬂ’jﬂﬁﬁmmmuﬁwqﬁﬂﬁuL‘fluiwaq@maﬂé’ﬁmﬁaﬁ’wﬁaumq Jan¥aiifiarsan
Fsravesnunsiinangy 5.8 fdnvazasandesiuiunsinsizsideisauansa
GLugU‘ﬁ' 5.7 waBlunindunsuansaunsiiendaenisuUasanidn (Wavelet Transform)
Au1T0ue9RuTI99a1v09A UN ARG AT A Fedon ddege U Aandil
WIruAIATEYsE IMawwesnmumsiia 1 U degluyiet a.m 2001 - 2002 (UShauduUsed
¥13Ui 5.8) Betfouningrsdu 9 vestraadn luvasfiviinamuiiaanddu 9 Aawisa
wuaunsiesnmasiens Tilwhueadeatu umisddnumrlunwsiuresdoyauan i

& a a a . v e v
BAUIBUNITILNANIAIN (Statlonary) maEJ@M’]MEJWTU@Q?JEJ;&@V]%WM
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Bangkok Don Mueang
Nakhon Pathom Kanchanaburi
Lopburi Nakhon Sawan
Ayutthaya Suphan Buri

SUN 5.7 uanin1siinsziaunalgisailansa (Spectral Analysis)
929USUNUHUS B BUADUNARLEDN
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UM 5.8 uanensiasiziaunMsiiagisen1swlaainian (Wavelet Transform)
vasUSInasuselaunanindaien

5.3 m*ﬁLﬂiﬂ%ﬁ‘ﬁ'@gaizﬁuﬁﬂmma
mﬂmiiwﬁamﬁ’aaﬁaizéi’uﬁﬂmmaiwLﬁawmﬂaé’ammmaaﬁmmmm%’wmmﬁw
U118 ‘luu%nmuéafnmmaLa’hwwamauéwmamquﬁuﬁﬂﬁzmm 17 Jandm due
Funamsalieaulszana 464 Ue lnaudazanidftiwalunsiiuvdeyawnnsaiuly vig
vafisnanafiudoyauuiiaadeudd a.a 1978 fs Hagiiu Tnsdrananistuiindeya
wﬁufﬂmmaLLaﬂuU%nmﬂgqmwuaw%um%amamumﬂﬂ’hﬂaé’qmmmiaﬂuﬁuﬁdau%‘u
YBILBLIMNTLYINDUAS
Tnensinmunisidsunlasiuamessesuiiuinadussovoa sowflaafiuuug
ansnsalfs AneUiunathuinaldesadiusyavsnm Sesesuiilatinsdrsatiuiy
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ﬂ'ﬂiwEJLﬁauu,asmﬂLﬁaulm'ﬁmsﬁﬁ’sw‘fﬂﬁ%uaizﬁuﬁﬂmaLﬁaaﬁuwmﬁau Tudunsnisdes
mmimmauawnmmEJLwaiuaumuL'Ja'VUawamaivmmmamaummmaLuaaamusm
mmﬁm'ﬁﬂi“mmﬂﬂumqLLUULmLauﬂau mﬂuuﬁmimwmmmmLaaﬂamuwmamasvmm
mmamammmumummLLasmmnmmﬁmwmwmL’;mmmﬂu Ao waudl p.e. 1981
899 AA. 2012 SausvazaUssunn 30 U Idanun 14 aaniiunvinisinsiest Tuvaed
anniidug ddoyaroudredunarlsianysal SarszduihuimavesusasUouanaiiguil 5.9
Tnoidmsadianssanvestoyausiazuauanifanisnai 5.3

cTa cT5/2

GW depth (m)
G 8K 8
GW depth (m)
BoNoN oW
G 38 & 8

HNMYT QN AN NMTNORN OIS NNTNN QTS n un
TIRIBEBIRARIRRERESS88I85832 ZRRIBEBIIFIRIIRALZRES ST L5832
R R R R R R R R R AR R R R R R - R - - B R R R -] C RN RRARRINRNDTTRNNOOOOSSSS SO
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a I aa o 3 ol
M1919N 5.3 ﬂqaﬂW‘V\ﬁﬁﬂﬂsUf‘Niz@Uquqﬂqaiuaﬂun]ﬂﬂU']

Station Mean S.D. Variance | Kurtosis | Skewness Range
CT4 23.56 3.66 13.33 0.18 -0.77 15.22
CT5/2 23.83 3.90 15.16 224 -1.52 18.95
CT7/1 24.46 2.69 7.20 0.59 -0.48 13.77
CT17/2 36.08 8.23 67.48 -0.58 -0.69 32.08
CT22/3 37.28 7.24 52.29 -0.39 -0.22 31.22
CcT23 2797 4.19 17.51 0.32 -0.96 17.60
CT26/1 34.68 7.03 49.32 -0.33 -0.33 28.39
cT27 20.63 3.42 11.67 -1.28 -0.06 12.19
CT30/1 18.11 4.54 20.54 -1.48 0.27 17.72
CT31/2 7.48 3.06 9.34 7.16 2.45 17.27
CT33/2 47.69 11.42 130.06 -0.42 -0.18 46.51
CT35/2 19.17 4.15 17.18 -1.33 -0.43 13.00
CT45 40.45 8.60 73.73 -1.17 -0.42 28.19
CT48/2 28.93 11.72 137.01 -1.57 -0.04 35.38

nnaniififideyadeudisauysniuas mafudoyasnuiuiian TasBududd .
1980 - A, 2012 Tumseft 5.3 wuhseduidanuuUsiumnniigaiiand cTas/2 Tuvued
seiuivesandl CT7/1 fanuuusiutiesiian Tnefianadsvesseduihuinadtinaindan
Uageanagil 47.69 v. fiandl CT33/2 uarlasnmsamdeyaszduiiaaiauuanuasi
ARUT 19U (Negative Kurtosis) waziUene (Negative Skewness)

MnMslasingAnssuaunmaingivesseiuinuiaaluudazandfidadon
MndeyaneifeuseTBadanta wui fanidl CTa aunaiAndfisudelnedueutagags
flanegfiuszana 1/0.003 = 333.3 1ieu vde 28 U wazamunsiiaiiiudasesasnie
Uszanm 1/0.075 w3e 133.3 fiou vie 11 T vhilszduiuinaiidnuusvosseuniaia
Adoadsfuiounn 9 andfifansanduandlugud 5.10

MnmMsiengisgduiiuiamadieiinisuasamdn dauandusud 5.11 nudn
vindifiseumaindillanidudiumnegious 16 Yiuly uasiidnuuenginssuadionds
fuiieunng andififiansun wazarunsiindidnvuzaenadosfufunsiinsziigis
aandafiuaniseunininyszanm 28 9 vl Afegusnuinadureuiundieisnnay
(Cone of Influence) immammwmmﬁwqmﬂﬁmaqmLL‘UiUmmmawawamaammmm@
naniflesniininifeyaindiaiuiug uinsuanseunsingifensuUaavian
(Wavelet Transform) fvinlfaunsnueafutisiaivesniunising il idsdiosq 16
fegna Wwu fianil CT5/2 nufdwesmumainuszana 4 U Turasdszainad e 1995 -
2003 Tnglunmsailduansliiiiuindoyaiianulsined (Non Stationary)



cTa

CT7/1

CT22/3

cTas

CT23

5UM 5.10 Meogramslasizinnudimeldalansa (Spectral Analysis)

CT5/2

cT27

CT26/1

CT48/2

CT30/1

YBDITLAULIUINNAITELADUYDIENUNARALEDN
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JUN 5.11 fegnslesginunisiagisienisulainién (Wavelet Transform)
YaasERuuIaTIgRouiaanlifaien

MnMslesgiseunisiins ngldnsiesefanafuiutunisutasiride
aNI03EYTOUNSIANYRNILUTANG 9 dlaefinsudasidnanuisaedunedisiavesnis
Aaldegsaziden lurazfinisimssiadnnduannsauvanaldazainuaziminzauiy
auyRgiuiveyarouthailmanntasnnuevesteya
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uansinwluunienananliidulsudasiillifnuniarudiiuddety wioad
mnuduiuinnvietesunndaiuly 1wy fudaniwernma/aymsenans luansiedl 5.1 fe
Sl IMI AU WNPMI Sseumaifnaenadasiuuiinamsumniiaafie agfl 6 douuas 13
Tuvaziseunsiinvesisiianiwornia/aynsaans ue 1wy DMI MEI SOl waz NINOG 3]
soumsiinvesdvilogiivszanal 4 U faaenadostulsingnisaiieadluse Sy ilonudn
fyianiwennia/aynsmaniidenunAnwdauduiusfuuiunaduuaziinauaad
pdeadei uwiluvmediseiuihuinatianulded luunsenndluaglduaninsiamey
puduiussznindiulsfenssuiunsnsadifiuanzaufiovnisensaituuay
seuthumadely



unil 6
N13ANEIANNFURUSIENINRLUSAN N TN/
AynsAERIAUUIIIaRY

PMNNIAnvImgAnIsuvesiiulsang q Mieadedunis@nen Tuundl 5 wuindwd
anmerne/agnsenans danuduiusiisenedostuuiinasiey fauluuniddaldinig
Apsgianuduiudlasldnszuiunismeadaiedilugnismennsaivdunarusionis
Answianneadadu Inelsandeadelui

6.1 nsApTgAUENRLsLUUlYdTENINRIuUTaN NN A/ Ay N SANENS

14
nUUsHaUIHY
lumhdeiilanarifsnsinszidiwdsiagldanuduiuswuuled (Cross Correlation)
FEnINARTTYInUIUTINGNTIENINEINA/ALNTANAATIINNMNA 6 AU Laun Al
IMI WNPMI DM MEI SOI waig SSTNINO4 fuuSsnauthstuluiiunifinwidiuau 15 an1il anu
Nay Y o v o | ~ g va & e Y
ngufntanadliluite 3.2.1.2 Teefidunusvetanitiang q Alinsigrlununfnying
wandluguin 6.1 Fausunaudwuiivisnandnwiwanssiululuudazanrinudeyani lag
FraeINannline dawet a.a. 1980-2014 lanansiasiznasialuil

5UN 6.1 dundsannilindnuifndenluiundnw



78

6.1.1 dvil IMI fiu Vunautinly

31NN153LATIBRANFUITUSUUULYIMTa AN ENAUS SEninedIuUs Sendnedvil
anwanme IM fuusinasidusaideuvesaniiing q luitufidnuiigasanfnusaud
A.A. 1980-2014 Wy Armanduiusuiunaitann fe luninsiudiareglugiesening 0.5-
0.7 Tnsflaaniifaninuasarssdliranduiusgeanegd 0.667 Insaniiinigauyiila
andaiudiiongaegi 0.482 ilefia1san91ngui 6.2 wuin dnvazvesmavduusilAIge-m
aduduipinsnasnmnuenvestoyaifiansan uazilofinnsanununawriey (Lag) wuiy
Usinahrulasonisneuaussiudell M agnasinda Inefirdudssavianduiusaeanog
Tugrsanvasy 0-1 Weou (lag 0-1) faty emumuzaudmsunswensalounnssle
fsananduiusgagaansnidnluanaudnisinuemn Tasnansiinsizsivesanniling 1
ynanfiilsvhmsdnundamsed 6.1 deluid

a ] v ¢ a 5 ] Y |
A5 6.1 AENANNUTUBIUIUIUUHULARZADIUNUAIAYU IMI

anfi¥avinelu Aandunusgaiign YraavAeu (1Heu)
Bangkok 0.543 12
Chainat 0.559 12
Lopburi 0.569 12
Suphan Buri 0.541 11
Nakhon Pathom 0.543 12
Ayutthaya 0.609 12
Nakhon Sawan 0.638 12
Pathum Thani 0.533 12
Kanchanaburi 0.465 11
Chachoengsao 0.590 12
Ratchaburi 0.533 11
U-Thong 0.504 11
Takfa 0.621 12
Kamphaeng Phet 0.612 12
Don Mueang 0.598 12
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5UN 6.2 dnwauganudiusszniedvil IMIfuUSnadWuseweuvesaniidsing o Ndnw
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6.1.2 ¢l DMI fu Ussnautielu

INMTIATIERAUFLTUS LUl TR e NdNRUSTE NI LU Seninsaviiani
9mA DMI fuusinaidusedouvesaanilsng o luluiidnundidraaardne wuin dan
duusransanduiusiios Ao lunmsuiiriszning 0.1 - 0.2 Insftaniifaninunustidlvien
andusiusgsgaeg 0.180 Tnsanidany3iaanduiudiesanogil 0.088 waziilofiansan
MN3UT 6.3 Mnsmknuamien (Lag) wuinlimaniwuianuduiusiudvil DM g
Tug23 9 - 12 e wilunmsnilimduyszandanduiusden nefnansinszivesanii
fna 9 famsei 6.2 seldil

[y

AN5199 6.2 AanauNUSYIUSIN N UwRara R uANGw DMI

anfi¥avinelu Aanduiusgaiign Yraaviaeu (1Heu)
Bangkok 0.168 12
Chainat 0.092 12
Lopburi 0.088 9
Suphan Buri 0.138 12
Nakhon Pathom 0.144 12
Ayutthaya 0.152 11
Nakhon Sawan 0.148 12
Pathum Thani 0.223 11
Kanchanaburi 0.113 9
Chachoengsao 0.123 8
Ratchaburi 0.117 12
U-Thong 0.159 9
Takfa 0.115 11
Kamphaeng Phet 0.141 13
Don Mueang 0.172 9

SUN 6.3 anvagANENTUSTEIeAYll DMI AudSinamusedsuvedanilsng 9
Tuun@nw
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UM 6.3 anvagAudTuSIEnIeivil DMI AudSinaiusedsuvedanilsing 9
Tuundne

6.1.3 Al MEI nu YSunauunelu
NAFIATIZINANUFUNUS LU UTUINT D ANUAUNUSTEMINIAIUT TENINPYRANIN

'
a1 =

91778 MEI AuUSunudiusefouresandng o Tunundnerngiaaaifineg) wuii a0

[y

U o s Y a a 1 N Ao ~Ng Yo v o &

ANAUNUTUBDY AD I‘Llﬂ']Wﬁ"JﬂJﬂJf"’ﬂizwa']\i 0.1-0.2 Iﬂﬂmﬁﬂqu'ﬂﬂ%j@TJVJQJﬁ']uELMﬁ"Iﬁ%ﬁNWUﬁ
|dl a o = U LY 5 ¥ |dl d‘ a

Qﬂﬁ;ﬂaq‘ﬂ 0.180 Iﬂﬂaﬂ'ﬂ!ﬂqLLW\TLW%?NﬂWﬁﬁﬂNWUﬁU@Sﬂ;@@QW 0.083 LLﬁ%LﬂJanlqﬁmqﬂqﬂgﬂ

(% v 6

1 6.4 NATMALNULIANKRRY (Lag) WuIUTunauhduiiauduiusiudell MEl geiya9
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syeza1Uszanu 12 - 14 1hou lasdnan1siasizivesaniilang o Asluansni 6.3 uay
molUll

AN57199 6.3 AanauNUSYIUSINNHuwRaran R uAewl MEI

anndidntnu Aandunusgaiign Yraanviaey (Heu)
Bangkok 0.116 12
Chainat 0.168 15
Lopburi 0.113 13
Suphan Buri 0.147 14
Nakhon Pathom 0.094 13
Ayutthaya 0.210 13
Nakhon Sawan 0.106 12
Pathum Thani 0.179 13
Kanchanaburi 0.119 14
Chachoengsao 0.100 7
Ratchaburi 0.113 12
U-Thong 0.103 13
Takfa 0.143 13
Kamphaeng Phet 0.083 14
Don Mueang 0.131 13

JUN 6.4 dnwagAuduTuSIEnINevll MEI AudSinamdnusemauvedanilsng 1
Tuun@ne
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UM 6.4 (si0) dnuwaizauduiusseniensil ME fudSunaniduseinewvesaniilsg o
TuunFne

6.1.4 ¢l NINO4 fu Usunaniarlu
PNATIATIZRALFLTUSLUU LY IMT oA LA US TE e uUS Seransaviianin
91nA NINOG fudSmnaniruseieuresaanis q lutuiidnufidiaifine wuin i
Anduuszansanduiusios fe lunmsaudiasening 0.2 - 0.7 lnedfiaandnnia S s
upsensIAliAanduusaeanogi 0.65 Tavandnaauyitaavduiusiosanegi 0.225
LLazLﬁaﬁﬁmmmﬂgUﬁ 6.5 nnsiununaIADN (Lag) wuUSmairudiawduius
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v v A

fudutl NINOG gaftieszegiiatUseannl 11 - 12 wou lauiinan1siasieivesaniileing q
ATlup3N 6.4 siolull

A15199 6.4 AavauNusveIUSUMUNHuLAazandiuA1awl NINOA

anndidntnu Aandunusgaiign Yraanviaey (Heu)
Bangkok 0.241 12
Chainat 0.240 12
Lopburi 0.246 11
Suphan Buri 0.261 12
Nakhon Pathom 0.240 12
Ayutthaya 0.294 11
Nakhon Sawan 0.260 11
Pathum Thani 0.291 11
Kanchanaburi 0.225 12
Chachoengsao 0.258 11
Ratchaburi 0.273 12
U-Thong 0.223 12
Takfa 0.247 12
Kamphaeng Phet 0.226 12
Don Mueang 0.212 12

JUN 6.5 dnuauzanuduiugenineivil NINO4 Audsunanisusgifiouvesanilang 9
Tuun@nw
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SUN 6.5 (i) AnvaigANduiusTEnIvll NINOA AudSinamiusiewsuvedeaniil
A9 9 Tuiunfne

6.1.5 ¥l SOI NU YSurauuny
NAFIATIENANUFURNUS LU UV INT DANUAUNUSTEMINAUST TENINPYRANIN

9171# SOl AUUSIAUNUTIBRDUYeIdan1 1S o TulunAnwgiaaifinyn wuan dad

'
a £ ~

duusvansanduiusos Ae lunmsiuiAsening 0.1-0.2 Ineanldwminuvusiilvead

v 6 1

anduiusgegaegi 0.193 lagannlaniihliranduiiusiovanagi 0.068 uagiilefiansan

Y 9 Y
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NNFUN 6.6 NNTMALAULIAUWREY (Lag) WuTUSuautnuilanuduiusiudvil SOl g9
Ng9szazaIlTeial 1 - 6 1hou lavlinanisitasisivesaniilannge aslunisei 6.5 uag
JUT 6.6 sioluil

I v oA

M990 6.5 AavauiusveIUsUNTNHuwAaraandiuAeutl SO

anfi¥ainelu Aanduiusgaiign YraavAeu (1Heu)
Bangkok 0.096 1
Chainat 0.150 3
Lopburi 0.074 1
Suphan Buri 0.124 2
Nakhon Pathom 0.110 2
Ayutthaya 0.166 6
Nakhon Sawan 0.120 1
Pathum Thani 0.160 6
Kanchanaburi 0.125 2
Chachoengsao 0.090 6
Ratchaburi 0.078 5
U-Thong 0.109 2
Takfa 0.068 3
Kamphaeng Phet 0.112 2
Don Mueang 0.078 2

5UN 6.6 dnwazAnuduiussyninuil SOI AuuSunanihumenauvedanileng 9
Tuun@nw
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U 6.6 (si0) dnwaizAuduiusszndduil SOI fuUsunamiluseiiouvesanileing «
TuunFne

6.1.6 il WNPMI Ay USuautiely

NATILATIZRALFLTUSUUU LY IMT oA AN US TEIei U Seransauiianan
91m1A WNPMI fuvsinanidusefiounesantiinng q luluiidnufivasnandnudousd
A.f. 1980 - 2014 WU SAranduiusurunatstaunn Ao TuniwsaudaAszning 0.5 - 0.7
Tneflanniidminuasassdlimanduiusgeanagi 0.659 lasannduyusidfmanduiug
ﬂaaqma@jﬂ' 0.506 LLazLﬁaﬁmsmmﬂ'gUﬁ 6.7 NNSMTUNLUIAWEDN (Lag) WuTnU3anay
dulasenismevauasiusieil WNPMI aghesinids Sildnvasadratudvd IMI agraunn 3
finrsaunldedulssansanduiusiigigauasluseudaluaindunisgud fuanananis
Anszsivesaaniling q famsed 6.6 soludl
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[y
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ANYU WNPMI

anndidntnu Aandunusgaiign Fraaviaeu (Heu)
Bangkok 0.633 12
Chainat 0.626 12
Lopburi 0.637 12
Suphan Buri 0.599 12
Nakhon Pathom 0.607 12
Ayutthaya 0.633 12
Nakhon Sawan 0.677 12
Pathum Thani 0.622 12
Kanchanaburi 0.536 12
Chachoengsao 0.626 12
Ratchaburi 0.636 12
U-Thong 0.541 12
Takfa 0.649 12
Kamphaeng Phet 0.648 12
Don Mueang 0.623 12

9
Y]

U9 6.7 dnwazANENTUGTERINRYd WNPMI AuUSinauidiiusiemousesaaiianig o

Tuiun@nw



89

JUN 6.7 (si0) dnwaizAnuduiusseninedut WNPMI AudSinanisusigiiouveseaniil
A9 9 Tununfne

Tunwsaunuin Usunasauluiundnudanudunusiuaasd IMI wag WNPMI 110
50 ImUﬁﬂaﬂué’uﬁuéﬁiaﬁuaé’]diamL%ﬂ,maé’qLﬂ@ié’fﬁ]ﬁﬂmawﬁuﬁuﬁ‘qﬂmﬁqmimﬁamm
a1 (Lag) dmeglutieteundiviawiiu 1 ey eranduiussevinedvi IMI duuSunau
Hulpdennanified 0.564 luvugnAanduiusseninadeil WNPMI fuuTunasuadenn

a lr.:l'
anilegi 0.62
I e v v fw A H v ' A a

YNANNUARBLADUNNF LA UAUNUSAUUS U INEH UL B8 NN AL aRN TN
nAndelun1sIi 6.7 @1N3aEeEIAUIINANUFUTUSINNTIaR A NINOA HAranduius
9g#1 0.249 il DMI dAranduiudegn 0.140 duil MEI deavduiused 0.128 uavswil
SOl Anawduius 0.111 Wuddugaving
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M13197 6.7 asuAduUssansanduiiusasanseninivilanimeiniauazysuias uiiaand
A9 9 Tununfne

Y AYLENINDINIA/AUNTANENS
dalinuru
IMI DMI ME NINO4 sol WNPMI
Bangkok 0.543 0.168 0.116 0.241 0.096 0.633
Chainat 0.559 0.092 0.168 0.240 0.150 0.626
Lopburi 0.569 0.088 0.113 0.246 0.074 0.637
Suphan Buri 0.541 0.138 0.147 0.261 0.124 0.599
Nakhon Pathom 0.543 0.144 0.094 0.240 0.110 0.607
Ayutthaya 0.609 0.152 0.210 0.294 0.166 0.633
Nakhon Sawan 0.638 0.148 0.106 0.260 0.12 0.677
Pathum Thani 0.533 0.223 0.179 0.291 0.16 0.622
Kanchanaburi 0.465 0.113 0.119 0.225 0.125 0.536
Chachoengsao 0.59 0.123 0.100 0.258 0.09 0.626
Ratchaburi 0.533 0.117 0.113 0.273 0.078 0.636
U-Thong 0.504 0.159 0.103 0.223 0.109 0.541
Takfa 0.621 0.115 0.143 0.247 0.068 0.649
Kamphaeng Phet 0.612 0.141 0.083 0.226 0.112 0.648
Don Mueang 0.598 0.172 0.131 0.212 0.078 0.623
La?{a 0.564 0.140 0.128 0.241 0.111 0.620

6.2 KWANITIATIZNAUNITANADLLTINYILNINANNYNINA/AYNTAEATAU
Ysunaudely

Wil iauduRLSIEnI1duUs (Cross Correlation) S2319U3ua
idulufiuiidnwifudsdanmgionia/agnsmansluiade 6.1 wudrduldvsudn
anuduiusuassumiavesdasawidon (Lag Time) ﬁéf’JLLUiﬁmmé’uﬁuﬁ‘ﬁuqa UTITER
uinsgimannsnanesdanyite ldaunsidfuusdasy fududsaaifauduius
Tughidadu nsAnviafadimunliuusasduivinsagmsmansuaziuusnaniu
Usinanidlu Tnemsiaseidelusunsy SPSS densidendauusdassidnaunslngds
Stepwise FawavosnuduRiusazvenldfeaduussanianduiusidany (R) aann1s
Ansgildnauansdsogwwasaniiiminy a.ngummuvuns luguil 6.8 dedl

Imamﬂgﬂﬁ 6.8 lauanin1sitastgiveslusunsulaglisunsuazyinnisidonsanys
daszdissiviazia st 6 Fauds wWenudndauds WNPMI Slauduitugiuen
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WUIANN A1AUADNLABNAILUS DMI kay SOI 1nauns Tuvaeifuusdassdu o Ll
AuduRusAufuUInNazgnineentl ddugui 6.8 Iillusedananisiiaszideoya
USUauHuvesEnnll 2.03mnuvIuAs

Y 1

UM 6.8 fegrmsiiasidoyanviluazUTinaumulagnisiiansannanviaeu(lag Time)
YRINFANNUMIUATAIELUIUNTY SPSS

CaN

INMTAATIERANUFURUSSEMIUTINMHuade TeReuiuAstianmgionnia/
aunsenansiiemaunisonnesanimivanluwdazanll aunsnaglaunisasnansly
M504 6.8 WU ArduUsEANSIany (R) Andesiianegi 0.570 au annilgnas dwsuduin
ngaeg 0.703 lufminuasaissd laga1dyil WNPMI aviwadeuSunaunusieineuly
AUNIINANRENINNGA T8989U1AD SOl MEI kag DMI auandu Lagwllaiteuiuaviiidu 9

@ v oA < @ Sou o sw a a & A = = ¥
Wudavil WNPMIE Iusudsiduiusiunsiianuluunaiuinfneiuinian dsaennaes

AUNNTIAIIZAANUAUNUSTENIN9ILUS (Cross Correlation) Tudusunaumini

ANAMUAUNUSYDIANAYT 191 DMI SOI NINO4 wag MEI fuAudunussiefInu

Usunadud

[y a =

fuUseansnisannes (R) dagerulatuuisaand

Y

1HUADUT LR ELANINARDNITILATIZRaNN1SannesluA N LAz I8TAAD



A15199 6.8 LAAIANNITINDRETIN LA dUUTEANS ANy

Wruiudstan mgiiennie/aunsmans

Y]

s

WUILTINA (R)

a
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SEUINIUSUIE

Station Equation R Most
effective

Bangkok Ye = 153.55 + 14.21WNPMli-12 + 49.49DMl;-12 + 13.590501;-; 0.653 DMI
Chainat Ye = 9547 + 7.29WNPMli-12 + 14.47MEl;_15 + 12.1SOl;-3 + 2.6 7IMl¢-12 0.648 MEI

Lopburi Ye=111.55+ 10.07WNPMl:_12 + 8.60S0}:-; 0.645 WNPMI
Suphan Buri Ye = 9343 + 9.08WNPMli_12 + 11.81MEli_14 + 10.7250I:-2 0.623 MEI
Nakhon Pathom | Y: = 100.30 + 9.28WNPMl¢-12 + 11.7550k-2 0.617 SOI
Ayutthaya Ye=99.67 + 7.62WNPMli-12 + 2.76IMli-12 + 17.64MEl;_13 + 16.1501:-¢ 0.685 MEI
Nakhon Sawan Ye=111.79 + 7.53WNPMI;-12 + 3.83IMlt-12 + 13.1S50I;-; 0.703 SOl
Pathum Thani Ye=130.03 + 10.89WMPMI;_12 + 15.750I:-¢ 0.618 SOl
Kanchanaburi Y: = 98.05 + 840WMPMI_12 + 12.92MElr_14 + 11.67501:_ 0.574 MEI
Chachoengsao Ye=126.73 + 6.79WNPMl;_12 + 4.01IMl¢-12 + 9.6950I:-¢ 0.649 SOl

Ratchaburi Ye=116.12 + 10.9WNPMI;_12 0.641 WNPMI
U-Thong Y = 91.48 + 8.4AWNPMI;-12 + 10.25501;-2 + 30.0DMl;—9 0.570 SOI
Takfa Ye=111.69 + 7.19WNPMly_12 + 4.18IMl;-12 + 11.48MEl;-13 0.673 MEI
Kamphaeng Phet Ye=120.16 + 8.07WNPMl_12 + 4.39IMlt-12 + 11.66501:_5 + 0.682 DM

35.0DMl;-13

Don Mueang Ye=130.13 + 7.63WNPMlt_12 + 16.37SO0l;_2 + 4.37IMl:-12 0.646 SOl

Pnulavin1snTIvaeuaunis (Validation) Mwsenlaninaisiei 6.8 lnglddeya

Tyt A.d. 2011 — 2014 WUl USunandeuneanulsannaunisannsedanulndifesiu

Usunaueluasalaneanmisiaelawanin1ssUSeuieusdn1sned 6.9 LaswanIfiag19uId

a v PN o LY v = ! aa Y @ [ t%
amumgﬂ‘w 6.9 @NNIVANIUDU 9 LLﬁﬂ\‘ivL'ﬂuﬂ"lﬂN‘U’m A. FIAADALAAIIALAUS N WULIUYIN

(Skewness) @0AAAINUNIUSUIUHUITILAZAINANNITONNDY AIUTUNTUYBIAIAINULAY

(kurtosis) Usunaumuaseiiuualdudumuinuadmsulsinanuilaannaunisanassdiulve)

a1 @ = Y @ ! o o a ) a0 A
fidduau Fauandiiiudinuuinaeiungysunaeuiengann Extreme) lalifvinnags
Fuuwiyunilsinrsusuugsmsluluouan
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A5199 6.9 nsulSeuisuAanfvaaUsuIanHuR e naun1sannaeluIet 2011-2014

Observed Data Validated Data
Station
Mean  Skewness | Kurtosis Mean Skewness | Kurtosis

Bangkok 140.12 0.933 0.161 150.651 0.592 -0.838
Chainat 92.50 1.165 1.291 84.535 0.328 -1.293
Lopburi 87.48 1.093 0.654 97.416 0.474 -1.161
Suphan Buri 85.00 0.794 0.240 79.445 0.453 -0.928
Nakhon Pathom 80.63 1.075 0.631 89.647 0.426 -1.072
Ayutthaya 90.22 0.921 -0.043 91.617 0.243 -1.300
Nakhon Sawan 94.45 0.840 0.108 90.353 0.346 -1.249
Pathum Thani 104.14 1.200 0.768 122.010 0.384 -1.303
Kanchanaburi 82.73 0.787 0.156 85.498 0.422 -0.898
Chachoengsao 139.43 1.126 1.492 119.991 0.373 -1.491
Ratchaburi 87.63 0.679 -0.553 96.402 0.523 -1.160

TuvauzietulananinisnasnanuSeuiiou (Scatter Plot) s¥1inauSun iyl

A.f. 2015 ndeyaatilunny x AudSunahduilamnmsihuweanaunsanassluunu y

puasy Fdluwsaraniilinawaniniugui 6.10 lneardudssansnisdnaula (R) 910 15

IS g a g g oA o a =§ vV A ' al o v
an1finrUSunanidunfnvinuindardudseansnisdndula geanegianifandn

WIzUASASOYSEVINAU 0.786 wazdlrmtesfiantuannddminnigauysae 0.341 Jamiuldin

Tupmsiuluransviuseglugismaisduiunasdiann
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Yena N lans19aeuUALLIUEITeILUUSIa0 FroAdulnuATALAR DY
Wsuifisu (RRMSE) 1ua15197 6.10 Wu31A1 RRMSE LT uflaussninauuusians
anneufildiulsanimernaifinamasy (With Lag Time) LAZLUUR 80300008 7iiIuUs
anmernaldiinanden (Without Lag Time) UszanaSesay 80 fidwinndn 1

M1519% 6.10 N5LUSEULNEUANUBUUENTUNISTNEINTAIVDILUUTIaBINL Tk UTDATEIIAN
WidauwkazliTia iy

(1) 2 (3) = (1)/(2)

Station RMSE RMSE RRMSE
(Without Lag) (With Lag)

Bangkok 109.72 110.79 0.990
Chainat 55.56 57.34 0.969
Lopburi 69.58 60.86 1.143
Suphan Buri 59.99 58.35 1.028
Nakhon Pathom 37.65 35.97 1.047
Ayutthaya 54.32 43.37 1.252
Nakhon Sawan 59.50 57.74 1.031
Pathum Thani 57.98 51.26 1.131
Kanchanaburi 69.95 66.93 1.045
Chachoengsao 59.93 59.81 1.002
Ratchaburi 44.26 47.87 0.925
U-Thong 67.16 65.44 1.026
Takfa 55.13 54.96 1.003
Kamphaeng Phet 52.20 42.57 1.226
Don Mueang 87.33 78.45 1.113

Tngnan1snennsaianuuuiiaesfidnamvieniinnunainndsutosnituuusiass
flifinannien sgrsdaay wansinsldiulsdsianmeinafifiansaaviensieay
annsavilinsnennsaifinnuudugannale

el uddefiietestunmsnensalusinasuiiduinduy Teiinslduuusiaes wu
Artificial Neural Networks (ANN) ansnsalsinanisnennsaiiineudned usenanuigmeg
e Ao endtazvhanudnlafsfumsdenmsiwesdivnzausiie q msanwluadsie
gatuiiagldnszurunsnsadanldfuegsunsvansdeannsaesuismauassalunisiden
NW151AL0D369 9 LU ﬂszmumﬁmiwﬁamaaL%qLﬁuwyg@umLLaz?JﬂlUﬂdﬁﬁ?ué’ammsa
Usggndlinsmdeunaivesnuusitundaufasanliiaunanisweinsalie



unii 7
N13ANEIANNFURUSIENINRLUSAN N TN/
AYNIAENIAUITZAUUIUINIAAIEATDITUUNG

MnmsAnyIngAnssumesiaulseng q dvmsdne dlfduideyassduininia
fanulsinedl deiufamngantunamensallaglivuusiaeseniuiind daiitunouresisns
fvilideyatiaund Mdudsseduiumalunsweinsaifidueswasssanmnsolddui
piomea/aunsmanslunisfisaruusiuglinanismeinsalinruutiugngaduld deitld
namflunguiluunit 3 lasuniidunmsfinvuuusaeadensnsaiszduihumaneiey
fifmdenluiiuiidinuddddeyadeusiidiouunsen a.a 1981 v Wousunau a.a 2011 Tu
n1safuudnees swdudvianmanimeima/ayniaans 6 duds nedaiendeya
seiuthuinaluanndiifininfudoyaussanu 30 Yuardeyafienuanysaifign 1ds1uu
14 aantl Tnedaurilsvodaniisige ﬁiﬂﬁ‘imiwﬁﬁmamﬂugﬂﬁ 7.1 LardsUazldunUINg
msfnweendudedstelud

JUN 7.1 sumbsannfiuainuimanAndenluiun@ne

7.1 n1nmgau Unit Root Test
n15MAaay Unit Root tiefiansanAd1ufiavesdaya [I(0); integrated of order 0]
w3Aulule vued [I(d) ; d > 0 ; integrated of order d] LiienanIauIAIINEUNUSALY
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L1939 (Spurious Regression ) n3adeyaniiA1tadsuwazaunsusiuladnail ilevian
Wasuudaslusaenisvegau ADF (Augmented Dicky-Fuller Test) ¥a4dayaseduinuinig
14 aondl Tnglalusunsy EViews lananannsnei 7.1 soluil

M15199 7.1 NANTSNAEBU Unit Root

Level First Difference
Station MacKinnon Critical MacKinnon Critical
ADF ADF
1% 5% 1% 5%
CTa -0.603 -3.983 -3.422 -20.590 -3.983 -3.422
CT5/2 1.713 -3.983 -3.422 -14.080 -3.983 -3.422
CT7/1 0.013 -3.983 -3.422 -14.156 -3.983 -3.422
CT17/2 -1.301 -3.983 -3.422 -15.747 -3.983 -3.422
CT22/3 -0.101 -3.983 -3.422 -11.451 -3.983 -3.422
CT23 -0.761 -3.983 -3.422 -22.690 -3.983 -3.422
CT26/1 0.230 -3.983 -3.422 -19.002 -3.983 -3.422
cT2r 0.916 -3.983 -3.422 -19.491 -3.983 -3.422
CT30/1 -0.639 -3.983 -3.422 -13.330 -3.983 -3.422
CT31/2 -2.816 -3.983 -3.422 -6.091 -3.984 -3.422
CT33/2 0.143 -3.983 -3.422 -22.445 -3.983 -3.422
CT35/2 1.225 -3.983 -3.422 -16.313 -3.983 -3.422
CT45 -0.342 -3.983 -3.422 -21.881 -3.983 -3.422
CT48 -1.663 -3.983 -3.422 -21.548 -3.983 -3.422

foyavnm151eil 7.1 10un1smaaeuasy Unit Root Test Litenaasunadnuiiuy
stationary vedteya sefuthuInafidndondiuiu 14 anndl Gewudn A ADF Test Statistic
flsgiu (Level) wuin Teyasynsunianfinaautlifs (Non Stationary) InsArdunalldain
78 ADF nnéilA1gandnA3ngd (Critical) au seAuiladnfsy 0.01 uay 0.05 veusuauuigiy
13 (Ho : 0 =0 ) uansirdayaynid Unit Root wiedinniasiiflsids

Faandelausuuzuos Box - Jenkins Mimndoyasunsunailafniuiinuands
Non stationary mmmﬂ%’u%’auaauﬂimnmﬁ?ﬂﬁﬁﬂmauﬂ’ﬁ Stationary lngnsuUastaya
auﬂsunmmamsmwamqmﬂw 1 (ist Difference) y)nd uaziilosiinisnaaeu ADF 8n
A% wud1An ADF Test Statistic fildyndfiandesniiAdngd (Critical) s sedutiodfay
0.01 uaz 0.05 uansiteyadisiiun1s 1st Difference udmunzaslunsiiluasisaunis
ARIMA Model uag ARIMAX Model Tunswennsalszdutumaluiufidn

7.2 NMSAIMRUALUUINAD9VDIUUUINED991547 (ARIMA)
TunMTINYRINTIATIERBITINTIINTANFULUUN T NAIaNENTLS (Correlogram)

Tudatesnse Autocorrelation Function (ACF) LagA1a@ndunuslu@aieaunsdiunie Partial

Autocorrelation Function (PACF) %aﬁamﬂaizﬁuﬁwmmwa%guéfuuazﬁuawa@m&ﬁuﬁ 1 909
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seRuthumatuduaniddne AldAnw iefinnsansuuuuresngnia (Seasonal) uay
favuaAn Autoregressive [AR(P)] waz Moving Average [IMA(Q)] Tnefisnuasidundereluil
7.2.1 wuustaesiinazndululd

nnsslenavdiiuguss ACF uag PACF asssfutuiniadusiuluusiarandiils
w1 wud Tunnanilifisuuuuvesngniauasdoyauanslafisanulsifia (Non Stationary)
aoandaafiunanIsmadey Unit Root iilasanilesannnsmerandusiug ves ACF uann
anduiudaos anasderodlunnliiszeronlugun luvugiinsmanduiusues PACF
Aranduiusanadngaudegasing lneuansdiegavesandl CT4 uazaonil CT5/2 Tugy
7l 7.2 wagguil 7.3 suddu dwiuanniduq luandlilunieauan g
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msUiuteyasynsunaliiauantdds (Stationary) ansnsavildlasnsudastoya
sunsunAszduiuImatufuiensnassd Uil 1 wasdefinnsandn Correlogram
99 ACF Wag PACF ve3aynsunafanandslinavesanni CT4 wazannil CT5/2 mugud
7.4 waggUil 7.5 awandiu dwsunavesanildug azegluaiauian g

Residual ACF Residual PACF
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= aa & YV
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5U# 7.5 Correlogram ¥ed ACF ag PACF n3elinsnziang ARIMA (0,1,0)
Nan it CT5/2
PNANBULTLIAUINIUN 7.4 wansbiiudadyainmes MAR) wuuinaesiinniieg
Juldlddmsuannd CT4 Ao ARIMA (0,1,2) Tuwaugiguil 7.5 wandliiiiudsdyayiuves
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AR(3) MA(2) waz MA4) ndnuagsanayinliaiuisadndanwuuinasaiaininasduly
Ialag@ignad nsuaanl CT5/2 Aa ARIMA (3,1,2) wag ARIMA (0,1,4) 31nA15RA15841
Correlogram %84 ACF uay PACF fanamadnsasmdenwuudiassmitasidululanemisian
2 fi9i)

A15199 7.2 wuvinassensunnuiazululalunsazanid

annildunanisal sUluuganIa wuuUIIaea

CTa thy ARIMA(0,1,2)
CT5/2 Taidl ARIMA(1,1,10)
Taidl ARIMA(0,2,4)

CT7/1 Taidl ARIMA(0,1,3)
Taidl ARIMA(0,1,4)

CT17/2 Taidl ARIMA(1,1,0)
Taidl ARIMA(0,1,4)

CT22/3 Taidl ARIMA(2,1,0)
Taidl ARIMA(1,1,1)

Cr23 laidl ARIMA(0,1,1)
CT26/1 Taidl ARIMA(4,1,0)
Taidl ARIMA(1,1,1)

CT27 Taidl ARIMA(4,1,0)
Taidl ARIMA(1,1,1)

CT30/1 Taid] ARIMA(2,1,0)
Taid] ARIMA(0,1,2)

C131/2 Taifl ARIMA(0,1,0)
CT33/2 Taid] ARIMA(1,1,2)
Taid] ARIMA(2,1,1)

CT35/2 Taid] ARIMA(13,1,0)
Taid] ARIMA(0,1,13)

CT45 Taid] ARIMA(1,1,6)
Taid] ARIMA(1,2,2)

CT48/2 Taid] ARIMA(1,2,8)
Taid] ARIMA(4,1,1)

7.2.2 A15USTUIUAINI513LMBS (Parameter Estimation)
nuuuItansnu1azidululanuansdunisnen 7.2 fananaiuisavinnisuseuiu
ANTEmeIMeIidaesieefign (Ordinary Least Square) luusiaganiil fadl

7.2.2.1 d@anil CT4
31n3Ukuu ARMA Mdululdvesdoyayadll 1 3Uuuy Aa ARIMA(,1,2) ewa

9

UILUNUATNISELADSAINNSIN 7.3 A9l
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A15199 7.3 Nan15USTUNAINNSIAMBSURALUUT1a89 ARIMA(O,1,2)

Variable Coefficient SE T-Statistic Prob.
Constant 0.003 0.031 0.086 0.932
MA(2) 0.124 0.052 2.383 0.018
R-squared 0.992 Ljung-Box Q
BIC -2.358 12.369 | 0.718

AduUszavSuesr1nsil (Constant Term) i1y 0.003 ffn T-Statistic laiumneing
mngudesslaifiteddymeadiffisydu 5 % mneanuidasilbitusgiu Ay, Turadia
Fuuszansues MA(2) fiawinfu 0.124 fidn T-Statistic wnnA1sangudesaiitoddymni
afAnsEiu 5 % mneaunmsasunlames MAQ) fmsiwasuulasndeulwiluiiema

Wennunu Ay,
7.2.2.2 gl CT5/2
91n3Uuuy ARIMA Mululdvesdoyayalldl 2 Ukuy Ao ARIMA(L,1,10) waz

ARIMA(0,2,4) 210NN LATIEALAAINISITMBIAIANGIN 7.4 ke A15197 7.5 sadl

AN5199 7.4 HaN1SUSEUNUAINNSITNMDSVRIRUUINEDS ARIMA(L,1,10)

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.038 019 -2.008 .045
AR(1) -0.396 .052 -7.613 .000
MA(10) -0.138 .046 -2.986 .003
R-squared 0.973 Ljung-Box Q
BIC -0.974 27.090 ’ 0.19

PNATIT 7.6 waeardulszavduesdiasii (Constant Term) wihifu -0.038 e T-
Statistic luiunnsnsanaudogisiiodAymsadanszdu 5 % wmammdwmmﬁﬁuagﬁu
Ay, TuvariimduUsyaviaves AR(L) Sy -0.396 A T-Statistic WANFSAINAUSDENS
fifod1dynn9adffisedu 5 % nuieaduin1sasunlawed AR(D fnsiUdsuudas

[ a

wasulmluianmenssiudnuiu Ay, drusiduuszansves MAL0) favniu -0.138 fie

! a

T-Statistic wansnganaudegadidedAyneadiinsedu 5 % e Msivdguwlasves

MA(10) wdeulmlufiamemsstudiuiu Ay,

A157197 7.5 WNAN1SUTTUIUAINNTIEADIURILUUTIA Y ARIMA(0,2,4)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.061 .020 3.084 .202
MA(4) 0.243 .052 4.669 .000
R-squared 0.972 Ljung-Box Q
BIC -0.997 25.831 072
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'
o a £ 1 a

AN 7.5 ANFuUSEENSYR9A1AIN (Constant Term) 1A 0.061 5@ T-

Statistic 3.084 agnelalfidfedAyn19adfansedu 5 % nungaudtAnsildduediu Ay,

TuvauzNaduyszansves duuszansves MAG) HAwinAu 0.243 dA1 T-Statistic iy
4.669 98191tyEAYN19@dRTTEAU 5 % wuneie n1siUdsullaswes MAGG) wndeuluilu

Armadeanuiu Ay,

7.2.2.3 sanil CT7/1
91n3Usuy ARMA Miduldldvesdoyayaid 2 3Uuuu Ao ARIMA(,1,3) uas

2
ARIMA(0,1,8) laemns1fiimesiamsnsil 7.6 uag m1sneit 7.7 wail

AN519N 7.6 HaNISUSEUNUAINNSITMBSVRILUUINEaDY ARIMA(O,1,3)

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.036 0.035 -1.022 0.307
MA(3) 0.284 0.051 5.583 0.000
R-squared 0.985 Ljung-Box Q
BIC -2.090 34.780 | 0.23
ANFUUSLANSVRIAIAIN (Constant Term) 717U -0.036 fAN T-Statistic 1Ay -
1.022 agslaifidudAynsadianisedu 5 % vaneaudairsiliduediu Ay, luvaeiian

dulsz@ansves duusy

ﬁJCU Ayt

<

s
a a

ansvuns MA(3)

A15199 7.7 wan15UsTINAInsIAmesUBaLuUI1aa9 ARIMA(QO,1,4)

1A1AY 0.284 A1 T-Statistic LU 5.583 981493
Hod 1Ay 1eadanszau 5 % ey nsiasundaswes MA3) indsulmluiianiauseniu

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.046 0.037 -1.234 0.218
MA(4) 0.132 0.054 2461 0.014
R-squared 0.985 Ljung-Box Q
BIC -2.086 29.503 ’ .109

AduUszANSUeIRAaT (Constant Term) wihifu -0.046 ie T-Statistic iy
1.234 gnslaifTodAynnsadffisesu 5 % wwmmdwﬁwmﬁlﬂﬁﬁuagﬁu Ay: Tuvugdien
Fulszansves duuszAniues MAG) SAwiniu 0.132 fien T-Statistic Wiy 2.461 gl
Toddn1ead@fiszdiu 5 % nneds msdsuulames MA®G) wisulwlufiemadieatu

fgﬁJ Ayt



7.2.2.4 da1i CT17/2
31n3Uuuy ARMA Miduldldvesdayagaill 2 3Uuuy Ao ARIMA(L,1,0) uaz

[

ARIMA(0,1,4) la@anns13tmasaansnan 7.8 way m5197 7.9 fadl

A15199 7.8 Nan15USTUNNANNNSIAMBSURALUUT1a89 ARIMA(L,1,0)
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Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.054 0.097 -0.551 0.582
AR(1) 0.198 0.051 3.837 0.000
R-squared 0.991 Ljung-Box Q
BIC 0.485 22698 | 0159

al

ANFUUSEANTVRIAIAIN (Constant Term) winfu -0.054 @1 T-Statistic  lukansg

Mngudeslsifiteddymneadiffisedu 5 % mneanuidiailbituegiu Ay, Turaedian
duUszavisues AR(L) Slewvinfu 0.198 fie T-Statistic wansinganAudegaiidedrAgni
adRTiszivu 5 % MuneauIIn1sasuLUawes AR(L) fnswdsunwlaaedeulmlufiams
Weatuiu Ay,

AN57199 7.9 NaNISUSEUIUANNNSITLHBSUBALUUINEDY ARIMA(O,1,4)

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.052 0.097 -0.538 0.591
MA(4) -0.110 0.052 -2.091 0.037
R-squared 0.991 Ljung-Box Q
BIC -0.468 10.213 I 0.746

'3
a a 1

AnduszanSvasAndl (Constant Term) Winfu -0.052 ifn T-Statistic Taiwaneng
mngudesslaifiteddymeadifisedu 5 % mneanuieailituegiu Ay, Turaedia
FulszAnsves duuszavisves MA@) Sanwiiu -0.110 fien T-Statistic wirifu -2.091 8814
fifudfmeadffisedu 5 % mneds nswdeuulames MAG) ndeulmlufianiansaiy
v Ay,

7.2.2.5 @il CT22/3

21n3ULUU ARIMA TL8ululdvosdoyayaid 2 sUuuy Ao ARIMA2,1,0) uas
ARIMA(L,1,1) léamnsfimessansied 7.10 uag as1edi 7.1 Fail

A15197 7.10 NAN1TUTLUIUAINITITNADSVBILUUTIAD ARIMA(2,1,0)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.022 0.062 0.356 0.722
AR(2) 0.141 0.052 2.707 0.007
R-squared 0.995 Ljung-Box Q
BIC -1.291 22.271 0.135
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'
1 (% a £ ! )

NNN5199 7.10 AduUseansSvaemna? (Constant Term) vnAu 0.022 @A T-

'
6 1 % o aaa

Statistic iunnesanaudesslifivedfdgymeadanseiu 5 % nuneauinAnilidueg

&l

s
a

u Ay: luraueirndudseansves ARQ) Zewvinfu 0.141 Ten T-Statistic wnnNEIINEUE
2N TTYEAYNIEDANTEAU 5 % e uIINITilasuLUaues ARR) dinsidsuuyag

EN

waoulmluiamaneanuiu Ay,

A15199 7.11 wan15UsTanaAInIsIdmesUeaLuuI1aas ARIMA(L,1,1)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.034 0.074 0.455 0.649
AR(1) 0.949 0.043 21914 0.000
MA(1) 0.891 0.063 14.127 0.000
R-squared 0.995 Ljung-Box Q
BIC -1.303 14.841 ’ 0.536

1AR15199 7.11 Ardudseansvesn1nei (Constant Term) 1Ay 0.034 dan T-

Statistic liunnsnsaingudeendlsifidedndymeadiffisedu 5 % mnsmuhaeitlituog
fu Ay TuvziiduUsyansuos AR(1) SAyifu 0.949 e T-Statistic WANA9INAUE
agnafitfuddnEdAfisesu 5 % nuneanuIIn1sUasuslamed AR(L) finswdsunlas
waoulmlufiemadientiuiu Ay, Tuvausfimduuseansves MA(L) SAwinfu 0.891 fle T-
Statistic winfu 14.127 sgnsdidoddyvneadnfisedu 5 % muneds nsdsuuanes

MA(1) wdpulmiludianiadendiuiu Ay,

7.2.2.6 dail CT23
3ngUnuy ARIMA MLduldldvuesdayayald 1 3Uuuu Ao ARIMAO,1,1) e

9

I a § v PN % ‘&J
ATNITIULADIAINITINN 12 AU

A15199 7.12 wan15UsTanaAInsIAmesUeaLuuI1aas ARIMA,1,1)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.039 0.040 0.975 0.330
MA(1) 0.199 0.051 3.869 0.000
R-squared 0.989 Ljung-Box Q
BIC -1.732 7.976 ’ 0.967

AduszansvesAasdl (Constant Term) Wiy 0.039 fif T-Statistic luunnsig
NngudendlififodAameadanszdu 5 % meﬂ’mmdﬂﬁhmﬁhﬁuagﬁ’u Ay: Tuvaueiian
Fulszansves dudszAnives MA(L) SAWindu 0.199 fien T-Statistic Wiy 3.869 gl
HodAynsadnfisedu 5 % nuned nmswdsuulames MA(L indeulmlufianemsaiy

v Ay,



7.2.2.7 d@ail CT26/1
31n3Uuuy ARMA Miduldldvesdoyayaiid 2 3Uuuy Ao ARIMA(4,1,0) uaz
ARIMA(1,1,1) la@ann510tma3a9n157199 7.13 wag AN5199 7.14 fail

A15199 7.13 wan15UsyanaAInIsIdmesueaLuud1aass ARIMA®4,1,0)
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Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.039 0.046 -0.858 0.391
AR(4) 0.104 0.052 1.974 0.049
R-squared 0.997 Ljung-Box Q
BIC 1812 26008 | 0126

=

AduUsEANSURIAIMaN (Constant Term) AU -0.039 A1 T-Statistic likanmIg

& 1 v o w aaa o o Ay X Y A
Nneudegiliiiteddgymeatiansedu 5 % vaneanuitaailiiduegiu Ay, luvagia
duUseAnsues ARE) fAindu 0.104 dfn T-Statistic uwanssaInAudegailded1Agmni
AnRNTTAU 5 % NUgANUINNSURsULUAIYe ARE) Hnsidsunlasmdaululufianig
Wentuiu Ay,

A15199 7.14 8an15UsTINuAINISIAmesURaLUUI1a89 ARIMA(L,1,1)

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.045 0.080 -0.566 0.572
AR(1) 0.987 0.015 65.620 0.000
MA(1) 0.950 0.029 32.573 0.000
R-squared 0.997 Ljung-Box Q
BIC -1.890 11.384 ’ 0.785

]
a £ ' =

ANFuUsEANTURIAIAIN (Constant Term) Wiy -0.045 T@A1 T-Statistic  LukANA

nneudegtliiveddgvneatiangedu 5 % vaneanuitrailivuegiu Ay luragian

dulszAnives AR(L) Sy 0.987 fifn T-Statistic Wiy 65.620 Tedfayvisadnd
SEHU 5 % wunea11uIn1siUasunlatwes AR(1) fnisidsundanadeulnilufianig
Weanuiu Ay, TuraizienduUsyansves MA(L) fanvindu 0.950 flan T-Statistic winfu
32,573 agnaituddnmeatinisedu 5 % nunef madsuulames MA(L) wdeulwily

a a [ LY
Aamadeniuiu Ay,

7.2.2.8 @il CT27
31n3Uuuy ARMA Muldldvesdoyagaill 2 3Uuuu Ao ARIMA(4,1,0) uaz
ARIMA(1,1,1) 1aAmM1518995An19197 7.15 ey #5199 7.16 #edl



A15197 7.15 NAN1SUTLUNUAINITIEADSVBILUUDIAD ARIMA(4,1,0)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.025 0.027 0.914 0.361
AR(4) 0.118 0.053 2.238 0.026
R-squared 0.995 Ljung-Box Q
BIC 2.845 25131 | 083

AduUszAvSueeringil (Constant Term) 1y 0.025 fn T-Statistic laiumneing
ngudesslaifiteddymeadiffisedu 5 % mneanuidiailbitusgiu Ay, Turasdia
FuUszAvSues AR@) fAwiniy 0.118 fien T-Statistic wnnAaINFUagaTiTyd Ay
afAisEu 5 % vneanuinsasuuUawes AR@) dnsiasuulasadeulalufianis

Wennunu Ay,

A15199 7.16 Nan15UsTINAINNSIAMaS YR UUI1a89 ARIMA(L,1,1)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.018 0.054 0.342 0.733
AR(1) 0.992 0.015 67.246 0.000
MA(1) 0.968 0.028 34.186 0.000
R-squared 0.995 Ljung-Box Q
BIC -2.899 29.964 ’ 0.018

AduUsEENTSYRIA1AN (Constant Term) Winfu 0.018 dA1 T-Statistic Liuanang

& 1 v o W aaa o Vo Ay X Y a
Mneudegliiiveddgymeatiansedu 5 % vaneanuiaailiiduegiu Ay, luvagian
duUseAnduee AR(1) HA1LIAU 0.992 A1 T-Statistic 111AY 67.246 AtudAgyn1eadsan
SEAU 5 % Nu18A11IIN1StUAaBULUATeY AR(L) dn1sildsuidasinaeulmilufianig
Weanuiu Ay: luvaeianduussandves MA(L) Sawwindu 0.968 fiA1 T-Statistic 117U
34.186 98190YEAYNISEDANTEAU 5 % Wunehs n1siUasullasves MA(L) wdeulmilu
Armadeaiuiu Ay,

7.2.2.9 dail CT30/1
31n3Uuuu ARMA Miuldldvesdoyagaill 2 3Uuuu Ao ARIMA(2,1,0) uaz

ARIMA(0,1,2) laamnsfimessemsnsil 7.17 way m15197 7.18 ¢l

A157197 7.17 NaN1SUTEUUAINITIEADSUBILUUTIA D ARIMA(2,1,0)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.057 0.038 1.475 0.141
AR(2) 0.281 0.051 5.546 0.000
R-squared 0.995 Ljung-Box Q
BIC -2.334 12.025 742
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£ |

AdUUsLANSv09A1AIN (Constant Term) v11AU 0.057 dA1 T-Statistic sy U

'
aaa

1.475 agsliifidedAnynieadififiseiu 5 % vauneanudtAsiliduegiu Ay: luvaeien
duUszanSuee AR(2) HAWiNAU 0.281 flA1 T-Statistic 111U 5.546 og9ltd1AgyNIsEna
A52AU 5 % NUYANNINNSUABULUAIUBY AR(2) Tnsilasukdadadouluiluiienig

Wennuiu Ay,

A15199 7.18 Nan15UsTaNaAINISIAmas R UUI1a89 ARIMA(O,1,2)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.054 0.037 1.458 0.146
MA(2) -0.300 0.051 -5.939 0.000
R-squared 0.995 Ljung-Box Q
BIC -2.337 11.947 ’ 0.748

'
= %

ANdNUTEEANTUYDIAAIN (Constant Term) M1AU 0.054 A1 T-Statistic LYAY
1.458 agelifidodAgyvneadifinszdu 5 % wnemuiaamiiduediv Ay, luvaeiian
duUszanNsII MA(2) JAYINHU -0.300 3iA1 T-Statistic JAIYINAU -5.939 oe19iitsdfgy

a

NEDRNTLHU 5 % NU18ANNIINTWALULUADT MAR) Tinsilasundaanaaulmluiie

MaAsetunu Ayy

7.2.2.10 @anil CT31/2
3ngUnuy ARIMA Mduldldvesdayayaiid 1 3Uuuu Ao ARIMA(0,1,0) La

3

I a § v PN % éj
ATNITIULRBDIAINTINN 7.19 AU

AN57199 7.19 NANISUSEUIUAINISITLABSUBALUUTNEBY ARIMA(0,1,0)

Variable Coefficient Std. Error T-Statistic Prob.

Constant 0.062 0.046 1.342 0.180
R-squared 0.967 Ljung-Box Q

BIC -1.744 11.225 ’ 0.885

AdUUSEANSYBIAIAIN (Constant Term) v11AU 0.062 dA1 T-Statistic 411

1.342 agsldddedrAgyneaia

a

nI

7.2.2.11 @il CT33/2

31n3Uuuy ARIMA Midululdvesdayayaid

a1

Y

ARIMA2,1,1) a5 fitnessanisedl 7.20 uay a5199 7.21 dadl

AU 5 % wunganuIaasiliduegiu Ay, Tuvuzfian
duUszdnsvounsy AR way MA il

2 3ULUU A ARIMA(L,1,2) way




A15199 7.20 Nan15USTINAINNSIAMesURALUUI1a89 ARIMA(L,1,2)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.181 0.117 1.545 0.123
AR(1) 0.969 0.025 39.321 0.000
MA(2) -0.238 0.052 -4.579 0.000
R-squared 0.995 Ljung-Box Q
BIC 0380 19007 | 052

=

ArduUszansaesn1asil (Constant Term) winfu 0.181 A1 T-Statistic 11/
1.545 ageliifiTedfynnadffisedu 5 % Mmammdwmmﬁlajﬁuagﬁ’u Ay, luwauziien
duUsrandues AR(D) flewinfu 0.969 fAn T-Statistic winfu 39.321 egreiiteddgynia
adnTiszau 5 % MneauIInsasunUawes AR(L) fnswdsunlaaedeulmlufiamg
weanuiu Ay TurnziiAduuszansvos MA2) Savinfu -0.238 fian T-Statistic 5iAn
Wiy -4.579 Seddyn1eadfiisedu 5 % nuneanuiin1sasuulames MAR) 3013

wWasuwlasadeulmluiianimssiunu Ay

A15199 7.21 Nan15UsTUIUAINNSIAMesURaLUUI1a89 ARIMA(2,1,1)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.166 0.121 1.372 0.171
AR(2) 0.244 0.052 4.647 0.000
MA(1) 0.918 0.042 21.702 0.000
R-squared 0.995 Ljung-Box Q
BIC -0.381 13.946 | 530

[

A1dUUSLaNSv09A1AaN (Constant Term) v11AU 0.166 A1 T-Statistic +y1AU

1.372 pgelifidedAgvneadifinseau 5 % wnemuiiaamiiduediv Ay, luvaeiian

aa

duUsvanSuas AR) Sidwiniu 0.244 Sien T-Statistic AAnwiiiy 4.647 Slfuddaynieadnd
52U 5 % Mu1eANIINIsUABuLUaes ARR) finsdsuwlanedeulnilufianig
Weatuiu Ay,

7.2.2.12 @anil CT35/2

21ngUuuy ARMA Liululdvesdeyaynid 2 sUnuy Ao ARIMA(13,1,0) uas
ARIMA(,1,13) TéAmnsniimessannsnad 7.22 uay ans19dt 7.23 dall

AN5199 7.22 NANNSUSEUIUANNISITLIBSUBILUUINABY ARIMA(13,1,0)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.078 0.034 2.327 0.051
AR(13) 0.168 0.053 3.186 0.002
R-squared 0.998 Ljung-Box Q
BIC -2.893 10.337 .066
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ArdUUSLaNSY09AIAIN (Constant Term) v11AU 0.078 dA1 T-Statistic +y1AU

aa

2.327 egslaifitdudAgnsadansenu 5 % nuneaudnaasilivuediu Ay, Tuvuenan
duUszAn5u09 AR(13) UALWIAU 0.168 HAT T-Statistic WU 3.186 ag19dusd1AYN19
ADRNSEIU 5 % MU18ANUINSUAULUAIUDI AR(13) fimsildsuwlasadaulmlufianig

Wennuiu Ay,

A15199 7.23 wan15UsTanaiAInnsIdnesuealuudnase ARIMA(O,1,13)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.090 0.028 3.218 0.001
MA(13) -0.157 0.053 -2.967 0.003
R-squared 0.998 Ljung-Box Q
BIC -2.900 7.994 ‘ 0.157

ArduUszANSvesA1Asil (Constant Term) winfu 0.090 i T-Statistic 1Ay
3.218 aéwaﬁﬁaﬁwﬁmwwaaﬁaﬁisﬁu 5 % wmammdﬁmmﬁ%yuagjﬁu Ay, Turziia
duUszaviSues MA(13) Ay -0.157 fien T-Statistic Wiy -2.967 sgnadifuddey
M9ERRTITERU 5 % MneARINIsWAsLLUa®es MA(13) Sinswasunlanadoulnily
Armanssiuiu Ay

7.2.2.13 @anil CT45
31n3Uuuu ARMA Miduldldvesdoyagaill 2 3Uuuy Ao ARIMA(L1,6) uaz

ARIMA(1.2.2) TaAmns15nas@anisneil 7.24 wag as1eit 7.25 fail

A15199 7.24 wan15UsTaNaAInIsIAmesURaLuUI1aae ARIMA(L,1,6)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.038 0.100 0.382 0.703
AR(1) 0.986 0.015 65.555 0.000
MA(6) -0.150 0.053 -2.848 0.005
R-squared 0.995 Ljung-Box Q
BIC -0.783 12.591 ’ 0.321

AnduUszansuesrnd (Constant Term) Wiy 0.038 fifn T-Statistic lalumnsig
NnAud enshifitoddymeainfisziu 5 % wwmmdwﬁwmﬁlﬂﬁﬁuagﬁu Ay: vz
AduUsyAVSves AR(L) Sruiifu 0.986 fie T-Statistic Wity 65.555 egaiitudfyni
adRTiszau 5 % MneauIInsasuLUawes AR(L) fnsWdsunlaaedeulmlufiamsg
Wentuiu Ay, TuvnizirduUszansves MAG) fifnvindu -0.150 ilan T-Statistic vy -
2.848 pg1aiudAyn19adffisedu 5 % nureauINIsUAsuLYaIves MAG) dn1s
Wasuwlaaadoulwlufirmmsadmiuiu Ay,



A15199 7.25 Nan15UsTINAINNSIAMesURaLUUI1a89 ARIMA(L,2,2)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.092 0.037 2.522 0.012
AR(1) -0.914 0.058 -15.721 0.000
MA(2) 0.827 0.287 2.886 0.004
R-squared 0.995 Ljung-Box Q
BIC -0.847 22.705 | 0.091

=

ArduUszansvesn1asil (Constant Term) winfu 0.092 §iAn T-Statistic 11/
2.522 aﬂwqﬁﬁaﬁwﬁﬁymﬂaﬁaﬁszﬁu 5 % Mmammdﬂmmﬁﬁﬁuagjﬁu Ay, Tuvnziian
duszAnsues AR(L) ey -0.914 fien T-Statistic Wiy -15.721 egrafifadfaynia
AdRTISZAU 5 % nuneAudnisiUasundasves AR(L) Snsiuasundasedeulmludia

ManssuiU Ay, Tuvenaduuszandves MA2) dAindu 0.827 fipn T-Statistic AU

'
aad Y

2.886 08195 NYd1AYNNEDATNITZAU 5 % WUIBAINIINITIUAIULUAIUY MA(6) Tn1T
wWasuwlasmdeulmluiianadeiiuiu Ay

7.2.2.14 @anil CT48/2
31n3Uuuu ARMA Miduldldvesdoyagaiill 2 3Uuuy Ao ARIMA(L,2,4) uaz

ARIMA(4,1,1) l@emnsfiwmessemsnsil 7.26 way ms1efl 7.27 il

A15199 7.26 Nan15USTINAINNSIAMBSURALUUI1a89 ARIMA(L,2,4)

Variable Coefficient Std. Error T-Statistic Prob.
Constant 0.057 0.034 1.660 0.098
AR(1) -0.531 0.289 -1.839 0.047
MA(4) -0.163 0.052 -3.109 0.002
R-squared 0.996 Ljung-Box Q
BIC -0.577 17.876 ’ 0.162

ANdUUSEENTVBIAAY

=

(Constant Term) 1i1fu 0.057 A1 T-Statistic L%1AU

1.6608gnslaifidedfgymneadinsedu 5 % vaneaudimesiliduegiu Ay: luraeian
AuUszaNsURe AR(1) UAn1AU -0.531 3iA1 T-Statistic 111U -1.839 ageditladAgynig
ADRNTZAU 5 % NU18ANNINNISUAULUAIUDY AR(1) dnrswasunlasedoulniluiie

a

NI uAuUnU Ay, Tuvugfaduusednsaes MAG) Sanndu -0.163 dA1 T-Statistic

[y

WU -3.109 agited1AyNNEtANIZAU 5 % RuIeANIINITUAsULUAIURY MA(4) 3
nmswasuulasadeulmluiiananssiuiuiu Ay,



A15199 7.27 wan15UsTanaAInsIdmesueaLuuIass ARIMA®G,1,1)

112

Variable Coefficient Std. Error T-Statistic Prob.
Constant -0.033 0.102 -0.326 0.745
AR(4) 0.169 0.055 3.079 0.002
MA(1) 0.891 0.048 18.618 0.000
R-squared 0.996 Ljung-Box Q
BIC 0570 18630 | 0135

ANdUUsEANSYRIAIAIN (Constant Term) winfu -0.033 T@1 T-Statistic  Luunn@ng

neaud og1lififeddgniead@inseiu 5 % nnsanuAasiliduediu Ay: luaed
ANENUIZENSVDY AR(4) ALMNAU 0.169 dlA1 T-Statistic VAU 3.079 ag19ltud1Agng
ANRNTEAU 5 % Mu1EANIINISIUAsULUAWEY ARE) dnmsiUdsuutasadoulniluiianig

Weaiuiu Ay, Tuvagiiaduusedndaes MA(L) dAwindu 0.891 fiA1 T-Statistic 111U
18.618 919Uy 1AYNNERANTZAU 5 % NU18ALIINITIUABULUA99 MA(L) 1n13

wWasuwlasmaeulmluiianiasviiuiu Ay,

NNITIATIERAINI TN 0T LATAIEDAR99 VoINS 14 aondl Huuvdiaesiiunagdl

ANIWNIAN 25 SULUULERTNNTUAY Schwarz’s Bayesian Criterion (BIC) Ag 3501157

U5ulaae198 (Goodness of Fit) 811ANUINA1 BIC HATa8winlaLa) LandITwuuI1a0tu

anunsalfiludunuvesdoyasisldogramunzay Ssaunsoasuuuudiaesensunfivaean

1ARImM157199 7.28 dail

M1319% 7.28 sUluuaeuivngailulsiazanil

Station Model BIC Proper Model
CT4 ARIMA(0,1,2) -2.358 ARIMA(0,1,2)
CT5/2 ARIMA(1,1,10) -0.974 ARIMA(1,1,10)
ARIMA(0,2,4) -0.997
cT7/1 ARIMA(0,1,3) -2.09 ARIMA(0,1,4)
ARIMA(0,1,4) -2.086
CT17/2 ARIMA(1,1,0) -0.485 ARIMA(0,1,4)
ARIMA(0,1,4) -0.468
CT22/3 ARIMA(2,1,0) -1.291 ARIMA(2,1,0)
ARIMA(1,1,1) -1.303
CT23 ARIMA(0,1,1) -1.732 ARIMA(0,1,1)
CT26/1 ARIMA(4,1,0) -1.812 ARIMA(4,1,0)
ARIMA(1,1,1) -1.89
CT27 ARIMA(4,1,0) -2.845 ARIMA(4,1,0)
ARIMA(1,1,1) -2.899
CT30/1 ARIMA(2,1,0) -2.334 ARIMA(2,1,0)
ARIMA(0,1,2) -2.337
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M1319 7.28 (si0) gUluuTIaese s mzanluusazantil

Station Model BIC Proper Model

CT31/2 ARIMA(0,1,0) -1.744 ARIMA(0,1,0)

CT33/2 ARIMA(1,1,2) -0.38 ARIMA(1,1,2)
ARIMA(2,1,1) -0.381

CT35/2 ARIMA(13,1,0) -2.893 ARIMA(13,1,0)
ARIMA(0,1,13) -2.9

CT4a5 ARIMA(1,1,6) -0.783 ARIMA(1,1,6)

ARIMA(1,2,2) -0.847

CT48/2 ARIMA(1,2,4) -0.577 ARIMA(4,1,1)
ARIMA(4,1,1) -0.57

7.2.3 msmaaaaummgnéfaa (Diagnostic Checking)
NAN1SATIVABUAINGNABY Laefiansanauant@ndruilu white noise 13

ANUTENIUNITVBIAINAAIALAG DU (Estimated Residual ; €) wuan Correlogram of
Residuals 483 Autocorrelation (ACF) ldfidnwagnisanasuuyu Exponential wazlu
VYuZLRYINUAIEDR U89 Box and Ljung (Q-Statistic) iA1uaalafesliA1fininA1ingnves

v o w

Chi-square ﬁizoﬁ’uusmﬂm 0.10 (Prob. < 0.10 ) ka@na31 & WU white Noise %30 &; fin1s

a

n3g98fILUUUNA (Normal Distribution) Tasdtade (Mean) winfuguduazAinim
wUsUsAU (Variances) winiu 62 Gsnaniladn & ladandusiuslusaies (Autocorrelation)
uagsinunUsUTILlaiuAneeRY (Heteroscedasticity) Faviangnnuindaluuoynsuiaus
azwuUTIa0aliNIUN1IATIADUAINYNABA (Diagnostic Checking) Farnfiwandlunisnsd
7.29

A519% 7.29 AEDH Ljung-Box (Q-statistic) lAAINNTNARBUANUIALNZELTIMUUT IR

Station Model Ljung-Box Q Prob.
cTa ARIMA(0,1,2) 12.369 0.718
CT5/2 ARIMA(1,1,10) 25.831 0.072
CT7/1 ARIMA(0,1,4) 29.503 0.109
CT17/2 ARIMA(0,1,4) 10.213 0.746
CT22/3 ARIMA(2,1,0) 22.271 0.135
CT23 ARIMA(0,1,1) 7.976 0.967
CT26/1 ARIMA(4,1,0) 26.044 0.126
cT27 ARIMA(4,1,0) 25.131 0.083
CT30/1 ARIMA(2,1,0) 12.025 0.742
CT31/2 ARIMA(0,1,0) 11.225 0.885
CT33/2 ARIMA(1,1,2) 14.047 0.522
CT35/2 ARIMA(13,1,0) 10.337 0.066
CTa5 ARIMA(1,1,6) 12.591 0.321
CTag/2 ARIMA(4,1,1) 18.634 0.135
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7.2.4 nswennsal (Forecasting)
dlevihnsnsiaaeunnugniealuiiseusesuds svinsdenwuudiaesiiuzay
diedanldlunisnensal Iagiiansanaina1 Mean Absolute Error (MAE) Mean Absolute
Percentage Error (MAE) Wag Root Mean Square Error (RMSE) Usznause Fawvudaedle
Tensitgnasiinnuusiue ”Lumi‘wmﬂmiumummmamwmmﬂ‘wam Faguuuunans
nensoiutseenidu 3 929 il
7.2.4.1 Historical Forecast
Jumsnensaldeyaseiviiuiniadusens auianiansm Inefinungig
¢ a v gj IoA = [ ! ! v v
MINeINTal TUAUAUAIREUNNTIAN A.A. 1981 T3 SuAl A.A. 2010 wuiluwsazaniills
' ¢ o~ ° av v a1 _aa i
wuuAIngInsalImIgaunganuiuudIaesilaiiesandd1adi RMSE MAE wagan
MAPE 7itfoe lnelauaninadisnisneit 7.30 fadl

M13199 7.30 aguenaiifannisnensallugig Historical Forecast

Station Model MAE MAPE RMSE

CT4 ARIMA(0,1,2) 0.069 0.421 0.081
CT5/2 ARIMA(1,1,10) 0.179 1.209 0.197
CT7/1 ARIMA(0,1,4) 0.907 5.151 1.333
CT17/2 ARIMA(0,1,4) 0.728 4.172 0.944
CT22/3 ARIMA(2,1,0) 0.062 0.254 0.102

CT23 ARIMA(0,1,1) 0.098 0.503 0.145
CT26/1 ARIMA(4,1,0) 0.112 0.51 0.112

CT27 ARIMA(4,1,0) 0.274 1.651 0.288
CT30/1 ARIMA(2,1,0) 0.125 0.984 0.14
CT31/2 ARIMA(0,1,0) 0.135 2.322 0.185
CT33/2 ARIMA(1,1,2) 0.41 1.491 0.46
CT35/2 ARIMA(13,1,0) 0.026 0.124 0.03

CT45 ARIMA(1,1,6) 0.159 0.45 0.243
CT48/2 ARIMA(4,1,1) 0.185 1.218 0.199

7.2.4.2 Ex-Post Forecast

PNuUUTaeivinzatudeusoswdranniswensalitn Historical Forecast 39
thuvusaesildunldlunisnensaleas Ex-Post Forecast dadumsnennsaflugisiandus
$1Ua 12 iou fie seusiiieuunsiag A.e. 2011 89 iousuanay a.A. 2011 iensavdey
Auusiuesuuinesdnadmils Ingldthamennsaiiildainuuudaesiimangauiian
siFeuifeutudeyatieiifiey ddldnadwneed 7.31 deluil



115

A15199 7.31 ANEDRAINNITNYINTAVDIITD13UNL UL Ex-Post Forecast U 2011

Station Model MAE MAPE RMSE
cTa ARIMA(0,1,2) 0.349 2.282 0.357
CT5/2 ARIMA(1,1,10) 0.126 0.944 0.134
CT7/1 ARIMA(0,1,4) 0.463 2714 0.646
CT17/2 ARIMA(0,1,4) 0.411 2.089 0.717
CT22/3 ARIMA(2,1,0) 0.132 0.567 0.167
CT23 ARIMA(0,1,1) 0.275 1.527 0.398
CT26/1 ARIMA(4,1,0) 0.058 0.287 0.077
cT27 ARIMA(4,1,0) 0.193 1.321 0.220
CT30/1 ARIMA(2,1,0) 0.396 3.439 0.481
CT31/2 ARIMA(0,1,0) 0.760 4.729 0.809
CT33/2 ARIMA(1,1,2) 0.993 4.024 1.239
CT35/2 ARIMA(13,1,0) 0.203 0.976 0.229
CT45 ARIMA(1,1,6) 0.393 1.150 0.420
CT48/2 ARIMA(4,1,1) 0.483 3.353 0.514

INANTNA 7.31 WU MINaSLUUTIaeangaNzdRananugnaesdInsy

nsnensaltiule FeenwensainlaluatlnalAssanasatazal RMSE Alaannniswennsaiidy

I a o a PN ¢ ¢ = ¢ ¢
ATNAT e NﬂqL‘a'ﬁﬁlLU@?L%UW?‘YJW@JF"I@W@Lﬂaauamu3msﬂaﬂﬂqﬁ/\l8qﬂim (Mean Absolute
Percent Error: MAPE) ‘1/]\‘1 14 ﬂﬂqu@‘a'ﬂﬁ@ﬂau 2.1 Iﬂﬁllﬂ']uaﬂﬂ/]ﬁﬂmaﬂqu CT26/1 LLﬁﬂﬁiN

Anaalugldnnsiduuusian ARIMA Tunisnennsalsesuinuinia

dlawiuinuuusiasedininuminzanainnisnsiaaeulutie Ex-Pose Forecast Laa
LSIANNNTANYINTUTLAULNIUIAA TS Ex-Ante Forecast #38¥Nu18aunan Yume 939hau
unsaul 2012 s iwieu swiau 2012 Inglunilauanstoyanisyin Ex-Ante Forecast 904

a0l CT4 wazaonll CT5/2 MIn5197 7.32 @199 7.33 MIua1iu d1usuAIvesanItious

Taagulilunnsned 91 vesnanwIn

A15199 7.32 NSUSEUMBUATISEAUEIUINIALIYIY Ex-Ante Forecast Ane3591311U89

anndl CT4
ARIMA (0,1,2)
Year Month Observed Forecast
January 14.80 14.96
February 14.65 14.96
March 14.50 14.94
2012 April 14.44 14.92
May 14.38 14.89
June 14.32 14.85
July 14.26 14.81
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A15199 7.32 (619) NsUSeuisuAISEAULNIUINNalUTI9 Ex-Ante Forecast 2873591510

Y9918 CT4

CTa4 ARIMA (0,1,2)
Year Month Observed Forecast
August 14.2 14.76
September 14.12 14.71
October 14.04 14.65
November 13.96 14.58
2012
December 13.88 14.5
MAE 0.443
MAPE 3.080
RMSE 0.462

A1519% 7.33 N15.US8UEUANSEAULNIUINNALUYG Ex-Ante Forecast 9283581541994

annil CT5/2

CT5/2 ARIMA (1,1,10)
Year Month Observed Forecast

January 12.196667 12.57
February 11.928333 12.61
March 11.66 12.54
April 11.574 12.52
May 11.488 12.48
June 11.402 12.45
July 11.316 12.43
2012 August 11.23 12.33
September 11.244 12.24
October 11.258 12.14
November 11.272 12.03
December 11.286 11.91

MAE 0.866

MAPE 7.576

RMSE 0.892
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7.3 MSAMUALUUTIAB99136NY (ARIMAX)
7.3.1 mavadeumaidufiuusiin
Tnsnsmeaeunisiuiudsdinlnenisidudsdwdanienia/aynseansd
ARLEBNUNAN®YT bokn §vTl IMI, WNPMI, DMI, MEI, SOI wag NINO4 11%n15Nadauaing
Huimauazua (Granger Causality Test) Tdadavannsdswasesesuiuiaalufiuidng
ol Fedlouvesduiiuususassn Tdosunearmmneliluumnoundhiiud,
Tunsnadeuauyfgiuifiausfgiundn 2 wuu e 1) Hy dudlanmenialaiiy
FuimpassEAUtIuIng 2) Ho sefuinuinialifudumguosiadanimenna lnglden
mdesiufisziuiesar 95 Favsneaudn A1 pvalue Aigendn 0.05 azgneeniuluvae
A1 p-value i1 0.05 axgnUfias tnenansAnuinisdududsdun veusazaniily
LanaFans1ei 7.30 uduly

o [y

M15199 7.34 nsnaaeunulumnuazia (Granger Causality Test) v04fuUstiinseiu
Whuiaaannil CT4

Lag P-value ¥®4 Ho: P-value ¥89 Ho:

ol Amngay Aviinagey swiuthuana

eV R Lifudumeves

seiuthung Aiivneaauy

DMI 3 0.022 Ujjas 0.188 | sauiu

IMI 2 0.002 Ujjas 0.668 | yau3y
MEI - - -

NINO4 3 0.015 Ujjas 0.669 | wausu
SOI - - -
WNPMI - - -

1015199 7.34 aguledn dull DMI dounas 3 wwieu fvil IMI founds 2 1oy uay
vl NINO4 founds 3 Weu Lluduustitvesszauiiuinia dmsudwil MEI SOl uag
WNPMI Ll Jusiuwmie vesszaudnuimasganil CT4

) [y

M13199 7.35 nsnedeuaudumauazig (Granger Causality Test) U03duUsTnszAU
Y1uImaanil CT5/2

Lag P-value 984 Ho: P-value U949 Ho:

Al Amnyay silvegeu swiuhuinna

(1fiow) Lidusiumnves Lilusumees

swiuthuinna Ayiiveaey

DMI 3 0.045 Ujies 0.581 REGY
IMI 3 0.032 Ujias 0.713 REGY
MEI 3 0.027 Ujias 0.313 REGY

NINO4 - - - - -

SOl - - - - -
WNPMI 2 0.036 Ujuats 0.542 gousy
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1NA1599 7.35 aguladn dutl DMI Gaumda 3 iieu vl IMI Gaunds 3 wiou fudl
MEI founas 3 o wazdyil WNPMII founds 2 e 1uiiudstinvesszduiiuinia
dwsusil NINO4 uay SOI lhdusiumeg vosszauiuinagaand CT5/2

M15199 7.36 NMsnaaeuauluruazia (Granger Causality Test) 046U TzAU
Yruimaaail CT7/1

Lag P-value ¥83 HO: P-value 984 HO:
Sofl | Funzay FUinnaey sysuunaa
(o) Lidudummgues Lidudumgues
syuthunena pUtnnaEU
DMI 1 0.0035 Ufas 0.1248 goufu
IMI - - - - -
MEI - - - - -
NINO4 - - - - -
SOl 1 0.0002 Ufjias 0.1009 gouTU
WNPMI - - - - -

91015199 7.36 a3Ulaan dvll DMI Gounds 1 wwiau awil SOI founds 1 weu 1Ju
fuUstivesssiutuIna dwsusud IMI MEN NINOA waz WNPMI ladusiume vasszdiv
iunaani CT7/1
M19199 7.37 nnmaaeuauluivnuazia (Granger Causality Test) ¥096uUsTUN AU
uInaaani CT17/2

Lag P-value ¥83 HO: P-value 984 HO:

duil | Fmngaw Ayiinagey sduthunena

(o) Lidusumgues Lidudumgues

syifutiunena suiinagey

DM - - - - -

IMI - - - - -
MEI 1 0.0261 Ufjias 0.2155 BoNTy
NINO4 2 0.0065 Ufjas 0.4638 RHGT
SOl 1 0.0106 UJLas 0.9928 IREG

WNPMI - - - - -

91n915199 7.37 aguladn dull MEI eumds 1 ihow dvil NINOG daumnds 2 o
il SOI aunas 1 ey Wuduwdstivesseduuiuinia dmsudail DMIIMI uaz WNPMI
Lidudume vesszauthuianasaand CT17/2
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A1319% 7.38 msmﬂaaummﬂummmma (Granger Causality Test) YIAILUITUITEAU
Unuimasanil CT22/3

Lag P-value U89 Hg: P-value 499 Hg:
il Annyay Auiinageuy seiuthuinna
) Lidusumnzes Lidusumnves
seuthuInia Auiinageu
DMI 1 0.0205 Ujjias 0.0614 IREGY
IMI 1 0.0298 Ujuais 0.9674 Housy
ME| 1 0.0046 Ujjias 0.7742 IREGY
NINO4 - - - - -
SOl - - - - -
WNPMI - - - - -

91015197 7.38 aguUleidn dudl DMIIMI wag MEI foumds 1 e Uudiudstii
Yos5zAUIUINE dnsudyd NINO4 SOI wag WNPMI laidusiuime vesssduduiaasanil

CT22/3

M13199 7.39 nsnaaeuaulumsuazia (Granger Causality Test) 096957

Yiuanadant CT23

v
v

Lag P-value w84 Ho: P-value w83 Hy:

il Anga sytnagay szeuthuna

(o) Luidudumgues Lidudumgues

seduthunea Aviivneaau

DM - - - - -
IMI 2 0.0072 Ufjas 0.4107 GREG

MEI - - - - -

NINO4 - - - - -
SOl 10 0.0252 Ufjias 0.1645 GREG
WNPMI 2 0.0139 Ujjae 0.8329 gousy

A9 7.39 aguledn duil IMI dounds 2 1ew fwil SOI Foumnda 10 Wow Al
WNPMI faunas 2 o lududstthvesszauiiuinia dmsudail DMI ME wag NINOG
Liludume vosszautuianaaand CT23
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A1519% 7.40 miwmaaum’lmﬂummmwa (Granger Causality Test) Y9AILUITUITEAU
Unuimagdanil CT26/1

Lag P-value U89 Hg: P-value 499 Hg:
il Amnyay Aiinageuy seiuthuinna
) Lidusumnzes Lidusumnves
seuthuInia Auiinageuy
DMI 3 0.0449 Ujjias 0.2773 IREGEY
IMI 1 0.0364 Ujuais 0.9025 Housy
MEI : - - - -
NINO4 - - - - -
SOl - - - - -
WNPMI - - - - -

INA5199 7.40 aguledn duil DMI dounds 3

Wou fudl IMI Saunds 1 whou 1Ty

fudsdinvesszaudiuinia dmsudall MEI NINO4 SOI war WNPMI Tdidusiuing w9
szAuduIaannil CT26/1

o (%

M13197 7.41 nsneaeuauumauazia (Granger Causality Test) 20969uUsTUNTzAU

Yruanadant CT27

Lag P-value w84 Ho: P-value w84 Ho:

il Anga sytnagay syeuthunena

(sfiow) Luidudumgues Luidudumgues

seduthunea Ayiinagey

DM - - - - -
IMI 3 0.0168 Ufjias 0.5696 RHGY
MEI 3 0.0415 Ufjiers 0.3631 yousy

NINO4 - - - - -
SOl 2 0.0412 Ufjas 0.6084 GREG
WNPMI 2 0.0208 Ufjuers 0.5094 yousy

101597 7.41 aguledn dull IMI Geumnds 3 W Avll MEI §ounds 3 wiou fvdl
SOl gaunds 2 o wazdwldl WNPMI faunds 2 oy tuduustiivesszauiiuinig
dususiyd DMI wag NINO4 luiiJusiume vesszauuuimaannil CT27
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M191499 7.42 nsnedauaudumauazia (Granger Causality Test) YoeduUsTnszAU
Y1umaaail CT30/1

Lag P-value U89 Hg: P-value 499 Hg:

iyl Anyay stinaaay seiuthunna

) Lilusumeges Lidusumgues

seuthuInia suiinageu

DM : - - - -
IMI 1 0.0319 Ujuais 0.6674 HoUsy
MEI 3 0.0342 Ujjias 0.9747 IREGY

NINO4 - - - - -
SOl 3 0.0145 Ujjias 0.8931 REGEY
WNPMI 1 0.0318 Ufjuas 0.9254 HoUsy

A58 7.42 aguledn duil IMI Gounds 1 whieu avll MEI doumnds 3 1oy fvil
SOl daunas 3 wow wazdvll WNPMI daunas 1 ey tudiudsiuiresssauiiuinig
dwsusiydl DMI waz NINO4 Liivdusumg vesszauiuinnaanil CT30/1

M19199 7.43 n1snedeuauuvauazig (Granger Causality Test) U03duUsunsziU
Yiuanadant CT31/2

Lag P-value w83 Ho: P-value w83 Hy:

Al Anga sytnagay szeuthuana

(sfiow) Luidudumgues Luidudummues

sgduthuana Aviiveaau

DM - - - - -

IMI - - - - -

MEI - - - - -
NINO4 2 0.0331 Ujjias 0.6132 gou5y
SOl 2 0.0073 Ufjias 0.6618 REGEY

WNPMI - - - - -

a’mmiflm 7.43 a'iiﬂm’] a5t NINOA §aunad 2 Wau Avll SOI Unad 2 Lhay
LUumLLUﬁszjmeuawmummma AunsSuaui DMI IMI MEI kag WNPM Imﬂumumm SN
ium‘ummmaamu CT31/2
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A13519% 7.44 msmﬂaaummﬂummmma (Granger Causality Test) YIAILUITUITEAU
Unuimasanil CT33/2

Lag P-value 984 HO: P-value 984 HO:

il Fzay AUlNAdDU svduthuiag

) Lidusumnzes Lidusumnves

sesfuthuinna ArlnAdoU

DM - - - - -
IMI 1 1.00E-05 Ujers 0.842 gousU

MEI - - - - -

NINO4 - - - - -

SOl - - - - -
WNPMI 3 0.0164 Ujers 0.3526 gousU

1NA1597 7.44 aguladn avil IMI dounds 1 ey duil WNPMI dounds 3 ey
Juduustiivesszauiiuinia dwsudell DMI MEI NINO4 waz SOI Ldilusiuinmg veg
szaudumaannil CT33/2
M15197 7.45 manaaeuaulumguazia (Granger Causality Test) ¥3uUsdunszay
Whuinaanil CT35/2

Lag P-value w84 Ho: P-value w83 Hy:

il Anga sytnagaay szeuthuna

(o) Lidudumgues Lidudumgues

seduthunea Aviineaau

DM - - - - -
IMI 1 0.005 Ufjas 0.6133 RHGY

MEI - - - - -

NINO4 - - - - -
SOl 1 0.0471 Ufjas 0.2011 GREG
WNPMI i 4.00E-05 | Ufias 0.8228 gousy

1NA15199 7.45 aguladn dudl IMI geumnds 1 e Ayl SOI founas 1 1oy wag
syl WNPMI §ounds 4 1oy tJudindstiivesszauiiuinia dausussil DM ME wag

NINO4 Tsislusiume vesszAuinuInIaaanll CT35/2
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) [y

M191497 7.46 N1snedauaNdumauazig (Granger Causality Test) U0eduUsTszAU
YruImaannil CTa5

Lag P-value 984 HO: P-value ¥83 HO:
il Anyay stinaaay sefuthuinia
) Lilusumeges Lidusumgues
seuthuInia Avilnpaau
DMI 0.0357 Ujjias 0.8202 SRR
IMI 4 0.0062 Ujias 0.2942 REG
MEI : - - - -
NINO4 - - - - -
SOl - - - - -
WNPMI 5 0.041 Ufjuas 0.3259 gousy

INAN5199 7.46 aguladn duil DMI founds 7 Wew dwil IMI dounds 4 heu uag
fiutl WNPMI §laundd 5 oy Wudiusiuiveesesuinuinia a1nsudeid MEI NINOG was
sol laidusiumn vesszautunaanntl CT45
M19199 7.47 nMnaaeuauiluvauazia (Granger Causality Test) 09605 TzAU
Yiuanadant CT48/2

Lag P-value 983 HO: P-value 983 HO:

il Anga Aytinadauy syiuthunena

(sfiow) Luidudumgues Lidudumgues

sduthunena Aviinagey

DM - - - - -
IMI 5 0.041 Ufjas 0.415 GREG
MEI 1 0.037 Ugieo 0.838 SRR
NINO4 4 0.008 Ufjas 0.865 RHGY
SOl 1 0.037 Ufjas 0.115 GREG

WNPMI - - - - -

NANT97 7.47 agUlén faudl DMI Bounds 12 (Weu dvil IMI dounds 5 ey dvdl
MEI Saundd 1 ey audl NINOA Saunds 1 ey wazsull SOI dounds 1 ey tuduwds
Fhwesseiutna dwsusui wapM idusuve vesssduthuimaanni cTas

MANanIsTIAERRIna iUl duusivumegeunisiludviidthvessysui
vimaluusazanni finanefulsnsuenilusaiiithvesseduiunald esainuanis
NAFRUUNLES “ Ho: ﬁszjﬁmaauhiLﬂué’ummaqszﬁuﬁ']mma” LazgaNsy “ Ho: seauih
vinna lidufumnuesiviinaaeu” uagaindeyadanand agiluldnensalsedui
UIAA FIBNNTAATILHRUUINDI915LUNDG (ARIMAX)
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7.3.2 WUUADIDTTUUND

a Ay v a ¢ v aal a Y
NJURVUBBIANNTImLgaNAlAINNITIATIemeTsensu Tuide 7.2.4.2
AUy Falasuwuuved

Y

Aounindl wazlddrguuuudenaniuniasigisiedindsyin
o b=~ & A ! dy
U880 UNNT (399191971 7.48 sialuil

a ° = &) Ve i a
M990 7.48 E‘ULL'U‘UGU'ENLLUUQW&@Q@W?LLﬂJﬂ‘Ej‘WIﬁUﬂﬂﬂ'ﬂuu@]a%aﬂqu

Station Model

CTd Ay | constant MA(2) DMI(-3) IMI(-2) NINO4(-3)
c15/2 | Ay | constant AR(1) MA(10) DMI(-3) IMI(-3) MEI(-3) WNPMI(-2)
CcT7/1 | Ay | constant MA(4) DMI(-1) SOI(-1)

CT17/2 | Ay | constant MA(4) MEI(-1) NINO4(-2) SOI(-1)
CT22/3 | Ay | constant AR(2) DMI(-1) IMI(-1) MEI(-1)

CT23 | Ay | constant MA(1) IMI(-2) SOI(-10) WNPMI(-2)
CT26/1 | Ay | constant AR(@) DMI(-3) IMI(-1)

cr27 Ay | constant AR(4) IMI(-3) MEI(-3) SOI(-2) WNPMI(-2)
CT30/1 | Ay | constant AR(2) IMI(-1) MEI(-3) SOI(-3) WNPMI(-1)
CT31/2 | Ay | constant NINO4(-2) SOI(-2)

CT33/2 | Ay | constant AR(1) MA(2) IMI(-1) WNPMI(-3)
CT35/2 | Ay | constant AR(13) IMI(-1) SOI(-1) WNPMI(-4)

CT45 Ay | constant AR(1) MA(6) DMI(-7) IMI(-4) WNPMI(-5)
CTa8/2 | Ay | constant AR(4) MA(1) IMI(-5) MEI(-1) NINO4(-4) SOI(-1)

Tuvpizifeatu Weldaunseduundfivnzanvesanidane unduiiSeusosudn
Jelathaunisufiansaunaiana Schwarz’s Bayesian Information Criterion (BIC) wag Ljung-
Box (Q-statistic) tlofinnsanAamanzay dswuinen BIC 91naunislunisnad 7.48 finn
anrilfdniosninaseit 7.28 nnannil luvngiien Q-statistic Aduanildiidmnind1ings
299 Chi-square 398U5U Ho 6’?&L,Lamdwamé’mﬁuﬁ‘iuﬁaLawaﬂmwmmmmﬁ'auL%ﬂﬂé’quéﬂqﬂ
A1 MUEANNTIUUTIRBILARIUNITNTIIABUAIILYNADY Fauglgiuuusansenauundg
Fglunennsal (Ex-Post Forecast) szdutiuimalugaad aa. 2011 sely

7.3.3 WSHUIBUANNLAUUEN YD LLUUIIEBY ARIMA LazLuUINaas ARIMAX
Trem15197 7.49 wanInanI N us1v9InITNEINsailasuus1a0s ARIMA wag
LUUS1a89 ARIMAX 993sesiutnuianana 14 aond Tnernuusdugildannnisiuaegel
ANAAIALAREL (RMSE) 183lUUs1889 ARIMAX SULUUSIa89 ARIMA wagadudiaiuain
AsULIUTB UMY (RRMSE) 8181 RRMSE SA1111A71 1 Laneinn1sneInsaifisuuusiass
ARIMAX fim1smanaiaasutiouninn1snensaisouuusiass ARIMA
NANI3AN®T WU A1 RRMSE LUSEULTIEUSENINaLUUINa89 ARIMAX Wagluudnass
ARIMA %993 A04HaN1TNYINTAIAINUUUIIa09 ARIMAX HA1uaaInLadeuttosni
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LUUT1a8Y ARIMA 98198RLaU Fanuneanudnsidavtianingieniasiuluwuudiaes
ARIMAX Vi linsnensallugunniu. wenaniuuudnass ARIMAX linan1sneInsaid
fanuwiugindtuuudnass ARIMA a3ee1 RRMSE asanfe 8.4 iaanil CT35/2

A15197 7.49 Wl uTieun1sne1nsalsening ARIMA wag ARIMAX Tusag Ex-Post Forecast
U A.f.2011

(1) (2 (3)=(1)/(2)
Station Model RMSE RMSE RRMSE
(ARIMA) (ARIMAX) -

cT4 ARIMA(0,1,2) 0.357 0.130 2.746
CT5/2 ARIMA(1,1,10) 0.223 0.159 1.404
CT7/1 ARIMA(0,1,4) 0.646 0.439 1.472
CT17/2 ARIMA(0,1,4) 0.717 0.645 1.111
CT22/3 ARIMA(2,1,0) 0.167 0.152 1.097
CT23 ARIMA(0,1,1) 0.398 0.118 3.386
CT26/1 ARIMA(4,1,0) 0.077 0.075 1.023
cr27 ARIMA(1,1,1) 0.304 0.128 2373
CT30/1 ARIMA(2,1,0) 0.481 0.108 4.469
CT31/2 ARIMA(0,1,0) 0.809 0.450 1.800
CT33/2 ARIMA(2,1,1) 1.239 0.330 3.754
CT35/2 ARIMA(13,1,0) 0.229 0.027 8.463
CTa5 ARIMA(1,1,6) 0.420 0.098 4.307
CT48/2 ARIMA(4,1,1) 0.514 0.123 4.178

7.3.4 nswensal (Forecasting)

ideldsunuudrassimnzamseuiosudrsiinan iy Jaihuvudiasiens
wunsgiile urldlunisnensaitae Ex-Ante Forecast tufie faaiiou unsiand 2012 89 o
damen 2012 Tneldemennsaliiles u%ﬂ%amﬁsuﬁwﬁagaﬁﬂﬁﬁagj Faluiidlguanagnogng
Yosan1l CT17/2 wazannil CT26/1 fam1351991 7.50 wazm151991 7.51 maey dwsuandl
3u Towanalilunsnad 2 vesmarwan 9

Tnenalunisneit 7.50 wansean1swennsaisesutnuInadmii 12 e fe e
UNI1AN 2012 AAnennsed 19.75 4. Liaudeniau 2012 darweansal 20.47 4. Lagliou
$unnAy 2012 dAwensal 19.87 . laeilan Root Mean Square Error (RMSE) ity 0.719
wazdiAn Mean Absolute Percent Error: (MAPE) $owaz 3.534 Guuldinaivesnisnensal

)~ Y a U 1w 6 1 v & a v PN
llﬂ']?iﬂ,ﬂaLﬂEJ\'iﬂ'Uﬁ']ﬁ\'iLﬂ@ﬂ"limﬂ@usU'Nlnﬂ uamﬂﬂummiﬂwmimﬂﬂmﬂgﬂ% 7.5
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A15199 7.50 N15USEULAEUANSEAUEIUINIALUTIG Ex-Ante Forecast se35913umunduad

a0l CT17/2

CT17/2 ARIMAX (0,1,4)
Year Month Observed Forecast
January 19.80 19.75
February 19.82 19.87
March 19.83 20.10
April 19.84 20.30
May 19.71 20.41
June 19.66 20.62
July 19.60 20.47
2012 August 19.84 20.47
September 19.54 20.38
October 19.53 20.22
November 19.52 20.04
December 19.52 19.87
MAE 0.694
MAPE 3.534
RMSE 0.719
Station CT17/2
25
20 E——
E 15
o
3
= 10
G
5
Observed Forecast with ARIMAX(0,1,4)
0
< QA & Q N & N & & & & &
\@“& q?@% ‘@o A v°°3) & 05‘60 4@6\\0 @&o
< %Q,Q Y ®
Year 2012

5UN 7.6 N15iUSEUMEUITEAUINUINAINMTYITIEMELUUTIREY ARIMAX(0,1,4) fusesiu

Y19NUBALNANNTA] Naail CT17/2
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A15199 7.51 N15US8ULAEUANSEAUEIUINIALUTIG Ex-Ante Forecast se359713umunduad
@011 CT26/1

CT26/1 ARIMAX (4,1,0)
Year Month Observed Forecast
January 19.48 19.49
February 19.41 19.47
March 19.35 19.43
April 19.27 19.41
May 19.18 19.4
June 19.10 19.37
July 19.01 19.28
2012 August 18.93 19.17
September 18.95 19.09
October 18.96 19.06
November 18.98 19.12
December 18.99 19.19
MAE 0.157
MAPE 0.822
RMSE 0.187
Station CT26/1
30.00
25.00
20.00 —_
£
E 15.00
3

10.00

5.00

Observed Forecast with ARIMAX(4,1,0)
0.00
Q e X < < < <
Q,b«* \},bc\ 'S‘é\ ?g‘\ w@* & O & N 5 N &
Q Q X > & o & &
N2 QQP s N o) S &
3 < Q

Year 2012

SUT 7.7 M3UTeumeuseauiuIn1annsinugaigluuiass ARIMAX(4,1,0)
) v 8 W ¢ =
AUTZAUUINUDALNRNTITOL N@n1il CT26/1
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2915997 7.51 man1sweInsalsedutuianadimii 12 Weu vesannd CT26/1
Ao WauNNIIAY 2012 fiAnensal 19.49 4. wieudwney 2012 A wensal 19.17 . uaz
Wousuan 2012 dawensal 19.19 u. lawdla1 Root Mean Square Error (RMSE) 11U
0.187 uadle1 Mean Absolute Percent Error: (MAPE) $eeag 0.822 FauiulsinA1vednis
nensaifanulndiAsstiusdanamanideutieann venindannsafoisanldangdd 7.6

WulaI1wuuTNaee ARIMAX T,mai%ﬁ’suﬁanmmmﬂ/ammmam‘ﬂuﬁaLL‘UiSaiw X
aflmimnsflmamiwmﬂﬁmmUmmmaiuwumﬂwﬂwmmmmmLLmummﬂsuu GRTADY
Amsnananmeniedmanesyuunineinsitlunnsiuuazdamasetiuina mumamaq
finnsantisnavesteyavasdivianmerniafiiunlfifuiud sdasslnngay Sni
foyasziuthumadifidnaulsinnme Sweavliiusuuuuresnuedeulm|Fliifian
Feenmazdesseliiduiutnaedoyafiinniusandome fagannsovhmmasoulu
szagsolUle
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A1531809EAINUIVINA LUNUNANBILAZNISASIAEDU

unidumsfnsmsadauuuiassmslvavesihuimalureuaiiufifnuuiiom
wsaimszmeudaosfuieanieai ilolinszidoyaauuuarssuugnnine e
m:maa‘ummL%aﬂmszijmsLU?{EJuLmJaqamwgﬁmmﬁ U%mmﬂuuazmﬁquﬁw fiflsio
seuthuinna tngldindoyamsmenmiazgnnineasdiguuudiass MODFLOW e
¥msinswinasUuiieuiaudsaneg Weliuuusiassannsainsziassiuihuima
Svdnansguinuagadelesvesanmeinmatuseduihumalufiufidnuls Toe
nsenundilatiseaidensieg fddusmelul

8.1 wuudnaeLBaulusial

wuudnaeadaluiial As unasuanudilavesdnuaenanienmkagssuumsiva
yonuImaTesiiuiiing ainnieeideyaresiuiifnudssenoudedoyassdine,
gnnine1 anwnivssa nsldihuiaa wezanmiidu waildidudeyadeinan unud
LAZNMFRYNINgNNETang1 Beazthlvlflunsimuateulvveuivauaznisaeuna
N159ADIVBILUUTNABINWANAFANT

udadmsremeuaegluuinuinuduuitidmsremeusauazduundai
vnarualvgfigaualiianiianvessuve Sufiaseuaguuszaia 20 Swiavung
fufluszana 43,333 prseilans fUSunaRsnAuYsSE 269,312 A1UYNUIANUAT

a a

wseanldfuansuinm e usadmsreuinuiufinudseduiafulszan 0 - 20 w5,
Faursnneulusud fwviadoumlvaudainuindmazen fufuilildnndudsedu
fufuaudsanuinUszann 600 wns futhegia 8 du udasduliuiinariunn wasuiom
vouLswnunzTunnuarayTueen TseAuRaAuUsTINM 5 B9 60 1990, FavouusImIafy
ngSunnaquituiinauidaningiiosd fantnanssayidungfuanluauiedminuasdgs
LazUUUB IR IUAY TusenAauiiuTidauATviaany3 a5y uaswien Usduyauddmia
aztdunsuariuiiaevdnluiiud o wiiidmszen widvihdu whudnaesuarul
ndn anwessdiinenuinszneudefiufiionganiian fe wiuawudsu (Precambrian)
ﬂuﬁqﬁuﬁﬁmaéauaﬂiuamLLsa%ﬂ (Jurassic) kagA¥NBULAAIBINGITUITUTENBUMILAYNDY
i mvﬂaumvwmumaﬂimLLa‘vstm LAZAZNOUWMALABAULTNYY N15aNYEN1TUAY
yoenznounIninii Jsmuunasiuimaludunsianmeiignunsnadufeduiumiend
sEfumNANGNeY agsliiseiiles Imaiu%uuuamummwwﬂqqmwLLazﬂiumemaQﬂﬂﬂwu
Fretuiuminfidont Suiumidensanm Aflenumudszana 5 - 20 was Taefiseau
vmaesniudisogiaususzana -80 fa 80 1. snn. duandlusuil 8.1
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UM 8.1 YauluakuudaeaziuuTaauduluvirivasituidnw

1NA5ANYIVBY (JICA, 1995) ke (NSUNSNEINTUIUIANG, 2555) FI@NUITOES
wuudnaesdaluinilunisfinwiaselismeduiiuinia 8 Yu fsil Jui 1 Astulingaunmn
(BK) Fuil 2 Aim FurlnszUszias (PD) Tuil 3 e Futiuasvads (NL) Gui 4 As fuinuuny3
(NB) ufl 5 Fuinanulan (SK) 4uil 6 Futmgiln (PA) 9uf 7 Fuituinasuys (TB) way
fuil 8 Juiuni (PN) tneduuugadutufumileansamn (Bangkok Clay) Aunanslugy
d‘ 1 ‘&’
#1 8.2 siolUll

Ufil 8.2 Snwzvestuthuimaluusnuiiufiane) (Mukand S. Babel, 2008)

CaN
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8.2 N199BNUUUNIALAZYDULYAVDILUUINADY

8.2.1 n199anKkUUN3A (Grid Design)

miaaﬂLLUUﬂ%@iuﬂ%u’m’fmauﬂqmﬁuﬁﬁﬂmﬂssmm 20 Fswipdfuiivievueszaunn
43,000 s1519Rlawns Tnefidnwusduiiufigmdsuiiug wuamie-18) senirefide UTM
1,450,000 914 1,800,000 Lu65 (WUINLTUAN-AEIUDDN) T¥NININAR UTM 500,000 94
800,000 a5 lnguunaninnsil 1 Alawwns x 1 Alawms dsuandusui 8.3 Tasdiseaziden
el

1) wwngTuan-nzuoen wuadu 300 anus

2) wuawmile-1d wuadu 350 uan

3) wwids wvndu 9 4u tnedmnusuuandsiuluBeulunugivssme fisedy
NAU
9 240 . 1.

shuuUUsaesiisIunIAUenieLn 945,000 f3R Aananslugy 8.3

1Y

UM 8.3 Anuaizn1sHUINIAlUNUNANY

8.2.2 YAULUAVBILUUINAD
lunsfnwillafiansandiaestuiiuinia 8 Tu dell Fuil 1 Aetuuingann (BK) 4
a & a 3y 3 ~ A & &

AMUNAURAY 30 LUAT TUN 2 AD FUUINSEUSELAS (PD) UANUNULREY 50 WA TUN 3 Ao
FuuATNaIe (NL) danunuiiade 50 wWas kazdui 4 As Juiiuuny3 (NB) dad1uviun
\adeY 50 wms Ui 5 Juitanlan (SK) danunuiedy 100 WwWas Tuf 6 Tulinegln (PA)
~ A 3y $ % ~ a A 3 &
JANUVULRAY 50 LA FUN 7 TWdIuInasuys (T8) danuvuaie 100 was Fun 8 4u
Wi (PN) fiaauwunade 100 was lngsuuugadutuiuvinieinganm (Bangkok
Clay) #iPuvuedy 20 Was
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Snuwarvesiiuiifnuiiduiiuduisenevdeduiududlfussfunasdusiud
auautRnsseuliidukiuuarnafusnuanisiu nslravesihuiaalufuiidnudan
Tng) fienensinaanfimvioasgfalilusuveuiomniniauauifinseouliifun 1u
Tuwwaneudninlusufsdifiduiiuduiduegfaduislinissassszugnnssained
aunfgiu fe dluiuiidnwlnanuianioadd nsfuiuluuueufiniuwis ihd
ATavLuAsT Tuditusasdu uiuy Heterogeneous ua Anisotropy tufiufiutiil
m’m@mﬁjmamﬁu Homogeneous WLay Isotropy ﬁflmmaiwal,wumﬁ (Steady State)
wagliifinislvadieonaindiutrsvesuuudiass Tngdnsimuaveuluniiianzauves
LUUTIA0INUANYUENIQNNTTNINGIVDITEUULBIUIAALIINTZEIMBUA9E198931N
msAnves UICA, 1995) uag (Rsum3neInsiuina, 2555) fail

8.2.2.1 VDULUALUULEAAST (Constant Head Boundary)

- vuaenasiszduiuRu 0 e meﬂ,usua‘uLﬂm%uﬁumﬁmmqqmw

- fvuasgduiiuinuveuenssduimziasnneasfiauaunisves Langevin,
(2002) aguerld Fsmsnadl 8.1 4

A19199 8.1 AanAsl 9 TElun1sanassnisAine

%’uﬁﬂmma he (M)
ATUNN 1.00
NITUTLHA 2.25
UATVAIN 4.0
UUNYI 6.25
alan 7.5
Wyl 8.75
SUYS 11.25
Ui 13.75

8.2.2.2 wauanmuanuulidinislua (No-flux Boundary)

fsuslFuuamisdnung Tunnuasae usenidureuedlifinslvadn/eon a1ndu
fuduinazvoulniindevesuaziuihdmueliliiinisivaduvesnir Falaildldlunis
Fuan (nactive Cell) Tnslufithuudnaiuilngsouresituiifnu (Funm) duandugud
8.4
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JUN 8.4 nsivuaveulwakuuldiinisiva

8.2.3 wilavasuduul (Aquifer Type)

£ v
o A Y @ o

o vy a = = < ! 5
1) Avualrduiunileinsunn udutuneguugn duduun

(%
(9

Yansodutils

—

[ (% v
o

w396 (Unconfined Aquifer)
2) FudruiaanwangunnasafstultUindamivualiidududi idusedu
(Confined Aquifer)
o ooy & P & A v oA
nvedunanisalniiveyaluvnell uagdoyan1anignmuesiunfnyifanngn

(% I (%
Y]

WFITANTARITUN T UIAalaavan 8 Tu lnedidumileanunnUavivagiuuu
b < s o - &
sy 9 awes lasuansguuuumsdiaedlugui 8.4 4
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(b)
sU# 8.5 Anuazn15INR0ITUNILINIG

8.3 winwasdndrlunuudnaas
8.3.1 FEAUANGIAUUULALAS
tidrsgduanugadiuuuarasueauiagdudedoyaidutuniugs vie doya
DEM inguuusians Inesefumugeitufu (Ground Surface Elevation) 3o sefuarugs
Fruvuzestud 1 lHidrandeyariugennunugivssimaveansunineinsuiuinia
AT 1:50,000 TneuiiAnuiiseduaugaiiufusesring 0 - 900 w.5mn.
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8.3.2 Aduuszaninisdusinulduasti (Hydraulic Conductivity, K)

AduUsransnsunudusuusiifianud fyunndmidddunisiuuudiassain
amgagmﬁﬁwwumlﬁ%uﬁmﬂmwu heterogeneous way anisotropy luidesduldrmuna
Tned1edenndraandinsaniansvostagliidliluiuusiass (nsumdneinsid
U1A1a ,2555 kag Spitz and Moreno, 1996) wazatuisafiuladlaainainisluaduniu
(Transmissivity) Mssaeaumuesduiuaatiug Tasrdldmunduiulduandusui
8.6

o 1

5UN 8.6 AnduUseavansBurulmisuaunldluwuudnass (Hydraulic Conductivity, K)

dnsuamsfimeiidug Wy Anamgu lunsduaunisinavesitlulusunsm
MODFLOW laidfasmsaannumsu wildlunisduininisan Darcian Velocity fafuanildly
MsfuaNIseAeuivesiadns Tnefidrdudssdndnisfniiudnnag (Specific
Storage) lalldl#lunsiwalunuusiasailesaindivualinisinaiduwuunsd (Steady
State)

8.33 sdutii3udy (nitial Head)

AspiutEuduremnduih lessduiuiaarestuindug Inglédeyanve
Funnnisaiiiuiaia vesnsumineinsiiuiaalul wa. 2552 laeldlunisuuiiten
wuudaesluangluiuwusanuaan (Steady State)

8.3.4 Sasmsiiuti (Recharge Rate)

nsfinnsandnsnisiiundnedannn msdnwues (nsuminernstiuiaa, 2555)
s?i'aiéfﬁmmﬁmﬂﬂfmﬁuﬁwgﬁu’uﬁwmmaLﬁuﬂW'iLamEWWﬂﬂ%mmﬂuﬁmﬂiuﬁuﬁ siudupudy
vuaIgiutUIATa Snsnsintngtuiniuinannuiaruiinnasgiuiu TneUssdiuld
MnteyauTinanuedesel Teyanismesemevesity TeyanmuantAnu doyanisliiau
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wazdayaanuaeneIdldagIuIInNnsunay laglavinisudsiiunnsiuiiaenndesniy
anwaizn1slenaY tneiunndnisdudidigseuudiuinansanng tasUSuamailianvae
a 9(; A ! a o a %2’ a !
YBINITANUINVOULEY IAgddnTIN1siANEIUTINvRULSIUTENIM 10 % (Sanford and
Buapeng, 1996)
luns@nwlAsldrgninisiinineusunaniisuyseaa 10 % 31nA1939 N
N13n58vesUTINMHUMIE FUrANEIRBUNGNaU (Thiessen Polygons) lagauisauus
d’lJ S a a H 1 Y d’lj a o d‘ ! dgl’ a a a
Hunaindwudbmdy 15 Wuil dwanslugun 8.7 druiunusnunjaunwasUTuama
Unamineas 16 gunuidulvgiduduumieansannmundssanm 20 westuly dadu
Tuusnadiimualalidinsdu

¥

A ) X da ¥ ¥ a i X A v a
N 8.7 aﬂwms‘wummeuﬂms{ﬂjmimzmEJUimzumr;Jquwuwmmmag‘dwa’mmaaﬂwaﬂau

8.3.5 Smsnisguinuinia

msguiuiaaldlideyann deyadldsueygyeldthuimannnsamineinsii
U8 G?}\‘iL‘ﬁuG?JJEJQJUaﬁﬁﬂ’ﬂuﬁ’]ﬁ@ﬁﬁmﬂaﬂﬁﬂUﬂ’13"3Lﬂiﬁ%ﬁé’%EJLLUUR]O"Iaa\‘iﬂﬂjG]ﬂ’]ﬁG]% g
firsunuvseste sefuaudnvionses Uiinanhiigulduasdisiunaniiguldds an
msmuTadeyanuiiivovimaluseusiiuiiuuusiass ianua 8831 o nszaseglu



137

4 1
A A

fufinansiasuit 8.8 uenaniionafinislihunsduilddluuinatosuas aildvooun e
FaorvaridrwiliiAnaunainndeulunisadiswuudianaded wazluusnaiui
ﬂqqmwmmumﬂﬂ@ﬁuﬁﬁaquﬁwmmaa@aaLﬁaamﬂiuaﬁmﬂszmﬁmmLwiuﬁumqmmﬂmi
qufwmmammﬁu

8.3.6 doyausith

foyavesusihaeddgluiuiidnw fo wididmssen (@ondfndvivesnsy
gausenu C2 C56 C13 Ca4 C3 CTA C36 C35 1Judu) wihiwihdu (@anilintdviveansy
gausenIu T10 T13 T15 way T1) wihihdn @anilfaivinvesnsusalseniu 59 52 532
526 war S5) wazklitwinans (@il nthvivensuvaUsEnu KLLA K55 K56 K28 uay
K57) FasreBeaniiian sudadtn aseduill (River Stage) sedutiostin (Riverbed
Bottorn) waveun1evesdtn (River Width) Wuseiiewainnsuvalsyniu

Tnelunuusassiiimunmauuilitunuudiass fie Apnuvuiesnznoutie
(Riverbed Thickness) winiu 1 a3 wavAduuszansniseenliindununznaurionia
(Riverbed , Kz) 1A 0.025 Lns/3u Tneiiteritidveunuitngnsad 8.2

nsfmunduesitiluuusaestuiinnuddyluiudumnsfimesaidnsiy
5ﬂuﬁuﬁ%uuuqmaﬁLL‘U‘U'«j’ﬁaaq U%LamﬂqqmwLLaml%msmaﬁ?ugﬂﬂmﬁuﬁaa%uauLmﬁaa
N3NN ﬁaﬁmu@iﬁlﬁﬁmsLamfwmﬂLL@Jﬁfﬂu%y’qummLLU‘U'«j’ﬂaaq wAnsRNTa ki
HafideddydefuiifuiuenveuimanunmiasyTunma uassedufioaivasuaiiiingg
Meheguutuil 2 @uthngamm) veauuudiaes

a ! a sa o v A ! qoj Y [J o v
A15197 8.2 A fwesNuveulundeuluwt (RIV) TnuwuuINaesRsay

waith SEAUT SEAUTTDa
(m. MSL) (m. MSL)
wsidusinaes 2.274 - (-5.785) 0.311 - (-6.625)
wsivivinIu (-0.289) — (-2.694) (-2.828) — (-4.328)
uaiiudmsyen (-3.252) - (-2.928) (-9.673) - (-12.075)
wslthngn 11.486 - (-2.417) 7.606 — (-12.698)
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A v ' ' ¥
EﬂVI 8.8 ALVNULIVBIUDUINAILUUINGDY

8.4 ﬂﬁiﬁﬂﬁ@ﬂlﬂﬁﬂﬁ?%ﬂ\‘lﬁ

A1sAn¥IERIn15s1aesluaninzasil (Steady State) lnesiin1suSuLiiey
(Calibration) as13geu (Verification) ﬂ"](;fi]LL“LJi%?ﬂ%ﬁﬁ?ﬁﬁ%%@ﬂ%uﬁuémﬁﬂ Geulvvoulun
VOIUUUINABY L‘ﬁ'aﬁwmei’waaqﬁlé’mﬁaﬁm%mﬁwaﬁummsquﬁw INTNAVDINST
WasuuUasanmgiiennie flonadswansznusosziuthuinaluiuiidng

8.4.1 Weulvvasnissrasduaniizasii

1) msf&’waaﬂuamazmﬁléﬂ,ﬁaﬂiﬁé’fﬁﬁagalu% (A.F1. 2009-2010) FansuNINEINTUN
viena Teviinisdrsaaseiuituimavesiuiidne M9 dussiuisudulunisiuiadsd
Joyaauysal IanuuUiiuAsuttssaziansunlutiwa 2 U 3wsianuasandesiv
auyAgrunislvaluanigasd

2) fvualviiuiudindgezoy meguintunld Wusuusfieuqussdutiuay
LSaFuvRUIANg

3) YaulAveILUUsaes TWnisluadh fie Usinamunaswiilunisiuuavous
Eiaumﬂ‘viaaaﬂi%ﬁaquﬁﬂuﬂﬁﬁmumauLﬁum
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0) msaesiinisUiuadinls fe Samnafuiuiuagainanimssanans
yostufiuguni ieliussurenivimaluvedunanisal S1uau 325 ve favlndisaiu
foyaitinlunipaunlugisariidnualude 1) undign Inedumisvesiedannnisal
LanasagU 8.9

1%

= o w oy % ¥ ™
U7 8.9 muvusuedunanisailylunisanaesaniizasd

8.4.2 nan1ssnaesluan1nzaed

wuuanaesfilnannisusudeulngluvedannnisal 91wy 325 Ue nseaneluiiud
ﬁﬂmwuiqéwmLLiaé’uJﬂﬁgm’;mlgﬁmLa?{ﬂmwmﬁaé’wﬂid (Absolute Residual Mean)
WU 7.417 1. A9InTiaesuednInNLAaIaLAdeunIdIdodade (Root Mean Squared
Error, RMSE) WU 9.489 11, ANUNAveITINTidnveAadLINnEdes (Normalized RMS)
9.705% AduUszansanduing (Correlation Coefficient) Ny 0.802 é’aLLamiugﬂﬁ 8.10
u,aﬂf;hgﬂﬂ"lmmﬁ'}mwamamﬁuumaq LLazLLmswﬁ'ﬂ%’uLﬁ&JULLgfaLLamagﬂumsmﬁ 8.3

TngpAnuL N amansudan1susuiisuLaaiinulsiuanaSuauuanan syl
Tuunagdunuina unadausiuoglursidnwlasnsuminensuiuina Tasduumsey
ﬂizLLmﬁmmLLUﬁﬁuﬂaaﬁqﬂﬁUizmm%aaz 10 ﬁgqﬁl,ﬁaammﬂ%@gaizﬁuﬁiﬁgﬁjl,ﬂswﬁiu

1% ¥ o

FUUIFINATITNINNMTUUIDY 9 LAZUNVIANNNITITADIN 7 LalnaLALIanInaTNian
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Calculated vs. Observed Head : Steady state

1867

Calculated Head (m)
31.33

-81.33

T T T T T T T T T T
-51.33 -31.33 18.67

Observed Head (m)
B Layer#1 & Layer#2 & Layer#3 T Layer#4
+  Laver#s ¥ Layer#5 ¥ Layer#7 @ Laver#@
- §5% confidence interval ---- 95% interval

Mum. of Data Peints : 325
Max. Residual: 29.415 (m) at PT 0019%/CENTRAL Standard Error of the Estimate ; 0.424 (m)

Min. Residual; -0.038 (m) at CWESS2/\WEST Root Mean Sguared ; 9.428% (m)
Residual Mean ; 3.746 (m) Normalized RMS : 9.705 (% )
Abs. Residual Mean : 7.417 (m) Correlation Coefficient : 0.202

4 U ¥ o v ¥ Id
3UM 8.10 nan1suuigukuuRRITEA UL UIAALUNUNRN W

Wiuusasunndilannuuuanasdluaneadiinnuaainedouainmsiuieuiio
i%%jﬂﬂﬁ?ﬁlgﬂﬂﬂmiéj’IUDNﬁlUﬁi’]ﬁ]‘%ﬂﬁijﬂlgﬁl’]ﬂ‘UIEJﬁI\‘ILﬂﬁlﬂ’ﬁﬂjaﬁ‘ji},’m losnuedunanisal
ﬁ'gwmummmzﬁuﬁﬁmmﬁmuwﬂmﬁ TneA15197 8.4 WaRIFIB819U0IHANITAIUIY
U5¥Nouny FaUndunnnisal AMUMUeesUadanannsaiiiEenly LazALLANA1IYBIAT
93euATiaunalaeInLUUIIEes WU ﬁaﬁammmizﬁﬁﬁmLLiaﬁuﬂﬂﬂaﬁmLﬂﬁauﬂaaﬁqm
Ao vadunanisal CWE982 wavuedananisal ﬁﬁmwmamm%umnﬁqmﬁa Vo
Funan1sal PTOO19

LaraInNMsAsIvdey (Verification) Uedainanisaitiiuiniasiuay 325 Ue Tagnns
UuAFudsidn - sanvesuuusiassiiuiidnuidieteyad a.a 2011 ilesanszduuly
GUI’Nnmﬁ’qﬂénﬁm'ﬁamwhauﬁwmﬁumm’iﬁ’mﬁ?ﬁuq TanaAwoILsIFuLN A uIalad
mm?iamwmﬁaé’myiaj (Absolute Residual Mean) winffu 9.024 3. A151NTid8983A1AI
AAIALAAEUNSI@DadY (Root Mean Squared Error, RMSE) WU 11.575 4. pUn@ves
sInfideswesnadsenndaans (Normalized RMS) Wiy 11.50% pndudszansandusing

(Correlation Coefficient) Wiy 0.724
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d ' o ' v s dl ¥ U a dl
AN 8.3 aguarmilsmanuumeamansilnainnisuuiieuluaneasd

Layer Kx [m/s] Ky [m/s] Kz [m/s]
1 5.5x10° 5.5x 107 5.5x10"
2 0.00968 0.00968 0.000968
3 0.0099 0.0099 0.0099
4 0.0001 0.0001 1x10°
5 2.26x10° 2.26 x 10° 2.26 x 10
6 2.23x 10" 2.23x 10" 2.23x 10°
7 1.07 x 107 1.07 x 10 1.07 x 10”
8 2.76 x 10° 2.76 x 10° 276 x 10
9 438 x 10" 4.38 x 107 438 x 10"
10 4x 107 4% 107 4x10™"
11 4.85x 107 4.85x 107 4.85x 10"
12 9.48 x 10° 9.48 x 10° 9.48 x 10
13 7.5x10° 75x%10° 7.5x 10”7
14 8x 10° 8x10° 8x 10°
15 4.8 x 10° 4.8 x10° 4.8 x 10”
16 9.1 x 107 9.1 x 107 9.1 x 107
17 8.92 x 10" 8.92 x 10" 8.92x10°

A L ! ¥ U ¥ U U a ¥ d‘
A1979N 8.4 WJE]EJN“U@?;JJ&LLi\‘iﬂ‘U‘LA’]‘VTﬁQUiULVIEJULLUU‘\]?@@QIUEW'YJS?NV]

ALY syfuthende | seduthenn
Fouo wie 18 | oan - an Fananisal MR | AaALAREY (4.
() (u.)
BKOOO1/CENTRAL 671578 1532256 -12.91 -9.21 3.69
BKO002/CENTRAL 665018 1522040 -16.07 -4.27 11.79
BKO003/CENTRAL 676757 1514161 -16.03 -7.49 8.54
CT101/CENTRAL 619500 1502750 -47.01 -60.84 -13.83
CT862/CENTRAL 602381 1547294 -2.97 -2.30 0.67
CT871/CENTRAL 592100 1551100 -7.45 2.67 10.12
CT872/CENTRAL 592100 1551100 -4.15 2.67 6.83
CT881/CENTRAL 609500 1549450 -20.30 -8.90 11.40
CT882/CENTRAL 609500 1549450 -23.39 -8.90 14.49
CT883/CENTRAL 609500 1549450 -19.86 -8.90 10.96
CT892/CENTRAL 635145 1563372 -13.95 -12.93 1.02
CWE1022/WEST 571874 1548812 6.16 2.58 -3.59
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o v Y o
A1TNN 8.5 AUAAYDIUIVINIAIINNITIIABIUANILAIN

uwasiiun wasUiinansivan @ua/d) | uvasiinn wesdunanisivasen @u.yu/Ad)
Constant head = 20,355,020 Constant head = 545,616

River Leakage = 2.751x10° Well = 179,484,720

Recharge = 286043200 River Leakage = 2.877x10°

Total In = 3.0575x10° Total Out = 3.0573x10’

In-Out = 143872 (au.31./3) % Discrepancy = 0.00

<
'lJVI 8.11 ﬂllﬂEWJEJ\‘]‘L!’]‘U’]W]@’iﬂﬂﬂ']i’i]’]ﬁ@ﬂiuaﬂ’]'l ﬂ\‘l‘Vl

Tnefimsluasnveuiiufingnatsues LLawlwamﬂmuaaq’Lm amammmamﬂmﬁ
aedluanne mwmmammmﬂmmmsww 8.5 uargUil 8.11 fall amfulauussduuay
famanslnadila mg‘dLmuaa@ﬂaaaﬂuqumaamwhmu fauandlug 8.12 fegud 8.13
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Wi 100

Lol 200

W7 300
A ¥ e U ! U o = dl
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8.4.3 mylassvimusaulmvssiiulsluannsaci
M9AATIEVANEDLINTEILLUTIADS (Sensitivity Analysis) fio M3naeslag
miLﬂaaummuﬂaﬂﬂumamaaqmqaumLLUi‘waqmﬂmmiUiUmammumaaaamum
war(@onnansfuuvuItaeadluiaiiaziinnuaaiandeuues) Lwaamamaamm
AaALAADuTBLERALduTiAn NN BsuLasulstug Weufuaduysilaainnis
Usuifeuniuwilumesnmsdsuudasesnsls mndudstaiimaudsuniaenn uansni
wstufienueoulmnensidsunlasnamiuuuuaiaosi
mﬁLﬂswzﬁﬂaﬂméaulwamaqLLUU%W@@QM&]’ULLUiﬁﬁaﬁﬂamﬁ’a%aaﬁuéuﬁﬂ
U3£NDUAIIATIAITNUINTARIANS é’mwmﬂﬁ'mﬁmﬂwLLamﬁmsquﬁw Tnen1n1s
Wasuulasaiulsaisasudainusuazadsag 25 % Lﬁaqmamﬂmmmﬂ?{aumaa
LuuERIINMsABL ALy
TneUsslomuvaanmsiinrenanussulnvesuuuassfifielmmsuiedvsnato i
uUsiifinouuuinaes Lﬁaisgr;jwumLmeﬂumiLﬁuijamuamﬂammLﬁmam viouielalunis
‘U%"ULﬁa‘uLﬁaGTaQﬂﬂiLﬂﬁauLLUaﬁLLU‘U'«;ﬁaaamﬂmsL‘UﬁsJuLLUaaaqumﬂﬁscﬁ%mﬂuamﬂm
vousugndudsluduasdeaiinilnuvuaraesiilaannisufufulsiaunainndou
amaqLLazﬁué’ummgﬂsTawaqsqméf’gLLUiﬁauﬁ%ﬂ’wmLLUUR’]}waaa‘Lu%ﬂumauﬁidU

Absolute value of mean residual water level, in cm

500
3 A 5.0
450
400
A\
. IV
.\\ 300 Hydraulic conductivity
\ 250 Pumping \
\ 200 N\ -
.
\ % 1cq_| Recharge rate «\ \/
. 1o0
\ & X\
e, 100
\ 00.. . \ .\.'A
JU
.

‘::_-tﬂb-— -9

Change from calibrated value, in percent

N
(%3]

I

-75 50 75

o a ‘ ' > ' v
U7 8.14 mvlinnzvanueeulmvesiiulsnie luuuuanaes

nnsiIsuifisunanisdtassainnisuiuasuanduusfunavesyadoya
Usuifuanysal Inefinnsandnaasauaainideuduysel (Mean Absolute Error) Ly
wan wazfiansananisiiaesdu 4 Uszneudie LALA ArAnuAaIalAdouNIATEIY
(Standard Error) wavAadssniidesvesminuaainaiou (Root Mean Squared Error) gt
Mnmsiasuulasiiulsisazaty

Imsmams’ilmwﬁmméaulmﬁumqu%amuamiugﬂ 8.14 Fauanapudusiug
gminnsivdsunlaswesiuusiduesinudiuaieisanuaainindouduysaivesian
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ANUAUAbAnUAILUsNTNanon1TUABULUAWNINTAARAD AIAUUINITAAIERT (K)
seeaauLdumdnsInsaunn (Pumping) warduRuannIeAaA1dnsINIsLLALLI (RCH)
ALAAY

M [ 4 v v [ ¥
8.5 ﬂ"li'g\‘llﬂ‘i'l“ﬂi'"ﬂﬂu'lﬂ'lﬂﬂﬁ'il']ﬂLLUU"'«]TEIEN MODFLOW uaziU3sutiisufiu

u.uumam ARIMAX

MsFaATETRUTUIAaTELRouvesd A.A.2012 Imamauﬂsmumauaﬂ'ﬁmmm
(UFuadelu) IuLLmaumauLsmgjt,wumaawmmiﬂiumauLLa’; 31NN1531AS 18RIV e
é’ammmszﬁﬁwmmaé’ﬁmu 325 U'a Iﬁmaiwﬂ'waaszﬁuﬁwmmaﬁéﬁmzulﬁﬁulm'avlﬁauﬁga
12 Lﬂau mmmaamwmaaamim (Abso ute Residual Mean) a&flu“d’;ﬂ 7-10 . M3 NTides
YBIANAUAAINLARBUN S IEBLRAE (Root Mean Squared Error, RMSE) aaﬂumq 8-10 u.
UnAivessnfidesuasaiadssnniddes (Normalized RMS) agiu%aa 8-11% AduUszans
andumms (Correlation Coefficient) iy 0.6 — 0.8

Imwmmmmeﬁmmaqmaﬁqﬂum‘mmaaalm mmmlaammaawaaumi Immaaa
mawawummmmuﬂs”mm 9 LUMT muammmmmmmLLimumﬂmmLﬂaauuawamﬂa
vodunansel PDO115 drumaiaadeuuszana 0.007 WAS wavuadunanisaifiiny
ﬂamm?{aumaﬁqmﬁa ﬁaéﬁmmmiaj JICC0004 finnupanpdeuuszann 41.452 W

MNTULAUIANIINNSHENNTIATSERUUUIATANIETE ARIMAX LAZINLULENE8Y
MODFLOW mmia‘umaumaﬁ g1 ulAeA15191nA1 RRMSE (Relative Root Mean
Square Error) U Imaiamanﬁ ARIMAX Iwmamswmmmmmumﬂ’nwaammi PIILLER
FregnswesnsneInsaiaaifing 9 mgﬂ‘m 8.15 - 8.17 ¢iail

Station CT17/2
25
20 | ————steteteteteieiebebetetttn o o 0 0 0 2 2 2 2 2 2 2220000 C RS S R e eeccesenantisoeses |
g 15
o
>
(7]
-
= 10
&}
5
Observed = = MODFLOW ARIMAX
0
NV g NG NV N3 g g N3 g g v NG
b b b b b b N b b h b h
& <F é\?‘ Y’Q‘ @fzﬁ NN Yg‘ﬁo X & 904 Oec,

| = P ¥ o Y ! ¥
JUN 8.15 MIUTHUTEUNANTNIUNETEAUUIUIANATENINUUUIERT ARIMAX Uay
LUUR1a89 MODFLOW Pdantl CT17/2
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Station CT22/3
30
25
——————— - e e = e o e = - p——— A
E
)
g 15
—
=
© 10
5
Observed = = MODFLOW = ccccce ARIMAX
0
2 2 2 N2 oS 2 2 2 N2 N2 2 2
> » N » » > » N "~ » > »
\’§\ <¢Q~9 @’0& Y;Q‘ @’Zﬁ \09 \& viqo %Q'/Q Oé' éoé Q‘Zp

o = P ¥ v Y ! ¥
JU1 8.16 MIUTHUTNEUNANTNIUETLAVUIUIANATENINUUUIERT ARIMAX Uay
LUU1a0d MODFLOW Pdantl CT22/3

Station CT33/2
30
25 e e
\ .................
= 20 p——— p—
é -——--—_~§—‘-\\ ”——
‘?J -
% 15
-
=
O 10
5
Observed == = MODFLOW = ccccce ARIMAX
0
PSS SIS SN S SO LS SN SN S S L\ 4
\’§ <¢pr @’55 Y;Q& @'Zﬁ \§ \& Y,OQO %?}Q Oé éoé 0‘29

P = P ¥ o ¥ ! ¥
JUN 8.17 N15USEUTIBURANTNUETEAUUIUIANGTEMINILUUERT ARIMAX Uag
WUU188s MODFLOW #iaanil CT33/2
UBNIINTUAINITNYINTUATYUUUINADY MODFLOW Alnaragluuiins 95%
Confidence Interval Fsfnilnafiladinnulnadesiuiuis ARIMAX ununsuadsnanised
BYUBNUTIINU 95% Confidence Interval NATINEINTAURANANAULINTY VI9ATITAIY

¢ v v ¥ vy

aaLAReudAe 100% wanslin1sinT1enaeuuUIaes MODFLOW lunsdillaninisiiasien
nslyakuuaed AaduveyanuiawuuItassdaneddlyataisdsoraniininaiiy

AANALARRUTULA
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[

fiall n1sdaniuuuassanintuinaluiuiifnuwuenamszemeuansluanind
%’uﬁuajmﬂﬂmﬁjmﬁmﬁmﬁu (Heterogeneous) uardiAnATuuMsamansUdey wawnu
fimnns (Anisotropic) Tnglanuuanassmandneans MODFLOW annsnasunanisfnuilu
awsaullasil

anmennssdine1vesionamszetneuarnduduguuiiinannisan aznaugye
A18L197U13 (Quaternary Deposits) MepguUTUALLTsANGLALIUTIU (Precambrian)
Snwagnsuuuenvasenouluuuifereursdiniauuuentuiiugun Taussun 8 du
fimnsnislnaresunuinailannuuuaaesmsafufuuuuanasndeluiay lnewuains
IaUTuN TN AN IO UTDIULIIADILIGADLUNAIUDILES

mafiudnnifuluuasesdaUszinusesas 10 vesUSuaiwaiosed a1
Uinumsguuntuanly Wuailaainnisresyginainnsunine nsuiuima aushgu
Futtinumslanismueluiiuil nnsaraesluaningasiidussezinan 19 wuiwadled
ARG TEYATINUBANANTTANNeALATS N1TUuIBULUUTRedliaLse
mlndnsarnnddsuulasseduindsluvuiforsufunisdsuudasssfuuivesue
Funnnisallanenun TurngiRerfuuianinainanuunnansessdaduiiuguuini
ﬁiimma‘ﬁ'gwLmﬁwawiamaqe‘?ﬁﬁag‘wmaigﬁuLLazagujﬁsmizé’Uﬁ’u ualiaunsonuayin
Fusuguulminiieuanmsssumalainfnauaaiaedeudinanty uaﬂmﬂﬁmﬁ
auyfguviuuninuauifveulelansed ( (Anisotropy) flymshedinUssun 10 8nnds
mEmmumwammauumiumﬁwﬂa'ﬁmﬂmﬂmmwmammaauma Tuvaziefuiive
Hunen1sal PDO115 Aildnumrnsdsunlasszduulnafestuszduuainnisnensa
fian aamelunisiengiauosulmvesiulsmunamaELIsamansiiauseyln
1niign

MneanIsAnydsfinaniuas wansiniiun sssduiiuiniadiledanulnaiies
ﬁuﬁmzé’uﬁwmﬂm'ié’ammmiajagjwaamms Feifu 01N NTIANITANINTEUIUNTS
Ainsgnsadinulrlunsfnywerdssduiinnudeuleswesaningfieniaiidne
sgiuuunalafandudnuuimimils ffussleranidomnindnislsveyaifisandnues
warlumaadealyasfunaiuiueiuandy iy Fudsdslanmglienme/aymsmans
ﬂimmumuuaumauauammmmim Lﬁumu “ZNﬁ’]lﬂiﬂ‘Ui gndanlanislunisaniiung
ANYIABLULIRDIMNATIAMART 11U ANNNSIZATIIENTNGIEINGT AuHufigiszma
Fudiaduimauesumsuaveasnissesnmims s lussninensine
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unaguuazYalEuauuE

9.1 agu

mim?iaml,ﬂawaaamwgﬁmmﬂ (Climate change) vinlvosAUsznoUA1SY V89
antuandesmadian Wy guugll nszuany nislnaieuresiluumanymsiinisdeuntas
uaziineuil sUs N FeonadaasieTninsgnnine wu mauAnduanseidedia
mﬂ%uLLavﬁm'1a'i“]aumﬁwhw%iué“ﬂuwﬁamLﬁmNuﬁasmLﬁunmmuﬁﬂﬁﬁmﬁaué’qﬁ
BT mﬂsvmmlmaaumﬂm‘umaﬂsvmmﬂﬂswﬂg]msmmnanamwamamlmlm
Sothruldsunansenugendesdmatesyiuihuinanmansiuaynisden imswiuina
wUstufuUsnaisy mezmumwaammmaﬂmwuaqﬂwawﬁma WU YUIALAY
yinvasiuAizuiin (Recharge Area) Fns1nsiiut (Recharge Rate) ﬂmauﬁﬁmaa%ufw
(Aquifer) L.Lazé’mﬂmiguﬁw (Pumping) udu fedu Feflanusnludosinissiassanin
sina 9 Mintulilndidsslusssuyiviewuusiasadeuluimisay MODFLOW Tun1s@inw
adsiisne Fanmsfinuiiamunansnsoauisadiusineg IaReeluid

9.1.1 A199IUTMTYAUAZNITATIVERUAMAINYITDYA

MsAnwiltatiufiazmanudiiussrienuusisuesangdenmedidse
Usanaiduuaziiuiaia F9LA59UT10T0Yav09AURUTUTIUANINGINTARIN 3
Usingnisaifiunsrdsmansenusoiuiiuszinalue Ao usguggiousndou (ASw)
Usngmsaidudeuleideulalia (10D) uazusingnsalieuls (ENSO) sauvieau 6 fuildin
1#ur DMI IMI MEI NINO4 SOI uag WNPMI 91nusnasdeyaiiiinauindeiie Aovtigau
National Oceanic and Atmospheric Administration (NOAA) ¥83@%3§0LU5N" Tuvmed
foyauinusuuarszduihumaldnununnnsugeloningwagnsuminginsiuima
YoIUTEMANEAUEIAU

Tnefideyadudanimoiniadslduiainaniiinfiuuasdoyanfionfiiiunis
p3RdUNATMUANANN YR TeyauSinusuedeuluiuiiniananwoudns 15
anfindianuasuiauauysel iu%mzﬁi’f@;ﬂaizé’ufﬂmmadauimyjﬁﬁauﬁwﬁgu Tnvilszuy
nsdufingegaiieausyann 33 U Ideyaunstismainiameliinaunanouiafesiinisiy
foyaiimamelufenisussinueuuudadudesmnnginssumaasuulanosszdu
vimaduluegnedng sailunsinenildhnsiessiienssuiunsmsaissldfinnsan
T¥deyalunniianiiozduldld Tnsdhanarfimnzauuazdeyannuszian idnuasudiu
anysaluazimsindeyatosiianfolutist 1980 - 2012 Uszana 30 T

9.1.2 AsA1SNeEnRN LT lunIsANYN
MsAnEASIiEeenN s IdNTEUILNNTN AR R TITLUULKULAL AT 0BT UNE T UR U
sraq Wdnlalduteliazandoniniluuszgndldan Tneidesiuldiinsiinsesinud
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alan3u (Spectral Analysis) uaziuasiavian (Wavelet Transform) LNFOUNSAAS 195D
Auinisiinvesdrdanineinia Yiunadusasseduiiuiaia lnenisuuasanide
(Wavelet Transform) tuagliinafitaiaunarannsavensigasdentiaianisiavesdeya
IsfaziBonunnnitnsiiasevinuiaaniu (Spectral Analysis) lunsdififeyaeynsunian
13imsii (Non-stationary) n3efimnuwususiuuing wilun1sdasieramudluninsauly
naentiaanUszana 30 I Adnwvesiiuusing 9 TuisinseianuiaUansy (Spectral
Analysis) anunsawtanalunwsaulamnzaunin
nmasgiiiuindeyaduiifnfinimnsdl (Stationary) luieafufiuuiuna
hriluazfisounainduiusiu lurneiitoyasedutiuiniaianalind (Non Stationary)
FrfumsengideilugmemennsaiunasuisfasarldnmsnnnesiBadunman di
nanensaisziuiuaaldidenliitnseFuundiesnnisinadituneulunisuiu
foyasziutuinalidauasiidounsinsed wayldszduihuimalunisweinsaifiy

oY

lslduazianunsaldfaigionnia/aynsmanslunisiiiunuwiugilvnanisnennsalil
mmmwﬂqq%ﬂé’ uenINLudunafianaadidu 4 Ly Auto Correlation Function (ACF)
Cross Correlation Function (CCP) §slgiuldludunaunisiiasssideyatonq naonau
M3MTINERUANIARALARDLIINAINENTAIBNE

9.1.3 WaMIIATITIUATNITWEINTA!

MNNTleTeidslanmgionna wudh seunaiAntiveansquggioueide Ao
St ¥a IMI wag WNPMI Slsouniaiinfifiennundnendstusgfoussana 1 Y Ssaonadasiy
sounaiinvesUFunmny dmduusingnisaliouls (ENSO) Fafldnd¥nsu 3 duus Ao
Multivariate ENSO Index (MEN) fseunisifnegludisussuia 2.5 - 5 U luvagdl The
Southern Oscillation Index (SOI) ﬁmumilﬁﬂagjﬁ 2.5 - 4 uaz 12 U wag Sea Surface
Temperature (SST) NINO4 ﬁmumnﬁmagjﬁﬂizmm 2.5 - 4 waz 12 U dmsudsingnisal
suiewlo@eulalnaldsaiain Dipole Mode Index (DMI) fisaunsiinegluyisssunu 2
- 4 U lpgarunsoiiudnuazueesauszningl (Interannual) LagI0UTENINNAITIY
(Multidecadal) aenadesfiun1siseduitinunviliamsaairsnnudiulalifug favla
Anwidviimandannsmirlugredld

MNNMTIATIgiaunsannesdudunvgaiiiensinsaiuTinasiy Aldddanim
nﬂﬁmmﬂﬁm%’launm (Lag Time) Lutu1z@ua1nn1g Cross Correlation Wusulsdasy uay
faudsnufeuIniaiiiy wudn ddddsvinadeuiiasuluaunisannesuiniigaie
WNPMI wagdmiudvianingieiniaiiddninasesasunde SOl lnsfiddudszans
andaiudiBany (R) agsening 0.6 - 0.7 uazilensiaaoumminneaunmadammildiudeya
Usnasdulu® e, 2012 nuiranmsaviuneldreudieilaedian R geanegiiannidmin
YWY 0.68

uansNEINTaisEuTUINMAfIBLUUAeY ARIMAX Beiudununssuiunsuesis
ARIMA fia msnageu Unit Root TWkadnsesuinuiniafidaidonsiuau 14 aoi fenauds
lainadl (Non Stationary) #o4¥in 1531 MaR19816 U 1 (1 Difference) naniii3evinlofd
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va dl gj = o a U L% v 6 d‘ o dl
AaudRnm A ntuIuinsiatsaneanduiusves ACF uag PACF Lilen1huudaesil
| & % ] = =~ = ° a I % i =
ungilulildveasazaniilagunsaniionsfiuuuitaesiisdululaninnit 1 suuuu 39
Ao9Na19841A1 Schwarz’s Bayesian Criterion (BIC) NilA1Ua 8T ULAAIILUUIIADIUY
anusalfduduvurestoyasddliegruminzan luvasifeduinlissunasmisiines
YBIKUUTNA0IETEINAARaeTgn tnenaunazauhuuinaeneiinIsnsIvaeuay
gnAieesieAaiRved Box and Ljung (Q-statistic) iFuailasadiAisininmdngaves Chi-
square HunneiAiAuAaInafeulidanduiusluimeuauuTaelinugNAD L

ganelaviinisiuakuudtass ARIMAX Taenisnaaeuadulumeuazna
(Granger Causality Test) vassaudstinsgautiuinagailaiee meauyfgiunean 2 wuy
& o ) V) V) L& v
Ao 1) Ho: dvdlan noinialiidudumguesseauiiuinia 2) Ho seautdiuinialaiidudume
vodutanmerniAiianutetuseduiosar 95 Jslauvuitastonsuundmmanganlunis
wensed Yeduan1IneInsaluandliiiindluuudnass ARIMAX SA2uuiugIunnniingg
WYINTAUMBLUUTIRDY ARIMA Uni wansddyinliennie/aymsmanslunisiiuainuusiugn
Tinan1snensaidinuuiugrgaaula

9.1.4 mssraesanminuImaluiuiiAnedse MODFLOW

Igvinsadrsuuusiasniiumaluiuiidneiluaniizai (Steady state) Tngld
ﬁfﬂ1imaﬁ’waaﬂamw%guﬁw%qé’wuuuqmﬁ%’juﬁumﬁmﬂqam‘w (Bangkok clay) ?Jﬂﬁuagjuu%”’wfﬁ
8 dudesdnduasn Tnedudman « Addeyavedunmnisaioguin e duthngamm (BK) Hu
hmseUszuns (PD) dutihuasvass (NL) LLﬂs%%W%ﬁ (NB) Inglsiimunveuiunidouly
YBILUUI1a89 (Boundary condition) L YBULIALEARIT (Constant Head Boundary)
voulanuakuulidnisiua (No-flux Boundary) wagldmmuanisiiwesindhuusiass
W wiavestiuth (Aquifer Type) Ardudsyansnsdunuldueatin (Hydraulic Conductivity,
K) 18udu

naMIATIiaunavessr NN dineluTnuiuifAnw Aldannsusadu
Taglduuudiass MODFLOW wagUfuifisuluaninzasdl (Yoya .. 2009-2010) Ingaguie
T¥nsinihfiafu (Recharge) 91ntWufiszanadesas 10 vesd3inamuadssedfinnly
fufidnulaeliauyistuilddduuinuiuimunidensamm mnnsiemeiiviumms
Batna1nmY 286,043,200 a4/ ﬁﬂ%mmmiqufﬁu 1M 179,484,720 au.u./A

nansduaszsiszduiiaa Tnglitoyauiinauniafumifiifuvesd a.a.2012 3
fnrsanvedunanisaliiuinasiuan 325 Ye wuin fldunfvessniidesvesdnadesn
f1&9a04 (Normalized RMS) 11.498% Faflmanulndifesfuuuusiassfivsuifisunda
9.705% InpAnAuuAnAtsesAnTifuafisiaedld fanulndifesegneauns il nns
$raosanmildnulaglduuusians Visual MODFLOW wudn fideilunisldauanninsis
aunsatfouteyalunsdifituiuguinianududouldazain Uiuuideyatoudldineg
(Preprocessing) LazLaAINaN1331a84 (Post-processing) liAsudu usnisimuaieulvly
wuusastenadsllaenndosivanmaidlusssumfonun Swilnanissiaesunsiumis
uanseInteyaannisinegung
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maAsuuUaswesanimgiionnia aainazdssansznusenineinsil wuUiuna
sunardswaludaiuima dssrmusnunnennlddunansenulusuian Sadudadoides
somsiaumsuATsgRakazauaminvesUsrrsu annsAneiluadsiifuinnisi
AszUILMTIATEIsERAuUsEgndlY ileUsziliufsnnuidenlosvesaningiioniade
ninernsihasdudnuumands fflusslevdesnanndenmstamiegnedsiu Wesndng
T¥teyaliiunn inansnensalfidliuanisneinsali Inedilisndudediuvudassauin
Tngideanisteyamniionadidldaeas wifanunsaidudnuuamislunisfedudenis
Wasuulamnaniiennaegnadiuszansam

9.2 daiausLu
TunsnernsalvSunarunazsysuinuiniaaunsarideisnsfinannais wu
aun1357ldaInn1snaaes (Empirical Formula) w3elasstneuszaimiien (ANN) Feanale
Aruusiugfiunndafuly dwiulumsfnunadsdfifelfiduiiadldnssuinnsmeadats
Fuflweusuiuegrsunivans Gsanunsaesuneieiuneunmsiaszsiss q ¢ nsfnwsely
Tuewanmsiinguszasdiunnsrseenly
SvSnaanUSunaruiifisesyiuiiuiaainisudaananintiu veierainen
AuautivestuduifiunndatuisenansdesdnuiluseasBoafisidudely nsdians
anntumalunmsanvassiflduuudians MODFLOW fnsruaveuadnUseeg lu
wuusraenduiisndefusarinseiluaniazasil (Steady) Wiy Femsiinisdneiuuy
anzlUsiumIuian (Transient) saly
foyanslitiuinia (Groundwater Usage) fl#lunsfinuiasilenaifuifiosudms
Thudnlufiufidne nsvedeyanisliiiuinaseilvinisssduliinunsld
Tnsswaaandeuld esainiinisliilddusnduauunniilifidoya feanininasd
wnnirfeyafifleguarnisnadoyadudfiduanmiiddgyanveniaivilinanissiass
ammAAou Aiumnnsilueuanimsdsusnansiiiluiuiidnuifindude
Areinisdsunlamesssiuiuimadussesnaisedioseiuiuyssneui
Ashessradausiaduluusnaiuiladides aunsavildsmsuieaduiug
sswieUsina il fuusinashuimaluiiuiidu o 16 udegslsfnunisiuasundas
maqwﬁuﬁwmmaﬁlé’sﬁuagﬁuﬂ%mmﬁmmﬁmasmtﬁsn fauinnanedadeiifinansenuse
svsuthuinalnenss mﬂU‘%Lamimﬁmﬂﬁi’fﬁmWmﬂau‘%aquﬁwmmasﬁumﬂﬂuﬂ%m1mmmﬁu
Aitsasnsdnilaesssund dwavilissiuiuimaanasegseiiouazdiulade
wadiawani anfulseleminaganmnsmiluvssgndldlunmsiinseififstestu
foyagiennimdu 9 luninisfnwinnuudsusiuwaznisiasuudasaningfionnialy
Uszmnalnenaly
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YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOI | YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOl
1970 1 -9.090 | 0.486 | -6.516 | 0.359 | 28.64 |-1.10| 1974 5 -1.936 |-0.015| -1.972 | -1.081 | 28.05 | 1.00
1970 2 -7.439 | 0.509 | -7.092 | 0.406 28.5 |-1.00| 1974 6 2.575 0.188 | 3.680 -0.647 | 28.01 | 0.40
1970 3 -8.496 | 0.235 | -7.379 | 0.215 | 28.55 | 0.60 | 1974 7 1.733 0.723 | 7.798 -0.727 | 27.87 | 1.10
1970 4 -7.717 | 0.421 | -6.822 | -0.055 | 28.65 |-0.10 | 1974 8 8.123 0.190 | 7.580 -0.633 | 27.94 | 0.80
1970 5 -6.559 | 0.402 | -0.304 | -0.133 | 29.04 | 0.40 | 1974 9 0.405 |-0.257| 4.866 -0.613 | 27.8 1.10
1970 6 0.804 0.173 | 9.309 -0.736 | 28.74 | 1.00 | 1974 10 9.235 |-0.440| 1.539 -1.049 | 27.72 | 0.90
1970 7 2.279 0.253 | 7.735 -1.14 28.54 |-0.40 | 1974 11 2.694 |-0.260| -3.101 | -1.255 | 27.6 |-0.10
1970 8 6.929 0.047 | 11.143 | -1.043 | 28.18 | 0.60 | 1974 12 -5.581 |-0.117 | -7.846 | -0.929 | 27.55 | 0.20
1970 9 5.252 0.202 | 6.166 -1.246 | 28.11 | 1.20 | 1975 1 -9.908 |-0.173| -7.015 | -0.565 | 27.56 | -0.50
1970 10 5731 |-0.243| 0413 -1.102 | 27.99 | 1.00 | 1975 2 -10.032 | -0.064 | -8.005 | -0.604 | 27.75 | 0.80
1970 11 -2.075 |-0.025] -3.284 | -1.096 | 28.07 | 1.60 | 1975 3 -8.040 |-0.286| -7.067 -0.88 27.69 | 1.60
1970 12 -6.186 | 0.001 | -6.400 -1.25 27.48 | 1.90 | 1975 a4 -7.689 | 0.293 | -7.811 | -0.967 | 27.78 | 1.20
1971 1 -7.626 | 0.382 | -5.785 | -1.225 | 26.98 | 0.40 | 1975 5 -5.080 | 0.292 | -1.621 | -0.853 | 27.93 | 0.60
1971 2 -7.665 | 0.195 | -7.262 | -1.521 27.1 2.00 | 1975 6 1.276 0.270 | 9.082 -1.149 | 27.79 | 1.30
1971 3 -5.164 | 0.377 | -7.446 | -1.812 | 27.19 | 2.30 | 1975 7 0.655 0.273 | 6913 -1.478 | 27.37 | 1.90
1971 4 -2.818 | 0.450 | -7.795 | -1.897 | 27.76 | 1.70 | 1975 8 8.387 |-0.404| 11.783 | -1.734 | 27.06 | 2.00
1971 5 -0.081 | 0.157 | -1.066 | -1.461 | 28.15 | 0.90 | 1975 9 2.733 |-0.454 ] 6.690 -1.874 | 26.76 | 2.10
1971 6 1935 |-0.016| 7.119 -1.5 28.07 | 0.40 | 1975 10 5285 |-0.652| 3.191 -1.999 | 26.74 | 1.70
1971 7 7.407 |-0.032| 8.550 -1.225 | 2794 | 0.20 | 1975 11 -1.838 |-0.051| -2.804 | -1.794 | 26.75 | 1.20
1971 8 0.678 |-0.231| 7.772 -1.234 | 27.81 | 1.50 | 1975 12 -5.428 | 0.066 | -6.865 | -1.758 | 26.57 | 2.10
1971 9 4.814 0.342 | 4.040 -1.463 | 27.62 | 1.40 | 1976 1 -7.033 | 0.199 | -6.797 | -1.624 | 26.85 | 1.40
1971 10 4.268 |-0.230| 1.799 -1.421 | 28.07 | 1.70 | 1976 2 -6.894 | 0.263 | -8.486 | -1.396 | 27.13 | 1.70
1971 11 -0.644 | 0.296 | -4.328 | -1.305 | 28.04 | 0.50 | 1976 3 -8.835 | 0.188 | -10.093 | -1.253 | 27.7 1.70
1971 12 -5.825 |1 0.450 | -5.540 | -1.006 | 27.98 | 0.30 | 1976 a4 -5.196 | 0.327 | -7.049 | -1.191 | 27.99 | 0.30
1972 1 -3.546 | 0.334 | -8.625 | -0.593 | 27.86 | 0.50 | 1976 5 3.183 0.221 | -2.994 | -0.481 | 28.29 | 0.40
1972 2 -6.784 |-0.031| -7.910 | -0.408 | 28.07 | 1.10 | 1976 6 2.199 0.579 | 5.500 0.342 | 28.36 | 0.30
1972 3 -6.619 | 0.199 | -9.806 | -0.255 | 28.28 | 0.60 | 1976 7 4.948 0.891 ] 10.272 | 0.613 | 28.29 |-0.90
1972 4 -5.532 1 0.330 | -8.922 | -0.206 | 28.83 |-0.10 | 1976 8 5.883 0.403 | 9.199 0.66 28.22 |-0.80
1972 5 -0.983 | 0.378 | -5.184 | 0.487 | 29.28 |-1.60| 1976 9 7.663 0.177 | 4.740 1.027 | 28.63 |-1.10
1972 6 -0.008 | 0.948 | 4.710 1.193 | 29.16 | -0.50 | 1976 10 -2.578 | 0.157 | -2.566 | 0.952 | 28.83 | 0.40
1972 7 11.431 | 1.021 7.253 1.886 | 29.07 |-1.40]1976 11 -1.944 | 0.095 | -2.357 | 0.482 | 28.93 | 0.70
1972 8 7.345 0.819 | 6.239 1.823 | 28.87 |-0.50 1976 12 -5.770 | 0.263 | -7.266 | 0.556 28.5 1-0.30
1972 9 4.391 0.757 | 2.113 1.506 | 28.91 |-1.40| 1977 1 -4.972 | 0.184 | -7.459 | 0.518 28.3 |-0.40
1972 10 -1.015 | 0.710 | -2.741 1.623 | 29.39 | -0.90 | 1977 2 -9.064 |-0.072| -7.072 | 0.254 | 28.18 | 1.20
1972 11 -4.715 | 0.934 | -4.395 1.724 | 29.23 |1-0.30 1977 3 -8.935 |1 0.342 | -8.688 | 0.093 | 28.32 |-0.50
1972 12 -6.594 | 0.701 | -7.128 1.747 | 29.34 |-1.30 | 1977 4 -7.219 | 0.179 | -7.337 | 0.531 28.37 |-0.40
1973 1 -7.367 | 0.227 | -8.633 1.707 | 29.12 |-0.30 | 1977 5 -3.502 |-0.119| -2.343 | 0.342 28.7 |-0.50
1973 2 -10.874 | 0.109 | -8.477 1.484 28.7 |-1.40|1977 6 -3.292 | 0.114 | 8.376 0.503 | 28.93 |-0.90
1973 3 -10.048 | 0.166 | -8.593 | 0.844 | 28.72 | 0.70 | 1977 7 5.546 0.140 | 10.030 | 0.868 | 29.14 |-1.10
1973 4 -7.289 | 0.904 | -8.076 | 0.482 | 28.46 | 0.10 | 1977 8 4.565 0.034 | 6.815 0.703 | 29.07 |-0.80
1973 5 -6.694 | 0.308 | -2.622 | -0.124 | 28.73 | 0.40 | 1977 9 11.321 | 0.130 | 4.378 0.816 | 29.17 | -0.80
1973 6 -2.539 |-0.009| 6.282 -0.819 | 28.26 | 1.10 | 1977 10 1.118 0.622 | -2.425 1.007 | 29.16 | -1.00
1973 7 3.928 |-0.175] 10.762 | -1.068 | 28.03 | 0.60 | 1977 11 -1.122 |1 0.135 | -1.995 | 0.972 | 29.24 |-1.30
1973 8 8.694 |[-0.290| 10.311 | -1.368 | 27.72 | 1.30 | 1977 12 -6.396 | 0.200 | -6.489 | 0.877 | 29.18 |-1.10
1973 9 1.284 |-0.365| 5.043 -1.747 | 2748 | 1.20 | 1978 1 -10.070 |-0.447 | -6.511 0.779 | 28.74 | -0.30
1973 10 4.497 0.035 1.271 -1.694 | 27.37 | 0.80 | 1978 2 -9.667 | 0.346 | -5.336 | 0.895 | 28.47 |-2.70
1973 11 -1.914 | 0.135 | -2.680 | -1.525 | 27.04 | 2.60 | 1978 3 -10.5241-0.413| -6.069 | 0.953 | 28.31 |-0.20
1973 12 -7.174 1 0.294 | -6.128 | -1.873 | 26.58 | 1.80 | 1978 4 -7.962 |-0.015| -6.415 0.18 28.42 |-0.30
1974 1 -6.603 | 0.472 | -8.245 | -1.942 | 26.54 | 2.40 | 1978 5 -2.425 |-0.316 | -1.160 | -0.396 | 28.75 | 1.40
1974 2 -9.200 | 0.345 | -8.770 | -1.794 | 2695 | 2.10 | 1978 6 1.621 0.029 | 9.694 -0.563 | 28.48 | 0.70
1974 3 -8.040 | 0.423 |-10.197 | -1.767 | 27.14 | 2.40 | 1978 7 4.350 0.203 | 8.942 -0.412 | 28.53 | 0.60
1974 4 -5.767 | 0.153 | -7.087 | -1.684 | 27.56 | 0.90 | 1978 8 12.420 | 0.093 | 10.175 | -0.186 | 28.31 | 0.40
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YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOI | YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOl
1978 9 7.590 0.141 4.169 -0.386 | 28.24 | 0.10 | 1983 1 -8.029 |-0.293| -7.204 | 2.688 | 29.02 |-3.50
1978 10 6.286 |-0.103| -0.815 | -0.019 | 28.37 |-0.40]1983 2 -7.826 |-0.401| -5.776 2.903 | 28.82 |-3.60
1978 11 0.060 |[-0.173| -4.589 | 0.199 | 28.46 | 0.00 | 1983 3 -8.522 |-0.577| -7.569 | 3.037 28.8 |-2.40
1978 12 -6.909 |-0.022| -4.765 | 0.398 | 28.35[-0.10| 1983 4 -7.484 |-0.344| -6.468 | 2.876 | 28.76 | -0.90
1979 1 -8.342 | 0.499 | -5.308 0.595 28.451-0.4011983 5 -5.409 | 0.168 | -4.590 2.556 29.1 0.60
1979 2 -8.584 | 0.290 | -5.313 0.363 28.4 1.00 | 1983 6 -2.842 | 0.587 5.668 2.174 | 28.85 | 0.00
1979 3 -8.781 | 0.134 | -9.209 -0.01 28.51 | 0.10 | 1983 7 0.008 0.841 | 9.121 1.741 | 28.44 |-0.60
1979 4 -5.288 |-0.551| -6.783 0.29 28.57 [-0.10] 1983 8 4.661 0.654 | 10.637 1.13 28.31 | 0.10
1979 5 -0.358 |-0.223| -2.813 0.397 | 28.68 | 0.50 | 1983 9 1.889 0.330 | 7.349 0.428 | 28.05 | 0.90
1979 6 1.337 0.313 6.332 0.387 | 28.67 | 0.60 | 1983 10 3.805 0.108 | 0.666 0.002 | 27.81 | 0.40
1979 7 4.373 |-0.001| 8.341 0.358 | 28.71 | 1.30 | 1983 11 0.547 0.056 | -1.648 | -0.175 | 27.73 |-0.10
1979 8 8.329 0.075 6.963 0.642 | 28.54 |-0.20| 1983 12 -7.936 | 0.138 | -5.195 | -0.176 | 27.77 | 0.00
1979 9 2.479 0.119 3.628 0.768 | 28.53 | 0.10 | 1984 1 -8.990 |-0.034 | -6.262 | -0.339 | 27.57 | 0.20
1979 10 4.092 0.082 | -2.580 | 0.637 28.7 |-0.10| 1984 2 -11.027 ]| 0.037 | -6.109 | -0.564 | 27.45 | 0.90
1979 11 -2.458 | 0.029 | -1.279 | 0.733 | 28.69 |-0.40 | 1984 3 -9.212 | 0.054 | -8.082 | 0.132 | 27.53 |-0.20
1979 12 -4.826 | 0.133 | -5.553 1.014 | 28.95|-0.70 | 1984 4 -5.561 | 0.261 | -6.354 | 0.331 27.65 | 0.30
1980 1 -9.220 | 0.291 | -6.252 0.695 28.7 0.40 | 1984 5 -3.009 |-0.071| -4.345 0.124 | 27.96 | 0.20
1980 2 -10.008 | 0.017 | -8.225 | 0.592 28.7 0.30 | 1984 6 4.357 |-0.135] 8.178 -0.127 | 28.03 | -0.30
1980 3 -7.998 |-0.246 | -7.669 | 0.668 | 28.69 |-0.40| 1984 7 -0.216 |-0.040| 8.149 -0.138 | 28.27 | 0.20
1980 4 -6.825 | 0.113 | -7.271 0.872 28.8 |-0.60| 1984 8 13.406 |-0.182| 7.865 -0.179 | 28.11 | 0.40
1980 5 -0.782 | 0.160 | -4.528 0.918 | 29.16 | 0.00 | 1984 9 2.331 |-0.200| 1.437 -0.082 | 28.34 | 0.10
1980 6 0.552 |-0.163] 11.095| 0.851 | 29.05 | 0.00 | 1984 10 6.108 |[-0.253| -1.377 | 0.016 | 27.98 |-0.30
1980 7 3.518 |-0.331| 9.249 0.787 | 28.95 | 0.00 | 1984 11 -1.764 1-0.134| -5.150 | -0.351 | 27.72 | 0.30
1980 8 4.469 |-0.502| 8.675 0.34 28.59 | 0.40 | 1984 12 -6.359 |-0.039| -6.950 | -0.612 | 27.34 | -0.10
1980 9 8.153 |-0.335| 2.825 0.279 28.59 |-0.5011985 1 -6.741 | 0.274 | -5.934 | -0.562 | 27.74 | -0.30
1980 10 2.465 0.263 | -1.939 | 0.206 | 28.78 | 0.00 | 1985 2 -9.187 | 0.442 | -6.784 | -0.601 | 27.49 | 1.20
1980 11 -1.688 | 0.147 | -3.482 | 0.236 | 28.89 |-0.30 | 1985 3 -6.955 | 0.366 | -9.259 | -0.732 | 27.51 | 0.80
1980 12 -6.300 | 0.257 | -4.093 0.118 | 28.58 |-0.10| 1985 4 -2.215 | 0.235 | -6.453 | -0.484 | 27.66 | 1.20
1981 1 -7.862 |-0.016 | -6.229 | -0.245 | 28.15 | 0.40 | 1985 5 -2.827 | 0.001 | -1.158 -0.73 28.06 | 0.40
1981 2 -9.656 | 0.152 | -7.884 | -0.164 | 28.07 |-0.20 | 1985 6 8.218 |-0.407| 5.235 -0.094 | 28.07 |-0.40
1981 3 -10.280| 0.190 | -7.359 | 0.443 | 28.47 |[-1.30| 1985 7 2.678 0.081 | 6.813 -0.156 | 28.34 |-0.10
1981 4 -8.084 | 0.290 | -5.962 0.637 | 28.42 |-0.10| 1985 8 9.428 0.146 8.943 -0.392 | 28.37 | 1.00
1981 5 -5.005 | 0.200 | -1.659 0.12 28.76 | 0.80 | 1985 9 7977 0.160 | 3.589 -0.541 | 28.38 | 0.00
1981 6 5.214 |-0.023| 6.292 -0.018 | 28.53 | 1.20 | 1985 10 3.058 0.104 | 0.308 -0.14 28.39 | -0.40
1981 7 a4.787 0.238 | 8.258 -0.034 | 28.35 | 0.80 | 1985 11 -3.899 | 0.352 | -4.237 -0.05 28.45 |-0.20
1981 8 9.259 0.311 8.061 -0.073 | 28.36 | 0.70 | 1985 12 -3.984 | 0.184 | -6.672 | -0.293 | 28.36 | 0.20
1981 9 2.142 |-0.347| 6.228 0.184 | 28.52 | 0.30 | 1986 1 -8.949 | 0.077 | -4.798 | -0.307 | 27.89 | 1.00
1981 10 1.529 0.209 | -1.849 | 0.089 | 28.55 [-0.40] 1986 2 -6.193 | 0.048 | -5.309 | -0.195 | 27.87 | -1.00
1981 11 -2.450 |-0.048 | -2.636 | -0.055 | 28.51 | 0.20 | 1986 3 -9.958 |-0.029| -8.545 | 0.028 | 27.96 | 0.50
1981 12 -6.681 | 0.218 | -5.303 | -0.153 | 28.54 | 0.50 | 1986 4 -8.244 | 0.079 | -7.078 | -0.169 | 28.23 | 0.30
1982 1 -7.358 | 0.332 | -5.724 | -0.282 | 28.13 | 1.20 | 1986 5 1.379 0.697 | -2.584 | 0.305 28.59 1-0.20
1982 2 -7.949 | 0.354 | -7.749 | -0.148 | 28.04 | 0.30 | 1986 6 4.172 |-0.638| 7.959 0.311 | 28.86 | 1.00
1982 3 -7.588 | 0.222 | -7.109 | 0.085 | 28.47 | 0.60 | 1986 7 6.498 |-0.233| 7.762 0.384 | 28.92 | 0.30
1982 4 -5.644 | 0.321 | -6.695 | -0.041 | 28.87 | 0.10 | 1986 8 13.362 |-0.099 | 7.438 0.804 29 -0.40
1982 5 -3.394 | 0.446 | -3.030 | 0.407 | 29.33 |-0.30| 1986 9 6.589 0.244 | 3.488 1.166 | 29.18 |-0.50
1982 6 1.745 0.469 | 5.527 0.951 | 29.43 [-1.00| 1986 10 1.126 0.337 | -2.599 | 0.996 | 29.23 | 0.60
1982 7 7.730 0.583 7.932 1.62 29 -1.50]1986 11 0.797 0.029 | -3.762 | 0.873 | 29.28 | -1.20
1982 8 7.936 0.559 | 10.031 1.825 28.93 |-1.70] 1986 12 -6.091 | 0.044 | -6.017 1.183 | 29.02 | -1.40
1982 9 8.435 0.835 2.954 1.794 | 29.06 |-1.70 1987 1 -9.048 | 0.101 | -5.456 1.237 | 28.87 |-0.70
1982 10 1.270 1.009 | -4.200 | 2.024 | 29.53 [-1.70| 1987 2 -8.929 | 0.226 | -5.733 1.187 28.9 |-1.20
1982 11 -3.445 | 0.556 | -3.818 | 2.453 | 29.24 |-2.60| 1987 3 -11.253] 0.028 | -7.550 1.722 | 29.15|-1.30
1982 12 -5.605 | 0.071 | -8.754 | 2.413 | 29.11 |-2.20| 1987 4 -6.902 | 0.496 | -8.242 1.865 29.02 |-1.40
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YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOI | YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOl
1987 5 -5.334 | 0.393 | -5.333 | 2.122 | 29.37 [-1.30 ]| 1991 9 9.285 0.486 | 2.440 0.737 | 28.99 |-1.50
1987 6 1.461 0.321 7.570 1.91 29.57 |-1.10 1991 10 3.225 0.349 | -1.023 1.017 | 29.39 | -1.00
1987 7 4.166 0.517 | 4371 1.847 | 29.45]-1.40 1991 11 -1.588 | 0.307 | -5.181 1.201 29.32 |-0.70
1987 8 3.202 0.597 | 6.780 1.951 29.39 |-0.90| 1991 12 -7.631 | 0.301 | -6.475 1.32 29.27 |-1.80
1987 9 6.289 0.782 | 2.159 1.835 | 29.51 |-1.00| 1992 1 -8.024 |-0.142| -7.937 1.75 28.92 1-290
1987 10 0.421 0.639 | -1.560 1.61 29.61 [-0.40]1992 2 -9.370 |-0.211| -8.075 1.87 28.97 1-0.90
1987 11 -0.427 | 0.224 | -1.997 1.253 | 29.63 | 0.00 | 1992 3 -9.395 1-0.506 | -10.028 | 1.992 | 29.15 |-2.00
1987 12 -5.033 | 0.384 | -4.151 1.251 29.39 [-0.50] 1992 4 -6.851 |-0.350| -6.951 2.271 29.27 |-1.00
1988 1 -8.161 | 0.536 | -6.370 1.091 28.94 1-0.10] 1992 5 -3.301 |-0.323 | -4.440 2.13 29.53 | 0.30
1988 2 -7.903 | 0.334 | -6.445 | 0.668 | 28.54 |-0.40| 1992 6 0.238 |-0.641| 5.687 1.722 29.2 |1-0.60
1988 3 -9.613 |-0.141 | -6.745 0.46 28.6 0.60 | 1992 7 1.468 |-0.160] 9.315 0.946 | 29.16 |-0.60
1988 4 -7.289 | 0.789 | -6.179 | 0.307 | 28.24 | 0.10 | 1992 8 9.633 |-0.459| 10.577 | 0.536 | 28.83 | 0.40
1988 5 -3.110 |-0.281 | -0.981 0.088 | 28.23 | 0.90 | 1992 9 6.446 |-0.435| 4.192 0.512 | 28.79 | 0.10
1988 6 0.031 |-0.484| 7.294 -0.697 | 28.04 | 0.10 | 1992 10 5.579 0.235 | 0.378 0.669 28.7 |-1.40
1988 7 1.952 0.172 | 9.815 -1.174 | 27.86 | 1.00 | 1992 11 -1.826 | 0.121 | -2.775 | 0.603 | 28.73 |-0.70
1988 8 -2.629 | 0.200 | 7.422 -1.374 | 27.78 | 1.50 | 1992 12 -8.796 |-0.083| -6.690 | 0.644 | 28.74 |-0.60
1988 9 2.651 0.135 | 7.265 -1.586 | 27.66 | 1.80 | 1993 1 -7.491 |-0.016 | -9.791 0.699 | 28.74 | -0.90
1988 10 9.314 0.123 | -0.776 -1.35 27.09 | 1.40 | 1993 2 -7.881 | 0.213 | -7.263 | 0.997 | 28.56 |-0.70
1988 11 -4.218 | 0.103 | -3.287 | -1.468 | 26.97 | 1.70 | 1993 3 -8.607 |-0.132| -7.315 | 0.978 | 28.66 |-0.50
1988 12 -4.625 | 0.398 | -5.814 | -1.343 | 26.86 | 1.20 | 1993 4 -7.765 | 0.174 | -6.991 1.388 | 29.02 | -1.20
1989 1 -7.516 |-0.086| -8.201 | -1.167 | 26.65 | 1.50 | 1993 5 -7.223 | 0.197 | -4.504 1.987 | 29.33 |-0.30
1989 2 -5.953 1 0.144 | -10.577 | -1.308 | 26.73 | 1.20 | 1993 6 -2.966 | 0.166 | 6.887 1.478 | 29.23 1-0.80
1989 3 -6.351 1-0.144| -6.150 | -1.056 | 27.04 | 1.10 | 1993 7 2.052 0.158 | 9.988 1.09 29.16 |-0.80
1989 4 -6.539 |-0.269 | -6.976 | -0.842 | 27.53 | 1.60 | 1993 8 6.881 |-0.390| 6.207 1.003 | 28.99 |-0.90
1989 5 -2.019 |-0.364 | 0.096 -0.487 | 28.07 | 1.20 | 1993 9 5.661 0.221 5.456 0.982 | 29.07 |-0.70
1989 6 0.230 |-0.557| 7.874 -0.266 | 27.98 | 0.70 | 1993 10 2411 0.230 | 0.719 1.059 29 -1.10
1989 7 4.458 |-0.121| 8.494 -0.454 | 28.19 | 0.90 | 1993 11 -1.618 | 0.121 | -3.410 | 0.823 | 29.05 |-0.10
1989 8 6.993 |-0.002| 8.677 -0.501 | 28.06 |-0.30] 1993 12 -3.899 | 0.023 | -4.115 | 0.561 28.82 | 0.20
1989 9 5731 0.177 | 3.261 -0.28 28.3 0.50 |1 1994 1 -8.213 | 0.207 | -6.900 | 0.337 | 28.46 |-0.10
1989 10 3.468 0.015 | -0.409 | -0.318 | 28.29 | 0.80 | 1994 2 -9.804 | 0.039 | -6.730 | 0.192 | 28.13 | 0.30
1989 11 -2.334 | 0.061 | -6.738 | -0.066 | 28.35 | -0.20 | 1994 3 -9.485 | 0.361 | -8.503 | 0.158 | 28.39 |-0.70
1989 12 -4.760 | 0.655 | -5.655 | 0.142 | 28.55 |-0.50| 1994 4 -6.418 | 0.541 | -6.027 | 0.423 | 28.75 | -1.30
1990 1 -6.933 | 0.798 | -8.572 | 0.233 | 28.49 |-0.10| 1994 5 -0.785 | 0.757 | -2.746 | 0.522 | 29.08 |-0.70
1990 2 -8.116 |-0.106 | -6.044 | 0.536 | 28.52 |-1.80| 1994 6 0.800 0.638 | 9.650 0.747 | 29.18 | -0.40
1990 3 -7.634 | 0.275| -5.490 | 0.919 | 28.73 |-0.40 | 1994 7 10.986 | 0.859 | 10.666 | 0.823 | 29.37 |-1.30
1990 4 -7.357 |-0.180| -6.197 | 0.393 | 28.79 | 0.20 | 1994 8 7.677 1.102 | 8.907 0.743 | 29.47 | -1.20
1990 5 -0.996 |-0.124| 2.063 0.595 | 29.05 | 1.20 | 1994 9 8.414 0919 | 3972 0.88 29.26 |-1.60
1990 6 5.335 |-0.352| 7.034 0.408 | 28.91 | 0.30 | 1994 10 2.577 1.083 | -2.364 1.433 | 29.46 |-1.10
1990 7 5914 0.655 | 6.283 0.084 | 29.05 | 0.50 | 1994 11 -4.844 | 0.560 | -4.359 1.276 | 29.56 |-0.60
1990 8 9.917 |-0.083| 10.228 | 0.123 | 29.03 |-0.20] 1994 12 -5.694 | 0.495 | -7.213 1.183 | 29.36 | -1.20
1990 9 7.640 0.213 | 4.929 0.376 | 28.95 [-0.70] 1995 1 -9.877 | 0.320 | -6.252 1.199 | 29.18 |-0.40
1990 10 1.334 0.048 | -0.838 | 0.241 29.1 0.30 | 1995 2 -9.784 | 0.338 | -7.348 | 0.959 | 28.99 |-0.10
1990 11 1.985 0.183 | -2.979 | 0.371 28.99 [-0.50| 1995 3 -9.089 | 0.117 | -7.048 | 0.858 | 29.11 | 0.80
1990 12 -8.141 | 0.236 | -6.727 | 0.334 | 29.09 |-0.20| 1995 4 -9.162 |-0.015| -7.435 | 0.419 | 29.05 |-0.70
1991 1 -9.359 | 0.244 | -7.496 | 0.309 | 28.93 | 0.60 | 1995 5 -2.968 |-0.026 | -1.634 | 0.495 29.3 |-0.40
1991 2 -9.664 | 0.780 | -7.694 | 0.309 | 28.69 | 0.30 | 1995 6 -3.737 | 0.138 | 4.462 0.463 | 29.24 | 0.10
1991 3 -8.033 | 0.127 | -6.241 0.392 | 28.72 [-0.70| 1995 7 2.009 0.147 | 9.602 0.182 | 29.02 | 0.40
1991 4 -7.467 | 0.484 | -5.832 | 0.444 | 29.05|-0.60| 1995 8 4.341 0.166 | 6.715 -0.197 | 28.72 | 0.30
1991 5 -6.163 | 0.597 | -5.782 | 0.719 | 29.37 |-1.00| 1995 9 5923 0.220 | 5.105 -0.468 | 28.6 0.30
1991 6 0.004 0.469 | 5.936 1.154 29.4 |-0.10 1995 10 3.183 0.030 | -0.145 | -0.487 | 28.39 | 0.00
1991 7 3.908 0.5751 10.379 | 1.011 29.27 | 0.00 | 1995 11 -4.030 |-0.013| -2.184 | -0.496 | 28.32 | 0.00
1991 8 8.692 0.355 | 8.953 1.012 | 29.18 | -0.40 | 1995 12 -6.224 | 0.324 | -7.410 | -0.559 | 28.21 | -0.50
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YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOI | YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOl
1996 1 -8.181 | 0.165 | -7.592 | -0.644 | 2791 | 1.00 | 2000 5 2.686 0.341 1.596 0.161 27.89 | 0.40
1996 2 -9.377 | 0.156 | -7.022 | -0.595 | 27.79 | 0.30 | 2000 6 -1.188 | 0.198 | 7.662 -0.129 | 28.14 |-0.20
1996 3 -10.152| 0912 | -7.576 | -0.266 | 28.09 | 1.10 | 2000 7 6.752 0.398 | 8.644 -0.201 28.2 |-0.20
1996 4 -4.358 |-0.157| -5.092 | -0.505 | 28.32 | 0.80 | 2000 8 6.929 0.445 | 8.731 -0.14 28.24 | 0.70
1996 5 -0.059 |-0.038 | -3.341 | -0.174 | 28.59 | 0.30 | 2000 9 4773 0.384 | 3.486 -0.247 | 28.29 | 0.90
1996 6 -5.756 |-0.176 | 8.438 0.011 28.78 | 1.20 | 2000 10 4.982 0.247 1.750 -0.381 | 28.19 | 1.10
1996 7 5.441 |-0.324| 9.571 -0.208 | 28.59 | 0.70 | 2000 11 -2.655 1 0.026 | -4.974 | -0.755 | 28.1 1.80
1996 8 1.739 |-0.369| 7.868 -0.396 | 28.39 | 0.70 | 2000 12 -3.546 | 0.010 | -5.888 | -0.581 | 27.65 | 0.80
1996 9 8.544 0.312 | 4.438 -0.499 | 28.43 | 0.60 | 2001 1 -7.928 | 0.241 | -6.647 -0.54 27.44 | 1.00
1996 10 1.089 |-0.710| 1.694 -0.387 | 28.49 | 0.60 | 2001 2 -5.758 | 0.167 | -6.644 | -0.713 | 27.33 | 1.70
1996 11 2.017 |-0.513| -4.348 | -0.164 | 28.54 | -0.10 | 2001 3 -8.301 | 0.154 | -4.933 | -0.603 | 27.68 | 0.90
1996 12 -6.466 | 0.179 | -5.016 | -0.338 | 28.48 | 0.90 | 2001 4 -7.088 | 0.342 | -5.443 | -0.145 | 28.17 | 0.20
1997 1 -6.900 | 0.083 | -5.690 | -0.487 | 28.36 | 0.50 | 2001 5 -1.117 | 0.362 1.039 0.188 | 28.58 | -0.50
1997 2 -7.623 | 0.258 | -9.354 | -0.607 | 28.29 | 1.70 | 2001 6 2.015 0.343 | 8.229 -0.056 | 28.77 | 0.30
1997 3 -5.924 1 0.210 | -9.294 | -0.253 | 28.49 | -0.40 | 2001 7 7.799 0.179 | 8.689 0.253 | 28.94 [-0.20
1997 4 -5.067 | 0.254 | -4.960 | 0.493 | 29.04 |[-0.60 | 2001 8 12.173 | 0.103 | 8.482 0.367 | 28.89 |-0.40
1997 5 -1.169 | 0.252 | -3.833 1.119 | 29.48 |-1.30 | 2001 9 4.691 0.171 2.943 -0.126 | 28.97 | 0.20
1997 6 1.014 0.300 | 2.570 2.307 | 29.34 |-1.40 | 2001 10 1.664 0.056 1.543 -0.276 | 28.84 | 0.00
1997 7 5.489 0.764 | 9.845 2.756 | 29.49 |-0.80 | 2001 11 -1.665 | 0.035 | -3.290 | -0.181 | 28.78 | 0.70
1997 8 9.978 0.939 | 8.375 3.001 29.44 1-1.40 (2001 12 -6.753 | 0.178 | -6.776 | 0.003 | 28.45 | -0.80
1997 9 2.274 0.158 | 2.509 3 29.551-1.4012002 1 -10.006 | 0.440 | -6.047 -0.05 28.54 | 0.40
1997 10 -1.736 | 0.259 | -3.895 | 2.358 | 29.51 |-1.50| 2002 2 -7.695 | 0.908 | -7.723 | -0.208 | 28.35 | 1.10
1997 11 -5.082 | 0.542 | -4.431 2.517 | 29.56 [-1.20| 2002 3 -7.234 | 0.177 | -6.956 | -0.196 | 28.55 | -0.20
1997 12 -8.384 | 1.092 | -5.852 2.32 29.23 |-1.00] 2002 4 -6.525 |-0.147 | -6.639 | 0.339 | 28.87 |-0.10
1998 1 -11.154 | 0.749 | -7.942 | 2.482 | 29.17 |-2.70 | 2002 5 -1.297 |-0.103 | -0.025 0.78 29.18 |1-0.80
1998 2 -9.836 | 0.662 | -7.087 | 2.777 | 28.94 |-2.00 | 2002 6 -0.271 | 0.279 | 8.371 0.864 | 29.41 |-0.20
1998 3 -9.778 | 0.121 | -7.135 | 2.752 28.8 |-2.40|2002 7 9.217 0.578 | 4.764 0.596 | 29.36 |-0.50
1998 4 -7.634 | 0.258 | -6.703 | 2.673 | 28.73 |-1.40 | 2002 8 9.103 0.953 | 8.250 0.922 29.3 |-1.00
1998 5 -2.618 | 0.368 | -2.077 | 2.171 29 0.30 | 2002 9 7.582 0.680 | 3.131 0.808 29.3 |-0.60
1998 6 -3.714 | 0.368 | 8.323 1.151 28.55 | 1.00 | 2002 10 0.910 0.788 | -1.254 | 0.952 | 29.48 |-0.40
1998 7 -3.479 |-0.055| 8.723 0.285 | 28.33 | 1.20 | 2002 11 -4.590 | 0.368 | -4.080 1.057 | 29.57 |-0.50
1998 8 -0.349 |-0.254| 6.624 -0.41 28.04 | 1.20 | 2002 12 -7.465 | 0.073 | -6.929 1.109 | 29.29 | -1.10
1998 9 4.810 |-0.084| 7.350 -0.667 | 27.99 | 1.00 | 2003 1 -8.016 |-0.059| -6.057 1.184 | 28.98 | -0.20
1998 10 2.769 0.337 | 4.421 -0.849 | 27.66 | 1.10 | 2003 2 -9.197 | 0.203 | -6.787 | 0.927 | 28.78 | -0.70
1998 11 -0.949 | 0.366 | -0.738 -1.17 27.52 | 1.00 | 2003 3 -8.239 | 0.125 | -7.231 0.819 | 28.94 |[-0.30
1998 12 -3.949 |-0.096 | -3.611 | -1.012 | 27.21 | 1.40 | 2003 4 -5.339 | 0.103 | -5.570 | 0.308 | 28.92 |-0.10
1999 1 -8.570 | 0.663 | -6.105 | -1.151 | 26.77 | 1.80 | 2003 5 1.522 0.621 | -3.115 0.05 28.9 |-0.30
1999 2 -7.931 | 0.156 | -6.891 | -1.233 | 26.66 | 1.00 | 2003 6 -2.053 | 0.352 | 5.560 0.033 | 29.01 |[-0.60
1999 3 -6.476 | 0.280 | -7.463 | -1.061 | 27.27 | 1.30 | 2003 7 1.781 0.445 | 11.591 | 0.089 | 29.02 | 0.30
1999 4 -1.590 | 0.203 | -4.459 | -1.022 | 27.62 | 1.40 | 2003 8 7.315 0.412 | 8.041 0.241 28.89 | 0.10
1999 5 -2.085 | 0.434 1.920 -0.678 | 27.97 | 0.20 | 2003 9 9.254 0.335 | 4.733 0.441 28.95 1-0.10
1999 6 2.166 0.790 | 5.531 -0.412 | 28.04 | 0.30 | 2003 10 2.552 0.149 | 0.229 0.509 | 29.17 | 0.00
1999 7 5.932 0.425 | 8.561 -0.465 | 27.96 | 0.50 | 2003 11 -1.152 1 0.114 | -6.589 | 0.518 | 29.17 | -0.30
1999 8 3.144 0.326 | 6.290 -0.787 | 27.76 | 0.40 | 2003 12 -6.603 | 0.415 | -6.129 | 0.314 | 28.85| 1.10
1999 9 5.810 0.347 | 5.187 -1.004 | 27.93 |-0.10 | 2004 1 -8.878 | 0.229 | -5.442 | 0.308 | 28.67 |-1.30
1999 10 0.821 0.202 | 3.515 -1.011 | 27.84 | 1.00 | 2004 2 -5.898 | 0.297 | -6.395 | 0.329 | 28.42 | 1.20
1999 11 -0.404 | 0.166 | -4.333 -1.08 27.57 | 1.00 | 2004 3 -5.664 | 0.253 | -7.511 | -0.123 | 28.36 | 0.40
1999 12 -4.557 | 0.089 | -3.882 | -1.208 | 27.24 | 1.40 | 2004 4 -5.188 | 0.125 | -6.492 | 0.216 | 28.73 | -0.90
2000 1 -8.269 | 0.660 | -8.008 | -1.198 | 26.91 | 0.70 | 2004 5 -1.942 | 0.336 | 2.623 0.472 29.1 1.00
2000 2 -8.481 | 0.178 | -6.632 | -1.242 | 26.71 | 1.70 | 2004 6 7.976 |-0.173| 8.419 0.19 29.12 |-0.80
2000 3 -6.196 | 0.314 | -8.225 | -1.134 | 26.95 | 1.30 | 2004 7 1.933 0.155 | 8.539 0.472 | 29.26 |-0.50
2000 4 -7.342 | 0.353 | -4.852 | -0.521 27.4 1.20 | 2004 8 11.756 | 0.171 8.004 0.669 | 29.23 |-0.30
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YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOI | YEAR | MOUNTH | WNPMI DMI IMI MEI NINO4 | SOl
2004 9 2.554 0.289 | 4.192 0.524 29.4 |-0.30|2009 1 -6.350 | 0.222 | -6.213 | -0.753 | 27.55 | 1.10
2004 10 3.467 0.384 | -1.398 | 0.467 | 29.42 [-0.10| 2009 2 -8.518 | 0.352 | -6.797 | -0.715 | 27.57 | 1.90
2004 11 -1.763 | 0.114 | -5.382 | 0.785 | 29.35 |-0.70 | 2009 3 -7.121 | 0.269 | -5.521 | -0.713 | 27.93 | 0.40
2004 12 -3.887 | 0.098 | -6.158 | 0.643 29.2 1-0.80| 2009 4 -2.218 | 0.327 | -4.799 | -0.159 | 28.41 | 0.80
2005 1 -8.167 | 0.587 | -5.653 | 0.301 29.08 | 0.30 | 2009 5 0.245 0.480 | -0.722 0.37 28.97 |-0.10
2005 2 -9.087 |-0.372| -8.033 | 0.799 28.7 |-3.10] 2009 6 2.268 0.311 2.673 0.943 | 29.16 | 0.10
2005 3 -8.326 |-0.263| -6.470 1.018 | 28.79 | 0.30 | 2009 7 7.376 0.122 | 7.585 0.938 | 29.24 | 0.20
2005 4 -6.140 | 0.287 | -6.321 0.559 | 28.87 [-0.60 | 2009 8 7.028 0.254 | 4.469 0.944 | 29.29 [-0.20
2005 5 -3.754 | 0.192 | -2.709 | 0.758 | 29.09 |-0.80 | 2009 9 12.344 | 0.288 | 3.919 0.764 | 29.27 | 0.30
2005 6 -0.679 | 0.038 | 7.774 0.499 | 29.05 | 0.40 | 2009 10 5.845 0.374 | -1.302 1.02 29.6 |-1.20
2005 7 5.017 |-0.064 ] 9.950 0.492 | 28.88 | 0.20 | 2009 11 -3.809 | 0.197 | -3.516 1.061 29.83 | -0.60
2005 8 7.309 |-0.037| 6.737 0.321 28.77 |-0.30 | 2009 12 -6.537 | 0.389 | -5.203 1.007 | 29.76 | -0.70
2005 9 9.610 |-0.136| 8.278 0.255 | 28.79 | 0.40 | 2010 1 -7953 | 0.477 | -4.823 1.152 | 2947 |-1.10
2005 10 2.528 |-0.420| 1.189 -0.166 | 28.77 | 1.20 | 2010 2 -8.506 | 0.213 | -5.072 1.52 29.05 |-1.50
2005 11 -2.145 | 0.005 | -3.787 | -0.409 | 28.58 |-0.20 | 2010 3 -7.175 | 0.633 | -6.586 1.39 29.19 |-0.70
2005 12 -7.662 |-0.061| -4.600 | -0.586 | 28.2 0.00 | 2010 4 -6.613 | 0.568 | -5.684 | 0.863 | 29.21 | 1.20
2006 1 -7.593 | 0.060 | -7.710 | -0.472 | 27.72 | 1.70 | 2010 5 -5.072 | 0.192 | -1.554 | 0.577 | 28.91 | 0.90
2006 2 -8.408 |-0.116| -7.389 -0.45 27.43 | 0.10 | 2010 6 -2.773 | 0.714 | 4.687 -0.433 | 28.56 | 0.40
2006 3 -8.033 |-0.056 | -4.687 | -0.588 | 27.81 | 1.80 | 2010 7 -1.235 | 0.315 | 9.474 -1.166 | 28.17 | 1.80
2006 4 -9.223 | 0.190 | -4.969 | -0.687 | 28.28 | 1.10 | 2010 8 5421 0.253 | 8.470 -1.822 | 27.55 | 1.80
2006 5 -2.434 | 0.144 | 0.293 -0.034 | 28.81 |-0.50] 2010 9 0.557 0.132 | 4.468 -2.03 2741 | 2.20
2006 6 -2.452 | 0.154 | 7.052 0.564 | 28.98 [-0.20| 2010 10 3.227 0.043 | 2.179 -1.946 | 27.27 | 1.70
2006 7 8.318 0.353 | 9.466 0.628 | 28.99 [-0.60|2010 11 -3.235 | 0.207 | -1.825 | -1.606 | 27.21 | 1.30
2006 8 9.825 0.532 | 8.364 0.759 | 29.12 |-1.00 | 2010 12 -7.203 | 0.029 | -3.428 -1.58 27.07 | 290
2006 9 5.420 0.815 | 7.445 0.793 | 29.26 |-0.60 | 2011 1 -7.739 | 0.377 | -6.025 | -1.678 | 26.88 | 2.30
2006 10 5.320 0957 | -2.218 | 0.892 | 29.34 |-1.30]| 2011 2 -6.995 | 0.422 | -5.153 -1.56 27.08 | 2.70
2006 11 -5.386 | 0.769 | -4.890 1.289 | 29.38 | 0.10 | 2011 3 -7.594 1 0.542 | -5.953 | -1.559 | 27.55 | 2.50
2006 12 -4.809 | 0.399 | -7.412 0.95 29.26 |-0.30 12011 4 -4.874 | 0.361 | -2.369 | -1.492 | 27.81 | 1.90
2007 1 -7.937 | 0.406 | -7.249 | 0.973 28.8 |-0.80]2011 5 -2.177 | 0.135 | -1.304 | -0.322 | 28.28 | 0.40
2007 2 -8.465 | 0.335 | -6.854 | 0.515 | 28.44 |-0.10 | 2011 6 2.029 0.268 | 5.640 -0.169 | 28.39 | 0.20
2007 3 -8.088 | 0.280 | -6.581 0.076 | 28.44 | 0.20 | 2011 7 6.241 0.539 | 7.422 -0.087 | 28.31 | 1.00
2007 4 -7.769 | 0.300 | -4.928 | -0.049 | 28.6 |-0.10]2011 8 6.137 0.654 | 8.061 -0.472 | 28.1 0.40
2007 5 -3.247 | 0.494 | -0.443 | 0.187 | 28.76 |-0.10 | 2011 9 9.390 0.595 | 5.482 -0.764 | 28.01 | 1.00
2007 6 -4.365 | 0.248 | 9.391 -0.331 | 28.85 | 0.50 | 2011 10 2.335 0.747 | -2.547 | -0.965 | 27.92 | 0.80
2007 7 0.063 0.367 | 8.149 -0.29 28.67 |-0.30| 2011 11 -1.248 | 0.607 | -3.711 -0.98 27.88 | 1.10
2007 8 7.689 0.545 | 6.954 -0.44 28.51 ] 0.40 | 2011 12 -5.726 | 0.104 | -5.000 | -0.979 | 27.41 | 2.50
2007 9 8.409 0.632 | 7.666 -1.162 | 28.13 | 0.20 | 2012 1 -9.591 | 0.231 | -5.690 | -1.046 | 27.25 | 1.10
2007 10 4.496 0.464 | 0.167 -1.142 | 279 0.70 | 2012 2 -8.031 | 0.104 | -7.107 | -0.702 | 27.37 | 0.50
2007 11 3.208 0.255 | -4.146 | -1.179 | 27.51 | 0.90 | 2012 3 -7.179 | 0.200 | -6.552 -0.41 27.73 | 0.70
2007 12 -7.759 | 0.011 | -6.487 | -1.168 | 27.36 | 1.70 | 2012 4 -6.547 |-0.056 | -5.335 | 0.059 | 28.19 |-0.30
2008 1 -7.257 |1 0.307 | -6.939 | -1.012 | 26.88 | 1.80 | 2012 5 -0.595 |-0.113| -2.196 | 0.706 | 28.53 | 0.00
2008 2 -7.489 | 0.116 | -7.214 | -1.398 | 26.64 | 2.60 | 2012 6 a4.718 0.224 | 3.159 0.903 | 28.66 |-0.40
2008 3 -6.980 | 0.274 | -6.158 | -1.631 | 27.06 | 1.40 | 2012 7 6.673 0.862 | 6.659 1.139 | 28.72 | 0.00
2008 4 -7.367 | 0.050 | -4.693 | -0.942 | 27.55 | 0.70 | 2012 8 8.858 0953 | 6.185 0.579 | 28.96 |-0.20
2008 5 2.469 0.406 | -1.424 | -0.353 | 27.96 [-0.10| 2012 9 7.838 0.848 | 5.082 0.271 28.97 | 0.20
2008 6 -2.050 | 0.430 | 6.140 0.136 | 28.15 | 0.60 | 2012 10 1.676 0.502 | -2.657 | 0.103 29 0.30
2008 7 3.307 0.559 | 7.937 0.003 | 28.32 | 0.30 | 2012 11 -7.706 | 0.174 | -3.314 | 0.166 | 28.98 | 0.30
2008 8 1.936 0.429 | 6.448 -0.266 | 28.31 | 1.00 | 2012 12 -7.636 | 0.495 | -5.416 | 0.037 | 28.55 |-0.60
2008 9 6.881 0.483 | 4.732 -0.643 | 28.23 | 1.20

2008 10 -0.608 | 0.422 | -1.629 -0.78 28.27 | 1.30

2008 11 -4.536 | 0.154 | -3.762 | -0.625 | 28.1 1.30

2008 12 -5.006 | 0.181 | -5.679 | -0.667 | 27.73 | 1.40
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1970 1 0.0 - 0.7 - 2.0 - - 0.4 - 20.3 0.0 - 1.2 0.0 3.6
1970 2 89.6 - 0.3 - 45.7 - - 2.0 - 27.7 14.8 - 68.2 20.9 10.8
1970 3 20.4 - 66.4 - 20.8 - - 7.6 - 80.1 139.3 - 44.6 110.9 21.9
1970 a 103.7 - 88.7 - 82.6 - - 38.8 - 109.4 70.7 - 157.5 80.8 84.6
1970 5 132.4 - 157.9 - 103.1 - - 239.9 - 301.1 132.8 - 283.0 297.0 173.6
1970 6 118.8 - 208.5 - 87.1 - - 199.0 - 316.2 281.2 - 301.1 289.1 286.4
1970 7 90.7 - 1315 - 84.9 - - 123.5 - 176.6 184.9 - 189.0 128.2 112.1
1970 8 179.4 - 170.6 - 224.1 - - 220.3 - 238.2 234.6 - 144.3 200.5 206.9
1970 9 332.0 - 207.8 - 240.2 - - 240.4 - 308.9 168.3 - 355.2 163.4 288.7
1970 10 268.0 - 232.2 - 142.1 - - 189.0 - 148.4 158.0 - 187.3 160.0 196.9
1970 11 103.7 - 6.1 - 553 - - 14.8 - 41.2 11.0 - 50.4 10.6 20.4
1970 12 75.7 - 9.3 - 56.4 - - 60.4 - 134.1 49.1 - 103.2 239 20.2
1971 1 0.0 - 9.2 - 0.0 - - 3.0 - 0.0 0.0 - 0.0 4.6 1.4
1971 2 24.3 - 63.0 - 2.3 - - 1.4 - 17.6 26.6 - 28.1 109.1 23.5
1971 3 17.2 - 64.7 - 0.0 - - 10.4 - 6.1 42.3 - 11.0 63.5 12.8
1971 a 109.9 - 61.1 - 36.2 - - 138.9 - 35.0 68.1 - 31.1 12.8 41.3
1971 5 1353 - 163.2 - 82.9 - - 93.8 - 192.7 204.7 - 236.3 163.4 179.0
1971 6 75.7 - 143.4 - 60.3 - - 91.8 - 109.7 128.6 - 82.2 43.1 121.1
1971 7 94.1 - 60.6 - 38.2 - - 54.4 - 151.3 51.2 - 178.9 42.5 48.9
1971 8 147.1 - 337.7 - 348.7 - - 185.4 - 345.1 328.0 - 352.1 411.2 427.9
1971 9 285.0 - 146.5 - 140.4 - - 259.2 - 169.0 179.2 - 383.2 80.9 189.7
1971 10 178.1 - 77.2 - 174.5 - - 222.2 - 192.7 120.1 - 177.4 51.6 135.3
1971 11 6.2 - 0.0 - 5.1 - - 0.6 - 4.4 7.6 - 2.8 2.9 2.7
1971 12 4.0 - 0.0 - 6.6 - - 10.0 - 0.3 4.1 - 0.8 9.2 0.8
1972 1 0.0 - 0.0 - 0.0 - - 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1972 2 0.0 - 0.3 - 0.0 - - 0.2 - 9.8 1.1 - 19.9 3.2 0.0
1972 3 44.3 - 28.9 - 12.2 - - 16.1 - 84.9 21.1 - 18.8 14.1 30.9
1972 a 115.0 - 107.3 - 97.7 - - 109.6 - 96.9 91.4 - 146.9 117.2 104.0
1972 5 58.2 - 59.5 - 119.9 - - 78.8 - 62.2 5.9 - 55.1 34.9 35.0
1972 6 179.3 - 160.5 - 123.1 - - 111.6 - 158.4 180.6 - 127.8 108.9 115.6
1972 7 64.9 - 134.0 - 60.5 - - 71.0 - 102.7 98.3 - 69.5 44.1 96.8
1972 8 109.9 - 59.4 - 51.9 - - 96.8 - 60.6 125.4 - 157.0 238.3 179.3
1972 9 413.6 - 357.9 - 397.5 - - 488.4 - 551.6 516.5 - 676.3 246.1 401.9
1972 10 89.2 - 184.1 - 258.2 - - 235.4 - 173.8 172.0 - 2379 188.6 152.1
1972 11 99.9 - 37.4 - 117.7 - - 68.9 - 71.5 108.8 - 88.4 63.2 132.1
1972 12 17.9 - 5.1 - 60.0 - - 71.9 - 106.4 33.9 - 54.7 42.7 3.8
1973 1 1.5 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1973 2 2.0 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1973 3 55.4 - 45.3 - 3.6 - 33.2 55.2 - 34.6 46.2 - 102.6 108.6 28.2
1973 a 6.1 - 0.0 - 65.4 - 9.5 5.8 - 0.0 0.0 - 5.6 27.4 24.5
1973 5 190.0 - 170.1 - 40.0 - 173.5 196.3 - 68.9 126.7 - 157.5 148.3 204.1
1973 6 73.7 - 114.3 - 94.8 - 156.6 180.6 - 157.3 151.0 - 131.9 131.2 118.1
1973 7 84.5 - 115.1 - 199.2 - 161.7 127.8 - 107.4 102.1 - 68.5 188.6 68.4
1973 8 85.7 - 173.7 - 147.6 - 106.9 160.2 - 98.3 87.8 - 97.3 219.2 164.3
1973 9 218.9 - 285.8 - 339.2 - 178.8 409.8 - 251.1 279.1 - 364.7 193.2 228.7
1973 10 238.5 - 81.0 - 332.6 - 261.7 154.7 - 146.2 67.0 - 113.8 60.1 78.9
1973 11 107.2 - 43.5 - 27.9 - 73.3 8.4 - 32.7 11.6 - 36.8 9.3 32.4
1973 12 0.0 - 0.0 - 0.4 - 1.0 1.4 - 4.5 0.1 - 11.2 0.0 0.5
1974 1 0.0 - 0.5 - 2.4 - 0.0 0.2 - 0.3 0.0 - 0.7 0.2 0.0
1974 2 0.0 - 7.1 - 0.0 - 0.0 0.0 - 2.1 0.0 - 0.0 0.2 46.0
1974 3 213.0 - 42.5 - 99.3 - 30.9 141.1 - 61.3 67.6 - 10.2 12.7 67.2
1974 4 146.4 - 153.8 - 110.8 - 1738 227.2 - 120.3 108.7 - 130.2 22.1 77.6
1974 5 133.0 - 104.9 - 122.9 - 43.1 80.9 - 117.5 180.4 - 179.2 139.0 150.0
1974 6 64.8 - 99.9 - 84.3 - 122.6 196.9 - 95.1 1553 - 82.3 119.7 104.0
1974 7 151.9 - 186.4 - 77.8 - 172.8 102.7 - 186.4 142.7 - 129.9 178.3 2222
1974 8 198.6 - 148.1 - 163.3 - 119.4 175.4 - 120.1 138.7 - 160.9 121.6 125.4
1974 9 265.1 - 231.6 - 291.1 - 3223 228.0 - 115.1 297.1 - 219.7 2183 297.0
1974 10 366.6 - 244.7 - 460.7 - 320.9 380.9 - 267.5 2524 - a71.2 269.6 349.6
1974 11 28.9 - 29.8 - 107.9 - 48.2 43.3 - 42.0 44.9 - 134.8 33.9 36.2
1974 12 12.0 - 5.2 - 8.9 - 1.1 0.0 - 0.0 2.7 - 0.0 0.0 4.1
1975 1 77.9 - 64.1 - 163.1 - 60.9 86.1 - 86.4 352 - 38.1 103.3 66.5
1975 2 0.0 - 0.9 - 0.0 - 0.0 0.0 - 0.0 18.4 - 1.0 26.6 26.3
1975 3 56.1 3 103 < 13.1 - 0.1 9.1 g 26.3 24.6 - 32.4 36.8 51.8
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1975 q 59.8 - 299 - 47.0 - 5.0 10.6 - 3.7 31.0 - 3.9 14.9 0.1
1975 5 204.1 - 118.9 - 166.9 - 166.3 258.3 - 1254 102.6 - 186.2 118.4 104.9
1975 6 104.2 - 155.6 - 1223 - 153.7 123.4 - 1213 93.7 - 100.7 45.5 56.3
1975 7 126.3 - 206.3 - 95.0 - 68.3 80.7 - 107.4 1723 - 174.8 140.1 170.8
1975 8 84.6 - 118.4 - 151.1 - 99.8 2374 - 134.5 227.7 - 3237 2320 199.5
1975 9 222.0 - 262.4 - 257.0 243.0 198.3 214.9 197.4 - 2115 262.2 1829
1975 10 295.6 - 259.7 - 298.8 - 2723 193.1 - 102.0 139.2 - 2615 191.7 185.4
1975 11 34.3 - 123.1 - 12.1 - 60.6 62.4 - 13.2 64.2 - 35.0 553 553
1975 12 239 - 11.3 - 0.0 - 18.7 76.2 - 9.9 8.4 - 9.0 18 15.4
1976 1 0.0 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1976 2 5.6 - 0.6 - 39.4 - 64.0 37.8 - 28.8 20.4 - 52.2 0.7 24
1976 3 116.3 - 73.5 - 219 - 25 1.3 - 3.0 59.8 - 1.8 37.6 a7.6
1976 4 6.3 - 108.8 - 10.8 - 145 14.1 - 33.9 56.3 - 55.1 89.7 29
1976 5 1249 - 1615 - 2224 - 199.8 306.6 - 163.2 219.7 - 409.6 3147 396.8
1976 6 48.2 - 69.5 - 70.8 - 66.8 44.5 - 60.3 59.7 - 725 43.2 789
1976 7 164.5 - 1447 - 77.0 - 76.4 574 - 288.5 205.2 - 283.0 110.6 58.3
1976 8 186.6 - 408.0 - 210.2 - 237.7 110.6 - 262.7 303.4 - 247.6 224.2 1928
1976 9 216.4 - 263.5 - 198.0 - 2356 431.8 - 186.5 163.8 - 2973 1755 3283
1976 10 329.9 - 127.0 - 281.4 - 154.8 2455 - 1109 176.5 - 198.8 110.6 192.2
1976 11 87.8 - 30.5 - 55.5 - 88.8 47.1 - 25.1 14.0 - 16.8 4.5 10.4
1976 12 4.1 - 0.0 - 0.1 - 0.0 7.1 - 14.7 0.0 - 0.0 0.0 0.0
1977 1 0.3 - 0.0 - 0.3 - 0.0 0.0 - 30.7 11.7 - 271 0.2 0.0
1977 2 0.0 - 0.0 - 0.0 - 0.0 0.0 - 216 0.0 - 257 0.0 0.0
1977 3 11.7 - 14.5 - 4.4 - 115 5.6 - 0.0 14.7 - 4.2 16.7 24
1977 4 399 - 44.2 - 37.2 110.5 32.7 82.8 50.8 - 28.4 39.2 8.7
1977 5 184.9 - 1458 - 269.9 - 156.0 414 - 48.9 196.8 - 101.3 218.9 1148
1977 6 50.5 - 97.9 - 53.6 - 107.2 29.1 - 85.7 80.6 - 61.3 32.7 46.3
1977 7 96.5 - 146.1 - 139.5 - 108.0 110.7 - 192.2 66.8 - 1133 56.1 78.5
1977 8 60.4 - 1759 - 24.0 - 80.3 87.0 - 161.0 192.7 - 120.7 175.7 167.5
1977 9 1129 - 118.8 - 2443 - 200.3 180.6 - 150.5 301.2 - 358.5 84.5 1429
1977 10 68.6 - 138.3 - 68.9 - 140.4 187.4 - 89.8 95.0 - 1359 40.9 99.5
1977 11 2.0 - 35 - 0.5 - 113 28.8 - 10.6 5.0 - 59.8 0.0 0.0
1977 12 0.0 - 6.4 - 13 - 0.6 14.4 - 12.0 274 - 39 33.7 33.6
1978 1 26.2 - 0.2 - 454 9.8 319 6.1 1.2 - 235 0.5 1.2
1978 2 203 - 65.5 - 234 - 26.7 147 - 103.3 100.6 - 103.6 555 343
1978 3 1.6 - 0.0 - 0.0 - 0.5 0.1 - 0.0 0.0 - 1.0 10.6 0.0
1978 4 69.4 - 432 - 54.5 - | 1ot | 2307 - 180 105 - 13.0 217 | 970
1978 5 2141 - 196.4 - 162.9 - 208.1 187.4 - 237.7 179.2 - 2453 86.0 2023
1978 6 75.8 - 134.8 - 114.7 - 165.0 726 - 79.7 87.1 - 255.2 162.6 183.8
1978 7 110.0 - 268.3 - 208.4 - 266.0 212.3 - 294.7 2257 - 135.1 2539 383.7
1978 8 63.9 - 1335 - 72.8 - 40.2 67.6 - 96.1 83.7 - 81.9 142.6 66.5
1978 9 186.3 - 470.0 - 309.2 - 2711 459.4 - 289.9 370.8 - 274.7 3324 373.2
1978 10 81.2 - 29.2 - 85.7 87.6 146.5 117.6 10.7 - 102.5 139.9 119.8
1978 11 5.7 - 28 - 3.1 - 6.1 4.8 - 3.1 0.0 - 0.6 28 37
1978 12 0.0 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1979 1 0.0 - 0.0 - 1.1 - 0.0 0.0 - 0.0 0.8 - 36.7 0.3 0.0
1979 2 16.3 - 0.0 - 14 - 15.4 0.0 - 0.8 38.6 - 6.8 34 0.3
1979 3 0.7 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1979 4 378 - 96.5 - 43.8 - 136.3 10.7 - 34.5 1199 - 10.7 56.1 743
1979 5 28.2 - 127.6 - 57.1 - 69.2 89.3 - 128.4 191.4 - 141.6 799 33.4
1979 6 214.9 - 116.0 - 165.6 - 96.0 87.9 - 78.4 47.2 - 373.8 49.6 76.9
1979 7 294 - 228.1 - 55.5 73.4 106.2 47.0 85.0 - 101.7 69.0 67.3
1979 8 1209 - 180.5 - 80.8 29.6 81.4 97.4 53.0 - 1304 140.4 1225
1979 9 238.5 - 1755 - 201.6 - 306.1 320.6 - 150.8 236.2 - 295.9 279.2 412.1
1979| 10 75.7 - 0.4 - 275 - 52.1 9.8 - 253 0.0 - 223 0.4 1.7
1979 11 6.5 - 0.0 - 0.9 - 226 0.0 - 223 0.0 - 133 0.0 0.3
1979 12 0.0 - 0.0 - 0.0 - 0.0 0.0 B 0.0 0.0 - 0.2 0.0 0.0
1980 1 0.0 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1980 2 9.0 - 0.2 - 28 - 1.8 0.0 - 0.0 0.0 - 0.3 22.1 9.4
1980 3 18.7 - 133 - 1.5 - 22 0.9 - 12.7 6.8 - 4.0 14.0 15.0
1980 4 779 - 21.7 - 50.1 - 0.0 7.4 - 225 1414 - 525 22.7 219
1980 5 198.6 - 181.6 - 86.4 63.8 36.6 96.9 89.9 > 299 1543 80.1
1980 6 1352 ) 73.6 F 193.2 f 207.7 1325 5 238.4 195.7 3 267.5 129.4 1743
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1980 7 1133 - 129.0 - 59.2 - 70.3 141.0 - 89.2 104.0 - 205.5 181.4 141.9
1980 8 149.4 - 120.3 - 168.2 - 147.4 93.1 - 196.6 219.1 - 200.6 123.2 132.0
1980 9 190.0 - 402.6 - 197.3 - 157.9 216.1 - 3943 183.1 - 352.3 304.5 329.5
1980 10 177.9 - 234.0 - a32.7 - 342.7 249.6 - 2243 120.5 - 324.5 2213 164.6
1980 11 72.0 - 8.1 - 32.0 - 16.4 52.4 - 56.6 44.6 - 33.9 49.6 19.9
1980 12 0.0 - 0.0 - 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1981 1 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1981 2 233 - 39.0 2.3 57.5 - 3.2 6.3 - 11.6 12.8 - 10.6 7.8 18.1
1981 3 1.0 - 256 7.8 10.2 - 1.5 256 - 18.8 711 - 16.7 37.3 30.3
1981 a 122.6 - 111.6 56.5 46.9 - 53.1 6.1 - 62.3 52.3 - 153.5 130.8 75.3
1981 5 89.5 - 86.6 128.6 141.5 - 147.8 91.3 - 2433 191.0 - a17.2 141.8 139.5
1981 6 75.0 - 72.3 114.9 36.3 - 82.0 63.9 - 114.9 154.3 - 101.1 3314 72.7
1981 7 753 - 166.1 302.2 167.0 - 157.3 145.9 - 140.8 160.9 - 157.1 206.7 287.7
1981 8 88.2 - 179.4 191.9 34.7 - 113.1 117.3 - 94.9 131.1 - 144.5 209.8 138.7
1981 9 221.2 - 225.0 174.9 106.4 - 256.1 188.2 - 294.6 248.0 - 178.5 186.5 232.5
1981 10 132.7 - 1123 141.8 65.1 - 48.1 80.4 - 97.0 58.5 - 257.2 85.4 41.6
1981 11 305.1 - 41.9 145.1 173.5 - 244.3 823 - 131.4 99.2 - 156.3 114.1 200.7
1981 12 0.2 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.9
1982 1 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1982 2 36.6 - 0.0 37.3 0.0 - 0.0 0.0 - 0.0 17.4 - 19.7 0.0 56.0
1982 3 34.2 - 138 10.5 3.4 - 14.9 11.2 - 27.5 18.9 - 176.0 23 0.0
1982 a4 207.2 - 29.8 33.7 161.2 - 114.3 82.8 - 157.6 109.1 - 223.2 91.1 77.7
1982 5 111.0 - 46.0 149.1 725 - 1255 74.6 - 153.7 164.7 - 2355 89.0 85.3
1982 6 93.8 - 81.3 167.2 63.1 - 117.9 1255 - 198.9 162.4 - 187.8 57.9 35.5
1982 7 95.1 - 153.7 189.0 110.7 - 80.4 116.9 - 95.6 104.7 - 199.2 97.7 168.6
1982 8 51.2 - 189.6 146.0 95.3 - 80.3 69.7 - 93.9 136.9 - 220.7 255.8 162.5
1982 9 86.7 - 265.3 344.6 189.8 - 213.2 187.0 - 156.4 294.3 - 254.8 248.4 230.5
1982 10 111.0 - 147.2 78.6 55.4 - 170.3 86.3 - 172.1 182.0 - 248.8 96.9 167.8
1982 11 30.5 - 30.5 a9.7 31.7 - 8.5 19.3 - 30.7 279 - 44.3 47.6 14.8
1982 12 17.8 - 1.6 2.7 9.4 - 5.1 6.6 - 1.4 0.0 - 19.6 11.3 39.8
1983 1 0.0 - 1.7 4.3 1.7 - 0.0 0.0 - 15.0 0.0 - 0.3 0.0 0.0
1983 2 0.0 - 0.0 16.4 0.0 - 0.0 0.0 - 30.5 10.0 - 16.3 0.0 0.0
1983 3 0.0 - 0.0 278 4.2 - 0.0 53 - 11.7 80.0 - 105.0 0.0 0.0
1983 a 0.0 - 0.0 7.1 0.0 - 0.0 60.9 - 25.8 120.0 - 138.1 0.0 0.0
1983 5 0.0 - 184.0 64.9 176.0 - 100.0 92.3 - 89.5 117.5 - 209.8 90.0 10.0
1983 6 27.3 - 110.0 117.9 225.9 - 75.4 143.2 - 135.3 141.5 - 161.4 74.7 771
1983 7 144.7 - 207.9 179.2 180.4 - 279.1 136.4 - 160.5 142.6 - 230.2 2332 162.5
1983 8 204.1 - 400.1 281.2 257.4 - 175.1 220.1 - 414.3 196.1 - 574.5 244.6 209.8
1983 9 303.1 - 334.6 360.9 251.4 - 276.3 295.4 - 237.2 312.7 - 453.8 219.5 277.5
1983 10 255.0 - 295.3 349.6 390.5 - 380.6 384.2 - 267.0 389.0 - 487.2 201.3 267.7
1983 11 120.1 - 38.9 141.9 100.2 - 144.9 209.4 - 94.2 98.0 - 131.8 61.1 99.5
1983 12 3.5 - 29.0 10.2 2.8 - 11.5 34.7 - 15.0 1.2 - 13.6 13.4 38.2
1984 1 3.2 - 1.8 0.0 0.0 - 0.0 0.0 - 2.1 0.2 - 0.6 0.0 6.5
1984 2 8.8 - 19.2 223 16.9 - 8.7 a2.9 - 46.9 58.7 - 12.9 22.0 2.2
1984 3 29.5 - 26.2 29.9 6.5 - 19.2 7.1 - 119.4 35.3 - 339 a4 20.6
1984 4 49.3 - 75.0 87.5 9.3 - 20.9 4.9 - 149.0 121.4 - 52.9 48.1 21.1
1984 5 118.5 - 176.1 127.4 296.2 - 117.6 76.4 - 24.9 56.5 - 184.0 106.0 192.5
1984 6 125.8 - 124.5 192.8 56.3 - 40.9 30.6 - 100.6 96.3 - 130.9 94.7 60.5
1984 7 126.3 - 162.3 97.8 149.9 - 70.2 177.3 - 103.4 259.4 - 239.8 232.8 252.3
1984 8 16.9 - 135.9 72.3 31.2 - 46.6 35.5 - 150.4 144.0 - 93.2 119.7 164.2
1984 9 248.6 - 306.3 327.7 301.6 - 120.2 271.8 - 208.9 177.6 - 331.2 191.0 250.3
1984 10 204.5 - 36.0 159.0 118.2 - 107.3 132.9 - 111.8 123.6 - 292.8 58.8 83.4
1984 11 26.7 - 53 114 0.0 - 8.7 0.1 - 2.0 51.3 - 25.8 8.5 0.0
1984 12 0.0 - 0.0 0.0 0.0 - 0.1 0.1 - 0.0 0.0 - 0.0 0.0 0.0
1985 1 0.2 - 36.5 0.0 2.5 - 0.3 0.0 - 35.6 53 - 18.7 2.2 213
1985 2 0.0 - 0.0 11.7 60.3 - 6.0 0.0 - 0.0 2.0 - 55 0.2 4.7
1985 3 1.0 - 39.2 17.1 15.2 - 1.5 0.2 - 0.0 0.0 - 11.3 25.0 7.4
1985 a 57.6 - 109.8 50.7 151.7 - 88.4 25.0 - 78.1 42.2 - 60.6 44.0 16.9
1985 5 142.2 - 131.4 233.3 124.1 - 136.4 125.8 - 87.2 103.5 - 174.0 198.8 59.8
1985 6 32.1 - 53.7 151.6 59.9 - 48.8 75.5 - 90.7 113.6 - 90.5 90.3 33.4
1985 7 192.2 - 130.1 172.2 106.3 - 175.8 121.4 - 108.1 104.8 - 143.0 97.8 142.4
1985 8 78.3 - 138.4 91.5 109.6 - 89.3 87.4 - 75.6 157.4 - 134.6 217.5 158.5
1985 9 2222 - 317.7 231.7 389.8 - 241.0 288.4 - 284.5 255.7 - 337.6 270.4 346.8
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1985 10 214.4 - 179.5 249.4 217.0 - 103.3 188.6 - 209.5 234.2 - 375.8 207.6 151.9
1985 11 79.1 - 160.4 98.5 44.9 - 104.7 65.6 - 11.4 239 - 17.1 44.1 53.2
1985 12 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1986 1 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1986 2 0.1 - 0.0 0.5 0.0 - 0.0 0.0 - 0.0 0.0 - 5.9 2.2 0.0
1986 3 1.8 - 0.0 15.7 0.0 - 5.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1986 a4 51.8 - 66.4 18.1 119.6 - 40.3 44.7 - 134.7 72.6 - 36.2 80.8 73.5
1986 5 165.5 - 349.5 551.7 124.0 - 141.4 129.0 - 225.2 121.7 - 504.5 173.9 228.7
1986 6 66.2 - 171.2 224.7 39.1 - 117.9 76.2 - 88.6 133.7 - 72.1 51.5 87.8
1986 7 89.0 - 74.7 67.4 156.6 - 151.9 163.8 - 157.9 176.0 - 155.4 91.9 114.3
1986 8 63.3 - 174.8 123.9 132.9 - 179.8 183.1 - 132.0 178.6 - 201.7 274.7 152.0
1986 9 189.2 - 84.4 228.5 267.4 - 288.6 189.6 - 249.2 219.9 - 357.6 126.8 199.5
1986 10 321.8 - 102.2 137.2 382.6 - 301.5 335.5 - 128.0 125.5 - 330.0 88.1 127.5
1986 11 4.3 - 1.5 739 7.5 - 36.4 7.3 - 26.1 0.9 - 134.0 5.3 55
1986 12 21.1 - 2.1 6.7 13.7 - 14.0 6.2 - 34.2 1.2 - 10.1 2.1 159
1987 1 0.0 - 0.0 0.0 0.0 - 0.0 0.8 - 0.0 0.0 - 0.7 0.0 0.0
1987 2 0.0 - 0.0 0.3 0.0 - 0.3 0.3 - 1.4 2.4 - 0.0 39.3 0.8
1987 3 5.2 - 143 27.7 5.6 - 1.4 5.7 - 10.2 10.9 - 41.4 37.4 20.5
1987 a 123 - 117.0 26.8 104.2 - 87.3 40.5 - 8.5 78.3 - 54.4 99.6 45.3
1987 5 153.4 - 81.9 91.6 63.1 - 215 60.4 - 93.1 59.2 - 145.7 71.0 7.7
1987 6 80.8 - 128.1 172.9 437 - 18.4 101.7 - 85.9 177.3 - 286.4 109.1 47.2
1987 7 40.4 - 113.5 16.2 65.8 - 5.2 36.4 - 97.2 118.4 - 31.9 91.8 50.4
1987 8 32.0 - 101.1 206.8 25.2 - 80.1 143.6 - 30.4 144.9 - 49.9 113.1 1153
1987 9 275.3 - 413.0 282.2 221.3 - 136.9 86.2 - 263.9 329.7 - 4335 338.2 317.2
1987 10 168.6 - 207.3 89.0 80.5 - 270.9 82.8 - 160.0 150.9 - 217.2 90.0 128.2
1987 11 360.4 - 111.5 116.5 274.4 - 2138 195.4 - 107.8 98.2 - 109.2 133.5 63.2
1987 12 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1988 1 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1988 2 5.0 - 13.4 19.7 80.1 - 0.0 0.0 - 0.0 0.0 - 1.0 0.0 0.0
1988 3 13.2 - 22.0 4.3 0.0 - 0.9 6.2 - 0.0 0.0 - 2.7 64.8 42.5
1988 4 125.1 - 84.0 78.9 47.4 - 339 78.6 - 108.1 151.8 - 139.3 165.6 59.0
1988 5 156.7 - 212.6 222.7 91.8 - 45.0 121.0 - 163.3 158.1 - 394.4 187.6 165.1
1988 6 72.1 - 234.0 253.6 75.6 - 67.3 112.6 - 253.9 175.1 - 99.7 186.4 133.7
1988 7 58.5 - 269.1 160.4 150.8 - 216.5 117.1 - 144.4 94.4 - 177.8 2253 171.7
1988 8 174.1 - 416.0 272.6 146.9 - 160.0 156.3 - 185.4 282.0 - 315.0 186.2 261.6
1988 9 324.3 - 213.9 221.6 278.6 - 136.2 344.2 - 378.4 239.9 - 487.4 331.9 216.9
1988 10 256.2 - 167.7 294.4 298.9 - 155.0 255.7 - 341.7 142.9 - 380.3 266.5 330.4
1988 11 1.2 - 0.1 2.7 1.3 - 0.1 0.0 - 0.0 0.0 - 4.2 0.1 0.0
1988 12 0.0 - 0.0 0.0 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 0.0 0.0
1989 1 22.3 - 6.1 2.1 88.3 - 7.1 28.9 6.0 46.9 4.0 - 29.2 1.3 3.3
1989 2 12.7 - 9.6 24.2 0.0 - 0.0 0.0 22.2 0.0 0.0 - 0.9 0.0 0.0
1989 3 1.1 - 0.3 11.5 63.9 - 20.7 0.0 56.7 96.6 7.7 - 82.0 16.6 15.1
1989 a 52.5 - 8.9 a1.9 55.0 - 2.7 2.1 27.3 7.1 43.9 - 2.4 a.5 1.6
1989 5 90.6 - 134.5 109.0 69.2 - 66.3 80.8 127.4 181.4 177.3 - 178.2 72.6 74.5
1989 6 75.8 - 86.0 159.1 17.7 - 87.1 173.7 183.6 198.9 70.0 - 86.5 94.7 37.8
1989 7 54.6 - 168.2 173.1 124.3 - 98.1 66.1 154.4 180.1 64.7 - 176.8 97.1 1313
1989 8 86.1 - 209.1 87.8 118.1 - 111.1 162.1 256.4 199.2 180.2 - 181.1 263.0 170.2
1989 9 200.5 - 193.3 296.3 175.4 - 268.4 237.5 199.4 358.3 315.2 - 410.1 157.6 301.8
1989 10 168.1 - 100.8 402.9 177.9 - 94.1 147.4 130.1 151.3 141.3 - 315.5 117.0 80.0
1989 11 44.1 - 2.4 54.4 7.8 - 36.2 8.7 38.6 22.3 18.0 - 33.7 15.7 9.6
1989 12 0.0 - 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
1990 1 0.0 - 7.2 1.2 7.9 - 2.8 10.2 0.0 1.1 0.0 - 1.4 0.4 0.0
1990 2 0.5 - 0.0 5.6 0.0 - 0.0 0.0 6.8 0.0 0.0 - 1.2 29.4 0.0
1990 3 25.6 - 57.2 28.6 8.8 - 43.6 10.1 85.0 24.7 31.8 - 50.7 45.0 53.2
1990 a4 81.2 - 37.8 11.9 6.6 - 3.2 7.3 69.2 37.6 13.8 - 15.5 6.6 2.5
1990 5 224.4 - 110.3 321.3 147.4 - 1453 135.7 167.9 186.9 249.9 - 220.2 244.3 95.5
1990 6 54.2 - 1135 146.1 29.5 - 27.4 26.0 66.7 87.2 133.1 - 59.3 78.8 69.3
1990 7 68.3 - 80.0 126.3 38.7 - 64.1 37.2 226.5 86.3 58.6 - 159.9 51.7 116.6
1990 8 a7.5 - 86.1 83.0 76.7 - 30.7 128.0 84.9 101.1 50.4 - 172.5 155.7 88.1
1990 9 1153 - 253.9 258.1 304.1 - 105.2 110.0 355.6 247.8 261.7 - 258.6 198.4 149.4
1990 10 299.8 - 211.2 216.9 489.0 - 373.7 453.1 333.7 474.3 444.6 - 401.0 211.9 273.1
1990 11 50.6 - 2.9 452 86.2 - a5.1 a2.9 7.2 47.6 70.0 - 22.6 32.3 36.7
1990 12 0.0 - 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
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1991 1 0.0 - 2.0 0.0 0.0 - 0.0 0.0 0.0 3.2 0.5 - 3.0 0.0 0.0
1991 2 255 - 0.0 0.0 62.1 - 233 6.0 10.0 9.7 1.1 - 7.1 0.0 0.0
1991 3 14.8 - 57.7 29.8 39.3 - 61.4 40.9 156.3 9.2 9.6 - 12.0 18.7 24.6
1991 a 52.3 - 54.0 8.2 16.5 - 525 11.2 93.6 30.4 74.2 - 48.5 43.5 109.1
1991 5 196.2 - 127.3 141.2 129.8 - 39.3 108.5 214.1 110.9 169.7 - 229.7 115.4 123.6
1991 6 78.5 - 177.4 778 22.7 - 90.9 21.9 55.5 71.8 84.6 - 107.5 24.8 47.6
1991 7 51.2 - 49.3 59.5 16.8 - 54.8 52.0 249.2 227.2 89.3 - 182.4 80.4 28.6
1991 8 79.4 - 290.2 251.7 109.3 - 113.7 176.1 224.9 111.6 121.7 - 160.5 1228 145.2
1991 9 165.3 - 185.4 147.9 233.4 - 174.6 146.2 490.3 2528 163.8 - 266.8 65.8 88.7
1991 10 271.4 - 107.6 140.6 186.4 - 153.1 2154 193.7 166.7 82.5 - 339.7 127.9 111.2
1991 11 17.8 - 0.0 38.1 0.5 - 28.6 0.0 2.7 22.7 0.0 - 1.3 0.0 0.0
1991 12 44.3 - 20.2 23 74.7 - 438 a1.7 0.4 6.0 19.9 - 0.0 9.2 15.8
1992 1 21.6 - 37.8 1.6 0.0 1.0 3.3 1.6 12.6 5.0 0.3 - 7.8 0.9 0.7
1992 2 9.9 - 0.0 19.2 3.4 3.8 5.6 3.6 29.6 2.8 4.3 - 12.7 0.4 1.0
1992 3 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 23.7 0.0 0.0 - 0.0 0.0 0.0
1992 a 0.0 - 0.0 21.5 0.2 0.0 0.0 0.9 89.9 0.0 4.2 - 0.0 18.4 0.0
1992 5 15.6 - 90.6 131.4 68.2 93.2 32.5 30.6 35.3 137.2 35.8 - 68.0 154.6 107.1
1992 6 64.0 - 207.3 137.7 115.3 99.3 105.0 131.5 125.8 36.3 180.4 - 141.2 135.9 108.0
1992 7 197.2 - 95.0 239.5 129.9 124.5| 87.0 133.1 230.9 280.5 216.6 - 217.6 145.3 173.6
1992 8 140.9 - 143.8 2434 130.6 1979 93.3 168.9 228.0 211.7 129.0 - 245.2 134.6 92.1
1992 9 75.4 - 209.5 286.0 80.4 114.8| 195.6 117.9 115.2 204.9 205.8 - 382.2 207.3 132.9
1992 10 319.3 - 126.4 304.2 297.4 397.5| 382.3 445.9 238.3 276.8 180.2 - 355.3 171.5 223.3
1992 11 0.0 - 0.0 2.6 0.0 8.4 0.3 0.0 0.0 0.0 0.0 - 1.6 0.0 0.0
1992 12 15.8 - 6.0 60.6 0.0 1.5 28 0.3 28.2 11.0 26.3 - 11.3 15.0 0.0
1993 1 0.0 - 0.0 17.0 6.4 8.0 0.0 3.3 9.7 2.5 0.0 0.0 4.0 0.0 0.0
1993 2 0.0 - 0.0 0.4 0.0 0.0 0.0 0.0 15.5 0.0 0.0 3.5 0.0 0.0 0.0
1993 3 30.1 - 236 49.3 21.0 53.2 30.3 124 43.7 29.1 7.1 21.5 78.9 64.2 4.6
1993 a 21.6 - 109.0 20.6 37.3 114 a8.7 95.6 88.0 48.8 23.0 50.5 44.8 30.3 54.3
1993 5 124.5 - 71.7 161.4 55.2 1221 91.3 194.4 184.6 49.4 224.2 224.8 148.3 91.6 94.9
1993 6 55.5 - 103.5 62.3 90.0 111.9] 726 114.8 129.1 127.8 231 45.2 149.2 54.2 1124
1993 7 59.7 - 108.2 48.1 61.0 59.5 56.7 13.5 82.1 212.5 99.6 63.5 121.0 104.1 71.6
1993 8 74.0 - 218.0 112.7 99.0 141.8| 96.9 69.1 284.1 215.2 123.6 244.7 473.0 147.6 194.8
1993 9 383.0 - 327.0 244.4 141.1 203.2| 1733 136.7 227.9 327.9 267.6 172.9 275.2 3218 222.2
1993 10 189.4 - 138.2 79.1 132.4 24351 191.1 88.9 179.7 224.7 85.9 97.8 244.5 76.7 122.6
1993 11 0.2 - 0.0 0.0 0.0 23.6 0.0 0.4 0.0 0.0 0.3 0.0 4.4 0.0 0.0
1993 12 17.0 - 0.3 0.0 24.4 24.5 a.9 5.1 6.4 1.4 1.2 3.5 0.3 0.0 0.2
1994 1 0.0 - 0.0 0.0 0.0 0.0 0.0 14.7 0.0 0.0 3.3 1.9 0.0 0.0 0.0
1994 2 0.0 - 0.0 9.2 0.0 0.0 0.2 0.0 0.1 0.0 1.0 10.4 0.0 0.0 1.3
1994 3 45.1 - 99.6 106.3 132.4 70.3 58.9 75.2 181.9 85.3 216.6 26.6 35.1 175.1 177.7
1994 a4 51.3 - 47.0 7.9 10.7 0.0 33.4 233 82.6 47.8 87.8 117.6 153.4 24.5 2.1
1994 5 195.4 - 244.8 393.2 54.8 243.1| 100.3 167.2 89.2 351.8 73.9 143.9 409.1 234.6 171.6
1994 6 99.5 - 302.8 220.9 129.3 136.9| 245.1 192.7 285.1 366.1 130.4 352.8 232.7 186.3 111.4
1994 7 169.8 - 94.2 123.0 45.8 84.4 96.9 65.0 65.4 113.3 36.9 73.1 85.2 41.9 23.8
1994 8 105.8 - 108.9 387.4 54.7 81.2 108.7 46.3 155.5 158.4 166.9 180.7 140.5 156.9 60.2
1994 9 276.3 - 164.4 278.3 165.9 247.5| 231.6 252.6 117.5 321.0 259.0 252.4 375.0 99.7 173.0
1994 10 190.9 - 84.6 65.8 40.7 80.3 | 1415 108.4 90.0 71.4 176.0 106.4 155.8 73.1 113.6
1994 11 2.6 - 2.8 11.0 1.1 0.0 13.5 0.0 3.1 29.3 0.0 0.2 4.3 0.3 0.0
1994 12 0.0 - 0.0 10.8 0.0 9.8 0.0 0.0 13.6 59 0.0 0.4 53 0.1 0.7
1995 1 0.0 - 0.0 1.6 0.0 0.0 0.0 0.0 0.6 0.0 12.6 0.0 0.0 0.8 0.0
1995 2 0.3 - 0.0 1.4 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.1 0.0 0.0
1995 3 252 - 13.9 3.6 2.8 55.9 6.6 0.7 28.9 16.0 0.5 21.0 56.6 8.5 0.3
1995 a 64.1 - 108.1 6.8 6.2 0.0 15.0 14.3 97.7 33.6 38.6 55.4 3.8 18.2 29.1
1995 5 102.6 - 283.5 123.9 18.1 155.7| 154.8 94.9 194.4 193.7 132.7 99.9 188.0 156.0 147.4
1995 6 68.8 - 89.8 156.8 125.0 172.5] 1271 79.4 82.8 99.0 76.6 69.1 247.8 181.3 129.6
1995 7 95.3 - 115.4 263.9 148.5 203.7| 1185 100.6 174.1 232.4 155.1 118.2 196.7 220.3 237.1
1995 8 186.8 - 326.2 205.4 263.4 183.6 | 239.8 156.0 203.4 225.8 280.7 285.2 385.2 282.7 128.1
1995 9 298.4 - 294.0 422.5 422.6 371.7| 479.0 424.0 400.7 328.4 379.3 463.4 343.4 342.6 257.1
1995 10 96.9 - 115.8 153.7 149.6 221.5] 130.5 86.5 235.2 179.5 60.4 108.1 253.4 89.7 64.1
1995 11 27.2 - 8.7 a4.9 2.8 31.6 18.0 11.9 12.8 37.0 4.7 26.5 18.6 17.6 18.1
1995 12 0.0 - 0.0 0.0 0.0 0.0 3.9 0.0 4.9 0.0 6.4 0.0 0.4 0.0 0.0
1996 1 0.0 - 0.0 0.0 0.0 0.0 5.8 0.0 29.4 11.6 0.0 0.0 0.3 0.0 0.0
1996 2 0.0 - 3.1 55.9 3.3 12.0 0.0 1.5 39.2 9.6 6.4 5.9 14.0 18.5 0.3
1996 3 18.1 - 104 66.8 1.5 17.9 17.5 0.5 46.9 11.6 1.7 14.6 24 15.0 29.3
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1996 a 64.9 - 181.0 137.8 131.3 139.5| 43.6 87.4 87.5 116.6 166.0 75.9 201.5 131.2 54.8
1996 5 1433 - 108.9 271.1 102.6 185.0| 183.5 110.4 165.9 281.6 204.4 181.2 314.4 151.9 109.9
1996 6 169.0 - 188.7 247.3 160.5 187.6| 71.9 107.8 113.1 262.9 146.0 200.6 138.1 131.7 153.7
1996 7 209.5 - 139.5 80.2 64.4 1745 117.6 132.7 176.5 171.5 166.1 86.2 269.8 63.1 58.5
1996 8 181.5 - 127.4 128.5 82.3 1105 62.3 128.6 81.8 173.5 61.5 67.1 93.4 128.3 114.3
1996 9 469.7 - 221.6 427.1 297.1 375.4| 330.7 331.0 261.3 338.5 394.4 280.9 405.4 242.2 318.0
1996 10 192.3 - 93.2 160.4 174.9 249.9| 1828 176.8 134.1 214.8 145.6 125.8 202.9 155.1 129.0
1996 11 47.4 - 1183 79.0 67.0 65.1 73.5 124.0 46.0 134.8 109.1 19.0 111.0 131.2 53.3
1996 12 0.5 - 0.0 15.1 0.6 4.1 0.0 0.6 0.0 0.0 0.3 0.0 0.0 0.0 0.0
1997 1 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 79.7 1.0 0.0 0.1 0.0 0.0 0.0
1997 2 0.0 - 0.0 0.0 7.5 0.0 0.0 1.0 128 0.3 0.0 0.0 38.8 0.0 0.0
1997 3 6.3 - 39.9 63.0 7.6 2.0 126.2 0.0 335 27.1 4.8 18.0 28.5 112.4 4.3
1997 4 22.9 - 41.5 109.2 62.7 41.0 59.2 55.9 61.4 36.4 11.6 38.2 94.9 68.0 133.5
1997 5 24.7 - 64.2 65.0 22.5 21.7 37.1 135.7 72.5 107.8 57.4 67.0 88.1 127.4 144.0
1997 6 3.2 - 38.3 42.9 36.2 62.9 16.9 25.0 112.5 45.9 14.4 77.3 46.1 739 48.5
1997 7 60.5 - 148.3 142.3 19.2 47.8 50.8 40.9 79.0 47.0 75.2 41.5 34.0 109.7 70.7
1997 8 135.6 - 131.2 147.0 116.6 86.4 153.4 81.2 123.5 121.4 114.4 183.8 122.6 121.9 100.2
1997 9 252.8 - 279.1 173.4 164.6 336.1| 184.2 292.1 369.9 379.1 308.5 192.5 360.3 286.2 348.1
1997 10 85.9 - 126.9 163.3 221.7 341.7| 133.5 151.3 187.6 168.5 200.2 104.0 218.8 115.5 127.0
1997 11 78.1 - 114 10.8 19.6 348.7| 36.0 18.4 24.6 12.9 64.0 18.7 31.6 2.5 0.4
1997 12 0.0 - 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0
1998 1 0.0 - 14.3 0.0 0.0 0.0 0.5 0.0 0.3 1.0 33.7 0.0 44.7 1.0 0.0
1998 2 10.7 - 74.2 0.0 16.6 7.8 0.0 319 34.3 13.7 6.9 0.0 33.2 0.2 46.3
1998 3 0.0 - 74.6 50.6 1.9 1.9 0.0 0.2 59.1 0.5 23.8 0.0 0.9 13.0 0.0
1998 a 2.2 52.3 190.4 54.4 50.4 1.7 34.3 69.6 148.1 14.0 94.3 12.7 55.6 124 12.8
1998 5 96.0 146.5 131.1 140.2 163.4 1353| 89.4 89.8 133.4 175.1 172.4 182.8 231.4 198.7 104.8
1998 6 130.9 212.8 173.4 83.5 121.9 255.9| 109.0 116.1 84.2 190.2 83.5 167.6 2244 152.1 166.6
1998 7 1233 295.2 139.4 228.7 93.2 298.7| 264.5 229.5 153.4 348.9 184.8 279.0 269.4 262.8 143.5
1998 8 119.6 167.4 135.0 134.7 ar.7 168.5| 168.6 147.6 2523 350.0 230.2 246.1 442.0 173.6 72.7
1998 9 125.2 137.8 158.3 157.7 245.3 252.7| 302.9 254.9 122.5 387.3 182.6 121.9 586.3 166.7 192.7
1998 10 455.8 123.0 206.6 105.8 281.2 165.5| 209.8 277.3 238.1 146.3 144.5 160.8 202.3 89.3 115.1
1998 11 139.6 39.4 31.4 117.2 105.3 57.4 46.3 87.9 50.6 27.7 46.6 39.8 189 39.1 95.4
1998 12 0.0 14.5 0.0 0.0 0.7 9.0 0.0 0.6 0.2 0.0 0.0 0.0 0.0 5.9 45.0
1999 1 0.5 13.4 3.1 5.9 0.2 1.6 0.0 14.9 11.0 33.8 27.3 29.8 35.1 2.8 34.2
1999 2 233 31.3 81.0 15.7 62.5 8.8 19.6 64.1 18.4 46.6 4.1 8.5 52.3 21.9 67.2
1999 3 1.1 82.2 127.4 54.6 27.2 7.0 7.7 112.6 102.2 36.3 16.2 7.2 50.9 9.6 2.5
1999 a 271.7 317.7 194.6 459 265.3 157.8| 173.2 144.4 286.1 2239 229.7 168.3 189.6 125.3 3104
1999 5 190.0 437.3 331.8 329.5 144.5 297.9| 210.4 220.9 127.7 533.4 288.1 287.9 409.6 345.0 402.5
1999 6 39.5 166.0 109.4 105.9 81.3 121.2| 1468 120.1 95.7 127.6 45.0 121.5 104.1 66.8 75.0
1999 7 69.2 64.4 168.4 241.9 126.5 73.7 58.5 171.8 96.4 1153 107.5 190.3 723 156.7 117.3
1999 8 93.8 186.9 159.1 94.1 31.3 1195 66.9 64.3 116.9 149.1 161.6 189.6 158.7 1239 225.1
1999 9 150.0 183.0 164.6 201.4 148.8 174.4] 196.0 154.7 152.7 208.4 164.9 189.0 211.2 150.0 226.0
1999 10 305.7 180.4 301.3 336.5 526.1 280.3| 442.1 209.3 247.4 267.7 168.2 188.8 383.8 172.3 227.4
1999 11 80.9 779 49.9 64.3 169.7 56.3 60.3 72.9 112.6 59.2 28.8 21.7 88.1 40.4 53.7
1999 12 4.7 0.7 0.2 3.3 11.2 1.4 53 0.8 0.6 24 0.1 0.0 0.5 0.2 3.4
2000 1 3.3 0.0 0.0 2.2 0.0 0.2 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0
2000 2 79.3 38.1 0.0 27.6 22.7 16.0 13.1 7.5 114.1 8.5 4.0 18.6 40.0 8.6 3.3
2000 3 36.9 2.8 14.4 2.2 23 17.2 14.0 0.3 53.7 66.9 27.0 21.2 43.9 38.4 0.6
2000 a 267.1 370.3 147.7 95.6 91.0 1528 79.4 189.2 73.6 261.0 135.5 154.4 209.3 181.2 159.8
2000 5 142.4 117.7 202.0 206.8 183.1 82.4 96.9 107.5 199.9 249.5 90.5 96.4 257.3 167.4 176.3
2000 6 80.2 224.5 171.3 156.9 43.2 77.9 61.9 96.1 127.1 188.4 88.2 102.5 263.0 269.8 51.5
2000 7 4a8.7 83.6 136.4 133.6 24.6 53.1 37.2 59.0 138.4 101.8 128.0 78.9 261.0 117.2 94.9
2000 8 102.9 208.9 238.2 2135 66.9 116.8| 80.7 178.5 157.3 161.9 236.4 164.2 226.0 89.1 143.0
2000 9 153.8 212.2 137.0 304.6 132.0 109.6 | 92.1 124.7 262.5 273.0 130.3 157.4 214.6 175.6 136.6
2000 10 139.1 192.7 196.5 182.5 150.5 405.4 | 244.1 346.2 171.1 79.1 144.8 97.0 358.8 209.7 159.8
2000 11 15.7 2.8 0.0 6.4 1.1 6.5 2.5 3.1 10.8 0.8 4.3 8.6 0.0 0.1 8.4
2000 12 0.0 5.1 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 4.4 0.0 0.0
2001 1 3.9 0.0 0.0 0.0 0.0 0.0 0.0 17.8 0.6 29.8 25.1 0.0 10.8 2.5 0.0
2001 2 0.0 17.0 3.2 0.0 0.0 0.0 3.8 0.0 10.8 2.8 0.0 4.5 9.4 2.7 1.8
2001 3 101.6 180.7 80.3 99.7 150.4 190.1| 116.5 103.1 135.2 161.2 111.4 171.1 175.1 66.2 45.9
2001 a 4.5 60.2 50.2 6.0 0.0 7.3 0.8 0.0 104.0 58.6 50.6 1.4 28.7 34.9 7.6
2001 5 79.7 130.5 203.9 415.1 114.4 239.3| 150.9 168.5 227.6 199.0 193.5 230.8 257.2 217.0 2104
2001 6 92.7 159.5 78.0 182.0 74.8 959 | 114.0 80.1 206.2 99.6 99.3 87.2 101.7 163.6 92.9
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2001 7 49.9 110.9 150.3 125.5 125.7 148.3| 71.8 84.0 103.0 101.9 47.1 84.6 61.5 185.0 144.9
2001 8 72.6 155.6 2128 247.4 59.3 31.1 104.5 101.5 135.3 87.3 44.2 112.8 148.9 116.2 75.4
2001 9 134.5 199.9 287.3 213.2 137.6 310.4| 231.6 163.7 165.6 268.4 118.6 84.5 450.1 192.9 160.1
2001 10 2225 212.6 174.7 227.1 332.0 294.8| 332.0 212.7 129.3 280.9 170.1 87.5 a79.5 104.3 111.9
2001 11 15.7 58.4 3.7 9.4 13.1 28.4 36.6 39.9 5.8 2.7 16.6 3.3 37.3 5.5 1.6
2001 12 0.0 0.0 0.0 0.0 0.3 1.3 0.9 16.3 20.7 3.0 0.5 10.8 4.3 0.0 0.0
2002 1 0.0 0.0 22.7 0.0 0.0 0.0 0.0 0.0 0.5 0.0 11.1 49.4 0.0 26.4 8.8
2002 2 0.2 15.2 0.3 0.3 1.2 0.0 0.0 0.0 43.2 52 0.0 5.0 52.5 0.0 0.0
2002 3 3.6 88.5 0.0 123.7 4.3 25.0 459 73.7 53.7 4.3 10.7 13.7 43.7 6.3 0.0
2002 a 49.1 10.0 87.5 11.8 50.1 3.1 16.5 126.8 144.1 237 28.8 9.8 9.2 38.8 28.0
2002 5 174.4 175.0 168.7 75.7 168.2 123.6| 108.2 825 215.0 204.1 176.9 95.8 2293 174.4 110.8
2002 6 81.0 70.1 164.0 137.9 103.7 195.1 79.0 58.5 131.2 179.0 121.8 52.2 85.2 165.4 69.8
2002 7 57.8 115.5 33.6 108.9 85.5 45.0 | 108.7 54.5 137.7 100.9 115.6 36.6 85.6 181.0 33.9
2002 8 41.4 186.7 217.9 193.7 103.0 111.8| 109.1 99.0 229.6 176.2 248.2 195.8 122.8 216.4 178.8
2002 9 251.9 156.4 347.0 451.4 161.8 240.0| 184.6 160.5 223.1 289.6 183.7 304.4 197.6 306.8 246.8
2002 10 158.8 190.2 75.6 216.0 167.5 182.4| 126.1 109.3 87.5 207.9 81.1 54.3 346.6 187.1 63.2
2002 11 155.3 114.2 19.8 58.3 105.7 123.1| 226.9 77.3 34.5 62.3 45.3 94.7 135.9 13.6 52.8
2002 12 18.7 9.6 19.7 32.4 21.0 18.2 62.6 38.6 14.9 4.6 67.8 104.5 54.1 50.0 19.5
2003 1 0.0 0.0 0.0 16.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2003 2 20.3 75.2 0.2 4.1 0.5 0.0 0.0 0.0 48.0 19.9 4.6 0.0 0.7 40.1 22.5
2003 3 167.1 99.1 181.7 66.0 61.3 27.7 93.0 37.7 230.3 131.9 183.3 147.2 134.6 48.8 109.3
2003 a4 115.6 6.3 46.0 25.4 7.5 20.1 1.2 52.1 70.1 29.5 2.1 14.1 12.3 35.4 13.8
2003 5 73.7 2335 112.4 77.0 92.0 11341 109.9 142.7 150.0 169.0 55.9 76.2 159.4 93.5 92.5
2003 6 197.1 234.9 172.7 194.0 134.7 1525 176.1 160.4 188.9 305.7 109.2 126.8 191.9 204.8 101.9
2003 7 186.5 379.1 44.8 159.7 220.7 212.7| 1351 129.8 159.8 290.0 109.6 288.8 228.8 159.4 713
2003 8 52.0 266.3 190.7 125.0 76.0 183.8| 759 64.7 104.7 195.7 176.1 101.5 315.2 201.9 176.0
2003 9 244.9 372.1 244.6 259.4 225.8 2204 259.3 299.1 249.8 290.3 328.1 282.0 207.8 258.4 165.9
2003 10 127.3 150.7 57.5 163.6 139.2 287.6| 96.2 198.0 85.7 52.5 60.7 107.4 1213 68.7 25.0
2003 11 0.0 0.4 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2003 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2004 1 25.5 2.7 0.0 0.0 15.1 5.6 21.0 8.9 15.8 24.8 37.2 15.1 46.4 0.2 8.6
2004 2 37.7 49.9 17.4 329 22 10.9 44.9 5.9 27.9 38.3 38.6 30.9 728 722 47.8
2004 3 9.5 28.1 3.5 57.8 0.0 10.9 0.0 0.0 91.4 1.0 12.0 0.4 3.5 0.0 0.3
2004 a 88.6 234 19.1 124.4 522 10.8 1.0 30.6 99.9 49.1 57.9 29.2 91.1 12.5 28.8
2004 5 232.9 186.2 67.2 242.7 127.2 219.5| 172.2 a43.9 91.9 109.4 69.7 52.5 94.9 46.9 68.5
2004 6 79.3 83.7 82.6 91.8 77.8 57.7 33.1 72.9 180.2 235.0 129.6 69.0 170.1 146.8 62.6
2004 7 69.3 72.7 165.3 166.5 79.9 60.9 83.3 131.4 123.5 170.7 173.8 127.2 182.7 2278 170.7
2004 8 96.0 88.8 130.9 160.6 105.6 69.5 77.9 105.5 166.3 175.0 1333 176.4 230.0 120.2 119.1
2004 9 214.4 105.7 161.0 294.6 184.6 344.6| 188.2 207.3 183.0 211.0 276.4 217.5 2138 302.3 165.6
2004 10 28.8 57.7 46.5 12.2 36.7 1737 883 18.9 81.7 66.2 42.3 8.3 50.1 0.0 25.6
2004 11 0.1 0.2 19.8 0.2 32.1 4.0 28 21.6 0.0 19.6 0.4 0.0 5.0 0.1 0.0
2004 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2005 1 0.6 3.6 0.0 0.0 13.4 6.5 7.1 8.5 0.4 24 0.0 0.0 2.7 0.3 1.9
2005 2 0.0 0.0 0.0 13.2 0.0 0.0 12.2 0.0 0.0 0.0 0.0 0.0 1.4 0.3 0.0
2005 3 36.9 51.5 102.2 8.8 37.9 9.6 107.9 18.5 69.3 77.2 20.0 30.6 17.4 118.9 30.4
2005 4 95.3 108.0 161.2 124.5 19.5 0.9 3.9 41.7 119.6 240.6 184.8 39.4 123.2 40.2 29.5
2005 5 213.6 134.5 124.0 44.8 1153 87.2 80.2 63.3 116.9 304.0 143.0 33.1 283.7 44.0 69.2
2005 6 89.8 166.1 158.0 2733 63.9 1049 659 79.4 91.3 195.4 135.6 169.3 107.4 1558 110.9
2005 7 88.5 92.7 198.2 160.7 98.9 140.8| 90.9 95.0 108.1 1148 93.5 73.6 150.3 164.3 1198
2005 8 80.9 48.0 130.5 53.8 51.5 1148 326 194.5 149.4 126.2 36.6 54.1 139.2 268.7 53.2
2005 9 234.8 463.3 349.3 266.4 419.0 145.8 | 300.4 502.2 350.5 290.4 327.4 331.0 358.5 294.5 372.1
2005 10 282.5 129.5 69.9 98.8 167.5 441.5| 268.5 138.6 111.0 162.8 74.2 98.3 262.0 96.8 157.9
2005 11 13.0 117.7 725 122.9 124.5 39.1 48.5 148.2 117.0 74.4 168.8 295.5 172.5 35.6 104.1
2005 12 28.3 55 1.5 0.4 31.1 58.7 20.4 13.7 18.2 21.3 7.3 39.7 33.1 10.2 4.2
2006 1 1.4 1.3 0.0 0.0 0.0 0.0 2.6 0.0 0.0 5.8 0.0 0.0 0.9 0.0 0.0
2006 2 50.7 2.6 3.1 14.2 25.1 179 17.8 31.7 30.5 9.3 8.8 4.2 38.9 65.9 3.7
2006 3 54.2 134.8 38.4 6.8 94.5 13.2 22.6 17.8 101.2 103.0 68.5 84.6 74.5 58 13.1
2006 a 108.4 49.6 67.7 73.3 154 61.6 38.6 78.5 85.7 141.4 154.6 53.9 37.5 112.2 73.2
2006 5 169.6 153.1 164.5 273.3 131.8 202.6| 117.0 122.5 220.5 310.1 184.4 144.1 250.1 74.6 49.6
2006 6 36.3 219.6 275.7 195.3 113.0 181.7| 162.5 78.1 137.9 203.7 179.3 184.6 278.1 214.9 144.5
2006 7 83.5 171.8 179.3 135.7 60.7 82.9 74.3 a2.2 193.6 120.6 86.8 216.4 149.7 105.0 138.9
2006 8 29.2 117.4 195.4 180.3 60.2 243 90.1 78.1 195.2 59.6 93.2 72.8 711 158.0 104.0
2006 9 318.5 377.6 272.9 264.5 198.4 150.7 | 338.2 335.5 404.0 228.6 334.8 309.0 317.3 258.0 462.3
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! o Meyawy3 | Unasd [ andl anw. | dunanes [ gres anw. [ 5193 [ uasugu | awssny3 | avidann | auwdusewdios | any3 | nazunsaioysen | nsunwamiuns | uasanssd [ foum
2006 10 174.6 167.5 176.3 108.9 163.9 214.7| 114.1 151.9 164.1 190.3 116.5 219.6 336.8 2183 178.7
2006 11 16.3 14.5 3.1 53 16.8 0.0 5.7 2.5 9.0 60.2 0.0 15.1 42.9 8.5 0.0
2006 12 3.1 221 0.0 0.0 18.0 9.4 7.2 1.5 0.0 0.4 0.0 0.0 0.9 0.0 0.0
2007 1 14.0 0.4 6.9 0.2 10.3 1.1 7.0 0.0 0.4 0.4 0.0 0.0 29.9 0.0 0.0
2007 2 0.0 0.0 0.4 2.0 0.0 0.0 0.0 0.0 23.5 1.5 0.0 0.0 0.0 0.0 0.9
2007 3 1.8 0.1 0.1 4.1 0.0 0.9 16.9 0.0 155.0 45.8 0.1 21.1 12.7 6.4 7.1
2007 a4 170.7 225.8 58.9 85.6 87.0 90.6 | 151.3 a1.7 248.3 159.0 102.0 130.3 143.1 110.8 40.8
2007 5 306.6 239.6 161.6 300.4 164.8 335.2| 260.0 232.6 259.9 294.9 259.6 2133 309.5 256.9 159.3
2007 6 95.5 168.1 159.9 223.5 99.3 107.4| 149.2 101.6 115.2 258.9 151.9 93.6 268.2 141.0 124.8
2007 7 139.8 143.6 170.7 148.7 151.1 133.0| 146.2 57.8 195.7 255.2 74.3 51.0 267.9 188.4 50.7
2007 8 76.3 116.7 60.2 89.4 140.7 218.3| 183.1 58.1 58.3 106.8 70.9 126.5 147.0 63.8 35.5
2007 9 106.9 2913 200.6 309.2 96.5 202.8| 100.2 771 205.7 286.2 133.0 245.1 262.4 217.1 177.4
2007 10 147.3 118.7 157.4 259.3 101.1 117.6 | 164.6 192.6 76.8 132.0 108.7 63.4 225.9 184.0 196.2
2007 11 32.8 6.0 0.5 4.1 13.9 77.6 14.4 6.0 228 2.3 0.4 17.2 17.6 17.2 2.9
2007 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2008 1 0.9 0.0 3.4 0.0 2.7 0.0 0.0 0.0 6.1 5.0 0.0 0.1 62.1 18.6 0.1
2008 2 161.3 38.6 43.2 49.0 43.9 43.8 a42.8 4.5 43.6 16.7 5.7 9.4 69.3 21.0 29.6
2008 3 88.9 50.2 2.2 28.0 0.2 53 0.7 0.1 68.8 0.7 0.0 12.1 3.6 18.8 0.0
2008 a 717 84.6 105.7 66.1 81.4 77.4 54.6 69.8 235.2 91.7 201.2 137.5 180.8 137.4 98.4
2008 5 531 2353 116.1 250.0 110.9 96.7 160.0 189.7 147.4 313.7 141.1 96.1 257.9 124.2 3238
2008 6 192.8 224.9 115.9 226.5 141.2 169.0| 188.0 55.0 220.1 210.6 249.0 100.9 163.6 131.5 260.2
2008 7 140.1 117.3 164.3 259.8 715 118.8| 81.0 96.7 281.7 122.2 115.5 134.8 221.8 151.2 132.3
2008 8 103.7 252.4 125.4 176.9 127.3 97.0 | 124.6 120.0 221.2 186.3 112.4 194.0 172.1 216.6 124.3
2008 9 191.5 207.7 390.6 221.2 109.8 82.7 | 1313 197.1 381.5 283.1 470.2 398.2 335.2 379.8 288.8
2008 10 231.5 171.5 195.2 372.7 253.2 282.1| 225.7 136.6 248.5 286.9 164.1 85.5 399.3 242.2 144.5
2008 11 89.3 77.4 84.7 52.3 22.8 32.9 14.7 75.5 30.7 36.6 14.0 1.0 36.7 44.9 19.6
2008 12 0.0 0.0 0.3 1.9 0.0 2.2 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
2009 1 0.2 0.0 0.6 0.2 0.0 0.0 0.0 0.4 0.0 0.0 0.1 0.0 0.0 0.0 0.4
2009 2 2.1 0.0 0.0 0.3 3.0 0.0 0.0 0.3 0.0 0.0 3.6 16.7 0.0 0.0 0.0
2009 3 105.4 140.7 127.7 73.5 10.4 99.7 15.9 5.0 166.4 104.0 72.4 37.4 30.2 33.2 8.7
2009 4 62.2 129.4 73.6 66.3 101.5 34.6 39.3 12.5 129.7 199.1 112.0 130.6 359.6 58.2 59.5
2009 5 364.2 251.3 163.6 108.0 146.5 141.8| 343.2 64.0 184.8 403.0 189.5 116.2 463.4 284.5 137.0
2009 6 110.8 156.3 53.6 230.7 101.4 109.5| 479 99.7 106.6 263.2 88.7 101.4 219.3 116.8 112.5
2009 7 80.7 176.8 129.3 157.6 68.3 171.0] 90.9 92.7 105.9 155.2 90.0 136.2 175.7 191.9 105.2
2009 8 210.1 144.7 262.7 166.4 68.6 107.0| 76.0 66.6 117.5 271.1 2293 292.1 354.0 223.5 169.4
2009 9 197.9 161.1 362.0 209.3 253.4 161.5| 220.6 76.5 190.8 3123 236.1 2323 351.8 296.7 197.7
2009 10 191.0 2458 153.1 151.8 116.2 2424 3135 235.2 135.2 2538 181.8 111.0 264.2 208.2 295.4
2009 11 4.6 6.0 2.4 5.2 5.2 22.2 5.2 1.3 39.6 51.5 2.8 36.3 46.5 2.4 2.0
2009 12 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.7 0.0 0.0 7.3 0.0 0.0
2010 1 0.0 23.2 753 16.7 4.6 2.0 35 0.8 41.0 129.3 6.0 1.8 99.9 26.0 20.7
2010 2 8.4 53 0.0 8.0 0.0 0.1 0.0 0.0 27.6 12.7 1.1 0.0 29 0.0 0.0
2010 3 9.5 4.3 8.0 25.0 18.5 21.3 21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7
2010 a 6.6 51.5 40.5 79.0 1.6 13.3 19.6 36.5 157.4 107.1 0.3 1.8 17.3 7.2 2.6
2010 5 104.7 100.6 108.1 115.2 47.0 71.0 64.2 72.3 139.3 173.2 82.3 76.7 279.3 69.1 59.5
2010 6 124.2 234.1 2233 204.6 152.2 147.2| 289.6 112.9 175.7 220.8 225.6 137.8 198.8 231.2 120.6
2010 7 162.1 228.2 203.7 315.2 150.1 2508 | 1134 62.2 372.0 216.0 154.6 294.7 348.7 158.5 128.5
2010 8 126.2 226.3 263.4 245.0 236.8 185.2| 1858 144.3 274.7 387.4 154.3 228.8 343.1 242.2 309.3
2010 9 234.2 535.6 279.3 204.1 172.1 196.7| 287.5 256.7 294.6 358.1 369.9 222.2 409.5 234.7 296.6
2010 10 332.7 2239 371.0 328.4 252.8 291.6| 239.8 255.5 212.5 216.1 229.9 1933 256.3 588.0 461.3
2010 11 0.0 0.0 0.0 0.0 0.0 1.8 0.0 0.0 5.5 3.6 0.0 0.0 30.6 0.0 1.0
2010 12 11.8 39.8 23.2 53.2 39.7 24.0 11.1 18.3 0.7 75.1 3.7 28.1 22.7 18.6 16.4
2011 1 0.0 0.0 0.0 2.8 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2
2011 2 38.1 75.1 0.0 0.8 1.5 4.1 0.1 2.8 30.0 36.2 0.0 215 21.8 33.2 0.6
2011 3 240.6 145.8 47.5 124.7 88.7 50.2 538 83.9 93.3 146.0 47.5 68.6 1733 100.7 77.0
2011 a4 94.5 77.2 119.9 47.0 33.0 52.7 | 140.5 33.0 181.0 199.2 134.8 17.9 134.7 146.6 70.1
2011 5 137.1 260.1 253.1 297.2 127.0 134.4] 1259 228.5 262.6 264.4 173.1 227.4 296.5 297.6 178.6
2011 6 42.9 86.1 140.7 122.5 131.4 37.5 | 1150 50.4 147.3 204.0 106.3 115.9 411.9 83.8 1713
2011 7 81.2 1159 208.5 270.1 138.2 141.1] 107.9 110.8 208.8 350.3 143.6 179.7 317.6 210.1 190.2
2011 8 145.0 167.5 313.5 108.7 119.5 99.5 233.5 66.2 254.4 311.0 116.7 132.4 297.0 292.2 109.6
2011 9 131.8 307.6 277.9 368.8 186.9 110.6 | 168.2 189.7 362.8 329.7 325.5 283.3 223.6 210.9 264.8
2011 10 154.1 247.8 152.5 2243 199.4 267.4| 350.6 234.6 164.8 117.2 216.0 104.3 362.0 142.3 143.8
2011 11 1.7 0.0 50.3 272 0.0 0.0 0.0 0.0 15.6 156.3 7.1 3.3 0.9 24.9 0.0
2011 12 0.0 0.0 0.0 0.1 0.0 8.4 0.0 0.0 4.1 195.3 0.0 0.0 0.7 4.7 0.0
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2012 1 143 219 215 1.9 8.1 132 74 1.1 575 0.0 0.4 4.1 44.2 23.0 0.8
2012 2 0.4 102.6 4.8 40.2 57.1 0.0 21.0 2.3 2.4 0.0 33.0 20.6 64.9 0.6 2.6
2012 3 66.0 15.4 2.6 25.9 0.0 20.6 4.5 0.1 85.7 8.5 18.5 459 24.1 19.1 13.4
2012 4 17.5 18.1 66.0 40.3 16.4 0.6 919 46.8 89.7 51.8 61.5 283 56.1 49.6 276
2012 5 102.9 120.9 175.6 159.9 85.4 193.7| 455 162.1 152.7 1115 134.1 237.0 121.9 1638 | 232.1
2012 6 60.5 52.1 1269 179.0 79.6 124 | 40.2 38.0 1249 158.7 92.0 156.1 1348 917 90.5
2012 7 157.1 219.4 1123 164.8 123.8 1279 121.2 158.0 249.8 346.5 1318 256.4 196.4 119.1 1055
2012 8 45.0 142.1 129.7 156.0 100.3 131.9] 59.3 120.9 131.2 215.0 159.8 216.0 186.6 109.3 84.3
2012 9 442.7 503.0 361.2 3815 401.8 264.0| 4585 411.8 484.3 449.1 300.1 311.2 601.1 3183 | 365.1
2012 10 125.6 1328 214.0 96.9 187.7 1353| 1314 182.7 234.5 1374 78.2 1434 201.2 1646 | 1285
2012 11 114.4 48.1 51.1 23.7 43.5 128.7| 114.2 7.9 38.3 1334 49.4 110.6 88.9 56.7 27.4
2012 12 0.0 0.0 3.2 31.0 0.0 0.0 0.0 0.0 3.0 49.9 0.0 0.0 8.1 29 0.0
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A1919% 91 MsUTBuiBuATEAULNUINIaLUY Ex-ante forecast fei59133
YOI UNANWIFN <)

CT7/1 ARIMA (0,1,4)
Year Month Observed Forecast

January 17.94 17.68
February 18.33 17.48
March 18.73 17.35
April 18.38 17.32
May 18.03 17.29
June 17.69 17.27
July 17.34 17.26
2012 Ausgust 17.00 17.25
September 16.80 17.24
October 16.60 17.24
November 16.40 17.24
December 16.20 17.25

MAE 0.670

MAPE 3.825

RMSE 0.767

A15199 91 (§19) NsSaUiBuAITEAULNIUIANALUYY Ex-ante forecast me3ga13u0
VOIADIUNANWIA )

CT22/3 SARIMA (2,1,0)
Year Month Observed Forecast
January 23.64 23.52
February 23.82 23.57
March 24.00 23.57
2012 April 23.55 23.55
May 23.10 23.52
June 22.65 23.48
July 22.20 23.43
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August 21.76 23.37
September 21.77 23.29
October 21.78 23.21
November 21.80 23.12
December 21.81 23.01
MAE 0.860
MAPE 3.892
RMSE 1.028

o ] ~ = ! o o | Y aa
M15199 91 (§19) ﬂ']iLUiEJ'ULWHUﬂqigﬂUquqﬂqafLu%jﬂ Ex-ante forecast A18715913U"

VDIADIUNANWIA )

CT17/2 SARIMA (0,1,4)
Year Month Observed Forecast

January 19.80 19.64
February 19.81 19.59
March 19.83 19.55
April 19.84 19.48
May 19.71 19.31
June 19.65 19.34
July 19.59 19.27
2012 August 19.84 19.2
September 19.54 19.12
October 19.53 19.04
November 19.52 18.96
December 19.52 18.87

MAE 0.404

MAPE 2.057

RMSE 0.186




A15199 91 (519) NSUSeuLisuAIsEAULNUIANalUYY Ex-ante forecast A1835a1311

YOI UNANYIFI 9]
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CT23 SARIMA (0,1,1)
Year Month Observed Forecast

January 17.43 17.68
February 17.24 17.69
March 17.05 17.69
April 17.06 17.68
May 17.08 17.65
June 17.09 17.61
July 17.11 17.56
2012 August 17.13 17.49
September 17.15 17.42
October 17.18 17.33
November 17.20 17.22
December 17.23 17.11

MAE 0.365

MAPE 2.132

RMSE 0.415

a ] ~ a | o o | Y aa  a
f15199 91 (§19) ﬂ’]ﬁL‘UiEJULV]EJU@’W%@UU’]U']@']@IUGU'JQ Ex-ante forecast 1871591911

YIAUNANBIAN 9)

CT26/1 ARIMA (4,1,0)
Year Month Observed Forecast
January 19.48 19.48
February 19.41 19.44
March 19.35 19.39
April 19.27 19.55
May 19.18 19.41
2012 June 19.10 19.28
July 19.01 19.24
August 18.93 19.21
September 18.95 19.18
October 18.96 19.14
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November 18.98 19.11
December 18.99 19.08
MAE 0.159
MAPE 0.835
RMSE 0.185

A15199 91 (§19) NS uiguAIsEAULNUIANalUYY Ex-ante forecast A183591311

VOIANUNANWH 9]

cTa7 ARIMA (1,1,1)
Year Month Observed Forecast

January 14.1 14.08
February 14.075 14.03
March 14.05 13.95
April 13.956 13.91
May 13.862 13.84
June 13.768 13.87
July 13.674 13.79
2012 Ausgust 13.58 13.61
September 13.978 13.52
October 14.376 13.43
November 14.774 13.34
December 15.172 13.23

MAE 0.438

MAPE 2.986

RMSE 0.762

A5199 92 NSLUSEUIBUAISEAULNUIAAtUYIY Ex-ante forecast A1838a13und

YIANUNAN IR 9

CT4 ARIMAX (0,1,2)
Year Month Observed Forecast
January 14.80 14.95
February 14.65 14.93
March 14.50 14.88
April 14.44 14.81
May 14.38 14.73
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2012

June 14.32 14.66
July 14.26 14.6
August 14.20 14.56
September 14.24 14.51
October 14.28 14.46
November 14.32 14.39
December 14.36 14.3
MAE 0.263
MAPE 1.828
RMSE 0.286

A15199 92 (119) NSLUTBUMIBUAISEAULNUIANALUYIY Ex-ante forecast Ae38a13uund

Al '
VDIFOTUNIANWIN €)

CT5/2 ARIMAX (1,1,10)
Year Month Observed Forecast

January 12.19 12.40
February 11.92 12.38
March 11.66 12.35
April 11.57 12.35
May 11.48 12.38
June 11.40 12.39
July 11.31 12.46
2012 August 11.23 12.46
September 11.24 12.38
October 11.25 12.18
November 11.27 11.97
December 11.28 11.79

MAE 0.803

MAPE 7.043

RMSE 0.856
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CT7/1 ARIMAX (0,1,4)
Year Month Observed Forecast

January 17.94 17.64
February 18.33 17.41
March 18.73 17.27
April 18.38 17.82
May 18.03 17.21
June 17.69 17.21
July 17.34 17.20
2012 August 17.00 17.16
September 17.24 17.12
October 17.48 17.09
November 17.72 17.07
December 17.96 17.08

MAE 0.576

MAPE 3.186

RMSE 0.691

= 1 = a ' v 0 ' Y aa  a ¢
N1519N 92 (M1D) ﬂ'ﬁL‘UﬁEJ‘ULV]EJ‘Uﬂ'ﬁ%ﬂUu"IUWW']ﬁIuGU'N Ex-ante forecast @815 13LUNDY

YIANUNANBIAN 9

CT35/2 ARIMAX(13,1,0)
Year Month Observed Forecast
January 20.58 20.60
February 20.51 20.61
March 20.44 20.67
April 19.66 20.74
2012 May 19.14 20.84
June 18.48 20.91
July 17.83 20.95
August 17.18 20.76
September 17.19 20.93
October 17.19 20.85
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November 17.20 20.79
December 17.20 20.72
MAE 2.231
MAPE 12.660
RMSE 2.665
Station CT4
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Abstract: This msearch studies the relationship between the climate index and the groundwater level
of the lower Chao Phraya basin, in order to forecast the groundwater level in the studied area by using
Autoregressivie Integrated Moving Averags with Explanatory (ARIMVAX). The combination of & climata
indices—Dipale Mode Index, Indian Summer Monsoon Index, Multivariate ENSO Index, Sea Surface
Temperature WINO4, Southern Oscillation Index and the Western North Pacific Monsoon Index—were
used, along with the groundwater level data from 14 stations during the period 1980-2011 to develop
the forecast model and verify it with the data of 2012.The first step was correlation of the ARIMA model
with Autocorrelation Function and Partial Autocorrelation Function. The possible model was then
selected using BIC statistics, Diagnostic Checking was done to consider the white noise characteristic
of estimated residuals by using the statistics of Box and Ljung (Cr-statistic). If the selected models
were found to be proper, then the Granger Causality Test of the leading parameters or the climate
index would be performed as the nextstep. The results show that there is a relationship between the
groundwater level and the climate index. The model could be used to forecast effectively the average
BMSE value at 0.6, The last step was to develop the MODFLOW for a conceplual model and sy nthesize
groundwater levels in the study area, which covers around 43,000 km® and has 8 layers of groundwater,
with Bangkek clay on the tlop. All other boundary values were set to be steady. The calibration was
done using the data of 325 cbserved wells. The normalized RMS value was 9.705%. The results were
verified by the data using ARIMAX over the same time periods. To conclude, the simulated results
of the monthly groundwater level in 2012 of the wells have a confidence interval of around 95%,
which is near the result from the ARIMAN model. The advantages of the ARIMAX model include
high accuracy, no requirement for a large amount of data and inexpensive implementation. It is one of
the effective tools for the groundwater prediction.

Keywords: time series; climate variability ; groundwater fluctuation; correlogram; ARIMAX model

1. Introduction

As is widely known, the world's weather is currently facing global changes [1], which can be seen
from the variability of weather and changes in the climate in many parts of the world [2]. Every aspect
is involved in this climate variability, including atmuspl‘ne:e, ccean levels and average temperature,
resulting in changes in season tming and rain distribution [2]. The studies of the Intergovernmental
Panel on Climate Change (IPCC) in 2001 [4] showed that the average world temperature had increased
by 1.4 to 5.8 degrees Celsius. This resulted in the melting of polar ice and the expansion of the ocean
area, the increase of sea level by at least 0.09 m to 0.88 m and variability in the distribution of rain,
which could result in both more severe drought and flooding,
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Thailand, which is located in the Southeast Asia region, is affected by the climate variability
caused by the interaction between the ocean, atmosphere and the ground in the equatorial area
between the Indian Ocean and the Pacific Ocean. Two important climate variability phenomena in
this area are the Indian Ocean Dipoke (I0D) and the El Nino-Southern Oscillation (ENSO). Therefore,
the study of climate variability to understand the effect on water resources and the preparation of
waler management is definitely an essential activity.

Groundwalter is one of the most important water resources for billions of people, especially for
many developing countries in Asia. Groundwater use accounts for about 50 percent of consumed walter,
40 percent of all industrial water usage and 20 percent of agricultural water usage. In Asia-Pacific,
approximately 32 percent of the population uses groundwater as drinking water [5]. More than
2 million people in Asia use only groundwater for consuming. In some countries, such as B;mglauiesh,
India, China, Indonesia, the Philippines, Thailand and Vietnam, more than 50 percent of households
use groundwater [6]. Furthermore, in most of the big cites, groundwater has been used more for
industry than consumption. In Bangkok, the groundw ater accounts for about 80 percent of all water
used in industry, so the quantity of groundwater used is related to Gross Domestic Product (GDP).
All of the above factors could affect the overall quantity of groundwater.

The objectives of this paper are to find the relationship between climate variability and
groundwater by comparing groundwater level results when analyzed and forecasted using two
models, The ARIMAX model is used to forecast the groundwater level with the exogenous climate
index variable. The result of the ARIMAX model is used in comparison with the result from the
groundwater level in the study area analyzed by the MODFLOW model. The Chao Phraya River
basin is the largest groundwater basin in Thailand, which is one of the most important industrial areas
and high residential population areas of Thailand, covering 15 provinces, and it is the focus of this
study. Understanding the connection between climate variability and groundwater could lead to better
kno-wledge dbout groundwater kevels, betler preparation, development and management of natural
resources and the ability to lessen the sensitivity of people to climate change,

2, Linkages between Climate Variability and Water Resources

Worldwide, people’s water resources respond to climate variability very quickly. Regional climates
are affected by many forms of climate vardability. The one thatis moest well-known is the El Nino-Southern
Osrillation (ENS0) [7]. Morover, variations in the phenomena were found in decade-long spans such
as Pacific Decadal Oscillation (PTHOY) [59], the North Atlantic Oscillation (BAO) [10] and the Atlantic
Multidecadal Oscillation (AMO) [11].

Prewious studies have shown the relationship between rainfall and climate variability in many
areas throughout the world, such as in Queensland by Chiew et al. [12] and in the southwestern region
of the United States by Hanson et al. [2]. Thailand has been affected by the difference in climate from
both the Indian and Pacific Ocean. Yearly rainfall decreases in El Nino vears and increases in the
La Nina years [13]. The relationship between climate index and change of multi-yvear rainfall, up to
decaces, was researched and found by Kusmeesakul [14], Limsakul and Goes [15] The variations in the
world's climate have also impacted surface water resources and groundwalter resources in Thailand.
Limsakul et al. [16] has found that the yearly raining period is related to the Indian Ocean Monsoon
Index (IMI) and the Western North Pacific Monscon Index (WHPMI),

In the future, water use will rely on groundwater more because of the quickly changing and unreliable
surface water level. In many areas, the surface water level is forecast to become more variable, which could
drop the quality of surface water because of more severe drought and more frequent rain [17]. In the IPCC
report, current surface water management is not sufficient to ensure the quantity of tap water inpacted
by climate change. Therefore, the number of wells is increasing very quickly [15] because farmers rely on
it more and the surface water supply will be unreliable due to climate change.

Although the number of journal publications per year and the cumulative number of papers about
the impact of climate change on ground water resources from 1990 to 2010 had langely increased [1],

=1
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more research is still needed urgently to define conjunclive use adaptation strake gies to improve
the management of groundw ater [19], under the impact of world climate change and variation [20].
Studying the probable impact of climate change on groundwater variation is much more complex than
the impact on the surface water [21]. The groundw ater could have a lifetime from a few days toa
hundred thousand years. Although groundwater could slow down the impact from climate change,
the impact on the groundwater is difficult te monitor and detect [22]. Moreover, many activities caused
by humans, such as pumping up the groundwater, could affect the groundwater in the same period as
the climate change, which makes the differentiation of impact from climate change and human activity
more complex. USCS has tried to study the groundwater level hydrology and agronomical chemistry
response signal in the interannual to multidecadal time scales because this time scale variation could
be highly significant for groundwater resource management [2,23-25],

The main interest of groundwater and the climate change research is the forecasting and estimation
of probable direct impact on the rainfall variation and temperature formation [25-25). These studies
could be simulated by different models, such as the water and soil equilibrium modal [25,29],
Empirical model [20], conce ptual model [31] and complex distribution medel [32,33] In addition,
Changnon et al. [34] have studied the relationship between monthly precipitation (P) and the shallow
groundwater level (GW) in 20 wells scattered across the American state of Ilinois using automegressive
integrated moving average (ARIMA ) modeling, The model found that a lag of 1 month between P
to GW has the strongest temporal relationship found across [linois, followed by no (0) lag in the
northern two-thirds of Hlinois, where mollisols predominate and a lag of 2 months in the alfisols of
southern Illinois. Adhikary et al. [35] also used ARIMA to simulate the fluctuation of the groundwater
table of all monitored wells in the Kushtia district of Bangladesh. The results show that the predicted
data represented the actual data very well for each monitored well, Furthermore, groundwater heads
at a confined aquifer in southwest Florida show a nonstationary long-term {multi-year) fluctuation
Ahn and Salas [36] introduced an aPPrc-ach to build a time series models of nonstationary data at
different tims intervals based on an observed time series sampled at a reference interval. The model
utilized in their study was a first-order difference ARIMA model. However, some groundwater head
data may alsobe fitted adequately by a second-order difference time series model [37]. Five-time series
models were applied: autoregressive (AR), moving average (MA), aulo-regresgive moving-average
(ARMA), autoregressive integrated moving-average (ARIMA ) and seasonal auto-regressive integratad
moving-average (SARIMA ). The results showed that the AR model with a two-time lag (AR(2)) shows
the best forecasting of groundwater level. However, they should be combined with several time series
models for a better prediction of groundwater level [35].

The MODFLOW model, which was developed by the U.5. Geological Survey, is widely used for
groundwater modelling [39]. Visual MODFLOW was then developed by Walerloo Hydrogeologic, Inc.
(Eitchener, ON, Canada) to help prepare the data and conveniently display the groundwater modsl.
For instance, Lawrence et al [40] used MODFLOW for the hydrogeclogy study in the Hat Yai district of
Songkhla province in Thailand to see the influence on the amount of groundwater usage in anurban area,
Margane et al [41], with the Department of Mineral Resources, applied MODFLOW in the hydrogeology
study in the Chiang Mai-Lampoon basin to organize the quality of groundwater data and to show the
risk of contaminated groundwater. The Department of Croundwater Resources (DGR [42] did research
about the addition of water to the groundwater through the pond system in the northern watershed
area (Phitsanulok, Sukhothai and Phichit) and they did a study on the impact of underground structure
due to the restoration of water pressure in Bangkok and vicinity, Moreover, choosing the parameters in
different modeling programs, such as hydraulic conductivity, is an important step [43,44], because any
groundwater basin might have many k values, since the soil and rock layers are different. Most of the
modeling on Thailand data used the anisotropic ratio at about 10 times [44]. In a study similar to this
research study, the lower Chao Phraya River basin and the surrounding area was also researched by
Arlai et al [45], who looked into the effective approaches to assessing the mliable parameters in the
Bangkok aquifer model. The previous research is greatly beneficial to this study. However, using a lot of
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Therefore, the characteristics of the data need tobe inspected with the unit root test, which can be done
by using the Augmented Dicky-Fuller Test (ADF) [52] in 3 forms, as shown in Equations (1)—(3).

-":"YI: = 'E'Yl:—l + i i YI:—:i+£1. {:andom Wﬂk:l I:J.l:|
i=1
AYy= P +8Y -1+ )P__: @Yo+ (random walk with deift) (2
i=1

MYy =P+ Bt + 8 + f @it Yoty (random walk with drift and linear time trend)  (3)
i=1

The parameter that is considered in every equation is & If 5 = 0, Yy will have a unit root
from comparing the calculated t-statistic value and the value from the Dickey-Fuller tables, or the
MacKinnon critical v alues.

4.2.1. ARIMA Model
The Box-Jenkins method is the way to find the proper model for the time series value by using the

Autocorrelation Function (ACF) and Partial Autocormlation Function (PACF) to consider the model.

The model is composed of 3 major parts, which are the Autoregressive Model (AR(p)), Integrated
Frocess (I{d )} and Moving Average Model (MA{g)).

Autoregressive (AR{p)) is the model o show the observed yy value; it was assigned from the
values of ¥y, Yi—p OF the previous cbserved value (p) by using the process of system AR(p), which is
the process of the Autoregressive system at p order, which can be written as shown in Equation (4).

Vi=nt+dy g +Hduv a4+ + ¢IP}-'{_P + g i4)

where yy is the groundwater level at time & s the constant value; §; is the Tordered parameter; and ¢,
i the error at ime L

Moving Average (MA(q)) is the model to calculate the observed v, value, which is assigned from
the erroratey_1, ... — the previous error by using the process or system MA({q), which is the
Moving Average at the q order, which can be written as in Equation (5).

¥i = B4 &+ 08— + Pag—z ..+ Bgfi—q (3}

The last step is to assign the proper model of the ARIMA model, which can be done by considering
the Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF). In considering
the Autoregressive Process model at p ordered and Moving Average at q ordered would result in
Autoregressive Integrated Moving Average mode at p, d and q crdered, or ARIMA (p.d q), which can
be written as shown in Equation (&),

By, = 8 drAdy, g + oty oo dpday, g

]
Fip+ g F o+ + gqgt—q

where ¥y is the groundwater level at time t; p is the order of Autoregre ssive; d is the number of times
that differences were found in the constant characteristic time series data; q is the order of Moving
Awerage; Ag is the sign of finding the difference at d ordered (d-th difference operator); & is the constant
value; gy, dp is the parameter of Autoregressive; 0y, By is the parameter of Moving Average; g is the
error at the time t, which has been assigned to be white noise; and tis the time index.
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critical value at the 0.01 and 0,05 significant kevel and under the null hypothesis acceptance (He: 8=10),
which means that this data set had unit root. Then, the time series data was adjusted Lo be stationary
by transforming the ime series data with the 1st difference. When the adjusted data was retested
with the ADE the results showed that the ADF test statistic values were all higher than the critical
value at the 0.01 and 0.05 significance level. This means that the 1st differential data were suitable for
developing the ARIMA and ARIMAX model for forecasting the groundwater level in the study area,

as shown in Table 4.

Table 4. Results of the unit root test.

Level

First Difference

Station MacKinnon Critical MacKinnon Critical
ADF DF
1% 5% 1% 5%

T4 —0A03 —3.983 —2422 —20.5%0 —3.983 —3422
CT5/2 1712 —3.083 —a4m2 —14.020 —3983 —3422
1741 oolz —3.083 —a422 —14.15& —3.983 —3422
CTi7/2 —1.201 —3.083 —a4m2 —15.747 —3.983 —3.422
CT22/3 —0.101 —3.083 —a422 —11.451 —3983 —3422
CT23 —076 —3.983 —2422 —22.650 —3.983 —3422
CT26/1 0230 —3.083 —a422 —19.002 —3.983 —3.422
CT27 09la —3.083 —23422 =19.491 —3.983 —-3.422
CTa0/1 —0,E30 —3.083 —a4m2 —13.230 —3983 —3422
CT31/2 —281a —3.083 —a422 —a0al —3984 —3422
CT33/2 0142 —3.083 —2422 —22.445 —3.983 —3422
CT35/2 1225 —3.083 —a422 —16.2313 —3983 —3422
CT45 —0.242 —3.983 —2422 —21.851 —3.983 —3422
CT48/2 —1.652 —3.083 —a422 —21.548 —3.983 —3.422

6.2, Identification

Initially, according to the princdpal of ARIMA modeling, considering the correlation graph of ACF
and PACF of the groundwater level in each station, no station showed any sign of nonstationary seasonal
form or data which was related to the unit root test result. The correlation graph of ACF showed the
long-term regression, while in the correlation graph of PACF, the value quickly lowered to zero at every
tested station. The sample of CT4 station in Figure 9 shows that the PACF lowered to 0 in lag 2.

Rasidual ACF

Rasidual PACF

EEEAALELEL
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Figure 8. Cormelogram of ACF and PACF in case of ARIMA(D.0.0) analysis of CT4 station.
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After adjusting the time series data to be stationary by transforming the initial time series
groundwater kevel data with the 1st difference, or ARIMA(p, 1q) and after considering the correlogram
of ACF and PACF, such as the time series, the results of the CT4 station are shown in Figure 10, It was

found to be a stationary time series. Therefore, the forecasting model is possible, as shown in Table 5.

Residual ACF Residual PACF
24 0 0
21 1 1
2 O u]
2] I
20+ il I
15
18] 1
17 1]
1h 0 O =
157 o
14 [:I [:I =
13+ =
E 13 0 O E

11 1] 3
e 0 O =
o -
L O O

™~ 1] 0

] I

5

| 0 O

T 0

En (] 1]

'~ O O

T T T T T T T T
-1 -0.5 0.0 L] .0 -1.0 -05 a0 0E 10

ARIMAD D) at CT4 Station

Figure 10, Correlogram of ACF and PACFE in the ARIMA(0,1,0) analysis of CT4 station.

Table 5. Possible model of each station.

Observation Wells  Seasonal Maodel BIC Proper Model
T4 Mome ARIMAD12y —2358 ARIMA(D12)
CT5/2 More ARIMAML10)  —0974 ARIMAMLLO)

Mane ARIMA D2 4) —0.907
Meome ARIMA{D,3) —2.00 ARIMAID LA

Cr7/1 Mome  ARIMA(014) —2i@6

T/ Mone  ARIMA(1,10) -0485  ARIMA(Q14)
e Mone ARIMAD14Y  —04E8

Craa/a Mone  ARIMA(210) -1201  ARIMA(210)

Mone ARIMAMLLLY =130
CT23 Meome ARIMAMDITY  —1732 ARIMA@1L
Meome ARIMA410y 1812 ARIMA41.0)

CT26/1
Mome ARIMALL T —1.20
T2z MNeome ARIMA410y —22845 ARTMA41,0)
= Mone ARMAILL  —2200
- Mome ARIMAZT1 0y —2334 ARTMA 21,0
CT30/1

Mone ARIMAD1,2) =2337

CTaly2 Meome ARIMAMDL0y  —1744 ARIMA@1LD

CT33/2 Mome ARIMAGLLZY —038 ARIMAML1,2)
e Mone ARIMAZ1.1) —0381

CT35/2 Meome ARIMAIA1L0)  —2803  ARIMAIZ10)

e Mone ARIMAD1,13) -29

Meome ARIMAI16y  —oFsa ARIMA(L1E

Mone ARIMAL22) 087

Mome ARIMAN 24 —-05 ARIMA41.1)

Mone ARIMA411y  —05F7

CT45

CT4s/2
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Table 6 shows the possible models of individual study stations, based on the correlogram of ACF
and PACFE The model for station CT4 is probably only one form, ARIMA(DL1,2), while station CT5/2
has probably 2 models: ARIMA{L110) and ARIMA(0,2,4). The model that has the lowest value of
BIC is ARIMA({1,1,10), which would be used in forecasting for station CT5/2. The other stations ame
considered in the same way.

Table 6. Parameter estimation of ARIMA4.1.1) model of CT48/ 2 station.

Variable Coefficient  Std. Error  tStatistic  Prob.

Constant —0.023 010z —0.326 0745
ARi4) 0169 0.033 A9 0.002
MAIT) 0&a1 0.048 15.618 0,000

Frsquared 0996 Ljung-Box

BIC —0.570 18634 0135

In Table 6, the constant term coafficient is —0.033. The Estatistic value is close to 0, with the
0.05 significance level. This means that the constant term relies on Ayy. On the other hand, the coefficient
of AR(4) is 0.169. The t-statistic value is 3,079, which is far from 0, with the significance level at 0.05.
This means that the change of AR(4) is in the same direction with Av,. The coefficient of MA(1) is
0.891 and the kstatistic value is 18,618, which is different from 0, with the significance level at 0,05,
This means that the change of MA(L) is in the same direction as Ay,

6.3, Parameter Estimation

From the possible ARIMA model in Table 6, the proper parameters of the model could be found
by using the ordinary least square of each station, Table 7 shows the parameter estimation of CT48/2
station, model ARIMAG4,1,1).

Table 7. Diagnostic checking of selected models.

Station Model Ljung-Box Q' Prob.
CT4 ARIMAD1.2) 12360 0.71s
CT5/2  ARIMA{L110) 25831 0.072
CT7/1  ARIMAL4) 20,501 0109
CTiv/z ARIMAMLA 10.213 0.745
CT22/3  ARIMAZ1.0) 22,71 0.135
CT23 ARIMAMD11) 7975 0967
CT26/1  ARIMAM1.0) 26.044 0.1z
CT7 ARIMAM,1.00 25131 0053

CTan/1 ARI[M"[A(E.'LD:I 12.005 n.742
CT31/2  ARIMA{0,1,0) 11.225 0885
CT33/2  ARIMA(L1.2) 14.047 0,522
CTas/2  ARIMA(131,0) 10337 0,064

CT45  ARIMA(L1E) 12.501 0321
CT48/2  ARIMA(1,2.4) 17.606 0162

6.4, Diagnostics

The results of diagnostic checking for white noise consideration of estimated residual (&) show
that the correlogram of residuals of autocorrelation (ACF) show no sign of exponential regression
At the same time, the calculated Box and Ljung (Q-statistic) value is lower that the critical value of
Chi-square at the 0,10 significance level (prob. < 0.10), which means that &, is white noise or has normal
distribution. The mean is equal to 0 and variances oz, so it could be said that & has no aulocorrelation
and no heteroscedasticity. Table 7 shows the analvtic results, showing that all the time series samples
passed the diagnostic checking and wem suitable for use in forecasting,
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6.5, ARIMAX

Inthe ARIMA model, more of the exogenous parameter would be included in the study, such as
the climate foceanology index, IMI WHNTPMI, DML, MEL SOT and NINO4. All of these wem bmught in
for the Granger Causality Test to see if the index could influence the groundwater level in the study
area The leading parameter lest was at the 95% confidence level, so the leading parameter test resull
was different from station to station. The analytic results of the CT30/1 station are shown in Table 8.

Table & Granger Causality Test of the groundw ater level lading parameter at the CT30/1 station.

p-Value of Hp: p-Value of Hp :
Index GW Level
Index  Lag iMonths)
B Has Mo Granger Causality Has Mo Granger Causality
GW Level Index
ML - - - - -
vl 1 00319 Reject 06674 Accept
MEI 3 00342 Reject 09747 Accept
MINCY - - - - -
s01 3 00145 Reject 8931 Accept
WHPMI 1 0.031a Reject 0.9254 Accept

Table & shows that the 1-month lag IMI index, 3-month lag MEI index, 3month lag SO index
and 1-month lag WNPMI index were the leading parameters of the groundwater level. The DMI and
Mino index were not the cause of groundwater level at the CT30/ 1 station, because the test rejected the
hy pothesis “Hg: The test index was not the cause of groundwaler level” and accepted the hy pothesis
“Hg: The groundwater level was not the cause of the text index”. The test results of each station for the
AFRIMAX model are shown in Table 9,

Table 2. ARIMAX model of each station.

Station Model BIC Ljung-Box O
T4 Ay constant MA(2) DMI-3) IMI-2) NINO4(-2) —2307 217z
CT5/2 Ay constant ARy MA(10) DMI-3) IMI-3) MEL-3) WNPMI-2)  —00900 7.407
CT7/1 Ay constant MA4) DMI-1) SOT-1) —2053 12.051
CT17/2 Ay constant MAi4) MEL-1) WINO-2) SO1-1) —0437 7840
CT22/3 Ay constant ATR2) DMI-1) IMI-1) MELE1) -121 20781
CT23 Ay constant MAGT) IMT-2) SOL-10) WINPMI-2) —LE&72 6,574
CT26/1 Ay constant AR(4) DMI-3) IMI-1) —1788 e W% o
CTZF Ay constant AR IMI-3) MEL-2) S01-2) WNPMI-2) —L7E0 18604
CTa0/1 Ay constant ATR2) IMI-1) MEL-3) SOTi-3) WRNPMI-1) —2.200 14131
CT31/2 Ay constant IO 2) SO0-2) -17z0 11.206
CT33/2 Ay constant AR MA(Z) IMI-1) WNPMI-2) —0378 15509
CTa5/2 Ay constant AR13) IMIE1) 5011 WINPMI-4) —1.893 ==t
CT45 Ay constant AR(T) MAjs) DMI-7) IMIi-4) WNFMI(-5) —073z 12,977
CT48/2 Ay constant  ARi4) MAQ) IMI-5) MEL-1) MIMNO4-4) 501-1) —0513 16.620

The model from Table 9 can be used to make forecasts in the short time interval for the 14-station
monthly groundwater level data in 2011, This was used for accuracy confirmation checking by using the
Relative Root Mean Square Error (RRMSE] index. If the REMSE value was more than 1, the ARIMAX
forecasting had less error than the ARIMA model forecasting. Table 10 shows the comparison of
RRMSE value between the ARIMAX model and the ARIMA model. At all stations, the forecasting
results of ARIMAXY model had obviously fewer errors than the ARIMA model, which means that
including more climate indices in the ARIMAX model results in more accurate forecasting,
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Table 10. Comparison of accuracy of ARIMA model and ARIMAX model forecasting,

After the suitable ARIMAX model had been developed, it was used for the Ex-ante forecast
because the ARIMAX model performed very well in the short ime interval forecasting, In this study,

{1 (2) (30 = (1V12)
Station Model RMSE RMSE RRMSE
(ARIMA) (ARIMAX) -
CT4 ARIMA(0,1,2) 0357 0130 27
CTs/2  ARIMA(1,110) 0223 0150 1.404
CT7/1  ARIMA{D1.4) 0646 0430 1472
CT17/2  ARIMA{0,1,4) 077 0.645 1111
CT22/3  ARIMA{2,1,0) 0167 0152 1.007
CT23 ARI[\"LMD.'I 1 0308 n11s 3,388
CT26/1  ARIMA@41,0) 0077 0075 1.003
CT27 ARIMALLTY 0,304 n1z2a 2,373
CT30/1  ARIMA{2,1,0) n4s1 0108 1460
CT31/2 ARIMAWDT,0) Q09 0450 1.800
CT3aa/2 ARIMAZ1,1) 1.230 0.320 754
CT35/2 ARIMAE1.0) 0229 0.027 5453
CT45 ARIMA(1,1,6) 0420 0.008 4307
CT48/2  ARIMA@41,1) 0514 0123 4178

16 of 23

12 ime intervals were selected for forecasting, January 2012 to December 2012, The forecast value

then was compared with the real data. Figure 11 shows the sample of 12-month groundwater level
forecasts for CT17 /2 station. The fore cast value was 19.75 in January 2012 and 19.87 in December 2012,
The Root Mean Square Error (RMSE) was 0.719 and MATPE was 3.434% for this station. The results

were used for Ex-ante forecasting to compare with the groundwater level data synthesized from the
MODFLOW model in the same time interval as the step.
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Figure 11. Comparison of groundwater levelin the Ex-ante forecast by the ARIMAX(0,1.4) model for
the CT17/ 2 station,

6.6, MODFLOW Simulation in Steady State

After the adjustment of the model using the 325 observed wells distributed in the study area, itwas
found that the caleulated water pressure had the Absolute Residual Mean equal to 7.417 m; the Rool
Mean Squared Error (RMSE) was 9.489 m; the Mormalized BMS was 9.705%; and the Correlation
Coefficient was 0,802, as shown in Figure 12,

=1
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groundw ater levels continuously over a long period. Long-term observations will enable us to plan
and manage groundwater use effectively.

The study examined the relationship between the climate index and the groundwater kevel in the
lower Chao Phraya basin by using the climate indices, DMI, IMI, MEL NINO4, 501 and WINPMI and
groundwater level data for 14 stations between 1980 and 2012, In the ARIMAX analysis, the first step
was to analyze the stationary characteristics of data before finding the proper model by the Unit Root
Test, using the Augmented Dlicky-Fuller Test (ADF Test). The results show that the groundwater level
was not steady; therefore, the time-series data transformation using the 1st difference was applied,
inorder to have mor appropriate data. The ARIMA model consideration was done by considering the
correlogram of ACF and PACE which gave around 25 possible forms. The BIC statistics were then used
to select 1 form per station. The next step was to perform the diagnostic checking to consider the white
noise characteristics of the estimated residual (&) by the Box and Ljung process (Q-statistic); in this
step, it was found that every selected form was appropriate. The Granger Causality Test of the leading
parameters and climate indices was applied to see which index could be used in the ARIMAX model
and could forecast the groundwater level for 2012, The results showed that the groundwater level
was related to the climate index and could give aneffective forecast result at the approximate average
BMSE of 0.6, The MODFLOW model then was developed for the study area, with 8 groundwater layers
and topped with Bangkok clay. Other boundaries were set to be skeady. The verification was done
according to the procedure giving the monthly groundwater level result in 2012 at the 95% confidence
interval, close to those from the ARIMAX modelling,

The time series forecast of groundw ater level by ARIMAX found that it can predict better than
ARIMA. Tt shows that the groundwater level is linked to the climate index and the use of exogenous
variables is appropriate. The groundw ater simulation model using Visual MODFLOW was found to
have advantages in many applications. Importing complicated aquifer information is convenient and
it is easy to perform pre-processing and post-processing. However, the definitions of the conditions
in this model may not correspond to the actual state of nature, so the simulation results may differ
slightly from observation data.

In this study, the MODFLOW model was used with the basic parameter boundary setting
and the steady state analysis The study could be further donme in the transient condition
Although, the sensitivity analysis showed that the groundwater pumping was the important parameter,
there are still a lot of other unpresented groundwater usage data. This lack of data is one of the cause
resulted in the error of the model. If the groundwater pumping influence could be cut out of the
groundwater level data [58] the model could then have more chance to get higher accuracy.

Climate change is expected to affect the groundwater resources and the world's populations in
the future, so it is going to be a genuine risk factor and will probably become increasingly severe.
The study has shown that applying statistical analysis to the study and assessment of the relationship
between the dimate and the groundwater could be very useful for planning water use for sustainable
development. A relatively small amount of data is required and the expense is not very high, either.
This could be another way to cope with climate change effectively. In the past few decades, a lot
more modeling techniques were presented to the research in hydrological modeling, such as, Artificial
Meural Networks (ANMs) [55-61 ] It would be more useful if these techniques were applied to the
groundwater analysis.
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ABSTRACT. Global climate changes are revealing the intercommections between natural
cenditions, natural resowrces, and regional climare variability thar may qffect the rain
fucmation. Rainfall plays an importans rele in the procezs af hydrelogy. This research
preseniz an analysis of rainfall in the lower central plain of Thailand and the climare
variabilinv/'oceanographic events i the wider geographical regiom, meluding the El
Nixio/Southern Oscillation (ENSOJ, Asian Summer Monsoon (A5M), and Indian Ocean
Dipele (TODY. Data from 1980-2010 and 2011-2014 were collected for calibration and
verification. Next, The freguency domains, specira, and wavelst rangforms were analyzed,
rogether with the climare index and rainfall. The results revealed that raimfall occurs in
seasons, vearly cycles, and cif-seasons. The behavior of ASM:, for example Indian
Summer Monzeon Index (IMI) and Western North Pacific Monsoon Index [WNPMI), iz
most similar to that of ramfall evenes, while the similarity of the other indices fo rainfail
evenis is not so strong. Cress-corvelation analysiz showed that there were delays between
the climate mdices and raipfall se thar multiple linsar regvezzion with lag time is
required for further analyzis. The results illuzirate that the cross-correlation coefficients
af IMT and WNPMT with rainfall are both appreximarely 0.6, The mulriple regrassion with
lag time shows thar the average multivle cogfficient correlation (R} is 0.04. The indicator
of the summer monsoon index value is WNPMIL which iz the mosr influsnrial factor for
ramfall. Fimally, the proposed eguations, based on the crosz-correlation and
multiple-linear regreszion with lag time technigues, can be nsed o predict precipitation
and be applied ro the developmenr of vainfall forecasting in the furre.

EKeywords: Climate indices, multiple-linear regression, cross-correlation, climate

variability

1. Introduction. It is widely accepted that the world’s weather is changing [1], which can
be seen from weather variability and climatic changes in many regions [2]. Every aspect of
the environment involved in climate variability, particularly the atmosphere, ocean levels,
and average temperature, results in period changes in seasons and ramnfall distnbution [3].
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Studies from the Intergovernmental Panel on Climate Change (IPCC) in 2013 [4] show that
the average world temperature increased around 0.6 to 0.9 °C between 1906 and 2005,
leading to polar ice melting mereasing and ocean areas expansion. The average rate of sea
level rise was 1.8 mm/a from 1961 to 2003. There 15 also greater vanability in the
distribution of rainfall, which could increase the severity of floods and droughts.

Thailand, in south east Asia, is affected by climate variability arising from interplay
between the atmosphere, the ground, and the ocean, in the equatorial area between the
Pacific and Indian oceans. Two important phenomena in this respect are the El
Nifio-Southern Oscillation (ENS0O) and the Indian Ocean Dipole (TOD). In addition, the
climate variability behavior was analyzed in time domain such as the study of severity and
cycles of 10D [5] and the finding of the similar return period between I0D and ENSO[6].
Moreover, the signal transformation principle from the fime domain to the frequency
domain was applied to the climate data, such as the spectral analysis and the wavelet
analysis, to better consider the retumn period of the climate vanability phenomenon [7, §].
Therefore, studies of climate variability to comprehend the effect on water resources and
the establishment of water management are crucial.

In the field of hydrology, the forecast of rainfall 1s important since water resource
allecation could be more effective if the rainfall forecasts were more accurate, and because
rainfall plays an important role in several fields of hydrology. Today. it is common to study
rainfall forecasts. Terzi [9] studied the rainfall forecasts in Isparta, Turkey, by means of
multiple regression. In Thailand, Tingsanchali [10] studied the forecasts of rainfall change
all over the country, and Singhrattna [11] studied rain forecasts from the summer monscon
by using linear regression and nonparametric regression.

The objectives of this study are to investigate the climate/oceanography mdices’ patterns
using regression analysis to predict monthly rainfall in the lower ceatral plam of Thailand
and the wicinity of Bangkok The index data studied compnsed the seawater
surface-temperature anomaly index in the Indian Ocean (DMI), the Southern Oscillation
Index (SOI), the Multivariate ENSO Indicator (MEI), the seawater temperature in the
Pacific Ocean (NINO4), as well as the Indian Monsoon Index (IMI), and the Western North
Pacific Index (WNPMI). The areas studied are zones of high population densitv, major
mndustry, and agriculture.

2. Literature Review. Two kinds of monsoons have an impact on Thailand: the Soutlnvest
Monsoon—also known as the Asian Summer Monsoon (ASM}—occurring May—October,
and the North-Eastern Monscon wlich cccurs in October—December. The Asian Sumumer
MMonsoon, blanketing the Bay of Bengal, originated at the Indonesia Peninsula, affects
South Asia and Southeast Asia by carrving humid air from the Indian Ocean and generating
rainfall in Thailand [12].

According to data from Thailand’s Meteorological Department. recorded from
1951-2002, rainfall in Thailand has been reducing; meanwhile, the minimum and
maximum temperatures are tending fo decrease and to increase, respectively. Water
resources around the world appear to be responsive to the variability of climate from the
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past few vears to decades [2, 13]. The regional climate condition consists of several lands
of climate variability, the most well-known is the El Nifio-5Southern Oscillation (EN50)
phenomena, which has a time period of between 2 and 6 years [14].

Mantua et al. [15] and Minobe [16] presented information on variability in the Pacific
Decadal Oscillation (PDO), cccurring approximately every 10-25 vears and 50-70 vears.
The PDO is the large natural phenomenon caused by the change of sea water surface
temperature between the east and the west sides of the Pacific Ocean, so 1f 1s similar to the
ENSO but has a longer penodicity. In addition, the variability of the North Aflantic
Oscillation (WAQ), with a peried of 7-8 vears. was described by Fye et al [17]. The
importance of the Atlantic Multidecadal Oscillation {AMO), with a refurn period at around
5080 vears, was revealed by Kerr [18].

Factors in climate variability include temperature, modsture, wind, and rain fluctuations,
wiich are the most important elements of the hydrological cycle. McBrnide and Nicole [3] and
Chew et al. [19] investigated the relationship between rainfall and climate variability in
Queensland, Avstralia. Hanson et al. [2] found similar relationships to those in Queensland
in the American Southwest. Furthermore, Mantua et al. [13] and Wolter et al. [20] found
that the patterns of ENSO and PDO are similar when the weather is wanmer and more
humid. On the other hand, the patterns of ENSO and PDO are opposite to each other when
the weather is cold and dry. Cayan and Webb [21] found that rainfall and river water in the
American Southwest are affected by a connection to the ENSO index in cycles of 2-6
Vears.

Thailand 1s impacted by climate differences originating from the Indian Ocean and the
west coast of the Pacific Ocean. Limsakul et al. [22] found that the accummlated anoual
rainfall decreases in the vears El Nifio occurs and increases in the vears La Nifia occurs.
Kusreesakul [23] and Limsakul et al. [24] found a link befween the climate index and
changes in rainfall both in time periods of less than a decade and in multidecadal periods. It
can be argued, therefore, that ASM, I0D, and ENS0 are influential in climate oscillation in
this region. Furthermore, Limsakul [23] found that the annual period of rainfall is related to
the summer monsoon onginating in South Asia (IMT), and the summer monsoon originating
in the northwestern part of the Pacific Ocean (WNPMI). From the information from these
studies. 1t 15 concluded that rainfall and climate variability in Thailand relates to certain
periods of time; for example, cycles of seasons, within decades. or over multidecadal time
periods.

3. Methodology. Based on the results of previous research, such as that by Singhrattna and
Limsakul [11, 23], this study makes the assumption that there will be a connection between
climate oscillation and ramfall in the study area. Therefore, rainfall data and climate
condition indices were collected and analyzed in order to explain how these factors
mnfluence rainfall change and forecasting. The study area covered about 16 provinces of
Thailand’s lower central plain.

The study is divided into three major parts: (1) Studying the return period in frequency,
in terms of rainfall and the selected climate indices; (2) finding the relationship between the
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Spectral analysis is a method for analyzing complex data to elucidate clearer information.
It can easily translate the analyzed result and 1s effective when the data are stationary. Gu et
al. and Buckley et al. [7, 8] have previously used this method for climate research.

The Fourier transform of the signal in the time domain, x¢F), 15 as follows [27]:

k3 Ta
X(F)= Jxft) g2 Fdr (1
—0
where X{7) represents the magnitude of the component with frequency /7 The signal 15
transformed completely from the time domain to the frequency domamn. The time domain
signal x{7) can be written as an equation of the Sine and Cosine functions according to this
equation:

g
xit) = E[ By cosi2ment )+ By sinf 2wt )] (2)

el
where Sq, S, for £ = 1, 2, ..., g. are mdependent zero-mean random variables with
variances o,°. and o represents the distinct frequencies. The equation (2) exhibits the

process as a sum of independent components, with vanance o,° for frequency e The

superposition of these spectra would result in repeated peaks in the spectrum at a frequency
mterval of 1/T (total duration). The return period could be considered from the speciral
density estimation (the Blackman-Tukey method [28]) which smooths the spectrum in order
to reduce variance. For this part of the analysis, the PAleontological STatistics (PAST)
[29-31] program was used.

The climatic and rainfall data is first analyzed through spectral analysis to show the
simple cyclic pattern. The wavelet transform is then applied to consider the fime senes data
of the studied variables. This method 1s popular for non-stationary time series data and was
developed from the Short Time Fourier Transform (STFT) [32]. This method can also
illustrate profound characteristics when the data size, the recurrence period, and the
behavior change. A review of the wavelet methods was done in Seeboonmuang [33] and
Gurdak et al [34].

The Contimuous Wavelet Transform (CWT) of a discrete time series x» of ¥ observations
with a time increment of 4f and complex conjugate w* of an analysis function g7} 1s given
by:

5 |

2]

A 5_@,*[@- 3)

where 1 15 time. 5 15 the wavelet scale. and » is the time variation. The function of
analvsis yrit) 15 called a mother function of wavelet, which mst be admissible and localized
in time and frequency space, and assumes that w?) is nommalized: [~ ww*dn=1. The
wavelet function can adjust the window size or scale according to the data frequency.
Famous wavelet functions include the Morlet, Mexican Hat, and Daubechies [35, 36]. The
Morlet mother wavelet was selected as the analvsis function for this study because it has a
reasonable number of oscillations, which ensures a good frequency resolution [37]. The
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Matrix Laboratory (MATLAB) program by MathWorks [38] was used for this analysis,

Next, the recurrence periods of the climate indices and the ramnfall analysis results were
retrieved to show whether or not the climate indices are related to the rainfall. If they are
related, the cross-correlation analysis is performed on both sets of data. The results from
this analysis will give the correlation coefficient (r) and the lag time between both data sets
[39, 40].

(% =T Vi =T

oy @
(X -TFE( Vi, T

where rw 15 the correlation coefficient at the m lag time. The calculated correlation
coefficient is the mumber that identifies how nmwch and how closely both vanables are
related to each other [41]. For this part of the analysis, the PAleontological STatistics
{(PAST) program was used for identifyving and investigating the lag time with the highest
correlation value, for use in developing the multiple linear regression model later.

Lastly, when the proper lag time between the climate/cceanology and the rainfall is
found, the mwltiple linear regression model—which shows the relationship between ¥ and

X, A5, ., A—is developed as follows:
Y, =h,+b,X, +b. X, +. b X (5)

where 1" (the dependent variable) is the amount of rainfall at each r station, X, {(an
independent variable) 15 the value from each of the six climate indices, by 1s the I intercept,
and & 15 the regression coefficient of the independent varable A when the other
independent variables are fixed. Data from 1980-2010 were used for calibration, data from
2011-2014 for verification, and data from 2015 were used for forecasting. The Statistical
Paclkage for the Social Sciences (SPS5) [42] was used for this part of the analysis.

4. Results and Discussion.

4.1. Climatic Indices Return Periods. Based on data analysis, the climate/oceanography
varability phenomenon 15 composed of the ASM. 10D, and ENSO. There are six indices in
total, and the resulting spectral analysis and wavelet transform are presented in Figure 5.

Figure 3a illustrates the persodograms of the IMI index analyzed uvsing the PAST
program, and shows that the periodicity of the strongest peak in the spectrum is 1 vear. The
second strongest peak 15 smaller and the periodicity 15 around 0.5 years, or 6 months. The
two red dashed lines are the p < 0.01 (upper line) and p = 0.05 significance levels with
respect to white, uncorrelated noise.

The wavelet analysis results were presented on the x-. v- and z-axes of the contour
wavelet plots, respectively representing time of measurement, periodicity, and power
proportional. The relatively significant power signifies reasonably greater significance for
particular frequencies in explaining oscillation in the IMI time series, considering only the
data above the cone of mnfluence (COI) which is the region of the wavelet spectrum in
which the edge effects become significant [36].
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Figure 5b shows that the highest peak was established around 1 vear info the studied
period. In addition, the next obvious periodicity 1s at around the 6§ month mark, which will
appear on and off throughout the studied time period (pink dashed lines). This is consistent
with studies on the rainfall varability cansed by the summer monsoon, which has a
seasonal and annual variability period that was outlined by Hendon et al. [43], Higgins and
Shi [44] and Chen et al. [43].

The DMI index meonthly data was also analyzed, as shown in Figure 5c. From the
periodograms, three peaks above the sigmificance level line can be clearly seen The
strongest peak is at about 4 vears, the second strongest peak 15 at about 3 vears, and the
third strongest peak is at about 1.5 wvears. Figure 3d shows the retumn period from the
wavelet transform. The strongest iz at about four vear periodicity, between approximately
1900 and 1996, Also shown 15 a low peak from 1986 through to 2004 {white dashed lines).
However, the next strongest peak is at about 2-3 vears and occurs in the period between
19962000 (black dashed lines). Considering Figure 5¢ together with Figure 5d could help
improve confidence in estimating the return period. This result is in consistent with the
research of Saji et al. [5] and Yamagata et al. [6], who found that the IOD phenomenon has
an annual recurrence period.

Figure 5e shows that the MEI mndex has many peaks above the significance level. The
highest amplitude 15 at around 4 vears, the next strongest peak 1s at 5 vears, and the third is
at around 2.5 years. In terms of the wavelet transform. Figure 5f shows that the strongest
peak is established at around 4 vears, which is consistent with the spectral analysis results,
and fiwther wavelets that strong were found in 1986 and 1988. In addition, the next
strongest peaks were found to have a 2-3 year periodicity between 1994 and 2000 (black
dashed lines). Spectral analvsis can help identify the high peaks more convemently.
Moreover, the study result 15 consistent with Wigley [46] and Trenberth et al. [47]. who
found that the MEI index that shows the ENSO phenomenon has vanability in the
inter-annual and long-term.

The NINO4 index in Figure 5g shows the strongest peak at around 3.8 wvears. At the
same time, Figure 5h shows the strongest peak at around 4 wears, between 19961998, and
also shows a low peak from 1986 through to 2004 (white dashed lines). In addition, other
small peaks, such as at 1, 2, or 3 vear penodicity, appeared throughout the study period.
The above fundamental step could be used to find the cyclicity of the SOT index, as shown
in Figure 31 and j. The strongest peak occurs at approximately 4 years for both the speciral
analysis and wavelet transform From the analyzed results, the MEIL NINO4, and 501 index
all have their strongest peak at about 4 vears. This is because all of the indices above are
anomaly indexes of ENSO, with differences in the estimate variables and regions.
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TaAsLE 3. The selected lag time between the rainfall and the studied indices from

the cross-correlation.
Lagz with Maximum Correlation (Months)

Station IMI __WNPMI__DMI__ MEI 501 NINO4
Bangkek 12 12 12 12 1 12
Chainat 12 12 12 15 3 12
Lopbun 12 12 g 13 1 11
Suphan Bun 11 12 12 14 2 12
Makhon Pathony 12 12 12 13 2 12
Avutthava 12 12 11 13 & 11
MNakhon Sawan 12 12 12 12 1 11
Pathuwm Tham 12 12 12 13 & 11
Kanchanaburt 11 12 9 14 2 12
Chachosngsao 12 12 ] 7 & 11
Eatchabur 11 12 12 12 5 12
U-Thong 11 12 9 13 2 12
Takfa 12 12 11 13 3 12
Kamphaeng Phet 12 12 13 14 2 12
Don Musang 12 12 £l 13 2 12

Fegarding MEI, there was a low correlation value, sinular to that found in DMI, which
was generally between 0.1-0.2. The highest correlation value (0.180) was found at
Kamgphaeng Phet station, while the lowest correlation value was 0.083. Based on Figure 7c,
for the Chainat and Ratchaburi stations, it was found to be at about 15 and 12 months,
respectively. The lag time in Table 3 shows that rainfall is highly associated with MEI 1n
7-15 month intervals.

Fegarding the association between the climate index (NINO4) and the monthly rainfall
of every station in the study area, the correlation coefficient value during the studied period
was medium overall (0.2-0.7). The highest correlation value (0.65) was found at Takfa
station, Nakhon Sawan province;, meanwhile, the lowest correlation value was 0.22, found
at Kanchanaburi station. Figure 7d shows the rainfall associated with the NINO4 index of
the Chachoengsao and Ratchabur station at 11 and 12 months, respectively. Table 3 shows
that the time lag of every station is about 11-12 months.

In general, SOI has low correlation value between 0.1-02. The highest and lowest
correlation values were found at Pathum Thani station (0.19) and Thakfa station (0.07),
respectively. Based on the lag time graph in Figure Ve, it was found that the amount of
rainfall is highly associated with 50T in Lopburi and Chainat at lag time about 1 and 3
months, respectively.

For the WNPMI index the figure 15 not displayed becavse it resembled the IMI index,
however it was found to have a medium to high correlation value, in general scoring
between 0.3-0.7. The highest correlation value (0.66) was found at Nakhon Sawan station,
while the lowest (0.51) was found at Pathum Thani station. Table 3 presents the lag times
that are associated with the rainfall. as well as each climate condition/oceanography index.
These lag times of the climate index were used in accordance with the multiple regression
equation to obtain an equation composed of independent and dependent variables that had
the most suitable linear relationship without lag time multiple regression.
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The association between the average monthly ramnfall and the climate
condition/oceanography index was analyzed to find the result of the multiple regression
equation at each station. The results of the lag time regression are better than those without
lag time regression; therefore, Table 4 shows only those results with lag time regression
included. It was found that the mimmmum value of the multiple coefficient correlation (R),
0.570, was scored at U-thong station, while the maximum value, 0.703, was derived at
Nakhon Sawan station. In addition. WINPMI 15 the most influential of the indices on
monthly rainfall in the all regression equations. The next most influential are SOI, MET,
and DMI, respectivelv. In comparison with the other indices, WINPMI is the variable that is
most associated with ramnfall in the studied areas. conforming to the analysis of the
cross-correlation in the previous section.

TABLE 4. Multiple regression with the lag time equation and multiple coefficient correlation
iR between rainfall and the climate condition/oceanography indices.

230

. . Most

Station Equation R Effoctive
angkok Ti= 15355 « 14 21WHNPMI 2 = 49 490012 = 13 590500 08513 DI
Chainat Ty=0547 + T.20WHPMI-2 = 14.47TMEl -5 + 12.1 503 + 2.67IML -2 0.648 MEI

Laopbun Ty=111.55 =« 1007WHNEMI- 2 = 8.60501,, 0645 WHNPMI
Suphan Buri Te=93.43 = 9 0BWHNPMI:12 + 11 8IMET-14 + 10.725012 0623 MEI
MNakhon Pathom  Tp= 100.30 + 2 28WHNPMI;-12 + 1175500 0617 501
Ayutthaya To=0087 + TAIWNPMI,- 12 + 2.76IMI 2 + 17 .64MEIL- 3 + 16.1501,-4 0685 MEI
Wakhon Sawan  T,=111.79 = 7 53WHPMILya + 3831012 = 13,1501 0.7032 301
Pathum Tham: Y= 130.03 + 10.89WMPMIz + 15,7500« 0618 501
Kanchanabur: Y= 98.05 = 3 400WMPMI, 2 + 12 92MElL- s + 11.67501, 0574 MEI
Chachoengzao = 12673 + 6. TYWHNPMI-12 + 4.01IMI2 = 969501« 0649 501

Fatchabur: (= 11612 + 10 9WHPMI,- 2 0841 WHNPMI
U-Thong T, = 9148 = 34WNPML_;; + 10.25501,_, + 30.0DMIL, 0370 501
Takfa (= 11169 + 7 19WHNPMI-12 + 4. 18IMI2 = 11 48MEL- 0673 MEI
KamphaengPhat Y,=120.16 = S0TWHWPML 3 + 2.30IML 3 = 11.6650L > = 35.0DML 2 0682 DI
Don Musang (= 13013 + 7 63WHNPMI-12 + 16378005 + 4 37IMI,12 0646 501

Validation of the equations in Table 4 was carried out by using data for the ramnfall at
each station for the vears 2011-2014. It was found that the equations represent the amount
of rain that fell reasonably well, as shown in Figure 9 and in the comparison of the
statistical data and rainfall i Table 3. It was found that the means are simular for both the
observed data and the validated data. The notification mformation has the characteristic of
skewing to the right. In the case of kurtosis, most of the observed data have a posifive trend,
but for the validated data, the kurtosis 15 negative. Consequently, the prediction model tends
to underestimate extreme precipitation, which 15 one aspect that needs to be improved.

Figure 10 illustrates forecasting for the vear 2015. The scatter plot shows the comparison
of rainfall prediction from the regression equation in Table 4 with the rainfall obtained from
the observed data. These were presented in order to figure out the coefficient of
determination value (R*). Overall, of the 15 rainfall gauging stations, the highest coefficient
determination value (0.73) was found at Kamphaeng Phet station. On the other hand, the
lowest coefficient determination value {0.34) was found at Chainat station.
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means that including lag time in the model results in more accurate forecasting.

5. Conclusions. This study assesses the impact of climate oscillation/oceanography
stenuming from the Indian Ocean Dipole (10D, El Nifio-Southern Oscillation (EINSOY), and
Asian Summer Monsoon (ASM). Spectral analysis and wavelet analysis were used to
identify and mvestigate periodicities in a time series. The wavelet transformation explains
the return period of each set of time series data effectively, especially when there are the
non-stationary data in the set [32, 48], At the same time, since there are some short refurm
period values presented, spectral analysis was also used fo show the highest return period
for a stationary fime series.

Overall, the recurrence period of DMI 15 about 1.5—4 vears, while the recurrence period
of MET is about 2.5-5 years. The recurrence period of SOI 15 2.5—4 vears and 12 vears.
Lastly, the recurrence period of Sea Surface Temperature (NINO4) is also 2.5—4 years and

2 vears, consistent with the El Nino phenomencn [49, 30]. The above data show the
characteristics of mnterannual and interdecadal scales. According to this study of rainfall
data analysis derived from 15 gauging stations in the central plain of Thailand, it was found
that monthly rainfall data provides the most obvious 1 year recurrence period. and this
finding was consistent at every station. In addition, the results coincided with the rainy
season 10 Thailand.

Based on the analysis of cross-correlation between the variables IMI, WINPMI, DMI,
MEL SOI, and NINO4 and the ramfall derived from stations in central plain of Thailand,
the correlation coefficient value of DMI and MEI with rain 1s minimal (0.1-0.2). Regarding
the cross-correlation between the IMI and WINPMI, it was found that these indices are
highly associated with monthly rainfall; the associations are greater than those of the other
indices, and the coefficient correlation value 15 approximately 0.6. It was noticed that the
summer monsoon plays an important role in rainfall over a very short period of time, or is
effective immediately (peak on 0-lag), since analysis of 501 showed an impact on rainfall
when 1t was over a 1 month period.

Moreover. based on the analysis of the multiple regression equation between the climate
condition index and rainfall, the regression with lag time forecast better than that without
lag time, with this result being supported by the ERMSE index. WINPMI is the most
significant index for its influence on rainfall at the stations in the study area. The next most
influential climates are SOI, MEL and DMI, respectively. In general. the multiple
correlation coefficient values (B of all station are between 0.570-0.703. According to the
mnvestigation of multiple equation prediction and rainfall data in 20135, the forecast is
accurate. The highest value of R*, derived at Kampang Phet station, was 0.73.

Thizs study demonstrated that using statistical analysis to study and assess the
relationship befween climate and ranfall could be very useful for planning water use for
sustainable development. It is clear that the response of rainfall to climatic factors is
delaved. In the fufure, examunation of indices involving other climate factors will be
undertaken. Many sectors have been studied in this mamner and these results could lead to
better rainfall prediction. In the past many other modeling techniques have been proposed
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for research in hydrologic modeling, such as ANNs. It may be useful to apply such
technigques to rainfall prediction.
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