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ABSTACT

Recently, precipitation has been changing. The change has caused unpredictable droughts
and floods. Therefore, if we are able to predict more precise future precipitation, we should be able to
better plan for efficiently drought and flooding alleviations. Global Climate Model (GCMs) is one of
the tools to predict the future precipitation. However, one limitation of the GCMs is their forecast
only at global large scale and hence the resultant future rainfall data can’t directly be applied on local
scale and mathematically are proved here that there is no direct relationship between the global model
rainfall data and the local observed data. As a result, a downscaled GCMs is required to predict future
rainfall and assess the impact of climate change. Here, the technique of Artificial Neural Network
(ANN) is applied for downscaling the GCM modeled rainfall. In addition, measured rainfall isotope
will also be adapted for more accurate result. The 50 year precipitation data at stations of Chaing Mai,
Nong Khai, Sukhothai, Phuket and Ubon Ratchathani obtained from The Thailand Meteorological
Department of Thailand (MET) was applied along with the A1B GCM 1965 from 2014. The selected
GCM parameters were Air Temperature, humidity, precipitation, water sea level, Surface dwelling,
wind zonal, wind meridional and wind mean. The ANN established the relationship between the
measured MET data and those data of GCMs during the 50 year period in order to predict the future
rainfall at the five stations in Thailand for the years of 2015 to 2039. Consequently, the measured
rainfall tritium and deuterium isotope data obtained from 2002 were applied to the model. The result
of the first attempt model revealed the R- squared of 0.53-0.70. In addition, the newly developed
isotope-GCM model was able to match the MET rainfall data significantly better with the summation
error and the root mean square error less than those of the first model. The new model can increase
the R-square to 0.61-0.73. Therefore, the downscaling method using ANN in addition with the
isotope data can be applied to predict the future rainfall data.
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as 1 1 = o 1 1 - 1 - = é
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(http://wwwo.tint.or.th/nke/nke51/nke5101/nke5101u.htmli)



2.1.3 11191021019 (Precipitation)
H o ¥ o - o4 = - <
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o1uzuse I uazanasnnaoiluduluige
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Wativue lvajmanenzanasnauns s Tidugsveslan

UM 2.5uanvimdidluding

(http:/th.wikipedia.org/wiki/H¥z)



2.1.3.3 1As1IaH WY (Rain measurement)
R % = ¥ 4
Winanhduivialaelfnasiialaediumsiannudnveniinanaan
j - L] - -
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2.1.4 38m3lumadinae
P a o R e a e A 7
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2.1.4.1 aum3Inanem¥audu (Multiple Linear Regression)
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& v a o [ ' »
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2143 jUnuuvesaumsiBaudu (Linear Model)

- ot o'a o ;
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Y= bﬂ + Z b.X,
i=1
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Fluswes b Ndluanusuvens iduase Aannaumsyudu

o v = ﬁ'mﬂm'lu('i‘}uaqiﬁuﬁwmx)
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Dy —= fnaf (Constant) i@ty
by, = AT (Slope) YDUFUNI N

2.1.44 FuseanEn150an0e (Regression Coefficient) 1nzAAIf(Constant)

] z 3 L A L]
Tumsnidmsaeaiivng i Tysuas mdwinerelumandansm

£ WRRY
panooIEa st narest ldon

a=Y—-bX
2LXy
b — -—*-'-E
¥ x
A 5 1 = - o
e Y - flunaavndad Il am
X = Annnuaundiadnlsdasenioamlsdu
a - A1R93 (Constant) IUAMINAALANY
b = AUTU (Slope) voudunim
VoA 1 a - () w5
x = audnsuunnaunamavadiaimminy X — X

o d P o o [ sy
y = Autisauunnamasiavasiaiamnminu Y — Y
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2145 anuduusuuuiesduPearson Correlation)
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2.1.4.7 nn"'uﬂﬂzﬁaqnsul‘lm('nme series analysis)
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2.1.4.10 §@na (Seasonal component: S)
- - FY da & & a a &
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2.1.4.11 7903 (Cyclical component: C)
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2.1.4.14 AMVUMSUIN (Additive model)
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2.1.4.15 MNVUMS D (Multiplicative model)
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2.1.5 nuudinvagiienialan (Global Climate Models)
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' e . 4‘ = )
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2.1.6 Insavwilszamiien (Artificial Neural Network)
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o o 4 § a ° ¥ - &
aouliiuisn pattern voa Asiisdoams Wiiiugi iFund "back propagation” Fuilunszuaums
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2.1.62 Yuneulumslvau ANN
1 ‘: 1 é
TusunsuTInssvodszammiiion(ANN) ifludruniisvo s Tsunsy MATLAB
¥ »
NwaemsiuddeyaninTisunsy Microsoft excel Tavfivuasussil

Lilalisunsy MATLAB

: L
L A/ N\ ]

31 2.7 dlaldsunsu MATLAB

2hmadnd e yalasm s ud doyasn Microsoft excel

F TR — = i,

S L atist EVARIA S T ER TSR Y

31 2.8 vind19e3y0910 Microsoft Excel
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A al ar A o ' g Ll
yidterhiideyanunadnindeanisissndeonds Muni131 "nntool"adutcommand line 9TWU

' 2
fimhaagniladu
Command Window = ; RN TS T s Crahe ®
@) New to MATLAB? Watch this Video, see Bamples, or read Getting Started. 7 : x

>> load('chaingmai no isotope.mat')
& >> nncool

Ui 2.9 mdFadlanihee Ins el szamifian

| DN Vg o e LA e

U 2.10 wihaslasenedssamiion
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|
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|
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b Qutput Data
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i Error Data
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"Target data"

(% mvretenorpa e

& Import from MATLA werkspace & ! '
Load from disk fle mg /4
MAT-file Name _ dﬂ'w:m é hpo-ftl; /S
_——:‘]:‘m:w i @ Network

: Browsse.. | anetworkd o Input Data

‘ Target Data

| Initial Input States

i i initial Layes States

| | e

: | EworData

InitialInput States

{1

kmport
& Imgoe '00nu|

31 2.12 muidenyiiadeya
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s ' a 4
s imsadelaswnlszaminioy Taonani "new"

717 2.13 wihdhaa¥iaTassde

6 smdemiszinnvesiaz s iardoyaran idofsdsulumsnfouulag vazgihaums

- & q A& 2 a
13 t}‘uf ma‘luuu'&ﬁﬂ;mu recurrent neural network INUUAAN "create”

31 2.14 Jduwumsiden



7.nd30miuliiimanani "Network” 11&2Aan "open"
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Nohngbis) T ¢ PG 74
Training Data : PA rmamr - N ‘
‘ hm . VW“'; 'j ) B : % ~a =3 = A L :l
| Targets chaingmai_data »'r"&ms networkl_erors 1!
Init Input Delay St ates wmt Final Input Delay States * !mm mputStales |

|
| |
! : . > il
|
|
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- & ' A o a e |
9.AAN "Train Network” Tosunsuazsimamawma Iyl efuisouies Tusunsuezfnmndio
suadoyadud Iudrnzeonuihuziuunla ndsmiuiniing export” doyandosnsein

° A a "
w104 "nntool” uazmindeamsfiasslavldyadoyadufaunsamidlasmsadn "stimulate”

»
Tumiiwes "network” HUIDA

| +Algorithms
‘ Data Division: Random Tiddecand) )
§  Training: Levenberg-Marquardt /Ti12ird N |
. Performance: Mean Squared Error iy ]~

Calculations: . MEX A

' Progress
Epoch:
Time:
Pedormance:
Gradhient:

3

m; : pletgmtomnm
5 TnmﬂgM ! iplotimsinitate)

Plot Interval: e 1 epochs

e A A T YW S TH L

c Training neural network...

| [ Osopionng | O cmed
R NS

T T T T T R T

71t 247 plillsunsumsaasemnaitudeyn

2200380z N3 M INIM IR0 (Research and Journal)

TeguiutlszmalneduiinimaulsluidewesloTs Tndvenh lumsiumlszgndl4lu
ﬁ'mqnnﬁ’nmmnﬁu Fannmsansmuhiaisedudgfifeades i madflge
wpusinesszuminnmaluudaFealmidomadialeTa Iml Tavndesdioding 1z le T Tmlon
msganduuraamed uaz 1o Ty Tmliadoshahwnenea
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2.2.1 msU¥nlye rudnesszuminnaahusaodmidomaiinlelaTmllae
4 d
in3eiiodinizitlolalmloinmsgandunasarai(Improvement of Groundwater Modeling
by Using of the Environmental Isotopes with Liquid Water Isotope Analyzer)
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23 : — I £t o g2
TunuiAny e soudseeniiusunan 3 ¥u laudFudud mszo Fuusees 1o uazgyun
i 2 . e y 3 TN
Woalny Usenou U 1eFuasnous 1AL NI JUYITUNTI6UBE AU TAAUNAUFUAULAAY
2 ¥ Ll Qs s A 1
dnwazvuni lifiuswwunazinsadu namimsiwosmlszaeumaniinasgaummiuaaiys
o -~ - - A P - A -t s &
Anvuzyin unadou-uuniidon lumfveme uazeie Te@eou-Tnunma@on lua e ¥y
\J o v ! A o L
Taynninavges lsdganhidmuasimasgnnhashungdaois
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2.2.2 TelaImbiaBieslurine1nena (Stable isotope in precipitation)
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Sea level pressure 0.47132626 | 0.46477826 | 0.47592859 | 0.35659688
surface dowelling 0.5063921 | 04716888 | 0.62330726 | 0.31302038
wind speed mean 0.58349462 | 0.42242207 | 0.3406369 | 0.38997766
wind speed meridional - | 0.48868539 | 0.56141421 | 0.55279113 | 0.77244538
wind zonal 0.45994862 | 0.41098636 | 0.69702837 | 0.53855827
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o = i & 1ed {
nndoya fif A3 MUDIANUAANAIA(Summations Error) 841 3105.73 Tuvaie
1 4 = ! -4 A I3 &
AURAUYDINIIWAANAIA(Mean Error)agh 7,76 T 1NNT0WDIAIRAIANNHANAIAMAYTDY

(Root Mean Square Error) 2.79 R 2wy 0.5667
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HATILVDINNUAANAIA(Summations 3105.73
Error)
AURDGVDIAIIUAANA IA(Mean Error) 7.76
51ANADIVDIAURAIANUAANAIAMAY 2.79
@94(Root Mean Square Error)
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mnndaminduyseiinde
WNAX 15 15 17.5 17.5
nnay 97.5 101.25 97.5 101.25
Air temperature 1.472897 0.880687 0.889163 0.610294
humidity 1.399682 1.905069 1.340919 1.081539
precipitation 1.444694 0.583153 1.652816 0.898146
pressure 1.058284 0.592255 0.516521 1.518763
surface dovelling 1.324356 1.185532 1.4626 0.677307
wind speed mean 1.323482 1.350734 1.501474 1.965593
wind speed meridional 0.874066 0.957281 > 1.180006 0.886872
wind 7zonal 1.214629 0.650723 1.701769 1.067334




104

w b -3
514 ﬁdﬂ’lﬂqmﬂ
35
30
25
20
15
10 |
‘ .
& i
5 { i
i i
0 :
e B e B e T o e T T e e T e L O e T e IO O e O B e B TR o e O o O e O O e S e O A )
Nq&OoOONQ@MDN#@MON&%MQNQG&ON#&M
o e H AN NN NN MM m = < < < W N
—real data| /-——no isotope

aslit 5.4 psmluaasmnliadesmiidnndeyassaasnnlnssnedszaminion
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@ ar L, a a 14
‘ﬂ'!ﬂ'l?ﬁ]gflﬁﬂﬂﬁ’!ﬁ&lﬁﬁ WU HATINYDIANUHANAA(Summations Error) g1
4y 4 = ' = s 8 4
7225.97 TuvaizNAURAIYBIA NAANDIA(Mean Error)?}g#l 18.06 31NN T IVBIAURAUNIIY

Aanaaiidaae@a(Root Mean Square Error) 4.25 R 2 iy 05323

v f
13190 5.7 MsuuEasmanuRanmagliuagues S iagin

YszinnvonnuRanma o
HATINVDIANYAANDIA(Summations 7225.97
Error)
ANNAVDIATINAANA 1A(Mean Error) 18.06
— ' o ™~ o
FINNADIVDINURDTANIUAANAIAMAL 425
#83(Root Mean Square Error)
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mnsdaniminduysaiindo
NiAx 7.5 7.5 10 10
Niay 97.5 101.25 97.5 101.25
Air temperature 0.952038 1.085856 1.205058 1.25445
humidity 1.261433 1.585326 1.143608 1.718095
precipitation 0.798291 |  1.618722 | 1.341855 | 1.823656
pressure 1.388445 0.710478 0.728071 1.150076
surface dowelling 1.691914 1.058526 1.079067 0.869736
| wind speed mean 1.112509 1.301477 1.098668 1.06862
| wind speed meridional 1,226271 1.003095 0.863206 0.726332
wind zonal 0.932688 0.799171 0.841695 1.06503
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ANuAanaInR & 80 3(Root Mean Square Error) 3.22 R marit 0.7097

M1 5.9 MTNMaaInIANNEanE AU Yes diningua¥EIi
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HATIUYDINNUAANAIA(Summations 414798
Error)
1 4 -
AURAVVDINNIUAANAIA(Mean Error) 10.37
a ' 1 o &
JINNABDIVDINURAUANUAANAIAMAT 3.22
@93(Root Mean Square Error)
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NNAX 15 15 17.5 17.5
Ay 105 108.75 105 108.75
Air temperature 0202579 | 0.197633 | 0317535  0.293608
humidity 0407318 | 0.386646 | 0.284537 |  0.436845
precipitation 0336524 | 0359623 | 0427359 | 0.555914
pressure 0.253925 | 0315412 | 0.376022 0.20977
surface dowelling 0.347484 | 0269731 | 0332164 | 0271972
wind speed mean 0.49679 0.50628 0.369702 0.382306
wind speed meridional 0.268889 |  0.374228 | - 0.370383 |  0.222193
wind zonal 0.400233 |  0.494287 | ~ 0.109031 | 0.415208
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UszmnuenNuianaIn al
HASINVDIANUAANA1A(Summations 2353.89
Error)
ANRALVOINUAANAIA(Mean Error) 5.88
e ' 1 = G
FINNTBIVOINUNAYANIUAANAIAMAS 2.43
93(Root Mean Square Error)
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nndeyaid i iaruonis ¥aldaile TaTni nuae asauvesnuRana IR
i WA a < g
(Summations Error) B 4649.47 luvaizidundeveinanuianain(Mean Erronogi 11.62

Snfire s IR uRAsAIRANA AR 188 (Root Mean Square Error) 3.41 R 20111 0.6676

A1 5.12 T enaamaEananitiuagues Saviavueine

sminnusannuAanaf Oh
HaFIUUDIN ’Jmﬁﬂwmﬂ(Summations 4649.47
Error)
AUNAVYDIANUAANAIA(Mean Error) 11.62
- ' - a o o
FINNADIVDINURAUANURANA AN A 3.41
@93(Root Mean Square Error)
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mlelalnl suneaidilse Sandaglvie

ondoyafisunedddlss Snriag Turtvdialder laTaTn wuhe raswve sy
AAWA1A(Summations Error) 8y 2768.54 TuvsizfidunaoyemuRianaia(Mean Eronogi
6.92 INHADIVDIAURAUA NURANAIAAIBIRBI(R o0t Mean Square Error) 2.63 R 2y
0.6137

AN 5.13 MyNaaImaNNAanaagUnuua 1 ves suneaidilss Sanlaglwiy

UszinnvennuAanan 1
Hﬂ51Uﬂﬂiﬂ11nﬁﬁﬂﬁ1ﬁ(3mﬂmations 2768.54
Error)
i -
AUNAVVDINNTUHAND 1A (Mean Error) 6.92
- i o a o o
FTINNTDIVDIAURAUANTIUHANDIANTAY 2.63
@03(Root Mean Square Error)
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aaii 5.9 asmluraunniiudeannlidnndeyaciwazenlnssvelszamineami

milelalnl Smiagiia
S o o o d A URSR: " .t -~
nndoyaiidandagiia FaldaTeTaInl nudm wesamvesnnuianain

14 - a = ret
(Summations Error) 0y# 6031.91 TugaznausasvaInIuHANaIR(Mean Error)ogih 15.08

RE ' d = L L o
FINNADIUDINUNAYATTUAANA AN A0 I(Root Mean Square Error) 3.88 R zm'mn 0.5989

M 514 MINaaIMANIRanmajUiLuAgves Saniagna

1szinnveanuRanaIA il
WA ILYDIANUAANAI1A(Summations 6031.91
Error)
ANNAVUDINNUAANAI1A(Mean Error) 15.08
FINNADBIRINALANURANAIAMAS 3.88
@93(Root Mean Square Error)
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n3 i 5.10 nsmlnaaanniindesmitlfondeyosiwnaz oninsediedszamifieunsl

mlelalny Saninquanymil

A a o é L] i a
nndoyaniwmiaguaniysiiigaldamloTyTnl wuhm sasouvesnnuianain
1 Y A ¥, :
(Summations Error) gl 3696.03 TuvaizfinimAvypnAanaia(Mean Eronogh 9.24 310

= - a o "
NroIIRURAIANURANA AN AIAD3(Root Mean Square Error) 3.04 R zm"lﬂil 0.7308

M 515 maauERImaNIREanmaglinuuA1gYves SiniRguanysi

sgimvesmnuranaia A1
HATIUVDINUAANAIA(Summations 3696.03
Error)
AUNAUVDINIUHANAA(Mean Error) 9.24
4 ¥ :i a o @
FINNADIVDIAURAVANIUAANAIAM A 3.04
@®3(Root Mean Square Error)
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5.3 fssumauanuranaaszrnaiielsinduaz i lelainil

5.3.1 dandmvealny

A5 5.16 msnSeuisumnnuRanaaiistidnds lelainy Sandadaalvai

Uszian hitileTyIny | HleTaInd | %emsaamianain
WATINVDINIURANAIA 2425.58 2353.89 2.955582
(Summations Error)
ANUABYDINIIIAANAIA(Mean 6.06 5.88 2.970297
Error)
ST IuB IR URALAIY 2.46 2.43 1.219512
HANAIANAADI(Root Mean
Square Error)
R? 0.6192 0.6308 1.839

532 danianvoIme

MmN 5.17 manBeufsumanadanmadiedidnmlslelainy Sinanuesme

1l5zian YileTaTnml | Tleleini | %nmsaamidanaia
HATINVBIANNAANA IR 4749.96 4649.47 3.034
(Summations Error)
AUNALVDINNUAANAIA(Mean 11.99 11.62 3.034
Error)
a ' - =Y
FINNTVIVDIAURAUAITNUAAND A 3.46 3.41 533
MA3e93(Root Mean Square Error)
R* 0.6663 0.6676 0.195
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15197 5.18 msraSsufsumanuAanmaiiefanlslelaini dunenidlse

15z1am T9ileTaInd | #lelaInml | %emsaamAanarn
HATIUYDINNUAANDA 3105.73 2768.54 10.86
(Summations Error)

ANRALVDINNIUAANAIA 7.76 6.92 10.86
(Mean Error)

ST A IUDINUNALA Y 2.79 2.63 5.58

AANAIRMa9a83(Root Mean

Square Error)

R? 0.5667 0.6137 8.29

53.4 Janiagia

M 5.10 myaIoufeummmAanmanlofidanslelaTnl dmiagiia

szinm LitleTeind | tlelwiml | %oisaamifanain
WA ILYBIANUAANDIA 7225.97 6031.91 16.52
(Summations Error)
AndvyeIANURANAIA(Mean 18.06 15.08 16.52
Error)
FINNADIVDIAURAUANY 425 3.88 8.64
Hawaan1asaed(Root Mean
Square Error)
R? 0.5323 0.5989 12,51




115

5.3.5 anIAQUAIINEIH

319 5.20 msnBouisumnudanmaiiolisnuslelainl fanaguasiwmii

52nn TileleInd | Hlelalnd %n130AM1
AaNMA
HATINVBIANUAANAIA 4147.98 3696.03 10.9

(Summations Error)

ANRAVYBINNUAANAIA(Mean 10.37 9.24 10.9
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a0t ANIWFU R?
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15197 6.4 marnSoumsumanuianmaiedidnslelsinl vewdazani

Uszian il i %N1300
TolaIn | loTaIn m
il 1 AaNaIA
woalvy | wasIWVBIANWHANAIA(Summations Error) | 2425.58 | 2353.89 | 2.955582
AURAUVEINIAANAIA(Mean Error) 6.06 5.88 | 2.970297
InfirpeImImasANuRanaImdIres | 246 2.43 | 1.219512
(Root Mean Square Error)
R* 06192 | 06308 | 1839
HUDIATY | HATINVDINNWAANAIA(Summations Error) | 4749.96 | 4649.47 3.034
AuRAuYoInuAAWAIA(Mean Error) 11.99 11.62 3.034
sInfidevBIIRAsANURANMIANAITeY | 3.46 341 1.53
(Root Mean Square Error)
R? 0.6663 | 0.6676. | 0.195
fidilse | wasIuuemNUAANAIA(Summations Error) | 310573 | 2768.54 |  10.86
AURAYOIRARNAIA(Mean Error) 7.76 6.92 10.86
SInfiesvesnunivanuianaamidians | 2.79 2.63 5.58
(Root Mean Square Error)
R? 0.5667.| 0.6137 | 829
afa | #ATINAIDINURANAIA(Summations Error) | 722597 | 603191 | 1652
AunAvYeINNUAANAIA(Mean Error) 18.06 15.08 16.52
swilgevon umdsnmAanmaiidang | 425 3.88 8.64
(Root Mean Square Error)
e 0.5323 | 05989 | 12.51
QuUAIIY ™
il HATINVDINUHANAIA(Summations Error) | 4147.98 | 3696.03 10.9
AuRAuYeIAILAANAIA(Mean Error) 10.37 9.24 10.9
SnfidevesnunasanuRanaafdsres | 3.22 3.04 5.6
(Root Mean Square Error)
R? 0.7097 | 0.7308 2.97
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