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ABSTRACT

In this dissertation, two types of forecasting models are proposed for
Thailand’s car sales data. One is a time series decomposition and the other is the
causal multiple linear regression. Both types of the proposed models incorporate the
effects of seasonality as well as special events. The data used is the compact car
sales in Thailand from the years 2005-2018 covering two huge-impact incidents,
namely, the 2011 nationwide big flood and the 2011-2012 government’s initiative
tax-incentive program for boosting the automobile industry. For the case of causal
regression, Thailand’s Gross Domestic Products (GDP) and the 12-month Loan’s
Interest rate are used as explanatory variables. Statistical results obtained from the
proposed models with seasons and special events, compared to those from the
models with neither seasons nor both yield better accuracy according to Mean
Absolute Percentage Error (MAPE). Furthermore, the causal regression models also
give higher the Adjusted Coefficient of Determination (Adjusted R?).
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anumsaifidesnsaznensal visnsalanuianatn 20% fanunsasensuls Tuvriiung
nsdAnuAanan 1% fenansliinanudsmelduinuesestins uazmnfiansanluug
YosmsiaTzinsindula Aagnuiiinnuunneineszritansdaduladia (Good decision)
LAEHAdNS A (Good outcome) A1vngnensalaunsasenuuUTIasan1INIsallel
yiunanseiliuiuey fufvzduaduaiuayunisnensallaglidesddefeszduaia
wilugunniin

5. foyalusdniiAusiusnly videdeyalusfiniified azidusdndulandn
Tumsitasidonmededslumsnensel uenaniinrmgniesvesteyafifuiladeiddy
pgadslumaneinsal fdumnasdnsladilalldtinsdnifvtoyaluefndainusduagng
Befiazoudidumaielilddeyaiiagldlunsmensaldely



6. AueINevanallaIsn1sHensallun1sgu URezdluldee 1Oudn
Jadenilandndsy mngiidgitesuieanudilalumetianisneinsalnunanld duwuunis

[

wensaawunagliinumng viseeragnihluldedndlignaes

2.1.3 NSEUAUNSNEINT] (Forecasting Process)

nszUILNTTNENTal e dunoulunsidenmafieisililuniswensel
fousnilsTuly Aaunsossgndldiudeyadsidudenisneinsal Fsusznoudae 9
Sumou (adgn1ud, 2559) Faolud

1. M3fmuaingUszasinsnensal (Specific objectives) 1un1sivun
s amnef dataulunisnensaiiinsweinsalagldlunisdndulasgels wu il
sadulalunisamu (Mswensalszorenn) wderanisiaununagys (Mswensalseos
nan)

2. Mmafvundsiiaznensallidalau (Determine what to forecast) 1y
n1snensaleenviedunuiedud wiailuddu (UInuseneaais) nisneinsalilu
goAU18TIY HBAUUANNANN NI BonUIgvatLsar)iinia nTeganuglulsine v3e
ganeR1IUsEve [usy

3. M5LAvsIUTITeYa (Data collection) 1 unsiAusiusIndeyad
Aeadesiunsmensaiogamnyan uasfudeyaiignies sumeuiifudiunoufionuasld
nannniian Tnglunsiiusiusudeyadesiiansaniadormunsiuiai (dentify time
dimensions) lagia1san 2 Usen1s Ae ¥aeszegtiann1snensal (Length and periodicity)
W Usednl Usednlnsung Uszdheu Usedniu uagaaussluniswennsal (Urgency) a1
fnnudndusasiau Baldlumsmensalgdaududeutoondn uagdormuaioady
fo3a (Data consideration) M3fasanINUTINMazUssLAvesTayafidudeyaniely
visoneuonuiTn iudeyasel edou WudeyanidusRunsoniedudn

4. msandaya (Data reduction) usadadayafiiusiusaumnduniAuly
wazvilinisnensaliimnugndestiosas Ssdududesandoyaunswniionslifesdosiunns
WYINTOLAS

5. nMsdenuuudnasslunisneinsal (Model selection) %uagjﬁugﬂuw
yostioya dnnudeyadill uavszoznailunisneinsal madeniSmInennsaifivanzauiy
foya awoanmuiianainlunisnennsal sUnuUNensalifiieazdsinoniseensuve
dndula Brsnensalazdosdimiuaunaszriteaugnieazduisiieseniundila

6. 3138l (Model extrapolation) tun1swensalinanisaifisuly
Tnglddoyaaiiifiog udrwseiduiiSlamuzay (Fit) fudeyalusdnnou Tnonisine
AR RoUTIARTY

7. Mw3aunswensal (Forecast preparation) Wiofsnensaifivanzay
wnnin 2 Wil manuameinsainismvandaginliemennsaifitunimsldinine



8. NsULaUBNaN1IWYINTal (Forecast presentation) N15UNLEUDAINTS
wonsallinuduinis niedldiienisdeulusunsuluaednualdnus viednauesie
191 Bt unouiieudidyunneuiy mszanmsnadanmndlalituduinmier
14le1

9. NINTIVABUNANISHENTES (Tracking results) A1sARANLNABE 9RO
IranmsnensaliderIeuiiieuiudaiaudaifiaugniesedisls 4935Tasnensalldd
fign enafinnugniesanandesananmwindentdsuly enadesniBaunmauny

2.1.4 M1391AT129BYNTILIAT (Time Series Analysis)

2.1.4.1 dayasynsuiian (Time Series Data) nungils Jayavion1dang
MasunUadlumudduresian tnedeyaidunnazilutoyaiioglugisafiaulavey

a ) Y & d' 1 Y] 1 al' 1 dl'
AT Faazrilmiuukuurasmsildsuulasendunalurisiaiiiuen weldlunis
NYINTUANFLNNAINA I UBUIAR

2.1.4.2 35n13wensalaynsuiIan (Time Series Forecasting Method)
HunsiinsevingAnsnilusfinvesiuuseynsuie iensnsaingdnssulueuian lng
danunsafunungAnssuiduszuuuisegslududsoynsunan §insizifazamisn
ad1auuudnasvemginssuvewiuUIny udunldlunismensalnginssuvesiauds
wianiuluewian Wy aunAdiideyaeunsunanismiusyeziaa 1— n s ¢ duandly
M5 2.1

M1919 2.1 YaUABYNTULIAN

¥29,9879 ANVBIRLUS
t—n thn
t—1 Y
t Y:

wiadlanldianeingAnssuvasiwlseunsunatiionsnsalawuusluowian fa n1sld
WUUT1ABINSUTELNUANNBNY (Extrapolation) BelljUwuunnspainmansiaevialy fadl

17t+1 =f(Ye, Vo1, o, Yep) (2.1)

1oy Vipr Fo AvdnuUseunsuiainensadlabuyieim ¢+ 1

Y,  fie Awhuuseunsuiailugieam ¢



Yoy A8 AdsUseunsuanlutiwen - 7

AUTEAIAvIMUUTIADINTUTEUNUAILENYS AiD NMsTeuUilendunuaunis (2.1)
Wieldnensalrvesinuseynsunailuewiag

Teyaeynsunaiifiunusuildlutuszsznafivihfugisnasunladsesndy
FauUsnu dauszoznaniud sunUasesdududsdass annnivinleynsuiaan
WasuwazFend1 damusznouresaynsuia (Components of a time series) wydld
Ju 4 daudseneusetu fil

1. wudldfu (Trend : T) Wuanveiivilideyasynsunavdsuutaduszeyinm
wnndnilsd fen1sidsuutasennanfiviunieanas o1aandunsudsundasesis
sdmTed q dednwaruualiuvesnisdsuulasensasdudadu niadulds
wsluan viseidulduenlnuudea JUil 2.1 uanswenvevosdudiavdedsiiuunli
aedudlenariuly

$3,000

$2,500 +

$2,000 T

$1,500 T

&

Sales (in $1,000s)

$1,000 +

S500 T

@

1 3 5 T 9 11 13 15 17 1
Time Period

21

UM 2.1 wurliuganvigvasdudviinnile

2. M3uUsHuUAINRQN"A (Seasonal Variation : § ) 1Huanngiivilideyasynsu
nawasunladusreznandu q envendusetu seduandt seeu wieselasung au
Fonduszeznatiin ggma mawdsuulasesiindunieananfntug q fu luseu
yostaanadiliiunisd Ardianisidsuuasnuggaia Sendn fuiggnia (Seasonal
Index) ansnsauwuadu 2 dnwaiz Ae NsuUsHuAINgNIAlUIN waen1swUsHumuggNa
BN f»’ﬁ’qgﬂﬁ 2.2 LLangﬁ 2.3 AU mm‘ﬂsﬁummq@maL%ammﬂuﬂmﬂ?{aulwaqﬁ
fingnia Taedidren « lddsarnggnianeundunmin dunmsulsdiunuggniaidegady
maBsuuasiisdududndniuna



Additive Seasonal Effects

VNN AN NP AN

1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 291 22 23 24 25

Time Period

UM 2.2 dayasynsuiiarninisuusiuniuganialiauan

Multiplicative Seasonal Effects

— T — —T T — T — T — T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 29 22 23 24 25
Time Period

JU# 2.3 dayasynsuirannsinisulsiuniananiaidenn

3. mmﬂswummgmns (Cyclical Variation : C)Lﬂummmwmﬂmauaaumu
naUasuulasdunarasi o Auludaessey L';a’manu'luﬂ'g'm'ml,ﬂimummqmma 2429
srezira1n1siUasuntasliuiuoy g‘u‘w 2.4 uanaUSuranisuedusudafiinsuusiu
AuInINg

180 -
160 |-
140 |-
120 |-

100 -

Sales

80 |
60

40

0 1 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 23 4 12 3 412 34 123 4123 4
Year | Year 2 Year 3 Year 4 Year 5

Year/Quarter

3UN 2.4 dayasynsuiarniinisulsiunuigdnsvasusunansvigiuainile
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4. nsiAsuuUasvasdaya (regular Variation : 1) Wuanmgivhlviteyasynsy
nenUdsuulastusaradlussosinaillduiuey lidulumufiasandu dhasdaludas
srovnandu  wesdunmaisunladoyafivndndes Ssasinnnvmnisaifliaunse
AAAELUlAAIVIEN

a 'S 4 L
2.2 MIATITALULTIY LLﬂ%ﬂ’J']SJLLU'SNUGI']SJi]Qﬂ']a

221 mynsziwualidy

2.2.1.1 mswagaunydldy Wefinsifusivsindeyaud uazdeanns
nsuheynsunaatuiidulsenoulatne Biduiiteuldite mahdoyayadndinun
Fouduununnmanszats (scatter-diagram) udfinnsaritdoyayaduiuualdumieli
ezl dnvaugiduodasls Tunsdifansanainununmnisnszsaeudadadanm
rauinieindoyarntuasdidulsznouifuunlduaswviel wieliAnauudledadu 39
Fomnasuanuigiudeyadunltnielsl ddunmsmeaevanfguivinsmaaeuuuuld
W153Lmes (parametric test) wazluuldldwisdimes (nonparametric test) Tufidasl938
wuulilldnsfiwes Ao nsnadeuLULAIBMIY (sign test)

ManagoukUUIASonsng Wumsedeuwwliufifiansaniedinaiiogiatuay
fidsafumsuinuieniay dudeRarsanitardans ¥ Sdnunnndmietosnin ¥
e ¥,Y,, Aerrdeyasynsunatdiil i way i—1) dsazfinrsanldaniaiommieves
nassndsiinisves ¥ - ¥, dudunindeau nsdifinasiaduuanuineds visduavin
p¥s Wuwannmsfteynsunanfunliiduvdouuliiuas mveaeuidunoudsdl

1. MNUAENURFIUNENWATANURFIUNIREDN
H, : aynsuailafuuiliy

H, : synsuvanfiwwilduersazdunistunsenisas

2. @npntanedsu
Voo dununanaasiiviliues ¥ - Y veseynsunaiiluuin

3. nauainsindule Weeunsunalvuaivg n>20 19

A n ° v &
WD U, =—, 0, = ,|— , 1 =3NMUIUTBUAVNUNUAUDIDUNTULIAN
4 4 4 Q 3

diunseensunseufias H, wldrdngn Z, wes -Z, lnevigeusu
2 2
Hyue -Z,<Z<Z, uavas H, We Z<-Z, w0 Z>Z,
2 2 2 2

2.21.2 msafradunurldulagnisuszuina18a18an (freehand
method) sy auLuIldulagIsl A1 UayaaunIUIANABIN T NA UL
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WeuwHuAImNsnsEatevesdeya laglviunu X unuszesinan lazunu Y unudeyasynsy
nangatu udrdsannidulaeisnisUssanuiieaisn msanidudnandomeneuain
shugavandulildinnfigavielndifesian uasdomeneilianioguieduuarldiduis
Sruruihdudodouiniu memiduunltila 5i0u37de azmnliduddosnan
wifdeideiuisendunaefidavesirinnsinsgiidudidey iesanmsussanailagis
Juisnnsfiie maviduuunliulasisidainsiulddugasudulunsfinnsund
syaeunsuagatuiuunldndudunsmdadulds Wozhlumumumuuiliud

Y 9

nRRIAZININTANAD LY

e D

e 2

2.2.1.3 n1safradunuiliud1835ideanationiign (least-square
method) 1Huigafadunuildulaenisadisaunisnadamans fasdnludosindula
Tumsidensuuy @umsunli) uaslisnudeyaiameiazldlunsieses 10uisns
ﬁﬂﬁ’lLLUﬂﬁNﬁiﬁwaﬁWU@ﬂNam"]ﬁmﬂi?ﬂ?ﬁ’]ﬁ@iﬂaﬁﬁumumﬂﬁ (V) fruAnlify (Y) on

1Y

o A rg 2 a1 v d‘
Masaes w3e X(Y — ¥)~ dentdesiian (least-square error)

2.2.2 MIFAATIIAMNLUIHUANGANIA
AULUIRUAINGANIA (seasonal variation) WudiuUszneunivesounsy
181 NuwansnisirdioulmvestayasunsunaIiinaunndninavegania lnenaluany
LY 3 a o d‘ 1 A d‘ d‘ d‘
AulUsmnuggn1atuaziidnwugnsiudsuulatey 2 Usenis Ae nisidsundasiiaanly
Y9819 9 158N3199N18ANT (constant seasonal) wagn15iUd sunlasdidunis
N | =~ a ! N .
WasuwUasguuuunasanatludisianlanaivils Sendiganisiudeunas (changing
seasonal) NMsAnnaANLRULUIINLggNIassAanduUsInadisuiesesay Jasen
AAwInlandviigania

N1IMAFBUAMNAULUTANNYANTA
n153ggIYeyasynsuilanuiunUsnuggnianield wenainavtrdeyaun
Fouuwunnmsnszaeuda fansathdeyasynsunariignidaduwulitlunaasuin
faruustunuggmavielsl nmeaeutiuiisnimageuuuulduasuuulildnmafines
uiluiitagldnsnaaeuuuuliléwnives Aedsnsmaaeuvesasatauasada (Kruskal
Wallis Test)
nsnpgeLvesnsatauayiada thunlssgndldiunsmaaouitoynsunaii

v
(% v

ManAuIlduwddiauiuwlsauganianselyl Ttunoumall

1. weunsumindauulliurimun uaisesdfuteyanina1331nan
g (dududun 1) wasiinuses 9 auasudoyannd §w@ewiniu » Wie »n Aeduiu
RHRVNEH

2. MANIRFIUVANLATANNRFIUNNAGEN Al
H, : sunsuianlaifidiuysenauanudundsnnuggnia

H, : sunsunaniidiuusznoumnuiuiuiniuggnia
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3. fhatafildvaaou
12 ,
- n(n+1) i
o Ssp uwnunammidiaesvedeyalisusiuteyagana
a. mi&fﬂﬁul%ﬁﬂzaau%w%aﬂﬁmﬁamﬁgﬂwé’ﬂ (Hy) 92NW15047A1 p
(p-value) 01 p < 0.05 syoUTVANNAFIY H, Uiasauungiu H, ﬁf’uﬁa%’azﬂaiajﬁmm

H

wUsiumugania wia1 p > 0.05 avUasauuigiu H, seusuauuigiu H, Tudedoya

fanuwdsiunuggnia

2.3 AUUUaYNIULIAT (Model of Time Series)

mﬁmi’lzﬁawﬂiuL’;a’lLLUULLEJﬂ?hu (Decomposition Time series Analysis) A2LkUU
denldiud 2 dauuu fie

2.3.1 A2uuun1suan (Additive Model)

MUUA Y =T+S+C+1 (2.2)

Tagfl Y unu eynsuam
T uny wualidy (Trend)
S wnu ggn1a (Season)
C wnu 39903 (Cycle)
I unu avwiliaiianovestoya (regular Variation)

AILUUNITUINVBIBYNIULARAATUIINLWIAANT dIuUsenauvisduedaynsunian
szmaadudasereny tufediuusenauladinuseneunilainnudsuulasluliinoviiudy
ieanas aglilinansenunansivasunlaswesdiulsenouduy o Mude

2.3.2 fuuun1san (Multiplicative model)
AUl Y =T *S*C 1 (2.3)

FUUUNIAMYDIBYNTINAARTLNLIAAATIT diutsznauisdvesounsuiand
anudutusiu vielidudasyredu dufedmuszneuladiulseneuvisiandasundas
Wlinsfintunsoanas axiinansznusenisiisunlawesdnuseneusy q fmde i
wuunmsgasindenldfudeyamansugmans uazgsia nszmsiasundasiiadeledads
wildlunegsAamieiasugaiand sxfinansenudetadodu 4 dae Wy nsdnwinig
WasuulaswesdnsGudlussuusunas avdawansgnudetadedu q dnannanglung
3309 udu dedunavesnisldduuunisga e Areunsuaiunazalidndudes
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Usznausmgddiuanely Aruea1o19azUsznaumgiuilduiiesedaifiey v1eA19199y
Usgnaumeuuilduuaznisulsiunugania 1usiu

2.4 A5ATITINN50A08LTALEY (Linear Regression Analysis)

N153LASIEYNNsanneY (Regression Analysis) LOUISn1sn1sadfdmsuiasiey
sUnuUmNLduTUS sz Y3 2 ya Tnsendedeyafiiiusiusaliluein viedeyaain
M3d19 videdeyannmsvaass Ganden, 2558) lenstuguuuuamduiussnined
w5 2 yadiviinnsdnen aghinisairaduiuuuuansanuduiusiifendt dauvunis
anaey (Regression model) #3a#eAdun1ann08 (Regression function) AaLUS 2 quf'i
Usgnoude daudsyad 1 15uni7 fuusam (Dependent variable) Wiafuusnausaues
(Response variable) unusa8fUs ¥ yafl 2 150071 A2uUsdase (Independent
variable) #39fuUsyIuUIY (Predictor) n3aA2Usan00Y (Regression) wnuaiufwls X
anuduiusiilsazidummdniusesurgnisidsuutamwesiuusmuiofnsdass
et TurmAdelagldnmsinnesiamuduiuiuesiuuslusudadu Taonsinsesinng
anneBiBadu ulseanidu 2 Ussandsil

2.4.1 nsonnaeldaduagnede (Simple Linear Regression)

NM5IATIETNNSanneeduduag1ady WunsAnwAuduRuS SEnI1esn
w5 2 ¢ Quiiiiae sauls Xuas ¥) fdenuduiusludnvasdadu wiodlensivuves
AuduRuSIEnI A easvesinUsnny ¥ uazsunusdasy X Wunuuidunss fauuums
annesidudustnsierieaunisannosifuduatnsievestoys asilguuuudsdl

Yi = ﬁo + ﬁlXi + & (24)

<~ Y

We Y Ao fuuienu visedinlsneuaues

A U

X; Ao fMuusdasy visemuusvinue sedinlsannoy

3

Y

Bo Ao szurdaLAu ¥ uieAuadeves ¥ e X= 0 daduamisniwesvoas
wUUDANBE
a 1Y) v & o a ! N
B, fAe AuduU (Slope) Taddunnnee wiesnIINsIUAsULUasluALRdEYe ¥
Al a 1 = & 1 a 4 Y
o X wWasuly 1 niiy Fadumnisndimesvesdinuunisanney
g Ao ANAAIALAABY (Error term) §ULEI91NAIULANAINTZUINAT ¥ 939
fluA ¥ M98 UuLdUnnneg M3omulanm1esEnied ¥ ase dud ¥
1A91NNISUTTUUAIEAILUUATONDDY ULLDY

AWUsELUAMNIITNDS B, way By NIeduUsEENINSanneefiteulthe
BMasaestiesngaandisy (Ordinary Least Squares Method : OLS) %38 33n1asaasiioy
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mam (Least Squares Method) Imamﬂsummmwlm WA UINUDINIEIADIVDIA L
AnmLAdousEINAdLNALAzdunn DT Ao Tian

N15UsEUUAFUUTEANT N190AN8YIINAIUUUNITANNBEYDITBYA
Uszns Ao Y; = By + BiX; +& MILUUNNTONNBEVBITRLARIBE1NAINNTUTEUUMEY
’sﬁmaqaaquaamam Smundall

Y;=by+bX;;i=12,..,n (2.5)
Fougude q ifsaunissioluil

Y =bo + b X (2.6)
do 7, fe eUszinawes v, dldanduuunisanoesidaduetnineg

by, by A9 ANUITUIUURY By WAz By HNAIAU

NARNNTENINAIEUNR Y; waz ¥ 1053iuSen Residual wioduLiy
FI913UNNANUAAIALAABY A1 Residual 91 i LWEULNUAIY e; HUAD

e, =Y, =YV, =Y, —(bg+ b X));i=12,..,n (2.7)

1y e WWumUszanaves g auaunis (2.0) Jadurrdragilddmseiinduuunis
anneeflnliausnzauiudeyavsol

ada o

N394 by WA by mmﬁmé’qaaquaamam WV ANAUINTIAIAAIALAZDU
onmdsans Y, e? = X, (Y — 0)% = X7, (Y; — by — by X;)? Slentiosdian dnrmualsf

~\2
=3, (Y, = %) = i, (Y; — bo — b1 X;)? (2.8)

S [FuniendunauInnIadas (Sum of squares function) N1SUIAN by Lay by AL
1AENITUIATDYNUTEREVRY S LeUAU By kaz B; avA1nINaIRY WaUNY By 728 by

(%
)=

WAZWNU By MY by Wavhnlimaansivindu 0 aglaaunis 2 aunis Al

2 = 230, (Y~ by — by X) =0

dby
agle — 3P Y, +nby+b X, X, =0
I5H 3, = =23 (Y; = by — b1 X))(X;) =0
Agle — 3 XY+ b Y X+ b Y XP =0

¥ ¥ = M Y
naun1sTenu Weoulwiladu

29
bo 0y X + by STy X? = S, KoY, 29
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aun1s (2.9) Sendnaun1sunfAnidsaastiaensn (Least squares normal equations) Wi

aunSiiemIAn by way by el
NENNT (2.9) agld by =Y — b, X (2.10)

W9 by PRINAUNTIALNY ¥ W0 X = 0 uag

x)ER, Y
by = s (2.11)
ZTL 1)(,2_M
i=140 n

wiodngUlmlladu

bl - S (Xi—X)? (2.12)
PN QA 2o N SE S U uat A P SR

n n n n

AU L OUNUAT by = ¥ — b X 9naun1s (2.10) Tuaunis (2.6) aglddaluunisanney
YBIUBUAMIDENAINNITUTEU AT IARtRe g il

24.2 n'lmmaal,%ué’w,wuwn (Multiple Linear Regression)

msannesidaduuuumy Wunsinweuduiuduaswiuusea fiinain
FuUsdasyaus 2 fudsiuly Erfauusdased & f (X, Xy o, Xi) IngAuduiusos
TugU@adu aelafuuunsanneeidaduluuny vieaunsonnedudunuunyuestoya
US29N5 BIUARIAUFUNUSITINFINUS ¥ 148 Xy, Xy, o, X el

Yi = Po + B1Xiy + BoXiz + o+ BiXix + & (2.14)
saduluguuuuge o fie

Y=ﬂ0 +ﬁ1X1+ﬁ2X2+'“+ﬁka+€ (215)

'
=

h Y, A9 ALl Iniy visefuUsnouauns aan i
X, o AdunasT i vessulsaseiai i j=12,.k
By o szegduny ¥ dlofmusld X, =X, =..= X, =0
B Pyser B PO EQIJMﬂi%?W]%miﬂﬂﬂaﬁlL%QLE%LLUUWW Tow B \ufiuansdienns
WasuwUawesiuls ¥ idlefuusdase x, wWasull 1 e Taefiduds
Basy X fdu q Benaad
g Ao mAuRaIawasufafl i i=1,2,...n



16

N13Us8ANAEUUIEANS N30 ELTLA UL UUNIINAIUUNITAND DL VDS
Toyauszy1ns Falwsilwes k+1 f e B, B, B B, wdedlilayadiogis vaei

w3 7V, X, X,,..., X, Wogldfagauuin » 990 ALuunsonnoedaduluuny

RNNFNNTT (2.14) Y =6, +BX,+B,X,+..+BX, +¢
azdsvanaen ¥ Wiedsvanaeuns (2.18) freauns (2.16) il

Y; = by + b1 Xjy + byXip + -+ + by Xy (2.16)
38 aun1s (2.16) Weuluguuwuude « Ae

Y; = by + b1 Xy + by X, + - + b Xy (2.17)
oy AaanandeuluntsUsyanae Yow? foe =YY

TUNISUSEINUAT B, B, Boses B 38R by bb,,.. b, AAMERUTY

WuRefufunsanneadudustneing duie me By»b,,b,,...,b, WWETRITUINAUINVD

[ a o a o g v AN2 & 1 v Ql'
AIAAIALAABUENNAIADY Y1, e MY B, e = X1, (Y, — 1) HA1dosfign a8
aunsUn@lanll

iy AN 2 2
Iﬁ S= Z?=1 el_z = ?:1(Yi - Yi) = ?:1(Yi — by — ?:1 ijij) (2.18)

il S fAdesiigalaunisviayiusgesvas S Weuiu B, B,.... B, flavArnuaidu
WAWNUAY B), Brs...r B, 938 By, by, b, ..., b, UEIGU INUULHASNST LA LABZAINTY
0 ldaunsievun k+1 aun1s Aedl

as

3o = 2 Y (Y, —bo— XK1 biXy) =0 (2.19)
[é] .
uae a—bsl =230 (Y — by — XK., biXi;) = 05/ = 1,2, ...,k (2.20)

Jupo MIfuUsdasey k& #7 Lkeaun1sIIuIUL k+1 aunis Wednaunistul azlaaunis

ad o v %

Univesisideaesiesiign el

oXte1 Xin + by X X by Xy X Xip + 4+ b Xy Xy Xie = X1y Xin Vi (2.21)

bo Yoy Xike + by Xieq XixXia +by Doy XieXip + -+ + by Xieq X = Xiq X Vi

TuaunMsUNENINNe & +1 @unns 958150 by, by, b,,...,b, Hme3siivadiansasie

Bnsldamindlun1sinsgriaunis InefansanfluunSaneedLaULUUNYAINANNTT
(2.14) WFeulugUvesumindle dall

Y=XpB+¢ (2.22)
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Y, I X, X, X
e y=| , X= P X.” i ,
Y, L X, X, X
By & b,
B= b . oe=|7|, b= b
By €, b,

Tg?l Y A9 LAWDIURIAIELNANTOAILUTANY YU1A n X 1
Ao WvsngYeIRLUIdasy UM n x (k + 1)
A NNwesUBIAduUTEaNSNITannY Un (k + 1) x 1

S

A9 NAWTUBIUTTUNTOIdNUIZANSN5aA0RY Yun (k4 1) x 1

LAy A9 LINABIVDIAINUARNLATDY YUIA 1 X 1

|™

a o w

ARINIIIAIUTEI b IRgdSMdvaeatieeidn ANUARIALAREUYDIANNITINNREINTLY
Tondu
e=Y-Xp (2.23)

¥

WAYHNAUINANSIADIUBIANNAATAATDY Weulasll

s=3 =ce=(r-Xp) (Y-Xp)
:Y'Y—EX'Y—Y’XE+£'X’XE (2.24)
:Y'Y—2£'X'Y+£X'Xé

%"’q%ﬁmﬁwqm e a%/g;g =-2X'Y+2X'XB=0 (2.25)

Ussanaudanies g mennwed b alaaunseglugy

(X'X)b=X'Y (2.26)
XY (2.27)

Ao NTuElNAVSNGURLIEAG X
‘X fie wvsnddnsavune (k+1)x(k+1)

liclle

Y fe wnweimeduivng (k+1)x1

(X'X)" Ao wdnduniures X'X
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AU EEINTAAIUINAT b lenaelle WYSNTNNAY XX @1misaniailaase dufem
wlsdaszaumdudaseiBaduiu (Linearly Independent) @unis (2.26) @mnsaidouli

[

= v dy
vLdunlaeall

X'x b = XY

n Z?=1Xi1 Z?=1Xi2 Z?=1Xik by ?=1Yi
?:1Xi1 ?:1Xi21 ?:1Xi1Xi2 Z?:1Xi1Xik b_l — Z?:lXilyi
Y Xie XiciXuXa Xl XaXp o X Xh Ilbk Yi=1 XY

rdanmlad aunTnTuwuBEUNLEUNANTBRNNENG X' X ANaUINTNEI03909au1TN
wiazreduvluuming X diuaudndioguenuandunussyundn AoNauinuesnanm
5¥INEN TN UL Y ADANUVDLUNTNG X dIUENTNURIUNTNG XY ADNAUINUDING
ANsErINEnInluaraedulveunIng X Avaundnvesinnes ¥

SULUUTBIILUUNNTOANDY AB

Y=Xb=X(X'X) X'Y=HY (2.28)
el
dlo nnwedves e=| 2| fvualag
en
e=Y-V=Y-Xb=(I-H)Y (2.29)

'
=4

-1
e ﬂzg(xg) X' 5eni wwSnduem (Hat matrix)

243 N153AT121N150A008d MTUAILUILTIAMAIN (Regression Analysis
for Qualitative Independent Variables)

msaf1einuunsanaeyiteaduenduiusewauUsdasyfuf s
iy vassulsBassiithunlienegdimnnnesenalalliuundasiina uteradush
wUs139Ran M (Qualitative Variables) v3aiFondnegramilsindauusidangu (Categorical
Variables) #srnvasiiudsussnniazutusnoondungs wu dudswa waendue
wazme fanusaniuznmnisansa wiasenidu lan ausa wing ng1379 wazueniueg
faudsendn wisendu 5us1unis $§3amne envu waverindasy Wudu dudsdase
ﬁﬁmﬁmiwﬁmﬁmaaﬂumnLﬁmﬁ’uafmzﬁﬁq%LLU'ﬁL%w%mmLLazéfstLﬂiL%mmmw
nsdAffuUnSnuamealifuUnfsmionatodnls msleszsinisannosausn
4919 UUUNTANDBLAAIANNFUN S TENT AU TAUA VAU TBasELT IR Inla
Wufu msthfuusdmunmaniieggsinsonnesazdosimuadiavliiuudazngy ¥
favdimrued unniulifenumeludsiuey deedasdudfulsdaseiimun
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(%
&Y

Fuulnal SendudsBaseilin Aauusiu (Dummy Variables) dsiiusuusvudadusuds
daseilulogasenaudiy wignimuaduulvdiessynquliiuduusidnmunin G

LAe, 2559)

mMsfvuavesiaul Uz dusiadiauiliBostu mnfuuada
A mgnuuadu m ngu azldduusiudman m—1 fuds iedmunsiasiauliiu
nauUasiwUsBRan I 1w sulsnasuadu 2 ngu azldduusu 1 fudsunusiuds
wa Agesfandsvudonafmuasiadu 1 uwundumemsuazimunsiadu 0 wiungy
WA MseenInmuasiadmavliinunguaduiu Meg1eveadinunidanmnIn Msmvue
AU TVULarANYDIFIRUTULARIRTLER15I9 2.2

M54 2.2 A79819AUUTIIAMNIN N1SATVUARILUTULAZATYRIALUTUY

AU IAUAN MUUAMYUTIU N13IMUAAIYBIAUTIU
we uuadu 2 ngu 1 X =1;%8
CRERZ NN -
= 0 ; NN
szaumsane wuudu 3 ngu 2 X, = 1; dnnndsganes
(PndnU3ayaynes, USaaes, ad - W
oo " = 0 ; YSayay s visegend
AIUIYEYINT)
X, = 1; Ysgyges
= 0 ; finIUSUIRT
RRGNRY
FRIULAINNITIINY 3 X, = 1; Wiweviau
wuadu 4 ngu o o d
. . e a = 0 ; dusudn UL INDU 9
(aimayiney, lidawiladniu 3
Wwou, ifleuiuinnia 3 ey, X, = 1; Wifiewiliiu 3 weu
197uvi) . o y
= 0 ; dmTuanIuzNINDU
X, = 1; hiflnwiunnnii 3 heau
= 0 ; AU USAINDU 9)
ANNULNINNTAUTH 4 X, =1;\an
wuadu 5 ngu . o d
. W = 0 ; dusudnIUzAINDU
(lae, ausa, wine, wendng,
wunfiuey) X, = 1; ausa
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0 ; dNTUANIUTNINDUY 9

X, = 1; wie

0 ; dNTUANIUTNINDY 9

X, = 1; g5

= 0 ; @UTUAIUZNINDY 9

219199 2.2 znuFuUndman e 2 ngu sgdesnsfauusvu 1 fauusly
msiunsiiEliiungy fio X dusuusndsnunmiiniadu 3 ngu awfesnisdndsvu
2 Faudslunisivunsia fie X, uwar X, wufudssedunisfnw et X, uag X,
snivunsiasautuaglded

'
G|

naud X, X,
1 1 0 dleshegadissrunmsinusinintSyaies
2 0 1 dledhegnadiseiunsinuUSyges
3 0 0 Lﬁ@é’hasmﬁisé’umiﬁﬂmqaﬂ’iw%mmw’%

drunsalduusfegunimiivuadu 4 ngu azdasnisdauysru 3 dauuslung
MuyuATia Ao X, X, wag X, Wudiuusaniuznimnisvinny Wetl X, X, wag X,

v

1MrURsasuiuaz el

nauN X, X, X,

1 1 0 0 dlesedsldinevienu

2 0 1 0 dledegslifinurildniu 3 Weu
3 0 0 1 dlemegihifawiwinnin 3 Weu
q 0 0 0 leshegrsilnuh

frog1amTInTzinisanaosvesteyatifiiiudsdassifanunim 1 fauus ed
mMsadaiuUsiuilefunsialitunguuesinulsdassiBenuninids msidudsu
gnsiieszinisnnnesdeisidsaeosan dalfuusdassideiunudusiudae
AuyAIIUNITIATIENNTOAD DT RAULUUNY TENINFWMUTAYN ¥ Auwlsdasy 2 /i
Tnaifuiuusdassdatiinu 1 fuds waslufudsdassdenunin 1 fusiuvady 2
nau auyRlisuUsdassdelsunafe X, uwasdulsiufe X, lag X, muuadusia o
Tifungudl 1 uazimunsiadu 1 Wdunguil 2 vesnuundemanin fuuunsannes
Fauduuuunuasuszring Wusdl
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Y=0+BX +p5X,+¢ (2.30)

[

anunsauendusiuuunisanaesdmsuusasngule Asil

v

najuﬁ 1(X, =0) MULUUNsanneYnINaInIs (2.30) Wasudugsdl
Y=08+BX +p5(0)+¢ (2.31)
=B +BX +¢

WU UUNITaRNREEIMTUNGUN 1 H9adauny ¥ wirdu B, wazdiainudu

Wiy B,

[

najuﬁ 2 (X, =1) fMuvunsanneeauauns (2.30) Wasudugsil
Y=8,+BX+B(1)+e (2.32)

:(ﬂo+ﬂ2)+ﬂ1X1+g

- Y

WUIWILUUNITANNBEEMSUNAUN 2 Teadauny ¥ Wiy B, + B, wazilauduy
Wiy B,
WWunnnosaanduaIdlkuunIsannosluaunis (231) wag (2.32) asvuiuiu

Wewndenuduindufe B udllaedauny ¥ seiu lnedunnneeidunileazeggendn

Wunaneedniduniiauintu B,

o/ a a 1 [ J A o/ IS)
Nl sdassidenn ULl 3 nqu muikanslunisng 2.2 MuUsenunIn
EABINTITAUUTYU 2 AIUs iemuuasialiiunguduusidenanin auyddnlunis
AATILNNTONNDELTRFURUUNYIENINIMUT ¥ AudiudsBasedelSunufe X, uagin

wlsvupe X, war X, Weih X, uay X, wdwunsvasiuiuazlaeiail

wuuil 1 nguil X, X, wuuil 2 gl X, X, wuuil 3 nguil - X, X,
1 1 0 1 0 1 1 0
0 1 2 1 0 2 1
3 0 0 3 0 0 3 0

fuuunsanneeladuwuunvesUszYng [usl
Y=0+BX + X, + fX;+¢ (2.33)

[

WINAAUATHATOIRIUSHUIULULT 1 fuuunisannsdmsuunaznguazidusiil

[

najuﬁ 1(X,=1X,=0) fMULUUN500008aUaUNT (2.33) wWasulugsi
Y=0,+pX +5 (1)+ﬂ3 (0)"‘3 (2.34)
=(ﬂo +ﬂ2)+ﬂ1X1 t&
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) U

U U o U U = 1 L = U
NUIRWUUNITANRREEMTUNGUN 1 Aadaunu ¥ Wiy B, + B, waviaudu
Wiy S

[

nejuﬁ 2(X,=0,X,=1) fMuuunsnnneenuaunis (2.33) Wasududedl
Y=p4,+BX +p5(0)+5(1)+e (2.35)
:(ﬂ0+ﬂ3)+ﬁ1Xl +é&

al

WuIwwuUNsanaesdmsungun 2 fgedaunuy ¥ wiriu B, + B, waviaiudu
Wiy B,

[

najuﬁ 3(X,=0,X,=0) MLUUNTANDDYMLANNTT (2.33) wWavu sl
Y=p0,+pX+p, (0)+,B3 (0)+5 (2.36)
=P+ pX +e

NUIFILUUNITna8ed 1T UNaY

'
a

3 4yadannu Y wirdu B, wazilainudu
Wiy B,

Wduanneede 3 Lduvesdlnuunisannesluaunis (2.34) 49 (2.36) asvuuiy
dendanudusinduee B widuoaneeiis 3 duiasiyadauny ¥ sneiu lnewdu

DANBYVDIFILUUANUAUNTS (2.34) 98U NNINLAUNADDYVDIFLUUANNANNT (2.36) AU
B, LaslduannaevadfabuuAINaNNIT (2.35) 939 NINEUNANDEUBIAIMUUAINANNTT

(2.36) wihiiu B,

Tuns@nwesatlidunismiduunisannssiasulsanuduRusS I8 anU e TRIUR
niidnsnavesggniasiuiiy Fuludulsderunin adinsivuasiadmsuiuusnguil
lnggafulsidenuninggnia wuadu 12 ngu (usiedeu) wazilloiugafiulsves

€a a 1 < 1 [ a o Ly 1 I Y
A0IUNTUNLAYEN 4 NaN TIUU 16 NQU AZUIIUMILUTIUTITUY 15 AT

2.5 A1SNANSAUIANNFUNUSazn1siUSsuisuATweNS

2.5.1 MsAATEHENREUNUS (Correlation Analysis)

aad

andunus (Correlation) 1luadfnldmeanuduiussznineiuysasnguy
Fapnanduiusiidiuanld Fondn AvduuszAnd andusius (Correlation coefficient) 3
afRdmumMIs MM dIUs Avs avduiusivanevia madenlduuuladuiuey iy
Foulunaneusens lumsinaruduiudusaswuuazdesdinisvaaeutedfyioudaae
asuladndudsaladanuduiusiuaimiel uaslinnudunusiuuindesiiedla Al
duvseAvsanduiusilifusgunsvargliun Aduussavdanduiudifiesdu (Pearson’s

Correlation Coefficient)
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s AdUsE AN anduTudsdy wieunndiSndn andumug
9819918 (Simple Correlation) laglddydnwal » wnu é’uﬂwﬁm%wé’uﬁuﬁ%mdu
feens Mdulssansavduiusiliinvueeseudiiusszmitedudsileegsening -1
89 1 (Faen, 2545) NMsuenseiumLENTLS danansafionsanldsd

L s L 1 o/ a ‘Q‘ o/ L
M99 2.3 sERUANMNFUNUSYRItayavINAduUTEENTadUNUS

A r STAUANNTUNUS
+0.81 §19 1.00 Hanuduiusiuasunn
+0.61 §i4 +0.80 fanuduiusiuluszavug
+0.41 9 +0.60 fanudunusiuluszauuiunans
+0.21 9 +0.40 famduiusulussausi
+0.00 §i9 £0.20 fruduiusiulussdusan

v v & A 6 o

NUszAnsandunusiesduaunsamuilanai

v

AN
= | MR QR @) (237)
(nzi:1xi -(Zk1xi) )—(nzi:ﬂ’i -(Zk.7i) )
o) roo WU duUsTansandunus

X, WU Nasmvessiuls X
LY UMU HaTINYeenls ¥
mX? WU NATINYRINIAERIaIfnls X
mLY2 WU NaTINURIi&sdeuedinls ¥
Y XY, UNU HATINYDINAAMURINUT X uae ¥
no WU UIUNRUAIBENS
Avdulszans anduusagldldog 1 umuzaniudoyai danuduiusid udu

a

WATDINUNY + HAY — NUNIANEUUSEANTANAUNUS WEAAIDINANIVDIANUAUNUS 1INAT
& ' ~ YR a YR & P Al oa X ~
WUAU hadAII1 X hay ¥ JaudunusluiAn1amsaiueny As 01 X Jadudy ¥ 9l
ANBAAY TUNWATIAUTIL 10 X TA1anad ¥ asdaniiudu A1 7 «Juudn wansin X
~ YR ’ - ) Y] P a1 a X a1 oa X
WAY Y AANUFUNUSIUAANINALINUY HUAD 01 X TANALTY ¥ 9edAwAuadu wag ¥in
X fAanad Y azdiAnanad 011 7 100kna 1 hdnain X way ¥ danudunusludianig
WY kasdanuduiusiuuin 8181 7 Walna -1 w@nedn X waz ¥ deudunusiu
PANI9NTITUTIN BaedANUFUNUSTULIN WHOIAT 7 WIIAU 0 kaneI1 X way ¥ il

ANMUFUNUS LA NWULLT LA URDNY

Jaduildlun1s@nyinssdusenausiy 2 Jaseuan bawn nansusiulasiulu
Usgina (Gross Domestic Products : GDP) wagdnsimenileidug 12 ey (12-month

Loan’s Interest Rate)
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2.5.2 n15USIUAIAMNRANAINAINNITNEINTAS

nsUszlulszansamuesnisnennsal LunsinAiaugnfeaesnis
wensalifnanvuiavesnuAsaAdsuvssINEInsalfiBuiUA19TY ANgNABsUes
mMsnensalifudeiigldamennsaidonts anugndewasnsweinsaiaziiunuiotios
Puogfifuildamensallndifssiudatanndenidioda viemeaaadouveanmaneinsal
fundesifiodln (33, 2549) Ar¥aenugniesiidudiiliimiseamnedlasldluns
Wisuiisueynsunamaeyaiienaazivihevesnsiadeiuleldisnmeinsalifedu
desanmsnensalounsunauiina1e3s lnoudazisimuuunionuudanim
adnmansiilonsnsnlounsunauansnaiueenly fvueld ¥ fe A1iuviaevese

dunedaft i Tueunsunan ¥ Ae Afvesiiwdsne1nsalannadunadin i uas n Wiy
INgateya 3N InTIvaeuANNiug1veIn sneInsaintldlunwidy Il

ANLaAEUDIMEIHDIUBIAUARIALAAEY (Mean Square Error : MSE) 1{u33%n
anuwludlasuddymisanaisanunainndon TnefiansanAuLanaI9TERINeAass
fuAmensallngisindsans Ined

msE = LT (2.38)

A sasidudaaunaiaiad suauysal (Mean Absolute Percent Error :
MAPE) Juisinmanuwiuglaeduianlesidudaiuianainlunisneinsal lagly
AilsianTomne ariaanugndesdifudildimied e fagldlunsieude
synsuamansyaloldisnmsmensaiidendu vieissuifisuitnamensaivanegiBide
Tideyasunsunaryaiieddiu 4161 MAPE Aruraanldmmanedaiuuuneinsaininy
usiuEnge 19U MAPE = 5% wanaindauuunensalildfiaueainedeulunisweinsal
dvoefisoray 5 Aualdangnadel

yi_?i

MAPE = 31, [%| x 100 (2.39)

1IN 499VDIAILRAYAIINAAIALAR BUN1A 9889 (Root Mean Square Error :
RMSE) 1015 TnAmnuusiugnlagruinanuianaiatunisneinsal 9ngns

RMSE = [Falf) (2.40)

2.5.3 duuszansnisandula (Coefficient of Determination : R?)

duuszaninisindula nuteds dndunfanls X a@au1saasSuiennsg

A ) v A v ~ = | A o P Y] a
Wasuwlasweswiwls ¥ lnunnuseatssiiesls vseananandntendalain nsiasuwlas
Y3l saudunauIandnsnavessnusdassuntsitedda dauuun1sannasilaas
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anunsongInsainaiUAsuuUasesiulsnuldaviels Tuegiuadulsaninnsdnaula
Fafnanedulssansanduitug (Correlation coefficient) snidsass 19sde R? faty
01 R 4A1910 WAAII1 X Ay ¥ JAanudunusiuuin M58 X @iu1saesuiens
Wasuwlaswesd ¥ ldun 81 R? deides uansdn X way ¥ fanuduiussues
Wi X aunsaeiuiensdsuudaesan ¥ letesdues Tl R azldfivioe way
0< R* <1 gasililunsmanduussansnmssindula (R?) fio

_ (Z?zl X;Y;—nX 7)2
(X, x2-nk2)(XN, YZ-n¥?
( i=17%i

i=14i

R? (2.41)

, (S %= (SR XD (SR 0)|

9138 R? = (2.42)
(n3, x2-(S, X0)°) (T, Y2 - (57 ¥))2)

ANUVUNBVRIAT R’

o R’ fldndnlng 1 vuneds Wesi§udl X awnsaeSuiensidsundasues v 18
1IN 938 X Uag ¥ AAuduiusiuuin

o R’ fldndnlng 0 vaneds Wesidusil X awnsaeSuiensidsundasves ¥ s
1oy W39 X uay ¥ danudunusiuiles

o R’ fenegszuing wWesldudil 0.7 uaz 0.3 muneds X awwnsaeiuienis
Wasuwlaswes ¥ lediunans e X uaz ¥ fenuduiussuliunans

2.6 NUNIUITIUNTIU

1N91UTT8UDY Pindyck thay Rotemberg (1983), Hamilton (1988) SueUI e
Y94 Barber wazAuy (1999) wudﬁﬂmﬁ;ﬂﬁuﬁLﬂu?’fuaﬂmﬁﬁﬂﬁﬁm AINANILNURDLOAVY
sopud Snitsdadutiafeddiidsmansemudesuyulunsndnsosus yarinsamu uas
ANUABINTVDIFUTLAAME

Ludvigson (1998) lavinn13@nwinansenuaInulegungn1suinisaunIsiIuyed
$3una Mluleuiemsiiindnsinenile wuiinsiiuduvessnsnendeiinansenulunisay
AOYDAYITALUG

TusuIduues Dargay az Gately (1999) lavinisAnwinisiduinvessosudass
Uszansues 26 Usena lunquesdnsifiendnusauilonnaasugiauagniswaun (OECD)
wud1 Sarnadudvessasuidmiulsamadtneldiosty gindrfimanisalld luvme
Fiusznasy dude uavihiany fdndiunsiensessasudiivdunumsiintuvesseld
209UTEYINTHDIN
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Dargay (2001) lavinnsdrsiarnldasluasuiou nuinadanisiduisvessasuddl
wwiltuaswdonsounsilieliiindy wazdiauduiudidsau dufeduuwildunisdu
WveITRUAanadilelinsanasesele

T. Apiwattanachai uag J. Pichitlamken (2008) L@ tniauedauuunisneinsal i
thie1guiuunsnennsaiues Holt-Winter's snU$uld iileUszanamnudesnisvesgndnd
fosnstesanud ununislidoyanisveluefn iunsfiuussansamlunisdanisaud
Asdsesiunusinesaeud eaatgymsinguauiuazdudaniduadaivaud

Shahabudin (2009) TAULEUIAILUUNITAANDYLA 8SUILEBAIYTOLUR 71LATU
dvEnaINAILUSHNg 9 laun seduselivestseyng dnsnenileiug sanTiunensty
LAZINTINITINU NUMRUIT IR ldInansenuRRgenvIusneuAeg 19l dAgy

W. Chaimongkol Uag C. Tansathit (2010) lasaundaiuunsneInsalaudednis
soguAregnAT tngUuuTmluuNsHeINsalves Holt-Winter’s 1ieUseiduaufednis

s % = = i = ¢ 2 < = ¢ ]
sngudvesgndn lnemaiUSeuiieuatadelasidudnnunainiadouaiysal (MAPE) wuil
AILUUNSNEINTNNUSUUTUntuiiA MAPE deenindikuuiiy

Wirotcheewan P. uaganiy (2011) lovinns@nwidawuunisnensainisdeenysiu
gud Mudnluszmalnelydwmaranisseimeanianugndouazudugn lngldsduuy
TUsunsudady wagmlasiensusuunisnensalivelvlananilsgaan

Tuaruid8ve9 Muhammad hagany (2012) NU71 UaNAINHERN st uIasIuly
Uszind (GDP) 713l anadunusi@suandugenviosasudly 5 Usznea tawn unalde
dulalil@y dealus AaUTud wazdsendalneg uaifeditadevesdnstuie 8ns1n1571997U
wazdnsmondoiud Mduilafeiidmanssnudosonnesnsudlunguuszinaondou
wienilusyevenasuiu

Dean Fantazzini k& Zhamal Toktamysova (2015) latniaussaluunisneinsal

12 = Y a ¥ ;4 6 L3
YBNVIYINYUNTIYLABU IWEJIGUGI’JLL‘UTVI’NLﬂi‘iﬁ}ﬁﬂﬁ]LL@&“UEJEQI@ﬂ?iﬂﬂ%’]@@ﬂlﬁﬂiunﬂlsﬁﬂ
Google

C. Leenawong wag P. Netisopakul (2016) lodauadiuuun1TneInsaleenvie
sosudluuszindlnediinisiinseinansgnuainanzimauasssuussdutagqusau
Janed 2554 uarlasanisAunSeosuddmivddososuddunsniidseldiuazdmiy
soousTimduasesunliiiy 1,500 39 Lﬁaﬂssﬁuaaﬁmmmaum‘iuﬂizmvaﬂ,m YlgugAu
Fun@sneudiiudatessosudfoudtuil 16 fueteu 2554 fa 31 Sunau 2555 Taen1siu
FunBgeaalaiiu 100,00 U wazdeazdiosnseunsossasudasu 1 Y Tnsnisinsei
Toyaounsunaianoulagndsaniunsalfiavaindeyasenuissnsudluain Tasd
aadUsznevveaLwIliuuazgana 3nnsiesgideyanuintoyauandliiuiigenuny
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sopudTadouansonseanifutinat Wi tasnaiund taenaniviy draneniid
ulevsAuiundsnsudifiodfiunssdanutinssfusenesnsud wasimdsaniunisal
feuiduga Tneld35ususovuuuionTmuwdea Holt-Winter Afiiewduggnia wa
miﬁﬂmwmwmu,wmiwmﬂﬁmmlﬂuuauauummwmmumaa Imwmswmﬂmmaa
Wesifudaunaiaindouauysal (MAPE) fidnda 9.97% Fanievdsaniunisaifimil
wusanuesasusantiosas enadounaindfdesnsudsruruinnudaluraananid
Ulg AL ULAZNTEAUEDAY LT UA



uni 3

A5N15ALUUITUIVY

[
a v

mMsisediingUsrasdilefnudauuunisnensalsenviesagudvuiadnin
(Subcompact car) ﬁ?’fﬂL“f]umﬂuﬁﬁadauuﬂﬂaﬁwmlﬁLﬁu 1,500 &7 Aruenluiiy 3.4
wns uazidaduiidesludsemelne iosnndvunngiindn danuadesilunsduily
ngusuvielndesiiinnsarasmuiudy Snvislutlagiugmamnssusnsuddnnstaun
spuULAT BssuALUUUsES andsnudanaliiluonuesasudiisduyanaruindnlunain
diusnntu lunsideiiagldmstinnesioynsuia (Time Series Analysis) uazmsliaseil
nsanaee (Regression Analysis) Wit oasnsfwuunisnensallunisesuiseenviesaausd
Tngyhnsufuinuusynsunaiuasinuunisanasssensifiutadoaaiunisal (Event
Factor) wazldinaminisiieuiisuannnsindadsesidudauaainad ouasysal
(MAPE) erdudszanimisdndula R? ilelildduuunsmensaiifinueaadoutos
fign thifefielldmuuuneinsaififanuudusilunisennsaigdutues Taeddunouly
mssdunmsidoussedosflefllilunmsiinset fail

Tufl 1 fumusndeyaiildlunside 1hun Joyasearesnsudauinidninn
WA fusinasaululsene (Gross Domestic Products : GDP) uazdasinonideiiug 12
LA 81U (12-month Loan’s Interest Rate) 31n¥ oy aturiuladvesdiiniuiasugna
gaavnIsazsuIasuiUssmalnefldifununaliuneifeu Seundsiudiion
UNSIAY 2548 faousuinau 2561

Ui 2 afeimuuungInsalounsuial lnedndeyasunIuIa1UeLanYIe LU
Was1enieAnwdnuaenlUreslayasunIuIaT warasIaRILUUBENTULALAY
Bnsuendlulszneu (Decomposition Method) #i4dl

finsandeyaveniesasudiaruiaaniiniulseinalnedaunds aaudunsiay
2550 fafuan 2561 dauandluguil 3.1
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50,000
45,000
40,000
35,000

v

AMUIUYDAVIYTADUA (A1UUIN)

30,000

3

25,000
20,000
15,000
10,000

5,000

4.A.-50
n.A.-50
H.A.-51
n.A.-51
H.A.-52
n.A.-52
4.A.-53
n.A.-53
N.A.-54
n.A.-54
H.A.-55
n.A.-55
4.P.-56
n.A.-56
N.A.-57
n.A.-57
N.A.-58
n.A.-58
H.A.-59
n.A.-59
N.A.-60
n.A.-60
H.A.-61

3UN 3.1 nsvludnseanuiesasudisrunaaninseiiouvasusemalng

STUINAABUNNTIAN 2550 DaLHBUNNTIAN 2561

ndeyaniuanddunsinaugun 3.1 iy ssnuitteyasenuigsagudiaiuiy
Hauluyas U 2554 - 2556 @eluganaininanyssinealnelssaulymenndensslng
deansenusiaasegialnglunn 9 nediu lnganzeg198gnamnssue U uANUssLne
Inedoldadndugiuidwmdniddgyluginireondey waziduriniafisguiaiuinsnis
nsgAuswgna lnseenuleutsAuiunsdmsuldesasuiAuusngeantaiiy 100,000

o4 ol s o a s S ' Y
U R PaATaUATEITEUAATU 1 U 15U383T0eudnulasansinaus 16 fugigu 2554
fl1 31 SurAY 2555 waraNtayaaunIUIaIt1eRUl MNRTANTeYARIAUTENEUYEN
<3 oA a v ! < ! = o [ !

auNTNNA1 Aaznuhiinmavdsunlameslayasguiadilugdiwiamis eliduldegns
Unil JearainsiiuueunsunanienensalsenviglagldfmuuusynsuiIaluuNITAN
Faudumuduiusszninediuusznauia 4 voseynsuIaT auauns (3.1)

Y=T*S*C*I (3.1)

g T unu wuiliuwesdeya (Trend)
S unu gan1a (Season)
C wnu 39303 (Cycle)
wag 1 unu mmhjaﬁnamaﬁuwﬁaga (Irregularity)

witesandeyadinuiaundainaaiunisalifivay Jeusuiasunisaiisiauuy
nensailaeinesRUsEnouTesEn IUNSAIRLAY MeodauNTaTllUNR (Event : E ) ol
danndoinuTayaouNTULIAIYeIEBAYIETAsUd LayldiliuuaunsiIauuNITAM f9
duns (3.2)
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Y=T*S*C*I*FE (3.2)

do T uvu wnlthwesdeya

S WU 5anga

C wnu 3903

I unu avuildaiianevesdeya
waz  E unu annunisaliiay (Event)

Al XK unudeyasunsuiaizessenviesosud el y, thow m 9

AAAARBINLADIUNNTRS &

A e P Ao o vy o=
LNB y:1,2,... LW]LL‘]J&LUVN’]HQQFJHSLT ANADUNTULIAIYDNLDAUIITDEIUFIL LLTN

a q

Ao W.A. 2554, W.A. 2555, ... W.A. 2561 AINAIAU
m=1,2,3,...,12 WU LAAUNNINAN, NUATWUS, ..., FUINAN ANNATFL UAY

anunisad k=0,1,2,3 nvualas

k=0  wnefstnaisenuesnsuiegluaniumsniunanglalasu
uanszuINAa NS vhularuleeAuEu Ssasus
(11.A. 2554 - n.g. 2554 Uag f.A. 2557 - H.8. 2561)

k=1 e Prnaivennesasudlédunanssuananumsaiivioy
(9.A. 2554 - 31.A. 2555)

k=2 vaneds frnaiivennesnsudldsunanssnuananiumsaiivioy
wazuleuuAURUAEIaEUs (N, 2555 - n.&. 2556)

k=3 e Prnamdninauanleueiutun@soous
(.;A. 2556 - n.8. 2557)

INFIRUUBUNTULIAIUANNTT (3.2) AgaseimikuuneInsalanIunisal (Forecasting Event
Modelling) 1ivenensalganvesasunlagIsnishenadiuusenavaynsual (Time-Series
Decomposition Method : TSD) autunaunsluil

}74
s

Tunauil 2.1 mARdeAdoun (Centered Moving Averages : CMAs) ¥84093aganv1e
FOYUA Fadl

Wi Xk, wnuaadendouiives XK lnsafeasae 12 yatoya stlarnaie

44' a{' a{' = Sk i d' d' d' 1 4 Sk o w &
waeuiyail 1 fie XF, uasAlafeindoufiynanving Ao XX auaisudiail
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k vk k
X1+ X1+ +X1 12
12
k k k k
X1t X133+ +X112+X51
12
k k k k k
X13+ X1 4+ +X1121 X511 X322

12 ’

X¥, = cMA(XE,) =

K

’

X¥, = CMA(XE) =

(3.3)

X¥y = CMA(XE,) =

k k k
Xg1t+Xgo++Xg 1o
12

, XEe = CMA(XE) =

lunildeya X§, uwaz Xk, avaonadeeiudisiariliinaniunisel & e k=0,1,2,3 a1y
FIIANMUUATIIA

Junaud 2.2 ﬂmsmﬁﬁagamLaﬁaLﬂﬁauﬁmaﬂamuﬂﬁzﬁﬂﬂﬁ (k=0) Flgandunoud 1
Auaunis (3.3) lngunAnadound oud Xk o v0udaziney (m=1,2,...,12) ANz 3
FraanauNIsaUNR k=0 wnAedsveswsaziiiou agldrnadundoufivesaniunisal
Unh (k=0) voiusaziiou AIgunIs

Xy = avgXym (3.4)
Yumauh 2.3 mUadeaniunisal (Event Factors) vestayagenvigsngus

Wi EEF,, uwnuladeaniunisalluli y wew m Bsaennnesivaniunisel k wigaiu
Jadeanrunisalil Awnalaandasdiuvesaiadenisunvesteya (Xk,) fuAuadey
whsuvesEnuNsalund (k=0) vesudaviieu (X9) fwauns

ERE = Xm (3.5)
ym = %o :

Yumaui 2.4 Mmavllaniunisal (Event Indices) Yasloyagonvesnaus

T E* unudvdaarunisaldwmsvaniunisal ke £=0,1,2,3 awflaaiunisal
Awnilannnsmataievesladuaniunisal (EF,) Nilaaiunisel k wediu Asaunis

E* = avgEFE), (3.6)
YURUN 2.5 NEARANTEVUVBIANIUNITAIEDNAINTOLABUNTULIAIVDILBAUIYTALUA

14 DX, unudayafinannansenuyesdn1un15aloanaNTeyasunIuliIaIves
2AUNYTOUUA (De-evented data) NdonAdeInUNITIHABS 3 @2 HuAe U9 y, hou m
wazeglugrianiiinaniunsal

AWM Df L 91nnani139099 0y a0 UNTULIAYBIEBAYIYINE U WA aLAT
(XX ) fudwilaniunisel E*¥ aillanunisal & e dsaunis

XEm
Dy = 2 (3.7)
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INAUNTTN (3.7) JNUNYIWIAVeanUNT]l & lidwasedeyafignaennansenuves
anun1saleanINToyasunsunAIMad Aeludsudsuiwdsiieliazainuazidnle
] da’l O A _ k

NYVY UUAR Dy = Dy oy

Mnvumeul 2.1 Seduneudt 2.5 ezl Jeyaeunsunarvessenussnsusgnaen
nansEvuTesanunsioaniund frdudeyaindoeyisdiftesiusznavoynsunaives
q@m@u@zi’g%’mnﬁﬁ?u Gﬁzumausiamnﬁ%ﬁﬂﬂﬁaamwaﬂiwumﬂﬁaﬂisﬂauauﬂmL’Jm
faosoanaindeya

Junaui 2.6 AladeiAdaun (Centered Moving Averages; CMAs) Y8490y aganv1e
S08URTNANANTENUINEDIUNITAIDaN I ULAD ATl

19 Dy WNUANAS UIAG DUN VBT B AYBAYIYTNLUA T QNODANANTENUIIN
anunsaleantiual (D)) Wneadionsiay 12 yateya sldnaferusnie Dy, way
ALRRLANEAYINY Aa Dg ¢ AUEINU ail
Dy 7+Dq1g+:+Dq12+Dy1+D3 2+ 4Dy ¢

12

Dy+Dy3+-+Dq111+Dq 15
12 ’

D,, = CMA(D,,) =

)

D, g = CMA(Dyg) =
(3.8)

Dg1+Dg>+:-+Dg 11+Dg 1
12

, Dgg = CMA(Dgs) =

Yunaui 2.7 w1Uadugania (Seasonal Factors) U498 AE0AYILINLUATIYNADA
HANTENUAINAATUNITAIBENLULA?

1 S, unu J93899n10903901a80A018508UAT NABANANTENUIIN
anunsaloonluudlulif y wasifiou m Aunldnuamsvesteyasenuesasudiign
nendadvanunsaleenluudfuaadsindeuiivestoyasenuesneudfignasananseny
Mnanumssioanluudn Hude

SEFym = 222 (3.9)
ym

Yumaui 2.8 Meinania (Seasonal Indices) Yaslpyat oAU IALUANIYNIDANANTENY
InanIunsaleantuia

W Sy wiusvliganiaveadiow m Famwialddannismanadevesladeganialy
Weuieiuvetdazl Aeaunis

Sm = avgSE, (3.10)
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Mnduneudl 2.6 edunoudl 2.8 Wutunoulunswmdsiiggniavesteya
poavIBsnBufgnnendadeaniunisaioanluuda duneuselaindazfiansan
dudszneveynsunaludnvesipinaiiomadviginsvesdeyasoniiesasudiignaen
Uadwanunisaleaniuuda

Yumaui 2.9 Mmaunswuiliuveslayasenuiesaguingnaentadeaniunisaloantuud?

W TD,,, W aun1swuilduvesdoyagonuigsagudignaeatdaduaniunisal
panluudd (D) Naenndesiunan ¢ Mvualag

TDy‘m = bO + blt (311)

d' =« o Y] v = 1Y) Y] v
e bo ﬂ@ﬂ@m@uﬂu Y GU@\TLaULLU'JI‘UiJ way b ﬂ@ﬂ'ﬂ']llsﬁuﬁl]@\‘il,auuu’ﬂuu

Junauil 2.10 n1Uadeining (Cycle Factors) vesdoyaganvigsasudignaandade
anunnsadeaniue

Wi CE,,,, wnudadeiginsvesteyasenuiesagudiignaendadvaniunisaleoniy
Wa VaIUN y LAOUN m ATUIUIINALNT

D
CE,,, = === (3.12)
ylm TDy'm

Tumauil 2.11 nendiulsznauggNIaKkaEi)InTeeNINToLaLaAUIUTALUATIgNNENA
Uadwanunisaleanluudinountil

191 DA, unu Toyavonuesneudiignoondiulsznevoynsuiafa 3 aau
Idun Yadsanunisal gania uazining sldanideyatignoeatiadeaniunisalain
fupoud 2.5 muauns (3.7) mededuiiganiailéandunoud 2.8 nuaums (3.10) uax
Haduiginsitldanduneud 2.10 awauns (3.12) aeld

_ _Dym
DAy = 5o (3.13)

=

TURdUM 2.12 Maun1TwuluuYesloyaignnaondlulsznauaunTIIAIYe 3 d7U
sanluuiluduneun 2.11

1 TDA,,,, Wiy aunisuudliuvesdoyaignaondiulsznauaunsuiiaiIng 3
druronluudiniuaunis (3.13) Haenadesiuli y weouw m aglasuwuuniluvesaunis
wwiltugennnesiuien ¢ Asaung

TDAy‘m = CO + Clt (314)

e co ARYAFALAL Y VoUWl Uay ¢ AeAduduveudukualily
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Tupaun 2.13 siudulsEnevsynIuane 3 du naulludeyanensal tieains
AILUUNEINTAIOUNTULIAYEILBAYILTALURA

1% TF, p, wnuaumsiuuunennsaioynsuna diaunisuulivesdeyaiignaon
duUszneusynsuRAI 3 dauoonamuaNns (3.19) wazdulsenouiladvounsunm
gan1a (@un1s 3.10) 79903 (@uN15 3.12) uaganiunisal (@un1s 3.6) Waseduuy
NYINTAIRUNTUIAMWUUNIIAN LR

TE,;m = TDA, 1 * Sy * CE 1 * Ek (3.15)

aunns (3.15) LﬂuaumséffsLLuuaqﬂﬁuLaawﬁwmﬂiaiaammmaaum%ai%’?%ﬂmwﬂ
drulsgnau

YU 3 iayasunsunANATAFUUsE NS anduiussendnetadendn 2
Uade loun wdndaeiunasiuiludszna (GDP) uazdnsmenidetiug 12 Wew wiasim
LUUNEINIAlRnRELTAEULUUNY Auduneusialuil

YUAUN 3.1 AFNAMILUUNEINTUANDULTATULUUNY FIMUUT 1 FafauuunIsanaee
WadunuuniieaSugANFuNUSYRIEaAYIETaEUAN U GDP wazdnsinonideug

v & a i a s & & a ¢ l a
niaunaasaAtadgllesiduiAIuAaIALAR ouANYIA) (MAPE) WAA13INTIABIYD1
ARREANAAINLARBUMATERY (RMSE) Yaeikuuiila

¥
[

upaun 3.2 WA1sannsmANuduiusvesteyagenviesasudeneuluudasl (e
wsgtaduggniadaludntadenienisvsnaresenuesosud il
1. asunsmdeyasenuigsepieuveyny (Uns1au 2548 fefiugneu 2558)

U
3

2. adunsiteyasonuereifeudewinanunisaitiviaulug (unsiau 2548 fs
5UA 2553)

3. asnsveyasenviesiensulaganituiutoyaniedndeya (Cut Data)
vdu lufiagvhnisfadeyaludsnariideaniunisaidviulnguasdiaam
fsgurainnsléulovisuasnisnisAuiundsasuddunsn dufeasdadoya
SenIYInFBuiueIey 2554 Bufieuunsiay 2557 9uau 29 Yateya Indeya
fiavan 129 gadayaditiundiesedd wludoyameiieuiifiususudaya
Houda 10 T daudiFouunsiau 2508 fafeuiuensu 2558

Fumeuit 3.3 afruuuneinsaionnesiadunuuny fuuud 2 Aeffuuunisonaesids
Guwuunyiieasuigemudiniug vssonuessusity GDP uazdnraendetiug Wi
Haduggmiataduiudsdassifenunm lneyaduusidsguninggnia uiadu 12 ngu
(Museiiew) Taldauusvu 11 Fuls daduanluduuvuenvieantdads GoP uax
Snsmenioiug wiowimansanduaiewoiifuinueanndouduysal (MAPE) uazen
MnitaesvesAadnnuanaAdouasEns (RMSE) vesiuuuils
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Tumeut 3.4 afruuuneinsaionnesiadunuuny fuuud 3 Aefuuunisonaesids
duuuunfiestuisnnudiniug vessonuesasusitu GDP uasdirmendoiug e
Haduggmiauazaniunsalfiauiisguraiulouisnmsnsnisruiundsasudduusniile
nsgfuATugiassrivtsfissdanunsaidvhuasndsaniunsaiiwihadn 4 nau agld
dudssaasiound 16 ndu dmuluduuudl 3 aefidudsiu 15 fuus nieutainnsan
Ad oiesiduiannunainiad ouauysal (MAPE) LarA1sInfiaosuasdiad oAy
AanALAdRUMAIARs (RMSE) vassauuuille

Yunaun 3.5 asmadteuiisuatadeesiduinnunainniouduysal (MAPE) uay
R® w93/ uuumIne nsainnnasiBaduluunyig 3 fikuy

Ui 4 agunanITITouasUaLauamUL

wwsaedienlYlun1sasnzi

Y

N13IATITRAUVBUNTUIAT KATNITIATIZARIMUUNITANADELTLFURUUNY LY
113781 THlUsunsy Microsoft Excel nazlusunsudnsasudu

Y



unil 4

NAN15298

luunilazuanwanisasisinuunensallagdiasisndnyusiayagonuie
FOHUATIVUIAENLIN DB UIBRATNEINTHlEDAT BTN ZaN UToYADUNTULIAT
WipuIiAIsaNAULINEasIwuUNeINTal IngazassiauuneInsally 2 sUkuu
v
fadl

4.1 AIUUUNYINTAIRINATTIATIZVTIYADUNTULIAN

Jupaud 2.1 Juduneulunsusudeyasynsuiaiveseonviesasud isey
lngld35nsmAaiieindsuil (Centered Moving Averages : CMAs) ¥839ayagang
soeud elaAmuaNnis (3.3)

'
=

Funoun 2.2 Javumnoun 2.4 iudunsunisnitdadvaniunisal (Event

v a L3

Factors) hazaudaniunisal (Event Indices) lanaansaansg 4.1

A1519 4.1 Ans1asansAnviaatunisalnlaanndunaui 2.2 - 2.4

anunisal (k) k=0 k=1 k=2 k=3
suilaaunisal (EX) 1.00 0.80 1.32 1.05

A58 4.1 9gnudn Tugsdanunisalund (k=0) avfaniunisailugag
anunsaluni@ (E°) fawviiiu 1 uansineenuesasundaduliognsunid ualutis
aonumsalivh (k=1) fuilaarunsal E1 Sdanasviiu 0.80 @enndosiugenuie
sapusTianaslutsnanfiinanunsaiivihurioonand @ anunsaitwhudna
NIENUADYDAUNLTLUA InaiinavinlieonunsnguAanasa Ny Aoultuteuans s
syovafiinaniunisaitiviay SgunaldusenalduleueAuiunideneusidmiug
Fosooudduusn FudursnanfivonvesasudléSunansenuainaaiumsaiuiviam
wazulouneAuiunSsasud (k=2) asnuinduiaaunisal E2 Sadintuaniudu
1.32 aonadosiuaniunisnifivenuissasudnaonausennisaessneusiged ulugag
anunsaltuegadiulade u,a3Lﬁa§uqmuiauwslﬁuL3uﬂ'@iaauﬁ (k=3) agnuinaadl
annunsal E3 Aarasannidundy 1.05 IndlAssiuaaiunisalunid

Tunoudl 2.5 Wuduneulunisaeananssnuresdaniunisalaanainteya
DUNTUNAVDWBRAVILINLUA FatutoyafmdoayaliiiaiiUsenoauaunsuaIves
gaMaKkArIINIWINIY 1S iuTeufigudeyaeunsuIAIYeIeAUIYTeUA
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fudeyafineanansznuvesaaunisaloonaindeyaeunsuavewenyiesnsus (De-
event data) ﬁdgﬂﬁ 4.1

50,000.00
45,000.00
40,000.00

35,000.00

v

WILEDRUL ALY (ATuumn)

30,000.00
25,000.00

20,000.00

15,000.00

=== 0 A UNEITAEUG (F1ULIN)

10,000.00

5,000.00 =f=pganusnauaignnanilads

saun1sal

= = & Wb wm wn Y W WO MM D D0 oo 0 o 0O O O A A
S L I B - A
ccdcecdceccadeccecadeccecdcececdcececde g d
= 2 &€ 2 g &€ A2 & A2 f & A E &£ a2 Z &€ 2 2 € A T ©

[2V)]

Ui 4.1 nsmiSeuiisudayaaynsuaivasanvigsagudiudayad

aaﬂNaniz‘wuma\iamum‘mﬁaanmn%’agaauniunawawamw
sagus (De-event data)

mendsnildfinsuiudeyaseniesasudiulnenontadaniunisaiu
mudupoud 2.1 feduneud 2.5 Tusdudeluandudunoulunisisnsandadoggma
warduiiggnia dvludunoudl 2.6 Gsdunoudl 2.8 Feaenuldidwiiggniavosudas
WoudlalnaiAgaiu daanddumsn 4.2 Feenananiliitgenviesasudluidazisiou
mendsniignaeatihdsantunsaiudiduliladamuandsiunnsiila

A15719 4.2 AKERsAIRTgananlaInTunaun 2.6 - 2.8

Wy (m) | svilgania (Sy,) Wy (m) | svilgania (S,,)
1 0.95 7 1.03
2 0.99 8 1.02
3 1.07 9 1.13
4 0.83 10 0.97
5 1.00 11 0.96
6 1.04 12 1.01
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ludunoud 2.9 Fududuseulunismaunisuwiliuaindeyavenvigsasusinig
wasniignaeatadeaniunisaleenluua agleaunisaall

TD,, =65.732t+23,452 (4.1)

lutuneud 2.10 Junsmiladeindnsvestoyasenuiesasudnendsand
gnaenladuantumsaieeniiudy waganiunisaendiulseneuggnianaziginseen
nndoyavenmesnsudiignaeatiadeaniumsnioenluudimudunoud 2.11 yilHle
foyasengsnsuiignaendiulsznavaynTaaT 3 dau feluguil 4.2 Adunsm
wansnsieuifisuteyasynsuatvessenvssneud fudoyaiinennanssnues
dudsgnavaynsuai 3 daw dud Jaduaniumsal genia uarTndng eanann
ToyABUNTUIAIVBILBANLTOLUA

50,000.00
45,000.00
40,000.00

35,000.00

v

30,000.00

¢

TUILLDATIB TOEUA (@ uum)

25,000.00

20,000.00

15,000.00

10,000.00 == DA UNHSOLUG (§1ULIN)

5,000.00 =8=gpeunusagudngnaan
shudssnauaunsuiaivia 3 &

+ S %+ NN W W VRIS 00O O O o o e
L h i Wi oW wnl Wl o e o w W o
€ ¢ 9 ¢ ¢ 3 ccFccdccdJccdEE I € F
A £ € & £ € 4 £ € A &€ A F € A g € X g e 4 g <

UM 4.2 nailSeuiiisudayasynsuiaivasganviesasudiudaya
82AYYTNBUANYNNDAHIUUTNBUVBIBUNTULIAING 3 dIu

Tutupeun 2.12 Fadutuneulunsmauniswnliuaindeyasenvigsnsus

fignaendiuUsznauveseunIuIaIve 3 dueeniiua autuneun 2.11 aglaauns
il

-L

TD4,, =66.612t+23,349 (4.2)



39

Wamlunsmudunewidnisneinsalmgaynsunawuukendiulsenau
Ld7 AzlaAmeInTalganvu1eIneuUAINAIUUUBUNTUIAULUULENAINUTENBY
Wiguiiguiugenuesagus aagun 4.3

50000
45000
40000
35000
£
=
.2 30000
fE
=
e}
& 25000
e
£ 20000
=
=1
F
=
15000
10000 == E AT ESAEUG (§1ULIN)
== dna1nsal (TSD)
5000
0
T 4 TN wWwn bYW YOO NN O OO0 O A A A A
g2 R e o e MY Q0 G M ety MALH Wi ST Dn: BEOM: S0 o0 490 40
cdccciceccdcccdcccdECcdcccdcccdcc
Ad€deddcseadeedigeceaddcsdAdeceddes i AEcE
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Graphical abstract Abstract

Car Sales Actual Data & Regression (Fitted Values)

This research proposes a method to dealing with multiple linear regression that
integrates the seasonality as well as the effects of some special or unanticipated
events for sales figures. The method is then applied to the car sales figures in Thailand
after having been through the 2011 national big flood and the 2011-2012
government’s initiative tax-incentive program for boosting the automobile industry.
Besides Thailand’s Gross Domestic Products (GDP) and the 12-month Loan's Interest
Rate as explanatory variables, seasonal dummy variables along with the proposed
special event variables and appropriate event tagging are incorporated. The
stafistical results obtained from the proposed regression model with seasons and
events, compared fo the models with neither seasons nor both yields highest adjusted
coefficient of determination (R-squre) and accuracy (MAPE).
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The monthly subcompact car sales figures (in Million
Baht) in Thailand from January 2005 to September
2015 obtained from the Office of Industrial Economics,

1.0 INTRODUCTION

In the past several years, subcompact car sales figures

in Thailand have been fluctuating considerably due
mostly fo two crucial events. One is the severe
flooding across the counfry that occurred
approximately during the later months of the year
2011 and the other is the tax-incentive first-car buyer
program [1] that followed just slightly later for another
1-plus year.

The program was supposed to support the almost
devastated automobile industry by reimbursing car
taxes to Thai people who reserved for buying their first-
owned subcompact cars with not over 1,500-litre
engines during the time period 16 September 2011 to
31 December 2012. The reimbursement limit was
100,000 baht per car per person.

Ministry of Industry, Thailand [2], [3] are shown in Figure
1. All four components of the time series [4], namely,
frend, seasonal, cyclical, and irregular components
are obviously revealed in the figure as well.

Multiple regression [5] has been used in model
fitting and forecasting for over a century in various
areas such as water resources planning [6], Korean
box-office revenue [7], gold prices [8], or even
automobile sales in the US [?] and Taiwan [10].
Recently, Thailand car sales forecasting [11] has been
conducted using the time-series decomposition
method with special event flags. As the name of the
method suggested, it considered just one contributing
factor, that is, time. Other possible economic causes
have been discarded.
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Figure 1 Thailand's monthly car sales (in Million Baht) from
January 2005 to September 2015 [2]

In this research, it is, therefore, aimed to find the
economic causal factors that influence the
dependent variable, i.e., subcompact car sales in
Thailand. In addition, other dummy variables are
added fo the regression so as to account for the
seasonality. Besides, the effects of unanticipated
events such as the case of Thailand's big flood and
the effects of some short-noticed promotional
programs such as the case of the tax-incentive
program will be accounted for via the proposed
special (or unanticipated) event variables. The big
flood and the fax-incentive program caused the
subcompact car sales data to fluctuate extremely
during the period from September 2011 up until
January 2014 as seen also in Figure 1 Thailand’s
monthly car sales (in Million Baht) from January 2005 to
September 2015 [2]

The rest of this paper is organized as followed. In
Section 2, the methodology to use in this research
including multiple linear regression, how to deal with
seasonality, and how the special event variables are
constructed, is described. In Section 3, the
experimental design is explained in detail followed by
the experimental results in Sectfion 4. Finally, the
conclusion of this research is provided in Section 5.

2.0 METHODOLOGY

In this section, the methodology to be used in this
research as well as the experimental design are
presented. The methodology includes multiple linear
regression, seasondality in regression, and the proposed
method for special events. Then, applying the above
methodology to the real data, namely, Thailand's car
sales figures is explained.

2.1 Multiple Linear Regression

Linear regression is a modeling approach for
examining the linear relationship between a variable
of interest called the dependent variable y and an
independent variable x (simple regression) or a set of
independent variables x1, xz,..., Xk (multiple regression)

that can explain the amount of variation in y. Equation
(1) displays the probabilistic linear equation of multiple
regression.

y =Bo+Pixi+ Baxat ... + Prxkt € m

where
k is the number of independent variables,
Biis the contribution of the independent variable x;,
and ¢ is the error or residual ferm.

The Ordinary Least Squares (OLS) method used for
the parameter estimation minimizes the sum of
squared errors for the sample. Subsequently, b;is used
in place of Bi and the deterministic prediction
equation becomes Equation (2) as follows.

y =bo+ bixi+ baxa+ ... + brxk. (2)

In our case here, the b coefficients are obtained
through a statistical package.

Turning now to the choices of the independent
variables, since GDP is a good indicator of a nation’s
overall economic condition [12], a better economy
positively affects the overall consumption and
definitely stimulates more car sales. In confrast, since
many car buyers do not pay in cash, the interest rate
of the loan to pay for the car negatively affects the
buying decision [13]. The higher the loan’s interest rate
is, the lower the car sales will be. Confirmed by the
correlation coefficients between the variables with
the correct signs shown in Table 1, Thailand’s GDP and
the loan’s interest rate are considered good
predictors for the car sales.

Revealed also by Table 1, the two independent
variables, GDP and the loan rate, are not highly
linearly correlated to each other. Therefore, the two
predictors can be included in the multiple regression
models.

Table 1 Correlation coefficient table

Correlation | CarSales GDP | Loan Rate
Car Sales 1.00 0.64 -0.46
GDP 0.64 1.00 -0.51
Loan Rate -0.46 -0.51 1.00

2.2 Seasondlity in Regression

For seasonal data such as our car sales figures here,
seasonality [14] must be taken into account for. One
could compute a seasonal index for each and every
season and use these indices to deseasonalize all of
the original data before undertaking regression.
However, in this research, another method of
dealing with seasonality in regression [15] is employed.
It is done so by adding fo the regression n-1 dummy
variables, probably named s2, ss,..., sn, for the n
seasons. Each dummy variable s;is treated as another
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independent variable except that its values can only
be either 1 if season i is observed or 0 otherwise. Thus,
the regression equation for the data with k predictors
and n seasons simply becomes Equation (3) shown
here.

y =bo + bix1+ baxa + ... + brxk
+ Qgs2+ Ass3+...+ AnSn. (3)

where aj represents the coefficient of each seasonal
variable.

Since we have monthly data here, 11 dummy
variables are required; for example, sz, s3,..., S12, with s2
equal to 1 if it is February, ss equal to 1 if it is March.
Apparently, when all the 11 seasonal dummy variables
are equal to 0, it refers to January.

2.3 The Proposed Method for Special Events

During some sales periods, unexpected or short-
noticed events that have enormous impacts on sales
figures can happen. National disasters such as floods,
Tsunami floods, earthquakes, and windstorms are
extreme examples that can cause unguarded
businesses millions of dollars. Other examples of
special events are some short-noficed gigantic
promotional campaigns having also massive impacts
on some industries. It is easy just to remove the data
affected by these special events from the regression
model fitting. Nevertheless, keeping those data intact
and finding a way to tag them appropriately will be
more useful, especially if in the future, these events
can somehow be predicted fo happen again.
Businesses then can prepare for what it is worth, either
favorable or unfavorable to them.

Analogous to the dummy variables for seasonality,
special event variables are created so that one
variable refers to one specific event that can last for
more than one period. For example, e1 refers to the
flooding period that lasts from September through
November 2011, resulting in e1 taking the values of 1's
in these flooding months and O's in all others. However,
for one real gigantic event that can cause different
impacts for different periods, that one event could be
splitinto more than one sub-event and thus more than
one event variable.

Consequently, the multiple regression equation
having k predictors, n seasons, and m special events
eventually becomes

y =bo + bix1+ baxa+ ... + bixk
+ Q252+ A3S3+...+ AnSn
+yier+yzer +...+ Ymem. (4)

where yi represents the coefficient of each special
event variable.

In this research, two real gigantic events that affect
the car sales tremendously are the 2011 Thailand big
flood and the government's tax-incentive first-car
buyer program in 2011-2012 [1]. First came the big
flood in the third quarter of 2011, then a few months
later, the incentive program started. When the big

flood was starting to emerge, most people had not
been impacted yet and therefore the car sales
remained roughly normal. The panic commenced
later after it was certain that the capital and financial
city, Bangkok, would be flooded too. Even though the
fax incentive program was already begun during the
flood period, the car sales had not turned back high
up as expected. Until the flood ended and the people
turned calm, the incentive program worked its way up
to the top before the promotional campaign ended.
With all the situations explained above, four event
variables are constructed, each of which represents a
sub-event as follows.

el refers to the flood period alone.

e refers to the flood with the incentive
program period.

es refers to the incentive program period alone.

ey refers to the aftermath period.

2.4 The Experiments
The monthly data used in our multiple regression are
collected [2], [3] from the period January 2005 to
September 2015, totaling to 129 data. The original
quarterly GDPs were modesitly transformed info
monthly by first extracting out their quarterly seasonal
indices and then non-linear curve fitting them to
obtain the monthly seasonal indices which eventually
lead to the final monthly GDPs.

To summarize all the gathered data for multiple
regression, we have the following.

y = Thailand’s subcompact car sales

x1 = GDP

x2 = the loan’s interest rate

feb, mar, apr,..., dec = eleven seasonal
dummy variables for
the observed
months February
through December

e1, ez, e3, e4 = the four dummy event variables,

and so the regression equation can be consfructed as
shown in Equation (5).

y =bo + bixi+ b2xa+ az2feb + azmar+...+ aizdec
+yi1e1+ y2e2 + yses +yses (5)

where y; represents the coefficient of each event
variable.

The four special events are assigned to the relevant
monthly data according to the values in Table 2.
When ejis 1, the event ejis in effect; 0 otherwise. For
example, es for the month July 2012 equals 1 simply
referring to the period where the tax-incentive
program was in full effect and the flood was already
gone. Most car buyers just starfed o realize the
benefits of this incentive program and thus kept
pouring in car reservations for purchase before the
program ended. Note also that besides these months
in the table, the values of the four event variables in
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all other months are equal fo 0 meaning that normal
situations are observed.

Table 2 Event assignment to monthly data (either 0 or 1)

Month e e2 e e Month e e es es
Sep-11 1 0 O O Nov-12 0 0 1
Oct11 |1 0 O O Dec-12 0 0 1
Nov-11 1 0 O O Jan-13 0 O O 1
Dec-11 0 1 0O O Feb-13 0O 0 0 1
Jan-12 0 1 O O Mar13 0 O O 1
Feb-12 0 1 0 O Apr-13 0 O 0 1
Mar-12 0 1 0 O May-13 0 O O 1
Apr-12 /' 0 1 0 O Jun-13 O O O 1
May-12 0 1 0 O Ju-13 0 O O 1
Jun-12 ' O 1 O O Aug-13 0 0O 0 1
Ju-12 0 0 1 O Sep-13 0O O O 1
Aug-12 0 O 1 O Oct13 0 0 O 1
Sep-12 0 O 1 0O Nov-13 0O 0 O 1
Oct-12 0 O 1 0 Dec-13 0 0 0 1
Jan-14 O O O 1

In the next section, results from different multiple
regression models regarding Thailand’s car sales
figures are compared and discussed.

3.0 RESULTS AND DISCUSSION

In this section, various multiple regression models are
examined. First, the regression model with the ftwo
independent variables only (Model 1), the regression
model with added seasonality (Model 2), and
regression model with added seasonality and special
events (Model 3) are compared for their adjusted R2's
and Mean Absolute Percentage Errors (MAPEs) to see
which regression model is best fitted and best
accurate among these three. Then, the seasonal
regression model with events or Model 3 is explored in
detail.

3.1 Comparison among the Three Multiple Regression
Models

According to Table 3, the multiple regression Model 1
that does not take info account the seasonal and the
special event effects has a low adjusted R?2 of just
42.84% and a high MAPE of 29.82%. The multiple
regression Model 2 that incorporates the seasonal
effect has a higher adjusted R? of 66.65% and a lower
MAPE of 22.04%. The last regression Model 3 that
includes both seasons and special events is shown to
be the most promising model with the highest
adjusted R2 of 85.89% and the lowest MAPE of 15.80%.

Table 3 Three multiple regression models’ stafistics

Adjusted R2 = MAPE
Model 1 42.84% 29.82%
Model 2 66.65% 22.04%
Model 3 85.89% 15.80%

As a result, the proposed special event variables
coupled with the appropriate tagging used in our
seasonal regression model with events are proved
effective and also make the model more explainable
and more accurate. This Model 3 is hence worth a
closer look in the next section.

3.2 The Seasonal Model with Events (Model 3)

By any statistical package, the regression results
obtained are equivalent. The coefficients for the two
independent variables, eleven seasonal dummy
variables, and four event variables of Model 3 are
shown in Table 4 with corrected signs as expected. For
example, the sign of the loan's interest rate is negative
indicating intuitively that people tend to buy less cars
when the loan rate is high. In contrast, the GDP’s sign
is positive as one would expect the car sales to go
together with the general economic conditions.
Furthermore, the 698.48 absolute coefficient value for
the loan rate is much more than the 0.08 value for the
GDP indicating also that the interest rate of the loan
to pay for the car is a more influential factor on
Thailand subcompact car sales.

As for the signs of the monthly seasonal dummy
variables, it appears that the eleven variables are all
positive. This means that the based month of January
is the lowest season of the compact car sales in
Thailand, possibly due to the money spending
elsewhere during the Christmas and New Year
celebrations. The high seasons, on the contrary, for the
car sales, according also to Table 4, are from the
months of May through September.

Table 4 Coefficient table for Model 3

Description = Coefficient Description = Coefficient

Y-Intercept = -42,685.58 aug 14,137.11
GDP 0.08 sep 15,612.88
Loan Rate -698.48 oct 9.911.42
feb 4,966.20 nov 8,956.51
mar 9,035.47 dec 7.121.69
apr 8.,674.60 e -1,098.98
may 13,013.80 () 3.282.95
jun 15,300.08 es 19.562.81
jul 14,222.91 (=2 8,988.80
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Let us now consider the last set of variables, namely,
the special event variables, the sign for the flood
period alone, i.e., event e, is negative confirming that
the big flood really affected the car sales inversely.
The signs for all other event variables, even the
affermath period, es, are positive. For events e2, e3
where the tax incentive campaign was active, it is
quite normal to see positive coefficients. Especially in
the period es when the campaign was in full effect
without the flood, the es coefficient reached the
peak. As for the reason why the sign of the coefficient
in the affermath event es (where the tax-incentive
campaign already ended) is still positive, it is because
some people did not actually buy the cars during the
campaign period but what they did was just fo reserve
the cars for later buy. Consequently, the purchase
could really occur sometime later, or more
specifically, in the event es period. Afterwards, the
sales seasons resume their normal patterns as before
the two gigantic events occurred and thus all the
event variables e; turn back to 0s. Figure 2 plots the
actual and fitted data of the Thailand's monthly car
sales figures from January 2005 to September 2015.

Car Sales Actual Data & Regression (Fitted Values)
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Figure 2 The actual data and its regression of Thailand's
monthly compact car sales

4.0 CONCLUSION

In this research, by looking at the correlation
coefficients between the subcompact car sales in
Thailand as the dependent variable and the
economic causal factors examined, it is evidenced
that GDP and the loan’s inferest rate are good
explanatory variables. However, these two predictors
even better explain the variation of the car sales when
seasonal and special event effects are added into the
multiple regression model. In our case here, great
fluctuations in car sales for some certain periods are
due to these two particular events, namely, Thailand's

2011 big flood and the 2011-2012 tax-incentive first-car
buyer program. An approach to handling such
special events can be done through constructing the
proposed special event variables together with
proper event tagging. By the high adjusted R? and
high MAPE obtained, this multiple regression model
with seasonality and event variables is proved to be
suitably fitted and accurate.

To make the multiple regression model even more
fitted and more accurate, other explanatory variables
that influence the car industry either positively or
negatively should be explored in more detail.
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1 Introduction

Thailand’s automotive industry has been an important foundation for the na-
tion’s economic boost for many years. The government policies are always the
key mechanisms for the industry to increase and improve the vehicle production
capacities to replace the import volumes [1]. Since the government’s liberalization
policy on drawing in oversea investment for the industry development in 1991,
Thailand has continuously expanded her production sizes for engine part making,
automotive assembly, and other associated industries. As a result, automotive-
related figures continued to grow in every segment including manufacturing, mar-
keting, employment, and technology development, among others. Thanks also to
the state’s successful push on stimulating the domestic demand, Thailand became
one of the global automotive manufacturing bases as well as the world’s leading
manufacturer of pickups and motorcycles [2]. Moreover, in the years 2014 and
2015, Thailand has achieved the highest production capacities in ASEAN [3] as
shown in Table 1. From 2014 to 2015, ASEAN’s total car production volume went
down from 3.98 million to 3.89 million units. However, not only did Thailand
manage to remain ASEAN’s top car producer in both years, but also the produc-
tion figure went up from 1.88 million units in 2014 to 1.91 million in 2015. Among
these 1.91 million, 1.15 million cars were for commercial use while 0.76 million
cars were for private use. Lagged behind Thailand in the ASEAN’s car producer
list, Indonesia and Malaysia were the numbers 2 and 3, each of which had roughly
half the predecessor’s production size.

Table 1: ASEAN'’s car production capacities from 2014 to 2015. (units:

cars)
Country Private Car | Commercial 2015 2014 Percent
vehicles Change (%)

Thailand 760,688 1,152,314 1,913,002 1,880,007 2
Indonesia 824,445 274,335 1,098,780 1,298,523 -15
Malaysia 563,883 50,781 614,664 596,418 3
Vietnam 99,052 72,701 171,753 121,084 42
Philippines 36,395 62,373 98,768 88,854 11
Total 2,284,463 1,612,504 3,896,967 | 3,984,877 -2

Ref. : ASEAN Automotive Federation [3]

The monthly car sales figures in Thailand [4] for 8 years, ranged from January
2011 to December 2018 are shown in Figure 1. Based on this historical sales
record, when looked closely, it revealed that the sales figures were very fluctuate,
especially during the years 2011-2012. In that time, two major incidents occurred.
First, the national big flood in the second half of the year 2011 severely damaged
the country, the people, and obviously, many businesses. Even though, the flood
lasted for about 5-6 months but the aftermath carried on for at least another year.
The second coincident was the government policy on the intensive tax refund for
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the first car buyers who bought or reserved to buy their first subcompact car
during the period of September 2011-December 2012 [5].

Thailand's Monthly Car Sales
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Figure 1: Thailand’s monthly car sales (in Million Baht) from January
20011 to December 2018.

Previous work regarding this research in various aspects has been reviewed
and concluded here as follows.

Ludvigson (1998), showed that the government financial policies concerning
bank loans for car purchase affected car sales figures. Inversely, increasing inter-
est rates had a negative impact on car sales figures [6]. The proportion of car
ownership from 26 countries in the Organization for Economic Co-operation and
Development (OECD) group, between the year 1960 and 1992 was relatively high
in the industrialized member countries [7] including Portugal, Greece, and Ire-
land, based on their own expectation that they would be able seek higher income
growth in the future. Vice versa, in China, India, and Pakistan, the growth of car
ownership followed the growth of per-capita income of the countries.

As a result of the household expenses survey from 1970 to 1995, Dargay (2001)
found that car ownership tended to increase with increasing revenue and negative
correlation when revenue decreased [8]. Moreover, the research by Shahabudin
(2009) showed a regression model incorporating all important predictive variables
such as income levels, interest rates, financial aggregate and unemployment rates,
that affected domestic and foreign car sales figures [9]. Wirotcheewan P. et al.
(2011), used linear programming to find an accurate forecasting model for pre-
dicting advanced demand in exported automotive to foreign market and calculate
the optimal quantity for export [10]. Muhammad et al. (2012) revealed that the
GDP variables were positively correlated with car sales figures in five ASEAN
countries, namely, Malaysia, Indonesia, Singapore, Philippine, and Thailand [11].
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This indicated that national income was really one of the important factors to the
automotive industry, presumably as well as many other industries. On the other
hand, inflation unemployment rates and interest rates had a negative impact on
car sales figures.

Moreover, some researches revealed that significant increase in fuel price could
also negatively impact the car sales [12],[13],[14]. This factor was found to in-
duce uncertainty in operation costs that could affect the total car production
costs. This, in turn, impacted the investment value and the consumer demand.
The same finding was shown by Lee and Ni (2002) [15] in their research on 14
industrial countries. The hike in fuel prices was found to disrupt supply by the in-
dustrial sector, while at the same time, influenced consumer demand for industrial
products, especially motor vehicles.

Rattanametawee W., Leenawong C. and Netisopakul P. (2016) [16] proposed
multiple linear regression that incorporated seasonality and special events into the
regression model. Their dependent variable was the car sales figures in Thailand
while the independent variables were the nation’s GDP and the car loan rates with
dummy variables for handling the seasonality and the irregular events. Among all
their three regression models, it turned out, as expected, that the model with
the seasonal variables and the dummy event variables proved to be most useful
according to the relevant high adjusted R-square.

Other research focusing on the time series forecasting methodology is pre-
sented in the following. The research by Apiwattanachai T. and Pichitlamken J.
(2008) [17] used the three exponential smoothing technique or the Holt-Winter’s
forecasting model to estimate the customer demand in automobile. Both the mul-
tiplicative and the additive models with all three constants, , , and were used due
to the presence of the trend and seasonality components. The result showed in
their work that the additive model had a lower MAPE and hence a better model.

Chaimongkol W. and Tansathit C. (2010) [18] proposed a modification on
the Decomposition and the Holt-Winter’s forecasting models. The new model
combining the additive decomposition with the additive Holt-Winters was applied
to the passenger car demand data. The results was then compared to those from
the original Decomposition and the Holt- Winter’s models by their mean absolute
percentage error (MAPE). The combined model exhibited better accuracy.

This paper proposes a new computation method for event indices to be use
in the time series forecasting with a case study of the subcompact car sales data
in Thailand due to the two special incidents, the national big flood and the tax-
incentive car buyer program. In the next section, the proposed methodology for
computing the event indices is explained, followed by the experiments and their
results in Section 3. Then, this research is summarized and concluded in Section
4.
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2 The Methodology

The Time-Series Decomposition (T'SD) Method is a widely used model for
forecasting when the forecast is based only on one factor, namely, time [19]. Typi-
cally, the four components of a time series are composed of the Trend (T"), Seasonal
(S), Cyclical (C), and Irregular (I) components. In this research, a multiplicative
decomposition model is assumed and expressed as

y=T*S*C*1I.

In addition to the four typical components above, one additional aperiodic
component is added into the above formula, which is subsequently called the special
event component (F), and thus the multiplicative model becomes

y=T*S*C*I*E.

The special event component accounts for some untypical occurrence that re-
ally affects, for some period, the time series, ether positively or negatively. For
example, a marketing campaign could contribute to a sharp peak of the sales figure,
thus the positive effect whereas a tsunami could cause a sharp drop in the sales for
some particular product, thus the negative effect. In the proposed methodology,
both marketing campaign and the tsunami will be called special events.

To describe the proposed computation for event indices more understandably, a
case study of Thailand’s subcompact car sales figure over an 8-year period starting
from year 2011 up until 2018 was examined. Accordingly, two special events were
found to have occurred during this 8-year monthly time-series sales data. One was
the national big flood in Thailand in the late 2011, supposedly causing negative
effects on many industries including this passenger car industry. While the other
event was the government’s tax-incentive first-car buyer program being officially
in effect for those who purchased or made a reservation to purchase their first car
from September 2011 to December 2012, supposedly producing positive effects on
this particular car industry.

However, as the effective periods of the two special events overlapped, they
classify the sales data into four distinctive events to reflect the effects of both
special events. Furthermore, these four distinctive events to be flagged in the
monthly sales periods do not have to be in compliance with the official time frame
mentioned above. It is focused more on the real actions of the buyers whether or
not to buy their first cars. The four classified events along with their event flag
values as well as related parameters and notations are defined as follows.

Let X;m refers to the original monthly car sales data of year y, months m,
with the assigned event flag k, where y = 1,2, ... refers to the year 2011, 2012,
and so on, m = 1,2, ...,12 refers to the month January,February,..., December.
Finally, the event flag k takes one of the values 0,1,2,3 where flag & = 0 (the
base flag) refers to the regular sales period when there is no effect from neither
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the big flood nor the incentive program, flag k = 1 refers to the period where
buyers’ decisions are affected mainly by the flood, flag kK = 2 refers the period
where buyers’ decisions are affected by both the flood and the incentive program,
and flag k = 3 refers to the sale period after the incentive program ends.

The time-series decomposition algorithm incorporating special events is pro-
posed and explained here. The steps for computing the event indices and removing
them from the original data resulting in the de-evented data are described in Steps
1 through 5. Then, from Step 6 onward, the conventional decomposition of the
seasonal and cyclical components is incorporated into the de-evented data so that
the subsequent data obtained in Step 11 is left with the trend component only,
and hence called the de-all data. Finally, the forecasted data can be predicted in
last two steps. First of all, let us start with finding the centered moving averages
of the original monthly data.

The Event Decomposition Algorithm

Step 1: Finding the Centered Moving Average (CMAs).

Let X.fj’m refer to the CMA of X;jym when the number of periods to average is
12. Obviously, X{im starts at ij and ends at Xgﬁ. For example,

X7 = CMA(Xy ) = (X1 + Xfo + . + X1 10)/12,

Xl = OMA(XTg) = (X{p + Xi'g + .o + XT 1o + X51)/12,

Xfg=CMA(XFg) = (XFs+ XFy+ ..+ X1+ X5, + X5,)/12, ...,

X6 = CMA(X{g) = (X1 + Xgo + oo+ X1y + XE10)/12.

Then, each X;ﬁm as well as its corresponding )_(f)m is assigned a flag k where
k = 0,1,2, or 3 represents each of the four special events previously mentioned
above.

Step 2: Computing the Mean Base-flagged CMAs.

For each month m, take only the X;m having flag & = 0 or the base flag, and
compute the mean of the average of these data. In terms of notation, it can be
expressed as

X0 = anggym (2.1)

Step 3: Finding the Event Factors.

Let EF;C m lepresent the event factor of year y, month m, which also con-
tains the same flag k, as in Xz];,m' The event factor is obtained by dividing its
corresponding CMA by the Mean Base-flagged CMA, ):(Sn Therefore,

vk
EFy,, = X:W (2.2)
El X”gl

Step 4: Computing the Event Indices.
Let E* represent the event index for flag k, where k = 0,1,2,3. This index
can be obtained by, for each k, taking the average of all the event factors EF;m
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having the same flag k across all the data. That is,
EF = angF?im, (2.3)

Step 5: Removing the Event Effect from the Data (De-eventing).

k : .
Let Dy ,,, along with the common three parameters year y, month m, and flag

k, represent the data after the event effect is removed or de-evented. Since this
model is multiplicative, D is obtained by taking the initial data, X* _ and

y,m y,m?

dividing it by the event index, E¥, of the same flag k, as illustrated below

Xk

Dy, = Ey’k (2.4)
Because the event indices have been taken out, for less complicated notations,
the superscript k£ can be discarded. That is, from here on, Dy, = D’;ﬁm and
the data is now left only with the seasonal and cyclical components. The re-
maining steps are to remove the effects of these two components from the current
de-evented data. More precisely, seasonal indices are obtained through Steps 6 to

8 while cyclical factors are obtained through Steps 9 to 10.

Step 6: Finding the CMAs of the De-evented Data.
Let Dy, refer to the CMA of Dy, when the number of period to average is
12. Therefore D, ,, starts at D; 7 and ends at Dg g, for instance

D1’7 = CMA(D1,7)
Dig = CMA(Dl’g)
Dg ¢ = CMA(Dgg)

(D1g+Di2+ ...+ D111+ D1q12)/12,
(Di2+ D13+ ...+ D111+ D12+ D21)/12,...,
(D&l —+ D&Q + ...+ D8711 + Dsyu)/l?.

Step 7: Computing the Seasonal Factors.
Let SF, ,, represent the seasonal factor of year y and month m. Therefore,
the seasonal factors are obtained from dividing the de-evented data by its CMA

counterparts as follows
D
SFy = =27 2.5)
y,m Dy,m (

Step 8: Computing the Seasonal Indices.

Let S,, represent the seasonal index for month m. Then, this index is found
by taking the average of the same month-m seasonal factors data across the years.
That is,

Sm = avgSFEy m. (2.6)

Before removing the seasonal effects from the de-evented data, steps for obtain-
ing the cyclical factors are carried out in the following Steps 9 to 10. Subsequently,
both seasonal and cyclical factors will be removed simultaneously in Step 11.

Step 9: Obtaining the Trend Line Equation of the De-evented Data.
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Let T'Dy,, refer to the year y, month m data obtained from the linear trend
equation of the CMAs of the de-evented data, Dy ,,, from Step 6. The general
formula for this trend line depending on time ¢ is as follows

TDym = bo + bit. (2.7)

where by is the y-intercept and b; is the slope of the trend line. After getting all
the data from the trend line equation, the next step is to find the cycle factors.

Step 10: Finding the Cycle Factors.

A cycle factor is just a division of the CMA of the de-evented data and its
trend-line counterpart and when C'F}, ., represents the cycle factor of year y and
month m, ~

Dy m
TDy

Step 11: Removing the Seasonal and Cyclical Components from the De-
evented Data.

The de-all data, DA, ,,, refers to the data whose all three main components,
namely, event, seasonal, and cyclical components, have been removed; therefore,
divide the de-evented data from Step 5 by its corresponding seasonal index from
Step 8 and also the cycle factor from Step 10 as follows

Dy,m
Sm * CFy

CFy = (2.8)

DAy . = (2.9)

Step 12: Obtaining the Trend Line Equation of the De-all Data.

Now, the only component left in the de-all data is the trend component. Let
TDA, , refer to the year y, month m data obtained from the linear trend equation
of the de-all data in the previous step. The general formula for this trend line
depending on time ¢ is as follows

TDAy .m = co+ cit. (2.10)

where ¢ is the y-intercept and c¢; is the slope of the trend line.

Step 13: Incorporating the Three Main Components Back to the Forecasted
Data.

Using the trend line equation of the de-all data in (2.10), forecasted data in
year y, month m, or TDA, ,,, can all be obtained. Then, by the multiplicative
approach, the final forecasted data, denoted by T'F) ,,, becomes

TF, m=TDA, % Sm * CF, ., x E*. 2.11
Y, Y, Y,

This proposed algorithm will be applied on the Thailand’s car sales data in
the next section. In the meantime, during the development of this algorithm, it is
found that the event index of the base flag case or the normal case is always 1 as
shown in the following Theorem.
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Theorem 2.1. Let E* represent the event index for flag k,k = 0,1,2,3, and be
defined as in (2.3),i.e., E¥ = angFy ms then B0 = 1.

Proof. Let n?, be the total number of data of month m across all years having
flagO;m=1,2,...,12.
From Step 4, we know that the event index for the base flag is

EY = cngFg’m

which can be expressed as

0
E° = qugEF° = ZEFy uu .
vme O+ nd + .+,

By the formula (2.2) in Step 3, we obtain

o =)

- )
ny+nd+...+nd,

which can be decomposed into

X9 X0 X9
£(3) o () 2 (3

n+nd+...+nd,

E’ =
By formula (2.1) in Step 2, we have

C () + X () +o+ 5 ()

E’ =
nd+nd+...+nd,
X0 X0 X0
ey | ey ) e L ey
()] \ () (52)
ny+nd+...+nd,
Then,
> Xy 0 Xy 0 ZX;)J 0
5o (zxy, )i+ (ZX“ )7+ +<2X3,1§)"12.
nd+nd+...+nY
Hence, E° = 1.
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3 The Experimentals and the Results

In this section, the proposed time-series decomposition algorithm incorporat-
ing special events from the previous section is applied to the Thailand’s monthly
car sales figures ranged from January 2011 to December 2018. Due to the two
major incidents being the national big flood and the tax incentive program and
the definitions of the four flags previously stated in Section 2, the following flag
assignment to the monthly car sales data is obtained:

Flag 1 referring to the sales period where car buyers’ decisions are affected
mainly by the flood, is assigned to months Oct 2011 - Jan 2012,

Flag 2 referring the period where car buyers’ decisions are affected by both
the flood and the incentive program, is assigned to months Feb 2012 - Sep 2013,

Flag 3 referring to the aftermath period, is assigned to Oct 2013 - Sep 2014,

Flag 0 referring to the normal sales period, is assigned to the remaining months.

Table 2: Results from the event decomposition algorithm Steps 1 to 5.

Month Time Car sales flag X:j . X?n EF;“_m EF Dy,m
Jan-11 1 24,812.31 0 27,239.87 1.00 24,812.31
Feb-11 2 24,856.65 0 27,410.99 1.00 24,856.65
Mar-11 3 28,944.01 0 27,592.34 1.00 28,944.01
Apr i1 1 17,675.21 0 27,739.47 T.00 | 17,675.21
May-11 5 15,471.06 0 27,899.45 1.00 15,471.06
Jun-11 6 22,160.50 0 28,048.28 1.00 22,160.50
Jul-11 7 26,003.30 0 20,795.62 24,954.96 0.83 1.00 26,003.30
Aug-11 8 25,601.39 0 20,490.56 24,979.90 0.82 1.00 25,601.39
Sep-11 9 27,763.89 0 20,159.89 25,010.45 0.81 1.00 27,763.89
Oct-11 10 12,813.77 1 20,102.19 26,840.77 0.75 0.80 16,030.14
Nov-11 11 8,403.67 1 21,020.13 27,131.00 0.77 0.80 10,513.07
Dec-11 12 17,787.90 1 22,328.01 27,469.30 0.81 0.80 22,252.84
Jan-12 13 19,319.96 1 23,450.14 27,239.87 0.86 0.80 24,169.46
Feb-12 14 23,027.61 2 24,510.31 27,410.99 0.89 1.32 17,464.63
Mar-12 15 22,836.78 2 25,751.72 27,592.34 0.93 1.32 17,319.89
Apr-12 16 22,397.63 2 27,851.60 27,739.47 1.00 1.32 16,986.83
Jul-13 31 34,043.82 2 34,521.43 24,954.96 1.38 1.32 25,819.55
Aug-13 32 37,534.01 2 33,504.01 24,979.90 1.34 1.32 28,466.59
Sep-13 33 37,879.10 2 32,434.55 25,010.45 1.30 1.32 28,728.30
Oct-13 34 29,906.23 3 31,558.23 26,840.77 1.18 1.05 28,464.52
Nov-13 35 27,857.49 3 30,862.94 27,131.00 1.14 1.05 26,514.55
Dec-13 30 28,153.73 3 30,181.07 27,469.30 1.10 1.05 26,796.52
Jul-14 43 25,633.96 3 26,585.74 24,954.96 1.07 1.05 24,398.21
Aug-14 44 24,377.96 3 26,616.19 24,979.90 1.07 1.05 23,202.76
Sep-14 45 27,720.11 3 26,461.53 25,010.45 1.06 1.05 26,383.80
Oct-14 46 23,767.18 0 26,250.17 26,840.77 0.98 1.00 23,767.18
Nov-14 47 26,852.59 0 26,186.28 27,131.00 0.97 1.00 26,852.59
Sep-18 93 33,00157 | 0 25,010.45 1.00 | 33,901.57
Oct-18 94 31,710.03 0 26,840.77 1.00 31,710.03
Nov-18 95 34,267.79 0 27,131.00 1.00 34,267.79
Dec-18 96 33,409.57 0 27,469.30 1.00 33,409.57

By following the steps of the proposed algorithm, Table 2 shows the results
of undertaking Steps 1 through 5 for computing the event indices and de-event
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them from the sales data. The event indices for the four flags are shown in the
second right-most column, E*, more particularly, E® = 1.00, E' = 0.80, E? = 1.32
and E? = 1.05. These event indices really capture the essence of each of the four
flags. The index for flag 0 or the base flag being exactly equal to 1.00 can truly
represent the the normal sales period while the index for flag 1 is lower than that
of the normal period because, during the flood period, people are naturally not
in the mood for buying cars. Later, when the flood is going away and, to some
people, with their cars, the index for flag 2 therefore gets higher than that of the
normal period showing that the tax-incentive program is working effectively in
people’s minds. The event index for the last period flag 3 is roughly around 1.00
showing everything is coming back to normal. Note also that the base flag event
index E° at 1.00 satisfies Theorem 2.1. After obtaining all the event indices, the
de-evented data are shown in the right-most column, D’;’m of Table 2.

Next, to obtain the seasonal indices, Steps 6 through 8 are carried out on the
de-evented data D’;m from Table 2. The right-most column of Table 3 shows
the resulted seasonal indices for each month, as also reported here as follows,
S1 = 0.95,52 = 0.99,55 = 1.07,54 = 0.83,55 = 1.00,S¢ = 1.04,57 = 1.03,Sg =
1.02, 59 = 1.13, 510 = 0.97, 511 = 0.96 and S5 = 1.01.

Table 3: Results from the event decomposition algorithm Steps 6 to 8.

Month Time Car sales Dij m Dy m SF;_M Sm
Jan-11 1 24,812.31 24,812.31 0.95
Feb-11 2 24,856.65 24,856.65 0.99
Mar-11 3 28,944.01 28,944.01 1.07
Apr-11 4 17,675.21 17,675.21 0.83
May-11 5 15,471.06 15,471.06 1.00
Jun-11 6 22,160.50 22,160.50 1.04
Jul-11 7 26,003.30 26,003.30 21,813.58 1.19 1.03
Aug-11 8 25,601.39 25,601.39 21,478.79 1.19 1.02
Sep-11 9 27,763.89 27,763.89 20,686.45 1.34 1.13
Oct-11 10 12,813.77 16,030.14 20,173.43 0.79 0.97
Nov-11 11 8,403.67 10,513.07 20,535.97 0.51 0.96
Dec-11 12 17,787.90 22,252.84 21,149.11 1.05 1.01
Jan-12 13 19,319.96 24,169.46 21,515.35 1.12 0.95
Feb-12 14 23,027.61 17,464.63 21,799.96 0.80 0.99
Mar-12 15 22,836.78 17,319.89 22,204.31 0.78 1.07
Apr-12 16 22,397.63 16,986.83 23,254.44 0.73 0.83
Jul-13 31 34,043.82 25,819.55 27,767.76 0.93 1.03
Aug-13 32 37,534.01 28,466.59 27,432.41 1.04 1.02
Sep-13 33 37,879.10 28,728.30 27,115.93 1.06 1.13
Oct-13 34 29,906.23 28,464.52 26,898.34 1.06 0.97
Nov-13 35 27,857.49 26,514.55 26,764.16 0.99 0.96
Dec-13 30 28,153.73 26,796.52 26,678.26 1.00 1.01
Jul-14 43 25,633.96 24,398.21 25,668.26 0.95 1.03
Aug-14 gy 24,377.96 | 23,202.76 | 25,807.48 0.90 1.02
Sep-14 45 27,720.11 26,383.80 25,776.12 1.02 1.13
Oct-14 46 23,767.18 23,767.18 25,676.21 0.93 0.97
Nov-14 47 26,852.59 26,852.59 25,710.33 1.04 0.96
Sep-18 93 33,901.57 33,901.57 1.13
Oct-18 94 31,710.03 31,710.03 0.97
Nov-18 95 34,267.79 34,267.79 0.96
Dec-18 96 33,409.57 33,409.57 1.01
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Table 4: Results from the event decomposition algorithm Steps 9 to 13.

Month Time Car sales TDy m CFy m DAy m TDAy m TFy m
Jan-11 1 24,812.31 23,5617.25 23,240.68

Feb-11 2 24,856.65 23,5682.98 23,312.41

Mar-11 3 28,944.01 23,648.71 23,384.14

Apr-11 4 17,675.21 23,714.44 23,455.86

May-11 5 15,471.06 23,780.17 23,527.59

Jun-11 6 22,160.50 23,845.91 23,599.32

Jul-11 7 26,003.30 23,911.64 0.91 27,725.66 23,671.05 22,149.41
Aug-11 8 25,601.39 23,977.37 0.90 27,978.55 23,742.78 21,675.44
Sep-11 9 27,763.89 24,043.10 0.86 28,583.80 23,814.51 23,078.10
Oct-11 10 12,813.77 24,108.83 0.84 19,662.31 23,886.23 15,566.47
Nov-11 11 8,403.67 24,174.56 0.85 12,883.34 23,957.96 15,627.53
Dec-11 12 17,787.90 24,240.30 0.87 25,163.53 24,029.69 16,986.40
Jan-12 13 19,319.96 24,306.03 0.89 28,877.34 24,101.42 16,124.71
Feb-12 14 23,027.61 24,371.76 0.89 19,664.13 24,173.15 28,307.88
Mar-12 15 22,836.78 24,437.49 0.91 17,844.66 24,244.88 31,027.48
Apr-12 16 22,397.63 24,503.22 0.95 21,570.40 24,316.60 25,249.14
Jul-13 31 34,043.82 25,489.20 1.09 23,053.40 25,392.53 37,498.09
Aug-13 32 37,534.01 25,554.93 1.07 25,960.68 25,464.26 36,816.28
Sep-13 33 37,879.10 25,620.66 1.06 24,044.24 25,535.99 40,229.18
Oct-13 34 29,906.23 25,686.39 1.05 27,898.58 25,607.71 27,450.50
Nov-13 35 27,857.49 25,752.12 1.04 26,558.24 25,679.44 26,935.70
Dec-13 30 28,153.73 25,817.85 1.03 25,584.76 25,751.17 28,336.86
Jul-14 43 25,633.96 26,277.98 0.98 24,295.43 26,253.27 27,699.66
Aug-14 44 24,377.96 26,343.71 0.98 23,186.81 26,325.00 27,677.36
Sep-14 45 27,720.11 26,409.44 0.98 23,944.96 26,396.73 30,558.42
Oct-14 46 23,767.18 26,475.17 0.97 25,152.79 26,468.45 24,952.74
Nov-14 47 26,852.59 26,540.90 0.97 28,856.90 26,540.18 24,639.87
Sep-18 93 33,901.57 29,564.56 1.14 26,233.91 29,839.68 38,472.40
Oct-18 94 31,710.03 29,630.29 1.15 28,419.23 29,911.41 33,298.10
Nov-18 95 34,267.79 29,696.02 1.15 31,089.95 29,983.14 32,971.70
Dec-18 96 33,409.57 29,761.75 1.15 28,780.89 30,054.87 34,808.05

Then, Steps 9 and 10 for obtaining the cycle factors are performed. All of the
event factors are revealed in column CFy ,, of Table 4. Also, in Table 4, the de-all
data whose all three time-series components, i.e., the event, the seasonal, and the
cyclical components have been removed in Step 11 are shown in column DA, ,.
Furthermore, the final fitted car sales data obtained from Steps 12 and 13 having
included back the three components are displayed in the last column, T'Fy ,,, of
Table 4.



Event Factor Computation for Forecasting ... 13
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Figure 2: Actual Thailand’s monthly car sales and their forecasts by the
event decomposition.

In Figure 2, the original Thailand’s monthly car sales as well as their final fore-
casted car sales data obtained from the proposed time-series event decomposition
algorithm as shown in Table 4 are plotted together in Figure 2. The two curves
appear closely next to each other as the calculated mean absolute percentage error
(MAPE) of this forecast is relatively good at 8.17%.

4 Conclusion

In this article, a new time-series decomposition to incorporate the effects of
special events is proposed. Thailand’s monthly car sales figures from the years
2011-2018 demonstrates a good application due to the large affective two incidents,
namely, the national big flood and the tax-incentive program for first car buyers.
These two incidents create four distinctive events or flags for the proposed method.
Each flag’s event index obtained from the proposed computation method agrees
well with the flag definition. Coupled with the seasonal, cyclical, and the trend
components obtained, the final forecasts of the original car sales data prove very
promising results with a low MAPE of just 8.17%. Ultimately, the event index
computation proposed in this work can be beneficial to time-series decomposition
forecasting when incidents having huge positive/negative impacts are present in
the data.
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