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Abstract

This research project applies a dynamic factor model proposed by Marcellino et al. (2013)
and Mariano and Murasawa (2010) to forecast, study, and analyze the Thai economy including
overall GDP, GDP in the 'Manufacturing' sector and GDP in the 'Wholesale and Retail Trade, Re-
pair of Vehicles and Personal and Household Goods' sector. The special feature of this model
is stochastic shifts in the volatility of both the latent common factor and the idiosyncratic com-
ponents. This research project employs the Bayesian estimation approach, specifically, the
Metropolis-Hastings (MH) algorithm and the Gibbs sampling.

The In-sample estimation results (Q1:2001 - Q4:2013) reveal that hard indicators are the
most important factor driving the Thai economy, relative to financial data and a soft indicator. In
addition, the nominal exchange rate (USD/THB) and the US Coincident Economic Activity Index
(USCl) are leading variables of overall GDP, GDP in the 'Manufacturing' sector and GDP in the
‘Wholesale and Retail Trade, Repair of Vehicles and Personal and Household Goods' sector.

The out-of-sample forecast results indicate that the dynamic factor model using bot the
nominal exchange rate and the real effective exchange rate outperforms both AR(2) and random
walk models. However, the dynamic factor model without stochastic volatility performs better

than the one with stochastic volatility.
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1.1 anuduaiuazanudAgveises

nswennsaimaifvlamaesugiavessamaduiulssduiinamboimsugialiarud e Tnoany
osdnsuie e nuilifeades funmsmaumu ey Msdndulameulenis fieg ialunia Sguaz ma
wnvu TngUnfdoyandndnmiuiasiuluuseme (Gross Domestic Product: GDP) aziin1sseaudu
selmsuna LLamzﬁwmwé’amﬂﬁulmmmfuﬂ udUszana 2 Weu dmsulsemdlng driinaunug
nssuMsRLLAsYgRaLar dsALWAInA (arw) waasdeyadnsinsiiulnues GDP lasunadi 1 3 n.e.
2557 iileuil 19 wuaAu 2557 Tuuansideyanandusinasalulssmavesinglnsai 19 w.e.
2557 agfienuainoguszina 5 Woulluduiifeunnsiay Ssamudiivesdeyailoninasens
sy mandulanisuleus uaznsiidudlsvemansugiaumamald fafumsmeinsainadule
maasugiavesUsemaidudagiuanndigefezidudeyaddy e useneunsnausuuas msfady
Talumsnsdiiiunuresesdnsvidonienusiieg eliaenadostuiginsiasugia (Business Cycle)
flagidntuluewienls sndegrey winmsnensaimaduasvsiaaziulauuuras flulasuna
wih medduulevieniadzludnumgiivedludreaih (Forward Looking Policy) fionaagsilyiuseimne
annsovanidsineiasugiaivgaasle

D vy U A SN dATnnuATYgRanIsAds (aaa.)  @lnL AN NTINNT WMLING
\Asugna ey &AL WA (8ev) uagsuimswAUsmAlng (sun) 1Dudu! ianwuudaeiile
Tlumsnensaimafulanaasvsiavesive winvuassuazfuusithinlternazuanssiu lag
wuusraesililunanensalifuamnsosuunlfiduaesngundnie uuusiasseynsunan (Time Series
Model) uazuuuiandalaseeadna (Structural Model) agnslsfinu fauddazidunuudiasaysean
ety usvnideauui Fn1sUszanuauuuiians nuiiuusiiianldianuuansaiy o1l
Anennsaiilafuumnseiude

wuudaeseynsunaT (Time Series Model) iduluudiaesnsadailiteyasynsunailusfnile
Aansalfiaulslueunan ﬁa@sjmwuﬁflaaﬂumjuﬁ WY WUUIIRBY Autoregressive (AR) WagUUTADY
Autoregressive Moving Average (ARMA) 1Ju@u %ﬂLLUUﬁwaaﬂumjuﬁgﬂﬁwmashwimﬁaﬂumqLﬂwg
1% wuudnaes AR @nsauengeglavainraisluudnass 01U LUUIIa Time Varying AR Laglhuu
$1889 Smooth Transition AR 1Jugiu’ meﬁaaﬂuﬂfcjuauﬂiunmﬁé’f&Lwﬂﬂﬁmmﬂ@@uLLUUﬁTﬂaaQﬁ
\udunsa (Linear Model) waguuudnassitlaiidudunsa (Nonlinear Model) fe ag1slsfiniy dadnin
vosuuIaestungueunsunal Aellaunsaesuieanuduiusvesiulsludmguijiesugaansle

'sumsuiiUszinalng (sun) davhuuudiasarsugio@alaswadendn 3 wuudiaeddiun wuudraeaasugiaumnia (Bank of Thailand’s
Macroeconometric Model: BOTMM) uuudiaeaasugianstassadiaauinidn (Small Semi-structural Model) waguuus1aa3 Dynamic Stochastic
General Equilibrium (DSGE) wenanil sun. Fadavhuuudaaseunsunaidiie Wy uwuudtaessuinn Vector Autoregressive Models (VARs) (Taya
91N www.bot.or.th/Thai/MonetaryPolicy/Understanding/Pages/MacroModel.aspx)

“Zeng (2011) Usziiunsnennsaindndausiuiasinvesdsemanmildlnglduuuaeteunsunamainnalsuuy
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WUUTIa09elATIEI4 (Structural Model) HM3MMLAANUFURUSVDIAILUTNNLATEFADAY
Tusuuassmungui nsasegiansti uianududouvesszuuiasvgialunnuduais viliuuy
aelianunsosy Ummauwuﬁmmmuﬂimm Isegstanuuarasuiuanysal fadudediiausznns
usnYesuUUSIaeIndud uenaini matmund1wisfines (Parameterization) Alfluuuusiaesen
wlhiazvoumnufusidussuuimsugiaidesnandedrinmasudoyafifudediindnusznsnis
Y9IuuUNaaNTalasasne Mo LLUU&T%}@ﬂUﬂ&jMﬁIé’LLﬁ wuudassgaenminlufianansaduin
A1l9 (Computable General Equilibrium Model: CGE) tagliuudnass Dynamic Stochastic General
Equilibrium (DSGE)

uenntl arwidvesdeyalilunisnensal dudn Ussituniledtvhlimanensalladudagii
dlosnn deyandniusiina yuluvssmagn dniununuduselasna fedumslideyanandost
waswlutssmaluefnfionsnsaifiosdufagifinaruad wiowinssinh i luuuudesnds
lassaefaeiinanuandduiu LLUUﬁwaaaﬁiﬁﬁagaﬁﬁmmﬁ&haﬁu (Mixed Frequency Data Model)
3916 gn o vite 11 38 nsth Feya 30 e vise usl nsesia e Fu it i A Budagdun el luns
wensaidannisidvlnves GOP msliteyamaasugiodudiimsnenulunefeufazteliuuy
$rassanusnuFummanensaliduiiaigunniu Tasamglutnmioufiesdinemenudeyasse
voundndueiiasululssive

nuATsEszgnALuUTnesiilinsUssnaAmsadATldToyafiteuiineiu (Mixed Frequency
Data Model) lnsuuudaastunguilldfunisimutuanlutimmssuiiuanfielisloniandeya
fsushegmndnuamiasygia (Weyafilarwige) Wy shsuaniudey dviisiavdnming s

o | A v oa a 2 v A g XY a A A v o v 9] -
UIUU NT89DDN Mﬁa@sﬁumamaﬁ]qmaWWﬂiiu Wumu LW@FLGUW8']ﬂﬁmgnLLUﬁLﬂiNﬁﬂﬁ]@u%UﬁU@qsﬁq (‘Uayja‘w

a

fianuden) Wundadusiuaylulszng wwudaesilidoyanianudniaiuuaiu 4 ngundnldun

1. wuudaes Bridge (Bridge Model)’
2. LuUd1aes Mixed Data Sampling (MIDAS)®
3. WUUIIABe Mixed Frequency Vector Autoregression (MF-VAR)®

4. Luudaed Mixed Frequency Factor (Mixed Frequency Factor Model) i wuudnanitade
L‘Ti\iwai'mm%‘ﬁayjaﬁﬁmwﬁﬁhﬂﬁu (Mixed Frequency Dynamic Factor Model) @sasnsala
wensalvistoyasiatay (Point Forecast) Warn13snszatevestoya (Distribution Forecast)’

wuuaesaetUszinnusniduuuuSiaeteunsuna@anes (Univariate Time Series Model) Tu
g NUUU 1889 Mixed Frequency VARs Wag Luud1a89 Mixed Frequency Factor Wuuluudnass
BUNTULIAAINY (Multivariate Time Series Model) #sazgninsulvieglussuvaunis

Supnannisnensaidammsiiulnves GOP udh wuudassilideyaiiiaudmetuansayssandlifununududuse wu Chen and
Tsay (2011) W wuud1ae9 Generalized Autoregressive Distributed Lag (GADL) Imawudwsﬁa;&aiwﬁumaaﬁmw wanwasuannsanensaints
Wasuwaselasavesandudilnasosils

*feeau Baffigi et al. (2004)

*feenau Andreou et al. (2013)

bdeeaiu Kuzin et al. (2011)

"Marcellino et al. (2013) Usvandlfuuudans Mixed Frequency Dynamic Factor Model lunnswennsal GDP vesnguussmmanninelsy
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Uszinalng fussuuiasugiauuuidavaidn (Small Open Economy) anisidulaniaiasugia
maaﬂismﬁlmasﬁuagﬁ'uﬁy'q{]m“]’amaiuLl,az{]ﬁlé’amauaﬂﬂiwwi fegredmiudadunelu wu s
v3lnananfadou Measuiiaassuasniaensy dwsuiladsneuentuluegfuarudenlesms
\wswgiia (Network Economy) fiuszimalne i fussmasingg riiuansdesnandn Ao deanienisén
sEinaUsemA wardaanensindoudne fuyuszrinsUszime ﬂénﬁaﬂszmvﬂmLﬂuﬁgﬂé’ﬁqaaﬂLLaz
thidhdud st \uussmadiflan GuyusevinaUssma Tnslangegndemsdesentiuindunaln
vdnlunmstuiadeuirsugialng (Export-led Growth) slagmaen’ Fsannsnssumsdaiasunisds
oonldufinmsndmfandusunuinuiasugiowss dauuiend adufl 3 (wa. 2515 - 2519)° dady
aamnsaimaasgiavieusinssismsiasuulamlonienaasugiavesszinasieg dendinanss
nusieUsemelneriuaesesmmdndreiusgaandedlalld enfeghatu SngAdulniy (Subprime
Crisis) fiduAuluT wa. 2551 luvsemaanisowsninlinisdieanvesingluanssensmanasiosay
17.82 Tud wa. 2552 dwingAnianssasvesanamelsuvlinisdsesnvesingluannmglsanas
Sovar 9.65 Tud na. 2555 dansdsoanilanasiifdmadensiulamaasugiavesivede sau
Franmsmstlaunanenanisiiu (Quantitative Easing: OF) fisuasnanavianeuszine wu ansgeusn
wagdtu WWusu ddumsegiufidmasionsiadoulmvesdmsuanidou wardwmarduludimsdsoon
waztvesUseimnalnefieuiy

mu%aﬁ"&ﬁ%ﬁﬂmLLas"?meﬁﬂﬁaﬁgﬂuﬂmmLLazqussmmﬁ%’ULﬂﬁauLﬂswgﬁaimaiuﬂﬂwmu
Imelduuudnasstady L%awai’mﬁ’l%sﬁ'a;ﬁaﬁﬁmm?ﬁfmﬁ’u (Mixed Frequency Dynamic Factor Model)
uenanil 1S9z Anw uaz nsizvi ads 7 dundeu wiswgna lne lunia nswdn ann geanmnssu
(Manufacturing) uaganuIMIfds NMsAIUAN nsdouuau s eud nseueud vadlidunna uaz
vo3ldlumsyFou (Wholesale and Retail Trade, Repair of Vehicles and Personal and Household
Goods) ﬁﬂﬁ%’mﬁmimﬂﬂ’mLﬂiiﬂiﬁﬁ]muﬁig%ﬂiz%’]sma N MaAsugRadAfitietuindounis
Wulamaaseghanfeniswananvignamngsy Iﬂ&ﬂ?imwammmqmamnﬁmﬁﬁé’mdauqﬂ Hudusudi
vilsvoandnsiasisasiuluuseme (Gross Domestic Product: GDP) Tul wa. 2556 deildaduiesas
32.95 waranuINdds NM3FUAN wasmstenugu Sdnduguiusuduiiaeiifosay 12.98 1 iile
AU Robustness Yesiuudiasailtlunisne sidssiouiiisunanisnersalnnuuudaesiu
NANTNEINTBINUUUTIABINIDLNTUNATDUY Fe W WuUSIABa Autoregressive

Ami 1.1 wanssasmaiulnvesassgialnelunmsy Ssagiuldiuasugialneldussauiu
amzAsugiaannes 3 ada luraslasunadl 1 9 wa. 2537 Selasunad 2 U we. 2556 Taedasnsiiule
iitgedudnauienay 13.92 Welnsinad 3 U wa. 2541 luvazil mswdnangravnssuiliging
\swgiadenndeaiuiasugialnglunmsin (nmil1.2) uisasmsidulamitgadnauiesay 21.60 Wl
lasanadi 4 U wa. 2550 Fadunannumgnndsluddngn udilefinnsanavinsdds msfmuan

dndunsdssensendndusiuasalussng (Gross Domestic Product: GDP) vadlng ludaal we. 2536-2555 wivedfifeuay 63.74
Annnlaglideyandninnuangnssumsiannnisasygiuasdinnwind uazqudmaluladansaumauasnisdoas dadneuddnnsensn
widled Tawanusiufieannsuaaning

“unuiann atud 3 ssyunasnsmunsdaasunisdsesn 41 dnilne uazduianamnssu
Pennalaglifeyannaudmelulafasaumeanwaznisdoss dinnuldansznsinded Tneanusudeannsudaning

MyyugAavnensnssus (Agriculture) fidnauifissiosay 8.29 venansueiniaslulseme (Gross Domestic Product: GDP) Tud w.a.
2556
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MsgouuTL (Wi 1.3) Aagnuin 5QLLﬁj1m6m‘vmLﬂi@gﬁaﬁazﬂﬁzauﬁmnzLﬂiﬂgﬁamaaa 3 A3
uignasuuan s nEsugialnelunmey wasmskanaImgnamnTI nanfednsnisivle
vosanMIdnds madUan madeuusus dufinauludislasnadl 2 - 4 U wa. 2544 wifnauann
fanovas 16.22 lelasanad 2 U wa. 2501 awuiuldiipdnsiasughavesanuniaiasugiadinedus
Prnaiwnieiu fofuulevemassvgiafioshunliielaenedosiu T insasugiousas me
wisugRuRmsinnuwanaeuse Ry

1.2 IngUszaeAvaIn1sideY

1. daviuwuudnaseiliveyainiininudsinaiu (Mixed Frequency Data Model) lun1sAinwiasugia

Y

Tneluninsiu

2. Anvwardesziladenvisduindouasvgialngluninsiy suvismansznuveatdadenanann
AawAsugnalnaluningy

3. davhuvuaesldlumsfnyiiasugia nansndna1v gnamnssy (Manufacturing) wag
a197N15ANE N13AUAN tazn1sPeuLen (Wholesale and Retail Trade, Repair of Vehicles

and Personal and Household Goods)

4. Fnwiuazliasgiladevig fuinfoumamsnanavgaaivnssy (Manufacturing) ¥esing
wwmansenurasladednansienagraivnssunisuinvasing

5. @nwwaginsendade NeieduedauaIuInIsAas N1SAIUAN wagn1sTaNLTN (Wholesale
and Retail Trade, Repair of Vehicles and Personal and Household Goods) ve4lne 5214
NANSENUIIUITUAINAIRBAIVINTTANET NMSANUEN wagn1sTauwL Yadbne

6. BnswiweulumanisAnwiiiethluddedaulouny
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2.1  uAne I gdauanidanudareanulunisuseing

Y

wuuaesnlideyaniiniuiisieiu (Mixed Frequency Data Model) Hesldiiienensaldnsinisiduls
vosnanduginasTmluUssmanLass (Real GDP) Tuszazdu (Short-term Forecasting) Useanau 1 - 2
Tasunatneni Jeanansaduunlonlu 4 Ussianuan leun

1. WUUANa99 Bridge (Bridge Model)
2. kUUdNaed Mixed Data Sampling (MIDAS)
3. kUUa1809 Mixed Frequency VARs

4. LuUd1899 Mixed Frequency Factor (Mixed Frequency Factor Model)

2.1.1  WuUI1a84 Bridge (Bridge Model)

wuusiaed Bridge fidnwaziluaunisannesuuuidunse (Linear Regression) Tidoules (Bridee) %’auﬂaﬁ'ﬁ
mmﬁqq (High Frequency) ﬁLﬁuﬁT@gaiwaLﬁau W futin1snannIranaInnssy (Industrial Production
Index) fudieyaiifimuii (Low Frequency) Mdudeyaselnsina wu SasinsiAvlaves Real GDP
YoRAUDILUUIEDY Bridge Apvlvls1a@mIsaneInsalonsInsiAulnves Real GDP s1elnsunaaianti
I§dousindslidulnsuna dadend1 Nowcasting wideidefdeduuuusaomisadfninnituuusiaos
maasugaans nanfemaradifusgnihuluuusaesdumsehdudstuinvasdutoys
U3304 (Timely Updated Information)

mswennsalsnsinsiiulnues Real GOP Tnelduuusiass Bridge Uszneusie 2 suneu unau
usnAensneInsaifadin (indicator) Faduteyaneieoullaunsulasina snfegreu lulnsunad
nils st fafiAeadestunismensaiveadiouiiniseaasgnussmaromssurnoulaeifeuiiaeses
Ipsanadu deyavessiifadinanazgninuwennsaiftelilddeyavosiafilauasuaniioues
Inswnafivil Fauvuaesdunisinensaliifed g duuusaeseynsunadafie (Univariate
Time Series) WuLUUIADY Autoregressive (AR) Fupeudiaes Wumsihamensalantuneudinils
indfuasulndudeyaselnsinaudiianldifu Regressors lushurnilevesannisveanuuiians
Bridge

Baffigi et al. (2004) Wuvudhaes Bridge Wionensaisasnmsidvlnmaasugiavesanamglsy
(Euro Area) nandulumuaunis
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Alog(GDPEUt) = 5.498 — 0.290Alog(GDPEUt_2))
+ 0.480Alog(GDPEUt_1) + 0.256l0g([PEUt)
+ 0.097TREND — 0.051Alcs(COM PFE12;_5)

+0.023Al0g( BCIBE;) + ¢,*Y 2.1)

Tagil A @ Difference operator Way GDPEU Aondnsiasisnasiuiuiaiswesanamelsy IPEU Aesil
nsHAmgmamMn3Y (Industrial Production Index) fiu§uggna TREND Aesuusauualii COMPE12
AosatiiRuiiuriass (Real Effective Exchange Rate) wag BCIBE Ao Belgian Business Climate Indicator

wuuaeansuausasenlaindunisinyduguniu (Supply Side) vosszuuiasegia Tuuae
Auuudiaesfidnudnuguasd (Demand Side) aaszuuiasygianeInsal GOP Tagliduusiidudiu
Usenauveendndnaiinasiuausede wun1susinadiuyaaa (Private Consumption) Baffigi et al.
(2000) wuhnslifeyameiteuiifirunbutiagiilulasnaiug Gaevilfmsneinsel GDP vaslasin
mfuq (Nowcasting) fiuszans ATy

wuuaesvaiAnw fugumuuay fifinwduguasd dUssAninwannnide wisu ey fuwa
NINYINTAAINLUUTIABUINIFIU (Benchmark) W kuuinaed Autoregressive S1UT 5 (AR (5)) waw
wWUUIM@BY Vector Equilibrium Correction Model (VEQCM) Fuduuvusraeadilaseada (Structural
Model) Tne 4 ¥ sugumuiifiunumluniswensal GDP & fullnnswan gnansnssu (Industrial
Production Index) @t infifiunuwluniswennsainsuilaadiuyana fedaiinisneuin Retail
Sales Index) oeslsfinu uFnwnuIuvuSasssugunulinamsneInsaliifivssavsnmaniy
wuudnaeesugUass

uena N Diron (2008) Uszgnsiiuudians Bridge Lionensnisnsn1siiulnves Real GDP vas
annmglsy (Euro Area) wuitu Taevinsiinw 2 nsdl Aensdliilideyafiazvioufonssumaaswgio dq
3un91 Hard Data nanfeduwlssiuvnievesaunislunvuiasadulununisiuin GDP fesiuys
fiavviounsndn (Output Approach) Mi3esuUsfiasviounsléiine (Expenditure Approach) waznsel
ﬁlﬁ’fﬁa;&mmu Soft (Soft Data) ﬁtﬂu%’a;ﬂamnmsﬁﬁw (Survey Data) 1Wu European Commission’s
Economic Sentiment Indicator (SN Bsilfiaffedayamsdimatuiimumsana (Timeliness) was
530157 fauhenmarlldfuiudsitannsneduie 6op I¥lnenss daunanfidagn3onir fd¥ama
&oul (Indirect Indicator) Tuwueifauys 1wy Aviin1snangnaInnssu (Industrial Production Index) fil
nN13n@&319 (Construction Production Index) kagaviinisveUan (Retail Sales Index) Axgnizenda ¢
3¥amenss (Direct Indicator) wenainil ufnundadnulaglddudsmisiunmsidu (Financial Data)
iy ffieniugls (Euro Effective Exchange Rate) dausnessvinsdmsmenidevesiustinsgura 10 T
fudnanenide 3 Weu (Spread) usu nuAnunilivstoyaiidudoua m 1a1931 (Real-time Data)
Ltazﬁagaﬁu%’wqa 4 (Revised Data) IngwudnAnuaainiadeuesn1sweIngal (Forecast Errors)
danmaiiulaves Real GDP 9nnslideya u na1ase uazdeyafiusudsaudn daosnitanunain
\douveININeINTAlNUUU TR Autoregressive agnalsfiniu nswensailneldidoyaiuuud
gravilimsdnduladlivuleuiesisllanmslddeya a nanass
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dmIun1sneInsaldnsIn1siulnves Real GDP waaUssimAansgowsn lnglduuudnans Bridge
thu Ingenito and Trehan (1996) 1¥ wuushaas VAR wile wennsal s d S s1edeu 3 daudsléun (1)
Nonfarm Payroll Employment (2) Real Personal Consumption uag (3) Real Retail Sales lnguuu
$raesldthdoyaluianifeatu (Contemporaneous Data) 10964 nwsiay ffasn gaelumswensal
¢y wazdlonenselid Ta e ieuauasulasnauds Athenensalinmeniadovesdad inuray
Faudr3ah e mennsel GOP lulnsunadug (Nowcasting) NuAnNwINUIINIT3Ueya Real Personal
Consumption Tulmsanatiug dae vl nsnennsel GDP fUszansnmadu fedirn RMSE anas Tu
Yoyl Stark (2000) WensalsnsIMTIAUIN YRS Real GDP voeUsvimaanizouinilaeliuuu $1aes
Bayesian Vector Error Correction wagnuideyamieieutioiinamugnaeslunsnensallngiony
mswensal 1 lesuadnantn

uaNNT WUU1903 Bridge Seldgniilldfnulumane nsaismmmaiulamaassgiavosss
mnedue Wwuil endegnaity Barhoumi et al. (2012) Anwin1sweinsalsnsnisidulaves Real GDP
selnsunavesussinerSuma

2.1.2  uUUd1aad Mixed Data Sampling (MIDAS)

WUUF1809 MIDAS i wuusraesild fumsiam egne ndalutianessefinunn Tnswuudiass
LﬂuLLUUfSwamayﬂim’JmL%alﬁm (Univariate Time Series Model) (3u#uann Ghysels et al. (2004) 7
Wanuuudians MIDAS e lideyaiiiimuigalunmsnennsaldeyadidanuien Jsiidnvazadefu
aunsanaesfifinisnszatefvesinysluginaideumth (Regression Models with Distributed Lags)
dusudiuysesune (Explanatory Variable) iigdfiuUsiie? aun15983Luuinand MIDAS o o

i = Bo + BiB(LY™)z\™) + ™) (2.2)

i o i {6 o o , S m o i
lng?l ¥ Aedudsiidanudimfansadanalalugiana ¢ Wies 1 a3 du x§ ) Busuysi

(m)

fiaudfiaindn ¥ oy m whludnnandestu dufe 2, Wududsiiawnsadunald m ase lu
1 a % U U ] 1 ﬂld‘ gj 3 1% A U
YrnanReIiuiy Yy endiegrau nsdin m = 3 Wy x,g ) faziludeyasediou uasduus ¥y A
smax '
wndudeyanslasuna i B(LY™) - E;zo B(j)LY™ guitsisindludoaiiianuen

™M 94 Lag Operator L1/™ thudie Lj/m%l/m:xt,j/m Tneitendudszdns B(j) vos Lag
Operator gnfinunAIN15ITme3 (Parameterization) Tiduflsiduiiu Exponential Almon Lag v3e
Beta Lag fetunsuszinauriuusiansadldiants Non-linear Least Squares (NLS)

suAnwAliuuudiass MIDAS Gudulneldiflednundeyamesunisitu (Financial Data) uén
Jaifannifiofinundeyaniamsugiaunaia (Macroeconomic Data) Wy Clements and Galvao (2008)
kag Andreou et al. (2013)

Clements and Galvao (2008) Uszenduudnaas MIDAS Toenfiusuusesune (Explanatory Vari-

e)IwmL’amﬂawuﬂumummaﬁumamWimv“lﬁiﬂumiﬂivmmm FaFunuuusrassilin MIDAS-AR

st to)

Yt = Bo + Ayp-3 + ﬁlB(Ll/?’)xfi)g + 6,?3) (2.3)
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Tnef y; \Judeya GDP swlasuna wae x4 Wudeyaseideu m luaunisi (2.2) Jaiiu 3 winis
UssanamaunsteduiiiifaJgmSesduusiidugania detu Clements and Galvao (2008) 34
weualildaunts unufe

v = Bo + Mg + BLB(LY3) (1 = ALz, + ¥ (2.0)

'
' a

afnuninui milideyanedeuiideiildasululasunatug faeifiudsavsamlunsmeinsal
dansiAulnves Real GDP vesUszimAansgenini uaynsdliiidoya 2 iWeu (Heufiniliuazifou
fiaes) Tulasunadug niswensalifeefivssavsnmannniinsdffdoyaifios 1 Weu (Houfindy) Tu
Tnssnatis waznsnennsalanuuusaesiniUssavsamaniuuusiaos Autoregressive (AR) Laghuu
31884 AR distributed-lag (ADL) uonanil miﬁmsnsﬁ’awudw&fﬁi’mwLaauﬁazﬁaummﬂwﬁaﬁa
N9AUN1SWER (Hard Indicator) ﬁﬁé”]mﬂumiwmﬂiaﬁqﬁa Industrial Production (IP) way Capacity
Utilization (CU) dler3euifisufu Employment (EMP) 8nstauuusiass MIDAS-AR geiluszansamly
ATNYINTANINNIMVUTIAD9 Mixed-Frequency Distributed Lag (MF-DL) kaguuudnasy Augmented
quarterly-frequency ADL (ADL-F) ﬁi%’%aaﬂaswLﬁauiumswmmajmiuﬁu

Andreou et al. (2013) l44oyanans i3y (Financial Data) Aislarwdsie fudsddeyaduusin
wazsimuenmnite fiuUszAnsamlunsnensaifuusmaasygiaamann tnedauuigiuideya
yanns Sudidnuay sealdramth (Forward-looking) Aiasiounms imswsialueuian s fnw 114
Toyaduningnen1stiu 5 Ussianuean loun Yeya Commodities (241 fuds) Uoya Corporate Risk
(210 fuUs) Teya Equities (219 fuUs) Uaya Fixed Income (70 fuUs) Uag Uaya Foreign Exchange
(248 Fu9) ilenensaidnsnisiilamaasgiavesUssmaanizonidn yufnwiiuvsoyai 2
Y Ao afisifoyanm (Long Data) wazemiliitoyadu (Short Data) newm Long Data Usznaudedoya
s1elasuna 92 lnsuna wazdoyasiedu 4,584 Ju (1/1/1986 - 31/12/2008) d@uteyayn Short Data
Usgneusedeyaelnsing 42 lnsuna wavdayasiedu 1,777 Tu (1/1/1999 - 31/12/2008) Yayasie
Fuiluteyadunindmanaiu 5 Ussamilliluyn Short Data Uszneude deya Commodities 241
AuUs Yaya Corporate Risk 210 fuUs Yaya Equities 219 MU Taya Fixed Income 70 fuds wae
Uoya Foreign Exchange 248 fauUs shuveau 988 fauus usiilesansuusureiudushuuslmized
Foyalisnauutin 4 Long data Faildfautsiaduiiie 64 fuus Tedsznaude deya Commodities
27 fus Jaya Corporate Risk 9 fauUs Yaya Equities 11 fuUs Yoya Fixed Income 11 fuys
uaz oy Foreign exchange 6 fuUs agslsfinu Foyaianayndiauinlyg msnndssuaudeya
wazATueMYesteyamnisuiisyfunufinmniliid nnofeulunisensaidnn madviane
lnsina dmsudeyaneeuiiinnlilunufnuifudoyamsugiaunaa 3 FuUs Wud (1) Chicago
Fed National Activity Index (2) Institute for Supply Management Manufacturing: New Orders Index
way (3) Total Nonfarm Payroll Employment wag Yaya 518 lasunadudeya yniedfiu Stock and
Watson (2008) Tasaguuda srudnu dnuinslidoyanenis Guiidusefusmfutoyairsugia
unetiutefisyssansnmlunismeinsaivesuuuiiaes MIDAS-AR Tnssuifisufuuuusiass AR

Ghysels and Wright (2009) i3suiisuamennsaiannuuusiass MIDAS fusmennseifildainnis
81579 (Professional Forecasts) 2 Usginn loin Survey of Professional Forecasters ez Consensus
Forecasts FaAnennsaiainmsdisailinasensainmsaivesmizewasugia Jadudndeyandeiy
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fiuulonelimuddywuiu swfnundlideyasaauning (Asset Price) s19¥u ileneinsel
Amennsal’ Toyaiasugiaainnisdinaiimdazgnusnasenin wu sasnsiAulaves GDP §ne
Rudleves CPI war dnsnn1331991u Wusiu sfnwnudideyasie uain Yield Curves linanis
WYINTIANIVOYABNTINBULNUYBINENNTNE

wuus1aes MIDAS ignWmun 813530157 Wi Nonlinear MIDAS Asymmetric MIDAS Smooth
Transition MIDAS wag Markov-Switching MIDAS usiu Foroni and Marcellino (2013) lWisioaziden

WosnuneaiuluuTIaas MIDAS #1399 919Au

2.1.3  WUU1a89 Mixed Frequency Vector Autoreressions (MF-VAR)

LUUS1889 MF-VAR duuuusiassileglugussuuannms luniswennsaideyaselnsunadu uuusaes
fvunlideyaselasunafudeyaneieud doyaurnieulsiannsadunnlé (Unobserved Values)
viaidudeyasoiieuiitoyaunafioumely (Missing Values) 3¥nsusssnmuruuusiasedl 2 38leun
3aadial (Classical Approach) 11 Maximum Likelihood Estimation (MLE) ag35 Bayesian (Bayesian
Approach) uuudans MF-VAR thiuUssiifuselasnausssadeundeusglussuvannaieaiu
FeannsaFeulviogluguiuudiass State-space (State-space Model) ¢ Ingftanins State-transition
Aoauns VAR vastoyadild

Mariano and Murasawa (2010) 1§38 msusssnmumuuy MLE wieassfuilioaasughafidune
Wouteiduduszanunis GOP uifteu Fanudnunuihdiltenasugiasiindeulmlufu Real
GDP & n41 Cormon Factor sfatfudiuil wosiasugia i il sedusdssanmnsfgdnassialduas
AoAARBINUIINTIINAVES National Bureau of Economic Research (NBER)

Kuzin et al. (2011) Wu31 WuUd1a89 MF-VAR uagluudnaes MIDAS (aélugﬂaumﬂ%alﬁm) Ju
dnuaiudstunagiulummensaidnsnaivlnves GDP vesavnmglsy (Euro Area) Nanafe Wy
91999 MIDAS-AR wensallaiusednsamlugag 1-3 weudant duiuudiass MF-VAR wensaila
HUszansnmlume 8-9 iwieudranti Foroni and Marcellino (2012) wutpasuinilouiuin MIDAS-AR
nens0idns1 Maiulnves GDP wesavinnglsy (Euro Area) lusver duldTivssavinmunnmituuy
91809 MF-VAR

Schorfheide and Song (2013) UszanauAuusiaed MF-VAR #ae35UseanaiAuuy Bayesian Lo
WiguWlsumsnensaldns nsiulaves GDP vesUsenAansgoisni seninauwuudnass MF-VAR uag
LUUT1889 VAR ﬁlﬁﬁmww%’a;ﬂamﬂmma (Quarterly Frequency Vector Autoreressions: QF-VAR) 414
AnwmUIUUTIa0s MF-VAR nennsalszerdu 1-2 Tasinadnamihldfninuudiaes OF-VAR usthun
Jumsnensalludrani 1-2 U wuudiaes QF-VAR 9xilussavinniniuuudians MF-VAR uazdadu
wuﬁﬁﬁmﬁamsﬁ%’a;&aﬁmn%ﬂulmamaﬁu Flmswennsaldasmsiivlnaes GOP lulmsunadus
(Nowcasting) fiUsz@visnnunniy

2.1.4  wUU1a89 Mixed Frequency Factor (Mixed Frequency Factor Model)

WuUs1aee Mixed Frequency Factor ldnwensaldoya selnsunaidufmvun lidoya e lasuadu
v 2 a v a L. @ ) ' | A a a a
ToyaTeifeuiideyaunasieumely (Missing Values) Wiy endeg1aitu eui 1 wazidoudn 2 lu
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nsnatumelu3difiosuntoyaludeuil 3 faduieugninglulasinadu Tnsdoyaioud 1 uazitou
7l 2 fvmeluduaggneuinidae Kalman Filter d9l#a1nn1s@suuuusiass Mixed Frequency Factor
Tegluguuuudiass State-space WulAmaAuLUUTIa0s MF-VAR Inefiuuudiass Mixed Frequency
Factor feiiduuuusiansuunidn (Small Scale Model) wazLUUIIABIIUALMe (Large Scale Model)

nufnwilduuuiiaes Mixed Frequency Factor uALan (Small Scale Model) 1w Mariano and
Murasawa (2003), Camacho and Perez-Quiros (2010), and Marcellino et al. (2013) Wudy Mariano
and Murasawa (2003) faiuAwiineairswgia (Coincident Index) Iﬂﬂﬂiz&gﬂﬁ%ﬁgﬁagaiwLa’auLLax
foga 518 lesunafuuuusrassdode Bsnatn (Dynamic Factor Model) Bssiuilfioaiasugiadulng)
14 Composite Index (Cl) ay Stock-Watson Experimental Coincident Index (XCl) 1&151’131‘5@34‘@318
pssnaunlidunudimnzanuivesdeyaiiinetu fuiwouasugiamlmitnufnumiiauedan
ATARIALARBUNINTEIY (Standard Deviation) #1mi1via CI wag XCI usilarandusius (Correlation)
ffu XCl gaannit 0.997 agslsfiom Q1 aunsaneInsaigaInndumMaLATIgRaTe Peak way Trough I
aonpdoatuiginsiasugiafisnsdelng NBER wnnnirdviifivmdnuihinaue

Camacho and Perez-Quiros (2010) a$19uuus1a84 Euro-STING #iiaiunain Mariano and Mura-
sawa (2003) Wisdnwifeunanlunsyssniadneinsal GDP vesanamglsuiinasemugniiosues
Awgnsaiviolal Felngund Smsin1sifiulnues Real GDP wosannmglstazgnusenia 3 sy adad
1 $a36n1 Flash Data aggnuszniaUszana 45 Suvdsandulasinatiug afid 2 Hudeyauszana
n13a%adi 1 (First Estimate) 4 Junsnumuuwazgnusen1Anaaan Flash Data Ussniauszanm 20
u uazadedl 3 Lﬂuﬁagaﬂsxmmmm%@ﬁ 2 (Second Estimate) %ﬂgﬂﬂizmmé’amﬂ First Estimate
UseniaUssana 40 Fu sudnisivualideyaiiuszniandausn (Flash Data) Wudeyaussnunisads
i 2 (Second Estimate) vi3oiJudioyagavine (Final Data) Uszneufemuaairdeu wiedntonis
fdowlovdndynnsuniu (Noisy Signal) senaindoyaiiuszniradausn (Flash Data) farldifutoya
anvie (Second Estimate) thutes Foyaiililusunuiuadu 3 g0 gaiindadudoyanelasnnaves
GDP wagmsineau deyayaiaeadutoyaneifouiiasioufionssumansugia (Hard Indicator) 19y
Industrial Production Index (IPI) waz Industrial New Orders Index (INO) t¥usiu ﬁausﬁagamﬁam
Judeyasediouainnisd15ia (Soft Indicator) 1Wu Economic Sentiment Indicator (ESI) 2@3anam
glsU uaz German business climate index (IFO) udu Mufinwirivuali Hard Indicator way Soft
Indicator danuduiusivtoyaselasunaunnsieiu nanee snsimsiAulaves GDP s1elnsinauas
dansiiulnsieieunes Hard Indicator famnuduiusnisnssiu Common Factor Tuvaizdisng
nsiiulnves GOP selasunauazseau (Level) 83 Soft Indicator dAuduiusn1ansaiu Common
Factor lnvagluzurewarinvastayaiioutagiuasdeyadounas 11 oy

N N3 AN WU 1NN WeTNFEl WUU In-sample Hu Hard Indicator ‘I $u th wiinlu n1s wennsed
1NN Soft Indicator lag IPI 19?1}%’U1§Wﬁﬂmﬂﬁqmﬂu 0.32 Camacho and Perez-Quiros (2010) 1%
Anuiuinsiiteyannisdmaldsuimintesnitfoyanaassgiamseideyannnsdiney
fitoyang1sd1in (Limited Information) Wledeyamaasugiagnuszmaoentiund dmsunisneinsal
wuulddeya u 1a1939 (Real-Time Data) Hu sufnynuiinisnenseiflddeyaUszananis GOP as
7l 1 (First Estimate) Tuafniinsnensaiilidoya Flash Data fedunslideyataqouiifvilsing
nensoiuuuldoya o nanads gniesuntu uenand Soft Indicator fduddailunsneinsainn
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Tdoyaiidutagiu

Marcellino et al. (2013) Wau1 Luv 91883 U238 W wain (Dynamic Factor Model) it La-
tent Common Factor W Idiosyncratic Components ﬁﬂmﬂuﬁa Stochastic Volatility Wiefnwuay
AaTzrignsINsiulnves GDP vesannnglsy Fauvusaesiannsaneinsalrnumvuiuiy (Density
Forecast) vosrmennsallddne wonanil sudnuildldnnsussanauuuud (Bayesian Estimation)
suAnwnuImsfinuudiassimuals Shocks famaudd Stochastic Volatility %8 fiuUszansam
TunsneInsalAINMUILUL (Density Forecast) 9asarwensal WulAsadumuAnwves Clark (2011)
714 wuus1aes Bayesian Vector Autoregrssions (BVARs) #imualif Shocks fmauautd Stochastic
Volatility iileliuuudrassaninsnesuisnnuiusnuesiiulsmaasvgiafideuudasegnaonim

nufnuilfuuusass Mixed Frequency Factor wunatve (Large Scale Factor) iy Angelini
et al. (2008), Giannone et al. (2008), Banbura and Modugno (2014), kaz Schumacher and Breitung
(2008) \Jusiu Angelini et al. (2008) Uszanaup1 Common Factor Inelddayasaiioudia 85 fuus
Usznoume U8yalasugnaase (Economic Activity Data) vesanamelsd 19 fuds Yoyaainns
d1973 (Survey Data) 24 fuUs Toyan1an138u (Financial Data) 22 fuUs ToyaiAsugiasislseme
(International Economy Data) 11 fuUs 983as1un133199u (Employment Data) 5 fuds uazdoya
USnauduuagiiug (Monetary Aggregate and Loan Data) 4 #uUs A1 Factor ﬁlé’fgﬂﬁﬂmmmm?{mﬁa
ibideyalduselasuna wdnhenadesnariluneinsal GOP Taglduuusiae Bridge 1 Angelini
et al. (2008) Bonindunuuiians 'Bridge with Factors' W@ miﬁﬂ‘tﬂiz‘qiﬂ LLUUA1899 'Bridge with
Factors' wennsaidmsmsiiulnvesanamelsuldfiustavsnmannnituuudiaes Bidge lddoyayn
Wenfu Amnensalvesuuusiass Bridge finunivieudisuiduaadsveamnensaianuuusias
Bridge 85 @13 Giannone et al. (2008) Uszendlduuuinass Mixed Frequency Factor au1avig)
fudieyameiieu 200 fuus ilenensailasiuudiass Bridge sufnwinudnislidoyaiiuszna
goniludyilvinisnensaldnsinisiiulnues GDP wavdnsRuileveatlnsunalagdu (Nowcasting) &
ANugNABININTY uenanddeyaatnnisaeuniuarmAnLiu (Soft Indicator) Hxaseniswennsoily
wanlatuannnitteyalmsugiaats (Hard Indicator) nszdnvayaiAsygnaasagnuseniAeaninad
nideyasinnisaeunIuALAALAY Schumacher and Breitung (2008) wudeagunseiuiinisiideya
sedoudiiduiagiutiefiuvssdvinmlunswensaisas msiiulaves GDP Ussmeleesudl way
foyannnisaouniuanuAaiiy drevilFinisneinseiiiussAninmannay sehdlsfinmm Banbura and
Modugno (2014) wag Alvarez et al. (2012) Wud1LkUUI1a83Ua8LInadn (Dynamic Factor Model)
Al yn Foua vunn ngjlad S 9z Wwa nswensal f17 UszdvEam # nduuu S1aes Jade Banatn
(Dynamic Factor Model) fildyadasavunmdn

2.2  ufnengateslulsendlne

swiMTui Usenalng (5Un.) e i wuudaeslunisweinsaliasugia wu Bank of Thailand's
Macroeconometric Model (BOTMM) Luudiassniglansaulii@a Dynamic Stochastic General Equi-
libriurn (DSGE) wuudnaesialaseasnauwinén (A Small Semi-structural Model) uazhuuinasiaynsy
aa
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Tanboon (2008) WwukuuaeaAsugialaglinsaulwiIAn Dynamic Stochastic General Equi-
librium (DSGE) Fodunns naw nau sEnInensoULLIAN Neoclassical Real Business Cycle iU New
Keynesian Tnedi Goodfriend and King (1997) L%SﬂﬂiaULLu?ﬁﬂiﬁaiﬁﬁ”l New Neoclassical Synthesis
WUU1884¥849 Tanboon (2008) Usgnausieniiewdsugianan 4 v laud aaiseu (Households) &
HAR (Firms) 511A15 (Banks) kagyatiuuleutgnisadauaznisiu (Fiscal and Monetary Authorities)
afeunmenessaustlonigeanlaemsidensefunsuilaauas idefimanz auneldsuUszanad
$1itn pFiFouansadmunmiaiieinaaiaussnuiilassadradu Monopolistically Competitive
AndnadnduAd 2 Ussinn Juaaussinnusnidugndndudludssma (Domestic Firms) lnelidady
MseEn 3 Usslamliun sy Audiusany wasu franiden A Aud g au esanaann
dumillassasnadu Monopolistically Competitive @i daué’wamﬂmmﬁamL@ué’mamﬁamsﬁq
90N (Export Firms) d4litladun1snan 3 Ussianwuidiontu uivedudlusanautsiuauysel (Perfect
Competitive) wiheiasugiadnunAesunas duihmhitdesihuulouionstulugssuuimsugiasudes
M9N13084 (Lending Channel) suguunslvdude (Supply Side of Credit) MA3FuarsUIATTNANS
duduulenneneling (Rule) Admunly sudnwlddummaasnmvssuuudiass ud3sUseann
MIWUUTIADIAE78N15 Bootstrap mufiauslilag Benes et al. (2007)

Pongsaparn (2008) Wauuuusassfislassadrsvunnidn (A Small Semi-structural Model) e
WEuAULUUSIa0e BOTMM wazwuusiass BOT-DSGE dudunuusassvmalve wuusiaesifmue
Wiszinelne Juszuuiasegiauuuilaaunnidn (Small Open Economy) nelénsauuuifin New
Neoclassical Synthesis aun37lo5uneLAswsiavesussmalnedl 5 aunmsndnldun aunisguasdung
374 (Aggregate Damand) @1n199UNIULIATIU (Aggregate Supply) aun1senTuaniUasy (Exchange
Rate) aun13nguleunen1siiy (Monetary Policy Rule) wazaunisnadaydiauayiin (Current Account)
Tnsnudnuiiussandldnisussanmeuuy Bayesian (Bayesian Estimation)



3 LUUIIEa W luN1sANEYILaEIsN1ISANE

3.1 WUUNIaeIn lgiunIsAne

muﬁﬂmﬁﬂizqm‘%’uwaﬁaawm Marcellino et al. (2013) uag Mariano and Murasawa (2010) lng
fuali Y, ¢ Aendinsnsinasauludssme (Gross Domestic Product: GDP) dfudoyaselasing
LwiLL‘UUﬁwaaqﬁﬁmimﬂﬁlﬂuﬁazﬂaswLaauﬁﬁmumawmﬁauﬁ 3 yasusiaylnsina warBnaeuioud
wide (Heudl 1 waziioudt 2) Wlasuaiulifien Jufe Yo fienamzidle t = 3n wavdvunli
Y+ Wunawnesves k yavestoyaduiiseiieulnedl Vi, dnsu j = 1,2, ..., k Judoya
Medeuvesivilind § (endrenatu Yoo ¢ \Oudwilnandngaamngsy (Manufacturing Production
Index: MPI) uag Y2 ¢ luyadnisdseansiuvedine)

3.1.1  dayauns (Latent) sneifiauvasdaya GDP s1¢lnsand

dlesandoya GOP (Y +) Wudeyaselasuna uideyarserivildug Sarutilusedion sudnw

JeazUszanadn GDP Millmnudsiowtou lnansimunld Y, Dudeyausls (Latent) viaidudeyad
1 1 ? 1

lilanansadannld (Unobserved) fillaruiiluneiounes Yy ¢ Tneit GDP selasuna (Yy4) iuein

5999 GOP wkimendieu (V) dudle

* * *
Y., = * 4+ Y* + * o q,t + Y;],t—l + Y;],t—Q
@t = “qit g.t—1 gt—2 — 3 (3.1)

naun1sN (3.1) GOP selasunaduanuvinvesfniealndinued GDP wileseiaululasuna
T WeibaeanAINsaguwladlulfazfouued GDP tuNay 15139a11150USENUARRUaUARNAIY
AnRdsuAtints (Mitchell et al. (2005)) agtiu

. * ok * 1/3
Yor =3 (YY1 Yio) (3.2)
Fadenluguasn3tusssuni (Natural Logarithm) 16y

1
(n qu,t =03+ g (ln qut + In Y;t—l + In Yc:t—2) (3.3)

¥

MUl
Yot = n(Ygt/Yor-3) = n Yy — Y3 = Az Yy,
\ugnsnsidulaelasinaves GDP fuansdnsinmsiiulaves Y, ¢ Weuiulasunaneu uag

* _ ES ES _ * * . *
Yoo = (Y /Y1) =Y =Yy =AY,

16
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v
o

Wusnsn1siiulnsnewioukaaued GDP Akanddnsinisiiulnved Y;]*t WiguiuRaunoy aztuazlen
b)
ANUELTUSSEMINaERsINSHule e lesuNaLardRsINSHUlRS 18R ULEIAB

Ygr =Yg —inYq, 3

1 * * * * * *
- 5 (ln }/;Jﬂt + Ln }/;Ivt_l + Ln }/Qat_Q o Ln }/q’t_3 o Ln qat_4 o Ln }/Qat_5)

1 * * * % *
=3 (yq,t + 2y 1+ 3Yg0 T2y 5+ yq7t—4) (3.4)

Tuhueudeaiu mivuslidasnisdulanedeuvesleyavsesuiinifiaruddunedowiy

Ymit = Aln Ym,t-

S

3.1.2  wuudnaesdadulanainvesdayasneinauidl Stochastic Volatility

wuudaesiiliaunfigiund deyaussaiieu y, , uardeyasiewdiou Yy, i1 k i Juwnlilude
)

o

fufle fudsuraziiiiunsdwndanfeniuy fuuwuudassdadodmainvesdoyaseiiou Wudsl

AN CANNE N ANET

(3.5)
Ymt O Bm [t Um,t

Tnefienainas f; Wuuramassau (Common Factor) wazainans Ug,t W IAABS Uy, ¢ DU
sumudnug idiosyncratic! Meifieu d9o191ARa1NNTTA (Measurement) viFoaimmBuiilinsuls
wuudraestadelanatnlu aunsi (3.5) auuAiidulsodeusi 7 1aq Ay Hard indicator
Wugarnsdseensan azuUsHumauamesin f; Inglifinsidenan widndilsi j g Adu
Soft indicator WuraMsdTRATMAATIY 23 Tuify fi Wused e tuiunasvesulnnDS
ﬁamiwﬁﬁﬁshum i[,‘ul,LU‘U ﬁmj Zzlio ft—z’ (Calmacho and Perez-Quiros (2010))

il avufgrunddgveswuuIiaedly aun1si (3.5) Ae Fisuniuanyue idiosyncratic uay wiin
wediauliduiusfuneadii (Uncorrelated) insnzagiuniaiudsuuasmesdoyanniazistulng
TR T auRan

wuUaesdmnunlinatnuesruamessnas fsunudnuay idiosyncratic Wulumuuuy

91894 autoregressive Aiil

(I)f(L)ft = Ute)\f’t/Q (3.6)
D (L)ug, = €40, (3.7)
D (D) Ujit = €mjiOmje /%, J=1...k (3.8)

1nedn

UIn econometrics, idiosyncratic error is used to describe error from panel data that both changes over time and across units (individuals,

firms, cities, etc.) [wiki]
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Wwaludloa ©;(L), 1 = f,q,mjleeit j = 1,2,..., k Julndludloaves Lag
operator (L) fignéu p; thifie?
2 3 i
Qi(L) =1—¢irl — ¢pial” — @izl — -+ — &y, L (39)
Uty €q,t WO Empjit \Ju uncorrelated standard normal variable N(O, 1).

it t = f,q, mj fea log vesAAnuulsUsiu (Variance) vosaumann SuasfIsunIu
dnweuz idiosyncratic finaimdulunudnuwazuuuduuuulidileauu (Driftless Random Walk)

it = Aig—1+ 010, 0,1 ~ N(0,1) (3.10)

wavidudasesietusening ¢ Tnefidaanuulssiuie 0'?\71' H9adennin log volatility ve4
fsumudnune idiosyncratic finsasuntasuuududsenliimsdsundasiiazdesus
seiides mstmuanuuaeludnvasdmseldsumnn fenlussivanme Weswnawse
fvungaumsaitasingAldgnaesanaieanniu (Clark (2011)

WoaN fuUshel 518 1o y;t LiimsTauag enuudiduiudsnelasnna Y, 15
)

#UnN15N153M (Measurement Equation) Jsuanslelag

1 2 2 1
Yar Y — (Y o By (gft +5fiat+ fio+t5fis+ §ft74)
Ym,t A B ft
1 2 2 1
o[ 3%t T 3Uqt-1 T Ugp—2 T FUg -3 F FUg (3.11)
um,t
oo g = 3y,
313 LUUS1899 State Space il Stochastic Volatility
aun13919 Preduanunsalieuluzuuuudiaed state space 715 stochastic volatility &ail
yr = Fru (3.12)
pt = Hppeq + ny, ne ~ N(0, Q) (3.13)
At = At—l + vy, Vg N(O, E) (3.14)
(3.15)

1nef

2filenuwes Lag operator L e L%y = x4_q dwiva =0,1,2,.. ..
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Yq it
ym,t

. DAWRS Y = FUTIWRMUINIAlIelnsunawazneiou

. nAWmes Uy TIUTIWTWWAWMESIIN f; wazisuniudnway idiosyncratic Ug t WUy, ¢

a ¢ . a &1 ) ) Lo Y
o wasnd F' 59U factor loading Mfisulawmassinuayfsuniuaneug idiosyncratic fu
Fwlsninlanaselasunakaysiedou

[y

o wasnd H srusiueduusy@nd autoregressive luannisi@anainvesriuiamessiuuay e
Ao duuszanslulwaludloa ®;(L), ¢ = f,q,mj

suNIUanuelg idiosyncratic #9A9 AN

et =1,2,....k

. Qt Juanuulsusmuning Auusiwasusunaiwazidu diagonal matrix Feiuusnnuwu

2o eMit . gletat g2 ermit
nesns e f , O €70, 05, €7

- nawoes Ay Wunawmesues drifting volatilities, Aj ¢, @ = f, ¢, mJj lnei j=1,..k

« wasng 2 1Ju diagonal matrix FIFILUTAULUINLEIABANUKUTUTIUYBY drifting volatili-
ties, 055, 1= f,q,mylavit j = 1,2,...,k

iegeveammindlunuudaetluaunisi (3.12-aun159 (3.14) Wunsiliideya GDP Hard indi-
cator 1 Uoya wag Soft indicator 1 Toya lnefuuuTaeIvedulAmesILLas LAz M TUNIUEN YL
idiosyncratic 1 AR(2) Huanslu (Marcellino et al., 2013, Appendix C)

3.2 nsUszanaAILuUINaad (Model Estimation)

losnuuusians state space reufinnufiasnituuusians state space Walu mseitil stochastic
volatilities (Fodu AmnunUsUTwmA3ng Q; MuUsiasumuna) wagiinguszasdliifioudifionen
wensal (point forecast) Wiy udgasnsynaauliiutuouuay density forecasting #3® fan chart
vosrnensaitug fae Bideililunsuszanuvesiuusliimuasuans fan chart @ Bayesian
method enfegau Marcellino et al. (2013) 314 Metropolis-Hastings (MH) $ane37iu (Algorithm)
U35 Gibbs sampling 35 Gibbs sampling 42891119115 sampling AMUBIFILUTVBILUUTIABIAIA joint
posterior distribution $18uazEru Tagnns sampling a7n distribution vasiaudsiesarunis Tnei
éT’JLLUiSuS] gnauuAdng (Conditional) (9 Geweke and Tanizaki (2001), Kim and Nelson (1999)) d@u
MH Sane37isldlunsdlitlsianunsan conditional distribution 1# (g Greenberg, 2008, %1t 96)
Tu3BuUu Bayesian WasfuUs state uay hyperparameters aggnuszanaalusedu delimilou
funsUszanauU classical lagUszanasuys state Tnsauufdnaves hyperparameters Sud (@13
gty Ussanuunnountiug) n1sussanamuys state A5 Maximum Likelihood (ML) Tu3s
kUU Bayesian Wadus state waz hyperparameters %Qﬂﬂizmmiugﬂ%d probability density lag
gnienh posterior probability density insizazdusgifudayauaraudoaruniioyduvesusazen
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Y0IAUT state WAy hyperparametes ﬁauﬁ%ﬁsﬁaﬁda (i Benanui ez fuiii prior probability
density) e posterior density 3¥neNANAUNL DY Bayes (Bayes' Rule)

TunsTduess aflsdesmsdnivg azilurnensaiviotinvesmneinsal Faerdeaniade
Amaideauusnsg i (Standard Deviation) vi¥er1Uasifudlng Gsdmaniain marginal probability
density aasu19iuUs Wl joint density yessulsiavun uavfuiinsiuduiinthuiudsiennuinlag
U F3msnilefifeldfe 35 Gibbs sampling

3.2.1 Gibbs Sampling

dufladunre nannsuaz 19 azL8en Y0976 Gibbs Sampling fsse Ul duu@@i1is1d joint density 99
k — dimensional vewesdu, f(z1, 22, . . ., 2;) wezsdemismenaisves 2 Gefeq
1A marginal density 104 25,

f(Z]) = / ce / f(Zl, 29, ... ,Zk) le ce de_l de_H C. de; (3.16)

Falpgraluiluddenunnszste1aaslad joint density wednenas Adsenlun1svi integration

athalsfiony s conditional densities f(2¢]2j2¢) dwsumn t = 1,2, ..., k loeiil#
Zjtt = {21, ey R 1y Bty e e e Zk} 3% Gibbs sampling 2% sampling 21n Markov Chain

Monte Carlo (MCMC) &l transition probabilities I conditional distributions 9 uagaglvidnegng
duill density Aanefiu joint density Ak51609115

nsguiaegeuiAs Gibbs sampling tielldmegedu 21, 22 ., 2  Tawil
—_ 1.9 .9 9.

29 ={z,2,..., 2}

Junaun 1: lHoNATUA zg, zg, cee 22

funoudl 2: dusedns 2! lnei

* le A f(Zl‘ZS? Zgo SR Zl(g))
e 239 f(29]24, zg, 20, ., zg)
‘ Z% A f(Zg‘le, Z%? 21(1)7 ) 22)

z,i 210 f(zk|z%, z%, . z,i_l)

fupoudl 3: 7 iteration g™, g = 2,3, ..., M + L, dushosns 29 lavi
g g-1 g-1
-z f(zlzg Lo 2)

1 -1
e 2y o ez 2], )
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. zg N f(zk\zi], .. .,zz_l)

fhogsdu M sregnaiihluldlge 211 2L HM

A1UTEINMYRIA LAY YR IMUTdY
. a1 M L+g o - P A a & ) 4 o
WU 2 e 37 Zgzl z 7 lagfianuiianainanAlaieasilaeialuastevadiilodnuiu samples

M snn@u ol Arves L agdeasnnne?l Markov chain agfia@nn steady state @il steady state

distribution A® joint density f(zl, 29,0 Zk)
Ny o i to & v ' < i l Lo’ a0 ey A
fifodunmnin i lddndusioans 21, 2o, . . ., 2% WWu k ngu uwionawvaduinguild weary
557 wu uvnlu 3 ngu (2’1, Zg), (2’3, 24y Zk—l), (Zk) IMININIIENIAFUAIBE9AN

conditonal density vasusiaznaulel Wudn 21, 22 9 f(21, 22|23, . . ., 2k)

3.2.2 Metropolis-Hastings Algorithm

ad

dnIEnilananunsodudieg1991n joint density Ao35 Metropolis-Hastings (MH) sampling &al4lelunsal
#valun31 35 Gibbs sampling e liidndusiea conditional density vassuusdy (ieazideunlu

Blake and Mumtaz (2012, p.107) wag Greenberg (2008, p.96))

3.23  n5USSUNUAILUUINADY state space fifi stochastic volatility

MsduAYeIfUUS state WAy hyperparameters luaunisil (3.12)-aunnsi (3.14) a¢1435 Gibbs Sam-
pling waz MH sampling 71 Marcellino et al. (2013) lneisnazuissuusoanidu 6 nqu fe

1. F

2. udsasilu Qy

3. H

a. shudsudsnunatiu @y 9fife stochastic volatilities i dmiunn 4 uag
5. ManuuTIuils oy, dwmsunn ¢ uae

6. AELUTANIE b dmFunn §

Yupaudl 1 waz 2: duaves [ uaz dudsasiitu Qy

- v ° = = v U cw i
HoIINAITUNMUIBILUUTIARY Ug ¢ WaT Uy ¢ LU N5 (3.5) lalllanduiusiu (Uncorrelated) fin
factor loading lus3nd F' anunsagnduueniluweild Aeaunisi ¢ e

Yie = F(i)pe = B(i, L) fi + (L) e poiee/? (3.17)
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Tneit F'(7) Aouand § veawdnd F endhogranu aunsit @ = 1 wie ¢ fle

1 2 2 1
2 3 4 -1 Agt/2
Yo =g+ By | 3+ 3L+ L7+ L7+ L7 ) fr + Oy (L) “eqro4e ot/
3 3 3 3
(3.18)
funiidves f; ®;(L) uae Ai s wazguanmsi 3.17) e O;(L) uay e t/2 15198
lagunsinsIesinsanney (regression) 555uAALIFITUNIUVRILUU AR LU N anduius fuLaz A
ANuUTIUMUSAST wazmsguawes 3; waz 0; A48 Gibbs sampling wuuiild Tngld Normal-gamma

prior and posterior density (935l Kim and Nelson, 1999, i1 180)

Yunaun 3: duAas [

Tuvhueadeaiu Wesndsumu vy, €4 ¢, €y Willanduiudiu weind H aunsognduludase
Aoffuitazuan Aeaunsy ¢ el 2 = f, ¢, mJ #e

D
Hit = Z ij,ui,tfj + it Nit ~ N(O, Qi,t) (3.19)
j=1

Tneil g+ = oletit fusiianes {iity oy Mit—p, } woz giy wasmsaunsi (3.19) fe

i ¢ weglaaunsinginisanneysssuandfisuniuvedLuuiaesuuldanduiusiulasAniny
UIuudsaei MIguaves @, . . ., @y, ALEIS Gibbs sampling wuuvalulagld Normal density

Tunouil 4 uas 5: §uA1Y89 Stochastic Volatilities

{loe1n aunsdi (3.17) wanai Yit fishsumuiifianuuususiudu exponential fleidunes it R
uneAUI 5 klanunsaldds Carter-Kohn (Carter and Kohn, 1994) * Lﬁaajmméhlmiamw /\z',t 1]
Tuganaunisalil sl435ves Jacquier et al. (1994) Fmdnmsuarfogranldly (Blake and Mumtaz,
2012, wih 121) 33wes Jacquier et al. (1994) Wlglunsdlifidnainvos Ai ¢ duuvuduuareanunse
duANURIANUTIULUT O)) ; LAsne

& = ]
YunaUN 6: quAYD (1
fsnfiAnvesiulsdusuasdayaudd nsdudiegsvessnlsaniy (y Aaunsaldds Carter-Kohn 14

wiiA1ANUUTUTINATUUII DAY uiAgA

v =

3.3 Yauanuluni1sAane

v

Nufnw g deyandnsinueiuin siululszimanuiate (Real Gross Domestic Product: RGDP) 1U5u
ganakdioUsznadns N sulanasegia Tutislasunan 1 we. 2544 falasunai 4 we. 2556

*FadudBlumsguariiuusannzainaunis state space 555ua1 71l measurement equation Wz transition equation wuu linear Aol
measurement equation Y = H By + e, e ~ N (0, R) wag transition equation B = F'B; + vg, vy ~ N(0, Q) lneit e;
uay Uy luflandusiudiu
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3 52 lasana Jadudeyaandrinnuaaznssunmsiauniasugiauasdenuusiend @) dauandy
Al 3.1 Teyanedeududeyalutiafouwsdfiuing wa. 2544 fa Sunem we. 2556 53 154 ey
FsUsznaumedeyaiiaziioulrsugiafiuria3eds3endn Hard Indicator wazdoyaannsdisanmdn
Wil (Survey Data) Fa3eni1 Soft Indicator

foyafiazvioulrsugiafiusia3a (Hard Indicator) firanldlunsdnulain

1. ﬁ%ﬁwawé‘mgmammiu (Manufacturing Production Index: MPI) N

o

2. swilgulaauslnaniAenwu (Private Consumption Index: PCI)

v oY

3. silenda (Wholesales Index: WSI)

4. yarnsdeeen (Exports: EXP) dayamsdseeniithunlfiluyasinisdieenluanatiuneaans
anigolsni

5. Pnuln s a1 Usewe (Foreign Tourists: FT) 971U TN 109191872990 A9 UZne
a5 URIUIUAINITUNINATEEAINIANSATLELUSNNS

Yoyafiazvioulrsugiadiuriass (Hard Indicator) dnasuldansunmsuisssmalne (5Un) sndy
waFnsdseeniitianannssnsamded uonani iesndssmelne ulssmaiasygiouuu e
wnadn ShenmsivlamaesugiadadenleafuimvgiavesUsemadug fe awfnwidefansan
YoyafiazvioulAsughafinia3s (Hard Indicator) vassnauszma léuA US Coincident Economic Activity
Index (USCI) wag EU Industrial Production Index (EUIPI) Inediaa US Coincident Economic Activity
Index #1191 Federal Reserve Bank at St.Louis dau‘ﬁ'ayja EU Industrial Production Index lasnain
Eurostat dwsudeyaainn1sdisavaudniiu (Survey Data) thu muﬁamﬁ%ﬁ%ﬁmmLﬁ?iaﬁuwwaqiﬁa
(Business Sentiment Index: BS) fidavhlng sUn. dmiudeyanisnisiiu (Financial Data) :u3deld
dnsuandsuiiiuiiuluguumseneaaniansy (Baht/US dollar) dudliuiiuiads (Real Effective
Exchange Rate: REER) WagNaf19u899nsInanaulLnuiusing (Yield Spread: YS) seninasiusinseny
10 U uazeny 1 oy

foyafiazvieulrsugiafiuiads (Hard Indicator) gnianuiuggnia (Seasonally Adjusted) uag
Fnviliieglugusasnisiiulnsieiiiou (Monthly Growth Rate) snviusasuaniasuiliduifuuay
dilauiiuiasslildfinnsusungniauas davinlieglususnmnisidvlnged (Yearly Growth Rate)
ianseaudiiinsfdevesewinsUssmatndunsimunarmiuesdululudnuae Pricing
to Market ﬁ’ﬂfuﬁmwm'iLU?isJuLLﬂaainJmﬁ]zﬁwaﬁiaixwmwgﬁ%mnﬂdwé’mnmuﬂéwuﬂauw
o dauteya BSI Judeyaseau (Level Data) warnan1avednnanauwnuiusng (Yield Spread:
YS) sgninaiustngeny 10 Y wazene 1 weu lilmhunusugania deyadnsmanauunuiusinslian
Thai Bond Market Association (Thai BMA)

q a v g a PRI v a o o«
A5797 3.1 wanslidiuin NANTHANFIVIRAFIVNTTUNFNFIUIBYAY 36.74 YpsndndusimaTInlulsEne

5 4 v v y o . P o4 A v v oo od
NANTNN 3.1 AIANITANES NNTATURN NITVOUTNYIULUAINTENULUR ﬂuaﬂﬂumuqmﬂaLLa:*uaa‘L‘i’ﬂum'mamiJummmwgﬂwaﬂaumuw 2
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Al 3.2 - amidl 3.4 wandliiudsnsivasuuasiduadunailndifuves GDP uazduineifon
fegnaiiiuldtaru Taafounaiay ne. 2554 FaRnumennite Adiinaredau MPI WSI EXP BS|
uag FT anasoghaiiulddaludouiu (gnmd 3.4) Tusariinisanases GDP ni1azusnglifiufidle
Fugalasinaiiu lumessedn vdsmnumgnngds ludouunsiau wa. 2555 endvfimdriifnaslanty
othasudn luvaedimansslantulu GDP ninawiiufifleduanlasunaiu waedudedungdh fudidu
Haduneuendsuna 1 USC uaz EUIP laifinswBeunassiuiu GDP uasfudiseidouvaslngdng
sulugianandnan’

b usionaveiilnesiluviolitunddlingu
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2l 3.1 dasnsiulasglasunavesdnduriiianiuiuiateedve WSugana, lnsunai 2 we.
2543 - lpsunad 4 w.a. 2556)

15 T
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~10 +

15 1 1 1 1 1 I
2000 2002 2004 2006 2008 2010 2012 2014
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Al 3.2 dasinisiiuln e lasunavesndniueinia auiwiasevesive (Usuggnia) wavdeyasie
Woult@nwn w.a. 2550 -2551 (Normalized for Presentation Purpose)
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Al 3.3: dasinisiiuln e lasunavesndniueinia iuiwiasevesive (Usuggnia) wavdeyasie
Wounlt@nwn w.e. 2552 -2553 (Normalized for Presentation Purpose)
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At 3.4 dasnisiula e lnsunavesndniueiuia iuiuiasevesive (Usuggnia) wazdeyase
WounldAnw w.e. 2554 -2555 (Normalized for Presentation Purpose)

6 GDp  —*¥— |

I L I
2011 2011.5 2012 2012.5 2013



4  wNan1sAne

a3 i Anwn msmennsel §nsn s iuln ves naR Aot e 5au T a3 ves Tne 910 wuu S1aes ade
Wawadnuwuudl Stochastic Volatility (Dynamic Factor Model with Stochastic Volatility) fiaualng
Marcellino et al. (2013) Tnel433n15 Bayesian Hion1suszanamnsfwmesvesuuusasssina’
dioidunsFeufieudseansamueisfangn 3avseuiisuiunsneinsalnuuuusiaessneda
(Benchmark Model) 8naoquuy AsUUTIa9Y Autoregressive (AR(p) Model) kagliuudnass Random
Walk

uniiBeuBesl3sed dawit 4.1 dauenanisnnaeuBasedny (Empirical Experiments) Yo9uuy
$1a0 @l 4.2 efuTonansAnwanuUaesiteAnyiassgRalnglunwsnilaglisnsnsiiule
YosuAnAeina T fiuiaTaveslng dwil 4.3 efumenansAnwnuuuiieesileAnwilasugia
MANSHARENINgAEMNTTYN (Manufacturing) Tagldsasmsiiulavestdnsasinasiuiiuvinsswesine
MAMSHARENgAEVNTIY drudl 4.4 ofuTenamsAnwanuuUaesiie AnwiAsygaanuins
A1de NM3ANUEN g stewsNeuEuRInseuEUd Yadltdiuynnauazvadltluaiiseu (Wholesale
and Retail Trade, Repair of Vehicles and Personal and Household Goods) Tna T4 8ns1n151Hule
YoInAnAuTna TN wiavesinganvnsfds nMsfUan nsdesueneusuddnseeud vedd
duynrauazvesdluniaBou dwil 4.5 esunanisnensal Out-of-sample wazaudl 4.6 1uum
RIGERET

4.1 Wan1InAEaUWeUsEany (Empirical Experiments)

Tuilesdu UITEUSBUIBUNANITWYNNTAIANLUUTIaBY Univariate Autoregression [AR(p)] 28738
Classical 1U3% Bayesian 1ng38 Classical #l4lun1sUseanaan Aon1sUsEanUAILUU Ordinary Least
Squares (OLS)

4.1.1 WuUI1aa4d Univariate Autoregression: AR(p)

v

LLUUR1899 Univariate Autoregression [AR(p)] Fduaunisidunss (Linean ﬁgﬂ wuusail (9 Kim and
Nelson, 1999, Uil 7.4.1):

Y=+ O1Y—1 + G2Yr2+ ...+ OpYr—p + € (4.1)
er ~ i.i.d.N(0, %) (@.2)

| yaw

§3deUSuwaeuiednins @euddniienis Ussnaan dmsu MATLAB Software wad Blake and Mumtaz (2012) T fuuuudiaesves
ATl FededransiBeuddadmiu MATLAB Software ¥84 Blake and Mumtaz (2012) \uunas@nwnfidlunisliudnnisds Giobs sampling

Carter-Kohn algorithm wag MH algorithm

30
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dwmiut = 1,2,...,T ioanuiaies (Stability) vesszuuauns 51auu@151n (Root) v
aunswdludloa (1 — ¢1L — ¢oL® — ... — ¢, LP) = 0 sguomenasmilompeiiiuay
\B9go1 (Complex Unit Circle)

[

aunns (4.1) wa (4.2) ansnsoideulusUresuninduasnamos i
Y = X5 +e, e ~ N(0,0%I7) (4.3)

Taefl Y iflunamedaedind (Column Vector) @iflvunn T X 1 dw B illunamesvosiduuszas
Al K X 1lael K = p+ Luez 8 = [1, ¢1, P, . . ., ¢p) war X Juwedndind
qun T X Kleeiwendit = 1,..., Twes X e [1,Y;1, Y 9,..., Y]

OLS Estimator

\Jufinsrufuidn OLS (Ordinary Least Square) estimator vesm1sniines 3 waz 0> vesaunsi (4.3)
Gh
B=X'X)"'XY (4.9)
ua
é'e
A2
= = (4.5)
T—-K

TnefirnAnuaaiaLaaew (Errors) annisuszanaatie € = Y — X 3 uaz OLS estimator iagesil

[

1Ju unbiased estimator waziin1snszanee (Distributions) Al

B~ N(B, (X' X)) (@.6)
~2
(T — K)% ~ (T — K) @)

Bayesian Estimator 1ng33 Gibbs Sampling

N13UsEIIMALUY Bayesian #3anuuy OLS #o fimsssymsussanaadiuds B wey o2 lllddu
WigerAn (Value) wilduainuunagidu (Probability) vesusiagen ﬁ’uﬁaagiugﬂﬁuaq conditional posterior
probability densities Viﬁﬁuﬁ’u%ga Y fidntunes prior densities TunselvoanuudI@aes AR(p) 7151
auNR 1A prior density 984 ﬁ Ju Normal wag prior density U84 o2 {u Inverse Gamma deazle
posterior density 484 [ wazo? \Ju Normal wae Inverse Gamma sdsy

sasameUsznamesiiuls (B uar o2 lnslienads §9337avainfie 35 Gibbs sampling
finanililudwd 3.2.1 e conditional distributions e

1. Conditional distributions ¥a1 3 Tnarmuningan o2

Prior:

Blo® ~ N(Bo, o) s(e) 4.8)
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Tnufl I[5(4)] Ao indicator function Aflewviriu 1 e (roots) ves p(L) = 0 aguen
2anaunilavidag (Unit Circle)

Posterior:

Blo? ~ N(Br, X1) 1) (a.9)

Tnedn

B = (S + 02 X' X) N2 8y + 0 2XTY) (4.10)
Y= (3t +o X' X)) (a.11)

2. Conditional distributions ¥es 07 Tagrinuuadnde 5:

Prior: 5
0?3~ IG (%, §O> (a.12)
Posterior: 5
|8~ IG (% %) (4.13)
Tnedi
V1 =1+ T (4.14)
o0 =00+ (Y — Xﬂ)/(y — Xp) (4.15)

4.1.2 HanNISNAEBURIUSEINYUBILUUIIED9 AR(P)

WaTawlUSeuisUTsUsEanauALUY OLS Uagluu Bayesian #H3denaaaudayainasd (Simulated Data)
Ma3enuuudnges AR(2) uazdeya GDP vesUszmelng

nan1MAgaueUsEAndiudayadnass (Simulated Data)

Al 4.1 uansdoyadnaes 1y S1utu 264 i Haalnglduuudiaes ARQ) Tnefidnaisvesmnsiines
wanslunaduyl True Value Tupns1edi 4.1 fie B uaz o2 Wiy [0,0.5229,-0.3012] wag 0.0100 A
2 s [-0.0061,0.6306, -0.2772] wag 0.0095 Amuafy Tuve
fif estimator Al#ane1adev83f0813d19173F Gibbs sampling A8 [:0.0057,0.6294,-0.2750] uag

816U A1 OLS estimator 98¢ 3 uag o

0.0100 puERU

Tun15vi Gibbs sampling inasufAduys 3 Tu prior density TWiiAiads (mean) Juauduazen
AMILUSUTIL (variance) WWunils Gdlanumneinslsififefudiiieziduves 3 nouflezfdeya
y wiiufiindung i feudfarlifideauufiinrfusudshiiandushls eussanadldann posterior
density flndiAgatuAuas OLS estimators dsfimsazduiuiudoduiudeya ¥ 3t (g Kim and
Nelson, 1999) AMN13NTEANLVBIRIDE9EUVR 5 uay 02 91133 Gibbs sampling wanslunwil 4.2
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nan1sVasgauleUszinyiudaya GDP vaslng
Tuduil §i3elduuudnaes AR(p) laghl P = 1, 2 uay 3 ienensaldnsinisiiulaves GDP vedlne 1y
2 2638 OLS

uaz3s Gibbs sampling wazwamensal 1 lnsurad1antin (1-step-ahead forecast) U84 Ypy 1 WUAD

Tudaud 3.3 10el9M Yr_wats Yi—wr2s - - -5 Yp WemAUszanaduds 5 uag &

Ypp1 = [17 Yty - - - ,yt—p+1]3 (4.16)

dosnndeya coP Hudeyaselasnadiduiuslnsnadt 2 wa. 2543 auidlnsunadl a wa. 2556
nsnaaeuisndentd w = 43 Aelddoyasnsnaiviaves GDP veslve 43 lasnadusiofinauds
Hagliu enensaldnsimaiulnves GoP Tulssunadaly Fadunisweinsaldnuae Out-of-sample
Tmeimuali Rolling windows #e 43 41381

snshegatu deyadnmmsiivlaves GOP dausdlasinadl 2 wa. 2543 Aslasanail 4 wa. 2553
gnihanliflonensaidnsinmaidulnues GDP lnsunail 1 wa. 2554 uazdeyasnsnisiulnves GDP

v
[ '

faustlasinad 3 we. 2543 falasunadl 1 wa. 2554 gnianldiflenennsaldnsnisidulnues GDP
asuad 2 nat. 2554 Juielunsnennsel 1 lasuradnant (1-step-ahead forecast) vy 12 lnsina
foustlasunad 1 we. 2554 Svlasunad 4 wa. 2556 meaﬁlﬁaﬂﬂﬁwmmm‘iuﬂmnmff Jumnsedas
nafananaseunguissaisgnndelulasnail 4 we. 2554 Fafuseidenufumuvesdng
maiulaves GDP ograiiuladn

AN57371 4.2 wanaAn Root Mean Square Error (RMSE) wasamennsalfuasslugag 12 lasuna
(nsanafi 1 wa. 2554 Selasanadi 4 we. 2556) iioiUsuifiouusyansnim (Performance) Tunisnen
n3alie33 OLS uayds Gibbs sampling 99nA1571971 4.2 9zuiulédn uwuusians AR(L) 15 RMSE ﬁﬁaa‘ﬁqm
Tuusiagds uavdmsu AR(1) 35 OLS 19 RMSE fitfesninudlndifies3s Gibbs sampling n il 4.3 - A
71 4.5 uanar GDP T3auazATuIEaINIeds OLS wagds Gibbs sampling dmiunuusass AR(L) AR(2)
LAy AR(3) auddy luvazdl /i 4.6 - 70l 4.8 uanIAININTEBVBIFMBE19EUVDY Estimators
91175 Gibbs sampling @15ULUUT1883 AR(1) AR(2) way AR(3) AINaIRU

4.1.3 wuudastade@anadnuuuladl Stochastic Volatility

YU noU Ao LU Y03 N1 WU WUU 91889 AB 115 Y1015 USENNa WUU Bayesian AU WU 91809 Yade 1@
wadnuuulaifl Stochastic Volatility (Dynamic Factor Model without Stochastic Volatility) lneTv
log volatiltiy Aj ¢ = O dwsuyn @ = f, ¢, m7J uagyn ¢ dufe aunswa¥nuuu autoregressive
YaeAuAmBsSIINLALFITUNIUANWALY idiosyncratic Tuannisi (3.6)-(3.8) Wumuaunsaail

(L) [t = €riof @.17)
Dy (L)ugs = €104 (4.18)
(I)mj(L)umj,t = €mjtOmj, 7=1,....k (4.19)

et €, ~ 1idN(0,1) i = fog,mjloeit j = 1,. .., k ueeInaludes (L) Hu

Inaluivaves lag operator 186U P;
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dmaunIn1sin (Measurement Equation) §ailguuuuaunsivilouldn dufiemileuruaunis
# (3.11):

1 2 2 1

Yq,t ay By (gft +5fic1+ fiot 3fis+ gft—4)

Ymi1t m1 Bmlfﬁﬂ,t

. - . + .
Yk, ks Bonke ok
%uqvt _I_ §UQ7t_]- + uqvt_2 + %u%t_?’ + %uqvt_4
U
+ n_ﬂ’t (4.20)

Umk .t

a Y o a & . 11 P
et fr,ip = fi hivilstewdieu Y Wuwuu Hard Indicator way f, 5, = z]’:() fr—j &

AYITOPIOU Yy j ¢ 1Wuwuu Soft Indicator 1M1 Camacho and Perez-Quiros (2010) visil fdadannan

o -

aunsi (6.20) Wldiunn £ = 1,2, 3, . . . snduaunisvesteyauvulnsung Yq,t NilAamsiile
t=3,6,9,...
aums (4.20) F19uu anansntandeuluguuuudiaes State Space 14 il
Yt = Fipu (a.21)
Mt = H//Lt—l + € (4.22)
e ~ 1.0.d.N(0, Q) (4.23)

Tefl 99U fy woe Uy, 7 = 1, ..., K uae lags vosiudiduy state vector f1y uazausd
Tnadnuuu autoregressive vasAUNAMBSIINLALAITUNIUANWAY idiosyncratic LUuLUU AR(2) A

He = [ft; ft—ly I ft—117 uq,t; <. 7uq,t—47 uml,t; uml,t—b um?,ta um2,t—17 I
/
Umk t, umk,t—l] (4.24)
/ /
Yt = [Ygits Ymits - - s Ymkt] — [Qqs Qs - - 5 Q] (4.25)

g
o

wazining Fy faundnfle factor loading (B war Byy,;) Hudedi t = 3n dwmsu n dudwoudy

ﬁq%a ﬁq%aﬁmﬁq%7 ﬁq%a 07"'707%7§717§7%707070707'"7070

B, 0. 0. 0,...00.0.000.10.0.0,. . . .00

F=| B8, 0.. 0 0..000000001,0,....00
Bmka Bmky-“a "‘95m/€7070707070707070707'"71a0

(4.26)

Inefiauufiiionsansndl Y ¢ W0 Soft Indicator
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e t # 3n wierhifidwesdeyauuulasing Y, ¢ avilu
)

Yt = [Ymits - Ymkt] — [Qm1s -+ Qi)

way wesnd Fi Aazvauaiusnly®

wosng H faundnfesdulsedns ¢ = [Gi 1, ¢ia] Wuudazr @;(L),7 = f,q,mj
druius3ng (Q 1T diagonal matrix Usznousne 02,1 = f, q, mj

ilosnnluduneuil 51 dalaifiansan stochastic volatility Tuuuusiaes sty 511433 Gibbs
sampling fiesueluundl 3.2.3 uslifidunoud 4 uay 5 F94eeld38 Metropolis-Hasting n1siisnlal
398 stochastic volatility Tunuudnassiivsylevinsantadedudousanannuuuinaninay wagaunse
\Wisuileunuusiaesiilifiuazdl stochastic volatility 168nesae

4.1.4  LUUIIARITINAIALUUY Stochastic Volatility

wuudnasladumanainiuull Stochastic Volatility (Dynamic Factor Model with Stochastic Volatility)
fouvudaesiianndesenanuuuiiasstadedmainuuulii Stochastic Volatility Insnnseysy il
wesng Q) wusmunaldt laglinsudsaunanduluguves log volatility fiwUsmuIaILUY random
walk fufle wuushaes state space windudisfiuandly aunisi (3.12)43.14) Fauansdnadsdio

yr = Fy
pe = Hpy—1 + ¢, e ~ N(0, Q)
At = At—l + Ut, Uy ~ N(O, E)

M3 UsEan A UBY state vector Aj ¢ hag A1AN USIULUS Uii 299 log volatility, 2 =
’ )
fog,mg @ude Ay, t = 1,...,T uez X) azvheudiesuvelu unit 3.2.3 luduneud 4
Wag 5

4.2  wan1sAnwInIalAsegnalnglunInsau

drullefunenanisfnuiasugialnglunmsulaeuuudtassdadeBanainlideyanianudsieiu
(Mixed Frequency Dynamic Factor Model) navvlifiuaguuudl Stochastic Volatility nsAnwludIu
Uisanfuwdsnsedidinesugiaunnia 11 67 Yseneuldiie

1. doyaselasung Ao dnsinisiiulnvesndnsdueiiiaTiuiuiase (RGDP) Uiuggnia

2. YeyafiagvioulAswgnavte (Hard Indicator) Meipieuluyseina laun duilnandngravnssy
(Manufacturing Production Index: MPI) swilgulaauslaaniatenyu (Private Consumption

2aad o vy v da . 4 ada A o I S SR .
BlenwihlldfudeyaniiinnniaesruduarlunsdiifisnutietuudSuuazaulinfontu FansdluuudiinnsAnwuds Wy Banbura
and Modugno (2014)
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Index: PCI) siwilfnda (Wholesales Index: WSI) yadnn1sdseen (Exports: EXP) Uagd1uiuiin
MN9uE29nN619UTENA (Foreign Tourists: FT)

3. Yeyan19n133u (Finandial Data) S1eifeuluuszma léun Snsuanidsuidusitulusium
senvaa3anss (Baht/US dollar: NER) vi3esuilAniuiiuviass (Real Effective Exchange Rate:
REER) UagHAR1v838nTIHANDULMUIIUE RS (Yield Spread: YS) sewinausinseny 10 U
uazeny 1 ey

4. Uayaann13d1539 (Soft Indicator) eideuluyseing fe Avilauweiun1gsia (Business

Sentiment Index: BSI)

5. YoyafiazvioulAsugia e (Hard Indicator) TeifeussUszima léuA US Coincident Eco-
nomic Activity Index (USCI) ¥03Useine ansgeisisni wag EU Industrial Production Index
(EUIP)) vosavnmglsy

4.2.1  wWansUszataA1nsaliasegna e lunwsa laelduuudraesdade s

wadnuuulddl Stochastic Volatility

dnileAumenanisussnarluganaiivhnsAnw (In-sample Estimation) 99nuuushassnsdild
Stochastic Volatility AN5739 4.3 uanIran1sUsEaNA Factor Loadings (Posterior Estimates of the
Factor Loadings) vadusiagivadinulng lasiiieufiuen Factor Loadings 484 RGDP fifsisegu (50th
Percentile) * AifseguvamanIsUssanaawanslifiiug auddngds (WSh) duinandngnannssy (MPI)
yar1sdsean (EXP) uazdvilgulnauslaaniaenwu (PCI) feuddnuiudduiivis aes amuayd
TunseSuienanfasinasufiuads RGDP) mudsu Tnglésurwn 0.956, 0.910, 0.887 uaz 0.700
AUAAY 6‘3"&ﬁmﬂsﬁﬁaﬁ@uﬁumumﬂLﬂiiﬂgﬁﬁ]ﬁ]’%q Tuvadnuiinvieniienanssussma (FT) 3
Hudununaregiaasiananuinig (Services Sector) Huld suriwiindeudnetiosiiivs 0.332 uas
idefinnsandsiseguvesiuiiauidesiumassia (8S) wulguanthwiinidies 0234 wihi dmsu
Foyayanisiu shsuanivdsuiiduitulusuumdensaansanss (NER) 1¢Sutiwiin -0.040 FaAmin
windluavanunsoesuiglddndufuustih (Leading Variable) wiswgnalnelunmsm © dunass
v03dnTHaReUUTLs TS (YS) HuldSudhwindesuinifies 0.015 gavhodmiutadomaasvgia
sinausena lawn US Coincident Economic Activity Index (USCI) wag EU Industrial Production Index
(EUIPI) ﬁmﬁmﬁ’ﬂﬁﬁagmlﬂu -0.016 uway 0.244 puddu Feagiioudniasughvesanigowiniiiu
é‘f’gLLﬂi%ﬂwmwgﬁalwaiumwmu walAsugnavesannmelsUaanadasiuimsugialveuinndiuin
Al 4.9 wansrrannsUsznadluTanaIfivhns@ine (n-sample Estimation) ¥a4uuusiass
wuulaifl Stochastic Volatility /U 1933984 895113 1AULR Ve ARt 390 993 T 939 USu gnna
(RGDP) 518lnsuna Inedlaranduius (Correlation) tfu 0.9270 wagA1 Root Mean Square Error (RMSE)

Siathuiin B;,1 = q, mj veswsasdeyaidudduivg esonenimiin B; quetiu dynamic factor fy Faludiidesussnatuiy
azthustannsa scale up %38 scale down Tnen1snm [3; frudasi ¢ wagvhmams f; §e c wuiy

“Hodunniiaenndasiu Marcellino et al. (2013) fifinwdamnisiiulaves GDP annmglsy Tnswuihsnsuaniudsu Dollar/Euro feniuau
Ui
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Hu 04448 0 ammamsUszumAsuisaenadosfuiuteyatiiiaudlnsnad 1 wa. 2549 Tag
WY e 5 AadngAdulndy wa. 2551 wuudassanansnvssannm das madulaiiduaulu
lasanait 4 we. 2551 wanduvanlulasinail 24 we. 2552 Weoudnei uenani lutreiiusemelne
UszautlmumanndeUated wa. 2554 Sannisivlnveandninsiinaruiwiaiineluussmai
Wuavegeradilulasnad 4 wa. 2550 uaziisduvinegraduduiululasnad 1 we. 2555
fu wudeesfaunsauszanaumsanmaiulavessdnsausinanuiuisiimelussnaldfsuiy

ilesaniifoduiivgrasinfuilanFudiugiads (Real Effective Exchange Rate: REER) 119z 85U
\wswgialngldfniisasuanideuilusfuluguumdeneaaisansy (Baht/US dollar: NER) 13
FnunIuhmsleseiioudioulasldfuiiauiiuieis (REER) unudnsuanivdeuiidusdiiulugy
UReneaansansy (NER) nsAinwiuieuiisuldnainaudAguesindsneg lunisesuiandnsdun
waTINTiura3e (RGDP) 74 REER fhiminlndidssuaziidrdumitoutufunsdlily NER Tumsfnw

MuazdenveaNansAnuLandlumseil 4.4 aufsegiuveananisuszinaALandliiud fuil
Ads (WD) frilnandngnavngsy (MP) yaAinisasean (EXP) wazdvilgulnauslaaniatenyu (PCI)
fiaruddydudduiings aes auuard Tuniseduiendndusiinasiufiuiase (RGDP) Wiy
nsdlld NER Tunsfinun Teeldsuthun 0.934, 0.900, 0.888 uax 0.703 nuddy Tuvzdisruuih
vieaifienanenausena (FT) 19 5uriwin Aeuthatdos fies 0329 uaziflefinnsaneifsoguuesduil
Auidesiumegaiia (BS) wutilduamiwiiniies 0232 winiu dwudeyanmenisitu dulieEuiiu
939 (REER) 8 3uthwiin 0.014 Fsrnhwindiuananansassuieldindushulsdah (Leading Variable)
wiswgnanglunmsw drunasisvessnsmanaunuiusing (YS) fulgsuhudniossnniiies 0.014
waziilofiansandademansugiasauszimea léin US Coincident Economic Activity Index (USCI) wag
EU Industrial Production Index (EUIPI) Tnasisaasint fndleiuiindfsogiudu -0.016 uaz 0.262 au
Ry %’qazﬁaujwLﬂwgﬁwanaw%“gam%mL‘T;JuéhLLUi%ﬁ']megﬁﬁﬂwaiumwmu

Al 4.10 wanarann1sUsEINa (Estimated) vasuuusansuuulalil Stochastic Volatility fiu
A 939v098n51 M3IAuInveIdRfuTIna L WS Usungnia (RGDP) elasuna Wleldduilen ity
7939 (REER) TnefiAnanduius (Correlation) 18U 0.9361 ware Root Mean Square Error (RMSE)
Wy 03703 mwdsnanuazsansUsssnaALandliiiiuiingdl REER oduosdnfusiinasiuiwiai
(RGDP) l¢iAn3nsel NER Lantioy

4.2.2  wWansUszataA1nsaliasegna e lunwsa leelduuudraesdade i

WaIMLUUl Stochastic Volatility

dniloiusenansussinalutisnadiimsanw (In-sample Estimation) PNUUUTIA0INsAING
Stochastic Volatility AT 4.5 wanaNan sUsEANaIAN Factor Loadings (Posterior Estimates of the
Factor Loadings) vadusiagivadiuulng lasiiieufuen Factor Loadings 484 RGDP fifnsisegu (50th
Percentile) namsUszanaueniienifsegiuuansiiiug duilfds (wsh SeaalsSudhuinidudsui
wikslunsesuenanfsturaruiiviesiniglulseme Teldsuihmin 1,340 Ssnnnd1 RGDP Losdae
warnsasean (EXP) fugulnauslnaniatonyu (PC) wasdvinanangnannnssu (MP) Tésuthwiin
Dugeuit deq auuazd tngldTurhuin 0.745 0.541 waz 0.282 mudu Fehuusitadsdusuny
MAISEEN95Y WuReafunans@nwainuuudtassdadeanainuuulill Stochastic Volatility Tu
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yaugiisuuinvieniisranssussma (FT) Fadufununiaimssganssanuiuinis (Services Sector)
fufldsuimiindeudnationifies 0.130 uasilefinrsandisesuresiaiarudediunssiia (BS) nu
iianfies 0.091 winiu dmiudeyaniniadu Samuandeud dumiulusuumdensaamsaniy
(NER) l#Sutiwiin -0.045 %qazﬁaumnﬂuﬁmﬂi%ﬁwmegﬁﬁ] (Leading Variable) diunasisvesdns
KanaULMLRUsTRs (vS) IdFuthwiindesannifies 0.016 daiiaties figniofinsan drduysal dade
MWQLﬁi‘iﬂiﬁﬁ]GﬁﬂUizmﬂ%’h US Coincident Economic Activity Index (USC) Lﬂuﬁumi%ﬁwmwgﬁﬂm
Tunmsam Tagldsudnimin -0.024 uag EU Industrial Production Index (EUIPI) Id3uanimiinifies
0.090

Al 4.11 wanA9InN1sUsEaNe (Estimated) T8auuusiaeuuudl Stochastic Volatility Auan
Wsveedan s iulnvesndnfuriina sudiuiatauiuggna (RGDP) 18 lasuna TaelAandusiug
(Correlation) 1Ju 0.8262 wagA1 Root Mean Square Error (RMSE) 1u 0.6530 A1 nn1suUseannues
wuusaesAeutsaonadesiuiutoyariadudlasnail 1 ne. 2550 winudiaedliamnsnyssan
s aonndeafudnsnsiiivlnaSeuslasnad 4 we. 2551 de3ngRdulnsududenansznuands
Usginelng ognslsfini wwudiaeafuaunsalszinamldaenadetudnnmaiiulavemaniosing
suiuiianeluvssmaldadu luduivssmalneyssaudymamgnnieane wa. 2554 98
maivlsvessanfasinanuiuitimelulssmaduauedmndilulasnad 4 wa. 2554 uasiiiag
Wunnedmadilulasinad 1 wa. 2555

MsAnwINIS AT ze i Bu e 14 el A 3ufiuia3e (Real Effective Exchange Rate: REER)
uwudnsuaniasudidui Gulusuumsensaaniansy (Baht/US dollar: NER) nansanuiuansly
asefl 4.6 nan1sUsEINAN Factor Loadings vad drsdiénas (WS)) yaA1nsdeeen (EXP) uay vl
gulnauslannatensu (PCY) Sannndd 1 (1.382 1.161 uay 1.001) dafldednis WSl EXP wag PCI §
audrdylun1seSute RGDP w1 RGDP 183 A1 Factor Loading ves REER fien 0.028 thifled
REER L*‘f]uéf’sl,mi%ﬁ%mwgﬁﬁ] wWuReanuiunsal NER {]ﬂ%’wmLﬂwgﬁwifmﬂismﬂ%’h USCl Jusuds
Fhnasugivlnglunimsi TagldSunimin -0.026 wag EUIPI IdSuAhwiinifies 0.1411nsnmsay
wErauUs 7 dudunu e Laswgia 93edududi wag U3n1s 1dun WSI EXP PCI MPI uag FT Saanu
anselunnsesute RGDP 1nndnsdl NER (115197 1.5) egdlsfiniu drduauddnyvesusagius
lun1se8une RGDP dapaimilouriunsel NER

AN 4.12 wamaAnInnsUsEanas (Estimated) Y83uuUsaaaLULS! Stochastic Volatility fusn
Wsveedan s iulnvesndnfuriina sufiuiasauiuggna (RGDP) 18 lasuna TaeflAnandusiug
(Correlation) 1u 0.9513 uagA1 Root Mean Square Error (RMSE) 10u 0.4273 Aainnisusyanaaes
wuuaesrouiaenadestuiutoyaaisiuslagnad 1 e 2550 Tnslameludasingidulnsuua
‘Lwdwﬁlﬂizmﬂ"Lw&Jﬂizauﬂmmmmqwﬂﬁwmaﬂ W.A. 2554 ?jaﬁﬂmﬂmiﬂszmmaamé’aaﬁusﬁa;ﬂaﬁa
wnndnsdl NER (amil 4.11)

4.23  unasizinsalasegnalneluniwsiu

nan1sAnwINn1sUszanasnsdirsegialnelunwsinludisnar fivhnsfinen Suszsnufiundans
&
il

2e
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foyafiazsiouasygiants (Hard Indicator) Tutssma T¥umdnlumsssuiednanisdule
yosrAnfasianuiuissimelulssmmnnnindeyanisnisiu (Financial Data) lutsine
uaz foya1nmsd1379 (Soft Indicator) Tuuszime nandntenilsAadoyailasiioutrsugia
934 (Hard Indicator) Tutsgina 3sldun druilfrds (W) fuilnandngnamnsss (MP) yan
nsdseen (EXP) uazduigulnauilnanaienvu (PC) ndeulmasnndesiuiginsiasugia
yosUszmmnAnITeyamaasugiafaug wasilolinseianaslufasnudn fuldds (Ws)
anun30 8518 M3 adeulm vesnAnfsiina 9 At e nmeluUsenald it uuu Saes
Hasodanatauuuiiuazuuulalil Stochastic Volatility uenanil suilnas (Ws)) Sanudney
wnnianfusiine T iuiassneluussma Tunsdluvudiasaiuudl Stochastic Volatility
\esanilrndsegusnnniinils

foya 7l agviou aswgRia 93¢ (Hard Indicator) Tuusine 1 $u i viin snn doya i asviou
L59§A9939 (Hard Indicator) snguseine ﬁaﬁiﬂﬁwm&Jmm*jwmim?{&muﬂawaamwgﬁ%m
Uismwiﬁ%‘w%waaiaLﬂwgﬁfﬂlmﬁaamfwmiLﬁﬁaul,mawmmwgﬁam']duﬂmmlwmm waz
Lildvanemnuin mswasuulasesasugivlulsemalneiesiianiwaseiasugialnemnnii
nMsudsuulameuasugiaialsena msesuisdedunadina e isushassUssmadang
soisusAvlnghanensuazyneden n1slidi inmaiesugiatia US Coincident Economic
Activity Index (USCI) wag EU Industrial Production Index (EUIPI) tushagviounansenunia
%9 WinsAguuUasnaasgiavesanigeudnuas anamelsufdsnavnadouseiasugia
Ineruyadnisdeeen (EXP) vedlnemeiduiu

US Coincident Economic Activity Index (USCI) é’mﬁu,aﬂLﬂﬁauﬁLﬂué'hﬁu‘lugﬂmwiamaaaﬁ
any (NER) uaz fyilAnduiiuiaose (REER) iusfautstith (Leading Variable) taswgAvlnglu
amsulelusziunis mszAdysalvesasisegiutiosunn egrlsAny Asfsegrunsdiuuy
1009l Stochastic Volatility HanduysalunnniiAsisegiunsaiiuusiassitlaiil Stochastic
Volatility Zeazsfeuntsdusnildanniu

duATeIgnTINan UL LS URS (YS) liaunsnesuieiginsasugiavesusemelnglas

U oAl a A Y a °o g v i ° Y v a =S
AvTlANRUNWASe (REER) vibvinan1suszanavesiuuinassaenndesiuteyadseunniuile
Wisufiunsdinisuszanadmenisidsasuanddsuiidusitulugiumsensaaisansy (NER)
uwana31 REER ddudaeluniseduieasugialngluninsiu (RGDP) lefnan NER

Naﬂqiﬁﬂ‘i‘.‘}”lﬂiiﬁﬂ’]ﬂﬂ'ﬁNﬁﬁﬁ’]?ﬂQﬂﬁTﬂﬂiﬁJ

drutlodununa nsfnwasegia lne n1a N1 uas a1v1 gnannssu les wuu e Uade B wain 114

Gﬁ'aa,luaﬁﬁmmaﬁm fiu (Mixed Frequency Dynamic Factor Model) 14 wuufluaz uuulaifl Stochastic

Volatility fudsuisedainasugiaunniaiiunldlunisfinundl 10 67 Ussnaulusie

1.

Toyaselasing fie Sns1MIAUINY0INENT NN TINNWTTINIANITHER AU QAEYNTTY
(RGDPM) USuggna
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2. YeyafagyiouiAswgniadse (Hard Indicator) eweuluussine laun dulinaningnavnssy
(Manufacturing Production Index: MPI) swilgulaauslaaniatenyu (Private Consumption
Index: PCI) AwtiAaa (Wholesales Index: WSI) wagyarInsaseen (Exports: EXP)

3. ayan1an3iu (Financial Data) Tevdeululseme lawn é’mwLLaﬂLﬂ?ﬂl'&JuﬁLﬂuﬁaﬁﬂugwm
senvaa3anss (Baht/US dollar: NER) vi3esuilAniuiiuyiass (Real Effective Exchange Rate:
REER) WagHaf14u838n s HanauLnuiusing (Yield Spread) seninasiusdnseny 10 U uageny
1 hiou

4. YayavnNn15d1339 (Soft Indicator) efiaululseme Ao fvlla1uweiun1egsna (Business

Sentiment Index: BSI)

5. doyafiavioulAsugia e (Hard Indicator) eifeussUszima léud US Coincident Eco-
nomic Activity Index (USCI) ¥aaUseine anigeisisni wag EU Industrial Production Index
(EUIP)) vosamamglsy

4.3.1  wan1UsEMAINTAlAANSNANa1uIgRaMn TN Tnelduuudiaastade

Weanwadnuuulddl Stochastic Volatility

diloAUnenanis Ussanam anuuusaeensdilaiil Stochastic Volatility msneii 4.7 wanswa
nM15UsENAT Factor Loadings (Posterior Estimates of the Factor Loadings) Uesusaziasiwulng
Tnglilgufu Factor Loadings Uo9nanfaiua 937UV a3ana mMInan@1v1 9namnssu (RGDPM)
fdnsisegiu wamsUszanadiassegiuuandliifiuin fullinds (WS) yasimsdeeen (EXP) il
NaRAN gAEvNT3Y (MPI) wag dvfigulnauilanmatenyu (PC) Tanuddnylunisesuiedduiinds
a0s anuuard TavlFFuthviin 0.945 0.894 0.870 uaz 0.693 mudFy Fefuvsitadim i duuny
MALATEERTR uazilefinsandsiseguvessuilanuidesiunisgifa BS) wu il suenthminidies
0.225 whtiu $n91uanwWasuiiiu s Gulu s umsdo seaansansy (NER) 18 furhwiin -0.038 dadfy
asaziiounsdufuusdih (Leading Variable) WITWENAINANITHAN ANV QAAINATIN AIUNARNVBY
ShamanouLruRusTng (vS) duldsuiuiintosinnidies 0.010 namsUszauauandliiiuidade
wﬂﬂLﬂiwgﬁ%dﬂﬂUiSL%ﬂﬁu US Coincident Economic Activity Index (USC) iuiauus#ii (Leading
Variable) tAsugRananisnananuigaavingsy Tuvasfiduusiasugiavesanamylsy EU Industrial
Production Index (EUIPY l¢Surntimiin 0.263 Ssaeieuinasugiaavninglsuadute RGDPM Tdfinn
LATEENIANITFOLITNN

AW 4.13 uansianmsUseanas (Estimated) vesuuudiassiladodanatnuuuliidl Stochastic
Volatility U en9399848751 115 1AULR VoI NEN A9 1198 523 AU 939 11A NS WER 8127 @RS TL USU
gamaselasina Inedenanduius (Correlation) W 0.9291 waze1 Root Mean Square Error (RMSE)
Wy 04417 Ardszanauanuuuiassreuinsaenadosiuiudeyaaidlutadlasinai 2-4 we. 2549 49
Ingadulnsu laswrad 3 we. 2551-lasuiad 2 e 2552 uagdrslasanad 2 wa. 2554-lasanad 3
W.A1.2555 FanseunquinaiivssmalngUszauyvumgnnde
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M7 4.8 hanINaN1IUTENIUAT Factor Loadings NTflAstARUILIR3e (REER) U8ILUUTIADY
wuulaidl Stochastic Volatility nan15useanaimves dytiands (WSI) dvlinanangnainnssy (MPI) uag
yar1n13eseen (EXP) dAlndlAgsiufe 0.912 0.900 way 0.887 Muanfu A1 Factor Loading ¥ REER
Wiy 0.012 wagaes USCl wiiu-0.013 Fefidelunsiududstuimsugia @1 Factor Loading v8a
BSI wag EUIP InalAesiunsdl NER Tngnnsiuuainanisfinyinsalld REER Luunnsnsainnsalld NER

Al 4.14 wanar191nnsUseana (Estimated) vaskuuinaesslade@nadnuuulidl Stochastic
Volatility f7UA19399848151113 AUlA YOINENTUIN LI TIU NV ATINIANMINEN @11 gRaMNTIU USU
ganaselasina lnelaanduiug (Correlation) Wu 0.9314 uage1 Root Mean Square Error (RMSE)
[ ' a o (3 A Y a a IS a !
Ju 03771 NamIUTBIUAIY0INER I U9ATINTLTIATINIANTHENAY1RAMNTTUN T REER AiNTY

a ] @ v
n3dl NER Lilgadntos

4.3.2  wansuszaIMAInIainIANTNER av anamnssy laglduuuTrasid

WAIALUUY Stochastic Volatility

duilefunenamsUszanumainuuusiaeansdlfia Stochastic Volatility a5 4.9 wanawanis
UszanaAn Factor Loadings (Posterior Estimates of the Factor Loadings) vasusiaziasisulng 1ag
\isuduen Factor Loadings %84 RGDPM fifsisegu (50th Percentile) namsuszanaiAuanslviliiu
T sutlAnds (WSD) yarnisdsesan (EXP) avilgulaauilnaniatenyu (PC) uavavinandngnainnssy
(MPI) fipudiaydusiiuiinis aos auuazd TngldSuimin 1.724 1.005 0.717 uaw 0.393 paddu
fasudsuagsad inTedduduiununiaiasysions: dvianudesiunsgsiia (BS)) apsldurnnin
foeifins 0.127 wihiu dwiudoyanienmsiu (Financial Data) Shs1uanivdsudidusaduluguum
sonoaandansy (NER) Tésuthwiin -0.060 Fedaaerouniaidududstii (Leading Variable) swgha
AANSHARAgAAIMNTSH dauNAITasSATIHARULTLTLS TS (YS) duldFuthuiintenannifies
0.022 dmsutlavenaasegianalszme nanisUssanuaiuanalifiiiugn US Coincident Economic
Activity Index (USCI) Falasuimiin -0.032 ﬁ?uﬂuﬁmﬂi%ﬁﬁmwgﬁ% (Leading Variable) MANTSHER
A1VREIMNTIN MLUSIASYgRvesann nelsy EU Industrial Production Index (EUIPI) #5uthwiin
Wins 0.116 Tnsaguud uwuusrassnsdiiisl Stochastic Volatility Winan1s@nwienaunimuieniuiy
wuushaeensd@iilalil Stochastic Volatility

Al 4.15 waneA9InN1sUsEANe (Estimated) U0auuusiaeuuudl Stochastic Volatility Auan
Wav098n51MIAUInvendnTeinaTIMTILT 931 11AMIHAR AN gamnsINUTUggaTIe lasIna
TnediAranduius (Correlation) 1u 0.8065 wazA1 Root Mean Square Error (RMSE) 1u 0.6787 A1a1n
nsUszananedeulmasandesiudeyaats lutadlasinad 1w 2550 - lasunad 1 we. 2551 wazly
Paalasnail 3 we. 2550 - lasunadl 3 we. 2555 aseunquineiivssmalngyszautymamenniie
Uaed w.a. 2554

3971 4.10 wanswa s Anwnsdl Aldfuilan Guiuviase (REER) ransUszanaauanalsfidiu

a

11 dilends (WSD) yarn1sdsesn (EXP) dvlligulaauilaaniaensu (PC) uazdvilnanangnamnnssy
(MPI) Hauddgiluanuiivis des amuwazd laglaudimin 1.529 1.300 1.121 uag 0.799 au
a19u Tasudsneddduiununiaeisegianss WS EXP waz PCl a1u150e3u1enansiaeiunasiuiiui

FNMANTHEREIVI@RAMNTIH (RGDPM) laRnd1sa RGDPM 14 Hlasanan Factor Loading 11nnn
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1 dflamideriumagsia (B9)) daasld $uivintesifies 0.094 Wiy dwudeyamenisdu
(Financial Data) &ms uanidsuiidusiulusuvmsensaaiiansy (NER) T surimiin -0.046 dadfy
avviounsLiufulstih (Leading Variable) iAwgRanIAMIKARAI9RAMNTIL AUNAR19U8ISHTY
KamaULNLUSTRT (YS) Huldsutmintosannifies 0.015 dwiulademaasygiasnsusema nans
Uszanauansliidiuin US Coincident Economic Activity Index (USCI) @algruriniin -0.026 thudu
fudstinasugia (Leading Variable) AANSHARAY1AAMNTIH MLUsIATYgNvasannnglsy EU
Industrial Production Index (EUIPI) l#suthwiinuies 0.163 Tngaguuen LUUSa0InTdlfil Stochastic
Volatility Tinan1s@nwienaunimisuiiesfiudiy uuudiassnsaifilsid Stochastic Volatility

Al 4.16 wanIA19INN15USEAN (Estimated) T8auuusaeuuudl Stochastic Volatility Auan
WevesdnnsiiulnveInansusiina NIl inemsnanav gravnssuUsuggmanelasina
TnedAmanduius (Correlation) Wu 0.9521 uazA1 Root Mean Square Error (RMSE) 1w 0.4467 #in
Mnmsvszanaedeulmannndesiutoyaats fus ne. 2550 FsnsUssanamaeandostuoyaiie
1NNINTa NER

433  UNIATIRNNITANIANITHENFIVIDAFINNTTH

K& N3 ANw1 90 113 Uszanaan n3dlLaswegne N1A 15 uan @191 geanunssu Tu s an fivhans dnen 4
Ussihuur&unaeail

1. doyafiavviouiasughatss (Hard Indicator) Tutseima sianuddglunmsesuieiasugiania
NSHANENAAIMNTIUNINNTTOYaN1INTTIRY (Financial Data) Tuuszinauas doyaannnis
81999 (Soft Indicator) Tutssinea §sdoya il avviouirswgiaais (Hard Indicator) Tuszine
laun ftlads (W) dutinandngnaivnssy (MPI) yadinisdsesn (EXP) wazavilgulnauilana
aaany (PCH wanainil dudidnds (wsi) usudsfiansnsnosuneimsugianianisuanaun
Qﬁlﬁﬂﬁﬂiiulﬁaﬁ@ﬂﬁgﬁ wuudaesdadedanadnuuuiuaswuulill Stochastic Volatility uay
Filfnas (Wsl) Sanuddnyannninadadugina s iiuiasengludsemanianisudnane

gnavnssueslunsdiLuudaesuuudl Stochastic Volatility Lesnansisegiusnnnimils

]

2. foya i agviou Asugna 939 (Hard Indicator) Tuusemne 16 Ui win unnnd deya dazview
\WiswgNa939 (Hard Indicator) sieuUsewmel WuReaiuiunanisnwnsdliaswgia lnelunm
R

3. US Coincident Economic Activity Index (USCD sasuanidsuiifumifuluguuimseneaans
an¥y (NER) uawdvilanFuiiniass (REER) iusudsdih (Leading Variable) Lasugiianianig
wananvgaavinssulussiuniasuiu mneemduysavesmsisegdesinn sgslsfinmg
fsegrunsaluuudaesiiil Stochastic Volatility Sfdaysaisnnnidsisegiunsaluuudassi
13§51 Stochastic Volatility Feaveunisidudadudilaunniu

4. @R nanauLuiLsURs (YS) llanunsnesuneiasygianiansndnanuignainnssy



ung 4. KanIsAnN®Y) 43

5. adA1Rununase (REER) vilinan1suszanuaveswuudtaedaenadesiudeyadsanniuiile
Wisufiunsdinisuszanaedmenisidasuanddeuiiduditulugiumsensaaisansy (NER)
wang31 REER fidmdrglunmseduneiasugianiamssinaivigaaivnssy (RGDPM) ladnda
NER

4.4 HANISANEINTAUEIVINTTAIEY N1SAIUAN LaZNITY DU

dulloAurmenanisfinviasugialngavinsinds n13andan waznisdeuusu lnswuudiasatadeda
Wﬁi’ﬁlﬁwﬁﬁj@uﬂaﬁﬁmmﬁﬁhﬁu (Mixed Frequency Dynamic Factor Model) viswuuiiuazlaidl Stochastic

¥ '
v Ao a

Volatility Tnasiaulsusadidinesugiaunniaildlunisdnend 9 Usznauluse

1. deyatelasina fe dnsinisiiulnvesndniueiulasiununasauTuggniaaivinismds ns
AN wazn1sgeuuTu (RGDPWR) s1elnsana

2. doyafiarvioulAsugRaass (Hard Indicator) Meiieuluuszma liun dviinanangnamnssu
(Manufacturing Production Index: MPI) swiigulaauslaaniatenyu (Private Consumption
Index: PCI) siilAnds (Wholesales Index: WSI) yafin1saeaan (Exports: EXP) wagdnuiuiin
Vieaienansnsusene (Foreien Tourists: FT)

3. Yeyansnsiiu (Financial Data) Meiieulutsema Aednsuaniasuiiiudfulusuum
senva3anss (Baht/US dollar: NER) vi3esuilAniuiiuyiass (Real Effective Exchange Rate:
REER) WagHaf14u838n s HanauLnuiusins (Yield Spread) seninasiusdngeny 10 U uazeny
1 hiou

4. YayavnNn15d1339 (Soft Indicator) Sesfioululseme Ao Avlla1uweiun1egsna (Business

Sentiment Index: BSI)

441 WanN15UTTUIUAINTNEIVINITANES N15ATUAN wazn1sdauusu 1aely

wuuInaasUadeBanadnuuulidl Stochastic Volatility

dnileAusenanisUssnaianuuusasansaiilill stochastic Volatility 915197 4.11 uanNanIs
Uszanauan Factor Loadings (Posterior Estimates of the Factor Loadings) vasusiaziasiwulng lng
\isuiuen Factor Loadings 484 RGDPWR fififsegu (50th Percentile) ﬁwﬁmﬁnﬁﬁagwu%mamﬁ
Ussanaumuansliiituin dudnandngaaminsa (VP uazdadnds (wsh) TésuminlndAesfude
1.269 uag 1.280 muaiu yarmsdiean (ExP) waedwiigulnauilnaniaensu (PC) Tésutniindy
Srduflanuuazd Tagldurhmiin 1.176 way 0,950 mudiu Fetsuusiedidumumuniaiesugia
T34 Swautivieadisrandsusama (F1) Tdhminlugdudaunfe 0.473 uaztilofinnsandsisegu
vosdwiauidedumgsia (BS) wuildFuahutn 0339 Sannndinsdimsugialnelunime
(0.236) warn1AMSHARMIGAAMNTTY (0.220) nuuUFIanensadifilill Stochastic Volatility dwsu
foyan1ansiiu (Financial Data) SnuaniUdsuiifusiulusuumdenoaaiianss (NER) 1 suih
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wifn -0.054 Fadeazttounsifudulsdi (Leading Variable) 4A56§ian1ANSNENAIIE1INITAES
MMIAUAN LagnISTuLTL® smL‘UummaqmmwmmmmmLﬂiwﬁﬂammﬂ'ﬁmammmmmmimaq g
AUan waznsgeuuau launndnasegialneluninsiu (-0.040) uasN1ANIHEN AU @REIMNTIN
(:0.038) duna1ITe ST HARBULUTUETRT (YS) Sufusd1ld Suthmindesunifies 0.023 us
wnndnsaliasegialnglunimsiu (0.015) uazniAnswanavIgnamnIsa (0.010)

A 4.17 uansAnannsUszan (Estimated) vaauuusnassuuulaiil Stochastic Volatility ffu
A93evsnsInsivTnvesnanfusiiaTuiiniaseanvinisinds nsduan waznsYenueu Usu
gan1aselasina lnedananduiug (Correlation) Wu 0.7790 uage1 Root Mean Square Error (RMSE)
i 0.6660 MnamEsaziuliinanIsUssnamesueshsmsivnvesnanSusiia N Tiwis
a1uMsmas Msiuan wagnisgenuulaliAesfiuin AUseauInuuuIaesaenndesiuiutoya
PFufieatelasinadi 13 we. 2552 waztetaslasunadl 4 we. 2554 - laswiadi 3 we. 2555 @
AseURaNTTIUsEImAlne Uszauapmumennde uazfuiiihdanain Aussnanfeufuaiieaty
fuanesalulasunad 3 we. 2551

ANS797 4.12 wARINANSUSTINIAN Factor Loadings n3gidailaiiudiuiade (REER) vasuuusiaed
wuulaill Stochastic Volatility #an1suszanuavasdviléngs (WS wag dudnandngnainnssy (MP)
fidnlndiAsfufe 1.282 waz 1.261 mudiy Tuvns fiyadinisdseon (EXP) sl Factor Loading
Wiy 1.178 Avdiunnndn 1 dhditdednie Wi MPI ez EXP SlanudrdaluniseSute RGDPWR w1nnia
RGDPWR L84 A1 Factor Loading 984 REER @1 -0.106 %ﬂiﬁiﬁﬁﬂiumﬂﬂuéfﬁLLUi%ﬁWLﬂswﬁﬁﬁl JEHRELT
saudmansanunsdld REER launnsineannnsdlld NER vevnsdnuen Factor Loading wazdsiuniny
dfgylunnsedure RGDPWR

A9 4.18 LansA1INN1UTEIN (Estimated) veduuudnaanuulsldl Stochastic Volatility fiu
A9399098m5 115 AU TR vesNAn el Ia TN AWTa3eanvIn1sAnds NsdUAn uwaznsYanueN USu
ganaselasina lnedenanduius (Correlation) {u 0.8198 uazaA1 Root Mean Square Error (RMSE)
i 0.5872 Mnamisazdiulddianisussanumeiutesnsnsiiulnvesnandusiiia i
a19n13ANE8 N3AUAN wasnsPenvulanvanindIngAdulnsy wniUSeulisuiunsdl NER

4.4.2 Wan15UTTUIUAINTANEIVINITANEY N15ATUAN wazn1sdau s 1aely

wuuIaesladulanadnuuuil Stochastic Volatility

duflofunenansUssanaumnnuuusaesnsdiiil Stochastic Volatility snsnadl 4.13 uanssanis
Uszanauan Factor Loadings (Posterior Estimates of the Factor Loadings) vasusiaziasiwulng lng
\isuffuAn Factor Loadings %84 RGDPWR fiAnsisegiu (50th Percentile)wanisuszanamuanslyiiiu
1 dilends (WSI) yarn1sdsesn (EXP) dvtigulaauslaaniaensy (PC) uazdvilnanangnamnssy
(MPI) @nsnsneSutenaninsisnasuiiuiaeanyinisids msfuan uaznistesuse Wudduiinis
a9 aw uaxd laeldsurhun 1.690 0.940 0.682 way 0.353 iy etsauusedmduium
MAETEERaT SuautnviendienndisUssmea (FT) Ibwinlugdudnanfie 0.164 wagiilefiansan
Asseguvesfuiinnuidesiumagsia (B nudldsuamintn 0.122 Famnniinsdesugialvely
253 (0.091) udlndiAgaiunanisnanavanavngsy (0.127) dwiudeyan1anisidu (Financial
Data) Shs1uanidsuilifusiiulusuvmdenoaarianss (NER) Tduthwiin -0.056 Gedaarsiounts
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Husuusii (Leading Variable) tasugianiansudnaunanuinisiias Msduan uasnissosumsa
Fofufitndunadn NER anunsndihiasughananiandnannniséids maduan uasnsdomn uem
Iolnddssiuiesugialngluninsiy (-0.045) wagn1AN1SNERAIYIEAEMNTSY (-0.060) dIUNARINVEA
ShamanauuLiustas (vS) dufudinldsudhwintosunnuiies 0.021 SdlndiResiunsdinsugialne
Tunmsw (0.016) wazn1ANIHERAIIRAAIMNTIH (0.022)

AT 4.19 LARIANIINNTUTZUNVBILUUSIABIRUUST Stochastic Volatility fus19339898037
naiulavesHAnfaiaTINTLREnvINsfds MsfUan wazmstenuwn Uiuggnanelasing
Tnedaandusius (Correlation) 1Uu 0.6996 wagA1 Root Mean Square Error (RMSE) tJu 0.7449 wa
nsussnamreuiadenndotufudeyaasaansdismann o

ANS97 4.1 wARINANSUTTUIAN Factor Loadings n3aidafianiiudiuriase (REER) vaeuuusiaed
wuudl Stochastic Volatility nan1sUszana1ves WSl uaz EXP Se1 1.394 waz 1.174 Tuvassd PCl 1
/1 Factor Loading wihifu 1.056 eflunnndn 1 shudiidednse WSl EXP uay PC fpuddglunisesuie
RGDPWR 311131 RGDPWR 484 A Factor Loading ¥ed REER dien -0.191 Felaifivelunisidusuys
Phuasvgha Tasnmsrmudaiulsidudununaesesiinns Iéun WSl EXP PCIMPI uaz FT faony
ansnsalun1sedute RGDPWR 1nnn1nsdl NER (a5l 4.13) agnalsfianu drduanudrdnyvetusias
fuuslunseSung RGDP dsnuniloufunsdl NER

AT 4.20 LARIANIINNNTUSTUNVBILUUSIABIRUUST Stochastic Volatility fuA19339898037
naulavesHAnsaeinaTINiuieienvnsfids Msfian uagnstenuen Uiugananelasng
n3el REER lnailAnanduius (Correlation) tWu 0.8442 uayAn Root Mean Square Error (RMSE) u
0.5459 wamsUszanAAeudnsdenadesfufutoyatiuamedramenndouiniu wuielfunsd
NER

4.4.3  UNWATIZUNTUEIVINITANES N1SANUAN WAZNISADULTU

NANNSANEIINNNSUSETUIUAINSEAIVINTANET NTAIUEN WaNISTBULLU TUTIIANNININISANEN
a g a1 o o &
HUTLLAUNUIFUNAFNY

1. doyafiazvioulrsugianis (Hard Indicator) Tudszina danudfalunisesuieiasvgioaan
NsANd N13AUAN wagn1sPouLeN 11NNTYeYan1aN1SR (Financial Data) Tudseine uay
Fouaanmsdisia (Soft Indicator) Tutsena Fsdeyaiiazviouiasugiansa (Hard Indicator)
Tudszine loun dvildnds (WSI) dudinandingnainnssy (MP) yar1nisdsesn (EXP) uagnwil
gulaauslaanaienau (PCH wonannil daiifnds (wsh iusuusiiannsneduisasugiaaan
3fds M3FUAN wazmsdenuanm IiFfgnInuuudiansilade Bsnatauuuil Stochastic
Volatility uagdudidnda (W) Sianuddayannninadndasimanuiniasenmelulssnaaan
M3Ads MIAUEN waznsPouuen s wslunsdiwuusiaoswuudl Stochastic Volatility Liasann
fiensseguannnimil

2. PUIUTANBANLINEUTENA (FT) 5 UI8NANNUIUIATINNLNDIIE1VINTAES N1SAIUEN
wazn1sgouwsN laanIinasugnalveluninsiy
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3. dwrreednsnansulnuiustng (vS) ianansaeduieiasygiaaivinisfds nsamuan
WA TYRUUYL

4. dn51 wan wWasu 710u fa Julu g uvmnse reaans ansy (NER) &t lunisdu dauds B ng
WiswgnaluaIuINIsAas MIANUan uazn1sgeuuau (RGDPWR) widuta13uiiuiase (REER)
Lifidelunsiluiudstihmaasegha

5. M5 Anw 914 sl an Bu T 93¢ (REER) @111150 93U1e naRA s 198 333 7wt 939 81971 113 A
49 M3 AUAN way s douuan (RGDPWR) 67 nannsfnwn 78 NER 1wz wuu s1aeedi
i1 Stochastic Volatility aehals Aimu dniu au drdey ve9usay Muuslunisesute RGDPWR
willeununsel NER

4.5 wan1sweInsal Out-of-sample

4.5.1 wNan1swensal nsaldauansulasuna

Y

duilofunenanimennsal nsdiideyaneiounsuilasina @feyansuauieululang Tudes
Fusndnwmensalaelisasuandsuiiiusifiulusuumeensaansanss (NER) anssl 4.15 uang
A1 RMSE Wagns19 4.16 uanaen MAE veamsweinsal 1 lnsnadnamiinsdiasugialneluningm
(RGDP) piswghalngaansuananvgaaivnssy (RGDPM) wasugialneaiuinisids nsauan wae
MsgeuuELa 9nasezfiulddn wwusasstladodmatniuuiiuasuuulail Stochastic Volatility
TWnansnensalléfniuuusiaeadnsds ARQ) war Random Walk iflosa1niiA1 RMSE uax A1 MAE
tlounin uazidiyuuudaetlado@anainuuulsidl Stochastic Volatility Transweinsaliaswgia
IneTun s (RGDP) loAninuuudransdade@anainuuudl Stochastic Volatility Ao RMSE 210
wuusiaestladeidanatnuuuladil Stochastic Volatility 18w 0.98 Tuaguedian RMSE 91nuuusaestade
Fawatauuuil Stochastic Volatility Wy 1.47 uenanil wuushass ARR) wennsallddni wuushaes
Random Walk way wuusians AR2) fiszanainseaeds Bayesian findn38nsussanainisiuuy OLS
MNA15AA1 MAE aglideazuinuieniu

HANINEINTOIATYFAANIANITNEN AV 9RAMNTIN (RGDPM) Uag wasugialuaivinisias ns
FuUan wagmsveuuma (RGDPWR) Huléde agumilousufunsduanmanensalimsugialnelunm
531 (RGDP) Wlefi91saunfn RMSE w8 fn MAE 1ufle nanswe1nsel91nuuudassdode@anaing
UszdnSnmanitanisneInsaiannuuudiaseesds egslsinuuuuiasaudenainuuulddl Stochas-
tic Volatility Winanisnennsalfiinituuusiaesdanainuuudl Stochastic Volatility waziduiiunduns
PMNTNeINIaLATYEAT I lUA M (RGDP) LATWFNINMANISHERANU9RaMNTsH (RGDPM) Wa
wswgnaluavinisfnds nsduin uagnisgenusus (RGDPWR) 1ddnsinisiiulailugud (Zero
growth) NANITNEINTALTIANIINITNEINTAININLUUTIAD 919D

dm%unsdl REER an91991 4.17 wansAn RMSE waw 31971 4.18 uansan MAE vesnnswensal
1 lasainadnanii defansan RMSE vida a1 MAE wan1swennsalann wuusiaesilade @enain
UsyAvEnimfndua nanennsal 1n wuu S1aesd19ds ansnensaliasugia ey nmau (RGDP)
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WATEENINIANITNAN A1 RaMNTSY (RGDPM) waziAsugialuaiuinisdds n1sauan uagnisdey
w2 (RGDPWR) aghslsinnuuuudiassdeanatnuuulaldl Stochastic Volatility Teianiswennsalfiania
WUUTIARUBINaInLUUT Stochastic Volatility Wuieniuiunsal NER

4.5.2 wWan1swensal nsalveyaliasulasung

Y

dilefunenamsnensal nadl idoyaneideubiasusitlasna dueibunmsnensaide idoya
disanils viedeieululasinatug Wesnn mafidesselvidoyameifounsuislasnafioosyiinis
wensaifaziAinamandn uiiisasnsanensaiidedideyaifivanisvieoassfeunsnlunsiarlasina
ﬁ’azﬁaa‘iﬁmawmmzﬁtﬂuﬂmﬂuLLazﬁUiﬂwﬂuﬂﬂi@i’ﬁtﬁuu‘[amamﬁyu wuudnaesdadedanain
flivinsfinw dldtoyamedousnwensoideyaelnmna Fawvusaesannsailuussgndldiy
anumanissadledoyasefeuithunldluniswensalifuiildasulnsuna Wudnsdideyameiou
Wzieuusnvedlasinatug LLaxﬂigﬁﬁﬁz’J’agaiwLaauaaaLﬁauLLiﬂmmlmmaﬁuﬂ Foraepensiiuuy
$ravsvznensaideyaefeulinsulasinaneuud e lulimensaldeyaselasina msed 4.19
WERIAT RMSE mﬂmiwmﬂiﬁﬁﬂiﬁﬁﬁ%gmwLﬁau 1, 2 uaz 3 weuluudaslnsunauiiewensal
wsugialnglunmean (RGDP) wan1sAnwdimsiiditeyamedeudios 1 Weudulianunanndeu
Y0INTNEINTRINTign iWunuusaesade enatnitliidl Stochastic Volatility 1 A RMSE iy
1.44 nsdifideyasieidou 1 Wou wiirtu 098 nsdiiifeyansuauidiouluusiaslasina uenaniiuy
Frapadanatnuwuuliil Stochastic Volatility §3asdiussansamlunisnensalfifniwuusiaestads
BewaTmiifl Stochastic Volatility

4.6  UNIATIZH

Han1sfnwannsUseanaAlugsanlunsfinw (msunai 1 we. 2554 - lasunai 4 we. 2556)
Waunstae wssgnalvelun1msiu 1wsugian1AnIsHaRaIvIRaIMNgIL wazASYENAEIUINTAES
Msiuan wagn1stouuen ansaaglidulsznulunisiasien el

1. fudsudnvaasugiaunnaniduinioussygialng

s Anw o Tusisna s dinwn (essnad 1w, 2554 - lassnadl 4 e, 2556)
fulsmaAsygRamnaTiayyioulAsygAanss (Hard Indicator) luuseima dauddgluns
FuLndouiasugialne i wiswgna e lunm s 1Asegia nANIRER 8191 9Raunssu Lay
WisEgNENUINITAIET N3AIUEN uagnsgenugn tneduwusndnaugunmulaun duddnds
(WSI) uazdviinandngaainnssy (MPI) dusudsndnauguasdlaun yaAinisdsean (EXP)
wazdrilgulnauslanniaenau (PC) winfiarsanasiuluusazinuaznuii dvdidnes (Wsi) 1Ju
FwdsuanauaunIu wavyarn1saean (EXP) iWuiulsuaniuguasd

2. \SYNAIVINITANE NIATUEN waEN1TYRUUTLY

uutnvieietnnelseme (FT) wavdvdanuidesiuniegsia (BS) sdurendnduiiag
FI WA 3@ MIAET N1SAUEN waznsdenusum e fndmsugia lnelunimsay &
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-] YR v o a | a a & '
wanaliiuINNsIvIeldapsvesinviennglansnsUsewmanu e lulsemalne dudsans
wiswgnalnelun s uAs¥gRaaIvINIsAds N13AUAN wagNstouuEuY wasdyiaay
Bedun1agsia (BSI) asviouasughaanvin1sds n1sduan waznisdouueu [uman

3. §uUsTth (Leading Variable) LATEENT

msfAnwwu i lusaena ivhmsdnem lasinadl 1 wa. 2554 - lasnafl 4 wa. 2556)
dnsuan Waeu 1 0u i Gulu U um de neaans ansy (NER) {Hu s S (Leading Vark-
able) asugialvelunmsin WsugRaNIANITNEN A1 gAATMNTIY WAZLATEEAAIVINITA
ds MIFUEN uarmsteunen luvue fasughaussmaanssoning uasfuilaiuiiuiiaie
(REER) 1fufuus¥th (Leading Variable) wiswgna e lunm s uwagAswgia n1AnsuEe
v guangsy ag1lsAnuieanudulsd ssduamududulunidudulsit (Leading
Variable) laigasniin

4. gatiinduiiuiase (REER) msdnwmuinuusaswiawuulifiuaydl Stochastic Volatility nsél
REER annsnesungiasugnameluningiy uastasugiaanain1seas msanuan waznisgeu
wa WEAnd1nsdl NER sielumsussanaduas manennsal Seagulddn REER (uduusdia
Aanuwnzadlunsiddnyiasugivlneluninsin uasiasugiaanvinismads Msmuan wag
M3 eu UL way NER Wumuds il avmmug ailums i @nwiiasvgia aa mssdnan
BGRIGEEH

5. wUUTEeIURUNIUYRIATYgRY g

ns Anwwu i lusasnan ivhnsAnw Qasinadl 1 wa. 2554 - lesnadl 4 we. 2556)
wuu S1aeewuu il Stochastic Volatility anunsals anUssanalalndideaduatase 1nndn
wuu18e3kuud Stochastic Volatility Ane5u1e Ao waswgia lne Ussau Au Ay duniu e
suuseifies 2 adiedieingRdulndu uazdsmanndy Fiomnlifisewediagliuuudans
Bougiiovinllums sz egslsfnu wuusaeanauuilnay wuulalll Stochastic
Volatility @ansaeduieanuiuriuegaunvesasegiamelunmsiu wsughaninnisnde
AUPAAVNTIY UaglATgRAANIINIAds MIAUAN uazmsdeuten ludisiivszmelng
Uszautgmumanndeléa uenandl uwudaesisuvuiinaruuulaill Stochastic Volatility
asuneAsugnamelunmswlafndnasugRanIANISHEN a1 gRaIMNSIY LagiATEgNaET
N13ANd NIANUAN wazNITYouwgL
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A1599 4.1: Wisuiflgurnan1suseanaAInsdee3a1n Bayesian Inference way Classical Inferences

True value Prior Posterior OLS Results
Mean  SD Mean SD Median (5%, 95%) band
M 0 0 1.000 | -0.0057 0.0065 -0.0056 (-0.0162, 0.0046) -0.0061
qbl 0.5229 0 1.000 | 0.6294 0.0644 0.6270  (0.5252, 0.7373) 0.6306
¢2 -0.3012 0 1.000 | -0.2750 0.0612 -0.2748 (-0.3788, -0.1784) -0.2772
o? 0.0100 - - 0.0100  0.0009 0.0099  (0.0083, 0.0115) 0.0095
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AN57991 4.2: RMSE 83 OLS uag Bayesian estimators (fusallngldanage) dwsunswennsalluga
Tnsanadi 1w, 2554 Fdlasunadi 4 we. 2556

AR(1) | AR(@2) | AR(3)
OLS 55485 | 6.3104 | 6.6865
Bayesian | 55912 | 5.9355 | 5.8611
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M1379%1 4.3: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiajmwgﬁalwaiumw
s Mnuvuaesdedelanatnuuulill Stochastic Volatility Inelddeyadnswaniudeuidustu
(NER)

Percentiles 10th 30th 50th 70th 90th
RGDP 0.6080 0.8736 1.0000 1.1319 1.4297
MPI 0.7416 0.839 0910 0981  1.087
PCl 0.5465 0.635 0.700 0.768 0.874
WSI 0.7662 0.873 0956 1.034 1.161
EXP 0.7034  0.813 0.887 0.967  1.095
FT 0.1264  0.253 0.332 0.413 0.542
NER -0.0842 -0.057 -0.040 -0.024 -0.001
YS -0.0336 -0.005 0.015 0.037  0.069
BSI 0.1556  0.202 0.234  0.268 0.319
uscl -0.0513 -0.030 -0.016 -0.001  0.023
EUIPI 0.0528 0.162 0.244 0337 0.464
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#3797 4.4: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiajmwgﬁalwaiumw

531 MnwuuTaesdadelanaiauuulail Stochastic Volatility IneliteyaduiiaAiunuriase (REER)

Percentiles | 10th 30th 50th 70th 90th
RGDP 1.2986 1.1127 1.0000 0.8973 0.7193
MPI 1.0787 0973 0900 0.828 0.724
PCl 0.8735 0.772 0.703  0.635  0.540
WSI 1.1437 1.018 0934 0851 0.729
EXP 1.0833 0964 0.888 0.811 0.701
FT 0.5317 0411 0329 0247  0.125
REER 0.0721 0.037 0.014 -0.009 -0.042
YS 0.0625 0.033 0.014 -0.006 -0.035
BSI 0.3202 0.267 0.232 0.198 0.151
uscl 0.0232 -0.000 -0.016 -0.032 -0.054
EUIP 0.4771 0349 0262 0.173 0.048
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m15°9% 4.5: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiiﬁLﬁiiﬂgﬁﬂleﬂu
A Mnuuuaesladelswainuuull Stochastic Volatility lngldfeyadnsuaniufeuiiduditu

(NER)

Percentiles 10th 30th 50th 70th 90th
RGDP 0.6908 0.8858 1.0000 1.1094 1.2615
MPI 0.1439  0.228 0.282 0344 0431
PCl 0.4156  0.490 0541 0591 0.663
WSI 1.2529  1.314  1.340  1.356  1.375
EXP 0.6144 0692 0.745 0.805 0.884
FT 0.0148 0.084 0.130 0.178  0.252
NER -0.0676 -0.054 -0.045 -0.037 -0.025
YS -0.0059 0.006 0.016 0.025 0.039
BSI 0.0367 0.069 0.091 0.111 0.140
uscl -0.0456 -0.033 -0.024 -0.016 -0.002
EUIPI -0.0549  0.035 0.090 0.154  0.234
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N34T 4.6: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiajmwgﬁalwaiumw

53 MNwuuTaesdafedanadnuuull Stochastic Volatility Inglitayadvila1Riuiuiase (REER)

Percentiles | 10th 30th 50th 70th 90th

RGDP 2.0192 13704 1.0000 0.6560 0.2712
MPI 1.3165 0969 0785 0.638  0.479
PCl 1.3998 1.168 1.001 0.877 0.684
WS 1.8663 1585 1382 1.179  0.920
EXP 1.6118 1341  1.161  1.000 0.781
FT 0.6810 0.445 0319 0.223 0.083
REER 0.0928 0.052 0.028 0.008 -0.023
YS 0.0835 0.055 0.037 0.022 0.002
BSI 0.2384 0.178 0.140 0.109  0.068
uscl 0.0180 -0.008 -0.026 -0.045 -0.077
EUIP 0.4280 0.253 0.141 0.038 -0.116
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a3l 4.7: AN Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiiﬁmiwﬁﬁﬂmlmﬂ

nswdnavIgnamnssunkuuIasstade@sainuuulil Stochastic Volatility Wngldteyadnsuan

Wasuidusaidu (NER)

Percentiles 10th 30th 50th 70th 90th

RGDPM 0.7249 09011 1.0000 1.1131 1.3168
MPI 0.7045 0.803 0.870 0940  1.038
PCl 0.5298 0619 0693 0.758 0.851
WSI 0.7414 0864 0945 1.020 1.141
EXP 0.7038 0.818 0.894 0968  1.071
NER -0.0757 -0.053 -0.038 -0.022 0.001
YS -0.0377 -0.009 0.010 0.028  0.057
BSI 0.1465 0.192  0.225 0.257  0.309
uscl -0.0498 -0.029 -0.015 -0.000 0.021
EUIP 0.0681 0.187 0.264  0.343  0.459
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39l 4.8: AN Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiiﬁmiwﬁﬁﬂmlmﬂ

nsuAnavIgnamnssuINLuuItassladudanainuuulal Stochastic Volatility Inelddeyaduien

Fufiuviase (REER)

Percentiles | 10th 30th 50th 70th 90th
RGDPM 1.3021 1.1170 1.0000 0.9028 0.7440
MPI 1.0958 0977 0900 0.819 0.726
PCl 0.9029 0.783 0.711 0.643 0.548
WS 1.1408 0995 0912 0817  0.699
EXP 1.0861 0966 0.887 0.799  0.689
REER 0.0744 0.038 0.012 -0.011 -0.048
YS 0.0703 0.035 0.016 -0.006 -0.038
BSI 0.3200 0.269  0.230 0.197  0.151
uscl 0.0327 0.004 -0.013 -0.028 -0.051
EUIP 0.4813 0360 0.274 0.195 0.059
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a3l 4.9: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiiﬁmiwﬁﬁﬂmlmﬂ

nsuanavIgaamnIsHanuuUaeslade@enadnuuull Stochastic Volatility lngldvayadnsiuan

Wasuidusaidu (NER)

Percentiles 10th 30th 50th 70th 90th
GDP 0.4244 0.7453 1.0000 1.2851 1.6016
MPI 0.1900 0.311 0393 0476  0.635
PCl 0.5245 0.640 0.717 0.794  0.925
WSI 1.6583  1.699  1.724 1925  1.962
EXP 0.7963 0925 1.005 1.094 1.224
NER -0.0914 -0.072 -0.060 -0.048 -0.031

YS -0.0072 0.010 0.022 0.035 0.053
BSI 0.0487 0.097 0.127 0.156  0.198
uscl -0.0603 -0.044 -0.032 -0.019 -0.001
EUIP -0.0768 0.038 0.116 0202 0.341
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M1579%1 4.10: A1 Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂiiﬁmiwﬁﬁﬂ%amﬂ
nsuAnavIgRavnIsINKUUTIaesdadedanainwuull Stochastic Volatility neldvayanviiatu

fusia39 (REER)

Percentiles 10th 30th 50th 70th 90th

RGDPM 0.3973 0.6941 1.0000 1.2849 2.0026
MPI 0.4894 0.667 0.799 0972 1574
PCl 0.8395 0985 1.121  1.249  1.537
WSI 1.1376 ~ 1.370  1.529  1.761  2.068
EXP 0.9396 1.159  1.300 1.492  1.793
REER -0.0212 0.012 0.034  0.059 0.102
BSI 0.0789 0.131  0.164  0.193  0.255
YS 0.0035 0.025 0.040 0.059  0.086
uscl -0.0832 -0.047 -0.026 -0.005 0.023
EUIP -0.1154 0.050 0.163 0.289  0.475
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m1579%1 4.11: A" Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂizﬁmwgﬁalmmm
NMSAET N13AUEN warn1sTRuUTLT AnkuuTtanstadedaataiuulidl Stochastic Volatility Tngld
Toyadnsuanifeuiduiidu (NER)

Percentiles 10th 30th 50th 70th 90th
RGDPWR | 0.5904 0.8541 1.0000 1.1745 1.4552
MPI 1.0295 1.175  1.269  1.362  1.505
PCl 0.7357 0.868 0954  1.049  1.209
WSI 1.0186  1.176 ~ 1.280  1.398  1.575
EXP 0.9088 1.067 1.176 1293  1.452
FT 0.1878  0.361 0473 0591  0.760
NER -0.1179  -0.078 -0.054 -0.028 0.008
YS -0.0460 -0.005 0.023 0.051  0.096
BSI 0.2188 0.286 0.331 0376 0.449
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M1579%1 4.12: A Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂizﬁmwgﬁalmmm
NMSAET N13AUEN warn1sTRuUTLT AnkuuTtanstadedaataiuulidl Stochastic Volatility Tngld
JoyanvilA1dunLa3e (REER)

Percentiles 10th 30th 50th 70th 90th

RGDPWR | 0.4701 0.8053 1.0000 1.2032 1.5833
MPI 1.0333  1.165 1.261  1.359  1.498

PCl 0.7369  0.871 0965 1.058 1.194
WSI 1.0272  1.178  1.282  1.392  1.548
EXP 0.9222 1.072 1.178 1.283 1.443

FT 0.1773 0.344 0.454 0.571 0.728
REER -0.3711  -0.217 -0.106  0.001  0.153
YS -0.0425 -0.006 0.020 0.048 0.088

BSI 0.2148 0.277 0325 0374 0.438
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M1579%1 4.13: A" Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂizﬁmwgﬁalmmm
AIAE N1SAUAN wagN1sTRN LY nLuuIaestadeeanainuuull Stochastic Volatility lngle
Toyadnsuanifeuiduiidu (NER)

Percentiles 10th 30th 50th 70th 90th
RGDPWR | 0.6487 0.8805 1.0000 1.1068 1.2477
MPI 0.1854 0.289 0.353 0426 0535
PCl 0.5057 0.609 0.682 0.751  0.852
WSI 1.5566  1.633  1.690 1.721  1.821
EXP 0.7789 0874 0940 1.013 1.119
FT 0.0173 0.104 0.164 0.221 0.311
NER -0.0834 -0.067 -0.056 -0.046 -0.030

YS -0.0067 0.009 0.021  0.031  0.047

BSI 0.0533  0.095 0.122 0.148 0.184
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M1579%1 4.14: A" Factor Loadings (Posterior Estimates of the Factor Loadings) ﬂizﬁmwgﬁalmmm
AIAE N1SAUAN wagN1sTRN LY nLuuIaestadeeanainuuull Stochastic Volatility lngle
JoyanvilA1dunLa3e (REER)

Percentiles 10th 30th 50th 70th 90th

RGDPWR | 0.2109 0.7178 1.0000 1.2665 1.7576
MPI 0.5241 0.759 0919  1.132 1538

PCl 0.6954 0902 1.056 1.226  1.497
WSI 0.8964  1.187 1.394  1.647 2019
EXP 0.7638 1.012 1.174 1363  1.677

FT 0.1249 0251 0360 0476 0.708
REER -0.4559  -0.287 -0.191 -0.100  0.007
YS 0.0032 0.025 0.039 0.055 0.082

BSI 0.0760 0.116  0.150 0.188  0.259
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M191991 4.15: RMSE vesn1swensal 1 tasuiad1antiuuy Out-of-sample 910 kuu 1809 U998 13

watnlaglidoyadnsuaniUdeuniluiitu (NER) wazuuudiaesdneds lugaslasunad 1 we. 2554 f
lasunad 4 w.e. 2556

DFM No SVOL | DFM SVOL | AR(2) Bayesian | AR(2) OLS | Random Walk | Zero growth
RGDP 0.98 1.47 2.25 2.43 3.05 1.79
RGDPM 1.06 1.27 2.22 2.52 3.18 1.85
RGDPWR 0.71 0.71 1.40 1.42 2.20 1.29

Manewn: DFM No SVOL fia wuuinaesdadelanainuuulaidl Stochastic Volatility uag DFM SVOL
Aouvudanstadulsnadinuuull Stochastic Volatility

M99 4.16: MAE wa3n1swensal 1 lesunatnesndiiuy Out-of-sample anuuudtassiadeifisnain

Ine T doya dnswaniudeuludiiu (NER) wayuuuaoedneds Tugulasunadn 1 we. 2554 f
lasunad 4 w.e. 2556

DFM No SVOL | DFM SVOL | AR(2) Bayesian | AR(2) OLS | Random Walk | Zero growth
RGDP 0.74 0.95 1.52 1.65 1.99 1.04
RGDPM 0.74 0.87 1.52 1.65 1.99 1.07
RGDPWR 0.61 0.61 1.08 1.13 1.52 0.94

e DFM No SVOL #ie wuudnasstadelanadnuuulaidl Stochastic Volatility uag DFM SVOL

AoluuInasstadueanainuuud Stochastic Volatility
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M15797 4.17: RMSE aasnmisnennsal 1 lnsunadnaniianuu Out-of-sample 9nuwuudtanstadoidmain
WazkUUT180981989 Tutislasunail 1 wa. 2554 fslasunad 4 we. 2556 lnglidayanudaRuiun

959 (REER)

Wee: DFM No SVOL Aa wuudnaastadedenadnuuulill Stochastic Volatility uag DFM SVOL

DFM No SVOL | DFM SVOL
RGDP 0.95 1.19
RGDPM 1.04 1.53
RGDPWR 0.67 0.82

Aouvudnasstaduanainuuud Stochastic Volatility

A15991 4.18: MAE 903n1snennsal 1 Insunadnesntiuuy Out-of-sample 31nkuudtaesladsdanain
WarLUUTNa099198e lutidlasinan 1 wa. 2554 falasinad 4 wa. 2556 laglidoyadvilaRuiiui

939 (REER)

Mewe: DFM No SVOL fie wuudnasstadeidenadnuuulill Stochastic Volatility wag DFM SVOL

DFM No SVOL | DFM SVOL
RGDP 0.68 0.73
RGDPM 0.70 0.89
RGDPWR 0.55 0.64

AoluuT1aestladu@snainuuull Stochastic Volatility

157999 4.19: RMSE vean1snensal 1 lasunadianiiuuy Out-of-sample nsflfivayaliasulasuna
PMAUUTe0IaTulRanatnuazuuiasto1eds Turialasunai 1 we. 2554 falasunan 4 w.e. 2556

Joyasnsuanildeuniiudaiu (NER)

DFM No SVOL | DFM SVOL
fvoya 1 1oy 1.44 1.66
Afoya 2 \iau 1.04 1.53
{voya 3 1w 0.98 1.47
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POYTRE Joyadnaer Y, t = 1, ..., 264 (Fuunv) uas fan chart 7 percentiles 10, 20, 30, 40,
50, 60, 70, 80, and 90% iléannsld Gibbs sampling fludaya 252 fusn

0.3 T T T T T T

_Dj_'l | 1 1 | 1 1
2000 2002 2004 2008 2008 2010 a0z



ung 4. KanIsAnN®)

AT 4.2: Histograms ‘Ua\‘imiszﬁg Gibbs Sampling

Constant

£.02 0 0.0 0 0.01

AR(2) coefficient

44 L3 402 41

AR(1) ooefficient

u]
0.008 0.m n.omz2

66
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A7 4.3: GDP Ansnennsalnieds OLS wagio Bayesian Uaskuudnass AR(1) d@msunisnennsally
Palasunad 1 we. 2554 falasunad 4 we. 2556

15 T T

GDP -+
MLE forecast
Bay forecast

10

-10 F

15 1 I I L 1 1
2000 2002 2004 2006 2008 2010 2012 2014
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A7 4.4: GDP Ansnennsalnieds OLS wagio Bayesian U8dhuudnass AR2) dmsunisnennsally
Palasunad 1 we. 2554 falasunad 4 we. 2556

15 T T

GDP -+
MLE forecast
Bay forecast

10

-10 F

15 1 I I L 1 1
2000 2002 2004 2006 2008 2010 2012 2014
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A7 4.5: GDP Ansnennsalaieds OLS wagio Bayesian U8shuuinass AR(3) dmsunisnennsally
Palasunad 1 we. 2554 falasunad 4 we. 2556

15 T T

GDP -+
MLE forecast
Bay forecast

10

-10 F

15 1 I I L 1 1
2000 2002 2004 2006 2008 2010 2012 2014




Ung 4. wanI1sANY)

A9 4.6: Histogram ¥8IM1TdUA8TT Gibbs

Tasanad 2 w.e. 2543 fdlasunad 4 we. 2553

Constant

60 T B 60 1
50 B 50
40 - - 40 -
30 4 30 -
20 i 20 -
10 + 4 10 -
0 b= im a o o &
-0.2 0 0.20.40.60.8 1 1.21.4 -0

60 -

70

sampling ¥83uuUTaee AR(1) fudeoya GDP Tuwis

AR (1) coefficient

oo o

.10 0.10.20.30.40.50.60.70.8
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AT 4.7: Histogram o4 NM3dUMYTs Gibbs sampling YaeuwuUT1a8e AR2) fudeya GDP Tuad
Tnsanadi 2 wa. 2543 Adlasanad 4 we. 2553

Constant AR (1) coefficient
T T T T 70 T T ] T T 3
50 - fimd 1 60 |- 1
40 M B 50 H B
30 b B 40 b
30 A
20 b
20 B
10 - 7 10 F i
0 hili 0 !
-0.2 0 0.20.40.60.8 1 1.21.4 0 0.2 0.4 0.6 0.8 1
AR(2) coefficient 62
T T 80 T T
60 0 B n e
Lk 70 HIH e
50 B [l J
40 B 7
30 - B ]
20 b
10 B 4
0 A o P = 4

-0.6 -0.4 -0.2 0 0.2 502 2.5 3 3.5 4 4.5
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A9l 4.8; Histogram @4 NM3duMYTs Gibbs sampling YaeuwuUT1a8e AR(3) fudeya GDP Tutas
Tnsanadi 2 wa. 2543 Adlasanad 4 we. 2553

Constant
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NM"""H
0 0.5

T
1 1.5

AR(2) coefficient

60 -

50

40

30

20

10

Al

L

-0.6 0.4 -0.2

o

0.2 0.4 0.

AR (1) coefficient

60

80 -
70
60




ung 4. KanIsAnN®Y) 73

A 4.9: AnsUsERNA (Estimated) anuuuinasstadedanatauuulill Stochastic Volatility fuan
FeednTNsiAulnveInanfnTinaINIwasiuggna

com. coefi=0.9270

4 T T

5 | 1
2004 2005 2006 2007 2008 2009 2010 201 012 013 2014
Time
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A 4.10: An1sUsTUNE (Estimated) anuuuinasstadei@anaiauuulill Stochastic Volatility nel
REER flumasevasdnsnisiiulavessdndusiianuiuiasauiuggnia

corr. coeff = 0.9361
4 T T T T

2 i

—— GDP
— Estimated
I

-5 I | | I |
2000 2002 2004 2006 2008 2010 2012 2014
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A 4.11: AnsUseRna (Estimated) 21nuuudnasstadeilanainiuuil Stochastic Volatility Auan
FeednTNsiAulnveInanfnTinaINIwasiuggna

corr. coeff=0.8262
4 T T

.

——GDP

Estimated

&
2004 2005 2006 2007 2008 2009 2010 201 012 013 2014
Time
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AN 4.12: A1nsUsERad (Estimated) aniuudnasstade@anadnuuuil Stochastic Volatility nsl
REER flumasevasdnsnisiiulavessdndusiianuiuiasauiuggnia

corr. coeff = 0.9513
4 T T T T

2 i

—— GDP
— Estimated
I

-5 I | | I |
2000 2002 2004 2006 2008 2010 2012 2014
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A9 4.13: ArnsUseanu (Estimated) a1nkuuinasstade@snainuuulaill Stochastic Volatility fu
A13399898MTINSHAUIAVDINENT TN TITUTIITNIANITHERA RN TIUUSTURgNa

corr. coeff=10.9291
5 T T

.

——GOP
Estimated

1 1

5

004 2005 2006 2007 2008 2009 2010 201 2012 013 2014
Time
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A 4.14: ArnsUszunad (Estimated) anuuuinasstade@anaiauuulill Stochastic Volatility nel
REER fluf9341098m 3 n1siAulnvessdniueiinaiuiuiasinianisudnavigaavnssudiuggnia

corr. coeff = 0.9314
5 T T T T

20 -

4+ _

—— GDP

— Estimated
I

-5 I | | I |
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Abstract

This paper examines short-term Thai GDP growth forecasts using a mixed frequency
small scale factor model with stochastic volatility, proposed by Marcellino et al. (2013).
The model could handle different frequencies data for forecasting GDP growth in real-
time when new monthly indicators become available. Therefore, timely information
could be used to evaluate current and future macroeconomic conditions before the GDP
data are released. The model is estimated with a Bayesian technique using a Metropolis
with a Gibbs sampling procedure. Full sample estimation indicates that hard indicators
are the main forces that drives the Thai economy, compared to the soft indicator and the
financial data. Importantly, the model performs forecasts better than autoregressive and
random walk models.
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1 Introduction

The conduct of economic policies relies on real GDP growth that reflects how the economy
is doing. However, the real GDP growth data, which is published on the quarterly basis,
is usually released with delay, at least one month following the end of the quarter. Lately
recognizing the economic slowdown or acceleration is not good for policymakers.! Currently,
the econometric literature has developed a number of tools dealing with different frequencies
data for GDP forecasting. Specifically, the estimates and forecasts of quarterly GDP growth
could be updated when new monthly indicators become available. This type of model is
called a Mixed Frequency model and could help policymakers to timely evaluate current and
future economic conditions.

Traditionally, GDP forecasting models are based on the same frequency data, i.e., quar-
terly data. In general, two approaches have been used for forecasting GDP growth: times-
series and structural models. The common time-series models are, for example, Autore-
gressive (AR), Autoregressive Moving Average (ARMA), Autoregressive Integrated Moving
Average (ARIMA) models. Various time series models have been significantly developed
to improve forecasting performances, e.g., Time-Varying AR and Smooth Transition AR
models.> The structural models specify economic relationships among variables based on
economic theories. However, one limitation is that such relationships may not be able to
reflect the actual economic activities. The common models under this approach are Dynamic
Stochastic General Equilibrium (DSGE) and Computable General Equilibrium (CGE) models.
An additional limitation of the CGE models is the data set that is not up-to-date. Importantly,
both time-series and structural models could not use monthly data for forecasting quarterly
GDP growth.

Recently, the forecasting models dealing with Mixed Frequency data have been developed.
There are three main approaches dealing with mixed-frequency data: bridge models, MIxed
DAta Sampling (MIDAS) models, and the state-space approaches.> The bridge models
"bridge’ monthly indicators with quarterly GDP growth. Baffigi et al. (2004) and Barhoumi
et al. (2008) apply the bridge models to evaluate forecasting performances of real GDP growth
in the euro area. The recently well-known approach is the MIDAS, originally proposed by
Ghysels et al. (2004). The MIDAS models are based on distributed lag polynomials and a
univariate approach. Lastly, the state-space models, based on a multivariate approach, treat
a low frequency series as a high frequency series with missing observations. The state-space
representations are set up in a system which could be estimated with the Kalman filter. Two
common state-space models are mixed frequency VAR (MF-VAR) and mixed frequency

factor models.* One advantage of the Mixed Frequency model is that we could use relevant

'Kitchen and Monaco (2003) calls this lately recognizing as a ’recognition lag’

2See Marcellino (2008).

3See a more comprehensive survey of Mixed Frequency models in Foroni and Marcellino (2013).

*Mariano and Murasawa (2010) estimate MF-VAR models using a classical approach while Schorfheide and
Song (2013) estimates ones using a Bayesian approach.
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monthly data that reflects the economic activities to estimate and forecast quarterly GDP
growth. Relevant monthly data include hard indicators, soft indicators, and the financial data.
Hard indicators are, for example, exports, the industrial production index, and employment.
Soft indicators are usually survey data, i.e., consumer survey and the Germany IFO Business
Climate index. Lastly, the financial data could be exchange rates, bond yields, and money
supply.

In Thailand, the office of the National Economic Development Board (NESDB) officially
release the estimates of GDP growth. However, the first official estimate of the Thai GDP
growth is usually published with delay, which is about 45 days following the end of the
quarter.’> In addition, the Fiscal Policy Office (FPO) and the Bank of Thailand (BOT) also
forecasts the GDP growth periodically. These three institutions have developed their own
models for GDP forecasting. Their forecasting models are based on different approaches,
estimation techniques, or even the data set.©

This paper adopts a mixed frequency small scale factor model proposed by Marcellino
et al. (2013).” We choose the model for two reasons. The first one is that the model allows
for using monthly data to estimate and forecast quarterly GDP growth. Specifically, the
model allows us to compute short-term forecasts of GDP growth in real time. The second
reason is that the Thai economy has experienced volatile shocks since 2011 (Figure 1).The
main contribution of the model is that some parameters are treated as random variables,
i.e., time-variation in the variance of the shocks. Moreover, the model is estimated with a
Bayesian technique using a Metropolis with a Gibbs sampling procedure Kim and Nelson
(1999).

The paper is structured as follows. In Section 2, we describe the dynamic factor model
with stochastic volatility. In Section 3, we discuss the Bayesian methods in calculating the
probability distributions of the model parameters and hyperparameters. Section 3.2 discusses
the data which will be used for our work. The empirical results are presented in Section 4.

Finally, Section 5 concludes.

2 Model

Following Mariano and Murasawa (2003), we let {Y;;}{2 be an N -variate random

—00°
sequence of quarterly indicators (such as GDP) observable every third period, i.e. Y;; has

values when t = 3n for integer n. Also, we let {Y},+}{2 be an N,,-variate random

—00?

sequence of monthly indicators, observable every month. For example, at month ¢, the

first element of Y, ;, denoted by Y1, is the Manufacturing Production Index (MPI) and

For example, the NESDB announced the GDP growth rate of the Q1/2014 on 19 May 2014.
5The BOT uses various models such as the Bank of Thailand’s Macroeconometric Model (BOTMM), a small

semi-structural model, a DSGE model, and time-series models.

"The model is developed based on Clark (2011) and Mariano and Murasawa (2003). Clark(2009) examines
real-time density forecasts of U.S. macroeconomic variables, GDP growth, GDP inflation, unemployment, and
the federal funds rate, using Bayesian Vector Autoregressions (BVARs) with stochastic volatility.
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the second element of Y, Y2, is the export value of Thailand at that month. Let
N = N4 + Np,. For simplicity of presentation, we assume N, = 1, i.e., we are focusing on
a single quarterly indicator which is the GDP.

Let {Y;}}{2_ be an Np,-variate random sequence of latent (unobservable) monthly

indicators such that for all ¢, the observed quarterly indicator is the sum of the latent monthly

Y +Y* +YF
Yq,t — < q,t Qat31 q,t 2) (1)

Hence, the quarterly level is three times the arithmetic mean. However, handling this

values in the quarter:

definition would imply using nonlinear state-space models, which is troublesome. If monthly
changes are small, a good approximation of Y is three times the geometric mean of the three

months in the quarter, i.e.,
* * 1/3
Yo =3 (Y Yyi1Ygi—2) / ()

which yields
1
InY,; =In3+ 3 (Y, +InY  ; +InY; ) 3)

Using the geometric approximation, the relation between the quarter-to-quarter growth
rate of the quarterly series, yq; := In(Yy:/Yg:—3) =InY,; —InY,; 3 = AglnY,,, and the

month-to-month growth rate of the monthly series, y;, :==InY/, —InY', ; = AlnY/, is

Yot =Yg —InYor 3

1 * * * * * *
=3 (In Y, +nY,, 1 +InY o —InY s—InY 4, —1In Yq’t_5)

1
= 3 (Wae + 20301+ 3Y5e-2 + g3+ Yga-a) )

This is the aggregation equation of the quarterly growth rate to the monthly growth rates.
Similarly, for the monthly series, let the monthly growth rates of the monthly indicators be

Ym,t = AlnY, 4.

2.1 Dynamic Factor Model with Stochastic Volatility

Following the dynamic factor model Camacho and Perez-Quiros (2010), Marcellino et al.
(2013), Stock and Watson (1991), we are assuming that there are co-movements of the
growth rates of the latent monthly variables y; , and the growth rates of the selected monthly
economic indicators ¥, . These time series are modeled as the sum of two components.
The first component is the common dynamic factor, f;, which captures the common behavior
of all the series. The second component is the idiosyncratic component which captures the

idiosyncratic behavior of each series. The factor model of the unobservable and observable

y;,t _ Oé; + Bq ft + uq’t (5)
Ym,t am Bm Um,t

4

monthly indicators is
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where the N, -variate vector u,; and the Np,-variate vector u,,; are the idiosyncratic com-
ponent for the latent monthly GDP and the monthly indicators, respectively. The vectors /3,
and f3,, are the factor loadings.?

A key assumption in the factor model is that the idiosyncratic component and the factor
component are statistically uncorrelated and hence all the common movements among the
series occur via the factor only.

The dynamics of the factor and the idiosyncratic components are described by

Qp(L)fy = veetrt/? (6)
Oy(L)ugs = eqroqe’st/? (7)
(I)mj(L)umj,t = emj,t‘jmj6)\mj’t/2 ij=1...,N, )

where

* The ®;(L) polynomials for i = f,q,mj are the lag polynomials of order p;:
®i(L) =1— ¢t L — pinl? — i sL> — -+ — i, L )
The definition of the lag operator L is that L%x; = x4 for a = 0,1,2,.. ..
* The vy, €4 and €y, are uncorrelated standard normal N (0, 1) variables.
* The log volatility A;¢,% = f, ¢, mj, follow a driftless random walk:
Ait = Aig—1 + 00004 6ir ~ N(0,1) (10)
and the volatilities are uncorrelated.

Modeling the volatility as a stochastic process (hence the name stochastic volatility)
of a driftless random walk allows for repeated (continuous) little change of the volatility
Clark (2011). The log-standard deviation of the idiosyncratic shocks evolves slowly over
time, allowing structural breaks that are small and continuous. This form of parameter time
variation has received a lot of attention in the macro empirical literature in the past decade
as changes in volatility over time pose a challenge to density forecasting. That is, shifts in
volatility have the potential to result in forecast densities that are either far too wide or too
narrow.

Since the latent monthly GDP y; is not observable, the measurement equations are written
in terms of the observable quarterly GDP y;, using the relation between the quarterly and

monthly growth rates in (4), as

Yat | _ [ % n By (%ft + %ftfl + ft—2 + %fth + %ft—z;)
ym,t am /Bmft

1 2 2 1
n <3uq,t + 3Ugt—1 t Ugt—2 + FUqe-3 + 3“q,t—4> an

Um,t

81n addition, if soft indicators such as surveys are to be included, the soft indicators can depend on the annual
aggregate of the factors as [ leio fe—i-
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where the constant quarterly growth rate term a; = 3y, three times of the monthly growth
rate.
2.2 State-Space Representation

The above dynamic and measurement equations with stochastic volatility can be represented

in a state-space form as

yr = Fuy (12)
e = Hpyg1 +ny, ne ~ N(0,Q¢) (13)
Ay =ANq + o, vy ~ N(0,%) (14)

where

e The vector y; = <y1’t> contains the quarterly and monthly indicators.
Yot

¢ The state vector u; collects the factor f; and the monthly idiosyncratic disturbances
Ugq,t andumvt.

e The matrix F' collects the factor loadings.

e The matrix H collects the autoregressive coefficients in the lag polynomials for the

factor and the idiosyncratic disturbances.

¢ The time varying variance matrix (); is a diagonal matrix whose diagonal elements are

the variances e /¢, agek%t, and afnje’\mﬂﬂ
* The vector A; is the vector of the drifting volatility, X; ¢, i = f,q,mj.

e The matrix 3 is a diagonal matrix whose diagonal elements are the variances of the

drifting volatility, aii, i=f,q,mj.

An example of the vectors and matrices above are given in Mariano and Murasawa (2003)
for the case where all of the orders p;, i = f,q, mj, of the lag polynomials are not larger
than 4.

3 Model Estimation and Data

3.1 Model Estimation

Following Marcellino et al. (2013), the state-space model will be estimated with Bayesian
methods using a Metropolis with Gibbs sampling procedure. In the Bayesian methods, the
model parameters as well as the hyperparameters are treated as random variables, Given the
prior probability distributions of the parameters and the observed quarterly and monthly data,
the probability distributions are updated, following Bayes’ Theorem.
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The Gibbs sampling simplifies the sampling of random variables from a complicated joint
posterior distribution, by sampling in a round-robin fashion, only a group of the variables
from their conditional distribution given the current values of the other variables (see Kim
and Nelson (1999) and Geweke and Tanizaki (2001)).

Following Marcellino et al. (2013), we divide the variables into six blocks for the Gibbs
sampling algorithm. The Gibbs sampler draws each block at a time, conditioning on the
other five blocks.

e Steps 1 and 2: Drawing F' and the time constant elements of )y

Since the model disturbances u,; and u,,; are uncorrelated, the elements of the factor
loading matrix F' can be drawn row by row (equation by equation). Consider the 7"

measurement equation (12), from (5)-(8) we can write
vig = F(@)u = BG, L) fo + ®i(L)  espoieit/? (15)

where (i) is the i" row of the matrix F. Conditioning on f;, ®;(L), and Nits
this is a standard regression with autocorrelated and heteroscedastic disturbances. Pre-
multiplying by ®;(L) and dividing by eMit/2 we obtain a standard regression model
with homoscedastic and uncorrelated disturbance. With a Normal-gamma prior, the

posterior for 3(i, L) and o; is also Normal-gamma.

e Step 3: Drawing H Similarly, due to uncorrelatedness, the transition matrix H can be

drawn independently row by row. Consider the i*" transition equation:

Pi
it = Z Bjttit—j + Nt it ~ N(0,qiz) (16)
j=1
where ¢; ; is the ith diagonal element of Q;. Conditioning on {tit,. ., pit—p;} and

on ¢;¢, this is a regression with heteroscedastic residuals. Dividing by ¢; ¢, we again
obtain a standard regression model with N (0, 1) disturbance. With a Normal prior, the

posterior for {gbj}?i:l is also Normal.’?

e Steps 4 and 5: Drawing the stochastic volatilities There are a number of methods for
drawing the stochastic volatilities A;; and their variances o;,. We will employ the
algorithm proposed by Jacquier et al. (1994), which involves drawing from a log-normal

density and a Metropolis acceptance step.

e Step 6: Drawing p; Conditioning on all the other parameters and on the data, draws
of the state vector (i is obtained via the disturbance smoother proposed by Koopman
and Durbin (2003).

“When drawing from the conditional posterior, we discard the explosive roots.
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3.2 Data Selection

The period of study covers Q2:2001 - Q4:2013. Monthly indicators are categorized into three
group. The first group consists of monthly hard indicators based on economic data. The
second group consists of financial data. The last group is a soft indicator based on survey
data.

The hard indicators are followings:

* Manufacturing Production Index (MPI)

The manufacturing sector is the main force during the Thai economy. The manufac-
turing sector contributes to Thai GDP about 36.74 percent on average. Note that MPI

is published with a lag of only about one month after the end of the respective month.
* Private Consumption Index (PCI)

* Wholesales Index: (WSI) The wholesale and retail trade, repair of vehicles and personal

and household goods sector is the second main economic sector in Thailand.

* Exports (EXP)

Thailand has relied on export-led growth policy since 1972 (The Third Nation Economic

and Social Development Plan). The value of exports is in terms of the US dollar.

¢ Foreign Tourists (FT)

This indicator would represent the service sector of Thailand.

Since Thailand is a small open economy of which economic growth depends on foreign
economies to some extent. We thus include foreign hard indicators, which are the US
Coincident Economic Activity Index (USCI) and the Euro Area Industrial Production Index
(EUIPD).

The financial indicator we consider are an exchange rate and the yield spread. The
model considers the bilateral Baht/US dollar exchange rate (NER). The yield spread is the
difference between the 10-years and the 3-months government bond. Lastly, we use the

Business Sentiment Index (BSI) as the soft indicator.

4 Empirical Results

4.1 Full Sample Estimation

This section reports the estimation results of the dynamic model for the full sample which
starts in April 2001 and ends in December 2013. We report both results of the models with
and without stochastic volatility. We first analyze the relative importance of the monthly
indicators that are used in the model. Tables 1 and 2 present the posterior estimates

of factor loadings () from the models with and without stochastic volatility, respectively.
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The reported numbers are in the relative term to the posterior estimate of the factor loading
of GDP. The first four highest posterior median (relative) weights are given to the hard
indicators, which are the Manufacturing Production Index (MPI), the Private Consumption
Index (PCI), the Wholesale Index (WSI), and exports (EXP), in both models with and
without stochastic volatility. The given (relative) weights of MPI, PCI, WSI, and EXP of the
model with stochastic volatility are 0.931, 0.804, 0.998, and 0.757, respectively, while those
of the model without stochastic volatility are 0.786, 0.843, 1.015, and 1.116, respectively.
Compared to these four hard indicators, the foreign tourist indicator that represents the
service sector is given much lower (relative) weight, 0.373 and 0.392 for the models with
and without stochastic volatility. The BSI, the soft indicator, is given much lower (relative)
weight compare to all hard indicators. Interestingly, the nominal exchange rate and the yield
spread, the financial indicators, are given very low (relative) weight. The negative sign of
the (relative) weight of the exchange rate implies that the exchange rate could possibly be
a leading indicator. The foreign hard indicators, USCI and EUIPI, might not be directly
contribute to the Thai economy much. However, the US and the EU economies indirectly
influence the Thai economy via the export channel (EXP).

Next, we compute correlation coefficients between our estimates of GDP and all indicators
and their actual data. As reported in Table 3, the correlation coefficients of GDP and all hard
indicators, except foreign tourists, are quite high. Interestingly, the correlation coefficient of
BSI is also high. In addition, we compute the Root Mean Square Errors (RMSE) of the
estimates, which are shown in Table 4. Models with and without stochastic volatility
indifferently fit monthly indicators because RMSE from both models are almost the same for
each indicator. However, the RMSE of GDP of the model with stochastic volatility is much
lower than that of the model without stochastic volatility (0.289 vs 0.749). It is important to
note that the RMSE of NER and YS are quite high because of the highly fluctuated nature
of financial data which causes estimating and forecasting them quite difficult.

We also perform the robustness check by estimating the model and dropping WSI. The
estimating results show that the correlation coefficients of GDP of models with and without
stochastic volatility significantly drop to 0.800 and 0.283, respectively. Moreover, the RMSE
of GDP rises to 0.909 (with stochastic volatility) and 1.992 (without stochastic volatility).
This emphasizes the major role of WSI in driving the Thai GDP.

Figures 2 and 3 plot the estimates of GDP growth, derived from monthly estimates
from models with and without stochastic volatility, together with the actual GDP growth,
respectively. As shown, the estimated GDP growth tracks very closely the actual growth
in periods of relative stability (from 2002 to 2008), especially the model with stochastic
volatility. During the recent global financial crises, i.e., the US subprime crisis and the
EU-debt crisis, the discrepancy between the two indicators widens considerably.!® Although

the model with stochastic volatility cold not match the GDP growth during this crisis period,

1°In 2010, concern starts to build about all the heavily indebted countries in Europe - Portugal, Ireland, Greece
and Spain.
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compared to the model without stochastic volatility, it surprisingly performs very well in
replicating the fall and the rise of GDP growth in 2011/2012.

To explain the intuition, we analyze whether the model with stochastic volatility picks
up any significant time variation in the variances of the common and idiosyncratic errors.
Figure 4 plots the posterior median of the idiosyncratic shocks to the common factor, which
could be considered a measure of underlying business cycle. The Figure identifies two spikes
in volatility over the past twelve years (2002 - 2013). The first one occurred in 2008,
once the Thai economy is hit by the US subprime and the Euro debt crises subsequently.
In November 2008, Thai exports dropped significantly 18.98 percent (SA m-o-m growth )
and 22.67 percent (NSA m-o-m growth), which is the largest drop in the period of study
(Figure 5). The second volatility shift, more persistent, starts between 2011/2012. During
this volatile period Thailand experienced the record flooding spread almost the North and
the Central regions. Especially, the flood damages not only residential areas, but also seven

major industrial estates.

4.2 Forecasting Performance

The model is evaluated by looking at the out-of-sample forecasting performance during the
period 2011:Q1 to 2013:Q4. The training starts from 2001:Q2 to 2010:Q4. In particular, we
conduct the 1-period ahead forecast (¢ + 1) by using the monthly data of the first two month
in period ¢. The performance evaluation is based on the Root Mean Squared Errors (RMSE)
and the Mean Absolute Percentage Errors (MAPE). We compare forecasting performance of
our model with AR(2) (both OLS and Bayesian estimations) and random walk models. The
results are shown in Table 5. Forecasts from our model significantly outperform both AR(2)
and random walk models. However, the model with and without stochastic volatility give
very close forecasting performance. In addition, we plot forecasting values of our models,
AR(2), and random walk together with the actual GDP growth. As shown in Figures 6 and
7, the dynamic factor model clearly again outperforms AR(2) and random walk. Importantly,
the model with stochastic volatility could forecast a fall in GDP growth in 2008, while the

model without stochastic volatility could not.

5 Conclusion

Currently, the econometric literature has developed a model that allow us to use new monthly
indicators to forecast quarterly GDP growth. This Mixed Frequency model could help
policymakers to timely evaluate current and future economic conditions. This paper adopts
a mixed frequency dynamic factor model proposed by Marcellino et al. (2013). to forecast
short-term Thai GDP growth. The model is estimated with a Bayesian technique using a
Metropolis with a Gibbs sampling procedure. Full sample estimation indicates that hard
indicators, which are MPI, PCI, WSI and EXP, are main forces driving the Thai economy.

10
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On the other had, financial indicators, which are NER and YS, have less influenced on
the Thai economy. Out-of-sample forecasting performance, based on RMSE, show that the

dynamic factor model outperform autoregressive and random walk models.

11
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Table 1: Factor Loadings (posterior estimates) of the Dynamic Factor Model with Stochastic

Volatility

Percentiles 10th 30th 50th 70th 90th
GDP -0.4189 0.3167 1.0000 2.3442 5.1566
MPI 0.1414 0353 0931 1490 3.224
PCI 0.1137 0359 0.804 1395 3.230
WSI 0.1547 0458 0998 1.662  3.536
EXP 0.1074 0.329 0.757 1.333 2969

FT 0.0443  0.145 0373 0.693  1.420
BSI 0.0187 0.066 0.171 0.304 0.647
NER -0.3770 -0.124 -0.033 0.007 0.183
YS -0.2254  -0.021 0.045 0.172  0.547
USCI -0.1535 -0.028 0.008 0.060  0.272
EUIPI -0.1958 -0.019 0.038 0.211  0.765

Table 2: Factor Loadings (posterior estimates) of the Dynamic Factor Model without Stochas-

tic Volatility

Percentiles 10th 30th 50th 70th 90th
GDP 0.3724 0.8175 1.0000 1.2304 1.7862
MPI 0.5649 0.693 0.786 0.876  1.025
PCI 0.6457 0.766  0.843  0.923  1.058
WSI 0.8582 0970 1.053 1.135 1.252
EXP 0.9068 1.019 1.116 1.199 1.317

FT 0.1545 0.295 0392 0493 0.628
BSI 0.1586  0.226  0.272  0.320 0.386
NER -0.3128 -0.201 -0.126 -0.050 0.064
YS -0.1169 -0.017 0.055 0.117  0.221
UScCI -0.1180 -0.035 0.017 0.068 0.138
EUIPI 0.1059 0.226 0302 0403 0.532

14
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Table 3: Correlation Coeflicients between Estimates and Actual Data

DFM without SVOL DFM with SVOL
GDP 0.787 0.885
MPI 0.763 0.765
PCI 0.787 0.788
WSI 0.907 0.907
EXP 0.720 0.719
FT 0.697 0.697
BSI 0.834 0.827
NER 0.596 0.591
YS 0.733 0.734
USCI 0.807 0.806
EUIPI 0.719 0.718

Table 4: RMSE of In-sample Estimation

DFM without SVOL DFM with SVOL
GDP 0.749 0.289
MPI 1.896 1.898
PCI 1.684 1.666
WSI 0.553 0.559
EXP 2.650 2.607
FT 2222 2.217
BSI 0.718 0.770
NER 2.668 2.895
YS 2.040 2.086
USCI 1.182 1.233
EUIPI 1.541 1.576

Table 5: RMSE and MAPE of 1-period ahead Forecast (2011:Q1 - 20013:Q4)

AR(2) OLS | AR(2) Bayesian | RW | DFM without SVOL | DFM with SVOL
RMSE 2.4269 2.2426 3.0457 1.8740 1.7596
MAPE 194.4 172.8 237.8 122.6 133.0

15
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Figure 1: Quarterly Thai Real GDP Growth (2000:Q2 - 2013:Q4)
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Figure 2: GDP Growth Estimates from the Dynamic Factor Model with Stochastic Volatility
and Actual GDP Growth
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Figure 3: GDP Growth Estimates from the Dynamic Factor Model without Stochastic Volatil-
ity and Actual GDP Growth
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Figure 4: Stochastic Volatility for the Common Factor
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Figure 6: 1-period ahead Forecast of AR(2) and Random Walk Models
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Figure 7: 1-period ahead Forecast of Dynamic Factor Models with and without Stochastic

Volatility
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