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Executive Summary

This study examines and estimates the dynamic economic effects of increasing
contribution to pension funds in Thailand, and the effects of other fiscal policy shocks on
several key economic variables including aggregate output, aggregate consumption, aggregate
investment, aggregate labor supply, and wage. We employ a dynamic stochastic general
equilibrium (DSGE) model for a small economy and use the Bayesian techniques to estimate
the dynamic effects. The fiscal policies include investment in infrastructure, sovernment
consumption, taxes on income and consumption, transfers to consumers, and government
debt, and are chosen to follow some simple policy rules designed to smooth out the business
cycle, guarantee solvency for the government’s budget. Thailand long-term retirement
savings system in this study includes compulsory savings funds, such as social security funds
for old age and the Government Pension Fund. Workers and employers pay contributions to

the funds at the ratio of wages. Retirees will receive a pension from the funds.

We estimate a small scale DSGE model for the Thai economy. The endogenous
growth model is developed to incorporate the contribution of public infrastructure to GDP.
We estimate the impulse responses to a contribution rate shock and fiscal policy shocks. In
terms of the impulse responses to a shock to contribution rate, all key variables of the
economy, e.g., consumption, income, investment, and labor supply, to decline and stay
below the steady state levels in the short run and then increase to stay above the steady

state values.

The infrastructure shock initially crowds out private investment in the short
run, and therefore, causes private capital to decline in the short run. But then it reverses and
stays above the steady-state level for several years. The other variables also increase in long
run. Consumption and income remain above their initial steady state values even after ten
years. Therefore, a shock to public infrastructure stimulates long-term economic growth and

increases labor in the long run.
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This study suggests that the government increase the contribution to the funds
with three main reasons. First, in the long-run, all important variables stay above the steady-
state levels due to the investment strategy of the funds that invests in capital goods and
infrastructure. Second, long-term savings for retirement are mainly aimed at providing
adequate income for pensioners, and reducing the fiscal burden for supporting the elderly,
while the declining in labor force causes the income tax revenues to tend to decrease. Third,
the negative impact is only short-term, but in the long-term, the savings will lead to an
increase in productive infrastructure and capital of the economy which would improve the

competitiveness, aggregate income, and consumption.
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(3) 3guna Sguiavzdaiuneld 1931e wasdBuninsiedieninninnela
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mifguvesiuaihlalaenisesniustnisyuia uazaisoussilud@eriusUnsviaidug Iy Wefs

Y el
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2.2 NUNIUITIUNTTUNSD91UIE NNV

Dynamic Stochastic General Equilibrium (DSGE) ulunafisuienlasiadnaves
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Hagtuuasarluewiandslifiauuiuou shlilunadanudunates wenani lueaaansosu
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d1m5un15ld Bayesian technique Tun15Useuun1s dn1sfnwiildiaiaciio
Uszu1anis DSGE egnsvainnaiy autulainduiniesfionduninsgiumunziu DSGE 1esan
. a 1 o @ 1w 1 < ..
Bayesian approach fiauuiuglunisussanamsinganziunguiiegisvunaian tag Christiano,
Eichenbaum and Evans (2005) a4 Bayesian technique Usgau1n15 New-Keynesian DSGE
models FeEAnwlAlEsEULaANNITNNINMNAREAINYBINIARIE 9 vesszuuiaTEgRanieldmalulad
a ao A v ' | a a =
nsuaanfivuakastoulusuUssananisidangluisazdiainisiuasulaiueineiasugi b
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http://www.sciencedirect.com.prox.lib.ncsu.edu/science/article/pii/S026499930800076X#bib29
http://www.sciencedirect.com.prox.lib.ncsu.edu/science/article/pii/S026499930800076X#bib29
http://www.sciencedirect.com.prox.lib.ncsu.edu/science/article/pii/S026499930800076X#bib33
http://www.sciencedirect.com.prox.lib.ncsu.edu/science/article/pii/S026499930800076X#bib33
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Forni et al. (2009) lauszananistuwea DSGE tnelumalasiuenisiduleuienid
seldanmainuuazandyadiia luvagisunedisnesglisueneseluduiuazuinig
LaZII818AI19T1519015 wazs1ed1eulauliasiFou uwazlald Bayesian technique Tunns
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SnnStulduasnSyanifiudmalinsuilnauay GDP getuldunn Turneiinsanaswesdng
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uonNi Leeper et al. (2010) lal% Bayesian methods Usg11un1sHaNIzNUve3
n13asnun1aislu neoclassical growth model Tngl¥innsasmudananianuardninduuarléld
Adpaflenenisadaiesinunglduaraedne tnelddoun US. quarterly data dwisunisussanmnis
nsfnuildnainaudriesnisdidunsinlinnsamunadgdmanisausonisianusagse

GDP luszesdy
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WUU Stochastic dsnansenusiafinysdng 9 lulunaiasegianfinyn nsfnwldsldiaasie

34A571294 Dynamic Stochastic General Equilibrium (DSGE) model 3sfisnaazidandasaluil

3.1 NFAUKUIAATUNITANEN

3.1.1 madnwilldudnlunaniaiulavenasvgialusuuuulnifninnnisaza
nuildifingadlfiinnisifulnveasugia (Endogenous Growth Model) Tngiifunansznuida
wadn (Dynamic Effect) waansdaaiunisessilunasumsseuitenisindoaey Tavdinevinseu
n15%197189 Dynamic Stochastic General Equilibrium dufie Auualivnduysanynniadiu

y935rUULATEgRaTinsUTufdignasnimn (General Equilibrium) nsiUasundaninaindade
mevenuuuldlinawsnndeugdimi liaiiave wazaianisalliild (Stochastic) mMsususavessn
wUsdunuudsuntadlinasnszaziaal (Dynamic) TnensiAsIsRiBuaInnIsiImunesrUsznou
vosasruuLATEgia Iiun Arumelavestiuslag (Households® Preference) inaluladildlunisuan
(Technology) $3u1a (Government) 4831119 (Constraint) wagnguvafikUsneuan (A set of
structural shocks to the economy) waglald Bayesian techniques 11UsTIINITNISUABULUAS
vosiuUsa1e 9 luluna DSGE lng Bayesian estimation Aenisldaiuiiazilulunisaianisalan
YOITIFNILAZVBULATEINTU RS ULUA DI INUS IﬂsJL'%'uﬁﬂ'ﬁé}gqamﬁgmmsﬂizmaﬁaLLUUG\"N 9

AUGTINYIRVBINITNTEYNLFIVBIRUTIY 9 19U WUU normal distribution tHusu
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UM 1 $185U59u 51831899 UazRunaauazauvaInawuUssiudenn U 2555 -2561
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Vutiunuiloudnsle deeenlaesgiamialnes mitendadvesnsandadiionisasuly

adm3unIng (Real Estate Investment Trusts: REITs) AU3884YUU8IN0IY U N3onUIeNTafnTe

o Aa o
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LY (3 % d" o/ (3
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Saving) fIMuUANIITNEENIIdzaN/aunuLINBIULLLBY (Defined Contribution) a@x@naslasy
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(1) nawuinudatnydisens (huv.)

(1.1) auaseungy dvualidisenisiidiiaudod fud
27 funew 2540 nawduandn nue. (Ersnsidviounounihdamsadendduanndn
nu. 16l)

(1.2) Msdadudineanu audnduduazauiovay 3-15 ¥89
Ruipiou wazsguiaaunulisosas 3 vaaduioulugiusuIedng

(1.3) msdenalstloviaunuiloaundn nuv. inSumeny videu
mnmsdudisvnisesldsuduioudusviutuimuelutyivesanin Ussnousie Suazeay
Ruauny wasnauselevivosduainagn?

(1.4) WlgugNITANUVDI NU.

wlgu18N19899 U0 NUY. ABNITUINITIUYBINBIYUlAY

Jafunazlianudidyludewesanuannaszning "auvasn foveadudu (Preservation of
Capital)’ iU "waneuLNuAINTAMU" Meldanudssiiveniuld ielvaundnd wnsgiuuas
AuNNTBIN ST inTimnzaunevdininnBea vannisasmu nu." duareganelingmane
uenseuvemszs 1w lydR nu. wagngnsensis Bni nuv. §elaTinnsdneh wleuren1smiugua
Aan15 UlgungesINIAVIANITAMUY Uag NNFITUAUIANTITAMNU (Investment Governance Code:
| Code) tilelidunsounazuumislunisasyuuesnasmuiiieiaduailenalszlovivesaundn

a@suasmalselgsuvesUsesmalagsiy kasidufan1snanIsusnIINIsINNISNa


https://www.gpf.or.th/thai2019/assets/pdf/3Investment/1.Corporate_Governance_Policy_02_58.pdf
https://www.gpf.or.th/thai2019/assets/pdf/3Investment/1.Corporate_Governance_Policy_02_58.pdf
https://www.gpf.or.th/thai2019/assets/pdf/3Investment/2.Inv_Policy_60.pdf
https://www.gpf.or.th/thai2019/assets/pdf/3Investment/3.inv_i_core_60.pdf
https://www.gpf.or.th/thai2019/assets/pdf/3Investment/3.inv_i_core_60.pdf
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Structure of the DSGE Model

Technology shocks
Labor supply shocks gy

Supply labor and rent capital to firms

Households:
maximize
expected

discounted
lifetime utility

Firms:
maximize
profits

* Receive income from supplying labor and renting capital
* Purchase goods and service

Pension Funds:
invest in productive
infrastructure and equipment
Receive transfer
payment and return Contribution rate shocks Q\)

* Hold Gov. bond
* Pay capital income
tax, labor income

tax, and /
consumption tax smooth out the business cycle,

uncertain shocks, generate

on government bond holding
Purchase goods and

Government: Serwc? _
Invest in infrastructure

solvency, and satisfy the
intertemporal budget constraint

Policy shocks:
Government consumption, Government investment, Capital income tax, Labor income tax, Consumption tax, Transfer
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nHN13ARY (The Fiscal Rules)
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lasvginianiniulafiduas Siefiosnin Ssaunsaiisolddeunidassagls Welknnsy
lsinedulagieeianadesiuieulvsulsznunaignuaunis (12) 91y @nuanisine
Y89 Jansen (2004); Jansen and Khannabha (2009); Levine et all (2009); Sangubhan and
Wangcharoenrung (2011); Sangaré (2016); Talvi and Végh (2005); Pholphirul (2005))

o

NONINNIIARIVLYNANUALAAAARINUNYANTTUNTBAINTTUNINATHFAIVINA

Y

[ o

ASIsoukaznIANNEntuluea dnsUsuiaensuiuiuudidsniely ngynienisadananaiagly
lunishliAnanuaiansatunisidniilavesniasy ililueaiagaenin uaslalunald dufe 9

Ldiiansalnsgagldarusodnefunilunainsouw wu agliindadiunise GDP figaunn vinlv

afusouiulanazdeiusUnsiguia uenanil ngniniseaslasiuenavesnisiUasulUasiuys

\Asugau JwhlinisusudivesaIelon1anmsaas anunsatisasaunanuasygiala

r-ﬂll a4 Y] Y ! v a o A a v
asesilonianisaaalsenaunisaldinuasuiazuslnaninsy n18dule
= I oa a ) o = & o va I3 Y

AMEyariy waztuleuniasy ngnunsaddunisfnuilimualviiesdusenaundn 2 Usens
laun (1) aygeluddyslun1sususuuudnlud® (Automatic Stabilizers Components) tufiali
4{‘ A [ % U [ [ ‘:{' | t:ll r-:ll d"
LATD9LDYNNITARIUTUAITIATIIAUSNTINTSIUABULUSBY GDP 9nAIAslady (Steady state) @9
[ val [ [y wa [y 1o & v [y 1 = N [y
JuniseenuwuulniinisususuuusnluliflessglidnlusesunsnusslneUiuavesasodionsnas

lgnse uag (2) nniasesdisenyiutuleulamnualidnisusuimmuyarvilaisi sy

@ ¥ o ¢ ' = ' S 4 ..
ngn1sAaslusuauduiusveAnsiUasukUaIInA1Afaie (Deviations from

Steady State Levels) Anuun el
— ~U =~ 00 (19)
Up = Ugpdpgoy — Uppg + Op

DHZDW’D\QA—DW’D\H‘*‘DW (20
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000 000 -
Dj = DDDDDDD—l + DDDDDDD—l + D%DDD (21)
00 = 040 0oy + O 0 + - (22)

0= UgoUp-1 ooUYo-1 0
00 = Opp00p-1 — OppQp + 05" (23)

demnldfmuslfiedesdionsnsadsliuiuiuuy cyclical Aossuuiasvgia dedu [ > 0
dwsu L = D0, U0, D0 wee [ > 0dwiu L = UOUUL, L egslsfnnmg [Su
Tousyaalsiumldnunsuasuulasmes GDP Lwilajtl%’umwﬁmmsmzLﬁaamﬂdaﬂmﬁ%’gma
wlsuiussmnaiuleudorsvsiarassuiiaiumslitionansiFeu Tnglildeddasmami

GUCNPIH

AnsusuUsidsmansgnuannateuen (Exogenous Shocks) Usenounay Aansenu

g

: = v 00 —00 ame 00 o
31NNM8UNYeITIwIILauLarusaanasy [, Lo~ avddula [ AByaALiy

[
o

(=" waziulow 5 shutswanilfuslsifinsususmu AR(L)

3.2.4 nswasuulasvasiauls (Shocks)

AMNUANISANEIUBY Negro and Schorfheide (2010), A1 log VaIFILUS

NANAIW %38 technology Un1stuasunlas fatl

lnﬁmzmmlnﬁm_l‘l'mm D% (24)
Inl,=Inly+ (n)0+1In- (25)

oo p, €[01] G 0< p, <1, weluladiinsAsuulasiifiadiosnin (stationary) & p, =1

walulag Af® random- walk process with drift

dusuduys Shock 3naeuen (Exogenous Variables) Usgnouniy

NsUasUwUaIvRInsIdzauaunNy (Contribution Rate Shock):
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0g” = Ogg0p=y + Ogp0g~

nsiasuuameanaluladlunisndn (Technology Shock):

GD - DDED—I + DDD%

nMswasuulasvessiuaudiluansviheu (Labor Supply Shock):

e =040 + Op0F

mﬁlfdaEJ‘L!LL‘Uaa‘ua\‘iﬁmqmiuﬂﬂﬂmﬂ%ﬁ (Government Consumption Shock):

0o
0, = Ooo0p2y + Ogp0g°

nsdsuLUaweEnsINIsdneaunIAsy (Government Investment in Transport

Infrastructure Shock):

O0g” = Opp0a2; + Ogp 0~

N15UAsULUAIYR99R1AEREULA (Income Tax Shock):

oooo _ 0000 0000
N = UpggopUpg=1  + UggopUp

nsdsuLUaeIsnTIn18uTlaa (Consumption Tax Shock):

0g” = Opp0g=; + Ogp0g-

AsasULUaIYe99nI1¥ULeaY (Transfer Shock):

05" = 0pp0a2; + Ogp 038"

NT2UIUNNSIUATULUAIUDIENTINSHIULRva A LLlaE

—~

GD = ED — o

(27)

(30)
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sruusimantinualmudsuniainiu Atationary AR(1) Processes

e Oo~0000(0,1) wee =
{00,0, 0,00,00,0000,00, 00}

3.3 NMITWIAINBUVDILUUINABY (Model Solution)
3.3.1 Market Clearing Condition
Nnra1AvessruATEInaneignasnmluudazluasyn 9 U laenainduen

LAEUINIUNEARE NN HANEATINYINAURATINYEINITUSINATINYBINIAATITEU NITANUTIL T

ulvfinsesuiulunemuituiu wazaldaneniasy
Jo=0,+0,+0 +0- +20, (35)

paausanueglugasnimiediuruinlusiazyhnureaussnuyiniudy
lusiinandoanisdsau lnesnsedssdususulitassartu aandudmueglugas
amidleuTinamuitagliiduhiuarudesmaivesinandaiulnesnsansdudmu uenaini
nn 9 ﬂaaﬂﬂwé’faﬂlﬂummmwﬁﬂ Transversality Conditions suaqmsazaunuuawﬁmﬁﬁmx die
Lilvyaryuuasniassuraunieedlulaarievesssuy Tasidermomiuduiusvosmasnim
VBINAINGI 9 NONNNITAGY LazaUNITWUTEIIUTINATeIRTITaU Tgurakavaun1sUadenseny
31nN1BueN (Shock Processes) Az lamuduiusuesssuvauns uazAuduiusvesmiwlsniely
ﬁu’aagﬂugﬂﬁuaqﬂmﬁ’u ofin waveuAn watinesdulavinaninuduiusvasiautsing 4 vasi

SYUULATETNT

3.3.2 msufilvdymanulifiatiesnwvasdayauaznisinuaanudunusvag

Iumaﬁgnéfae (Correcting for Stationarity and Misspecification)

(1) Correcting for Stationarity

ADUNIZWATLUVANNT AL UTEUIUNTUIANFUUENSVDILUNA FEADIN

Y

Tsudsnndiauaiies (Stationary) wagliiauduiusaeiuvesdauysluwuy Cointegration

Relationship Falulama Real Business Cycle firaa@inwiil Usznausie Technology Process vili
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1%

\im Common Trend TudauUsuandn n1suslaa 51891801055 dudArmu selangtula sela
AByaity wazlulou vilvifuusivanil Non-Stationary 3suitamivilalagtumismeseau

Y3 technology (Scaled by the Level of Technology)

NANNITUERIAMUFURUSVOS technology process Tuauns (24) way (25)

[

ansaman [ Tasadl

On (36)

O, =00——=000+ (@, —Do00, 2 + 0,0
Uo-1

flosnn [ 1]0,1] ¥l O deutieu stationary inain wn [ =

1 aunnsaglaisl 00 4 wethu Tuaniunisel stochastic environment fuusfign detrend g

Ususegnslimuaies (Stationary Law of Motion) uwenainil e [15 = 1 luwasziinlimie
AMUFLINUSWUU Cointegration Relationship szn9iu msAnwnillaundamlaenisldruanisues
A1 log 903RLUT (pairwise differences of log of the model variables) AMUENRUSTDITEUUANNTT

vaslunaluguvessudsngn Detrend Usinglunianuan n

(2) Correcting for Model Misspecification

Model Misspecification ananaiintuldlasianizegradeiulawma DSGE
FeiliAn Rank-Deficient Covariance Matrix (Singularity) @95usaudsaa 9 ililanaUszunu
nsfiauUanandeyaais Fatu nsfinundagidndgudindnlaginsfiuduusiizends
Measurement Errors #30U9N15@N®1 (Leeper and Sims (1995), wag Smets and Wouters (2003))
i3uni1 Additional Shocks nlUluszuvaunisie iesnlunaiifda@nuiusenaudlefaudsd
Nudayaasadiuay 8 dauus Fetfu ssuuaunsaeResdiiaus Exogenous Shock $1uau 8 Fauds
A mmm'gmmﬁmﬁ’jﬂmmLLiJiiJi'gumaﬁzwmwgﬁﬁ]ﬁmm@;mmﬂmiiumumﬂmﬂuaﬂ 8 /"

U3 aunsnismvunAvesleyadss eglugy
5,=Y,(a)+ Y.(a)+ Y, (q)y, (37)

og [ Aanawesvesmdunaduls (Teyaadainiv)
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— 0 10 H000 O 0
Oy ={000q,0p,08,08,05"7, 08,000, 00}
waz [ 5 Asnawmesvawiudslulung

diaWeuaumsivieglusuanuduiusvesiauysi Detrend wavlvioglusuSovaznmsivasunlasann

A1 Steady State agla

A~
~ ~

Ins, =Ins, +(lny)t+ L+

L

I
0
N
)

O

R

t

>

Ins, =Ins, +(ln7/)t+§t + zzlt ,

Ausudiluanisyingeuy lides Detrend LHesanliilnansenuves Commom Trend VoIdkUs

walulad Aty Aruels

In0, =In+ 0 o [ fer Steady State vosdmaudalusnisvine

3.4 NMSUASTUUENNIS (Solving the System of Equations)

luiaa DSGE Aaszuuaunsvesaen1ivanvedliing deoglusy

E, {f (y,ﬂ,y, VY, 116, )} =0 (39)

[

178 y ADRMasYaIslUs Al

0
0,¢,0,0,0,,0,0,04 0% 0%, 0% 05, 0%, 00,0,0%, 0%, 04,0,
M DD DDD DD DDDDD DDD D[[
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WA [] ABLIAMBIVDY Shock [ =
000 OO0 Qb Qb Qoooo 00 00 00 OO0
Wwe OO, =0,00.0,=2 ;00 0,=0,0=%0,;0,~10(0,%))

HagNsvessEUUaNn15azeglugU Policy Function Aail

v, =28(y.6:9) (@0)

Y

d'* I .:4' [ Y] 4 o = Ly (Y] 9] 6 o = d' 1
emLUuLeszumanmiwmemmamwuﬁmaqmLLUiﬂ‘fjmguuiugﬂéuaammauwuﬁﬂumLL‘LJiiJ'Vlmum
waz Shock Yilaguu nsdnwilagldis Linear Approximation Method lunsuAszuvaunis Jadu

Fnteulglunisuntymives Likelihood-Based

3.5 nMsuTuanuduiiusvegluguidadunss (Log-Linearization)

lawaa DSGE daulugiuatazeglusuvesanuduiusvesiindsang q Tudgs
Non-Linear Myasenilagldisussunalaganunsailvieglusuanuduiusidudunse (Linear) lag

78 Log-Linearization Techniques® 13uilviaun1si (38) Tieglusy Linear dwsunisivuadiseu 9

[

A1 Steady State fiail

108

v=g(7.0) 2)

Uuflo o Steady State fuUsnnimauylniansfinaonyniiaszian waz Shock fiA1 Mean tdu 0

Aty Twaasuiuy Deterministic Aediduudnsuaranuduriusvessuusivlufiamaigndes

I3
a a

A1 Steady State Ui 9 Araglugurasilandumduldns mildlasunssuvaunisvedlues

1%

loglvisudsiiAnpsivnaiaian lae Steady State veslung fiail

0" ==
J
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0 (-0 O
O @a+0)T
O O OND @-o-Ht
0= — A +0D)=+=+(1—— :—( )Du
000 0 /O 0
g
00 s
—T—(l DDDD DD)T
(]
~ ~[]
(] N ]
S + (22— —

s launsegsuaNudTusdudunss ddudeunAenisulasiiuUsTi
aglusUenfosarnsiudeunuasainen  Steady State ¥osfulsimty o uaveduaunis (39) uay

(a0) wiaslogluguenudusiug fil
Et {j;v+1j>t+l + ~fy)/>t + fy—l);t—l + feet} = O (43)

.);[ :gyj}[_l-l-gee[ (44)

(%

oo [ way [ Aeilenduaduuans O sl

0

_ {D, 0, 0,0, 4,Ug,, Ug, Ugg, Ugoy Uggy Upooo,Uoo,Uoo,Uoo,Uoo,Uoooo, U
Ug,Ug,Upgg,Ugo,Ugooo,Uop,Uop,Ug,Up,Up, Uop,Upo,Upooo,Uog,Hog, U

Huhe AmeuvedsTUVANNTITaglugy

v.=g(9)r.*e.(a)e
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(45)

< Y a v = v o ! ' o
auns (45) Wugvuuumivesaunsussinailadunseiuansnnuduiusseninanluouinnvesd
wUsluilantuvasatagiuvesdiudstn 9 uwazA innovation  FITTUUALNITVVNAILABIYN
whaunsnounazUszatunisiagly Bayesian inference maly waziloniar [l waz [ loudn

AUNTOMNALALTDIR LU b LAE

y,=ytgrtg.e (46)

[

d115UA Log-Linearized Equilibrium Condition w94 T3iaa DSGE difiail

1,\ 1 AD - av)
EDD_<1+ ) DD
B 1 oo o- kl
-t o - DDDﬁ] 1+ 0

+DD)DD((BD+BD DD+1 DDﬁgﬂ)]

[(A+0DH0" +@—-0"" =00 ] -
- 1+ 0 =
— 08y - (1 -0 — 09,




oY 5 (48)
1+DHDD+DD

(1- DDDD)D[]~
+ [Du D41
1-0)+01- Dmmﬁtm]~

Duuu A
—mmmﬂ + Dm+1> — Dm]
nls .
= WDDDD+1 + Uy + Ul
oY o (49)

1+ 0"

Lo + Up
DD

0 ~ ~ 0
= WDDDD+1 + UpUpyq + Upglpyq — Ug

[i(l+[ﬂ%ﬁm-+mmﬁ§]+wjﬁm+—ﬁﬁD (51)
—DD[(l mimiin) Yy DDDDDDDD]

N
-+E(Dwﬂ+ﬁypl—mm)+mmmmﬂ

+(1— D808 - DD)DD(DD4-DD—[TIWDDDD

o\ 0oPdo
)+—DD 1+DD 1+D[ 1
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~ ~ ~ ~ 0
o =00y -0 +@ -0+ 0p (Du,u—1 —

. 0%\ oo
U =Ug—Ug— R Ug

o~

Up

- ﬁj+’E ED+EDGD +1ﬁ(ﬁD + 0 0
ﬁ U] ﬁ DDDD ’i DD D'i [1—1 [1—1 []
ﬁ ~ [I[1] ﬁ ~ [ EA
= — + =01+ +=10
] i [] i []
N =040
oo=0 400,
~ ]
_ 1—00\, _ 0" _g
DDD=< B )(DDD—l_DD)-I_"’_DD
U]
Q-0 oo, . nininin
_ (040, +0)-—

)
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3.6 N1sUszuaun1s (Estimation)

AsAnwildiadesiie Bayesian Inference TunnsuszanamnismeAduvans lng
An and Schorfheide (2007), and Negro and Schorfheide (2010) ¥i1n15@nw1l131 Bayesian
inference a1115aldUszanan1siAnauos luwna DSGE Melueened sautuddaninig
Economeric 1 vilinadildainiaiosiotundeto nsimseiendondn System-Based uazsiilek
SPUUANN15VRY DSGE aeniuiudeya Time Series Y8352 UULATYENT miﬂazmmﬂ’ﬁagjwﬁugm
1943 Likelihood Function fifwiuatulaslaina aunsald Prior Distributions Saufudeyaasslunis

Uszanuad@uuansang 9 vasluna

N1931AT129LUU Bayesian Aon1sflauyRgiuin Parameters danfiliasi niaidu
“Random Variable” #4333l Probability Distribution Uedl#iag Parameter 41l &991L516090159%
M “Posterior Distribution” &sii@e Probability Distribution ¥84 Parameters vutioulumy Data

[y

Aa o o ° . . . . v Aad o A a !
N I@UﬂigUUUﬂqﬁﬁqﬂiijUﬂqiﬂ']U'lu Posterior Distribution ﬁ]giﬂjauﬂqimmqf@Lﬁﬁl\imLiUﬂﬂu’J’]

a o

“nnues Bayes” lagayld input M3undn “Prior Distribution” Luauyfgiuvesnisnszateives
parameter 34157@1115014 “ Domain Expertise” ¥13as1evidae Mldld Data iieseguiion 1o
fawun prior distribution w& 1fRzdedld Input 3néa Fadu Distribution ves Data vudeulvves
flaaa %38151919538n31 “Likelihood Function” et Input @83f3uid1gns N Bayes 1311
AEANUITOAIUIU Posterior Distribution 8anule 1aui191nn15UszUIUAI19AT Parameter 1ag35

. . . d" = I3 1 d' ) Yo 1 I3 v
Maximize Posterior @anAsLlumA1 Parameter Vl%’]slwﬂ’lﬂ’s’mmﬁlzmumuq&qm

3.7 JoyanldAnwn
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a

Toyafildimsziludoyaidaiat selasuna (Time Series Quarterly Data) ¥4
Usenelng faudlasunadl 1 2550 ddlnsunail 4 U 2560 (waziBeateyausinglunianuan)
Usznausng
(1) doyaniasy loud s1edreamunindy sedeuilanniasy snedeluleu
masy MeldnS3uld neldnSaudmy meldnSyadiiin wasniiniasy
(2) deyaiasugiauvaia l¥uA GDP n1suilna nisasnu wazdiurutalug
M3y
(3) deyaniseeulunesmunisesuiienisinfeaely HUIIUTINIINABINLY
Usgiudsny waznomuinmiatnungdnswnis own Sunuluazan waeRuaumuvenamu
dmSuunadeya GDP uazdeyaniafgiAusiIusINIINTLUU GFMIS v84

NIENTNNITAN GEJI’EJ&JUaﬂ’]i‘U%I.ﬂﬂLLa3ﬂ']iﬁﬂ‘l{!‘l«!LﬁUﬁl’]ﬂﬁ’]ﬂﬂﬂ?ﬂﬂ&%ﬂiiﬂﬂﬁiﬁ%ﬂ?ﬂ’]iLﬁi‘b‘iﬁ%LLaS

' 1
yaa (Y |

[ ' a v o Y] o [ ¥ o ° [ P 4 o o
AAULLANUF GEJE]@%I’ﬁT\]WU’JU“U’JIQNﬂ']i‘I/I'N'TLlL‘UusU@%aﬁ’liﬁﬁlﬁﬂﬁiUNWNaﬁﬁlﬁlﬁLLG] 15 “l.J“UuVL“l.J“UENﬁWUﬂQ']u

U 3
ADALIIVIR

N133ANIsAuTeya LemmuasnsIn1BRuld wagdnsn1Byariiuadevesdua

[ = ) zsl D o
ansn1Ensuslaaasy [ Awaan

Ov .
T g-0©

’_‘ v = A a v a = a =
g [ sglan@snuusinaduinnelin (Saundasswaniia wazngaaning

L] feyadinsuslnasinvesdualinmuLazuInig
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Sasneuldads 7 fuiman

o+ o00d
U+ 00

Duuu —

Ine L[] A9 personal income tax
_ILJ[] @@ corporate income tax
] A seldanArdnsvioiuiou

(1] @9 capital income

(Y a { D o
anTRUazaNaunuRay [ Auieain

IurnRuaunulunemulssiudiaunsdlysinm + Swiuluasauaunuly nua,

oY =

elaanA1 S eRULR DU

'
=

ToyamAuanumamng o avegluzu Nominal uazazvgnusulveglugua

934 (Real value) Ing/ld@A1 GDP Deflator lag

GDP deflator =

(nominal GDP/Real GDP computed using base year (2002) price)*100

3.8 99910 LUNISANEI

[y [

ANSANYINYDNR Aail

3.8.1 NMINMUALATIATIINIBATENIvRIUTEINAlNY 91AElATIaS9LATEERa9s
(lidusiun1ani19i3w) YSusindukuudiass DSGE we@nwinansgnuainn1susullasuan
ANUABULaRIRLUINMEuEN I lNaNTENUsEN SR LLUAIUBIN LIRS NI UGN YL 04

a i a Y a a 1 b4 ! 1 I
n1sidguulasyadiuiaselulufianislvu egrels wndesudluu wavazasegeniuiuiiesls

Judu Jeagldnsenusenanisinszinisiuasunlasesianlsing 9 auwuuiiass DSGE fenan
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3.8.2 Mmafmundnnfuazanasmuiiinesu 148nsedsvesdnsazauaumuain
avsnasu 1iun nesuusziudinunsdvsain wagnowuiindatugissns iWesandy
newmuAtady fnmsiieluarauuazanyuidiinesuiiasiiane wazavannsatiiusenainnosmu
IMieinSoaeny feaenadestuieuvesnesunisesuiiiensinBemeigilidne iielase
NANSENUIINNNTOBNLUUILIZEN daunowuiitensinBenegdu q iunsesumeasinsla aundn
oouliiasinane uardnsnisitioonannesuvienistiiusenainnesudeutiags laiamisn
thinldfnwiteguansenuanmsesnszezenld

uenanil SnsrazanasmuiililunisAnwidusnsnaiovesasinammu Lilduense
nowu (osa1n mMsAnmiitiuiiesginansenufuusmaasegha Inefvuaniasgesgnues
wAswgha fo a¥adou dafu fulsfiaenadesiualitdisvesniaFouluivesmsiiefuasauauny
dhnesunisesiiienisinBuneny fe SnnRuazanaumuadsiiaufeusosinedineau du

AIANUATAIIALERIILREIRRATIS aulY NS ENURABNANITIASIZYeIUITTusaE N9l
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Namﬁmi']zﬁﬁ'a;&aiuma Dynamic Stochastic General Equilibrium

M3AsIzideyadnluea DSGE Nfuualuund 3 Usenaududeyadseiliuain
Toyaadnluiatveslseinalng lagldinseslio Bayesian Inference Tun1suseu1ain1s1ien
NANTENULTINAIRYBINITUSUAIAILUSA18UBN (Shock) Ben1sUszanunsing Bayesian Inference

Junsldarmnuunazilusiuiudeyadsavessasssuuiasugianldussunue Jdedidoya

a £ o

ANAAUITUAULAZNITNTEUAIVDIIIEANUTEANEUY 9 Same1e Tnedidunaunazionis asil
4.1 Calibration and Prior

4.1.1 Calibration

Calibration Aa35n1A1vRIFNUTEANSIAg R IABWUIAANg U NLAEITe

Wisuilsuiudeyassevesssuuiasugianlddnwilasliendoanuduiusvesssuvaunisuas

[
aada =

A15ALIMYadlUa nelun1sAnul ANdUUENSU19AN9ED1AEATH FedpnraaINuN1SUSEUNM

[ |

nslagldinatiauuy Bayesian Approach AduUansiledsi dnaviluarfinvunan Steady-State

VOIRIMUTUY 9] ¥IDUNITAUIANIABUNANANITANEITEDU ) wazAnvardaAgylunisuanlden

dmiuszuuasegnaussnalng fananslunisen 2

m'i'mﬁ 2 Parameter Calibration

Parameters Values

dns1Anan, B 0.99
dnsAndenduiuenau, O 0.02
gnsIALFRNAUAMUSTUIS, als 0.02
dndrudunvudadunisngs, o 0.30
dnanunsanudadenisngs, 1-0L 0.70
N ~ 2 Y 0.08
9NN BYAALIY,

e s 0.22
Smsmatulg, - '
y 0% /0 0.115

nduUslnAn1ASTse GDP,
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Parameters Values

gnsAnan, 3 0.99
dnediuaamunAIgse GDP, Du/D 0.025
”@ﬁ’auwﬁmﬂ%’g&ia GDP, 0/0 0.272
0" 0.028

ININFLRURTANAUNY,

#111: 115 Calibration lagAnyRIdY

M13199 2 wanaA1veIduUaNSNLaa1nNn1g calibrate AunMzAsYgRaveIUsTAlveg Ussnauniy

a Aa

AadvesdnsAnan sninAndenvesduimu duinaindeyaveaasugialvefiian Capital
Share 71 0.4 Adndaun1TasUse GDP 1 Souay 29 warildnsnenilesediisosay 3 Ssauvanil
yilvansadunfunsindeanldd [ = 0.99 uaz [ = 0.02 eusvlugunelnsna
Adncuauimuiltlumssdadmusiisns [ = 0.3 Weimuslidadunssnuiuiosay 70

dmuARfyAve MY TATENBNINITARY ALIAAINYRYANIENINTTARIYRI B INToya

1
= 1

lugrsnanildlunisAnyiasedl nd1afie dnsiarByaniiiy 1Y = 0.08 gnsaedule

J

U 1 1 = D U 1 1
Y = 0.22 dndusedsamunindgee GDP 3o — = 0.025 wazdndrusiviny

al U ! Gl |:| U ] ldyj ! Gl |:|
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4.1.2 Priors

dmsuaduusransimaevedluinaszgnussuinnislagldis Bayesian
Inference GanauUseananisagdaaniinuaan prior distribution InaA1sne q ld1nkan1sAnyii
Nuanfiiieates Teud Christiano et al. (2011), Sangaré (2016), Montolio, D. and Sole[ JOUe, A.
(2009), Adolfson et all (2007),and An and Schorfheide (2007) ¥4 The Frisch Elasticity of
Labor Supply, v #fvi11u 2 (Sangaré ,2016) wag Pholphirul (2005) AvunUsziiiua [
WA 0.3 d1mSuAn prior distribution vesduUszaNsUlauIBNITASI gﬂfﬁ’mumﬁaiﬁﬁmimzma
HuagaseuaguAnavesdul seanslutisinirannifise SuTEenRdaIUNAN1S ANV
Jansen (2004), Jansen and Khannabha (2009), Jha et all (2014) and Sangaré (2016) 57881880
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M15799 3 : Prior and posterior distributions of the model parameters

Parameter Prior distribution Posterior distribution
Density Mean Std. Mean 90% HPD interval
Structural parameters
Technology growth, [ Normal 0.01 0.10 -0.0173 -0.0198  -0.0153
Labor supply elasticity, [ Gamma 2.00 1.00 0.0919 0.0468 0.1288
o (g Beta 0.20 0.02 0.1825 0.1704 0.1972
Productivity in infrastructure,
Policy parameters
) Uop Beta 0.80 0.20 0.1405 0.0208 0.2468
Gov infras.resp.lagged,
Uog Beta 0.80 0.20 0.1419 0.0181 0.2537
Gov conspt.resp.lagged,
Transfer resp. lagged, Uop Beta 0.80 0.20 0.1489 0.0075 0.2795
Income tax resp.lagged, Uapgoo Beta 0.80 0.20 0.2058 0.0240 0.3814
Conspt tax resp.lagged, Uop Beta 0.80 0.20 0.1684 0.0180 0.3307
Contri rate resp. lagged, [ 00 Beta 0.80 0.20 0.1250 0.00195  0.2271
Gov. infras.resp. to output, [] 00 Normal 0.15 0.10 0.1474 -0.0042 0.3043
Gov. conspt. Resp.to output, [ Normal 0.15 0.10 0.0692 -0.1075  0.2297
Transfer resp. to output, Uog Normal 0.15 0.10 0.1730 0.0192 0.3218
Contri rate resp.to output, [ 11 Normal 0.15 0.10 0.1523 -0.0152  0.3100
Income tax resp. to deb, Uanoo Gamma 0.20 0.10 0.1430 0.0316 0.2478
Conspt. tax resp. to debt, [+ Gamma 0.20 0.10 0.1588 0.0332  0.2667
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rameter Prior distribution Posterior distribution

Density Mean Std. Mean 90% HPD interval

AR(1) coefficients

Contribution rate , [ 1 Beta 0.85 0.10 0.5804 0.3343  0.8516
Leisure preference, [/ Beta 0.85 0.10 0.6992 0.5086  0.9048
Technology, [/ Beta 0.85 0.10 0.8889 0.8053  0.9851
Gov. infrastructure, [ Beta 0.85 0.10 0.5470 0.3290  0.8006
Gov. conspt., [ Beta 0.85 0.10 0.5382 0.2933  0.7733
Income tax rate, — 0000 Beta 0.85 0.10 0.6848 0.4454  0.9757
Conspt. tax rate, [ Beta 0.85 0.10 0.6959 0.4654  0.9788
Transfer, L1 Beta 0.85 0.10 0.5324 0.2570  0.7701

[y

u1: nsAnalagAugIdY
4.2 puan15uszunainis (Estimation Results)

A15197 3 lakananan1sUseundnns ( Posterior Distribution) launa DSGE 484
Usendlng laelananafananisA1uInNA2aev09duU52a0n5 (Posterior Mean) way

229ANULTBLU 90 % 138 90 % Credible Intervals? 1935Uszu1uN5IAeN1S Simulate ANY99

2 The Bayesian technique calculates the probability of different values of the parameter
given the data. This new probability distribution is called the "a posteriori probability".
Bayesian approaches can summarize their uncertainty by giving a range of values on the
posterior probability distribution that includes 90% of the probability. This is called a "90%

credibility interval."
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Posterior Distribution laeld MH Algorithm? ANSANY 515 Generate 500,000 ﬂ%’jw’] Ql
Posterior Distribution vasduUansvasluina 16A1 Acceptance Rate? ii5ovaz 54.2 Fufudni
Tuan1Uszun157in (Munan1sAn®1vee Del Negro and Schorfheide (2005,2010) uas
An, S., and Schorfheide, F. (2007))

dannsndvlaveaasvgiasemalngldimunduadnsnisdulalaglifladidy
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*> The Metropolis-Hastings algorithm is a Markov chain Monte Carlo (MCMC) method for
obtaining a sequence of random samples from a probability distribution by specifying a
“candidate” (or jumping) distribution, from which several parameter estimates are drawn and

then poses an “acceptance-rejection” rule.

*acceptance rate fio ANVsEYINANITUTEINANSIANNARRRdBe Uty T HarlaTtassluag

Y
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https://en.wikipedia.org/wiki/Markov_chain_Monte_Carlo
https://en.wikipedia.org/wiki/Pseudo-random_number_sampling
https://en.wikipedia.org/wiki/Probability_distribution
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4.3 Impulse responses
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g‘dm‘wﬁ 5 Estimated impulse responses to a 1 percent increase in contribution rate
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;s‘lJm‘wﬁ 8 Estimated impulse responses to a 1 percent increase in income tax
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Equilibrium Conditions in Terms of Detrended Variables
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Employed
year Level GDP Tr Gi Gc Tc Tinc Sp
2550 35073.2 2194900.0 694128  87592.6  250351.9  221045.7  284034.6 2.9
35567.9 2088052.0  65030.4  86641.6  248584.5  262796.4  415920.2 3.6
36966.3 2149878.0  53276.7  68777.2 2849627 2182139  363007.0 3.8
36711.7 2337970.0 847119 547515  218701.9 2271824  275040.3 1.4
2551 35682.9 2422572.0 642177  76781.4  227974.0  238875.7  317329.2 1.9
36705.5 2327743.0  66965.4  86516.0  254118.0 2863954  467983.7 0.6
37679.9 2363094.0  68720.1  49439.6  279542.6  235779.5  420574.0 2.2
37399.7 2280379.0 106420.0 28241.8  229006.0 2074125  269286.0 1.0
2552 36381.3 2301279.0  116313.4 99936.4  305707.3  199253.7  286474.2 1.2
37590.1 2246285.0  84023.0 802109  259819.3 2811785  425049.0 a7
38282.7 2260098.0  78203.0  74590.0 3283223  231739.0  355851.1 a7
38124.5 2472861.0  119860.2 43611.7  233311.2  254312.1  273395.3 0.8
2553 37317.1 2676276.0  103338.4  66869.3  262240.6  263515.2  315071.0 2.9
37403.4 2500183.0 713214 302523  277854.3  313341.9  452667.4 1.7
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Employed
year Level GDP Tr Gi Ge Tc Tinc Sp
38536.8 2509987.0 651754  42380.6  311554.6  273243.6  431828.2 1.7
38372.6 2639608.0  165630.8 33237.1  354904.9  282364.5  307509.7 2.2
2554 37530.3 2837776.0  117330.0 106871.7 292704.5 2979715 361859.3 2.4
37887.5 2673046.0  86813.7  50331.7  384626.7  345508.4  574814.8 35
39184.3 2663595.0  74926.0  73117.2  309884.6  281767.0  507705.9 1.6
38764.7 2878366.0 1297029 38128.1  271344.8 268014.1  330851.6 3.5
2555 38784.4 2967625.0 186796.2 81782.6 4642835  308802.6  404618.5 0.9
38425.9 2850304.0  91556.0  59466.0  284446.6  385045.9  608760.2 3.0
39411.0 2874159.0  91885.2  96030.5  352932.6  342704.0 539364.5 14
39421.0 3127392.0  187713.6 58418.8  453652.0 3459227  406650.6 3.8
2556 38364.1 3099366.0 112190.3 90702.8  309904.8  341659.1  449166.0 3.0
38771.4 2916512.0  121071.2 50169.9  281272.4  410237.8  655857.1 3.0
38897.2 2912266.0  104532.7  77282.4  324477.2  321601.6  551947.4 3.1
38880.5 3174110.0 196495.1 1165429 447684.1  329673.4  418813.8 3.5
2557 37551.9 3179445.0 148283.6 34378.1  300268.4  330232.6  430740.3 3.7
37494.2 3015591.0 975354  58240.4  320996.7  389094.3  618817.6 4.2
38143.3 3001436.0  105668.2 74885.0  345277.1  321169.1  542499.0 2.3
38019.9 3284567.0  270641.0 41272.6  454382.6  330217.2  411304.8 3.9
2558 37301.8 3247630.0  162717.3 767489  318417.6  351321.7  455215.0 4.2
37433.9 3156591.0  130778.9 77103.5 321391.2 4007225 621370.8 4.3
37998.5 3123277.0 124560.9 76446.6  323740.8  332520.1 5438155 a4
38056.2 3326344.0  293757.8 68155.7  445740.9  358236.1  422588.5 4.0
2559 37684.2 3384625.0 183659.8 95020.1  325435.6  356374.5  463063.5 3.5
37393.5 3239132.0 1851226 101514.2 352108.9  398417.6  625668.5 4.0
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ESTIMATION RESULTS

MODEL SUMMARY

Number of variables: 37
Number of stochastic shocks: 8
Number of state variables: 23
Number of jumpers: 6

Number of static variables: 12

MCMC Univariate Convergence Dianostic
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