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The Price Changes in a Small Open Economy: The
Nontraded Goods Model

Tien-Wang Tsaur’

Abstract

Professor C. N. Chen (1979) constructed a small open-economy quantity theory model to
illustrate the price changes in an increasingly open economy like Taiwan. His model consists of
postulated relationships that form a basis for relating the internal price changes to the changes
in import prices and exchange rates, money supply, and real output. Based on this theoretical
framework and Taiwan data, Chen empirically showed that as the foreign trade sector gradually
becomes more important in economic development, the influence of the domestic determinants
on the internal price may decline compared to the external ones. However, Chen (1979) only
considered traded goods, but excluded nontraded ones, which recently attracted much attention in
related literature. By considering both traded and nontraded goods, this paper extends Chen (1979)
to analyze how relevant parameters in the extended model affect the relative importance of the
determinants of the internal price movements. I find that if a small country develops the tradable
sector exclusively, a paradoxical phenomenon that the growth of real output results in a rise,

rather than a fall, in the internal price level may occur.

Keywords: small open economy, imported inflation, price changes, nontraded goods

JEL classification code: E31, F10, F41

* The views expressed in this paper are those of the author and do not necessarily reflect the position of the Central Bank of the
Republic of China (Taiwan). Any errors or omissions are the responsibility of the author.
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- J:n (nf)““]. (36)
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Mg eeq
[1+ & (b —b%)|Afe,
o (s RE
= B°E, 7\t+1et+1l—l*_ > (44)
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Hr A} BHAERSI = Lagrange Ty -

BT (43) APAK (44) K - A
S SR EAL BR300 4 460 ) 3R S
(Uncovered Interest Rate Parity ) &4
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+¢*b*" In <ZL::> , (45)
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TGN R E L R EAERS O ¢
d bd.. .e
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Wts s Wts+1 st,t
ln(n—d> =f Etln< I, —swdln(st >,

(55)

Wtb b thfl—l Xoyb e
ln<n—d> = Etln< I, —¢g,bln X0 )
(56)
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7 T S PSR AL - (e LS R RIS
1£HI (Taylor-rule-type Monetary Policy ) °

ro= e | (297 ()T
t e AN Vi1 Se1

R R exp(ug,), (57)
Lh28 e 1y Reore iR B BORA
JEVMBEIZNR - AR - DURIEREM bR
KIFEGREL © LA » 28 1 » FORFISRERIY
FHERERE - rp BOK » HIIIHISRETE HIARAY
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B o PURRYTHEIREI L -

geYe = tax, , (58)
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\

T~ MGG ARG

BRI SR L B R KBNS
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peye = pe(ce +ip) + et(tbf* + ng*) + Dttt

(59)
1=h+h?+h¢, (60)
bf = bP + bf . (61)
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R\ (e R
H; t—1 t H; t—-1

=Yxt — €tYmt (62)
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I\~ M EEE

BRI R S R R - R IRT
fire - SR ER - SR ESE - &R
RERYRETEE - BUN S - EWECR
fEre - BSNENEEE - BYMHEREE - BIS
TORE RS TR - BT BN ECRE
B up e o RWTIEMEAYLLA TR YL - BRAMER
AR IR AT LA FEAE M S8 AE — B B BAHRA
(First-order Autoregressive, AR(1) Process)

HIBERE AR ¢

r==33

\

AR B Em ANl 5 H IR T R Ak E
DSGERHYZ 8 - Fragny H Il F Tk B E
lEHER AR SR » BRI HA R R
R 28000 Ry R AMEE ERVEUE - (HE KT
RS 2 B0 R — R A » B TRAR
BEEER B E - SRR 2
S ERHESR 3] (Prior Distribution) - F
MG EBER L ERKITEEIE - WESI2H
(% BaHER 530 (Posterior Distribution) °
SHEH IR EELMEE TR 28 - M2
BORHEN 5k « LU 3AM453 35S - DSGE
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BTG5 » WAt I B AT 2 B e o3 e B A
SRR RERHR I » SR EAMF LS
FRIH 2 AT AR R E R
FERKE -

I

=

In4; =pgInd;_; +€q;, (63)

Inje=(1-p;)InJ+p;Inj_s +€,, (64)

Ind; = pglnd;_; + €4, (65)
Int, = pInte g + €, (66)
In aé = Py In a,‘;_l +€s, (67)

Ing,=(1-p,)Ing+pyIng.s +e5.,(68)

Inmi = (1 —pp) InIT* + pp« InTI7_; + €y,
(69)

InR; = (1 —pgr)INR* + pr=InR{_; + €+,
(70)

Inex; = (1 —pex) Inexe_y +€exe.  (71)
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FrEHI G (measurement equation) 3%
SEATR
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%% =A Ini,,

bs _
Veto =A Iny,,,
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Rgbs =InR,—InR,
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B — IS E SR A —2F - RMAIHE
FoF e S35 G D Pk 5 UK = SR U A
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A - WM HE RS (F) 4H
FIIHR0.8675%K 55— Y R ET BELATAY 1 BIRG
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£ (0.1530) 73 HIERE F50.6014 ~ 0.6582F(1
0.1530° o
B Bl B¢ E Uk HHER T HIEI1E0.94%]0.99
Z M AR Rs0.97 DU 28 —FEAI R AT B
RLAIEZER A EKFER - &y 2Hilacoviello
B Fs0 o EAITER § 3
$50.025 » HERZHEITEIR10% -
(2009b ) EHBRFEDCELESEE S (2012) %k
0.3 ° v fMlacoviello (2005) %

and Neri (2010) 2

u 2 Teo
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1|

mb Bl me fKHEChen and Wang (2007) &%
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%5 PEAURHE 2 228EE (Calibrated Parameters )

28 e

Ext RS s =0.9978,p2 = B¢ = 0.97
BB EE N g, = 0.0

R EARRE N AYE B REIRR I, = 1.0000

ML HGDPEE w, = 0.6014, w,, = 0.6582
R EHRRE N BUR 2 A GDP LG B g = 0.1530
BT § = 0.025

B B BE ARG S HY L EE v=0.03u= 03

B A EFEIELL (LTV ratio)
BI/MEFRAEELE (LTV ratio)
[REARRE FRYIMEL (markups)

mP = 0.85,m® = 0.85
me =05
Xg=Xm=Xys=X,pb =12

= SeEponic

BRT bk HER 28U - FRMFITE IR
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et al. (2007) , Justiniano and Preston
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ARG =AM - Hop - BIRSMEBTERAR(D)HIFR
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B B A HE 72 43 1l 3 5E F0.750 » Ei0.1000 »
BRI E AR A BRI - R AT
B IEE - FTURER EMIkEInverse
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FRUEAZERE £50.2000

» BB AL

150 FH s o2 B AN R DU B S o e 3%

5 AXEF Adjemian et al. (2021) B
fDynare 5.7MUR 2 AETT H RAHET - XEK
ER o A A TS SR AR B R A SRR A 3145 A
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e BRI A R B o Bl - R
e R J R0.1848 » /rfRlacoviello
and Neri (2010) FrfliFtz 36E0.1282He et
al. (2017) FrffiEtzHHEd0.307: 2/ - 55—
AR R HLA BN 13 8H @ £50.7926
EASE[E0.79FH30T - #HE10.688 7K 15 5 » H
HEEWIHEEMEER0.4216 » BLASEHE
AR A ST L1 3%190.8 - MK BRK FE
(2009) HIfLETHEO.74E1 5 Ayss (2013) 1Y
fligE0.64 o H 1B HE TR fE RS 384 43 71 Ry
Ky = 4.4975 J% i, = 4.5018 » BRI
EAEBEHE2ENWETER
0y = 0.4742 ~ 6, = 0.5367 ~ 8, = 0.5057 »
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HOREER - AN 5 B S 1 B B (B RS (e T 1
A BB B fHEE0.75 3 S8 LE&ERIE
R MR AL E HE B Rk EE (2009) ~ H=HAT
2 (2013) HUfSEHRESRAEERSE -

Bl 55 W SR AH B 22 Bmy A BT E Ry
e = 0.9151 ~ 1y = 1.1955 ~ 15, = 0.1707 »

= —0.0968 + SR HERITEHFIE - 58

BERMRER ~ 7 R R DU e SR A B =R Ay
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(2009) -~ H=ATEE (2013) HIFERVIE -

BB IMEFBTRAVALE TSR - B R IRl
By Rs  HAR(DHFREUR0.9933 »
BRRF S AT BRI AR (1) 1% 85080.9233 ~ &
AT BRI AR (1) TR E0R50.9019 ~ Z5E) A4S
TR AR (1) E0R0.8809 ~ BEHATY B T
BIAR(FREUR0.8712 ~ REFIEE A4 A )i
BAGAR(1)RE050.8301 » BISMEEE
HMFISRTETEE ~ B S SKATEBRAYFF A 23 5 Ry
0.4099 ~ 0.8085520.8551 ° [h4h » FHtkEEZ2 8
TR EREEE B E LM TR 3
BIEEAK -

6 fliit 2 Sl il R ER A TR R

Sl (Prior Distribution )

%5531 (Posterior Distribution )

e 53 iy FRHE 2= 90% (= HHlE M

j beta 0.200 0.050 0.1848 0.1112 0.2560
n invg 5.000 2.000 2.6352 1.9120 3.3164
a beta 0.750 0.050 0.7926 0.7231 0.8636
£, beta 0.700 0.100 0.4216 0.3071 0.5388
¢ gamm 10.000 2.500 18.4387 14.9287 21.9339
bp invg 7.000 X107 0.0001 4.1898X10°  1.9449X10°  6.4040X10°
04 beta 0.500 0.020 0.4742 0.4437 0.5051
O beta 0.500 0.020 0.5367 0.5041 0.5705
6, beta 0.500 0.020 0.5057 0.4745 0.5372
Koy invg 1.500 2.000 3.4054 2.4804 4.3026
K, invg 1.500 2.000 1.6220 0.4986 27797
TR beta 0.750 0.100 0.9151 0.9005 0.9301
o norm 1.500 0.250 1.1955 1.0607 1.3265
Ty beta 0.125 0.025 0.1707 0.1363 0.2050
Ts norm 0.000 0.050 -0.0968 -0.1719 -0.0174
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7 28 ek il RS IR (D
Sl (Prior Distribution ) #5530 (Posterior Distribution )
T2 53hc =) e =) 90% E Tl ]
S TR R
Pa beta 0.750 0.100 0.8301 0.7341 0.9301
p] beta 0.750 0.100 0.9933 0.9879 0.9989
Pa beta 0.750 0.100 0.8712 0.8065 0.9372
Pgi beta 0.700 0.100 0.9019 0.8649 0.9393
o beta 0.750 0.100 0.8809 0.8225 0.9401
Pg beta 0.750 0.100 0.9233 0.8626 0.9855
P beta 0.750 0.100 0.4099 0.3074 0.5112
Pr* beta 0.750 0.100 0.8085 0.7654 0.8438
Pex beta 0.750 0.100 0.8551 0.7856 0.9267
S AR B
Oug invg 0.001 0.2000 0.0008 0.0007 0.0010
Oq invg 0.001 0.2000 0.0260 0.0218 0.0302
0j invg 0.001 0.2000 0.0795 0.0308 0.1281
Oq invg 0.001 0.2000 0.0321 0.0240 0.0400
O,i invg 0.001 0.2000 0.1483 0.1084 0.1882
(o invg 0.001 0.2000 0.1264 0.0975 0.1543
Og invg 0.001 0.2000 0.0847 0.0733 0.0959
o+ invg 0.001 0.2000 0.0025 0.0022 0.0029
Op* invg 0.001 0.2000 0.0012 0.0010 0.0013
Ocx invg 0.001 0.2000 0.0370 0.0295 0.0443

7 betaftFR B ML (Beta Distribution) 5 gammf{ERAMHE/3ES (Gamma Distribution) ; invgfRZEUIEFEL (Inverse
Gamma Distribution) ; norm{tFHHE/MC (Normal Distribution)
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A EEDE - BCEERZIRSR TEE - Mk
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BRSPS A g I ERNE - Btk > EBR
SEIE TR T G R L 5 R
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B3 BRI RE LA B
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4 P i A B SRR
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((E)PANETRIE S -

Btk o B 6 & S B A R
B 55 SN BT S RABIE S
% - BBV - AMAEE ZErdEE
HHNE - I (62) NAIEH - IWRFEHE
MERGE.C ETF - BLAh - HEERAIERR
Hil=0 (26) RIFNISMNEIRAR _EFtag i n]a oh

&6 MR
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Bt ~ DSGE-VARKHY 7 (LB T H]

B 7 FI A5 H 2D S G E 5 Y 3k 47 48 5
S TS - SRR R R A 6 F T
B g TR ) IR E Ol

(CVAR) - #Ed=UBVAR » B 55 4% =
DSGE-VAR -« &3 3E EHf#E sl =i VAR
AUSZHSims (1980) FrigHifny %8 &l
HURRRY - ek e VA RBR LAk A RIS o A8
LRI BRGR - A RAT TR - 5
FER O VARSI i KA BREEER - %
BB S - FfEET2280R% - 5EHE
FHEEAR ERIRTE © [RIEL » ST Ff2 Hifak =
BVARMREETTHM] » AR 7 A%
HHEATERABIT - EE D ERECERS 2]
285 M BVARTEHATEMRBIGEY &
— TS5 EC (Prior Distribution) *
IMABRIYEE, » JERIDE SRR (RS
fH - EHER=UBVARH - " Minnesota JE5# |

(Minnesota prior) & RAYEEEE - #7
FHLitterman (1986) &} o RIHZy - #EfE
T a2 HAHBERE2 (Random Walk )
HIMEE -

AREHE LRGN DS GE- VAR A Fy
B+ AT IR R G ARSI R SR A B A1
7l (Out-of-Sample Forecasting) ° FFE5HY
FAE A DSGE- VAR R E B3 H K 77

(Bayesian Method) - ¥ ELEREEAS RS
E5ZNE (Prior Information) FRAHE =AY

BVARM AR 28 fli3t » Hrh » HIKVARHY
FeBERNESE AR B IR A SRR Y/ N B RS
WHE R DSGEMA « A5 2 » il
IRTTERIER - S —HE i =N B VAR Y
fitE N AYDSGER B E B {E —il - TR FaR
HI PSR NDSGE- VAR AY » S| F 3 s Ay
HEITH R B R BRI TEHE - DU AR
HHDSGE- VAR AULEAET T fili 31 B THAIRRF A AH
BHERE » RAFIRR B L ST 1

\

S

B

PR

— ~ IRAUEFTETR ARV AERAE E

11T DS GE- VAR BY 1 it 51 B 7 381
B - BRATER A BT DSGE #EAUAHRITYE R
I - 1E20014E58 1225845 - $120204F
BAZERER MR A L K &
BHIEIR TS5 - S — A AL B R R AR
=42 (200 14E58 1 FRR20144F554%)
R AR HE - RS » 555
Sy Rk AR GNE R - A TERD - Ak
BEAM =432 — (20155581 220204E-554
%) o

FAMER F Bl D S GERS B Ak 31 RF AH [ Yy 28
WALETTERRAR IR 28 (AR B
& BENEEBENAEEES - BEREY
% HEKE - BEEH - GDPYRETEH
" Jr R ER R - DURERIERRE
Pk FI=E - B0 EEBIAIGDPEITE L

TEFHE
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FIFFE S TSI - HPRIRMAYEELZ /)
RUBHBGS e » A Bl BN & 5 B E S B 5
B BAHEALFHEARAMEREUVARRY -
FI A B -

TERRASN IR BT T | - FRATRe 8
BV B S B S Ry A A - G RETT LRI 13
(—Z) F8HA (W) RUBRASMEE] - 5
SEENE » fEDSGE-VARIEIT | » M
(EEEAERANIOPANERG L SN B g RN 3 S
s A R EN R A S ALET (Rolling
Sample Estimation) - [K Ry iR s) = fdE ]
(BT HET TR T B =X TR B A e HiE ERT PR A8
AR (HEI) 2GR MU T #fE
PREEFH RSB FAmSER™ -
SR P HE £ 3+ GR B B B FR B A8 S By
FOEE - AEFTHEIT 1R8I TR - F AR,
TFEHIBRAE DR FHI ]

LR SR i [ A S P P (B 6 K
L VAR - B2 =CAYBVAR with Minnesota
Prior (BVAR) LURAEREZHIDSGERLAY -
HIEEET - PORHER H PGl (DSGE-VAR)
(Benchmark Model) ~ #f#i={ (DSGE) L
FerasHEREN (CVAR; BVAR) fRAVFTANG
HE AR B RR A SN PR BB I T L B E A
RENENS -

=~ AEAEBA LR EA T

Fo 17 HEB AN IR R R PRI B - FAM
Je A b A - SEFT AN R A A R A SR

TFEH » 3 A {1 1 A A TR B B PR 7
B ARBERL - AR FEHIER 8 2k FEIH
EIRE AR ZESE - ETEHIRE AR EH -

BAM BB SURR L RS & TR E
V52 ¥R (Root Mean Squared Forecast
Error » f&f§ RMSFE) - s LA A MR
FRAIFRHIRE T » FPS i & e L
EA/N - AT TR MR E - #OR
W52 7RE H Mincer and Zarnowitz (1969)

AT AR i € BeDiebold and Mariano
(1995) Frf2iIDM K » {E ks sisl phig
HIRFALHER] -

EAE  THHERZE -7 2R 2 sKEL
TEIIER 22 S ST ST+ Sl it BB B AR
W THHERAZ ST 2 ¥ iR Es ) BB e
TRAUTEIRE TR - MESRTE TR AR BETH
IR - RMSFEZ— 2% 54 - HE
AN M SURRAE MRS B P ADRE I ME R - S5
B S AR M A R TR KNS
HEME LEEAERE - R - A
Diebold and Mariano (1995) AT IRIE
T3k SHERAR R TR R A TR
MEITHREME - N E HFEHIRE T A S
AR -

BAMEST MY RESR AR L (BVAR
vs DSGE-VAR ; BVAR vs DSGE ; DSGE-
VAR vs DSGE) - H DM E IR

Hy : Wt BY eI T i A
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H, » WA PRI R AT 2 3

BEAb - A R AT A PRI = B AN RS B
HETTTHIURHEAT v FEIERE A BRI - Sl
ARZANIHE EERE - FIHHEHER Z/E
& TR EHZR SN ERAE
EHWERFENSERE - #5Z » HHH
EHEZ B A ML - Rolgt i S (E A T Fr Al
g THHIEER S BA AR (Unbiased

Forecast) * FAIFIFHMincer and Zarnowitz

(1969) Frigimy MRt - 17— /8
MEERALET  R E RE SR S 1 e s T FER 8
{EDRy VA8 - WG TEEE (BEERE )
BARIERIE (RIERIER—) WBGFRE o i
ik UEME BUE R E T Z p EKF20.01

(FEEKHE) - BMTEMZIEABEEE AR
TRl o AR bt g T PRI R A i e 2
A o

K8 M TRIHERERIEN

AU DSGE-VAR DSGE BVAR CVAR
Vv il s 7 INBU BRI TR /NEU BRI bEtkigd —
DSGE DSGE
vsul e ieE| 10 10 8
RIS 4 — 4. 4
Il T TEHISTE 1-8 1—8 1-8 1-8
BANEEIAR  2001Q1—2014Q4  2001Q1—2014Q4  2001Q1—2014Q4  2001Q1—2014Q4

BEASNERIEAR  2015Q1—2020Q4  2015Q1—2020Q4  2015Q1—2020Q4  2015Q1—2020Q4
TEH ARG EELHIEEWE TN EERAR REERAR IEE=RAR
HIKTk MCMC MCMC Monte Carlo o
Integration
FT LA =R 2 feitE R B fEm R % fhET kAR
B PR FUAR IR BESPIO O R R BRSSO AR WO AR
FTERGR BEFEAIE B BEFEIE B BEFEAI(E R BETEIME B
TN FEIAIE A TEHE R TEHTE R
TEHIAIREA 1 AMEtiRE AMEtEEE Mg E MG E
THIMAYFEAS 11 RMSFE RMSFE RMSFE RMSFE
TEHIAIEEAS 110 TEHERAZRY TEHIERAZHY TEHIER A TEMHER A
BT BT BT FEFE
L/ G| MATLAB Dynare/MATLAB MATLAB GAUSS

ZF : MCMCZMarkov Chain Monte Carlo = 2001Q1 —2014Q4 %2001 4F- 55 1 ZF20 1 44F- 5542 -

=~ TREERETRAIFERAY LR

A AT S BRA LER DU PR e R
. (DSGE-VAR) -~ #i#=l (DSGE) LIk

fi#Ek=l (CVAR ; BVAR) fREUAYZIIHATHH]
EEERRR - MRENENS -
B 7R E 102 B kX s A
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A HIT LSS AR A S PR B0 B L B (B Y
R 5SS - i W 22 5 I I e
HERITHRIEE - BRUBEAHMYTHIIER 22 DL
Je AR AHRR TN - BT T AR TR TH
HERFZHISE ST 23 0TRE ~ AT TR R A
SEBAHB THHIAR B 0E » BAMRAHREE TR
B EAG B A RO K14 -

FKOLHIMAEBEAANRMSFEHE -
Hrp » DSGE-VARTE h =1,4 RyPUFHAR A
thRMSFE#z/MY ; DSGEELCVARHI 571
£ h = 2,3,5,6,7 Bl h =8 WFRILRLT -
{H FH A L8 R M S FE £ 325 43 7% £ 784 114 T 00
RILE R HEANRE - T8 B HHarvey
et al. (1997) FrigHAYEIERDiebold and
SERERIAH S BR A R B - MRS R E A R
1052311 o HAEBEEDM test{E FIRTTEHI
% h > 1 FEREIRAYRE - AE
Han AN 8k o Bifig Lo FATZEEHyndman
et al. (2021) Bl (Hyndman and Khandakar
2008 ) BHZEMYREX IS forecastEFHEI TEEE i
S R TIHPRTHHGR AN E AR B
TR B A B 72 P R s R AT 1 TR R
FEHETi 72 (JRENERGE power = 2) -

DM E Y i A A1 25 Ry i R 20 7Y THHI 3%
BUMHIE - BERAE T - ANFEAR R M IR
R PR BB S - eI

Mariano (1995) %€ (DM test)

MEE LR —2 (JRED h = 1) AYFEH] - It
RFDSGE-VARF i/ NIRMSFE ° fRIEDMAR
5E > FHEZFABVAR » CVAREADSGE » H p {H
531 E50.3780 » 0.01488120.0359 » fRFEAE5%
RIS L /KHER » DSGE-VARZE: B FHE I — 11
{1 TR 2% B B B A C VAR BEDSGE » {H A
BVARHIfEHEET FREE RIS - fE1ERTRIZE
B1=2F (JRE h =2,3) WITEHI - #ERDSGE
Hi/NYRMSFE » (HIREDMEE » 5%
HIfE 07Kk ¥R » DSGEG SEM G L B 18
FAHEABAY - ZEEFTIYZE (JREDh =4) B9
TH#H - DSGE-VARS fiz/NYRMSFERF » %
BEDMEEE * 7E 5% HIfEL7KHER » DSGE-
VAR THEIER B A B R C VAR » B
BVAREEDSGERIMEET HREEAYZZSE  TE1E
ATAZRENZ (JREN h=5,6) MYFEHE] > i
DSGEF f%/NYJRMSFE » {HR DMK E
£ 5% WI(5.07K#E T - DSGERYTEHIZRBT -
AR B A MRS - FEAERTEZE (JRE]
h =7) WITEH] - DSGEH f/NIRMSFE » fi}
BEDMME * 1E5%MIE L/KHEES » DSGETE
FT TR IR TEHI R B B 2 IR C VAR
{HAIBVARELZDSGE-VAR IR E - BEZE 1Y
PR o & ETERTA\ZE (JREh=8) 1Y
TEH - CVARHER f/NIJRMSFEN » {EARHE
DMARE ISR - A ERRE A9
fiiifsE s -
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&7 DSGE-VAR Forecast
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[E8 DSGE Forecast
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10 CVAR Forecast
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MM S 2 » DSGERAIE KL T i
HA 5x%/NYRMSFE » HIREDMEgEE » H
THMIFR B B 53 Oh = [ B A KB B A B
725 o ILEEHH B Giirkaynak et al. (2014) HY
fham—3  JREIDSGEAEA S H I ZE 3 11 I
BAEFTE T F 52 BDSGE-VAR ~ BVAREL
CVARERY o fb4) » 4llGupta and Steinbach

(2013) Fsft » & DSGERAIHE E L 4
SEEEHE o PAEIREUDSGE- VAR & s A 4
fif g - PRI ME T Giacomini and White

(2006 ) % - WRRT R ZBUNF 12 ek

13 o HALREDM testhl - I HERAERTE
L T REER M A5
BRI AM U Mincer and Zarnowitz
(1969 ) YA E S AR A A B AR A S
BETEIAAE A TEIISREL » AHEAE R s I
FR IR AN R MR - R
14 2 B H FERIEUER AR ERE RS R « 1M
Al BIDSGERBIAEF R h = 4, ..., 8 R
AR - R POE R R R R R -
AEATE B d » DSGE-VAR By 2% 8 i 22
B+ fEATETED R R -
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K9 THMEE 52397 (RMSFE )

BVAR CVAR DSGE DVAR
h=1 0.0175 0.0216 0.0214 0.0164
h=2 0.0168 0.0208 0.0160 0.0171
h=3 0.0164 0.0131 0.0116 0.0131
h=4 0.0125 0.0121 0.0097 0.0091
h=5 0.0105 0.0143 0.0090 0.0101
h=6 0.0123 0.0097 0.0092 0.0106
h=7 0.0100 0.0143 0.0096 0.0106
h=8 0.0106 0.0083 0.0098 0.0103
i ¢ AR T R PR R T RMSFEfR/ N © DVARFUZRDSGE-VAREI -
10 FAHRSFRESRAHE RARE (DM test) AR
BVAR CVAR DSGE
ERTTERIH > h =1
CVAR 0.0692 - -
DSGE 0.1315 0.8857 -
DVAR 0.3780 0.0148 0.0359
BVAR CVAR DSGE
FIRTTRHII > h = 2
CVAR 0.0266 - -
DSGE 0.8681 0.3860 -
DVAR 0.2687 2.053e-06 0.8229
BVAR CVAR DSGE
[EIRTTERIBI - h = 3
CVAR 0.5971 - -
DSGE 0.3592 0.4119 -
DVAR 0.3053 0.9952 0.5046
BVAR CVAR DSGE
FIRGTEHIAH - h = 4
CVAR 0.8666 - -
DSGE 0.0686 0.0046 -
DVAR 0.1242 0.0033 0.3117

it RPREIERIDMIRE L p (H - R AR R R PR AHA



EH P XA DSGE-VAREE A —

&R P RbmkAkE@EA | ol

FHHREHE R ERR A FARRE (DM test) #5R

BVAR CVAR DSGE
FIRETTERISH > h =5
CVAR 0.4158 - -
DSGE 0.5666 0.0973 -
DVAR 0.9122 0.0843 0.1535
BVAR CVAR DSGE
FIRGTEHIOHA * h =6
CVAR 0.2601 - -
DSGE 0.1425 0.7787 -
DVAR 1.128¢-4 0.6069 0.4086
BVAR CVAR DSGE
FIRTTERI7H > h = 7
CVAR 0.2117 - -
DSGE 0.8034 0.0412 —
DVAR 0.8574 0.0110 0.6545
BVAR CVAR DSGE
FIRGTEIISHA > h = 8
CVAR 0.2700 - -
DSGE 0.5118 0.4445 -
DVAR 0.9000 0.5586 0.7263
3 RPREIERNDMREZ p H - RIS iR FRHIZR B - e AREERIDM testilEFHH - KEA =1
AT -
THHIFS B R RAE R E (GW test) iR
BVAR CVAR DSGE
FIRGTEREIA > h =1
CVAR 0.0011 - -
DSGE 0.2462 0.8803 -
DVAR 0.0036 0.0011 0.1139
BVAR CVAR DSGE
FIRGTERREA - h = 2
CVAR 0.0521 - —
DSGE 0.8310 0.2919 —
DVAR 0.4878 0.0288 0.7873
BVAR CVAR DSGE
FIFTTHHEBE > h = 3
CVAR 0.5304 — -
DSGE 0.2645 0.3375 —
DVAR 0.2164 0.9941 0.3905
BVAR CVAR DSGE
FIRGTEHI4HA - h = 4
CVAR 0.8020 — —
DSGE 0.0114 0.0001 -
DVAR 0.0210 0.0000 0.2382

i RIPRGWIREZ p (- R R BRI TR B -
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K13 THHSERER SR RIE (GW test) #5R

BVAR CVAR DSGE
BITTEHISHE > h = 5
CVAR 0.2933 — -
DSGE 0.4879 0.0173 -
DVAR 0.8905 0.0057 0.0573
BVAR CVAR DSGE
FIRTFEHEIOEA » h = 6
CVAR 0.1588 — —
DSGE 0.0284 0.6485 —
DVAR 0.0003 0.5901 0.2385
BVAR CVAR DSGE
FIRTTERITE > h = 7
CVAR 0.0618 - -
DSGE 0.7257 0.0007 -
DVAR 0.7785 0.0000 0.4136
BVAR CVAR DSGE
FIRGTEHISHEA - h = 8
CVAR 0.0347 — —
DSGE 0.2292 0.1601 -
DVAR 0.8190 0.2844 0.5232
iF o RPRBGWRIEZ pE - 1R R R R FEHI A -
F14  TEHAREESEPE
BVAR CVAR DSGE DVAR
h=1 0.0000%*** 0.0000%* 0.0000%** 0.0000%**
h=2 0.0000%** 0.0000%* 0.0087%* 0.0000%**
h=3 0.0000%** 0.0002% 0.0573* 0.0000%*
h=4 0.0000%*** 0.0000%* 0.0879* 0.00077**
h=5 0.004 1% 0.0001*** 0.3463 0.0037%*x*
h=6 0.0003*** 0.5257 0.7161 0.0150%**
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2016 2017 2018 2019 2020
EHEGDP 2.1651 33114 2.7868 2.9644 3.1085

A In HEGDP 21312 3.2569 2.7469 2.9192 3.0454
ZHGDP 1.6468 2.8370 2.4401 2.6734 3.0458
i+ A RER 2.1079 3.2362 2.7397 2.9269 3.0595

16  2016-2018GDPAE R R TEHI{E

2016 2017 2018
ly 2y ly 2y ly 2y
BVAR 0.7697 0.3915 2.6454 1.2858 5.0273 2.3289
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i 1y REFIRT—ERITEIE » 2y AR FAIRT —ARRTTEIME - MfE QR THIIR A i RO -



M P K ADSGE-VARKEA — & % & R Rk 250 | 65

{f ~ il

THHRS R SR » Aiw e B BCRIHE -
T B B 15 & SRS Bl L K
B R E A o BRI TERIER
TRIRF - BRI PRSI R R AR AR A S M R 1]
FBL - U FHMIRE P R R TR R IR R
BY o ARG A R E GE BN/ MY
B RS B ADSGE-VARBEAY » 58 F A G
Y RSSO B R SR THIE -

R 7EE L HAY o BATE e —
ey B/ N BHTOR o i SR DS GE RS
A AERE K% (Bayesian Method )
B SEZORHE H DSGER A iy 228 » 7E4
E BB DSGERBAYMEHRI R - FRATHE—F
MAEKTE - B AR EEDSGER ALY
JelmEt e, AR H K i E Pl R s
RI2EEET o 52 » BRI EFEDSGE
FR Y R 5 O A T A A 152 S TE B VAR U Y
Feleil e b o JEETEERYDSGE-VAREARY -
AEF DS GE- VA R B 25 FHHI (5 A S 7
R o JhAh o FRAMTH Ll A (RS B 5 5 0

2A
5]

FETE i R BAVRR ARSI R B » B HE & 2k
it XY DSGE-VAREE R ~ i AIDSGE
PR~ DUR i ik 20U B VAR Bl C VAR H 4 Fe 5
B o BESINS - AE1ERT— > DUAYFHI L
DSGE-VARMYTHHIERBIREE - MAEERT L
E/\ETEH L - DIDSGERIARKFE - MEH
EADSGE-VARHYFHHIZR B SR G R HY
FEE e IO LUK SRR —Z BERT I\ Z
Fit 2 AR B9 — R BRI R Y IR G » SR
S DSGE- VAR THHffm 35 H At — R A 80
/N e BRI SR B ZU B B AN (2012020
FEHFIFTRICOVID- 1 9IS THE L » 5
WRRREIRE) - TTREE 2 DSGE-VAREY,
DSGERRIRYFHHIZE -

BATRR Ry AR SR IF S ] 5 g B PR
S AE B RR B ETE R - DU HA
BOTEIR 53 - A s AU s# 8 (Large VAR
i Factor Augmented VAR) ~ JRAEREAY » B
FEAR IR



66 | FRMBATET] F44% 528 RBE111456A

b R

(F%1) Smets and Wouters (2003, 2007 ) #EELEF DSGE & YA FE 2 300 AN F s — e 1 &= B B RY (Vector
Autoregression * fiif§ VAR) B2 H KM & HHGEE; (Bayesian Vector Autoregression ) 157 -

(7F2) EEIGDPHIFEEE R CATMIMETE - KR EX- 131X R R -

(#£3) 2MfiSmets and Wouters (2007) ZfFi% » K20005FAUFEEET Ry 1 - HABEERY N IHREA ReiZ AT SUHET 2 20004F1y
NG - BAMEF 15500 A DB Ry S A 8

G4 TR 3r/y = 0a(1 = 0)/(1 = w,) B 52 = - 2000 - gy g A9t CEGDPLLREE 2 - 1

Pay  Xmy 12
A HGDP HAEIE -2 UG 0 o -

(3F5) &5 R.Ghent (2009) - FEELIZZHDSGE-VAR (ZRERNAIDSGEMM LR ) DK H FCVARBRAUY FEIHIGE
J1 < 534b » Bekiros and Paccagnini (2014) —3CHE FIIREIEAAGE A LRI R 2 Mt - it B i U Al
AITERRIAES T » AL AR IR VAR B HLECVARBRZY ~ i =0 DS GERLIY DR Y- 20U DSGE-VAR LU DSGE
PIFEPEIEVAR - Giirkaynak et al. (2014) FRiRRZRIVIIEEASMHEIGEST » A& DSGE ~ EffIVAR » HIKVAR

AR LR SEtki8 5 5 » West (2006) BEInoue etal. (2017) B HIREREA AR -

W

23k
FRCSCRR

EIZRIE ~ ks ~ wRER ~ FRizad ~ BUEAE ~ BHREd (2010) @ T SIS ERERERS— MO (DSGE) #OTEIBOREH S, 1T
Bl e ZititE -

iRkEE (2010) » T RGEEREBORZ HE ——F R EE AN/ N B RESEE URITDSGER RS | g7 - 32
(1) 324 -

BEATER (2013) 0 " EIRERERS—RUOEZERE S N ECRAIE LR L 0 tPUMRITERT » 35(1) 0 3-34 -

£330 13

Adjemian, Stéphane, Houtan Bastani, Michel Juillard, Ferhat Mihoubi, George Perendia, Marco Ratto, and Villemot Sébastien (2021),
“Dynare: Reference Manual Version 4,” Dynare Working Paper, CEPREMAP.

Adolfson, Malin, Stefan Laséen, Jesper Lindé¢, and Mattias Villani (2007), “Bayesian Estimation of an Open Economy DSGE Model
with Incomplete Pass-through,” Journal of International Economics, 72 (2), 481-511.

Bekiros, Stelios D., and Alessia Paccagnini (2014), “Bayesian Forecasting with Small and Medium Scale Factor-Augmented Vector
Autoregressive DSGE Models,” Computational Statistics & Data Analysis, 71 (1), 298-323.

Bernanke, Ben S., Mark Gertler, and Simon Gilchrist (1999), “The Financial Accelerator in a Quantitative Business Cycle
Framework,” in “Handbook of Macroeconomics,” Elsevier Science, North-Holland.

Calvo, Guillermo A. (1983), “Staggered Prices in a Utility-maximizing Framework,” Journal of Monetary Economics, 12 (3),
383-398.

Chan, Joshua C., Gary Koop, and Simon M. Potter (2013), “A New Model of Trend Inflation,” Journal of Business & Economic



P K ADSGE-VARKEA — &% & R f Rk &0 | 67

Statistics, 31 (1), 94-106.

Chen, Nan Kuang, and Hung Jen Wang (2007), “The Procyclical Leverage Effect of Collateral Value on Bank Loans-Evidence from
the Transaction Data of Taiwan,” Economic Inquiry, 45 (2), 395-406.

Davis, Morris A., and Jonathan Heathcote (2005), “Housing and the Business Cycle,” International Economic Review, 46 (3),
751-784.

Del Negro, Macro, and Frank Schorfheide (2004), “Priors from General Equilibrium Models for VARS,” International Economic
Review, 45 (2), 643-673.

Del Negro, Macro, Frank Schorfheide, Frank Smets, and Rafael Wouters (2007), “On the Fit of New Keynesian Models,” Journal of
Business & Economic Statistics, 25 (2), 123-143.

Dib, Ali (2011), “Monetary Policy in Estimated Models of Small Open and Closed Economies,” Open Economies Review, 22 (5),
769-796.

Diebold, Francis, and Roberto Mariano (1995), “Comparing Predictive Accuracy,” Journal of Business & Economic Statistics, 13 (3),
253-263.

Edge, Rochelle M., and Refet S. Giirkaynak (2010), “How Useful Are Estimated DSGE Model Forecasts for Central Bankers?”
Brookings Papers on Economic Activity, 24 (3), 209-244.

Elliott, Graham, and Allan Timmermann (2008), “Economic Forecasting,” Journal of Economic Literature, 46 (1), 3-56.

Ghent, Andra C. (2009), “Comparing DSGE-VAR Forecasting Models: How Big are the Differences?” Journal of Economic
Dynamics and Control, 33 (4), 864-882.

Giacomini, Raffaella, and Halbert White (2006), “Tests of Conditional Predictive Ability,” Econometrica, 74 (6), 1545-1578.

Giirkaynak, Refet S., Bur¢in Kisacikoglu, and Barbara Rossi (2014), “Do DSGE Models Forecast More Accurately Out-Of-Sample
than VAR Models?” in “VAR Models in Macroeconomics — New Developments and Applications: Essays in Honor of
Christopher A. Sims (Advances in Econometrics, Vol. 32),” Emerald Group Publishing Limited, 27-79.

Guerrieri, Luca, and Matteo Iacoviello (2017), “Collateral Constraints and Macroeconomic Asymmetries.” Journal of Monetary
Economics, 90, 28-49.

Gupta, Rangan, and Rudi Steinbach (2013), “A DSGE-VAR Model for Forecasting Key South African Macroeconomic Variables,”
Economic Modelling, 33 (1), 19-33.

Harvey, David, Stephen Leybourne, and Pual Newbold (1997), “Testing the Equality of Prediction Mean Squared Errors,”
International Journal of Forecasting, 13 (2), 281-291.

He, Qing, Fangge Liu, Zongxin Qian, and Terence Tai Leung Chong (2017), “Housing Prices and Business Cycle in China: A DSGE
Analysis,” International Review of Economic & Finance, 52, 246-256.

Hyndman, Rob, George Athanasopoulos, Bergmeir Christoph, Gabriel Caceres, Leanne Chhay, Mitchell O'Hara-Wild, Fotios
Petropoulos, Slava Razbash, Earo Wang, and Farah Yasmeen (2021), forecast: Forecasting functions for time series and
linear models.

Hyndman, Rob J., and Yeasmin Khandakar (2005), “Automatic time series forecasting: the forecast package for R,” Journal of
Statistical Software, 26 (3), 1-22.

lacoviello, Matteo (2005), “House Prices, Borrowing Constraints, and Monetary Policy in the Business Cycle,” American Economic
Review, 95 (3), 739-764.

Tacoviello, Matteo and Raoul Minetti (2006), “International Business Cycles with Domestic and Foreign Lenders,” Journal of



68 | FRMBATET] F44% B8 RE111456A

Monetary Economics, 53 (8), 2267-2282.

Iacoviello, Matteo and Stefano Neri (2010), “Housing Market Spillovers: Evidence from an Estimated DSGE Model,” American
Economic Review, 2 (2), 125-164.

Ingram, Beth F., and Charles H. Whiteman (1994), “Supplanting the ‘Minnesota' Prior: Forecasting Macroeconomic Time Series
Using Real Business Cycle Model Priors,” Journal of Monetary Economics, 34 (3), 497-510.

Inoue, Atsushi, Lu Jin, and Barbara Rossi (2017), “Rolling Window Selection for Out-of-Sample Forecasting with Time-Varying
Parameters,” Journal of Econometrics, 196 (1), 55-67.

Justiniano, Alejandro, and Bruce Preston (2010), “Can Structural Small Open-economy Models Account for the Influence of Foreign
Disturbances?” Journal of International Economics, 81 (1), 61-74.

Kollmann, Robert (2001), “The Exchange Rate in a Dynamic-optimizing Business Cycle Model with Nominal Rigidities: A
Quantitative Investigation.” Journal of International Economics, 55 (2), 243-262.

Kollmann, Robert (2002), “Monetary Policy Rules in the Open Economy: Effects on Welfare and Business Cycles,” Journal of
Monetary Economics, 49 (5), 989-1015.

Litterman, Robert B. (1986), “Forecasting with Bayesian Vector Autoregressions: Five Years of Experience,” Journal of Business &
Economic Statistics, 4 (1), 25-38.

McCallum, Bennett T., and Edward Nelson (1999), “Nominal Income Targeting in an Open-economy Optimizing Model,” Journal
of Monetary Economics, 43 (3), 553-578.

Mian, Atif, Kamalesh Rao, and Amir Sufi (2013), “Household Balance Sheets, Consumption, and the Economic Slump,” The
Quarterly Journal of Economics, 128 (4), 1687-1726.

Mincer, Jacob, and Victor Zarnowitz (1969), “The Evaluation of Economic Forecasts,” in “Economic Forecasts and Expectations:
Analysis of Forecasting Behavior and Performance,” National Bureau of Economic Research, Inc., 3-46.

Rossi, Barbara and Atsushi Inoue (2012), “Out-of-Sample Forecast Tests Robust to the Choice of Window Size,” Journal of Business
& Economic Statistics, 30 (3), 432-453.

Rubaszek, Michat, and Pawet Skrzypczynski (2008), “On the Forecasting Performance of a Small-Scale DSGE Model,”
International Journal of Forecasting, 24 (3), 498-512.

Sims, Christopher A. (1980), “Macroeconomics and Reality,” Econometrica, 48 (1), 1-48.

Smets, Frank, and Raf Wouters (2003), “An Estimated Dynamic Stochastic General Equilibrium Model of the Euro Area,” Journal
of the European Economic Association, 1 (5), 1123-1175.

Smets, Frank, and Raf Wouters (2007), “Shocks and Frictions in US Business Cycles: A Bayesian DSGE Approach,” American
Economic Review, 97 (3), 586-606.

Teo, Wing Leong (2009), “Can Exchange Rate Rules be Better than Interest Rate Rules?” Japan and the World Economy, 21 (3),
301-311.

Teo, Wing Leong (2009), “Estimated Dynamic Stochastic General Equilibrium Model of the Taiwanese Economy,” Pacific
Economic Review, 14 (2), 194-231.

Wang, Po-Yuan (2021), “Does Taiwan Need a Macro-Prudential Policy? How to Do It? How to Coordinate with Monetary Policy?”
Academia Economic Papers, 49 (1), 1-40.

West, Kenneth D. (2006), “Forecast Evaluation,” in “Handbook of Economic Forecasting,” Elsevier.



M P K ADSGE-VARKEA — &% & R iRk 270 | 69

¥} 3% — fZ 1EtDiebold and Marianofi €

< (e1p e5¢) FRIRGTHIZK E B AU | B HY
2HYECE FHIER 22 - HON A RO THEIAY IR
[ o ARtk - Teffifide et = 1,2,...n°
Diebold and Marianof & i i B R

Elg(est) —g(e2)] =0

i g () RRECRy— P AR TR BT A R B -
TABEA g(e) = e? IR Z E &R
2 [FIRFREETRR AR IR -

EFE dr = g(err) — g(ex) Ry RIS
BIZZRE ~ p Relrl A THIHIEAEL » AliDiebold and

Marianofg EffiG T = Fy ¢

Ql

Hrh
ST
n h, 1
L 74 yh-loe
V(d) _ Yo Tzl:k_“(k’
_ Yrin(de—d)(dy — d)
Yk = n .

H A Diebold and Marianokg 5E# =S
MR TEHIEIE p BN EZRR » Harvey et
al. (1997) LU NYIHET EEIEILRTRE

n+1-2h+n"th(h—1) 1/25

n

§* =

AN SCBIEE FH I Z IE R Diebold and Mariano
feEtaT & o AL R AR TEHIZR B -



70 | FRBATET] F44E 528 RE111456A

Constructing the DSGE-VAR Model - Taiwan's Medium- to
Long-Term Economic Growth Rate Forecast

Tsai,Yi-Chan Yau, Ruey Chin, Kuo-Hsuan Lin, Shih-Yang>k

Abstract

The world's major central banks have built Dynamic Stochastic General Equilibrium
(DSGE) models to evaluate current economic conditions and forecast GDP growth rates.
However, the literature rarely constructs DSGE models suitable for Taiwan's small open
economy. Moreover, most existing models have no out-of-sample forecasts or only short-term
(within one year) forecasts. To bridge these gaps, we construct a DSGE model that combines the
characteristics of a small open economy and the collateral constraint associated with a housing
market. In addition, we apply the DSGE-VAR method developed by Del Negro and Schorfheide
(2004) to make mid-to-long term forecasts for Taiwan's economic growth. Our DSGE-VAR
model can effectively capture the transmission mechanism of monetary policy and improve the

prediction of the GDP growth rate.

Keywords: Bayesian analysis, DSGE models, forecasting, vector autoregressions

JEL classification code: C11, C32, C53
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2020 -3.4 8.1 -7.2 1.7 1.2 0.2 -902,319
2021 5.7 5.4 5.5 3.6 4.7 7.0 -1,076,810
2021/ 5 5.8 16.4 3.8 5.0 7.0 -86,812
6 6.7 59 10.2 4.5 5.4 7.6 -90,629
7 5.4 6.6 4.3 5.4 8.0 -86,720
8 52 5.4 4.0 53 8.7 -87,361
9 2.3 4.7 4.5 4.0 5.4 8.8 -95,077
10 4.6 4.8 4.6 6.2 8.9 -85,274
11 42 5.0 4.9 6.8 9.9 -97,168
12 6.9 3.9 3.5 5.5 7.0 10.0 -99,441
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2 3.8 7.5 6.4 7.9 10.4 -105,851
3 -1.5 3.6 5.4 6.5 8.5 11.5 -125,664
4 3.6 6.4 6.2 8.3 10.9 -106,701

5 3.6 6.0 8.6 10.8

HERIR  Board of Governors of the Federal Reserve System * Bureau of Economic Analysis * Bureau of Labor Statistics
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2020 -6.3 8.0 -8.0 0.3 -9.1 -10.7 233,916

2021 5.4 7.7 7.8 2.6 14.1 21.8 121,723

2021/ 5 8.1 21.4 2.0 35.0 35.0 12,021
6 14.7 7.9 11.0 1.9 24.0 28.9 17,278
7 7.7 8.4 22 12.2 18.2 20,634
8 7.5 5.5 3.0 19.6 29.3 2,81.
9 4.0 7.4 4.1 3.4 10.2 222 6,754
10 7.3 0.0 4.1 7.4 254 1,515
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2 6.8 1.8 59 17.2 40.0 -9,168
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4 6.8 -2.0 7.4 12.6 394 -32,438
5 8.1

ZRIZKIE : ECB ~ Eurostat » Refinitiv Datastream
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