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Analyzing the Short-Run Effects of Monetary Policy
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£ A= AAGDP E71) WX FElE B8 TR O Gl dis A
B} gt o2fgt B3bg o] AEAA 0] vl FFFel thet =9= B3t HiR
Stof AkQlat B4 BF S 7HA|AL Qs Ao, AXBAEeIA Y] Fa3t ol F
Shfol]7] = stk

FTUEHEE AA9 g Aol B ARgol=t, ol FE B7RPEE fAI6)
I AAVSE, SHIE, FEAE Y 52 TA BAEE St o|2e BEE G|

& 5 oPE ot B3bg o] B
71X #(Nominal anchor)Z 4o} A4S 83ttt $-2juzi= IMF 28He)7] 44 2
21 19989RE E7VISE AAE BEVIEARE oke E7RPIEHA(Inflation
targeting)S I 0, o]F EA7HA] FAIstAL QITHe=4-23%, A6 A13). ©]
23t E7RYEI] w2 ARl HHA o= & AlS29) 7t 2] dixbA ol 28
e ARl SFEE 853X Al9kth 184 20084 3¥ o] ¥R El= 4] of
Al FE83RIYIE Aoke RIS E 28EHE oo 7UE HRARRA
(RP) el ARBoIL Qitt. &, ol T237 A28 1t tixkAH A| 28+ a4
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2% 5 9iek
7K, BE7|EAE Helo] 2 AH B3kg T ATEE FYH-oll2014)°]

U=, olE2 FIA] EAAEN ] ETRMYERAZE ottt Aol fFastAE
ASH 0T BA5 olF el 1990~2009499] sfdt=o] dis 20009d] M=
TESHAR77PE R dutslE 2E¥(Generalized Method of Moments; GMM)Z &
BtRon, A= i 5 10575 o= E7IRPY=3A] Ag=3 H|X)
B0 2 FESISITh o] et IS B0 BV ES B/l ditt =7k

HAY] GRS BT, 20004 o]F o] §aako] sieteks Ao Lkt



J2i2 288 Ssytol thlx a2
o} 32920220 Y E7RMERAIS BIES 1 HiRke g =21 = BoE7t
E3HAIR} 27 EHA 5 HE7IEAIRA HRE Fa/de E46IH. e 20004 1

£71~20209 27719 AIAE AmE tdeR wARJIARE FHQ SEHEEYRE
(Dynamic Stochastic General Equilibrium; DSGE)& ©|-85}o] ASEA4S 519t
E3F o235t ASEA AWE v o= AR BHA Y] 221 EAT37HA] FH)
£ ol8ste] A9 o] JREE W7 o Qe 4 BEVIEAIRY] Falde] it AlE

glold 23S AXSIAH. 1 Az BEaEY] AE(Zero) SHeto] HIGEA] 952 B¢
= 7|29 E7RHEEAY, siete] RidH B9 Bd=7=RA 7 w2 o
AR EAS DAdshe 202 e,

o, S3bgAo] Aol mAl= EaE wAR AR A e’
(2014)°] =, °FE2 1995.59~2011.7¢ 7+ 98 Awg ARGl F8917] AT
TIRAARINEA B4 GMMZ o185t R4S B3l ox o] EAERE Auie
5 79 SA FEA L] FEadE 2ASIAH. E5], GMM2 o183t BAE R Es
2)7F Z=2ol sl vAle tEadt 8971 olF o A W, CDgEl, =aA]
oE, F7Ioll tishiA= =2A ofeke 2oz Uehd:. ols 25 589171 o1% 5&] $4

A0 oAt oRlE S YEHLh ofd] His] A2 589171 olF 471
ol tisf ©71ee19] 7IHix|Eeks 471592 24811 F shuel figzeu|dlo] ©
ol ¥IgE Zo] YUY 4= 2= AAsIeinh. A71d-0_H4(2013)2 |4 Al 52
9] 34 o83 5 shRl oAk AR FRAE A HETE olF s 152
ZIETEet A7) =aA w2 1 BAE 2451, 2001~201299] 2 AlAE
Atzo] tis] HME A=Y (Vector Error Correction Model; VECM)Z 2-85F%
o B4483, $9239 7Iegd 240 e Eale 524 |Elo IS ot W
AHor A= v, A7ISEhe SaElol A IS A Rl sigith
ZleElol it a2 SA1 S8R9 o] AlA AL T3t

AYE(2017)= 2000~2016 52t EE AAE s o= UREARl HER]
BJH(Vector Autoregressive; VAR) =3 FH3 A A TEE]E  VAR(
Time-Varying Parameter VAR; TVP-VAR) X3&& &-8sto] E47|719] AR E=2
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APl et ekl sFadtE SASEE B9l Attt 24 2, F
APl Higt o2 ke 429 g Elol HAZLeF ook Bt AA1€(2018)
1987~2016'39] 2712 AIAE A=2E W= $2|uzt AZAGDP $718, &4,
SEPA(EE IR M) M€ ARESe] A8 T 24T 7IRke AlFte s
TRESIAA A BE(2017) M A AlRfEtilE] VAR 2gg ARSI, oF 53l
© AR SRS 2R FoRoT, 589171 olF AEGDPe} JIEH 0]
off tiet 98] FFHHo| A=A HofFdet. o, et A SR
ZBAIf17101A Blofuk= H| o] Hrks A HojFith

3, A9=(2017)9F AAIR(2018)2] Al mHtH|E] VAR HEL HEQ] Aol Al
< o8l met s, AT 5ol WE ARVl 2R 24 wele] dis] =

e vk o 783 Aol & Aotk o, s B2 dukQl sde g

A Qlek. Al ohebe|E VAR H@ 9] FA14 71412 B (Parameter)Of]
E3x(Prior distribution)?} I&H AAE A=7E oldshy, ulzE A EHFIEZ
(Markov Chain Monte Carlo; MCMC)E &-&3t H|o] Xt Htwo] ARS-Hrt.

olfet w2 FA FSFYHl digt A7+ ol 1990 o] % S3FEH | o
A= 5 AR gt AFEE t Utk olF A7 FE 239 rAREE o8
Sto] FA3E Zo] Wkt 11 AR SFgF o] 29| HiEofdo] ¥ A, 1
F71= 230] 717l of2] Ao wet ti2t= AoltBernanke and Blinder 1988,
1992; Kashyap and Stein 1995, 2000; Kishan and Opiela 2000; 83 2003;
Chatelain et al. 2003; Hosono 2006; Matousek and Sarantis 2009; Cetorelli and
Goldberg 2011; Aysun and Hepp 2011, 2013). ©]ofl §Fsf 723t o]42009)= &
sPgA9] shravte 239 dEd 27 2A FolulsHA] o2ttt &gl ol 1 &
7h o oFelE Tkl Skt BHH, ThE AAFEolM= SE R A8 = et wisto]
E9PgF o] 239 tieoi=e] Ao r IS F= AT 7|4 HiRHZ A At
A O] B 2 FFE Ethe BIE Tl ole A= s8Fgo] 719 At
= WREE of=z} o] W ool 2|8l IS v|XIth= Akt & Aolrt
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(de Bondt 2004; Ashcraft and Campello 2007: Angelopoulou and Gibson 2009;
9% 2020).

2 A7 VAR 2] S2uete] 2718 4AGDP, &¥AET) S5 ARE A8
sto] Aol digt FePdAel T4 JFe FA6ILA Sttt ol2fdt 2 Ao Wi
A RN FAA Sl AAI(2018)9] At FrAFSITE HhE, HAIK(2018)2 ©]T]
g3t Bie} o] AJH mEtuE VAR BES ARESto] ANV 71X AlR1E = 5
SR e] sFa ) ofBA tEAe] 282 & A Hisf, 2 7 Hlo] At VAR 2

= AREShe 5 SR @14 I HE 9 oI5 Hitt AYE Ao 4
ShaL Sk Hlofl 28-S Tk e,

oje} skl 2 AFe AEAQ VAR Y EAoA 25 XA E]

(Overfitting) EAI2} oof] T2 HEE 2)(Out-of-sample) 52| FH<
= Tieto] & 4= Qli= Ho]X|QF VAR X 3Z o83t 53] |74 A3k A5

AuE 28 2y 7 H|aE 98] 35 FEQ LUkl VAR 23 549 A ust

(Orthogonalization)E -85 A2 HX|ut=2E 51o] §HA| Aot D)

# AFolA 23S F= Ho] Rt VAR B 9] Ao disl 2HeFs] Awgshd dtQl
VAR E@¥h= 22 ofF AJRRe] A7gol] tisiA = vl A Sle B2 9 o5 2%
£ HojF= Aol ok A1 W= Ho] |t VAR EE2 B HgolA ] A7zt
of 231 ARE AASH] fste] 719 siFshs B ARF AlE Al LfStalA YHA] A
G200 00 7P Alf2dE Fofshes Aol 7hssitt. 71, Alfxdo] 85 = Al
of gto] 0°0]aL, 22 A719] EEFHAE 7HI At ARHER] o JHi= 282
Atk

ThH, & AF-9] Hjo] xRt VAR 23S AP E(2017)2t A1 H(2018)0] ARESE AW 3}
ZhoE VAR 233} v s 2H, - Y 27 35290 VAR 29| gz Hofx|et
FEIS| FgHA 0l 7123tths HolM S5 7t o] F A mEHIE VAR 232

SRR S AR FHE ATS 2 WGT 4 o] Bakge) 724 wak 5L

B K
ox,

(ot
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- =

1) &927] Eal(Cholesky decomposition)s 53 sk} o]FojA =9 VAR EF9
ZAURgSRr Avl= kAol 9] X H(Structural) VAR EE?0 Recursive SVAR
239 Aol FUsjct, olof SVAR BE9| AVE HEEZ AASHAl= &=
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E25LA G uf 583t o] F 4= qlek. oofl Blsf, Hlo| x|t VAR HE2 ItA o
= AlEH(Time-invariant) P2} 0] Hisf 7452 VAR 2Fo] 2Hsk= 2H42] A]
F(Curse of dimensionality) ZAIE E&3}L, o5 55 #2 9] oS 2ol tigh 4l
2 wolaat & o f-8sit
oo & A7 EE & A& S SRk fiste] 22 4(Hyperparameter)©]

APARIELE HAAok= Hlof] £40] 23S FrlLitterman 1980). VAR @ W HE4=9] A}
ARI= 2HPY ARHEXL HAE B9 SARCE Hodrh olet st
Giannone et al.(2015)& 2255 831 9414 Ho] ALt % 585 7Rl
2519 71, UREHRI VAR B3-S 24:0] $5 AUA|A Ho] AHstA == A4S
7} 5% dA¥ek=t|, o|2fst Bro] 2 ol A 9] mdr B3 Aol Hrt £olx| 1 T
4 ZAE AYsH == Zloftth. o]of wisl H|o]X|QF VAR R UF9] B Aoy
HPOo 7 2upo] AR 8E AR NS 2Eshs WA o= Ha 549] A
g oM ok

ole} Tz}l B A= Ho]A|Qt VAR B F W0l theh AREE A4S 2l
7V EFZo|HA L Wo] 857 Ql= ‘m|y|AEL AFAEE (Minnesota prion) S AR
Shc} 28] 2ma(e]: Vol gk AR} Teiste] 2 Aol A ufa . A4 £
FIE2(MCMC) MEHL E5f s 22 5=0] AL B3 (Posterior distribution)S AA]
SHA| Flr. ol2fet AHIYS Bl 2 AollA FRE M| AR sk FH]
2 HL0] ol JA|(Outlien= THEA] gh= T B4 Y53t Hgolqirt. o2eh IS
&3l VAR 2 Aol digt 43 vIEs 2w Wak 5400 digt 4&GhP 57k
I AR S EY SAES TS HojErh oldt $ARESRY] Adto] Hisy
WHoR FHe] % Al A-AGDP $7H80] Hi2A steohs As W 4= Il
T2y A2l dEihs B AR d5E] ©Y14 sk EEA] Qlst
=t o= SEFA T4 g3l tieh AFEA0NM A5 Hehds 7H4HE(Price
puzzle)oll sfFEtt. ol o] EAE ¢stol7] fIgt HAo] 712 Mgt
2) g9kl VAR BRollA AMSElE 239] HH7|E(: AIC, BIC 5)& 29| Sofvt o

A7 & & 2RSS ASSHE geth meEh ol AEVIES 32 W(In-sample)
Aol et —"F S SHielhe =&t I ARIEEE 7R 2] ko] "o
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2 A7 v 2ol e IgolA HojA|E VAR Rg3} AR Aol o
8f Z=fs] ARttt IFgollAle 2 AtolM ARgShe AIAIE Aol Hish A=A, 5
OJA|t VAR oA A7 W40 AR HojEr). ok S Heh 4o ot
€ AR 23t B 7S SAl0] sl =otaL, o] HEE siEsh] et A

TR BAATE AR, VO B TS Bt

Il Sz

1. WIEXI7|2|#(VAR) 22t HO[X|2HBayesian) EZH

r

ATe A ARt Hiet ol S Fe] Aol viRle V14 I AT

EA517] YJote] MEJR}7| 8] (Vector Autoregressive; VAR) M &8-S ARESICT
yy=at Ay, T Ay o+t Ayt @

A1) y = n7ie] WEHSE o] Foix n x 1 FH|O| MEolth. ai= 2} U]
it A5 WEE nx1 FEol, 4,(1=1.2,...,5) YEHAS HE9] AXRHlag
term)oll Tt n < n Aot ¢, ~ N(0, X) & ZF YRSl gt e84 S48
Eifls o, Y= oA SAY n xn S&AN PHolth ] He B4 =
aft A,(1=1,2,...,5)& n+n®> X s7W7} o, Lo A= n(n+1)/2717} ek

A1) HHoto] 2 A= ATHQA VAR 2] tisl] 4255 (Ordinary least
squares)2 & 45 FAT FA 0] Hlo]XRKBayesian) BE|2] HIHE B85k
o] 234& Frt.3) Hlo| X FEjo] Y2 79 VAR HE 5 A| A5 A HoHA ==
‘AF9] A= (Curse of dimensionality) A1 8lok= 40| Y= A= L&A QL

o} A9 AF BAs B9t Qs AAY ARS AEH VAR 2O 34 1

3) £ e F8AR1 £ VAR T Ho]X|QF VAR 29| SRS Ee B E4A
7] E3l(Cholesky decomposition)& ©]-&3t AWK Orthogonalization)S -85t
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APASES B3l F45loF & Kt IA SV B2 RS A He Aol
U W, S0 ESMAE AA 1S IR A He wAlRE & Aol
olof ket mg o] 274 9 FE 2|(Out-of-sample) & A} gt A==t sl

olof] wksf, Hlo] At AR P2 Haof] thet B2 s vlE] Aok WAlo|ng
A ot FAsHoF & Ep] 7t Fo1A 3ke W S/ (Tightness)& Uehls W
£ APAEEO] PR 2H5HAA BE&F 08 BAT & e Xl Slrh 7HE, ol
TSA| ol vlsl] FAsfiok & w7t @O APARE] -Z/Ado] FIKA: A | )FHol B
Fo| ZAEE A} E= Aot Giannone et al. 2015).

2. H|O|X|2t VAR 29| AFHERE &3

Ho] 2|9t VAR 2 42 2y Y Bl AASRERE 157 Yol o] ot AR
A g2 1ol FEAR WE 7FsE $x(Likelihood function)Z 0]83dH= H2Ho|
t}. o] oo} -2 Hlo]= | (Bayes’ law)ol| 7] &3l

p(Bly)oc p(ylo) < p(6) @)

220 B4 0ol thgt APIRIE p(6)o] HERIER] 7Rk T p(ylo)E 2-8AIA
AP ESE AREE p(0ly)E Uehdth ARFERE F517] Qo APARE p(0)E
oA AAst-th= Fa% onE 7M. 71, p(0)7F o171 AA-H K Support) W
oA HLeHFlar) Fejehd APIREEN 5831 JE7} glokal & Zoleh. o] FL- ma
0] S0l sl A=/ vhet ks AR Z5kA FrkStein 1956; Sims 1980). WAl
APAERO] f83t ARE Algshe Al 7HIAAS ¥cke BAIY dudEsict
(Giannone et al. 2015).

2= AR 2RpE AASH= A7 HlolAIQt VAR Eadofl Sl U-8-<lH,
o] EAof| thgt sjAMOZ Litterman(1980)2 HE 9] 0% 52 Fislol= A1 A
e519Act 5t W2lollA Giannone et al.(2015)2 24 0 Q] AR EE 204 5 5
3 YAH R BBt ~ p(016) TAE o8 o]e} Tedslo] 214 5O AR



p(ly)oc p(yld) < p(8) ?3)

21(3)9] 2H4 T FEEE p(yl§) = HA7FsE(Marginal Likelihood; ML) 3¢
FaE EgH, 12 9 & 589 HL7l HrKGeweke, 2001; Geweke and
Whiteman 2006). 7H, A|Z-ZoIA FLgt APERE p(5)(Flat priond B MLE]
Fofjshs T AR p(dly) o] Sisle}l 2. o]o] Giannone et al.(2015)= Z29]
APARIEZ} tiRE FARE 73S AolHE MLE SHislols 2245 sk Aol
Aot ASEA Mol Hokal siqith TS ML offiel o] B 09] AR AA|
of] thol A&t gro|E = K 0 9] AT Al AHET AL SHoih

pl) = [ plo.5)p(0l5)a0 @

T4 goll oigh ARRERE p(616)9 FAE AT HRiste] F&st HieF ol
Litterman(1979) 239 2 9 A& FElo] St =5 AP 5423 1Est
K 2450 S/A 2715 $H8S Yetile 2E=E SA). o]3F% Litterman
o] AAISH AFAREZE ‘0| 4B} AFHEE (Minnesota prior)2 51, Wo]X|9F VAR &

Y 279 A BEHR AHRE Fe= ANgSH Sl

SHH, 4](1) VAR EgoJA Littermana Z+ WAHS] 3RS v|x]= A% S22
TEAL o] Y& FolA Qi T uff BFPof| I = AAE AFES ARKIFoE B
Z3HDrift)e] A= AHYUTZ(Random walk) FES W2 A0 2 71431IcES = A
(1) A5yl st Apdgto] ofgfe} Zh= QJujo]tiGiannone et al. 2015).

1 (I=10]2i=; L)
El(4));%] —{
R ) 2

4) Litterman(1979 p. 2002 AAEA W4EQ] Eago] WGP 350l Filsk= Ao
Z H3 Q. Kilian and Litkepohl2017)= X< HoF R Y(Parsimonious
specification)°] AAIE AR9] d& 58S &tk st
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3 Litterman(1979)°] 7P A0 FEAlo] thet mlul et APHEILE ol
Ak et

0 (@)

Of

2(O)lM FEA BE £~ W (W, d)(F-Wishart EE)olch. = n < n FEfe] 2
W g Eoll, de AMEE Uehle 2250t o= FE v i tiztda
oJt}. o] A2 Litterman©] 7Fg3t A shte] Wpdso] tis] Zgof 23t AE
o] A& ZYUS Vet E3T AGFE L A7 BALFE( 1) S'Ate] Ao
Holet), ghH, Yo ARdgto] EAIE & e ARE de n+2HT FoF 5=,
d=n+2¥9 we= B(2)=v/(d—n—1)7F BETY. ¢,= AFEY ZE2020] §F
= FH, A= 3 719 SRS Uetdis 2EaR A E ARERE 7 1
Q== AR} FEAbR 74 S48 7HIXIT 71, A9 ke A AR
5 AL ARA SRR 7|7 AR, o= AeYEY AR 34 Al AR
ExHrh= FEEEO] 397t ¢ 37 9HgEE YePHTHGiannone et al. 2015). ©]
of & A= Litterman®] PIHABF APIRIEE 712421 Q] APHEEE ARERITH
2HH, Litterman(1979)°] A8 APEIE Q]of] AIA|E EAof|4] A== FoHA| == T
23} FAES U AR T 2712 AAEITHSims and Zha 1998). o= HE
W 271 Ao 41} VAR B2 374 APt S04 U uf ZF 49| ol& 59
12 5 3= A9 o€ AT, FADY 288S E017] 918 ZoltKSims
1992; Giannone et al. 2015). AH o]2{gt 714 ARIEE7E A-85%] ¢k AF- o
o] 342z o|dAQl F¥S 7Hlol wet Ho]X|Qt VAR 29| dflS 5o] ofulEtt
(Sims 1992).

g 5o, 71 APIEE Z 5= Doan et al.(1984)0] AAIGH Ao “Al5=o] &

AP (Sum-of-coefficients prior)o|H, Z1 = ofefe} At

o
I‘N' =

[¢]
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a3t sapuol e oz =4 [IEL

. diag(%), R T— @

A@olA y*E nxn HZHFER 2(1) el it n7ie 1A BEA]olH, yi=
nx1 WER 7F Wiesd A g s/ TSR] oig BEEFEet 2T &

X< (1+ns) Befe] FER 2)(1)9] S0l thet n7H2] AFA BEAo|c}. F, ¢y &= 4]
(1) 5985 BEARO] SIRES, o = 9 Apgla) A1) BEALR O] SIFEo]
7hET) A(7)9] ne APREIRLO] 2B4T T glo] AASE 9835 FHI} gl Y
AHERI} Hc}, v, 1 gro] 842 ARER o] Zg o] AA A(1)2] AAE ¥
o] SIS UL FAEL §l= FEE 12Eig o] e

Uz o2 shhs o Aela ®EE" ZAAY Hu] Hx #ASH ARKE
I (Dummy-initial-observation prior) Fx= U T} AFHE (Single-unit-root

prionE A|AE W U] 322 EA) 714 5183t Feflolt

o)

y | Loy o
T oY ey ®

2@ y T 1xn WHAE, 2" & 1< (1+ns) 9] FHEHRZ FEAFRO] SIE
2ol F7H= 1719] /134 TSA7L Hh. ke APRRES] 2HPE T gho| Aopdlse
5 APAEE7 Fa 1A FAE WAV FGETHSims, 1993).

Giannone et al.(2015)2 AZGDP, t&dole, d7|d=d, AF84L 53 &
u]=2] Tt AAFAR RS ol-8ste] A|F7HA] 47ligt H|o] |t VAR HE& 45k
t}. 18] 3 o]2fgt o] YHHAQl VAR HEHT AdkAo g o £2 o& 5382 71y
T HojFQit 2y 7 ]IS 9519 Giannone et al.2 A &2 S Hrloh=
HAE- 2 X Mean Squared Forecast Error; MSFE)Q} £ df&0] Juit &SR &
7= 271 J&84(Log-predictive score)E H|WE 93t 7|&0 2 ARSI 2
I d&daees Yo7 E A&y EXxE AL AKNormal approximation)sto] =
A5}k

SHH, Giannone et al.(2015)2 21(6), (7), (8)°ll Y= AFIRZS] 2 WS N\, &, 1, K



BEIN =siager med msa

o} #HAsto] A, n, ol tiall FRgHmode)°]l 242+ 0.2, 1, 1012, EEHAPF0.4, 1, 1
Q] 7R E(Gamma distribution)S ARSIt 224 Y vo] 49 RE fidga
Z1Zvo]| o8l 4 (Shape)24et HX(Scale) 247t B5F 0.029] AlFQl ¥-FoRdx

(Inverse gamma distribution)& 4-85}3tt.

Il. 4524 Za

1. AAE Ii=

2 ool BAS 95t A4 ARE Seivel 2718 AUGDPAERA), 2]
4275, 2Pe)E AR%T o) Wt AllES0|A duken]2elo] FREDIA] 3

Sotlon, BANY 712K 19959 14271~20199 427101t

(Figure 1) Trends in macroeconomic variables
{Log of real GDP) {Log of CPI} (Call rate)

w2t F71-A7E ASS TES Ak E AHAET RS E DX ASAE YE

U= Z5olqith. 5= 19909 S35t 10~15%2] olA FAIEAL Agion, 9

5) 9Pl Ak wlek o] LUk 20084 39 olFNE WA EokgAY L8RER
798 RP 298 VE2dR 295 At o]t & Aelde Sehgue) 28e
el FeE A 2 28] Al 23S ASSIR sy, ol 23
o weae] s1gel gl Al 2 Holrt g7 WRoleks He HRIL.

=2 21
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AN 20%F FBoke 0= FSotith ol Fade A SkERt 7ked,
2014.4%7] °]F- 1% =02 HobA] A|&E S]]t

o5 AAHTEY AAIEA B EE BF FAE 7KL Qe
HES HolFa QItho) Adxrgo] o]Folx]7] gk AIAE HFES BAS sl Al
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ZIREES T8 FIEA D14 e AuET|o] A & &FEoA= BVAR
g ARgol thgh 9ol ¥6| 1At HE VAR H 7} BVAR X3 9] dl&/d3+E Hlwgitt.
Hop FAH 02 & A= (Table 1) (Table 2)0l4 AEGDP 57k, 4HAREZH
J5E, 290 HokE 59 AIAIE ARE dde® #E VAR X3} BVAR 239 ®

6) (Figure 1)2] ARGt 1 A4S0l His] ADF, PP, KPSS A4S AAIR 23, A}
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E 9] &4} tigt A¥KForecasting performance)E H|i5}al 2t} BVAR 28
= B8 ZAY ] AAR 82 FeET:

WA B A= A AE BAFAZ(Cross-validation)2 S8 HE 9] of|&02}9] £~Z0]

23 W ARHLag) Halol Hisf AiSdt o= Fe A4S THIEAE AASHL A
o 2ot pAlE ez 2 e VAR(D~VAR®) ZFel| tisf 199549 2271~2017d 42
7] AAm F4E 95t AAIE A= (Training set) 2 4AoF 2451900, o35t FHE &
3l a7l AIEXE 20189 18£71~20199 4571 sidoh= ASAE(Test set)oll 28
sto] &2 9] A5/ He] S4A BtAF 2 Root Mean Square Error; RMSE)2}
Fdd 22HMean Absolute Error; MAR)E 2t Z8 =2 61ic}.7) T12]al 2 mgd
RMSE®} MAE #t52] EFHARE (Table 1)< &0 Hlw stk #9] AE 7HFs] 4
HEH, 7F AAG Ho]l tis RMSESQF MAE Zoll4] BVAR 239 REHAP} 25
VAR B RTh ZHA| Ut} o= BVAR 239 &4} AlRje] disf] Ariaos o
PHoleh AL Y2IFE Holzh STk W2 HE VAR R3S 259 A7} el
A0 2 o2zl et WEAE 2ok 2 Aolch

(Table 1) Comparisons of the stability of forecasting performances with lag
changes(1-8 quarters)

Std. dev. of RMSE Std. dev. of MAE
Standard VAR BVAR Standard VAR BVAR
y 0.07 0.03 0.05 0.03
0.04 0.03 0.03 0.03
0.17 0.02 0.15 0.02

Notes: 1) y, p, and @ refer to real GDP growth rate, inflation, and the change in call rate,
respectively.

2) The period of the time series data (training set) for estimation is from the 2nd

quarter of 1995 to the 4th quarter of 2017, and the period of the validation data

(test set) for calculating forecasting performance is from the 1st quarter of 2018

7) BE 9 J&A(y)et TSt WAAZOAHRMSEY BAEHOAHMARE 7t

T
ly, —y o2 Aot} o7|A 1= AZAR

RMSE= 1/732 9,)t, MAE=(1/D Yy,
(Test set)o] Al ﬂ]oé- ZolE Hehditt |

—



to the 4th quarter of 2019.

3) For both the standard VAR model and the BVAR model, model lags corresponding
to quarters 1 to 8 are utilized, and the standard deviations of the root mean
square error(RMSE) and mean absolute error(MAF) calculated for each lag are
determined.

4) The RMSE and MAE associated with out-of-sample forecasts (Qt) are defined as

T T
RMSE=4/(1/T)Y] (y,—y,)* and MAE=(1/T)Y]ly, —y,l. respectively, where T’
t=1 t=1

represents the length of the time series in the validation data(test set).

(Table 2)+= 35 VAR 233} BVAR 23 7F 32 9] I5X|9] 1} v|uE fls] AAIE
WS U & SRl £7 9= Y48(Rolling forecasting origin) 71H< &85t RMSE
9F MAES] a7} HodFal §lek. o5 9l £ A 38S 91t AIAIE AF=(Training
setfg 19959 2471~20124 287158 AlAste] E3(Rolling) BERE 142714 S7HAIA
19953 2571~20199 32717k]0l] sigsh= & 30712 AIAIE A=l thaf) F8} &S
Alggstdet. 9] alEA= 14271 9I5(One-step ahead forecast) AMESIOH, A&

235} AR SIRt AEA R (Test s 2 27 X220 The 712 AFgaISich

(Table 2) Comparisons of forecasting performances using the rolling forecasting
origin method

RMSE MAE
Standard VAR ‘ BVAR Standard VAR BVAR
(a) Benchmark model
Y 0.61 0.54 0.50 0.45
0.39 0.46 0.29 0.39
0.34 0.24 0.27 0.18
(b) Model (1)
y 0.79 0.58 0.61 0.49
D 0.42 0.53 0.34 0.44
i 0.49 0.36 0.39 0.30
() Model (2)
y 0.68 0.59 0.53 0.49
0.49 0.52 0.40 0.43
0.27 0.18 0.22 0.15

Notes: 1) y, p, and ¢ refer to real GDP growth rate, inflation, and the change in call rate,
respectively.
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2) Model (1) includes international oil prices in the benchmark model, while Model
(2) is an extended model that incorporates nominal effective exchange rates.

3) In selecting model lags, we based our decision on various information criteria
results for the standard VAR model. As a result, the benchmark model and Model
(1) are best suited with a VAR(5) form, while Model (2) is best suited with a
VAR(2) form.

4) The model predictions utilize one-step ahead forecasts, and the training set for
estimation begins from the 2nd quarter of 1995 to the 2nd quarter of 2012,
incrementing by 1 quarter in a rolling fashion, resulting in a total of 30 time
series data points spanning from the 2nd quarter of 1995 to the 3rd quarter of
2019. The estimation and prediction are conducted using these 30 data points,
and the next period of the estimation data is used as the validation data (test set)
for calculating forecasting performance.

5) The RMSE and MAE associated with out-of-sample forecasts (y,) are defined as

T T
RMSE=1/(1/T)Y, (y,—y,)* and MAE=(1/T)Yly, —y,l, respectively, where T,
t=1 t=1

i.e., 30, represents the length of the time series in the validation data (test set).

(¢}

o)A Benchmark model> AZGDP 37, ABAE7 ASE, S5 HshE
o g g Zofw, Model ()3 (2)= WIAWIE HEo]l 2+ A7 H g5 as
FSES FVIRE Bgoltt. HolA 9] RAZANE TS| AWEY, AP RET SSE
AlLlstaiA= A= BVAR 23 9] 32 2] of|SXof thet RMSE®} MAE gfo] #& VAR
TPt A0k}, 0|8k (Table 1)} (Table 2)9] A3+E & wj BVAR 2 3< o835t
AL ol Ak Alsf] & TRt 7EA7F QIokaL & Aoleh AAIRE RAER N A4S
Zarsty) vt

:

(]

:

2) 224 N9 ARt 34 A}

UubH o g Hjo] X9t ML EAISHAAL SH= HA4x(Parameter) 9] APHEZRF ARSE
3 7ido] EAfst=t, ol ojwdt FehE APdRELE ARGSH-Uol| et A= TRE AR
BEXE A S Qltk. I8 I BAEANE vikisH wsle] sjie] dHAvE 92 4 Qlck
olof & 5= BVAR ¥ F4Z fIsf oA ARl nl|4E AR ES T2 ANt
A} bk, olulAaE AMIEE= BVAR B9 782 Fot ARIEER 7| g i
obEoiA|AL Qlot. the, 2 A9 Hgo] AR VAR HEF U] weh A1) o Bt BEdsto]
A7) ‘A] AP 9} A(8) TY TR AR S A5 ofHrEe) miebA]

8) A VAR B3 T8 7Fst e HRYe] FHRY Aol e) ArdRER 09 S
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£ A9 APEE R = U A APAR IS ARG Giannone et al.(2015)°] A7t

APARE & IR 2830 dlE 501, 19| B9 AREEE A8k, ¥ FRIge
0.2, EZHAR= 0.42 319tk E3H 22 VAR 282 HHYF(Random walk) FES
el 2)(5)2] AbE#e] 1 002 Hgks]ojof sl a o] ukajalgic).

(Figure 2) Probability distribution of hyperparameter A

{Prior distribution) (Posterior distribution)
Trace of A Density of A
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Mean: 0.512 Mean: 0.390, Mode: 0.383

Notes: 1) For the prior distribution of the hyperparameter A of the gamma distribution
with a mode of 0.2 and a standard deviation of 0.4, the shape parameter is 1.64,
and the scale parameter is 0.312.
2) In the prior distribution, the mean is the product of the shape parameter and the
scale parameter, which is 0.512.

FHH, A3)ollA ATt ulet o] 2w4=0] AR (p (dly))E THaliok sk, °lE
Q5] & A= nfEH A EH7IEE(Markov Chain Monte Carlo; MCMC) A=
o] thE4] 1<l MH(Metropolis-Hastings) ¥1le|5= ARSI ol= Azt 2
< A SERZARMKED) R F2% 2RNEH) S} Bsto] ZRE A2
FEEZEE)Y] SES A 2240 S5 tith AEHleEE)Z Fo1L, o] HleS

HIER O = g 245 JUlo|ER 2HFE 42 ZQIA] o F-E Z75k= ’P2lolh. 1t

oF e} w47} AeElA] £ A9 ol He] 2u4vt IR AE ol YL
B8] 2u40] ATEES 24T 4 Utk B AT o= ot 2gnAe
15,0008] AWJsHE], 1% 22 5,000810) 224 243 £2134(Burn-in) 0.2 A

83 Aojlmg xigngo] ofst AFo] Ho]X|Qt ZA(Bayesian shrinkage)gl &
ot

4 2
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gfsto] M1, YA 10,0008]9] 2E4 FHRE AL R ARGRIT
(Figure 2)= 2H4= \of thal ARIERZE vE8] MH ¢85 B3-S £ A=H
AR O] ATbg HojErt, Bot A 02 TIoAe] A HA B2 254 A9 AR
2xg FRIgho] 0.2, FFHA} 0.42 A4 ArkEEE WL Qi o] 3¢ 3
L4(Shape parameter)= 1.64, HLX4Scale parameter)i= 0.3127} ==, 22
T A9 Bt o] PR et A4 507 0.51271 Hrh
9] = WA 9 A7 0]39] 2HS \-719] 30|(Trace)S HojFal 9o,
Al A B2 o 224 go] BREE Yehdnh T WA 4] A-gh Fol& K 11 glo]
FFHo® FHEHL USS & 4 ok WS A9 AR A= FHIgho] 0.3832
T UERg o, o= ARdRzolM A E 2RIg 0.20] HIs) tha A7 ghojek & Ao,
1AL M Ayt Be} o] 2Hae A O] ARREILOA Bt E= F[HIgho] 45 A
AEAEE T B2E37} H Hol WS LEhdith
(Table 3)<> BVAR 2g9] A¥olc}. o] ek Q= o] e 5 A WA €U 4
ZAGDP $7k 2d3oA AE719] 52 ¥alof digt Alez -0.5127F J=H, o=
MH g8 I4-& B9 5,0008]2] 22438 (Burn-in) & A3/3= 10,00070<] Al=gk
S H(Median)oll sig2et. 1 ofehe]l 8= (-0.707, -0.319)= 272t 10,0007H2]
Ak % 9.500717} 31 Helell ZeEe ek 121 -0.5120] w8l s Bt
H, A 271 E529] A5 Fol 1%p SH=E A-AGDP 57 0.512%p sttetet

ﬂI

& Ao 7122 o] thEoldl Zlo] ohle 342 918 ZoRdoR 4AH Zol]
uhgo] mgo] Auke 5o AAA oS A3 Wl dofe FA ks ol 69
3 Wavt ol he, B2 VAR 239) 2927H AAe) Aloros ekl gk
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(Table 3) Estimation results of the BVAR model

Variables Yy Py i
Y1 0.124 0.062 0.249
(-0.068, 0.314) (-0.040, 0.164) (0.054, 0.440)
Dioy -0.131 0.074 -0.246
(-0.469, 0.210) (-0.119, 0.260) (-0.613, 0.102)
Ty -0.512 0.217 0.456
(-0.707, -0.319) (-0.111, 0.323) (0.265, 0.654)
Yi—s 0.147 0.029 0.213
(-0.025, 0.323) (-0.063, 0.122) (0.034, 0.396)
Dy—y -0.030 0.093 -0.225
(-0.312, 0.253) (-0.053, 0.251) (-0.522, 0.058)
iy -0.083 -0.016 -0.205
(-0.276, 0.108) (-0.118, 0.087) (-0.412, -0.013)
Yi—g 0.033 0.022 -0.015
(-0.118, 0.190) (-0.060, 0.109) (-0.176, 0.142)
Di3 -0.101 0.148 0.089
(-0.347, 0.119) (0.019, 0.307) (-0.139, 0.345)
- -0.058 0.006 0.005
(-0.210, 0.099) (-0.080, 0.090) (-0.151, 0.161)
Yi—y 0.033 0.029 0.094
(-0.094, 0.166) (-0.042, 0.103) (-0.041, 0.239)
Dy—y 0.023 0.023 -0.057
(-0.169, 0.223) (-0.078, 0.128) (-0.266, 0.136)
Ty -0.088 0.067 0.039
(-0.225, 0.036) (0.000, 0.144) (-0.090, 0.174)
5 0.748 0.308 -0.324
0.281, 1.217) (0.038, 0.570) (-0.809, 0.147)

Notes: 1) y, p, and ¢ refer to real GDP growth rate, inflation, and the change in call rate,
respectively.

2) The estimated values correspond to the median, and the values in parentheses
represent the 95% confidence interval.
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(Figure 3) Impulse responses to a call rate shock
(Standard VAR) (BVAR)
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01 00 01 02 03

05 00 05 10

T T T T T T
5 10 15 5 10 15

Notes: 1) y, p, and ¢ refer to real GDP growth rate, inflation, and the change in call rate,
respectively. The gray dashed lines above and below the solid line indicate the
95% confidence interval.

2) The first row represents the response of real GDP growth rate to shocks in the
call rate, the second row represents the response of consumer price inflation
rate, and the third row represents the self-response of changes in the call rate.

3) The shocks of the model are orthogonalized through Cholesky decomposition in
the order of y, p, and i.

3) 24933 (Impulse response function) 2}

(Figure 3)<> ¥5= VARY} BVAR 239| 374 AHE vig o= 479 5 54
w2 ARGDPY| 7R AHRRETE A5 EY ST ATE BojFa Qe
¥ VARY} BVAR 23 BT A2 GASE mgolqiet

7H, 22299 1%p A5 2 A AAGDP 57H80] 2(-)9] #2 71=3he= 5 4]
stolglon, 324 Wy & 1~287]0l sl 95% Al=lEo] &(-)9] #hell AT
o] AAGDP F7HE A7 S5 %S4 e Sk A AR &
¥, AHRE7H: 598 S2E9 A4S 200 disl E7MdsEC] 23518 =oHA It 34

T 358717} EojAof AAEE w&ollet. o]9t #EHse] Angeloni et al.(2002 p. 21)

[¢]
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(Figure 3)°] HolF= AFEA 23 S9¢ A5 400 tisl LHAE7 d5E0l
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Sto] S49] QY/dS SHStaAL Sttt Hh FA|A o= oA ol S0 whE A
AGDP 57k v 58S $48eS Erh Hds| Auir] fisie] 3714
SroflA HISH.

HA FAG7It & 5 TR AAEAIE 2391 VAR 23o] F715te] 7HHE 24
7} Aot =A] AT ETKSims 1992; Kim 1999; Kim and Roubini 2000; Barth and
Ramey 2001; Hanson 2004; Sims and Zha 2006). ©+&= QHA = Ast v} Zo] &
29V S0l HAskL Q= WS BAlske B&2]Ql Aol 2 4= it o, o]
= MZ2 AAE #5571 gl F7Reol wet o] EsiAle THe] .

olZfgt Toll ths Estrella(2015)= B SAIHSE ARESE 2 129] VAR 23]
A 7HAHE ZA7E 24 SetEA] 952 A145PHA VAR B39 AIALE 2= 4
= Atsi3int. ol s d AAlo] dis) AAGDP S/ &7 MG E 5 7
0| W 7T SANES 7ol BT AR EAIE & el 2% Aol Het
A|F o Estrella(2015)= &2 $40] @718 o= & ol ¥4 JFS
A GF=the oA 7HEE e R JIEF 0] S4NkeS T 04 1AIR A E
0°= Aofd B35 7HuE ZAP gokdS HolFlt). ol= 7HuE AV o= 4
I o oA 2Aaete] ARRE Bl AAshs WAlolet & Aotk

SHH, BVAR 239] 7% ol=itt 7HAwEx eisto] 2)(5)9] AlaiEol thsl e
= G APARERES 7HYslal k2 i SR SA mE 27 ES 44
ool F-2(Sign)2 SHOIA ofwet GA AoFe Sk IA] ot AFEAIA S A
£ 7] ofgl FHol itk o]of ths BVAR 2 3ofl4li= SVAR Z3of|42] B7]Aek
(Contemporaneous restrictions) Z7°| AAZAIZO] UZdst FESAH°KSign
restrictions)2 Hojslo] AEsl= LS T gioto 7 F11 9ith =, BVAR XFE 0|8
S EAoME olF FoAeke B8ohs el 7Y APskE HHel & 4= Qi

(Figure 4)+= #<= VAR¥ BVAR 23 Z210] tigt 54 A5 540 thE aHA=E
7H 45 EY] SARES 235 HoErh9) Model (1) AZGDP 57k, ABARE7} 4
9) (Figure 40l EgtEo] A ek AAGDP $7H&(y)T S=2] Wshi(i) Ao FAut

& A (Figure 301 mole Aol Yol Sxel 2 e gric He v
29T olF WeE v H4e wHo] U ANBARSEES] SANS A Aw
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32 458, Model B2 FAR/HO U JRARTE H5ES F712 2P
olck. Model (4)~(6)2 Model G)ellet Aoz Haaw] 37k, 47132 WMok, the
37188 FAH 02 /1 BYolch. ToIH B3l A% 320 gk AulE} A

SEQ NS 2NE & W 7[ERFolM 2 A vis| 7HAHE ZAE A AR

E’J
ol

() JE
| 08.. bOl'

oz

S, 3% VAR BVAR 20| sl ARS8 Sa5¢] A5 $400 ot a8A=
7} 559 3AES B (Figure 5)° WERL Ik 1D ARt A VAR®4) B9 &
P2 o|u] (Figure 3)< &9l 1 23S IRIstH O E (Figure 5)= s = 8, 12, 162!
VAR(8), VAR(12), VAR(16) FE|2] 5253 A3E = 4= Uth

IS B AR7E s = 891 VAR(S) 2PNk 9] Aik= (Figure 3)3} A 24 &
of 7HuE EAIZE Gt ATl HYl= oSyt 12y AR 129 1622 soid
Aotz o 5] SAA ulof] Hisf =3l7]= @A 7HHE At siaE Vs
‘= HolFal Qltk. 53], s = 169] BVAR E@0NA= 54 T 557171 7] A7HA] 4H]
A7 58S SARE0l tiet Sl Median)o] (-)9] g2 715skaL ot wbA
Estrella(2015)7} 2oiE AAE 35 ¢ dojil AAE Arof disix= AlRLE &-8<t
4 B9l 7HEE EAVE siaE 7ol ldkal skt

AV eIk TE B4 80] L A% AAE AF 7RG Wik
10) A7 AlRIES0|A QMizEn|eae] FREDIA 338 AREAWTY) 940 2
AAS Argiet.
11) (Figure 5)] Z3twlo] QA ek UAGDP S7Ha(y)7 3] Hoke() A4 S
S AR Aw WA At ol 549 24 A QRIS AF 7H5S dic
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(Figure 4) Impulse responses of consumer price inflation rate to a call rate

shock: models with added macroeconomic variables

Models (Standard VAR) {BVAR)

M

@

Notes:

2100 01 02 03

92 a0 0162 03

at o o1 02

1 00 01 02
a5 05 0%

0% a5 0t

29 0w 09 0

Q15 a5 ocs
05 05 08

1) op represents international oil prices, ex represents nominal effective exchange
rate, ¢ represents real consumption, lti represents long-term interest rate, and 1
represents loans.

2) Models (1) through (6) are models in which macroeconomic variables are
additionally controlled for in the baseline model: Model (1): op + y + p + i, Model
2): ex+ y+ p+ i Model 3): op+ ex+ y+ p+ i Model (4): op+ ex+ c+y+ p+
i, Model (5): op+ ex+ c+ /ti+ y+ p+ i, and Model (6): op + ex+c + ti+ [+ y+
ptl

3) The dashed lines above and below the solid line represent the 95% confidence
interval.

4) The shocks of the model are orthogonalized through Cholesky decomposition.
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(Figure 5) Impulse responses of consumer price inflation rate to a call rate
shock: models with expanded lags

(Standard VAR)

Lags
s =28
s =12 g
s =16

(BVAR)

o
P=;
o
o
<
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008 -004 000 004

Notes: 1) The dashed lines above and below the solid line represent the 95% confidence

interval.

2) s represents the number of lags in the VAR model.
3) The shocks of the model are orthogonalized through Cholesky decomposition in
the order of y, p, and i.

(Table 4) Sign restrictions in the BVAR model

Shock to
y D i
Y + n.a. -
Respons
.a. + -
e of P n-a
7 n.a. n.a. +

Notes: 1) y, p, and i refer to real GDP growth rate, inflation, and the change in call rate,

respectively.

2) n.a. indicates that no sign restrictions are imposed.
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&, BVAR 232 oo R SVAR 299 F7]4jok] 23 AokS A gslel 24
Ead] Y F400 gt AAGDP 57H, ABAEZHSE, v HIRE AAY
ZRkS A= (Figure 6)0ll UeR SIth ARk} Bdsial= s = 4, 8, 12, 16 283}
Aot AEE 913t BVAR 9] FS AR (Table 42} 2ol Aottt 714, S=¢
5S40 s AAGDP 37 AHAE7H S E B ol 42 =) 9714
AP = Ao 7Hdsiqith &, S5 A5 54 Al AEGDP 7kt ABRETH
F5E9] SRSl B710) 0E Tt ¥ 3(0)9] 3k 7S Uehdich ofgE T $F

o]l thoixl= 724 - (Agnostic view)oA FEARS: A7goA] eFott.12)

(-:E

ot

ofy

_I

(Figure 6) Impulse responses to a call rate shock: application of sign
restrictions in the BVAR model

s=4 s=8 s=12 s=16

Notes: 1) y, p, and @ refer to real GDP growth rate, inflation, and the change in call rate,
respectively. The gray dashed lines above and below the solid line indicate the
95% confidence interval.

2) The first row represents the response of real GDP growth rate to shocks in the
call rate, the second row represents the response of consumer price inflation
rate, and the third row represents the self-response of changes in the call rate.

3) s represents the number of lags in the VAR model.
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Abstract

We investigate the effects of the central bank's monetary policy on real GDP
and prices. To analyze how changes in the call rate impact economic growth
and inflation in Korea, we employ a range of vector autoregressive (VAR)
models. Impulse response analysis indicates that a call rate increase would
lead to a significant slowdown in Korea's economic growth. However, inflation
experiences a temporary increase in response to a call rate increase, the price
puzzle.

To unravel the price puzzle, we control for other macroeconomic variables,
experiment with more time lags associated with monetary policy changes, and
employ a Bayesian VAR model coupled with sign restrictions. And we find that
the sign restriction approach is the most effective in resolving the price

puzzle.

% Key words: Interest Rate, Monetary Policy, Bayesian Vector Autoregressive

Model



