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This paper estimates a Markov-switching dynamic stochastic general equilibrium (MS-DSGE) model that allows
shifts in themonetary policy rule coefficients as well as the shock volatilities with Korean data ranged from 1976
to 2013. We find that allowing for the regime-switching aspect both in monetary policy rules and shock volatil-
ities is a crucial setup in improving themodel's fit with Korean data. The regime estimates indicate thatmonetary
policymore aggressively reacts to inflation, but less strongly to output, after launching the Inflation Targeting (IT)
policy in the late 1990s. The identified regimes have three implications onmacroeconomic performance inKorea.
First, the introduction of the IT monetary policy has contributed to a sharp reduction in the level as well as the
volatility of inflation in the 2000s. Second, technology shocks are the most important drivers of output fluctua-
tions in Korea as the major economic crises in Korea are mainly explained by adverse shocks on technology. Fi-
nally, it would have been possible to achieve higher output and lower inflation simultaneously if the ITmonetary
policy regime was maintained over the entire sample period.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

This study seeks to empirically assess howmonetary policy behavior
in Korea has changed in response to structural shocks across different
policy regimes, which are identified by estimating a Markov-switching
dynamic stochastic general equilibrium (MS-DSGE) model. We posit
that Korean economy may work as a natural laboratory for regime
switching approaches. In order to rationalize this argument, Fig. 1
plots key macroeconomic time series of Korea from 1976:Q3 to
2013:Q3, in which large swings in output, inflation, and exchange rate
are readily observed after outbreaks of major macroeconomic episodes
for the Korean economy.

Over the last four decades, Korean economy had suffered from three
significant economic crises—the second oil crisis in the late 1970s, the
Asian currency crisis in 1997–98, and the global financial crisis in
2008–09. All these episodes have caused the severe recessions as well
as the surges in price level and exchange rate.1 Despite their similar
patterns in outcomes, the aftermath of each episode entails quite differ-
entiated characteristics, aswell documented in Cho (2007) andHuh and
Nam (2010). In particular, the Asian currency crisis might be the most
yan, the co-editor of this journal
ts and suggestions. The views
necessarily reflect the official

@gmail.com (J. Hur).
etailed in Kim (2009) and Yoon
crucial economic episode for the Korean economy. This economic
turmoil has resulted in a sequence of institutional changes in Korea's
economic stabilization policy. For instance, in December 1997 the Kore-
an government has allowed foreign exchange rates to freely float, and in
1998, the Bank of Korea, the nation's central bank, has introduced an
Inflation Targeting (IT) system to pursue its goal of price stability
while having shifted to the interest rate based policy from the money
aggregate based approach. In contrast, the recent global financial crisis
has damaged Korea's export growth via the shrinking global demand
for imported goods. Relatively minor institutional changes are involved
in response to this economic event.

Grounded on these historical episodes, we formulate a small open
economy MS-DSGE model for Korea, following Galí and Monacelli
(2005) and Justiniano and Preston (2010), in order to capture changes
in the magnitude of fundamental shocks as well as monetary policy
responses.2 Consequently, our MS-DSGE model allows for regime shifts
in the monetary policy rule coefficients as well as the shock volatilities.
We employ the algorithm in Farmer et al. (2011) to solve the MS-DSGE
2 MS-DSGE models associated with monetary policy switches have been extensively
studied for the US (e.g., Sims and Zha, 2006; Davig and Doh, 2008; Bianchi, 2013) and
UK (Liu andMumtaz, 2011) economies. To the best of our knowledge, however, the mac-
roeconomic effects of introducing inflation targeting in small open economies have been
explicitly examined mostly with fixed-coefficient DSGE models, e.g., for Chile (Del Negro
and Schorfheide, 2009) and for Brazil (Palma and Portugal, 2014). As an exception, Cúrdia
and Finocchiaro (2013) exploit a regime switching DSGE model for Sweden to measure
the potential effects due to the transition from exchange rate targeting to inflation
targeting.
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Fig. 1. Time series of Korean data. The shaded areas indicate the recession dates identified by the Korea National Statistical Office (KOSTAT). The vertical lines denote important macro-
economic events for Korean economy.
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model, and estimate themodel using Bayesianmethods, based onKorean
data ranged from 1976:Q3 to 2013:Q3. We estimate two versions of the
model allowing for regime shifts in (i) the shock volatilities only, and
(ii) both the shock volatilities and the monetary policy rule coefficients.3

By doing so, we aim to judgewhich specification is themost preferred by
data. To this end, we compute marginal data densities of the specifica-
tions, and make an explicit comparison of model fit, including a conven-
tional no regime switching DSGE counterpart.

According to the estimation results, our MS-DSGE models' fit with
Korean data outperforms the fixed parameter DSGE counterpart. This
finding suggests that theMS-DSGEmodels are more suitable to investi-
gate the structural changes in Korean economy. Among the MS-DSGE
specifications, data strongly prefers the specification that allows for
3 Another possible specification is one that allows regime changes in themonetary pol-
icy coefficients only, while the heteroskedasticity of shocks is excluded. However, we do
not pursue this avenue in this paper based on the following reasoning. As Sims and Zha
(2006) illustrate, an absence of the heteroskedasticitymay cause statistic biases in the pol-
icy coefficients. In addition, we find that incorporating regime-dependent shocks substan-
tially enhances the data fit.
regime shifts in both the shock volatilities and the monetary policy
rule coefficients. This finding reveals that the regime-switching aspect
both in monetary policy rules and shock volatilities plays a crucial role
in improving the model's fit with the data.

The regime probability estimates for the best-fitting model charac-
terize four different regimes for Korean economy that are formulated
as a combination of "high"/"low" volatility regimes and “IT”/“Non-IT”
monetary regimes. Regarding the shock volatilities, our regime esti-
mates perform quite well in capturing the major high volatile episodes
in domestic output and CPI inflation, which coincide with the 1979 Oil
crisis, the 1990–91 Gulf War, the 1997–98 Asian currency crisis, and
the 2008–09 Global financial crisis. This finding suggests that a large
fluctuation in the Korean economy tends to heavily depend upon exter-
nal shocks. Tuning to the identified policy regimes, there is strong evi-
dence that the monetary authority responds more aggressively to
inflation, but less strongly to output, after launching the IT in the late
1990s.Meanwhile, its responsiveness to exchange rate onlymoderately
chances across the two regimes.

Three main findings stand out based on the identified regimes. First,
our impulse response analysis allowing for policy regime shifts lends
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some support to the view that Korea's monetary policy might have
contributed to a sharp reduction in the level as well as the volatility of
inflation in the 2000s. This finding reconfirms the conclusion of the
existing literature such as Kim and Park (2006) and Sánchez (2009).
Second, our shock decomposition analyses suggest that technology
shocks are themost important driver of outputfluctuations in Korea. In-
deed, we observe that both the Asian currency crisis and the global fi-
nancial crisis are mainly explained by substantial drops in technology
shocks. Regarding inflation dynamics, monetary policy and preference
shocks are the main drivers over the sample period. Finally, a counter-
factual exercise shows that it would have been possible to achieve
higher output and lower inflation simultaneously if the “IT” monetary
policy regime were maintained over the entire sample period.

The remainder of this article is organized as follows: Section 2 pro-
vides the overview of our DSGE model structure. Section 3 explains
the solution method of the MS-DSGE model. Section 4 presents our
Bayesian estimation procedure, followed by Section 5, providing a vari-
ety of policy discussions based on our MS-DSGE estimation results.
Section 6 concludes.

2. The estimated model

The model follows Justiniano and Preston (2010), which is a small
open-economy (SOE) new Keynesian (NK) model which extends the
models inMonacelli (2005) andGalí andMonacelli (2005) by augment-
ing incomplete asset markets, habit formation and indexation of prices
to past inflation.

2.1. Households

A representative household maximizes its utility function given by

E0

X∞
t¼0

βtεg;t
Ct−hCt−1ð Þ1−σ

1−σ
−

N1þφ
t

1þ φ

" #
;

where β is the discount factor, h is the external habit parameter, Ct is a
composite consumption index, Nt is the labor input, σ N 0 and φ N 0
denote the inverses of intertemporal elasticity of substitution and Frisch
labor supply elasticity respectively. The variable εg,t is a general prefer-
ence shock that follows

εg;t ¼ �εg εg;t−1=�εg
� �ρg exp σg ξQt

� �
�g;t

h i
; �g;t � ℕ 0;1ð Þ;

where ξtQ is an unobservable state variable which governs the volatility
regime at time t, and εg is the steady-state preference.

The consumption index Ct is given by

Ct ¼ 1−αð Þ1ηC
η−1
η

H;t þ α
1
ηC

η−1
η
F;t

� � η
η−1

;

where CH,t and CF,t are the domestic and foreign produced goods which
can be written by using a Dixit and Stiglitz (1977) aggregator as

CH;t ¼
Z 1

0
CH;t ið Þθ−1

θ di

" # θ
θ−1

and C F;t ¼
Z 1

0
C F;t ið Þ

θ−1
θ di

" # θ
θ−1

;

where α is the degree of openness parameter, η N 0 is the elastic-
ity of substitution between domestic and foreign goods, and θ N 1
is the elasticity of substitution between domestic and foreign
goods i.

The household's choices are constrained by

PtCt þ Dt þ ~etBt ¼ Dt−1 1þ~it−1

� �
þ ~etBt−1 1þ~i

�
t−1

� �
ϕt Atð Þ þWtNt

þΠH;t þΠF;t þ Tt ; ð1Þ
where Dt and Bt denote the household's holding of one-period domestic
and foreign bonds, respectively, with corresponding interest rates ĩt and
ĩ t⁎, ẽt is the nominal exchange rate, Pt is the domestic CPI, and Wt is the
nominal wage of labor supply.ΠH,t andΠF,t denote profits from holding
shares in domestic and imported goods firms respectively, and Tt de-
notes lump-sum transfers. The function ϕt(⋅) is interest rate premium
with respect to debt given as

ϕt ¼ exp −χ At þ εrp;t
� �� 	

;

where

At ≡
~et−1Bt−1

YPt−1

is the real foreign debt outstanding converted in domestic currency as a
fraction of domestic steady-state output, and χ is the debt elasticity
with respect to the interest rate premium. εrp,t is a risk premium shock
that follows

εrp;t ¼ εrp εrp;t−1=εrp
� �ρrp exp σ rp ξQt

� �
�rp;t

h i
; �rp;t � ℕ 0; 1ð Þ;

where εrp is the steady-state risk premium.
Theflowbudget constraint (1) implicitly assumes that, for all house-

holds, nominal income in each period isWtNt+ΠH,t+ΠF,t. This in turn
equals PH,tYH,t + (PF,t − ẽPt⁎)CF,t in the symmetric equilibrium, where
PH,t, PF,t, and Pt⁎ denote the domestic goods prices, the domestic currency
price of imported goods, and the foreign price, respectively.

The representative household's optimality conditions imply

CH;t ¼ 1−αð Þ PH;t=Pt
� �−ηCt and C F;t ¼ α P F;t=Pt

� �−ηCt ð2Þ

λt ¼ εg;t Ct−hCt−1ð Þ−1=σ ð3Þ

λt ¼ εg;tPtN
φ
t =Wt ð4Þ

λt~etPt ¼ E 1þ~i
�
t

� �
βϕtþ1λtþ1~etþ1Ptþ1

h i
ð5Þ

λtPt ¼ E 1þ~it
� �

βλtþ1Ptþ1

h i
ð6Þ

wherePt ¼ ½ð1−αÞP1−η
H;t þ αP1−η

F;t �
1

1−η and λt is the Lagrangemultiplier on
the budget constraint.

2.2. Domestic producers

The domestic production sector consists of monopolistically com-
petitive intermediate goods producing firms who produce a continu-
um of differentiated inputs and a representative final goods
producing firm. Each i ∈ [0, 1] in the domestic intermediate goods
sector produces a differentiated good, yH,t(i) according to yH,t(i) =
εa,tNt(i), where Nt(i) is the firm i's labor input and εa,t is a technology
shock that follows

εa;t ¼ εa εa;t−1=εa
� �ρa exp σa ξQt

� �
�a;t

h i
; �a;t � ℕ 0; 1ð Þ;

where εa is the steady-state technology. Each intermediate firm
chooses its labor input to minimize its costs, WtNt(i), subject to its
production function.

Following Calvo (1983), a randomly chosen fraction 1 − θH of the
domestic intermediate goods firms is allowed to reoptimize their prices
every period. Firms that are unable to optimally reset their price partial-
ly index their price to past inflation according to

log PH;t ið Þ ¼ log PH;t−1 ið Þ þ δHπH;t−1;
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where δH ∈ [0, 1] is the degree of indexation to past inflation and πH,t =
log(PH,t/PH − 1,t). Firms that are able to reset their price at t choose their
optimal price, PH,t(i), to maximize the expected discounted present
value of real profits:

Et

X∞
k¼t

θk−t
H Qt;kyH;k ið Þ PH;t ið Þ

PH;k−1

PH;t−1


 �δH
−PH;kMCk

" #
;

subject to the demand curve

�

yH;k ið Þ ¼ PH;t ið Þ
PH;k

� PH;k�1 ið Þ
PH;t�1


 �δH
 !��

CH;k þ C�
H;k

� �
;

where Q is the discount factor between periods t and k N t, MCk =
Wk/(PH,kεa,k) is the real marginal cost function for each firm, and
N 1 is the elasticity of substitution between types of differentiated
4 The description of the entire log-linearized system is provided in Appendix A.
5 Alternative solution algorithms are demonstrated inDavig and Leeper (2007) andCho

(2010).
domestic or foreign goods.
The optimality condition of the firm is given by

Et

X∞
k¼t

θk−t
H Qt;kyH;k ið Þ PH;t ið Þ

PH;k−1

PH;t−1


 �δH
−

θH
θH−1

PH;kMCk

" #
¼ 0: ð7Þ

2.3. Retail firms

Retail firms import differentiated foreign goods underwhich the law
of one price holds. Retail firms are assumed to follow a Calvo-style price
setting behavior augmented with indexation to past inflation. Accord-
ingly, a random fraction 1− θF offirms reoptimize their prices every pe-
riod, while those who are unable to optimally reset their price partially
index their price to past inflation. Firms that are able to reset their price
at t choose their optimal price, PF,t(i), to maximize the expected
discounted present value of real profits:

Et

X∞
k¼t

θk−t
F Qt;kC F;k ið Þ P F;t ið Þ P F;k−1

P F;t−1


 �δ F

−~ekP
�
F;k ið Þ

" #
;

subject to the demand curve

C F;k ið Þ ¼ P F;t ið Þ
P F;k

� P F;k�1 ið Þ
P F;t�1


 �δ F
 !��

C F;k:

The optimality condition of the firm is given by

Et

X∞
k¼t

θk−t
F Qt;k P F;t ið Þ P F;k−1

P F;t−1


 �δ F

−
θH

θH−1
~ekP

�
H;k ið Þ

" #
¼ 0: ð8Þ

2.4. International risk sharing

Incomplete asset substitution between domestic and foreign bonds
yield the uncovered interest rate parity (UIP) condition given by

Etλtþ1Ptþ1 1þ~it
� �

− 1þ~i
�
t

� �
~etþ1=~etð Þϕtþ1

h i
¼ 0; ð9Þ

and the real exchange rate is defined as ~qt ≡ ~etP
�
t =Pt .
2.5. Monetary policy

The monetary authority sets policy according to

it
i
¼ it−1

i


 �ρi ξPtð Þ πt

π

� �λπ ξPtð Þ Yt

Y


 �λy ξPtð Þ ~et
~et−1


 �λde ξPtð Þ" #1−ρi ξPtð Þ
exp σ i ξQt

� �
�i;t

h i
;

�

ð10Þ

where λπ, λy, and λde measure the policy responses to inflation, output,
and exchange rate gap respectively, and i,t ~ ℕ(0, 1).
2.6. General equilibrium

The goods market clearing condition is

YH;t ¼ CH;t þ C�
H;t ; ð11Þ

in the domestic economy. To close the model, the foreign demand for
the domestically produced goods is assumed as

C�
H;t ¼

P�
H;t

P�
t


 �−λ

Y�
t ; ð12Þ

where λ N 0.

3. Solution of the MS-DSGE model

Once the deterministic steady-state is calculated, the model can be
log-linearized conditional on a particular monetary policy rule regime.4

Note that the solution of the MS-DSGE model hinges only upon the
monetary policy regime, but not upon the stochastic volatility regime.
This is due to the usage of the first-order approximation in deriving
the equilibrium conditions of households and firms. In addition, the
steady-state is independent of regime-shifts in the monetary policy
rule (Liu, et al., 2011; Bianchi, 2013).

Let St to be the DSGE state vector which contains all the model en-
dogenous variables. Then the log-linearized system can be expressed
as

Γ0 ξPt ;Θ
P

� �
St ¼ Γ1 ξPt ;Θ

P
� �

St−1 þΨM ξQt ;Θ
Q

� �
�t þΠηt ;

�

ð13Þ

where ΘP and ΘQ denote the regime-dependent structural parame-
ters and shock standard deviations, respectively. The vector t con-

tains all the exogenous shocks defined in the previous section, and
ηt is the vector of the expectations errors. Under the presence of po-
tential regime switching, the model solution for the form (13) can-
not be obtained via the standard solution methods for linearized
rational expectations models, including the algorithm in Sims
(2002). Instead, we solve the system using the minimum state vari-
able (MSV) solution algorithm proposed by Farmer et al. (2011).5 If
a solution exists, the output of the solution algorithm is expressed
in a regime-switching vector autoregression form:

St ¼ T ξPt ;Θ
P ;HP

� �
St−1 þ R ξPt ;Θ

P ;HP
� �

M ξQt ;Θ
Q

� �
�t ; ð14Þ

whereHP is the probability of moving across difference structural pa-
rameter regimes. We impose a structure on HP (and HQ) by assuming
that there are two unobserved regimes associatedwith the structural
parameters and shock volatilities, respectively. We further assume
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that the two state variables ξtP and ξtQ follow a first-order Markov
chain with the following transition probability matrices:

HP ¼ P11 P12
P21 P22

� �
and HQ ¼ Q11 Q12

Q21 Q22

� �
;

where Pij = Prob (ξtP = j|ξt − 1
P = i) and Qij = Prob (ξtQ = j|ξt − 1

Q = i).
Let Xt to be the observable data used for the estimation. Then the

measurement equation is given by

Xt ¼ ZSt ð15Þ

where Z is a matrix that maps the MS-DSGE law of motion in Eq. (14)
into the observable variables.

4. Estimation of the MS-DSGE model

For the estimation of themodel described above,we use Bayesian in-
ference methods to construct the parameters' posterior distribution,
which is a combination of the likelihood function and prior information.

4.1. Data

We use 8 observable variables including domestic real GDP, domes-
tic real effective exchange rate (REER), domestic import goods inflation,
domestic quarterly nominal interest rates, domestic CPI inflation, for-
eign quarterly nominal interest rate, foreign CPI inflation, and foreign
real GDP ranged from 1976:Q3 to 2013:Q3 for the estimation. Foreign
data use U.S. time series. Appendix B provides a detailed description of
the data. We demean each time series, except for domestic and foreign
GDP variables which are detrended by the Hodrick–Prescott filter.6

It is worthwhile mentioning that the starting date of the sample pe-
riod is chosen to utilize the longest span of Korean data available. One
prominent benefit of MS-DSGE models is to let the data speak about
the timing of regime shifts, which requires no judgment calls for split-
ting the sample. In contrast, the existing DSGE literature on the Korean
economy tends to restrict the sample period in order to avoid the poten-
tial regime-switching issue. For example, Elekdag et al. (2006) consider
the post-1990 sample which corresponds to the abolishment of pegged
exchange rates. To be robust, we also estimate the model by using the
sample from 1990 and find that the main empirical results which will
be presented below –posterior estimates for theparameters and regime
probabilities, andmodel fit – are onlymildly altered by a selection of the
sample span.7

Before proceeding, we attempt to seek for evidence on how the vol-
atility of Korean macroeconomic time series evolve over time. To this
end, we begin by a CUSUM of squares test on the residuals from an
AR(1) specification for the series. Fig. 2 plots the test statistics. The
CUSUM of squares test illustrates that the Asian currency crisis is the
most evident event causing instability in the variance of GDP, exchange
rate, and import goods inflation. Table 1 demonstrates the volatility and
normality of the key macroeconomic times series of Korea, prior to and
following the introduction of the Inflation Targeting policy followed by
the Asian currency crisis. Regarding volatility, the post-IT sample is as-
sociated with dramatic reduction in the variance of the key macroeco-
nomic variables, which is more pronounced for GDP, nominal interest
6 We use the HP filter to estimate output gap with the business cycle interpretation as
the deviation of actual output from its potential level. Although no single solution would
exist for extracting business cycle fluctuations as pointed out in Canova (1998), the HP fil-
ter is one of the most popular detrending methods in the exiting literature (e.g., Taylor,
1999; Orphanides and Van Norden, 2002). Hence, we have selected the HP filter to follow
influential works in the DSGE literature as in Clarida et al. (2000), Smets and Wouters
(2003) and Lubik and Schorfheide (2004), to name a few. In addition, our robustness
checks have shown that using alternatives detrendingmethods (e.g., removing a quadratic
trend) would not draw different conclusions.

7 The supplementary online appendix C provides the estimation results based on the
post-1990 sample.
rate, and CPI inflation. As the p-values for the Kolmogorov–Smirnov
normality test show, exchange rate, import goods inflation and CPI in-
flation in the pre-IT sample do not tend to follow a normal distribution.
On a contrary, the normality cannot be rejected for all the variables in
the post-IT sample.

4.2. Prior distributions

We calibrate several parameters that are difficult to identify from
the data. The subjective discount factor, β, is set to 0.99, which im-
plies an annual steady-state real interest rate of 4%. Following
Justiniano and Preston (2010) and Liu and Mumtaz (2011), the de-
gree of openness, α, is approximated by the average share of imports
and exports to GDP in Korea over the sample span considered. Ac-
cordingly, we set α to be 0.35. Finally, the debt elasticity with respect
to the interest rate premium, χ, is set to be 0.01 as in Justiniano and
Preston (2010).

The second and third columns of Tables 3 and 4 display the prior dis-
tribution for all estimated parameters.8 The priors for the parameters
are largely drawn from Justiniano and Preston (2010) and Liu and
Mumtaz (2011). The prior for the inverse intertemporal elasticity of
substitution, σ, and the inverse of Frisch elasticity of labor supply, ω,
parameters are drawn from Justiniano and Preston (2010) so that they
follow Gamma distribution of means 1.2 and 1.5, and standard devia-
tions 0.40 and 0.75, respectively. Priors for the Calvo price parameters,
θH and θF, assume to follow Beta distribution centered at 0.5 with stan-
dard deviation of 0.1. A fairly diffuse prior is imposed on the elasticity of
substitution between domestic and foreign goods, which follows
Gamma distribution with mean of 1.5 and standard deviation of 0.75.
Habit, indexation, and monetary policy rule autoregressive parameters
also have quite diffuse priors to reflect the lack of a priori knowledge
of these parameters.

Priors for monetary policy responses to inflation, output, and ex-
change rate are drawn from Liu andMumtaz (2011). The prior for the
nominal interest rate reaction to inflation, λπ, is assumed to be inde-
pendent of the monetary policy regimes. For both regimes, it follows
Gamma distribution of mean 1.5 and standard deviation 0.25. The
nominal interest rate reactions to output and exchange rate, λy and
λde, are assumed to follow Gamma distribution of mean 0.25 and
standard deviation 0.13. The exogenous shock autocorrelation
parameters, ρ's, follow Beta distribution of mean 0.5 and standard
deviation 0.15. We assume inverse Gamma distribution with mean
of 0.5 and standard deviation of 10 for the standard deviation of
the exogenous shock process.

Finally, priors for the regime switching probability parameters im-
pose two conditions: non-negativity and sum-to-one constraints. To
satisfy these constraints, we assign Dirichlet prior distributions. The
parameters that govern the probability of switches in structural param-
eter regimes, P11 and P22, and shock volatility regimes, Q11 and Q22, are
assumed to follow a Dirichlet prior ofmean 0.96 and standard deviation
0.04.

4.3. Estimation procedure

Unlike fixed coefficient models, the standard Kalman filter is not
applicable for a likelihood evaluation of MS-DSGEmodels whose transi-
tion dynamics is given as the form in (14). Instead, we use themodified
Kalman filter proposed in Kim and Nelson (1999). This algorithm tracks
only a limited number of states based upon their weight, which is given
by the probability assigned to each path from the filter described in
Hamilton (1989).

Togetherwith themodelwith time-varyingmonetary policy rule and
volatilities, we estimate two additional specifications for comparison,
8 We additionally impose the lower and upper bounds of [0,15] for the shock standard
deviation parameters. A similar approach is employed in Liu and Mumtaz (2011).
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the conventional model with no regime switching and the model
allowing for regime shifts in volatility only. By doing so, we let the data
speak about the best SOE NK-DSGE specification in analyzing Korean
data.
Table 2
Average log marginal density for each estimated model.

Model Average log marginal
density

Fixed coefficient −1923.13
Regime switch in volatility only −1840.91
Regime switch in Taylor rule coefficients and volatility −1803.48

Table 1
Normality and volatility of time series of Korean data, before and after the introduction of
the Inflation Targeting policy.

Real
GDP

Real exchange
rate

Import goods
inflation

Nominal
interest rate

CPI
inflation

p-Values for the Kolmogorov–Smirnov normality test
Pre-IT 0.79 0.00 0.00 0.38 0.00
Post-IT 0.44 0.83 0.35 0.80 0.88

Standard deviations
Pre-IT 2.94 13.45 5.08 4.03 6.84
Post-IT 1.57 10.60 4.07 1.02 1.76
We use the Sims's optimization routine csminwel to maximize the
log posterior function, which combines the priors and the likelihood of
the data. We then implement the random walk Metropolis–Hastings
(MH) algorithm and simulate 50000 draws. We compute medians and
the covariance matrix of the initial 50000 draws and update the initial
value of the MH chain and covariance matrix of the proposal density.
Then, we simulate additional 200000 draws, with the first 100000
used as a burn-in period and every 20th thinned, leaving a sample size
of 5000.

5. Empirical results

5.1. Model fit

Table 2 summarizes model fit measured by the posterior log-
likelihood.9 In general, the models allowing for regime shifts fit the
data significantly better than the fixed coefficient counterpart. The
fixed coefficient model is the least preferred specification with a
9 The posterior log-likelihood uses the average of Geweke's (1999) modified harmonic
mean estimator. Sims et al. (2008) argue that the estimator proposed by Geweke (1999)
performs poorly for the models with time-varying parameters whose posterior density
tend to be non-Gaussian. However, Davig and Doh (2008) use the estimator, illustrating
that a drawback associated with the estimator is its sensitivity to the scaling parameter
of the covariance matrix of the proposal density. Consequently, we recalculate the poste-
rior density using various values for the scaling parameter, and find that the ranking of
modelfit remainsunaltered by the choice of a scaling parameter.More details on this issue
are provided in the supplementary online appendix C.



Table 3
Prior and posterior distributions of each parameter. This table reports the median and associated [2.5%, 97.5%] percentile intervals (in brackets).

Parameter Prior Posterior

Dist. Mean (std) Fixed coeff. Vol. only Talyor rule & vol.

Regime 1 Regime 2 Regime 1 Regime 2

σ G 1.2 (0.40) 0.45 0.08 0.04
(Risk aversion) [0.55, 2.10] [0.24, 0.69] [0.04, 0.13] [0.02, 0.06]
φ G 1.5 (0.75) 1.26 4.29 3.92
(Inverse Frisch elasticity) [0.41, 3.29] [0.72, 1.82] [3.04, 6.34] [2.93, 5.46]
θH B 0.5 (0.10) 0.86 0.25 0.21
(Calvo domestic prices) [0.31, 0.69] [0.84, 0.88] [0.14, 0.36] [0.13, 0.31]
θF B 0.5 (0.10) 0.61 0.66 0.64
(Calvo import prices) [0.31, 0.69] [0.53, 0.71] [0.60, 0.73] [0.55, 0.72]
η G 1.5 (0.75) 0.21 0.65 0.68
(Elasticity home–foreign goods) [0.41, 3.29] [0.18, 0.23] [0.51, 1.05] [0.51, 1.12]
h B 0.5 (0.25) 0.91 0.13 0.07
(Consumption habit) [0.06, 0.94] [0.86, 0.95] [0.02, 0.30] [0.01, 0.20]
δH B 0.5 (0.25) 0.02 0.13 0.16
(Backward indexation, domestic) [0.06, 0.94] [0.00, 0.06] [0.02, 0.52] [0.02, 0.53]
δF B 0.5 (0.25) 0.03 0.02 0.01
(Backward indexation, foreign) [0.06, 0.94] [0.00, 0.10] [0.00, 0.06] [0.00, 0.03]
ρi B 0.5 (0.25) 0.81 0.49 0.35 0.43
(Taylor rule AR(1)) [0.06, 0.94] [0.77, 0.85] [0.37, 0.59] [0.14, 0.58] [0.31, 0.55]
λπ G 1.5 (0.25) 0.50 1.64 2.19 0.91
(Taylor rule inflation) [1.05, 2.03] [0.40, 0.59] [1.42, 1.95] [1.91, 2.53] [0.82, 0.97]
λy G 0.25 (0.13) 0.13 0.03 0.02 0.05
(Taylor rule output) [0.06, 0.56] [0.08, 0.20] [0.01, 0.06] [0.01, 0.05] [0.02, 0.12]
λde G 0.25 (0.13) 0.18 0.06 0.04 0.03
(Taylor rule exchange rate) [0.06, 0.56] [0.12, 0.24] [0.02, 0.11] [0.01, 0.09] [0.01, 0.07]
ρa B 0.5 (0.15) 0.96 0.74 0.71
(Technology shock AR(1)) [0.21, 0.79] [0.94, 0.97] [0.65, 0.83] [0.63, 0.78]
ρg B 0.5 (0.15) 0.29 0.91 0.98
(Preference shock AR(1)) [0.21, 0.79] [0.18, 0.39] [0.87, 0.93] [0.96, 0.99]
ρrp B 0.5 (0.15) 0.92 0.88 0.89
(Risk premium shock AR(1)) [0.21, 0.79] [0.90, 0.94] [0.84, 0.93] [0.86, 0.94]
ρcp B 0.5 (0.15) 1.00 0.67 0.64
(Import cost push shock AR(1)) [0.21, 0.79] [0.99, 1.00] [0.53, 0.78] [0.49, 0.77]

Table 4
Prior and posterior distributions of each parameter (continued). This table reports the median and associated [2.5%, 97.5%] percentile intervals (in brackets).

Parameter Prior Posterior

Dist. Mean (std) Fixed coeff. Vol. only Talyor rule & vol.

Regime 1 Regime 2 Regime 1 Regime 2

ρπ� B 0.5 (0.15) 0.76 0.77 0.76
(Foreign inflation shock AR(1)) [0.21, 0.79] [0.65, 0.84] [0.71, 0.82] [0.70, 0.82]
ρy� B 0.5 (0.15) 0.80 0.49 0.49
(Foreign output shock AR(1)) [0.21, 0.79] [0.74, 0.85] [0.37, 0.63] [0.37, 0.62]
ρi� B 0.5 (0.15) 0.89 0.85 0.85
(Foreign IntRate shock AR(1)) [0.21, 0.79] [0.85, 0.91] [0.79, 0.91] [0.80, 0.90]
σπ� IG 0.5 (10) 0.55 0.36 1.77 0.41 0.76
(Foreign inflation shock std.) [0.09, 2.07] [0.50, 0.62] [0.28, 0.51] [1.07, 3.52] [0.31, 0.59] [0.51, 1.20]
σy� IG 0.5 (10) 0.69 1.01 8.01 0.41 1.34
(Foreign output shock std.) [0.09, 2.07] [0.62, 0.77] [0.63, 1.63] [4.45, 13.34] [0.30, 0.60] [0.60, 2.74]
σ i� IG 0.5 (10) 0.27 0.64 2.20 0.52 1.58
(Foreign IntRate shock std.) [0.09, 2.07] [0.24, 0.31] [0.48, 0.86] [1.30, 3.87] [0.39, 0.72] [0.99, 2.68]
σa IG 0.5 (10) 1.67 2.88 14.18 3.06 14.36
(Technology shock std.) [0.09, 2.07] [1.23, 2.24] [1.89, 4.50] [11.55, 14.95] [2.06, 4.63] [12.30, 14.96]
σmp IG 0.5 (10) 0.35 0.33 1.32 0.33 1.33
(Monetary policy shock std.) [0.09, 2.07] [0.31, 0.40] [0.26, 0.45] [0.80, 2.26] [0.26, 0.44] [0.81, 2.23]
σg IG 0.5 (10) 14.73 0.21 0.35 0.21 0.35
(Preference shock std.) [0.09, 2.07] [13.62, 14.99] [0.18, 0.26] [0.27, 0.49] [0.18, 0.26] [0.28, 0.48]
σrp IG 0.5 (10) 0.60 0.28 0.69 0.28 0.69
(Risk premium shock std.) [0.09, 2.07] [0.44, 0.80] [0.23, 0.35] [0.49, 1.03] [0.23, 0.34] [0.50, 1.03]
σcp IG 0.5 (10) 2.46 0.34 0.77 0.32 0.78
(Import cost push shock std.) [0.09, 2.07] [1.71, 3.42] [0.27, 0.43] [0.54, 1.15] [0.26, 0.43] [0.54, 1.13]
P11 D 0.96 (0.04) 0.94
(Prob. of coeff. regime 1) [0.86, 1.00] [0.91, 0.96]
P22 D 0.96 (0.04) 0.95
(Prob. of coeff. regime 2) [0.86, 1.00] [0.89, 0.99]
Q11 D 0.96 (0.04) 0.96 0.96
(Prob. of vol. regime 1) [0.86, 1.00] [0.91. 0.99] [0.91, 0.99]
Q22 D 0.96 (0.04) 0.92 0.91
(Prob. of vol. regime 2) [0.86, 1.00] [0.81, 0.97] [0.81, 0.97]
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substantial margin in the posterior log-likelihood. The best-fitting spec-
ification is one that allows regime shifts in themonetary policy rule and
shock volatilities. Next in the ordering comes the model with regime
shifts in the volatilities only.

This finding advocates that the monetary policy regime switching
aspect is a crucial setup in conducting policy analyses associated with
the Korean economy. Indeed, the Bank of Korea has adopted Inflation
Targeting on April 1998 as an alternative to the monetary aggregate
targeting regime, seeking to unravel the decline in the effectiveness of
monetary indicators since the mid-1990s (The Bank of Korea, 2012).
Furthermore, our model selection allowing for regime switching lends
some support to the presence of potential breaks in Korea's economic
structures around the Asian currency crisis as argued in previous stud-
ies. In particular, Cho (2007) suggests for explicitly considering the crisis
to assess the true economic properties underlying the Korean economy.
5.2. Parameter estimates and regime probabilities

Posterior median and 95% interval estimates of the model parame-
ters are summarized in Tables 3 and 4.10 Overall, the posterior estimates
are substantially inconsistent across the fixed coefficient and Markov-
switching models. As illustrated above, however, the fixed coefficient
model is the least favored specification by the data. Rather, we focus
on the posterior estimates for the best-fitting model, the model
allowing for regime shifts in monetary policy rules as well as the
shock volatilities.

Our estimate of the inverse of intertemporal elasticity of substitution
parameter is somewhat smaller than the values reported in previous
studies. For example, Elekdag et al. (2006) obtain themedian parameter
value of 0.74 by estimating a SOENK-DSGEmodel using the Korean data
spanned from 1990 to 2003. Meanwhile, our estimate of the inverse
Frisch elasticity has the median of 3.92, which is relatively larger than
the median of 1.89 estimated in Elekdag et al. (2006). The domestic
Calvo parameter estimate is 0.21 in terms of the median value, which
implies that firms reoptimize prices approximately every 1.3 quarters.
This estimate is lower than the values estimated or calibrated for the
advanced economies such as the United States and the Euro area
(e.g., Smets and Wouters, 2005; Smets and Wouters, 2007; Justiniano
and Preston, 2010). Instead, our estimate is relatively close to (Elekdag
et al., 2006), who report 0.39 for the parameter estimate. Prices in the
imported goods sector are adjusted less frequently than home goods
prices, being reoptimized on average every 2.8 quarters.

The median estimate for the elasticity of substitution between do-
mestic and foreign goods is 0.68, and the 2.5th–97.5th percentile inter-
val is [0.51, 1.12]. It turns out that the data suggests a quite weak
evidence of consumption habit formation as it characterizes the param-
eter estimates of [0.01, 0.20] in terms of the 95% interval. Also, the back-
ward indexation parameters for both domestic and imported goods
sectors appear to play a limited role in generating endogenous persis-
tence in the dynamics of inflation in Korea, by having median values
of 0.16 and 0.01 respectively.

Regarding the historical behavior ofmonetary policy in Korea, sever-
al observations can be made when comparing the estimates across the
two regimes. And it turns out that the primary differences between
these regimes emerge from the degree of inflation and output respon-
siveness, while they differ only marginally with respect to exchange
rate. More specifically, under Regime 1, the degree of interest rate
smoothing is slightly higher than that of Regime 2, with a more dis-
persed posterior interval. The median responsiveness to inflation is
10 We conduct convergence diagnostic tests for the posterior distributions of the esti-
mated parameters for both specifications. The convergence diagnostics use Geweke's
chi-squared test for two sets of MCMC sample draws of the posterior distributions. The
statistics for Geweke's chi-squared test show that most of the parameter draws for the
MS-DSGE models converge to the stationary distribution under a significant level of 0.1.
The supplementary online appendix C provides the convergence statistics.
2.19, which is substantially larger than the value of 0.91 in the second
regime. The response to output is somewhat lower under Regime 1. Re-
garding the responsiveness to exchange rate, the median estimates il-
lustrate that Regime 1 reacts slightly more actively to exchange rate
than Regime 2. In sum, Regime 1 is characterized as one that targets in-
flation and exchange rate relatively more strongly, but output less ac-
tively than Regime 2. Note that the parameter estimates associated
with the monetary regime 1 are consistently lower than the results in
Elekdag et al. (2006), whose median estimates for the inflation, output,
and exchange rate coefficients of 6.46, 0.15, and 0.11, respectively. The
probabilities of monetary policy regimes 1 and 2, P11 and P22, suggest
that both regimes are quite persistent, as they have the median values
of 0.94 and 0.95 respectively.

Throughout this work, we refer to Regime 1 and 2 as the “IT” and
“Non-IT” monetary policy regimes, respectively. As will be illustrated
formally below, the estimation results reveal that the monetary regime
1 prevails over the sample after the Asian currency crisis, in which the
period largely overlaps with the monetary authority's Inflation
Targeting behavior. Regime 2, on the contrary, dominates most of the
pre-crisis sample up to 1998, with a few exceptions of only short devi-
ations from it.11

Tuning to the shock processes, the preference and risk premium dis-
turbances are highly persistent, having themedian autoregressive coef-
ficients of 0.98 and 0.89, respectively. There are two regimes in the
shock volatilities characterized by the data. The estimated standard de-
viations of exogenous shocks are consistently higher under the volatility
regime 2 than the first one.We refer to the first and second volatility re-
gimes as the low and high volatility regimes, respectively. For both vol-
atility regimes, it is worth mentioning that a technology shock is the
most volatile component among the exogenous shocks. Finally, the
probabilities of the volatility regimes, Q11 and Q22, reveal that the low
volatility regime is a lot more persistent than the high volatility regime.

The top panel of Fig. 3 shows themedian and 95% interval estimates
for the probability of the IT monetary regime. We observe that the pa-
rameter regime estimates for the post-Asian currency crisis are in
sharp contrast to those for the pre-crisis period in both the magnitude
and the precision. More specifically, our probability estimates suggest
that until the late 1990s the monetary policy rule parameters tend to
frequently switch across the two regimeswith relatively low precisions.
In contrast, throughout the 2000s the policy regime 1 appears fairly
dominant with high precisions. We might attribute such a discrepancy
in our probability estimates to the introduction of Inflation Targeting
by the Bank of Korea in the late 1990s.

To assess our regimeprobability estimates,we present the estimated
monetary policy regimes in the bottom panel of Fig. 3. Note that we
identify the IT regime as the periods when the estimated probability of
policy regime 1 exceeds 50%. Our identification gives rise to the IT re-
gime dominance in the 2000s. From a broad perspective, this is consis-
tent with the assessment of Cargill (2010), which provides a historical
overview of Korea's monetary policy. One of the main findings of the
paper is that until the mid-1990s Korea's monetary policy was most
likely to be constrained by government-directed industrial policy. How-
ever, the study attributed improved monetary policy outcomes, espe-
cially in terms of price stability in the 2000s, to the institutional
changes in December 1997 and August 2003, including the launch of
Inflation Targeting.

From a narrow perspective, on the contrary, it seems that our iden-
tification fails to capture two remarkable regime change episodes.
First, the period 1983–85 could be labeled as the IT monetary regime
as the Bank of Korea had consecutively lowered itsmoney supply target
11 Regime 1 is also observed in the pre-1998 sample, and this finding is somewhat incon-
sistent with the monetary policy behavior by the Bank of Korea, whose main target is to
control monetary aggregates. One potential source of this result ascribes to allowing for
only two differentmonetary policy regimes, even though therewould have beenmore re-
gimes with distinct stances of monetary policy.
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for M2 growth to contain high inflations (The Bank of Korea, 2010).
Note that our policy regime probability for this period is poorly esti-
mated with fairly low precisions. Second, our identification using the
median threshold is not consistent with previous studies, such as Oh
(2014), regarding the three easing cycles of 2001, 2003–04, and
2008–09. We argue that our policy regime estimates mildly respond
to the easing cycles of 2001 and 2008–09 in the sense that the preci-
sions for such periods become exceptionally lower while failing to cap-
ture the 2003–04 easing cycle.

The top panel of Fig. 4 displays the median and 95% interval esti-
mates for the probability of high volatility regimes. As with the policy
regime, we also present the estimated volatility regimes in the bottom
panel of Fig. 4 in which the high volatility regime is depicted as shaded
area. Based on both panels, we argue that the volatility regime estimates
perform quite well in capturing high volatile episodes in domestic
output and CPI inflation, which coincide with the 1979 Oil crisis,
the 1990–91 Gulf War, the 1997–98 Asian currency crisis, and the
2008–09 global financial crisis. This suggests that a large fluctuation
in the Korean economy tends to heavily depend upon external
shocks.

5.3. Impulse responses

Figs. 5 through 8 display impulse responses of key macroeconomic
variables to various model shocks. Fig. 5 compares the estimated medi-
an impulse responses to monetary policy shocks across the two policy
regimes. At the impact of a positive monetary policy shock, the regime
2 (Non-IT) responses of consumption and output are much larger than
those in the regime 1 (IT), making domestic inflation lower. Moreover,
the real exchange rate appreciation is larger under the regime 2, yield-
ing a sharper reduction in import goods inflation. It follows from these
observations that for a given monetary policy shock, output and infla-
tion under the regime 2 tend to overreact, compared to the estimated
responses under the regime 1.

Fig. 6 reports some nontrivial discrepancies in the two regime re-
sponses to a cost-push shock. For a positive cost-push shock, import
goods inflation sharply rises under both the regimes. In contrast, nomi-
nal interest ratemildly rises in the regime 1whereas persistently falling
in the regime 2. Furthermore, we observe that given the cost-push
shock, the dynamic response of headline inflation is more stable in the
regime 1 than in the regime 2. It is worthwhile to note that the inflation
stabilization in the regime 1 is achievedwithout amplifying output fluc-
tuations in sharp contrast to the case of the UK investigated in Liu and
Mumtaz (2011).

Some evidence of Korea's inflation stabilization with no larger
output volatilities is also found in impulse responses to risk premium
and technology shocks. As presented in Fig. 7, a positive risk premi-
um shock raises nominal interest rate, entailing a sharp depreciation
in real exchange rates which are governed by the UIP relation. The
regime 2 response of nominal interest rate is approximately three
times larger than the estimate in the regime 1, resulting in a large
swing in CPI inflation. This suggests that inflation dynamics in the re-
gime 1 might be less vulnerable to the risk premium as well as the
cost-push disturbances. In addition, Fig. 8 exhibits that for a positive
technology shock the regime 1 response of CPI inflation is less vola-
tile than the estimate in the regime 2. Similarly, we observe that
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the lower inflation volatility in the regime 1 is unaccompanied by a
larger output fluctuation.

In sum, we find that under the IT monetary regime, to which the
2000s belongs, output and inflation tends to respond less to a monetary
policy shock. Moreover, the inflation dynamics in response to non-
monetary disturbances becomemore stable with no costs of larger out-
put volatilities under the IT regime. In this sense, our impulse response
analysis allowing for policy regime shifts lends some support to the
view that Korea's monetary policy might have contributed to a sharp
reduction in the level as well as the volatility of inflation in the 2000s.
Note that this finding is consistent to the existing literature such as
Kim and Park (2006) and Sánchez (2009).
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5.4. Forecast error variance decompositions

In order to examine the sources of fluctuations in the model endog-
enous variables, we calculate the variance decomposition of the forecast
errors of output and inflation. Since forecast error variance decomposi-
tions are determined by the model's structural parameters as well as
shock standard deviations, there are four different outcomes conditional
on the monetary policy and shock volatility regimes.

Table 5 summarizes the median forecast error variances of each re-
gime, up to 20 quarters ahead. Overall, forecast error variancedecompo-
sitions of output are quite insensitive to which regime is in place.
Technology and import cost-push shocks account for most of the
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variation in output in the short- to medium-run. Longer-run output is
heavily driven by import cost-push shocks alone.

Turning to forecast error variance decompositions of inflation, a
universal finding across the regimes is that medium- to longer-run var-
iances are drivenmainly by preference shocks. Nevertheless, the source
of short-run fluctuations in inflation varies substantially across the
monetary policy and shock volatility regimes in place. More than 90%
of inflation variations at the 1-quarter horizon is accounted for by
Table 5
Median of forecast error variance share of output and inflation explained by each exogenous sho
displays the summation of forecast error variances accounted for by foreign shocks (on foreig
horizon is measured in quarters.

Horizon Monetary policy Preference

IT monetary policy & low volatility regime
Output 1 0.01 0.00
Inflation 1 0.95 0.02
Output 4 0.00 0.00
Inflation 4 0.00 0.70
Output 20 0.00 0.00
Inflation 20 0.00 0.80

Non-IT monetary policy & low volatility regime
Output 1 0.04 0.01
Inflation 1 0.70 0.26
Output 4 0.00 0.00
Inflation 4 0.00 0.91
Output 20 0.00 0.00
Inflation 20 0.00 0.82

IT monetary policy & high volatility regime
Output 1 0.00 0.00
Inflation 1 0.81 0.05
Output 4 0.00 0.00
Inflation 4 0.00 0.64
Output 20 0.00 0.00
Inflation 20 0.00 0.69

Non-IT monetary policy & high volatility regime
Output 1 0.01 0.00
Inflation 1 0.41 0.50
Output 4 0.00 0.00
Inflation 4 0.00 0.86
Output 20 0.00 0.00
Inflation 20 0.00 0.72
monetary policy shocks, under the combination of IT monetary and
low volatility regime. The contribution of preference shocks on short-
run fluctuations in inflation, however, decreases under the other
combinations of regimes. A notable difference is found in forecast
error variances of inflation under the combination of Non-IT monetary
and high volatility regime, as preference shocks are relatively more im-
portant that monetary policy shocks in explaining short-run inflation
fluctuations.
ck, under the four combinations ofmonetary and shock volatility regimes. The last column
n output, inflation, and nominal interest rate). Medians need not add up to one. Forecast

Technology Import CP Risk premium Foreign shocks

0.63 0.34 0.01 0.00
0.01 0.01 0.00 0.00
0.31 0.57 0.08 0.02
0.01 0.03 0.17 0.05
0.01 0.77 0.16 0.05
0.00 0.14 0.03 0.01

0.59 0.33 0.01 0.00
0.02 0.00 0.00 0.00
0.31 0.58 0.08 0.02
0.00 0.06 0.01 0.00
0.00 0.79 0.15 0.04
0.00 0.11 0.05 0.01

0.43 0.55 0.01 0.00
0.02 0.08 0.01 0.00
0.17 0.72 0.08 0.00
0.01 0.06 0.23 0.01
0.00 0.85 0.13 0.01
0.00 0.24 0.04 0.00

0.42 0.54 0.01 0.00
0.03 0.02 0.00 0.00
0.17 0.73 0.07 0.00
0.00 0.11 0.01 0.00
0.00 0.87 0.12 0.01
0.00 0.18 0.07 0.00
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5.5. Historical decompositions

We evaluate the historical contribution of each exogenous shock in
accounting for the macroeconomic fluctuations in Korea. To this end,
we calculate the historical decomposition of output, inflation, nominal
interest rate and exchange rate, and display the median estimates in
Fig. 9.12

The first panel of Fig. 9 illustrates that technology shocks are the
most important driver of output fluctuations in Korea. Most of post-
1976 output booms and recessions are accounted for by changes in
the sign andmagnitude of technology shocks.More interestingly, a sub-
stantial portion of the two subsequent economic downturns, followed
by the Asian currency crisis in 1997–98 and the global financial crisis
in 2008–09, is characterized by adverse shocks on technology. Aside
from technology shocks, it turns out that import cost-push and risk
premium shocks follow next to technology shocks in terms of the con-
tribution to output fluctuations.
12 In this figure, the actual series denote the model-implied filtered series of the corre-
sponding variable.
Regarding the behavior of inflation, it is clear from the second panel
of Fig. 9 that there seems to be a structural change occurring in the
last 1990s, which coincides approximately with the wake of the Asian
currency crisis. For the pre-Asian currency crisis period, four shocks –
monetary policy, preference, risk premium, and import cost-push –
are the main sources of the inflation dynamics. In particular, monetary
policy shocks are an important driver of inflation up to the late 1980s,
but their role is quite limited between the late 1980s and the late
1990s. Rather, preference shocks are given relativelymoreweight in ac-
counting for the inflation dynamics over this sample period. Together
with the four shocks, changes in technology shocks play a significant
role in explaining the inflation variability during the Asian currency cri-
sis period. On the contrary, the post-Asian currency crisis dynamics of
inflation are mainly accounted for by the variability of preference
shocks. Also monetary policy shocks have a positive, though much
more limited contribution to the variation in inflation over the sample
period.

As in the third panel of Fig. 9, the driving forces of the nominal inter-
est rate change substantially around the Asian currency crisis. Prior to
the event, major portion of the interest rate variability is generated



1980 1985 1990 1995 2000 2005 2010

−5

0

5

Filtered Series: Output

1980 1985 1990 1995 2000 2005 2010

−2

−1

0

Difference (Counterfactual − Actual) : Output

1980 1985 1990 1995 2000 2005 2010

0

5

10

15

20

25

(Annualized) Inflation

1980 1985 1990 1995 2000 2005 2010

−20

−15

−10

−5

0

5

(Annualized) Inflation

1980 1985 1990 1995 2000 2005 2010

−20

0

20

40

Real Effective Exchange Rate

Actual

Counterfactual

1980 1985 1990 1995 2000 2005 2010

0

5

10

15

Real Effective Exchange Rate

1980 1985 1990 1995 2000 2005 2010

0

5

10

15

20

25

(Annualized) Nominal Interest Rate

1980 1985 1990 1995 2000 2005 2010

−2

0

2

4

(Annualized) Nominal Interest Rate

Fig. 10. [Left panels] Median estimates of actual (solid lines) and counterfactual (dashed lines) series implied by the MS-DSGE model with regime shifts in the monetary policy rule co-
efficients and shock volatilities. The counterfactual series are obtained under the assumption that the ITmonetary policy regime ismaintained over the entire sample period. [Right panels]
Median and 95% interval difference in the actual and counterfactual series implied by theMS-DSGEmodel with regime shifts in themonetary policy rule coefficients and shock volatilities.

13 This statistic is analogous to the counterfactual sacrifice ratio (CFSR) measure in
Bianchi (2013).
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jointly by preference, risk premium, and import cost-push shocks. How-
ever, preference shocks dominate in explaining the dynamics of the in-
terest rate after the Asian currency crisis.

Finally, the last panel of Fig. 9 demonstrates that the exchange rate
dynamics over the sample period is largely attributed to risk premium
and import cost-push shocks. In particular, the dramatic depreciations
of the Korean currency around the Asian currency and global financial
crisis periods are associated with dominant contributions from these
two shocks.

5.6. Counterfactual exercises

We now turn to the implications of regime shifts inmonetary policy
regarding the macroeconomic performance in Korea. In particular, we
conduct counterfactual analyses for the MS-DSGE model allowing for
regime shifts in monetary policy and shock volatilities. The scenario
that we consider herein is how macroeconomic outcomes are altered
if the IT monetary policy regime is maintained over the entire sample
period. In order to achieve this goal, we re-solve the MS-DSGE model
with the monetary policy coefficients fixed at the values drawn from
the IT regime, and generate the filtered series of key macroeconomic
variables. In this exercise, the monetary policy shocks are set to be
zero, in order to isolate the impacts of changes in the systematic compo-
nent of monetary policy on the model economy.

The left panels of Fig. 10 plot themedian filtered series of output, in-
flation, REER, and nominal interest rate, together with the median esti-
mates under the counterfactual scenario. In addition, the differences
between the actual and counterfactual series are displayed in the right
panels of Fig. 10. For the four variables considered, the counterfactual
series deviate from the actual ones mostly during the period of the
Non-IT monetary policy, which takes place from the mid-1970s until



Table 6
Counterfactual trade-off ratio (CTR) statistics for output over various sample periods. This
table reports the median and associated [2.5%, 97.5%] percentile intervals (in brackets).
The counterfactual series are obtained under the assumption that the ITmonetary policy
regime is maintained over the entire sample period. The CTR statistics measure the
percentage of output to be sacrificed to lower (annualized) inflation by 1%.

Variable 1976:Q3 to 2013:Q3 1976:Q3 to 1990:Q4 1997:Q3 to 1999:Q4

(Entire sample) (Asian fin. crisis)

Output −0.02 −0.61 −0.06
[−7.39, 6.98] [−7.12, 5.10] [−1.32, 1.03]
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the onset of the Asian currency crisis. If monetary policy were IT during
this period, the hypothetical nominal interest rate should have been
higher than the actual rate practiced. Output would have been lower,
whereas REER would have been higher. The hypothetical inflation
could have been higher and lower than the actual one. Regarding the
macroeconomic consequences of the Asian currency crisis, the ITmone-
tary policy stance, if conducted, could have subdued the subsequent
high inflation in the late 1990s but it comes at the cost of lower output.

We then measure the trade-off between output and inflation
emerged from the counterfactual analyses. To this end, we calculate
the counterfactual trade-off ratio (CTR) statistic defined as

CTR ¼ ∑T1
t¼T0

ŷactualt −ŷcounterfactualt

h i
= π̂actual

t −π̂counterfactual
t

h i
:

We repeat this exercise for various sample periods and report the
results in Table 6.13 At first glance, the wide ranges of the CTR estimates
make it difficult in evaluating the consequences of the counterfactual
exercise performed here. Nevertheless, there are several findings
emerged from the analysis.

Over the entire sample period, the slightly negativemedian estimate
indicates that it was possible to achieve both higher output and lower
inflation if the ITmonetary policywere conducted. Based on themedian
estimate, output could have been 2 basis-points higher than the actual
level while inflation would have been maintained 1% lower than the
historical level. The 95th percentile interval, however, ranges from
−7.39 to 6.98, which might make any policy conclusions regarding
the entire sample period impetuous.

The counterfactual analysis renders a clearer answer when we focus
on the pre-1990 sample. The mean CTR estimate is −0.61 which indi-
cates that output could have been 61 basis-points higher when inflation
was brought down by 1%. Moreover, the 95th percentile interval
estimates take negative values more than positive ones. Given that the
sample span largely overlaps with the period of the Non-IT monetary
policy regime, these findings illustrate that it would have been possible
to achieve higher output and lower inflation simultaneously if the IT
monetary policy stance were pursued.

Finally, similar results with a tighter 95th interval emerge if the
Asian currency crisis period is considered. Output could have been 6
basis-points higher than the actual level while inflation would have
been subdued by 1%. The 95th percentile interval ranges from −1.32
to 1.03, which indicates that there would have been a slightly higher
probability of gains in macroeconomic performance than losses.

6. Conclusions

This paper offers empirical evidences of possible regime changes in
Korean economy using a SOE MS-DSGE model. We identify significant
changes in monetary policy as well as shock volatilities over the sample
period considered. In addition, we formally demonstrate that endowing
conventional models with plausible regime switching aspects of mone-
tary policy and shock volatilities can improve the model's performance
in fitting the data better. We view that the paper's results can be useful
for both researchers and policy analysts using constant coefficient
DSGE models for Korean economy. The choice of how to model the
nature of policy behavior and fundamental shock processes is poten-
tially a crucial issue. Further progress on estimating DSGE models
using data for Korea may require perspectives on the issues that
this paper has highlighted.

Nevertheless, the model employed in this paper abstracts from
severalmodeling featureswidely considered to be important formacro-
economic dynamics in emerging economies. For instance, the model
omits a non-stationary component of technology shock (Aguiar and
Gopinath, 2007), a consideration of sovereign debt (Uribe and Yue,
2006), and relevant financial frictions (Yun, 2013), all of which can
produce a richer model dynamics consistent with the Korean economic
environment. We leave these aspects for future work.

Appendix A. Log-linearized model

Let a hat (∧) denotes the log deviation from the steady state.
Then the log-linearized system of the DSGE model is given as
follows.

• Euler equation:

1þ hð Þĉt ¼ hĉt−1 þ Eĉtþ1−
1−h
σ

ît−Et π̂tþ1

� �
þ 1−h

σ
ε̂g;t−Et ε̂g;tþ1
� �

where ε̂g;t is the preference shock process defined as above, e.g.,

ε̂g;t ¼ ρg ε̂g;t�1 þ σgðξQt Þ�g;t �, and g,t ~ ℕ(0, 1).
• Goods market clearing:

1−αð Þĉt ¼ ŷt−αη 2−αð Þŝt−αηψ̂F;t−αŷ�t

where ψ̂F;t is the law of one price gap defined as ψ̂F;t≡ðêt þ p̂�t Þ−p̂ F;t, and
ŝt is the terms of trade defined as ŝt≡p̂ F;t−p̂H;t , so that ŝt−ŝt−1 ¼ π̂ F;t−
π̂H;t .

• Changes in the nominal exchange rate:

Δêt ¼ q̂t−q̂t−1 þ π̂t−π̂�
t

• Domestic price inflation:

1þ βδHð Þπ̂H;t ¼ δHπ̂H;t−1 þ βEt π̂H;tþ1

þ 1−θHð Þ 1−θHβð Þ
θH

φŷt− 1þ φð Þε̂a;t þ αŝt þ σ
1−h

ĉt−ĉt−1ð Þ
h i

where ε̂a;t is the technology shock process defined as above.
• Import price inflation:

1þ βδFð Þπ̂ F;t ¼ δF π̂ F;t−1 þ βEt π̂ F;tþ1 þ 1−θ Fð Þ 1−θ Fβð Þ
θ F

ψ̂F;t þ ε̂cp;t

where ε̂cp;t is an import cost-push shock process that follows

ε̂cp;t ¼ ρcpε̂cp;t�1 þ σ cp ξQt
� �

�cp;t ; �cp;t � ℕ 0; 1ð Þ

• Domestic CPI inflation:

π̂t ¼ 1−αð Þπ̂H;t þ απ̂ F;t

• Uncovered interest rate parity:

Et q̂tþ1−q̂t ¼ ît−Et π̂tþ1

� �
− î

�
t−Et π̂

�
tþ1

� �
þ χât þ ε̂rp;t

where ε̂rp;t denotes the risk premium shock process defined as above.
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• Foreign asset budget constraint:

ĉt þ ât ¼ β−1ât−1−α ŝt þ ψ̂F;t

� �
þ ŷt

• Monetary policy:

ît ¼ ρi ξPt
� �̂

it�1 þ 1� ρi ξPt
� �� �

λπ ξPt
� �

π̂t þ λy ξPt
� �

ŷt þ λde ξPt
� �

Δêt
h i

þ σ i ξQt
� �

�i;t ; �i;t∼ℕ 0; 1ð Þ

• Foreign interest rate process:

î
�
t ¼ ρi� î

�
t�1 þ σ i� ξQt

� �
�i� ;t ; �i�;t � ℕ 0; 1ð Þ

• Foreign output process:

ŷ�t ¼ ρy� ŷ
�
t�1 þ σy� ξQt

� �
�y� ;t ; �y� ;t � ℕ 0; 1ð Þ

• Foreign inflation process:

π̂�
t ¼ ρπ� π̂�

t�1 þ σπ� ξQt
� �

�π� ;t ; �π� ;t � ℕ 0; 1ð Þ
Appendix B. Data description

The model is estimated using Korean and U.S. quarterly data from
1976:Q3 to 2013:Q3. Detailed data descriptions are as follows.

DomesticOutput ¼ log ActualDomesticRealGDP=HPTrendð Þ � 100;

RealEffectiveExchangeRate
¼ log NominalExchangeRate� ForeignCPI=DomesticCPIð Þ � 100;

Annualizedð Þ ImportGoods Inflation
¼ log ImportPriceDeflator=Import PriceDeflator −1ð Þð Þ � 400;

DomesticNominal Interest Rate ¼ Overnight CallRate per annumð Þ;

Annualizedð ÞDomesticCPI Inflation
¼ log DomesticCPI=DomesticCPI −1ð Þð Þ � 400;

ForeignOutput ¼ log ActualU:S:RealGDP=HPTrendð Þ � 100;

Annualizedð ÞForeignCPI Inflation ¼ log U:S:CPI=U:S:CPI −1ð Þð Þ � 400;

ForeignNominal Interest Rate ¼ FederalFundsRate per annumð Þ;

where sources of the original data are:

• Domestic real GDP: real gross domestic product, seasonally adjusted,
2005 reference year, Bank of Korea's Economic Statistics System data-
base (BOK-ECOS).

• Nominal exchange rate: the basic exchange rate of the Korean won
against the U.S. dollar (the transactions volume-weighted market
average of the rates applied in the previous business day's transac-
tions between foreign exchange banks through brokers), averages of
daily figures, BOK-ECOS.

• Import price deflator: import price indexes, 2010 = 100, seasonally
adjusted, BOK-ECOS.

• Domestic nominal interest rate: overnight call rate, uncollateralized,
percent per annum, averages of daily figures, BOK-ECOS.

• Domestic CPI: consumer price indexes, 2010=100, seasonally adjusted,
BOK-ECOS.

• U.S. real GDP: real gross domestic product, chained dollars, billions of
chained (2009) dollars, seasonally adjusted at annual rates, NIPA
Table 1.1.6, line 1.

• U.S. CPI: consumer price index for all urban consumers: all items, 1982–
1984 = 100, seasonally adjusted, Federal Reserve Economic Data.
• Federal funds rate: averages of daily figures, percent, Board of Governors
of the Federal Reserve System.

Appendix C. Supplementary data

The estimation appendix to this article can be found online at http://
dx.doi.org/10.1016/j.econmod.2015.07.020.
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