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A Comparison Analysis of Monetary Policy Effect
Under an Open Economy Model”

Keun Yeong Lee
Sungkyunkwan University
Iky0614@skku.edu

The paper analyzes and compares the effects of domestic monetary policy using DSGE,
DSGE-VAR, and VAR based on a two-country open economy model of Korea and the
U.S. According to impulse response analysis, a domestic interest rate hike raises won
value in the case of DSGE and DSGE-VAR models, while in the case of the unrestricted
VAR model, it lowers won value. In the marginal data density standard, DSGE-VAR
(u=1) is superior to DSGE or Bayesian VAR over the sample period. Conversely, in the
in-sample RMSE criterion, especially for the won/dollar exchange rate, VARS are superior
to DSGE or DSGE-VAR. It is necessary to study further if these differences are caused
by model misspecification or omitted variable bias.

Keywords: DSGE, DSGE-VAR, Bayesian VAR, Marginal Data Density, RMSE
JEL Classification: E1, E5, F3, F4

I. INTRODUCTION

The world economy has entered a period of turbulence in the 21st century. Since
the launch of the WTO (World Trade Organization) in 1995, the global economy
has faced an era of endless competition, as movement of services and capital as
well as foreign trade have become free-flowing. Globalization of the world economy
has had positive aspects such as productivity improvement and price stability.
However, as observed in the global financial crisis, a country’s economic conditions
are impacted by financial crisis or recession of other countries. Especially, in the
case of a small open economy such as that in Korea, economic analysis without

* | would like to thank the anonymous referees for their valuable comments. This work was supported
by the Ministry of Education of the Republic of Korea and the National Research Foundation of
Korea (NRF-2016S1A5A2A01022578).
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consideration of external economic conditions would not be significant today because
it is significantly influenced by economic situations and policies of other major countries.
Therefore, this study examines the effects of economic policies, especially domestic
monetary policy, on major domestic macroeconomic variables such as GDP, prices,
and won/dollar exchange rates, assuming a two-country open economy model.
Analytical methods are based on structural and reduced-form approaches, because
results from the two approaches differ according to previous domestic studies. First,
the two-country new Keynesian dynamic stochastic general equilibrium (DSGE)
model, extending the Lubik and Schorfheide (2006) model, is considered a structural
approach for systematic analysis in this study. This structural approach has the advantage
of clarifying the direction of causal relationship between variables and enhancing
predictability of policy effects. However, since paths through which the policy
effect is propagated cannot be modeled without exception, model misspecification
is likely to occur. This study also compares effects of the same policy using the
reduced-form VAR model with the same variables. The reduced-form approach
has the advantage of looking at the direct causal relationship between causal and
consequential variables without specifying the specific path to which policy effects
are propagated. However, the abbreviated approach has the problem of neglecting
reverse causation or unknown outside factors. Estimating the DSGE model is as
well-known as estimating the VAR model with cross-equation constraints.
Recently, the DSGE-VAR model has been introduced to systematically mitigate
cross-coefficient constraints imposed on the VAR by the DSGE model. This model
has an intermediate form of the VAR approximation of the DSGE and the unconstrained
VAR. This study will also examine DSGE-VAR as well as DSGE and VAR. In
this study, first, impulse response analysis of DSGE, DSGE-VAR, and VAR models
reveals how the impact of the domestic interest rate hike dynamically influences
domestic GDP, prices, and won/dollar exchange rates during the entire sample
period (1990:2-2016:1) and the relatively stable period (1999:2-2007:1). Under the
Korean market average exchange rate system, because the daily fluctuation of the
won/dollar exchange rate is limited, market information cannot be immediately
reflected in the won/dollar exchange rate. Therefore, the autoregressive time series
model has a better forecasting power of won/dollar exchange rate than the structural
monetary model and the random walk model. However, as the market average
exchange rate system moved to the free floating exchange rate system in December
1997 immediately after the currency crisis, not only has it been more difficult to
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predict the won/dollar exchange rate than before, but also its volatility has increased.
This is because the won/dollar exchange rate not only absorbs the ripple effect of
domestic monetary policy, but also plays an important role on mechanism of domestic
spillover of global macro financial shocks like what happened after the global
financial crisis. Korea is a small open economy with a high degree of trade dependence
as well as a great deal of financial market opening after the currency crisis. Accordingly,
it seems that there is a limit to analyzing the relationship between the domestic
monetary policy and the won/dollar exchange rate with the existing theoretical model
that explains the exchange rate of developed countries. The paper also compares
the explanatory power of these models with marginal data density and in-sample
root mean square error (RMSE) criteria.

Impulse response analysis shows that a domestic interest rate hike raises won
value in the case of DSGE and DSGE-VAR models, while that in the case of the
VAR model without restrictions, it decreases won value. According to the marginal
data density standard, DSGE-VAR (pu=1) is superior to DSGE or Bayesian VAR
over the sample period. Conversely, according to the in-sample RMSE standard,
VARs are superior to DSGE or DSGE-VAR.

This study consists of the following contents. In Section II, I review previous
studies related to DSGE, DSGE-VAR, and VAR, and discuss differences from this
study. Section 111 explains the two-country open economy DSGE model that extended
the Lubik and Schorfheide (2006) model and examines DSGE and DSGE-VAR
estimation methods. Section IV analyzes response of key macroeconomic variables
to monetary policy shocks and discusses model excellence based on marginal data
density and in-sample RMSE standard criteria. In Section V, the economic meaning
implied by this study is examined. Finally, in Section VI, contents of this study are
summarized and concluded.

Il. LITERATURE REVIEW

The new open economy macroeconomic model (NOEM) developed by Obstfeld
and Rogoff (1995) is differentiated from the past international financial model
represented by Mundell-Fleming-Dornbusch and is related to the recent trend of
monetary economics. It is a model of an open economy that corresponds to a
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general approach such as the New Keynesian or the New Classical approach. The
NOEM model has opened a new chapter in the international finance field from a
theoretical perspective, but it took time to analyze these models empirically. For
example, Leeper and Sims (1994) estimated the DSGE model using the maximum
likelihood estimation method to obtain an empirical model useful for monetary
policy analysis, and Schorfheide (2000) developed the Bayesian estimation method
as the useful technique to estimate and evaluate the DSGE model when the model
misspecification exists. Using this method, Smets and Wouters (2003) estimated
an optimal model in Europe that was consistent with time series data. Many DSGE
models related to small open economies as well as closed economies have been
introduced since this study.

Bergin (2003) estimated a small open economy model using a maximum likelihood
framework for the first time. Similar studies include Dib (2003), and Ambler et al.
(2004). As Clarida et al. (1999) mentioned, small open economy DSGE models
have evolved by extending closed economy New Keynesian frameworks and a
representative example is Gali and Monacelli (2005). Lubik and Schorfheide (2007)
used a simple version of the model of Gali and Monacelli (2005) to analyze if the
central bank responds to exchange rate movement. Adolfson et al. (2004), Del Negro
(2003), Justiniano and Preston (2004), and Leigh and Lubik (2005) are empirical
studies related to the small open economy DSGE model. On the theoretical side,
open economic DSGE models are based mainly on the open economy framework
of the two countries, as compared to empirical studies. In empirical studies, Bergin
(2006) estimated the two-country model combining the international real business
cycle theory and NOEM with the maximum likelihood method. In addition, Lubik
and Schorfheide (2006) estimated a similar two-country model for the first time
using the Bayesian method.

As mentioned above, estimating the DSGE model is equivalent to estimating the
VAR model with crossover equation constraints. Recently, Del Negro and Schorfheide
(2004, 2006), Del Negro et al. (2007), Liu and Theodoridis (2012), and Warne et
al. (2013) are introducing the DSGE-VAR model as an intermediate form that can
systematically mitigate cross-coefficient constraints imposed on the VAR by the
DSGE model. The unrestricted VAR model as the extreme model on the opposite
side of the DSGE model is used for comparison with the DSGE model. The Bayesian
VAR model using Minnesota prior (e.g. Del Negro and Schorfheide, 2011) is
chosen. By contrast, Clarida and Gali (1994), and Farrant and Peersman (2006)
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analyzed the relationship between the two countries’ GDP, prices, interest rates,
and exchange rates using two-country VAR models with long-run zero restrictions
and sign restrictions, respectively.

As domestic studies, Kang and Pyeon (2009) examined open economy DSGE
models of Korea and the U.S., and Park (2013) analyzed the small open economy
DSGE model used in Justiniano and Preston (2004). Other related studies include
Kim (2011), Lee (2013), and Kang et al. (2014). According to their empirical
monetary policy analysis, a domestic interest rate hike leads to a decline in domestic
output and prices, and a fall in won/dollar exchange rates. Conversely, according
to the estimation result of the reduced-form VAR model with sign restrictions, the
effect of the domestic interest rate hike on domestic inflation is uncertain, while
the won/dollar exchange rate rises regardless of if the Bayesian technique is used
(e.g. Lee, 2015). Until recently, however, there are few domestic studies that
analyzed the two-country open economy model using the DSGE-VAR model.

This study analyzes a more generalized two-country open economy DSGE
model than existing domestic studies, together with a VAR and their intermediate
form DSGE-VAR. It explores the cause of the difference between these models
and identifies models that are relatively viable.

I1l. RESEARCH METHODS AND CONTENTS

The study will analyze the effects of domestic monetary policy on income,
prices, and exchange rates using DSGE, DSGE-VAR, and VAR models. Based on
existing studies, it first sets up a two-country open economy DSGE model suitable
for our economy. Next, to examine how fitness of the estimation model increases
by mitigating cross-coefficient constraint given in the DSGE model, it discusses
how to develop the DSGE into DSGE-VAR. It is possible to compare the difference
in explanatory power between DSGE, DSGE-VAR, and Bayesian VAR models by
using prior obtained from the two-country open economy DSGE model instead of
the Minnesota prior as the prior of the VAR.
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1. Two-Country Open Economy DSGE Model

The real sector is symmetric while the financial sector is asymmetric in the two-
country open economy model of Lubik and Schorfheide (2006). The study extends
it to the model in which real and financial sectors are asymmetric.*

1) Domestic Households

Suppose that the domestic economy consists of a series of households with the
following intertemporal utility function.

= 1-T
By [ pt (B0 — — N ] (1)
where E, denotes the conditional expectation at time t=0 and 0 < 3 <1 denotes
the time discount factor. In £, = C; — hyC;_1,0<h<1and y are defined as the
habit persistence parameter and the steady-state growth rate of global technology
shock Ay ¢ (2 = Ay +/VYAw t—1), respectively. T > 0 isthe relative risk aversion
coefficientand N, is labor input.

Suppose that 0 < o < 1 is the import share and n>0 is the intratemporal
substitution elasticity between domestic and foreign consumption goods. Then, the
aggregate consumption index C; is expressed as follows.

- - n/(m-1)
Ct — [(1 _ a,)l/ncg")t 1)/n + a1/ncgn 1)/77] (2)

,t

The aggregate expenditure is allocated by the households based on the demand
function as follows.

-

Since the several domestic studies have already examined the small open economy DSGE models,
this study focuses on the asymmetric two-country open economy DSGE model. But the main
impulse response results of the DSGE models for domestic inflation and the won/dollar exchange
rate are similar without relation to model specification. Take look at Lubik and Schorfheide (2006)
for the detailed contents of this model.
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Cur=(1—a)EY1¢,, C Prny-nc 3
Ht = ( )( ) t Ft_a( ) t 3)

Py and Pr, are home and foreign goods price indices, respectively. The consumption

price index (CPl) is definedas P, = [(1 — )Py, " + aPyp, " YA The household

budget constraint is as follows.
PH,tCH,t + PF,tCF,t + Et[Qt,t+1Dt+1] < WtNt + Dt - Tt (4)

Inequation (4), Q.r+1 and Dy, are the stochastic discount factor and the income
from the asset portfolio, respectively, and E.[Q¢;+1D¢41] thus represent the
amount of portfolio purchases at time t. T; represents a lump-sum tax.

The household maximizes the intertemporal utility function under given budget
constraints. Intertemporal consumption and optimal portfolio choices are expressed
as follows.

= 17° =
Awede =[] hypE, | ey ] ©
w,t W,t+1 W,t+1
Aeg1 P
Qees1 =B Zl?; (6)
where A, is the marginal utility of income (171 = W,/P,).
The normal interest rate implies:
At+1 Pr
= BE. [ At Pt+1] ()

2) Domestic Products

Domestic producers are assumed to be monopolistic competition producers dependent
on pricing of the Calvo type? and have the following production function.

2 See (A1) in Appendix A. In equation (A1), [-4, — ag, — A,] implies marginal cost.
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YH,t(f) = AwAcNg 0)) (8)

Here A; is a domestic technology shock. The firm pursues profit maximization
under the given demand function constraint as follows.

Er [Z?:T 05N Qr Vi, (j){PH,T (HmtN — PH,tMCH,t}] 9
~ _ (Pre))? . 1
st Yy () = g (Cue+ Gy + Ciie) (10)

Here, MCy, = W, /(Aw APy,) and 05N denotes the probability that the price
adjustment of a specific firm is not allowed between periods N and t. Gy, and
asterisk (*) imply domestic government expenditure and the foreign country,
respectively.®

3) Domestic Importer

It is assumed that short-term deviation from the PPP (purchasing power parity)
occurs because the importer is in a monopolistic competition. The law of one price
gap is defined as follows.

P*
Y = etﬁ (11)

where e, denotes the nominal exchange rate and =1 when PPP holds. It is
assumed that the importer, like domestic producers, is a Calvo type pricing setter*
and that domestic government cannot purchase foreign-produced goods. The importer
maximizes the expected profit under given demand function constraints as follows.

) p () —-W . P () -
s CH,t(]) = (tht]) CH,t' CF,t(/) = (%) CF,t

4 See (A4) in Appendix A.
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Er [Z?:T ng'_NQT,tYF,t (/){PF,T(i)nt_N - etP;',t(i)}] (12)
st Cp,() = (Pp_m) Cr. (13)

4) Foreign Economy

Unlike Lubik and Schorfheide (2006), domestic and foreign economies are
assumed to be different in terms of preference and risk aversion as well as pricing
and monetary policy. Thatis, Tt # t*, h# h*, r #7r*,and & # " are assumed
inthe paper.®> Variables and parameters are marked with an asterisk in the equation
representing the foreign economy.

The real exchange rate is defined as follows.

*

P
Sp = etp—tt (14)

The foreign real exchange rate s; isequal to s;*. Conversely, domestic terms of
trade q¢(= Py¢/Pr.) and foreign terms of trade q;(= Pg./Py.) differ by the
law of one price gaps as follows:

Yre _ 4c (15)

qt w?;,t

Equation (15) can be derived by using the law of one price and when the path-
through is perfect, the two trading conditions have the opposite relationship.

5 Take look at the Table 2 and Table 5. In two-country open economy models, it is generally known
that heterogeneous models in which the response coefficients are not equal have better in-sample
and out-of-sample performances than homogeneous models in which they are equal. For example,
Molodtsova and Papell (2009), and Ince et al. (2016).
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5) Risk Sharing, Market Liquidation, and Equilibrium

A complete international asset market without asset accumulation is assumed to
avoid the complexity of the model, as in the case of Lubik and Schorfheide (2006).
Since the complete international asset market assumption implies that the risk
sharing between the two countries’ households is complete, the stochastic discount
factor between the two countries in equilibrium equals:

* *
A1 Pe et

Aevr P _ —
B A Pri1 Qt,t+1 ﬁ /1; P:+1 ers1 (16)
The conditions for liquidation of the goods market are as follows.
Yue =Che+ G+ Chy, Yo =Cre + G+ Cry (17)

2. Linear Equation System and Bayesian Estimation Technique

In the empirical analysis, the model equations are log-linearized around the steady
state, for example, C, = logC, — logC. The logarithmic linear model consists of
22 equations of endogenous variables as shown in Appendix A and the following
5 equations of autoregressive exogenous shocks:

Zt = poZe &5 Ap = pahioy +eae, A= par At + e
Ge = pGr-1+ €, Gf = perlGig + €67p (18)

This linear equation system includes the Taylor-typed monetary policy rules of
both countries in which the nominal interest rate responds to exchange rate fluctuations.
As shown in (A1l) and (A21), the shock on the monetary policy rule of each
country is indicated by ez, and &g+ . The closed economy version of the model
with a = 0 is composed of (Al) domestic firm’s price setting, (A2) domestic
habits, (A3) marginal utility of consumption, (A5) CPI definition, (A9) domestic
goods market liquidation, (A11) monetary policy rule, (A22) Euler’s equation.

The logarithmic linear DSGE model can be represented by the following linear
rational expectations model.
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Lo (0)m, = I[1(0)m;_q1 + (0, + [ (B)v, (19)

where m, is the vector of model variables such as y,, #,, and R,. & and v,

are the vectors of exogenous shock and rational expectations error, respectively.

0 is the structural parameter vector and the solution of equation (19) can be
expressed as:

me = I (0)m;—; + 11:(0)e; (20)

The measurement equation that connects model variables m; and observation
vectors y, is as follows.

Ve = A(B) + Km, (21)
Here, y; is composed of variables such as GDP growth, inflation, nominal interest
rates, and won/dollar exchange rate changes. The matrix A(6) is composed of [y,
T, T+ T+ 4y, y, T, 7*+ T + 4y,0]'.% These equations are estimated by using
the Bayesian estimation method.

A posterior density p(8|Y) (Y = {y,}1_,) isdirectly proportional to the likelihood
function & (8|Y) times a prior density p(6) as follows.

p(6lY) o (6]Y)p(6) (22)
where o« implies proportionality.
3. DSGE-VAR Estimation Method

To estimate the DSGE-VAR model, this study first considers the following
reduced-form VAR model with n variables and g lags (An and Schorfheide, 2007).

Ve =P+ Py g+ +Pgye_g +up, E(uiuy) =X (23)

6 Take look at nkmp_mod.src in the GAUSS programs opened at the Schorfheide’s homepage.
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Here, x; and & are defined to be the same as the explanatory variable vector
[1, i1, -+ vi—q] and the coefficient matrix [®g, @4, -+, D, ]', respectively
and then VAR of equation (23) can be expressed as follows.

Y=Xb+U (24)

where Y and U are T x n matrices (T: sample size) of which each consists of
rows y{ and u;,and X is T X k (k=n X q+ 1) matrix composed of rows x;.
Estimating the DSGE model is about the same as estimating VARSs with cross-
equation constraints. The DSGE-VAR model is a way to systematically mitigate
the cross-coefficient constraints imposed on the VAR by the DSGE model, which
is an intermediate form of the VAR approximation of the DSGE model and the
unconstrained VAR. The overall magnitude of these constraints is controlled by
the hyperparameter p which scales the covariance matrix of the prior. When p
approaches infinity, these restrictions are strictly applied, whereas when p is zero,
these restrictions are not considered at all when estimating VAR parameters.’
When EJ[] is the expectation of the DSGE model, the autocovariance matrix is
defined as

Ixx(0) = Eg [xext], Txy(6) = Eé) [xcyel (25)

The VAR approximation of the DSGE model can be obtained from the following
constraint function that links the parameters of the DSGE model with those of the
VAR model.

o*(0) = F)?)}(H)ny(g), 27(0) = Tyy(6) — FYX(B)FX_)}(B)FXY(B) (26)

The accuracy of this approximation depends on the number of lags g, and according
to An and Schorfheide (2007), g=4 is sufficient to guarantee a precise approximation
of the model.

7 Specifically, on a computer program, X’X in the DSGE-VAR is composed of X X calculated from
actual data and pT times X’X derived from the DSGE estimates (1 = 0, 10,5, ...,0.25). See
p_varprior.g in the GAUSS programs. XY is also derived by the same method.
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To analyze impulse response, structural shock must first be identified from the
reduced-form shock. In the VAR analysis, we generally first estimate the reduced-
form VAR and then derive the structural parameters that represent the simultaneous
relationships between endogenous variables through a variety of constraints, such
as Cholesky decomposition, sign restrictions, and long-term restrictions. For
instance, in the case of estimating the structural model Ay, = Ag + A1y:—1 +
=+ + Agyi—q + v, using Cholesky decomposition, a parameter matrix A represents
the direct causal relationship between the endogenous variables such as interest
rates, exchange rates, and so on. Whereas, the reciprocal of A, A1, shows the
overall effect including not only the direct causal relationship between the two
variables but also the indirect causal relationship that occurs through other endogenous
variables. In addition, the impulse response function of zero period indicates this
overall effect.® The reduced-form shock u, in Eq. (23) can be expressed as a
function of the structural shock v; (u; = Z¢-Qv;), of which the impulse response
function of VAR is obtained as follows.

(g—zz)m = 3,0 27)

where X, isthe Cholesky decomposition of £ and Q isthe orthonormal matrix.
Meanwhile, Del Negro and Schorfheide (2004) estimated the impulse response
function of DSGE through QR factorization when B(6) is a simultaneous response
of y, to the shock v; inthe DSGE model as follows.

()  =BO) =3;(0)2(0) (28)
t” DSGE

where X7, isa lower triangular matrix and Q*(6) is an orthonormal matrix.

To identify DSGE-VAR, Del Negro and Schorfheide (2004) and An and
Schorfheide (2007) replaced the term Q in Eq. (27) with Q*(6) in Eqg. (28),
keeping X;. in EqQ. (27) intact. If there is no misspecification in the model setup,

8 Please refer to Lee (2009, 2015) for details on how structural parameters and impulse response
functions are derived and the economic implications they have.
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a rotation matrix is selected so that the impulse responses of DSGE and DSGE-
VAR match.

IV.ESTIMATION RESULTS

Data used in estimations are real GDP, the consumer price index (CPI), the CD
interest rate of Korea and the U.S., and the won/dollar exchange rate (Source: IFS).
The equation for the short-term interest rate could be usually interpreted as a
monetary policy reaction function. In previous many papers, a monetary policy
reaction function often used the three-month interest rate (For example, Rigobon
and Sack, 2003a; 2003b). Over the entire sample period, the correlation coefficient
between rate of change of the call rate and rate of change of the CD rate is 0.943,
with the two rates moving almost equally. The correlation coefficient between rate
of change of the federal funds rate and rate of change of the U.S. CD rates is 0.854.°
The sample period is from the first quarter of 1990 to the first quarter of 2016 and
the sample size is 105. For the real GDP, consumer price index, and won/dollar
exchange rates due to the existence of a unit root, the rate of change multiplied by
100 (400 for consumer price index) is used and the sample size is reduced to 104.
The level variable is used for interest rate data.

The DSGE and DSGE-VAR models are estimated for the sample period (1990:2-
2016:1) and the period after the currency crisis and before the global financial crisis
(1999:2-2007:1) to increase reliability of estimation results, as Korea experienced
these two crises during the analysis period. Table 1 shows the prior distribution. It
considers Lubik and Schorfheide (2006) and the domestic studies introduced in the
literature review as reference. Beta and normal distribution are assumed for the
case in which the parameter exists in a certain interval and is not limited to a
specific interval, respectively. A gamma or inverse gamma distribution is given for
the case in which the parameter has a positive value. Unlike Lubik and Schorfheide

9 The DSGE model is estimated relatively well regardless of the period when the CD interest rates
of both countries are used, whereas the DSGE model is not well estimated by the period when using
the call rate and the federal funds rate.
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(2006), in this study, which assumes that the real sector of the both countries is not
symmetric, the parameters such as 7*, h*, 7, and T* are additionally estimated.

Table 2 shows the posterior distribution of the DSGE-VAR (n = o) parameter
estimates over the period in which the two economies were relatively stable, that
is, the period from the post-currency crisis to the pre-global financial crisis (1999:2-
2007:1). The posterior distribution is simulated using the Metropolis-Hasting
algorithm. Simulation and burn-in sizes are 1,000,000 and 200,000, respectively.
While the estimates of T and h are like those of T* and h*, the estimates of 7 and
7 are relatively different from those of +* and 7*. But these estimates are also
inside the 90% confidence interval of the other country estimate, respectively. The
estimate of the parameter 5 revealing the response of the domestic interest rate
to the won/dollar exchange rate is 0.102 and statistically significant at the 5% level,
while the estimate of the parameter 3 revealing the response of the U.S. interest
rate is close to zero.

Table 1. Prior Distribution

Name Density Para 1 Para 2 Name Density Para 1 Para 2
Oy Beta 0.5 0.15 PG Beta 0.8 0.1
Or Beta 0.5 0.15 Pa Beta 0.8 0.2
0y Beta 0.5 0.15 Pr Beta 0.5 0.2
0r Beta 0.5 0.15 oy Beta 0.8 0.1
T Gamma 2.0 0.5 Pz Beta 0.66 0.15
h Beta 0.3 0.1 7 Gamma 0.5 0.5
T Gamma 2.0 0.5 Yy Normal 0.4 0.2
h* Beta 0.3 0.1 T Gamma 2.5 2.0
o Beta 0.12 0.05 T Gamma 0.5 0.5
n Gamma 1.0 0.5 T Gamma 2.5 2.0
U, Gamma 15 0.25 0y Inverse Gamma 1.0 4.0
Y, Gamma 0.5 0.25 o¢ Inverse Gamma 1.0 4.0
Y3 Gamma 0.1 0.05 Or Inverse Gamma 0.4 4.0

1 Gamma 15 0.25 N Inverse Gamma 1.0 4.0
3 Gamma 0.5 0.25 o¢ Inverse Gamma 1.0 4.0
3 Gamma 0.01 0.05 oR Inverse Gamma 0.4 4.0
DPa Beta 0.6 0.1 g, Inverse Gamma 0.5 4.0
o Beta 0.5 0.2 og Inverse Gamma 35 4.0

Note: 1) Para 1 and Para 2 imply the means and the standard deviations for beta, gamma, and normal
distributions.
2) Para 1 and Para 2 imply the shape and the scale for an inverse gamma distribution.
3) * denotes parameters of the U.S.
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Table 2. Posterior Distribution of DSGE-VAR (u=w) Estimates (1999:2 — 2007:1)

Name Mean 90% Interval Name Mean 90% Interval
Oy 0.330 [0.197, 0.463] De 0.920 [0.857, 0.987]
Or 0.442 [0.198, 0.714] 04 0.967 [0.944, 0.999]
05 0.432 [0.198, 0.654] Ph 0.685 [0.579, 0.793]
05 0.318 [0.156, 0.488] oy 0.884 [0.826, 0.951]

T 2.000 [1.179, 2.759] Pz 0.543 [0.334, 0.754]
h 0.307 [0.135, 0.460] T 0.214 [0.000, 0.481]
T* 2.170 [1.377, 2.961] Y 0.492 [0.231, 0.743]
h* 0.299 [0.107, 0.496] T 2.325 [1.368, 3.173]
a 0.117 [0.041, 0.191] T 0.174 [0.000, 0.397]
n 0.840 [0.158, 1.473 T 1.649 [0.157, 2.882]
Y, 1.517 [1.094, 1.905] oy 0.903 [0.598, 1.212]
P, 0.385 [0.161, 0.597] og 1.001 [0.743, 1.247]
Y3 0.102 [0.031, 0.166] Og 0.224 [0.170, 0.275]
X 1.248 [1.005, 1.475] N 0.778 [0.521, 1.050]
[ 0.986 [0.589, 1.354] o 0.678 [0.501, 0.843]
V3 0.000 [0.000, 0.000] ox 0.349 [0.207, 0.474]
DPa 0.669 [0.521, 0.807] 0, 0.369 [0.258, 0.487]
Pr 0.851 [0.803, 0.903] g 3.373 [2.722, 4.057]

Note: 1) * denotes parameters of the U.S.

Table 3 shows the marginal data density for DSGE, DSGE-VAR (u) (u= o, 10,
5, 2), and Bayesian VAR during the same period.1° In the Bayesian framework, the
marginal data density of the DSGE-VAR (u=10) is the best at -337.331 and is not
significantly different from that of DSGE-VAR (p=c0). The marginal data density
of the DSGE model is defined as P(Y)=/ L (8]Y)p(6)d6. The marginal data density
is simply the integral of the likelihood taken according to the prior distribution. In
other words, it is the weighted average of the likelihood where the weights are
given by the prior. Table 3 displays that the marginal data density has an inversed
U-shaped pattern as in Del Negro and Schorfheide (2006). The marginal data

10 The study describes the estimation results for the Bayesian VAR using the number of lags 4 and
the Minnesota prior with A;=1, 1,=4, 15=1, 1,=1, and A;=1. See Del Negro and Schorfheide
(2011) for the Minnesota prior and the marginal data density criterion. Take a look at var_margpm.g
in the GAUSS programs and Del Negro and Schorfheide (2006) for the optimal choice of p.
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density criterion considers the estimation fit and the complexity of the model.
Table 4 presents the in-sample RMSE. The RMSE of the Bayesian VAR model is
less than that of the DSGE model.

Table 3. Comparison of Marginal Data Density (1999:2 — 2007:1)

Model Marginal Data Density
DSGE -349.707
DSGE-VAR (p = ) -342.061
DSGE-VAR (i = 10) -337.331
DSGE-VAR (i = 5) -338.183
DSGE-VAR (i = 2) -359.231
Bayesian VAR -368.791

Note: 1) The number of lags 4 is considered for Bayesian VAR. (See note 7 in text.)

Table 4. Comparison of In-Sample RMSE (1999:2 — 2007:1)
DSGE-VAR DSGE-VAR DSGE-VAR DSGE-VAR Bayesian

Variable DSGE

(1 =) (n=10) (r=15) (r=2) VAR
USGDP 0.645 0.596 0.584 0.588 0.592 0.474
USCPI 2.696 2.727 2,370 2.281 2.153 1.878
USINT 0.713 0.636 0.513 0.467 0.481 0.533
KRGDP 1.346 1.086 0.921 0.910 0.950 0.775
KRCPI 2.634 2.585 2.486 2.422 2.260 1.953
KRINT 0.577 0.368 0.336 0.335 0.384 0.579
Won/$ 3.287 3.394 3.098 2.987 3.039 2.946

Note: 1) The number of lags 4 is considered for Bayesian VAR. (See note 7 in text.)

Figure 1 shows responses of domestic macroeconomic variables to domestic interest
rate hike shocks of one standard deviation size, derived from results of the estimation
of DSGE-VAR (p=w) over the period from the post-currency crisis to the pre-
global financial crisis (1999:2-2007:1). Since the main impulse response results of
the DSGE and DSGE-VAR () (u= o, 10, 5, 2) are similar, only the case of p=
is reported in this study.!* The solid line and the dotted line represent the average

1 This result may be natural, because a bigger weight (uT) is given to X’X and XY derived from
the DSGE estimation results. But when p is smaller than 0.25, the converged estimation results
cannot be obtained. See note 7.
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response and the 90% confidence interval of DSGE-VAR (u=©), respectively, and
the dashed line stands for the average response of DSGE. The average responses
of DSGE-VAR (p=ow) almost coincide with those of DSGE. As in the case of
DSGE estimation results of other domestic studies, the positive interest rate shock
lowers domestic GDP and prices, and raises the value of the won.?

Figure 1. Impulse Response of DSGE-VAR (pu=c0) (1999:2 — 2007:1)
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Note: The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of DSGE-VAR (u=0), respectively and the dashed line represents the average impulse
response of DSGE.

Table 5 shows the posterior distribution of DSGE-VAR (u=1) parameter
estimates for the entire sample period (1990:2-2016:1). As presented in Table 6,
according to the marginal data density standard, DSGE-VAR (p=1) is better than
DSGE or other DSGE-VAR. Hence, this study reports only the case of DSGE-
VAR (u=1). Compared to Table 2, the estimates of 8y, 8z, 8y, and 8y revealing

12 See Figure Al in Appendix for the responses of each variable to total seven shocks. In the figure,
A—B means the dynamic response of the variable B to the shock of the variable A.
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price rigidity are not significantly different. This is because the sample period
includes pre-currency crisis and post-global financial crisis periods. In the case of
Korea after the global financial crisis, unlike the zero interest rate period in the
U.S., which is accompanied by non-traditional monetary policies such as quantitative
easing or credit easing policies and interest on required reserve balances and excess
balances, the standard for distinguishing low interest rate and high interest rate
period is not clear. For major developed economies using zero interest rates policies,
quantitative easing or credit easing policies are used to stimulate the economy
because of zero lower bound restrictions where the nominal interest rate cannot
fall below zero. But we need not use quantitative easing policies in situations
where we can afford to cut interest rates. Also, although the revised Bank of Korea
law stipulates interest can be paid for reserve balances, it does not currently pay
actual interest, as are the case with the U.S. and the ECB. Owing to these changes
and differences in monetary policies, the correlation between the federal funds rate
and the U.S. CD interest rate seems to be smaller than the correlation between the
call rate and the CD interest rate and the estimation results of all models are better,
when using the CD interest rates of both countries. As the sample period is moved
from the past to the present, estimates of 6y, 8z, 65, and 85 become less. In
contrast to Table 2, while the estimate of t* varies significantly, estimates of r
and 7 are not significantly different from those of 7* and 7*.!* The estimate of
the parameter revealing the response of the domestic interest rate to the won/dollar
exchange rate is 0.070 and statistically significant, but less than that of Table 2.
Meanwhile, the response of the U.S. interest rate is close to zero.

Table 6 shows the marginal data densities of DSGE-VAR (u=w, 5, 1, 0.75, 0.5,
0.25) and Bayesian VAR over the whole sample period. The marginal data density
of the DSGE-VAR (u=1) is the best at -1291.267. In Table 6, the marginal data
density has a reversed U-shaped pattern. It implies that the DSGE model is
misspecified. Table 7 presents the in-sample RMSE. The RMSE of the Bayesian
VAR is less than that of DSGE-VAR as well as DSGE. In the case of the reduced-
form VAR with block-exogeneity (Lastrapes, 2005), the in-sample RMSE is much
less than those of these models, although it is not shown in the table. The in-sample
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RMSEs for the seven variables in order of Table 7 are 0.494, 1.843, 0.344, 0.950,
1.962, 0.915, and 4.206, respectively. In non-Bayesian estimation methods, parameters
are treated as unknown constants. But the Bayesian estimation method considers
parameters as probability variables. So the study does not report this result in Table 7.

Table 5. Posterior Distribution of VAR-DSGE (pu=1) Estimates (1990:2 — 2016:1)

Name Mean 90% Interval Name Mean 90% Interval
Oy 0.366 [0.197, 0.520] 06 0.897 [0.817, 0.977]
OF 0.516 [0.276, 0.767] o 0.953 [0.913, 0.994]
05 0.548 [0.308, 0.811] o) 0.708 [0.618, 0.798]
05 0.158 [0.075, 0.247] oy 0.825 [0.738, 0.919]
T 1.894 [1,155, 2.594] Pz 0.342 [0.167, 0.511]
h 0.294 [0.149, 0.437] 7 0.284 [0.000, 0.644]
T* 3.569 [2.743, 4.305] Yy 0.503 [0.231, 0.818]
h* 0.358 [0.167, 0.528] T 2.080 [0.494, 3.428]
a 0.093 [0.025, 0.156] 7* 0.286 [0.000, 0.660]
n 0.603 [0.125, 1.067] * 1.957 [0.794, 3.131]
Py 1.560 [1.210, 1.880] o, 1.057 [0.653, 1.452]
Y, 0.246 [0.082, 0.400] og 0.719 [0.587, 0.868]
Py 0.070 [0.029, 0.108] OR 0.313 [0.228, 0.386]
Pl 1.440 [1.119, 1.738] o) 0.567 [0.428, 0.698]
U 0.469 [0.263, 0.686] oy 0.477 [0.402, 0.545]
Y3 0.000 [0.000, 0.000] og 0.212 [0.156, 0.269]
Pa 0.638 [0.503, 0.752] oy 0.302 [0.221, 0.370]
PR 0.625 [0.528, 0.718] og 3.509 [2.954, 4.008]

Note: 1) * denotes parameters of the U.S.

Table 6. Comparison of Marginal Data Density (1990:2 — 2016:1)

Model Marginal Data Density
DSGE-VAR (1 = ») -1437.146
DSGE-VAR (u = 5) -1341.722
DSGE-VAR (u=1) -1291.267

DSGE-VAR (u = 0.75) -1295.290
DSGE-VAR (u = 0.50) -1313.040
DSGE-VAR (u = 0.25) -1440.406

Bayesian VAR -1311.923

Note: 1) The number of lags 4 is considered for Bayesian VAR. (See note 7 in text.)
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Table 7. Comparison of In-Sample RMSE (1990:2 — 2016:1)

DSGE-VAR i
Variable (W Bayesian
TS p=5 p=1 p=0.75 n=0.50 p=0.25 VAR
USGDP 0.611 0.573 0.548 0.547 0.546 0.547 0.505
USCPI 2.817 2.354 2.011 1.969 1.930 1.903 1.833

USINT 0.477 0.429 0.382 0.382 0.381 0.383 0.415
KRGDP 1.325 1.257 1.160 1.157 1.154 1.165 1.096
KRCPI 3.000 2.848 2.530 2.486 2.445 2.426 2.563
KRINT 1.535 1.309 1.170 1.159 1.142 1.133 1.191
Won/$ 5.857 5711 5.426 5.398 5.407 5.467 5.354

Note: 1) The number of lags 4 is considered for Bayesian VAR. (See note 7 in text.)
2) In case of the VAR with block-exogeneity, the in-sample RMSEs for the seven variables in
order are 0.494, 1.843, 0.344, 0.950, 1.962, 0.915, and 4.206, respectively.

Figure 2 describes the responses of the domestic macroeconomic variables to
positive domestic interest rate shocks corresponding to one unit of standard deviation
based on the estimation results of the DSGE-VAR (p=) over the sample period
(1990:2-2016:1). The solid line and the dotted line reveal the average response and
the 90% confidence interval of DSGE-VAR (u=), respectively, and the dotted
line represents the average response of DSGE. In contrast with Figure 1, the average
response of DSGE-VAR (u=w) do not necessarily match that of DSGE depending
on variables. Figure 3 depicts the response of the DSGE-VAR (u=1). Unlike Figure
2 as well as Figure 1, average impulse responses of the DSGE-VAR (u=1) and the
DSGE do not significantly coincide. As we have observed in comparisons of marginal
data density and the in-sample RMSE, the DSGE-VAR (u=1) is superior to the
DSGE for the whole sample period. However, like the case of other DSGE models,
a positive interest rate shock lowers domestic GDP and prices, and increases the
won value.** This result is also true if using other prior distributions, for example,
assuming that the prior distribution of 6y, 6, 05, Or, pa, Pr: Pg: Pa» PR
and pg follows a uniform distribution instead of the beta distribution, or that the
parameters such as 8y, 8g, 6}, Or, Y3, and 3 are equal to 0. The same is true
if using demeaned data.

14 See Figure A2 in Appendix for the responses of each variable to total seven shocks.
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Figure 2. Impulse Response of DSGE-VAR (u=o0) (1990:2 — 2016:1)
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Note: The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of DSGE-VAR (u=0), respectively and the dashed line represents the average impulse

response of DSGE.

Figure 3. Impulse Response of DSGE-VAR (u=1) (1990:2 — 2016:1)
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Note: The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of DSGE-VAR (u=c0), respectively and the dashed line represents the average impulse

response of DSGE.

(© Korea Institute for International Economic Policy



A Comparison Analysis of Monetary Policy Effect Under an Open Economy Model 163

Figure 4 shows the response of domestic macroeconomic variables to domestic
interest rate hike shocks, equivalent to one unit of standard deviation, using the
Bayesian VAR (4) model. Unlike the DSGE and DSGE-VAR models, positive
interest rate shocks lower GDP in the early stages, while raising prices and lowering
the value of the won. The same conclusions are reached in the case of a simple
reduced-form VAR using Cholesky decomposition as well as in the case of a VAR
assuming block-exogeneity and a VAR using sign restrictions.®

Figure 4. Impulse Response of Bayesian VAR (1990:2 — 2016:1)
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Note: The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of Bayesian VAR.

In this study, DSGE, DSGE-VAR, and Bayesian VAR are estimated by focusing
on the Bayesian estimation technigue and the estimation results reveal that the
DSGE-VAR is relatively superior in the marginal data density criterion. However,
when the estimation results of the DSGE-VAR and traditional VAR models are
measured with the in-sample RMSE standard, the latter is better, especially for the
won/dollar exchange rate.

5 Figure A3 in Appendix displays the impulse response of VAR with block-exogeneity.
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V. IMPLICATION

From the impulse response analysis, a positive domestic interest rate shock
lowers domestic inflation and raises the won value in the case of DSGE and DSGE-
VAR models. Conversely, the reverse is the case in the unrestricted VAR model.
According to the in-sample RMSE standard, the unrestricted VAR models have
better explanatory power on major economic variables than the DSGE and DSGE-
VAR models, especially for the won/dollar exchange rate. Results reveal that the
(New) Keynesian structural approach, suggesting that the expansionary monetary
policy leads to income growth and inflation through the interest rate path, may not
be suitable to Korea because its dependence on foreign trade and openness of stock
markets is considerably significant. Stronger cross-equation restrictions of the
DSGE model leading to a lower explanatory power of model may imply that the
complicated Korean economic reality may be explained with a New Classical
approach or other approaches. For a recent empirical example, Engel et al. (2017)
used data of U.S. dollar exchange rates and money market rates from January 1999
to December 2015 in eight countries (Canada, Denmark, Euro area, Japan, Norway,
Switzerland, Sweden, and UK) and tested whether the uncovered interest parity
(UIP) held. They found that, unlike the existing UIP estimates, the parameter estimates
for interest rate differentials were negative only in four of the eight countries, and
in any case these estimates were not significantly different from zero. Furthermore,
the UIP puzzle did not hold for these data because the null hypothesis for UIP that
the coefficient was equal to 1 for all exchange rates was not rejected.

16 According to Engel et al. (2017), when U.S. inflation was added in the UIP regression of the
change in the exchange rate on the interest rate differential, the inflation variable was highly
significant but the interest rate differential was not. Their estimation results are similar to those of
Molodtsova and Papell (2009), and Ince et al. (2016). Since 1990, many central banks have been
adopting inflation targeting as an operating system of monetary policy. It was also shown that
when survey data were used as the inflation variable, estimates of parameters for the interest rate
differential all had a positive value and that for the Euro zone and Sweden there was also a
statistical significance. Engel et al. (2017) argued that the movement of interest rates reflected not
only the direction of monetary policy but also the perceptions of the relative liquidity of short-
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A domestic interest rate hike raises the value of domestic currency according to
the traditional Keynesian theory, assuming price rigidity, while lowers domestic
currency value according to the Chicago school theory that assumes price flexibility.
However, in this study, impulse response results of DSGE and DSGE-VAR are
not reversed even when assuming that 6y, 8g, 65, and 6, indicating price
rigidity, are equal to 0. This indicates that other paths or variables, rather than price
flexibility assumption, may influence a causal relationship or correlation between
these variables. For example, in Korea, where the stock market is fully open, a
domestic interest rate hike will lead to a decline in share prices (and GDP), and a
decline in share prices (and GDP) will lead to a rise of the won/dollar exchange
rate due to capital outflow, which causes inflation. Korea’s stock and bond markets
have already been fully opened to foreigners since 1998, but unlike the stock market,
the share of Korean bonds held by foreign investors was only 0.5 percent before
2007. Accordingly, the domestic bond market has not been highly interconnected
with the domestic and overseas stock and foreign exchange markets unlike the
domestic stock market. The average annual market value of foreign-owned stock
stood at 216.2 trillion won in the 20 years from 1996 to 2015, while the average
annual foreign-invested bond investment was 32.6 trillion won, accounting for only
16.0 percent of the market value of foreign-owned stock. Thus, in Korea, foreign
capital has come through the stock market path, not through the bond market path.

In case of the U.S., a so-called ‘price puzzle’ problem is solved by additionally
including the sensitive commodity price in VAR models. But in case of Korea, this
phenomenon is not disappeared, even though the other several prices are considered
together in VAR models. It seems to happen, because domestic inflation is largely
influenced by won/dollar exchange rates and its dependence on foreign trade and
openness of stock market is considerable. The correlation coefficient estimates in
Table 8 show this possibility. When the currency crisis and global financial crisis
periods are excluded, a positive correlation between AKRCPI, and AKRINT;_;
is bigger. If the GDP deflator is used instead of the consumer price index, a
correlation between domestic inflation and interest rates is reduced. But the main

term financial assets. In other words, if the home interest rate rises due to monetary tightening,
the value of the home currency increases, while the value of the home currency declines as the
home interest rate rises because home interest bearing assets have low liquidity return.
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results is not changed. The same results are also obtained from the OECD data.
Table 8 also demonstrates that the rise in domestic inflation is more closely related
to the rise in the won/dollar exchange rate and U.S. inflation than to decline in
domestic interest rates. The impulse response analysis in the VAR model displays
this result (e.g. Lee, 2015). In addition, if the interest rate and import increase
because of ongoing boom, the current account balance will deteriorate and the
won/dollar exchange rate will rise. The depreciation of the won against the U.S.
dollar may possibly lead to a rise in domestic inflation. In relation to the cause of
the inconsistency of the impulse responses between DSGE or DSGE-VAR, and
VAR models, a more in-depth study on if these differences are caused by model
misspecification or omitted variable bias related to the trade sector or capital market
is necessary.

Table 8. Correlation Coefficient Estimates

Period Variable X
0 1 2 3 4

AKRCPI;, KRINTwk 0.501™  0.380™ 0.345™ 0.329™  0.306™
AKRCPI;, AUSCPIt-k 0.353" 0.049 -0.089 0.180* 0.271™
1990:2 AKRCPI:, AWon/$ex 0.384” 0.288™ -0.024  -0.038  -0.017
. AWon/$t, KRINT« 0.251* 0.117 0.088 0.083 0.088
2016:1 AKOSPI:, KRINTwk -0.215"  -0.193*  -0.098 0.018 0.055
AWon/$t, KOSPItk -0.315™  -0.388™ 0.044 -0.016 -0.066
AKRCPI;, KRINTk 0.102 0.123 0.109 0.132 0.155
AKRCPI;, AUSCPIt-k 0.405™ -0.115  -0.497™ 0.194 0.248
1999:2 AKRCPI;, AWon/$t« 0.195 0.282 -0.081 -0.067 -0.003
. AWon/$t, KRINT« 0.449™  0.503™ 0.541™ 0.506™ 0.460™
2007:2 AKOSPI;, KRINTk -0.580™ -0.550™ -0.453""  -0.352* -0.258
AWon/$t, KOSP -k -0.064  -0.503™ -0.405"  -0.165 -0.118

Note: 1) ™, *, and * denote significant at the 1%, 5%, and 10% levels, respectively.

This study objectively examines effects of Korean monetary policy on income,
prices, and won/dollar exchange rates using DSGE, DSGE-VAR, and VAR models
with continuity in relation to the cross-equation restrictions. Empirical results achieved
through this complex process are expected to facilitate implementation of monetary
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and foreign exchange policies in the direction of maximizing the welfare of the
national economy without being disturbed by special interest groups in the future.

V1. CONCLUSIONS

This study analyzes the effects of domestic monetary policy on national income,
prices, and won/dollar exchange rates using DSGE, DSGE-VAR, and VAR models
based on the open macroeconomic theory. In the empirical analysis, quarterly real
GDP, CPI, CD interest rate data of Korea and the U.S. as well as won/dollar
exchange rate data from 1990 to the present are used.

First, the empirical analysis for the period from post-currency crisis to pre-
global financial crisis (1999:2-2007:1) reveals that the DSGE-VAR (p=10) is
slightly better than the DSGE and the other DSGE-VAR in the marginal data
density standard. Conversely, the in-sample RMSE is the lowest in the Bayesian
VAR. In the case of pu=co, the impulse responses of DSGE and DSGE-VAR
relatively come into line.

For the whole period (1990:2-2016:1), the DSGE model and the DSGE-VAR
model are estimated using the same prior distribution for the period from post-
currency crisis to pre-global financial crisis. In this case, DSGE-VAR (u=1) is
superior to DSGE and other DSGE-VARs. Marginal data density is inversely U-
shaped according to the value of , and the largest is the case of u=1.'" In the
case of pu=oo, the impulse response results of DSGE and DSGE-VAR are less
similar, in contrast with those for the stable period. For this period, the in-sample
RMSE of Bayesian VAR is lower than that of the structural models. In addition,
the simple reduced-form VAR model with block-exogeneity has the lowest in-
sample RMSE.

According to the impulse response analysis over the sample period, the domestic
interest rate hike shock raises won value in the case of the DSGE model and the

17 Del Negro and Schorfheide (2006) interpreted a reversed U-shaped pattern as evidence of
misspecification. Stiglitz (2017) made the following arguments in the conclusion of his paper. “~
Defenders of DSGE models counter that other models did little better than the DSGE models.
That is not correct. ~”
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DSGE-VAR model. Empirical results are identical in the period from the post-
currency crisis to the pre-global financial crisis and not also influenced by the other
assumptions of prior distributions and parameter restrictions. In the case of a
Bayesian VAR or a simple reduced-form VAR, it lowers the won value. According
to the RMSE standard, the in-sample RMSE of the DSGE models is larger than
that of the unrestricted VAR model for GDP growth and inflation. The parameter
estimation results also reveal that in Korea, the movement of the won/dollar exchange
rate affects the domestic interest rate, unlike in the U.S.

In relation to the cause of inconsistent impulse response results between structural
and reduced-form models, it is necessary to investigate what kinds of model
misspecification or omitted variable bias these differences come from and if these
problems are closely related to trade sectors or capital markets.®

18 Korea experienced changes in the exchange rate system and the monetary policy as well as the
currency and the global financial crises during the entire sample period. It suggests that it is
necessary to consider structural breaks in the economy and regime shifts in policy. From a
methodological point of view, a DSGE (or VAR) with constant parameters can be extended to a
Markov-switching DSGE (or VAR), even though it is very difficult in estimation. The latter may
have better performance than the former.
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Appendix A.

Pricing of Domestic Firms:  fy , = BE¢fiy ¢11 + (1 6”)(1 — 0Bt — af, — A¢] (A1)
Domestic Habits: (1 — h)E, = &, — hct 1+ hZ, (A2)
Marginal Consumption Utility: —1, = - n/; E,—h n Bhﬁ E (18 i1 + Zei4] (A3)
Pricing of Domestic Importers: g, = BE g 41 + (1 9")(1 - Bpﬁ)lp“ (A4)
Definition of CPI: i, = aftp ¢ + (1 — a)fty . (A5)
Termsof Trade: Gy = G¢—q + Ty — iy (AB)
Real Exchange Rate: §; = Pr; — (1 — @)d; — ag; (A7)
Nominal Depreciation Rate: A&, = 7, — fi{ + 8 — §¢_1 + €pe (A8)
Liquidation of Domestic Goods Market: . = ¢, + g — %§t —a(l—a)n(G: — §Gp) (A9)
Risk Sharing Condition: 1, = 1} — s, (A10)
Monetary Policy Rule:

Rt = prRi—1 + (1 — pp) 17 + Y2 (Fr — Feor + Z) +P388;] + g (A11)
UIP Equation: R, — R} = E ftpyq — Evftiyq + EtSee1 — 8¢ (A12)
Pricing of Foreign Firms: 7y, = B*Eyfth ¢qq + (oot BF)(l —0;p)[-1" — ag; — 47] (A13)
Foreign Habits: (1 —h*)&; = ¢ —h*¢;_, + h" zt (A14)
Foreign Marginal Consumption Utility: —1; = T*B* EE—h - hiﬂ* E[t*85 1 + 4] (A15)
Pricing of Foreign Importers: ;. = B E¢fif 11 + (1 t9”)(1 08" )¢H,t (Al6)
Definition of Foreign CPI: 7 = aff;;, + (1 — a)fiy, (A17)
Foreign Terms of Trade: §; = §;_q + fip . — fif, (A18)
Foreign Real Exchange Rate (5, = —5;): §; = —1,5;1; + (1 - a)§; + ag, (A19)
Liquidation of Foreign Goods Market: 75, = & + g7 — —5§; + a(1 — &)n(§e — G7) (A20)
Foreign Monetary Policy Rule:

R = PR*§;—1 + (1 = pp)[Yift; + 357 — Pioq + Z0) — Y308] + ep-y (A21)
Euler Equation: —A; = —Etdryq — (Ry — E¢ftry1) + EvZeyq (A22)
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Figure Al. Impulse Response of DSGE-VAR (u=0) (1999:2 —2007:1)
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Figure Al. Continued
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Note:

1) KR_A (US_A) and KR_G (US_G) imply the technical shock and the government expenditure
shock of Korea and the U.S., respectively.

2) The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of DSGE-VAR (u=c0), respectively and the dashed line represents the average impulse
response of DSGE.
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Figure A2. Impulse Response of DSGE-VAR (p=1) (1990:2 — 2016:1)
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Figure A2. Continued
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Note: 1) KR_A (US_A) and KR_G (US_G) imply the technical shock and the government expenditure
shock of Korea and the U.S., respectively.
2) The solid line and the dotted line indicate the average impulse response and 90% confidence
interval of DSGE-VAR (u=c0), respectively and the dashed line represents the average impulse
response of DSGE.
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Figure A3. Impulse Response of VAR with Block-Exogeneity (1990:2 — 2016:1)
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Note: 1) the U.S. variables are block exogenous and the number of lags is 4.
2) The dotted line indicates the confidence interval of the impulse response + one standard deviation
obtained from 1,000 bootstrapping.
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