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ABSTRACT

This paper attempts to search the driving forces of the Korean economy after 2000
by analyzing an estimated DSGE model and observing the degree of implementation
regarding non-systematic parts of both the monetary and fiscal policy during the
global financial crisis.

Two types of trends, various cyclical factors and frictions are introduced in the
model for an empirical analysis in which historical decompositions of key macro
variables are quantitatively assessed after 2000. While the monetary policy during
the global financial crisis have reacted systematically in accordance with the
estimated Taylor rule relatively, the fiscal policy which was aggressively
expansionary is not fully explained by the estimated fiscal rule but more by the large
magnitude of non-systematic reaction.
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|. Introduction

The Korean economy has exhibited large changes in the evolution of
macroeconomic variables. After documenting GDP trends, cycles and inflation,
using various statistical methods, Lee (2009) concluded that finding consistent
results on disentangling trends and cycles is difficult due to intermittent events such
as the oil crisis and the financial crisis of 1997.

However, the volatilities of GDP growth and inflation rate have been
substantially stabilized since 2000. This moderation may have been due to a policy
shift such as the inflation targeting scheme adopted by the Bank of Korea in the late
1990s or a mere fortuitous event of reduction of the magnitude of exogenous shocks.
At any rate, this finding serves as a good case study of what part of the Korean
macroeconomic variables, has been generated from trend factors and cyclical factors
in the context of Dynamic General Equilibrium frameworks at least after 2000, that
have been better known to fit more stabilized economies.

This paper attempts to search the driving forces of the Korean economy after
2000 by analyzing an estimated DSGE model and observing the degree of
implementation regarding non-systematic parts of both the monetary and fiscal
policy during the global financial crisis. In order to address those questions, a highly
stylized DSGE model' is proposed and estimated. Hwang (2009) has estimated the
Korean economy to investigate the natural output but the model is limited to a
closed economy model. Hence, a small open economy model® is adopted in this
paper which demonstrates the substantial dependence of the Korean economy on
external conditions as evidenced by the large fluctuations on economic indicators.
Conversely, its own economy had minimal effect on the rest of the world. In the line
of DSGE applications on the Korean economy, Lee and Yeo (2008) have also
applied a small open economy model to study the business cycle properties of the
Korean economy from 1991:Q1 to 2005:Q4. However, the increased volatility of the
Korean economy since the 1990s and the structural change which Korean economy
has undergone since the Asian financial crisis demonstrates the difficulty of
estimating the Korean economy with a highly restricted model such as the DSGE
model.

1 Most notably Christiano et al. (2005) and Smets and Wouters (2005) in the closed economy models.

2 A large scale small open economy DSGE model is developed by Adolfson et al. (2007) and Burriel
et al. (2010). This paper has mainly borrowed standard features of small open economy from the
latter.
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Our paper focuses on the Korean economy after 2000 and simultaneously
attempts to find the specific structural shocks that have contributed towards key
macro variables such as GDP and inflation by researching historical records. In this
context, there have been number of modifications from the standard small open
economy models to better reflect the Korean economy and to make policy
simulations more applicable in this paper.

The model contains sufficient frictions and shocks to potentially explain the
macro variables of our interest in the Korean economy. For example, preference
shocks are introduced to explain the private consumption which is not only driven
by supply shocks such as productivities but also by demand shocks. Besides the
standard Calvo-Yun sticky price features on goods market, sticky wage is modeled
to incorporate the inefficiency of labor market. Import adjustment cost is added so
that the final goods fluctuations are not directly exposed to highly volatile imported
goods. The model not only accommodates cyclical fluctuations from stationary
shocks but also the balanced growth path from trend shocks so that there is no need
of stationarizing the times series prior to bringing the data to the model. Moreover,
the model incorporates two types of trends that form a balanced growth path
separately for GDP and investment time series. This is necessary in analyzing the
Korean economy because the growth rate of investment was lower than other GDP
component after 2000 as will be confirmed in section II. In international financial
market, Korea’s foreign debt generally bears a country risk premium that is
nontrivial. As a result an additional parameter of a positive risk premium is inserted.
Two policy rules have been extended for the purpose of policy simulations during
the global financial crisis. Taylor rule for the monetary policy can not only respond
to inflation gap and output growth gap but also possibly to the nominal exchange
rate changes. This extension has been justified in the sense of optimal monetary
policy for a small open economy in which the home bias exists as noted by Faia and
Monacelli (2008). And the fiscal rule has an automatic stabilizer component to
isolate the countercyclical and discretionary movements of government expenditures.
Meanwhile, the government revenues are not simply based on government lump
sum taxes but on consumption tax, capital income tax and wage income tax which
are calibrated to match effective marginal tax rates of Korea.

This paper uses Bayesian estimation’ for the following reason. First, Bayesian
estimation is a full information approach while the simulated method of moments or
the generalized method of moments is a partial information approach. It allows us to
fully exploit the relevant information from data by constructing a likelihood function.

3 See An and Schorfheide (2007) and Fernandez-Villaverde (2010) for survey of literature.
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Second, Bayesian estimation technique allows estimation of structural parameters
that are generally hard to be characterized analytically. Although, the approximation
method of equilibrium conditions can be represented by a linear state space form,
the distribution of parameters cannot directly be recovered by analytical forms.
Bayesian numerical approach enables to characterize the distributions of parameters.
Third, priors are useful to give a discipline on parameters set, if not a large scale
DSGE model like proposed in this paper is practically impossible to derive any
meaningful assessments as noted by Sims (2007). And there are desirable properties
of Bayesian estimations that coherently deal with misspecifications and model
uncertainty problems as pointed by Canova and Sala (2006) and Fernandez-
Villaverde and Rubio-Ramirez (2004).

For empirical analysis in this paper, a number of parameters that are calibrated to
match some properties of the Korean economy and a few prior distributions related
to the first moments of macro variables are tightened to match the Korean macro
time series. Some assessments on posterior estimates on structural parameters have
been discussed whether they show reasonable degree of estimates with the Korean
economy. Given the posterior estimates, historical decompositions of the inflation
rate and GDP components are shown to understand how post-2000 have contributed
towards changes in those variables. And the policy simulations after 2008:Q3 are
presented to show how would have the inflation and GDP evolved when the policy
discretions were not implemented, in other words, if the policies followed
systematic rules strictly.

The paper proceeds as follows. Section II shows a brief assessment on the
evolution of the Korean economy after 2000. Section III describes a small open
economy model. Section IV explains the choice of the Korean data, the econometric
methodology, model’s properties with benchmark estimation and estimation results on
parameters. Section V shows the historical shock decompositions to investigate how
the shocks have contributed to the fluctuations of macro variables in the Korean
economy after 2000 and counterfactual simulations of the economy when the non-
systematic policy discretions were not implemented. Section 6 concludes.
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Il. A First Look at Data

[Figure 1] GDP Components
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[Figure 1] shows the real growth rates of GDP components such as private
consumption, private investment, government expenditures’ and exports of the

4 KOSIS which is the Korean official GDP database uses terminology of capital formation instead of

investment.
5 KOSIS reports government consumption and government capital formation separately. Thus, this

series is constructed by weighted sum of government consumption and investment using Lespeyres

chain weighted index calculation.
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<Table 1> Moments for GDP Components

Mean St. Dev. p(Y™, Ygdp)
yGDP 0.98 1.18 N.A.
¥e 0.83 1.20 0.69
% 0.49 293 0.61
¥é 0.78 2.28 0.07
¥ 2.23 3.82 0.71

Korean economy. As is common with the majority of the developed countries, we
can observe that private consumption is much smoother than any other series while
investment and exports are more volatile. And roughly looking at the graph, export
seems to demonstrate higher growth rates on average than domestic demands. There
have been two main events in terms of crisis for the Korean economy after 2000; the
credit card crisis in 2002-2003 and the global financial crisis that began in 2008.
During the credit card crisis period, private consumption was exacerbated due to
credit constraints on households. However, the effects of this crisis were mainly
sector-specific as opposed to wide-ranging economic depression, which resulted in a
rapid recovery mainly driven by firms’ investment and exports. This reversal
phenomenon is indeed consistent with the conventional assessments on the Korean
economy which is generally driven by exports in the period of recovery. The global
financial crisis, on the other hand, was different in scope in a sense that it has
affected all of the GDP components as this was a severe macroeconomic shock and
yet the recovery was still driven by exports at least in 2009 thanks to the world- wide
expansionary policies such as quantitative easing from the U.S. With respect to
government expenditures, it certainly seemed to have played an important role
during the global financial crisis to negate the negative hit. However, it is hard to
find an overall countercyclicality of government expenditure on average during the
sample period. These rough assessments can be confirmed in the following <Table
1> with first and second moments.

First moments of GDP components clearly show that exports growth have
surpassed other components while consumption and government expenditures are
roughly close. But the private investment growth on average seems to underperform
in comparison with other components which motivate to introduce a relative
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[Figure 2] Exports & Foreign GDP
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downward trend® for the investment. Consistent with the graph assessments,
volatilities indicate that consumption is the most smooth while exports are most
volatile. In terms of cyclicality of those series against GDP, all of the components
show procyclicality except government expenditures.

The Korean economy is a small open economy in which its export is largely
affected by the world demand. Thus, a proxy time series that best explains the
prospects of the Korean exports can be of key interest not only for the Korean policy
circle but also for estimating the Korean exports. There are 11 major trading
partners’ including the U.S., China and EU whose countries’ GDP can be said to
constitute the world demand of the Korean exports. The other alternative measure
would be the world trade volume. As can be seen from [Figure 2], the Korean
nominal exports in dollars follows more closely with the world trade volume than
GDP of 11 major countries. This can be confirmed in the following <Table 2>.

During the sample period, the Korean export sector has outperformed GDPs of
major trading countries and has grown closer to the world trading volume although
the correlations with the Korean exports remain mostly similar. Also, the volatilities’
magnitudes were quite similar to the world trade volume than GDPs of any
combination® for major trading partners. Such statistical result suggest that the

6 The model in this paper later introduces an investment specific trend that allows a separate trend for
the investment.

7 Those 11 major trading countries are the U.S., China, EU, Japan, Taiwan, Hong Kong, Indonesia,
Singapore, Malaysia, Brazil and Mexico. And exports to the U.S. and China have a share of 35% in
the Korean exports.

8 G2is U.S. and China, and G3 is U.S., China and EU.
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<Table 2> Export & World Demand

Mean St. Dev. P,y
. 255 597 NA.
y©2 1.60 0.85 0.66
ye: 148 235 0.66
Yot 1.37 2.33 0.72
yv 2.30 6.47 0.70

<Table 3> Inflation Targeting

Target year Target rate Target index
1998 91+ 1% CPI
1999 3.0+ 1% CPI
2000 25+ 1% core CPI

2001 ~ 2003 3.0+ 1% core CPI

2004 ~ 2006 3.0 £ 0.5% core CPI

2007 ~ 2009 3.0 £ 0.5% CPI

2010~ 2012 30+ 1% CPI

world trading volume is a reasonable proxy time series for the world demand to be
used later in the estimation.

The Korean monetary authority, the Bank of Korea, undertook inflation targeting
scheme in 1998 right after the 1997 financial crisis hit the economy. With the
exception of 1998 and 2000, the target inflation rate, CPI or core CPI, was 3% until

recently.

As <Table 4> shows, the realized inflation rate has been lower than pre-inflation
targeting periods’ on average and also shows lower volatilities due to either the policy

shift in monetary policy or simply to overall moderation of the Korean economy.

9 Financial crisis that began in late 1997 was excluded since inflation was highly volatile than normal
periods with an unprecedented pace.
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<Table 4> Inflation Rates Moments

1991:M1 1997:M10 2000:M1 2012:M12
Mean 5.80 3.10
St. Dev. 175 0.95

Note: CPI based moments. % per annum.

The Bank of Korea uses an overnight call rate as a policy rate to stabilize the
inflation. Despite the fact that Bank of Korea missed its inflation target a couple of
times since the adoption of the inflation targeting scheme in 2000, the call rate and
risk free rates such as treasury bond yields and the inflation rate moved in
synchronous fashion demonstrating inflation-stabilizing monetary policy stance as
shown in Figure 3. The inflation rate was subdued between the tranquil periods of
2005 to 2007. The drastic fall of the interest rates triggered by the crisis made the
Bank of Korea employ expansionary stance. Despite a strong recovery of the
economy in 2010, there have been some concerns as to whether the monetary
authority's policy rate was adequate to prevent the high inflation Those concerns
turned into strong criticisms in the year of 2011 when the inflation rate stayed above
its target range for prolonged periods'®. Thus, a question whether this high inflation
rate was due to supply driven shock or to sluggish increments of the call rate can be
a good motivation to implement a counterfactual simulation with an estimated
model to see whether the inflation rate could have been lower than its realization
under a more aggressive monetary policy to inflation stabilization.

The Korean financial market and the monetary policy has been strongly affected
by the global financial condition as well. [Figure 3] also plotted the short term
interest rate from the U.S. Treasury bill and the spread between the Korean risk free
rate and the U.S. risk free rate. While those interest rates share common directions
during most periods, most conspicuously with global crisis in 2008, the spread that
stands for a country premium for Korea can be a good proxy to understand the risk
to which Korea has been exposed. During the credit card crisis and the global
financial crisis, the spread has widened while it remained at lower level in tranquil
periods. <Table 5> shows the average and standard deviation of the spread after
2000. The average spread will be used to calibrate the country premium parameter
later in the model.

10 See for example, Kim and Lee (2011).
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<Table 5> Spread 2000:Q1 ~ 2012:Q4

Spread moments

Mean 2.36

St. Dev. 1.27

[Figure 3] Interest Rates
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I1l. Model

The model described in this section assumes a small open economy. New
Keynesian features are prevalent among price decisions of different goods, not only
to have nontrivial effects of the monetary policy onto real activities but also to
introduce incomplete pass through of foreign price shocks. In order to generate price
heterogeneity due to sticky price, monopolistic competitions are present in
intermediate goods market, labor market, import sector and export sector. Trends are
incorporated both into total productivity shock and investment specific shock as
argued by Greenwood et al. (1997) to explain the lower trend of private investment
of Korea during the sample period. Owing to Cobb-Douglas production function,
variables of interest such as consumption, output, investment, government
expenditures and exports show a balanced growth path by weighted average of those
two trends. Besides those productivity shocks, the source of fluctuation in the
economy are generated by two preference shocks, monetary policy shock,
government expenditure shock, foreign inflation shock, foreign demand shock,
foreign interest rate shock and risk premium shock.

Households allocate final consumption good, final investment good,
differentiated labor supply, domestic risk free bond and foreign risk free bond to
maximize its own lifetime utility subject to the budget constraint. Labor packer
aggregates households’ differentiated labor to sell in the factor market demanded by
the intermediate good producer. Intermediate good producers, using Cobb-Douglas
technology with homogenous labor and utilized capital which entails factors
payments such as wage and rental rate, provide differentiated goods to a distribution
chain which produces homogenous final domestic good. This final domestic good
can be sold to meet both domestic and foreign demands. Final consumption (or
investment) good is produced by the final consumption (or investment) good
producer with a composite of final domestic good and final imported good. In the
import sector, there are two layers of firms, one of which is importers who purchase
homogenous foreign good in the international market and differentiate by brand
naming and the others buy differentiated imported goods to produce homogenous
imported good by aggregation technology. Exporters buy final domestic good to sell
differentiated goods to importers from the rest of the world. The monetary authority,
whose goal is to stabilize output growth and inflation, determines the domestic risk
free bond’s interest rate with augmented Taylor rule. Also, the experience of 1997
currency crisis has made Korean monetary authority pay attention to the movements

SEIRASEIZ /2014, v.36,n.2
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of nominal exchange rate and thus the growth rate of the exchange rate has been
included in Taylor rule. The government’s revenues are based on taxes which are
levied on consumptions, wages and capital rents, while the government expenditures
are composed of exogenous shock and automatic stabilizer. Although government
expenditures in data show acyclical property on average, the automatic stabilizer is
modeled to investigate the counterfactual simulation during the global financial
crisis when expansionary fiscal policy was clearly implemented.

1. Households Problem

There is a continuum of households in the economy index by j which
maximizes the lifetime utility function over consumption, real money balance and
leisure.

o My, (l-st)l-H?
E, Z ptd, log(c]-t - hcjt_l) + vlog (p—}t) — P 1} D

t=0

where h is the habit persistence and ¥ is Frisch labor supply elasticity. Habit
formation for consumption generates hump-shaped response of consumption to
stochastic disturbances. And thus this creates another smoothing mechanism of
consumption path on the top of smoothing due to log-utility. The separable utility
for real money balance does not play a qualitative role to change other real
allocations since the monetary policy is implemented via open market operation
rather than money printing but only to be included in the government budget
constraints. d; is an intertemporal preference shock and ¢, is a labor supply (or
intertemporal) shock :

log d; = pglogd;_; + Ogé€qt
log ¢ = pylogp._1 + 0p€p

Those preference shocks will act as aggregate demand shocks in the economy.
The intertemporal shock, d;, is an important source of business cycle fluctuations
according to Primiceri et al. (2006). And the labor supply shock, ¢, stands for
changes in employment that is another source of aggregate fluctuations.''

11 See Hall (1997) and Chari et al. (2007).
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The j™ household’s budget constraint is given by :

: B, ex.BY
(1+rc) c]t 2 L N i i 3

D, D, D, +f Qt+1|tajt+1d0)j,t+1|t

m}t 1

= (1 —1)wpl5; + (Ttujt(l -7 + i@‘rk CD[ujt]) je-1 Tt

W
Bijt— ~ ex
+Rey L2+ RYLT (extbt“fl, ;’_”;) It | g + T, + F,

pt is price level of final domestic good which is numerarie in this model. pf and
p! are prices of final consumption and investment good that differ from p, since
they are composites of final domestic and final imported goods. Bj; is nominal
domestic bond holding with uncontingent gross interest rate, R¢, and ajeyq 18
Arrow contingent bond for every state which forms a complete asset market within
the economy.

In the international asset market, however, household can only purchase
uncontingent foreign bond, eXtBthV, where B]-ch is in foreign currency and ex is
the exchange rate. The world interest rate associated with this foreign bond evolves
as

= (RW)(1-rr )(R )p%VeXp(JRWERW‘t)

Since the risk free interest rates of Korea has shown difference from world
interest rate such as U.S. Treasury Bill, the world interest rate cannot directly be the
price of foreign bond which the household must bear. Thus, the country risk
premium is included to the gross interest rate of foreign bond by T'(:) for possible
time variation and systematic gap. In order to close the small open economy, i.e. to
prevent from nonstationary responses of variables to world interest rate shock, as
argued by Schmitt-Grohé and Uribe (2003), the risk premium is modeled as debt
elastic. The functional form for premium is

r (extl;}"/, ftbw) = exp (FRKV - Fbw(extf)}” —exb") + {tbw)
where time varying premium shock
w w
" =pwEl + TLWERW ¢

and the share of foreign bond holdings as
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BV — fo Bj/ dj

t — T 4
Pt)t

TR s the systematic gap that implies the average interest rate spread between the
Korean interest rate and the world interest rate. The term, —Fbw(extf){’v - eXBW),
ensures the foreign debt does not explode by penalizing the risk premium when
foreign debt is increased.

wij is the real wage from the differentiated labor supply, ljst. r; is the rental
price of capital, uj; > 0 is the intensity of use of capital, and ldD[ujt] is the
physical cost'> of use of capital in resource term where e

Ofu]l = d,(u—1) + &, (u — 1)2

U¢ 1s an investment-specific technology shock or also its inverse is interpreted as the
relative price of investment good in final good unit. As mentioned earlier, this can
capture the gap between investment time series and output. Since the Korean
investment growth has been lower than any other GDP components, it is likely to
have negative trend in this process during the sample period. The exogenous process
is

He = Ht—leXp(IOgA,u + O'ufu,t)

And the capital stock” evolves with

i
kjt = (1 - 5)kjt—1 + ,th (1 - S<. jt )) i
Lit—1
i K[ i 2
S '1t>=_<'1t _A)
<ljt—1 2 \jg—1 '

jt
S(-) is the investment adjustment cost which is a smoothing mechanism for
investment and thus generates hump-shaped response to shocks, if not, the implied

investment becomes too volatile. Due to this cost, Tobin’s Q, q;, which is the price
of installed capital becomes time varying. For ease of notation, define

. Ge \\.
F(l]'t, l]'t—l) = (1 -5 <I_]:_1>> ljt

12 Alternative way of capacity utilization cost can be done by having depreciation of capital being a
function of capital use, but its qualitative result is indifferent.
13 Here, we denote k t as installed capital stock and kt as capital service.

where
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and

F1t=1—5<.J )—5'<.} ).j
Lit—1 Lit-1/ Ljt-1
i Gesr)
e[ Yt [ Y+
P = (1) (1)
ljt ljt

There are three types of taxes on consumption, wages and capital income. Note
that the tax on capital income is only for the net return of capital after depreciation

.1 ..
and thus the tax credit, o 01y, 1s included.
t

Symmetric Equilibrium Since we consider a symmetric equilibrium due to
complete asset market (the complete set of state contingent Arrow securities and
perfect risk sharing) so that ¢j; = ¢, Bjt = By, Bj‘{v = BXV, Ajt = Ay Uje = Uy, Qe =
do ijc = iy, Kjr = k¢ except for the wage and differentiated labor supply. After
rearranging FOCs from household optimization problem,

_ _ pe
di(c —heey)™ = hBEdpy1(Cepq — he) ™ = A, (1 + Tc)p—t
¢

R,
A = BE, [At+1 —H ]
t+1

~ w
RYT (ex.BY &) ex,.,

A = BE¢ | Ap4a

s ext
o= @' [u,]
‘ pe(1— 1)
1
Aeqe = BE; {Atﬂ [(1 = 8)qr1 + Teprltes1 (1 — 1) + 0ty — (D(ut+1)]}
U1 Hesr

pi
p_tlt = Atqt:utFl,t + .BEtAt+1qt+1.ut+1F2,t+1
t

m_ 8E [A R, — 1]‘1
T _ g fe T o
De t t t+1 Ht+1

Household Labor Problem The labor problem for the household can be solved
separately due to the separable utility. The household who is allowed to optimize
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with a probability, 6%, its wage maximizes the possible future stream of wage
revenues when the wage is not allowed to be optimized minus its future stream of
disutilities from labor supply. The household posts its monopolistic competitive
wage and its labor supply is determined via labor demand function which is derived
from the labor packer’s problem.'* 7 is the elasticity of substitution between
differentiated labors, and the following demand function is a standard outcome from
Dixit-Stiglitz type of aggregation of differentiated labors in a monopolistic
competitive market. Also, to generate a possible persistence for the inflation of wage
a partial indexation, parameterized by X, is adopted. In summary, the household
maximizes net revenue in utility terms with respect to its wage subject to labor
demand function.

( )1+19 T HXW
Ez 6,)7 | —d B b e | | SEE A = mdwels
T/?tx t (B6,,) ter PP~ 1+0 jt+t L | m,,, ( Tw)th jt+t
subject to

T -n
Xw
5. = l-[15+s—1 Wit 14
jt+t T t+‘r
<=1 | P Ve

The FOCs of this problem will yield an optimal wage level by equilibrating the
intertemporal marginal revenues to intertemporal marginal disutilities. Those
households who allowed to optimize at t will set the same wage level due to the
perfect risk hedging for the timing of wage change. Thus, the optimal conditions in
this problem becomes symmetric. Now, these conditions can be better implemented
in computation if it is transformed into recursive representation by introducing an
auxiliary variable, f;. After a tedious algebra, the law of motion for the recursive

representation becomes
-n n-1
Wity f
Wt* t+1

-n(1+9) « A\ n+9)
Wit f
W; t+1

where wy{ is the symmetric optimized real wage for households who are allowed to
optimize while w; is the aggregate real wage for all households. Since in Calvo-

1
n- 1 HXW

fi = — A =1, )W) AW/ I + 6, Et( )
n | P

w n(1+9)
— 7t dy1+9
fe =vd. o, (W*> ) + B0, E; (Ht+1)

t

14 This problem is omitted in this paper, but this is similar to the final domestic good producer’s
problem who aggregates differentiated intermediate goods into the final homogenous domestic
good.
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Yun setting, there is a fixed population of households who are allowed to set wage
with 1 — 6% and who are not with 8%, the real wage index evolution can be

derived by aggregation.

1-n _ Hg(—wl -n *1-7m
W, = QW (H—t> -1 + (1 - W)W

2\ " (weog\1 -
1=9W(“) (Vtvl) + (-6,
t

where I}V =

2. The Distribution Sector

A. Final Consumption and Investment Good Producers

Perfectly competitive final consumption good producer and investment good
producer pack domestic consumption and investment good (cg, 19) with imported
consumption and investment good (c%vl,i%/[) to produce final consumption and
investment good (cy,i;) using following CES technology :

Ec

Ec—1 Ec—1 ec—1
[(nC)SC(C?) e +(1- nc)gf(C?l(l —TIy)) % ]

R | 1 =) O
i = [)EGH T + @ -y (i1 - 1)) 5

where home biases, n°® and n!, are present. €. and g represent elasticity of
substitution between domestic and imported good. In order to dampen the excessive
volatility of imported goods that affects the final consumption and investment, a
costly transformation of imported goods in the aggregation technology is adopted."
The cost function is a quadratic form of a growth rate of a share of imported good.
The cost function for this is denoted by 'S and T} where

15 Alternative way of dampening the excessive volatility of imported goods is to model a nontradable
sector as Mendoza (1995).
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I (st" si_q

2
Ft5=7(—/——1> fors=c,i

St St-1

Due to this adjustment costs that depends on the past share of imported goods, the
problem for final good producer becomes dynamic instead of a standard static
problem.'®

Ae
maXEtz .BT = [ptct PtCt _pt Ct ]

&
gc—1 Ec—1Te~1

s.t.cp = [(nc)gf(céi) e +(1- C)EC(Céw(l —Tf)) &

Solving this problem, the equilibrium conditions are :

C
cd = n(pt> c
t — c t
b
e,

M
Céw = E.Qf,(1-n°) (i_tg) Ct

1
pi = [n(p)' % + E,Qf, (1 — ) (pe) 5] 1=%

where
e,

1
1 c 2
= A p ) ( C ) (Act )

— — nOecE, Lt [ Pt )€ —_ct+1l \aliy1)

1- B —n)=E, n (péw Mg T (A-T5) [ TAci,

amf o G

I—l

EQfyq =

B. Final Domestic Good Producer

Final domestic good producer produces a homogenous final good to sell at a
perfectly competitive market using intermediate good with the Dixit-Stiglitz
technology.

1 el \&1
:Vt=(f Yie" di)
0

16 The problems for final consumption and investment good producers are identical.
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where € is the elasticity of substitution between intermediated goods. The static

problem of the final good producer is
1

max p:ye _J. PicYicdi
Yjt 0
subject to
€

1 e-1 \&g=1
Yt=< f Yie© di)
0

gives input demand function

Dit\~® .
Vit = (E) Ve Vi

where the aggregate price level is
1

1 =%
Pt = (f Pilt_sdl)
0

The problems for the labor packer, imported goods distributor and foreign
importers who purchase domestic exported goods are all similar to this final good
producer’s problem in which demand functions for differentiated goods are derived.
Henceforth, demand functions directly appear as constraints to differentiated goods
producers without solving each problem.

C. Intermediate Good Producers

There exists a continuum of intermediate good producers whose i firm’s
technology is

1-a
Yie = Atkioé—l(lﬁ“ — ¢z,

where kj; and lj; are capital services and homogenous labor. ¢ is fixed cost
parameter to guarantee zero profits in the economy at steady state (No entry or exit).
And

Now, A; follows
A = At_lexp(logAA + aAeA‘t)
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This exogenous process is a total factor productivity with a trend. The trend in this
process together with the investment specific trend constitutes a balanced growth
path of the economy. This outcome of these two trends is only possible due to a
particular functional form of the production technology which is Cobb-Douglas.

. A :
First, define pu = A—t then, we can rewrite
t—1

log uar = loghy + 04,

and define p, = Zi, then
t—1

Uzt 1 Hae a Uyt
log—2t = — log =2t 4+ — Jog—t
BN, 1-a ®A, T1-a B4,
where
1 a
A, = ATOALE

This weighted average of trends will be used to stationarize the system.'’

The problem for intermediate good producer can be dissected into two stage.
First problem is a static cost minimization where the firm decides how much to
employ labor and capital from perfectly competitive factor markets. The other
problem is a price setting under Calvo-Yun friction which becomes dynamic.

Factor Demands Firm pays wage and rents, w; and r, for l?t and Kji_1. The
firm solves a static cost minimization problem,

min w8 + rkie_q
LipKit—1

subject to the production
Yie = Atkgr—1li1t_a — ¢z
Assuming interior solution, FOCs are
—-a
wy = p(1 — a)AkE_ (14

_ 1-«a
re = padckfi (1

17 See the technical appendix.
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where p is the Lagrangian multiplier. The capital labor ratio is derived from above

two equations,
kie—1 __a w

d ~ 71—
15 l-—armn

This implies capital labor ratio is same across the intermediate good producing
industry and thus real marginal cost is also same. We can find real marginal cost

mc; by setting Atkf.‘c_l(lidt 7% Z 1. This implies

(1 i“ a‘:f_:)'“

13 = 2
1
me, = (—1 — a) w,lé

-2 G

Price Setting Calvo-Yun pricing decision is similar to wage setting problem from
the previous section only to replace marginal revenues and marginal costs. Since the
firm is owned by households, the firm discounts the future stream of profits from
households’ point of view and thus by the stochastic discount factor. A partial
indexation is again introduced and so the firm sets the price to maximize :

A pi
maxEt z (,B’Gp)T a {(1_[ M54 ﬁ - mctH) yl'tH}
T

s=1

subject to
—&

Yit+r = <1_[ Ht+5 1 ) Veer Vi

Similarly, the law of motion can be summarized by

—&

HX
gtl = Atmctyg + .BHpEt <H_t> gt1+1
t+1

2 Hg( H; 2 1 2
g¢ = AJiy + BO,E, — | gé1e9t = (e — Dgi

*
l—It+1 l—It‘+1
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H*_pt

where Due to fixed population of firms who optimize price and who

Pt
cannot, the aggregate price level evolves as

X
t

H 1-¢
1 =9p( Hzl) +(1-6,)m;" e

3. Foreign Sector

The demand functions in the foreign sector are shown first and price setting
problems in the foreign sector appear later in this subsection.

A. Importing Firms

The distributor produces the final imported good (yt ) from differentiated
imported goods (ylt ) by aggregation with following technology :

£

M
em—1 ey—1
v —( i) e dl)

where €y is the elasticity of substitution across foreign imported goods. The import
demand function and the price of the imported final good are,

pit\ ™
vit =(p%) ooV,

t

1 1—1EM
pt' = < f (pK’)l‘SMdi>
0

The total amount of imported goods is given by:

1
M, = f yMdi
0

B. Exporting Firms

There exists a continuum of monopolistically competitive exporting firms who
buy the final domestic good and differentiate it by brand naming. They sell those
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goods to importers from the rest of the world. Each exporting firm faces following
demand function :

px —&x
it .
Vit = (E) y& Vi,

where both prices are expressed in the foreign currency of the export market. The
export price is

1 =
Py = ( f (pi’é)l‘gxdi)
0

And the total amount of exported good is given by :

1
Xt EJ yidi
0

And since the economy is a small open economy with measure zero, we can
safely assume that the world demand for our export is,

—&w
i w
Vi = ( ) y
RV ‘

Thus combining above demand functions gives,

—€&x x\ "Ew
A L — vi.
Vit (pt )

The world demand is exogenously given by :
W= M T G exp(oyweyw,)

w
W — Pt
=W

and world inflation, II >
t—-1

, by :

¥ = (@) (@ )P exp(oweqw,)
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C. Price-setting in the Foreign Sector

Calvo-Yun price setting for importing and exporting firms is assumed to allow
for incomplete exchange rate pass through. The problem of importing and exporting
firms is identical and thus,

A Xfmp
st . (opn) 7| ] 0t 2 el

t+‘L’

~&fm
Xfmp
S't'yi};+t - (1_[ (Ht+s 1 L > yt]:—r-rrl for fm=M,x
T

t+

where the real marginal costs in domestic and foreign currency terms for importing
and exporting firms are,

w
m _ Pt €xt
mey = —;
bt
bt
meg = ——
ex¢Pi

Similar to imtermediate domestic good producers, price setting equilibrium
conditions in recursive forms for importing and exporting fimrs can be derived as :

(T xm\ =M
gé\h = [Atmcéwygl + BOME: <t— gﬁll

M
1-[t+1

WA
g [Atnt Yi +.39MEt( ™ R giwﬁ
t+1 t+1
enge = (ey — 1)g."”

(mg)xe\ "™
ggl = [Atmcf%x + BOLE, (T 931
t+1

1-¢ *
. (I)x=\"* (TIF
9:% = AQIE yE + BOLE, ( —g:4

X X
M4, Eq

&git = (e, — 1g;?
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* M* * X* . . . .
where TIM" = l;t—M and II¥ = %. Price evolution for import and export goods is,
t t

m l-ey
1=0y <( n}") ) +(1 - o) (M)’

mw )\ =% i-ex

1=0, <#) +(1—a)(mx)
Ht

D. Evolution of Net Foreign Assets

The balance of payments which binds the current account and capital account
together evolves as follows :

1 1
, = w .
J extB}/tVd] = Rtvzlr(extbtvzl' 55—1) extf B]Vtv—1d] + expfyf — ex,p{ M,
0 0

where we have used the fact that :

1 1 Ex 1
, p , _ ,
pLyidi = f pw(p‘;) yEdi = (pF)exyf f (X)) exdi = pFyf
0 0

t

4. Monetary Authority

While the monetary authority’s primary goal is to stabilize the inflation, output
stability can be another important objective. Thus, an augmented Taylor rule in
which the interest rate not only responds to inflation gap but also to output gap is
generally assumed. In addition, the growth rate of the exchange rate is added to
reflect more realistic setting for a small open economy like Korea who in practice
wants to stabilize the exchange rate as well. The monetary authority sets the nominal

interest rates according to :
Yy 1-Yr
, Yt
Ry Rt—l) R yt 1 ext Yex m
R _( R \ \ / ext 1 / exp(&")

[T represents the target level of inflation (equal to inflation trend in the steady state
in this model), R steady state gross return of asset, and Aga the steady state gross
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growth rate of yd. The term & is a random shock to monetary policy that follows

&' = OmEmt-
5. Government
The government’s revenues are generated by marginal taxes and lumpsum tax (or

negative lumpsum subsidy) while the expenditures are determined with an
exogenous shock and an automatic stabilizer. The government budget constraint is :

my_q - d
5 _9cze  Te | poy |, Re—abe1yioa
t— . d od an an
Ve Ve Ve Uy Vel
d me
(ru ! 6)1’ ket T, W, i T PiC P
_ _ . _ to_ o fert P
T & Ty Cpey® 8

- [Tbidj o .
where b, = ﬁ. The real government expenditure is exogenously given by,
't

( ydtd \

It gt-1 Ye-1

log— = p,lo +(1- = |+ 0,4¢
87y = Palog= =+ (1= Pg)vy, Aya | T oo

But level of debt should be prevented from exploding and thus the lumpsum
transfer should be designed to be controlled by the deviation of debt from its own
steady state level

L TO—Tl(Bt—E)
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IV. Empirical Analysis

1. Data

<Table 6> Data Source

Variable Unit Type Freq. Sample Source
Total population Thousands NSA Y 2000 ~ 2011 KOSIS
1-yr treasury bonds Y%lannum NSA Q 2000:Q1~2012:Q4 ECOS 4.1.2
Gross domestic product Bil. won SA Q 2000:Q1~2012:Q4 ECOS 10.4.1.2
Exports of goods & services Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.2.2
Gov't consumption Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.2.2
Private fixed capital formation Bil. won SA Q 2000:Q1~2012:Q4 ECOS 10.4.94
Gov't fixed capital formation Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.94
Consumption of nondurables Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.12.2
Consumption of semidurables Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.12.2
Consumption of durables Bil. won SA Q 2000:Q1~2012:Q4 ECOS 104.12.2
Consumption of services Bil. won SA Q 2000:Q1~2012:Q4 ECOS 10.4.12.2
Total working hours Hours NSA Q 2000:Q1~2012:Q4 KOSIS
Won/Dollar exchange rate Won NSA Q 2000:Q1~2012:Q4 ECOS
World trade volume Mil. dollars SA Q 2000:Q1~2012:Q4 IMF
Nominal/Real world GDP Bil. dollars SA Q 2000:Q1~2012:Q4 Global Insight
3-mos U.S. treasury bill %/annum NSA Q 2000:Q1~2012:Q4 FRED

Domestic data are imported from ECOS (Economic Statistics System of the Bank
of Korea) and KOSIS (Korean Statistical Information Service) while foreign data
are from FRED and Global Insight. The model described in this paper is a
practically representative agent model so that the variables of interest such as output
and expenditures are in terms of capita. As KOSIS only provides annual data for
population, the quarterly time series was constructed by a linear interpolation to
divide GDP components. Another indirect mapping from the raw data to the model
is applied with private consumption, private investment and government
expenditures. Durable consumption is excluded from private consumption variable
in the model but is instead included in the private investment. This treatment can be
done in practice when the model does not specify durable goods sector explicitly
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since the utility flow from consuming durable goods is not concentrated in one
decision time period but dissembled for prolonged periods. Also, durable goods are
generally depreciated over periods which show more of an investment characteristic
in the model. Hence, the private consumption is constructed by nondurables,
semidurables and services while the private investment is constructed by durables
and private fixed capital formation. Government expenditures are constructed based
on addition of government consumption and government fixed capital formation as
they are not reported in KOSIS. As noted earlier in section II, KOSIS GDP
components in real terms are based on Lespeyres chain weighted index. Having this
taken into account, the constructed series are recovered.'® The consumption deflator
associated with this constructed consumption is computed as byproduct to be used
for estimation.

Although Call rate is the policy rate for the Bank of Korea, the risk free interest
rate in this paper not only represents the policy rate but also the interest rate which
households directly face at the same time without risk premium or financial friction.
Hence, 1 year Treasury Bond rate was chosen to serve as proxy for the risk free
domestic interest rate. And the world interest rate is 3 months U.S. Treasury Bill.
For labor supply, total working hours from raw data is normalized so that it is
between zero and one. DSGE models in general are hard to replicate the excessive
volatilities of the nominal exchange rates. Nevertheless, Won/Dollar exchange rate
has been included in the dataset because of the inclusion of the global financial crisis
in 2008. The export for Korea in Won during 2008 has exceeded the growth of
world demand. This cannot be explained either by the world demand or the world
inflation both of which have been decreasing during the crisis. It is only possible
with a strong depreciation of Korean Won. The proxy for the world inflation is the
deflator for the sum of GDPs of 11 major trading partners with Korea. As it was
motivated in section II, the World Trade Volume is chosen for world demand in the
model. It is worth noting that the World Trade Volume is a nominal value in terms
of the U.S. dollars. So the variable from the model should be constructed
accordingly.

WTV. = Ystfw nw

Y

GDP components and World Trade Volume are transformed into growth rates for
stationarity.

18 See Whelan (2002) for more general chain weighted index such as Fisher ideal chain weighted
index and other indices. This paper converted the excel file that automatically constructs Lespeyres
chain weighted index provided by the Bank of Korea into a matlab function code for its use.
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In summary, there are twelve time series data available for the estimation;
domestic interest rate, inflation rate of consumption deflator, labor hours, GDP,
private consumption, private investment, government expenditures, exports, world
demand, world interest rate, world inflation and exchange rate. So the observable
vector in log-deviation from steady state is,

Re ] 1 logR: 1 1 logRs
m¢ loglIl¢ logll®
IH logly logls
4 logy; logA,,
%4 logy¢ logA,
pi | | logyi log,;
14 | logr! | loshy
e logy£* logA
RW logRY logR{s
Pz logy? logh,
aw logM?” logll¢
SWTV | logyrv] L logAywl'[W_
Ye oo t

where A, =Ay=Ac=Ag=Ay=Aw , Aey=1, N°=N" and Ry =
exp (FR})N) RW.

But using all of those time series have not necessarily resulted in good fit of key
macro variables as shown below. Thus, we present the various results with different
combinations of selected time series after econometric methodology subsection. The
key variables that were included with any set of observables were domestic interest
rate, domestic inflation rate, labor hours, GDP, consumption, investment,
government expenditures, exchange rate and world interest rate. Three variables
from world demand, world inflation rate and exports were brought to test different
sets of combinations. In order to avoid the stochastic singularity problem and also to
minimize any excessive movements of observables, measurement errors have been
specified when the model is brought to the estimation with 10% of each own
variabilities in observations except for the exchange rate volatilities. The standard
deviation of measurement error for the exchange rate growth is set as 35% of its own
standard deviation in data. Although, this magnitude of standard deviation in
measurement error is larger than other variables, this was necessary in order to
derive reasonable magnitude of implied volatilities of other key macro variables.
This limitation of empirical results is not alone since the volatility of exchange rate
in general is difficult to be replicated in the context of sticky price DSGE models as
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argued by Chari et al. (2002). Nevertheless, the exchange rate growth has been
included to explain the high growth of exports in Korean won during the global
financial crisis. Otherwise, the model which estimated without the exchange rate
growth' was attributed the high growth of export in 2008 to the high world
inflation which is inconsistent to our general understanding of the crisis periods.

2. Econometric Methodology

Bayesian method® is adopted to map the data to the model. To make it
implementable for estimation and various simulation exercises, the system of
stationarized equilibrium conditions is approximated up to first order around the
deterministic steady state. Since the posterior distribution of structural parameters is
hard to be characterized analytically, Random Walk Metropolis-Hasting algorithm is
used for the numerical approach. The proposal density is Hessian of the likelihood
function evaluated at the posterior mode which is estimated via CMAES method.”!
The posterior distributions reported in the following subsection are based on the
second half of 5 million draws from MCMC algorithm, i.e. discarding the first 2.5
million draws for the initial burn-in. The acceptance ratio was approximately 61.34
% which indicates appropriate property for estimation.

<Table 7> Fixed Parameters

B 6 v () a
Discount factor Depreciation Real money balance Fixed cost Capital ratio
1.0044 0.025 0.1 0 0.3
E g/y Tc Tw Tk
Gov’t debt Gov’t/output Consumption tax | Wage income tax | Capital income tax
0.35 0.1936 0.14 0.35 0.13

There are a small set of parameters that are calibrated rather than estimated
because they are either hard to be identified with macro time series or irrelevant,
shown in <Table 7>. B is calibrated to match the steady state of Euler equation,

19 The model estimated without exchange rates but with export and world demand is available upon
request to the author.

20 For detailed summary of Bayesian estimation with DSGE models, see An and Schorfheide (2007).

21 This is a class of simulated annealing methods which is better described in Andreasen (2010).
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e = BE; [2”1 Re | 2 The steady state condition requires B = ;;Az . For
calibration, sampﬁe mean of inflation, growth rate of output and interest rates are
used for Ilg,, A, and Rg;. These values imply S of 1.0044 which seems
unconventional. However, because the model has a balanced growth term, Z,
needs not to be less than one as long as f§ = R“ 2 s less thag one. With this
calibrated f3, the model is still stationary to any Kind of shocks. b is calibrated to
match average total government debt to GDP ratio during the sample period as well
as for % to average nominal government to nominal GDP ratio. Besides g being
stationary in data, the other reason for calibrating the ratio instead of the {evel of
government expenditures, g, is that it allows us to solve the steady states of all the
endogenous variables in closed forms. Otherwise, having g calibrated would render
a nonlinear equation for the labor supply to be solved.”* Marginal tax rates are
calibrated to effective value-added tax revenues over private consumption, effective
income tax over total wage income and corporate tax revenues over private capital
formation. The rest of parameters are generally known to be standard in the class of
DSGE models.

3. Empirical Moments of Estimated Models

Before the detailed results of the benchmark estimation are presented, first and
second moments of the estimated models with different combinations of time series are
reported in this subsection. There are seven possible estimations to choose from any
combination of the last three observables. As <Table 8> shows, Model 1 estimates the
model with first ten observables excluding the world trade volume and export growth,
Model 2 excluding export growth and so on. The numbers in parenthesis are implied
first moments of variables that were not included as observables in estimations. First
moments implied by the estimated models do not show much differences across
estimations since the long run trends’ estimates are mostly influenced by tight prior
distributions. Note that the growth rates of GDP, consumption, government expenditures
and exports are consistent within a model because they share the same balanced growth
path by construction. However, this reason made the trends in world trade volume and
export become difficult to match with data.

22 This is after stationarizing the equilibrium condition. See appendix.
23 This value was 0.9962

24 See technical appendix for solving steady states.
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<Table 8> First Moments

Variable Data Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

logR; 0.0107 0.0105 0.0111 0.0108 0.0104 0.0104 0.0112 0.0114
logll{ 0.0069 0.0069 0.0075 0.0071 0.0069 0.0069 0.0078 0.0074
logl? -0.9844 -1.0394 -1.0327 -1.0117 -1.0596 -1.0073 -0.9994 -1.0070
logy? 0.0082 0.0080 0.0079 0.0080 0.0079 0.0078 0.0079 0.0084
logy¢ 0.0056 0.0080 0.0079 0.0080 0.0079 0.0078 0.0079 0.0084
logy} 0.0044 0.0047 0.0053 0.0050 0.0048 0.0047 0.0046 0.0055

logy? 0.0065 0.0080 0.0079 0.0080 0.0079 0.0078 0.0079 0.0084

logy£* -0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

logRY 0.0050 0.0044 0.0029 0.0044 0.0029 0.0045 0.0040 0.0051

logIT 0.0081 00069 | 00075 | (0.0071) | (0.0069) | 00069 | (0.0078) | 0.0074

logy?™ 0.0195 (0.0149) 0.0155 0.0152 0.0148 (0.0147) | (0.0156) 0.0158

logy{ 0.0143 (0.0080) | (0.0079) | (0.0080) 0.0079 0.0078 0.0079 0.0084

<Table 9> shows the volatilities of fitted observables. The fitted observables
were estimated via smoothing Kalman Filter which retrieves the historical structural
shocks. This procedure is generally done when it is necessary to demonstrate how
the estimated DSGE model fits the data well. Thus, gaps between the actual
observed data and the fitted values of observables have been filled by measurement
errors. As can be seen from <Table 9>, the estimated models generally fit well with
the data except the exchange rate growth. As mentioned earlier, this comes from the
large magnitude of measurement errors which have been set intentionally for
exchange rates.

Another way of evaluating the empirical properties of estimated models is to
observe the volatilities of simulated series. Table 1 shows the volatilities of
observables simulated for the sample period. Given the estimated values for
predetermined states® in 2000:Q2 where the sample begins, the models are
simulated onward until 2012:Q4 where the sample ends with randomly generating
structural shocks. This has been done 10,000 times for each estimated model and
averages over 10,000 standard deviations of simulated series which are collected in
<Table 10>. In general, comparing the size of volatilities of each model to data
shows that Model 1 and Model 3 match well at least with the observables. However,
the implied volatilities of world trade volume and exports in Model 1 show
significant discrepancy with data. On the other hand, Model 3 performs quite better

25 These values are retrieved from smoothing Kalman Filter.
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even with matching the implied volatilities of unobservables to those of data.
Therefore, we chose Model 3’s result as a benchmark estimation to be used for
presenting detailed results below.

<Table 9> Volatilities of Fitted Observables

Variable Data Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

logR, 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029

logll; 0.0076 0.0076 0.0075 0.0076 0.0076 0.007 0.0076 0.0074

logl} 0.0612 0.0601 0.06 0.0601 0.0602 0.0599 0.0603 0.0597

logy;’ 0.0118 0.0116 0.0117 0.0116 0.0116 0.0118 0.0116 0.0117

logy¢ 0.0076 0.0075 0.0076 0.0076 0.0075 0.008 0.0076 0.0077

logyi 0.0285 0.0282 0.0282 0.0282 0.0283 0.0282 0.0282 0.0282

logy,’ 0.0228 0.0227 0.0227 0.0227 0.0226 0.0226 0.0227 0.0226

logy(™* 0.0499 0.0434 0.0421 0.0463 0.0436 0.0394 0.0436 0.0359

logRY” 0.0047 0.0047 0.0047 0.0047 0.0047 0.0047 0.0047 0.0047

logIl’ 0.0201 0.0199 0.0199 — — 0.0198 — 0.0199
logy"™" 0.0564 - 0.0562 0.0561 0.0566 - - 0.0565
logy 0.0453 - - - 0.0445 0.0452 0.045 0.0446

<Table 10> Volatilities of Simulated Observables

Variable Data Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

logR, 0.0029 0.0042 0.0097 0.0057 0.0124 0.0078 0.0063 0.0098

logllg 0.0076 0.0076 0.0176 0.0098 0.0163 0.0145 0.0093 0.0161

logl; 0.0612 0.0623 0.1948 0.0715 0.1591 0.1473 0.1831 0.1451

logy;’ 0.0118 0.0167 0.0291 0.0203 0.0368 0.0282 0.0225 0.0263

logy; 0.0076 0.0082 0.0148 0.0112 0.0136 0.0155 0.0106 0.0149

logyi 0.0285 0.0309 0.0442 0.0380 0.0556 0.0369 0.0462 0.0449

logy,’ 0.0228 0.0559 0.0514 0.0615 0.0552 0.0491 0.0545 0.0503

logy¢* 0.0499 0.0561 0.0631 0.0729 0.1918 0.0528 0.0751 0.0732

logR} 0.0047 0.0025 0.0034 0.0027 0.0030 0.0027 0.0033 0.0025

logIT¥ 0.0201 0.0193 0.0202 (0.0308) (0.0284) 0.0203 (0.0686) 0.0272

logy™ | 00564 | (0.7797) | 0.0686 0.0719 0.0839 | (0.0955) | (0.0992) | 0.0661

logy/ 0.0453 (0.7300) | (0.1008) | (0.0871) 0.2609 0.0885 0.0825 0.1113
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4. Estimation Results

The prior and posterior distributions are reported in <Table 11>. There are
several things worth noting with these estimates. First, the prior distributions are set
as loosely as possible to meet reasonably good statistical properties of the whole
estimation and follow much of the convention in the literature except parameters
related to the trends. As Del Negro and Schorfheide (2008) has argued, the priors for
trends such as, Ay, Ay, 1T and ARgV , need to be tight around the sample mean of
time series directly related to these parameters. As mentioned earlier, the lower trend
in private investment resulted in negative trends in A, along with the posterior
estimates. Total factor productivity trend, on the other hand, reports 0.653. The
inflation trend, II, is estimated to be 0.716 which in per annum is approximately
2.863% close to the target inflation rate of the Bank of Korea. The average risk free
interest rate spread between Korea and U.S. is estimated to be 0.636% which if
translated to per annum results approximately in 2.544%.

Second, the preference parameters are mostly within standard boundary of
estimates found in literature. The habit persistence parameter, h, shows a strong
persistence which seems obvious since the private consumption is defined as
consumption of nondurables, semidurables and services. The inverse of Frisch
elasticity, 9, was estimated to be 0.049 which is considerably lower than that of
the U.S. and most of the developed countries.

Third, elasticities of substitutions vary across different sectors. The markups,
i — 1, implied by the estimates for domestic, imported and exported goods are
12.8%, 12.2% and 11.6%, respectively. This is not a surprising outcome since the
Korean export sector faces more competitions in the world market compared to that
of the import sector which faces far less competition. On the other hand, the wage
markup, %1 — 1, shows an estimate of 16.5% which implies the rigidity of the
Korean la%or market. Calvo parameters related to those sectors indicate stickiness in
price changes, especially in the domestic good, 8,, and exported good sector, 6.
On the other hand, the estimate for the wage stickiness, 8,,, is 0.101 which is
significantly lower than the usual findings in developed countries. This result
combined with the high wage markup implies that there are more changes in the
wage settings while the labor suppliers have market power in terms of negotiation.
The adjustment cost parameter for imported consumption good, I'¢, shows a higher
degree of adjustment cost than that for imported investment good, T'‘, which implies
that imported investment goods will add relatively more volatility towards the final
investment good than imported consumption goods to final consumption good. This
can be understood with the characteristics of the Korean manufacturing industries
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which mostly import raw materials and intermediate goods to produce final
manufactured goods. The home biases, n¢ and n!, also demonstrate reasonable
estimates, 0.857 and 0.234. Although this result relies somewhat on the prior
distributions, it is consistent with the fact that consumption, in general, has more
weights on nontradables such as services while the investment good consists less of
nontradables but more of imported goods like machineries and installations.

Fourth, Taylor rule parameters in this estimation are yg, ¥, ¥y and ¥,y. The
interest rate smoothing, yp, shows strong persistence. The inflation stabilization
stance, yp, is estimated to be 1.583 which is close to the prior. However, the
posterior standard deviation is tighter than the prior distributions which indicates the
likelihood of supporting the inflation stabilizing monetary policy during the sample
period on average. On the other hand, the output gap stabilization stance parameter,
Yy, shows close to the prior mean to a less degree than yp. And e, shows the
somewhat positive response of the monetary policy to the nominal exchange rates.”®
And lastly, the positive estimate of Yg,- the automatic stabilizer in the government
expenditure process, shows countercyclicality.

Lastly, the autoregressive parameters to the structural shocks mostly show quite a
strong persistence. The intra-temporal preference shocks, world interest rate shock
and world demand shock particularly shows strong persistence while the inter-
temporal preference shock, the government shock, risk premium shock and world
inflation shock somewhat less. The standard deviation parameters of structural
shocks indicate that the inter-temporal shock is the most volatile, followed by the
world demand shock, intra-temporal shock and government expenditure shock.

The properties of prior and posterior distributions can be confirmed with the
following figures. The thin lines indicate priors while the thick lines indicate
posteriors. When the thick line is formed far from the thin line or shows tighter
boundary, it means the structural parameter estimate is more strongly supported by
data. This can be found easily with parameters related to structural shocks because
posterior distributions of those parameters demonstrate stationary distributions.
Most of the structural parameters show good identifications that are well supported
by data with the exception of few parameters such as [, FbW, 0y and &, which
shows unsatisfactory data support. Trend parameters whose priors were set
intentionally tighter would obviously result in posterior distributions that are close to
prior distributions. Policy parameters except for the interest rate smoothing, yj,

26 This finding is different from the previous draft of this paper in which the exchange rate growth
was not included in the vector of observables for the estimations.

2RISR T /2014, v.36,n. 2
KDI Journal of Economic Policy



show that priors matter as well. The elasticities, €’ s and 71, show reasonably well
boundedness although the mixing properties are somewhat less than ideal. In general,
there is room for an improvement by letting the data tell much as it can but we
believe this outcome of estimates show quite reasonable properties considering the
relative shortage of samples of Korean data compared to other developed countries.

<Table 11> Prior and Posterior Distributions

Prior distribution Posterior distribution
Distr. Mean St. Dev. Mode Mean St. Dev. 5% 95%
h Beta 0.500 0.109 0.974 0.982 0.005 0.972 0.988
P Normal 9.000 3.000 1.368 1.335 0.049 1.257 1417
9 Gamma 1.500 0.750 0.008 0.049 0.025 0.013 0.097
K Normal 12.000 4.000 4,746 4.760 0.116 4576 4911
o, Beta 0.500 0.204 0.606 0.755 0.095 0.603 0.887
ro" Beta 0.500 0.151 0.679 0.719 0.075 0.558 0.815
100rRe” Normal 0.656 0.100 0.566 0.636 0.090 0.488 0.785
re Beta 0.500 0.151 0.459 0.586 0.085 0.438 0.699
ri Beta 0.500 0.151 0.068 0.161 0.063 0.069 0.269
€ Normal 8.000 2.000 8.736 8.833 0.150 8.678 9.143
En Normal 8.000 2.000 9.076 9.190 0.077 9.090 9.328
& Normal 8.000 2.000 9.493 9.633 0.135 9.399 9.855
Ew Normal 8.000 2.000 7431 7.484 0.102 7.332 7.637
& Normal 8.000 2.000 8.739 8.796 0.097 8.673 8.984
& Normal 8.000 2.000 4.758 4.891 0.090 4.770 5.061
n Normal 8.000 2.000 7.070 7.051 0.046 6.986 7.150
6p Beta 0.500 0.090 0.831 0.844 0.013 0.822 0.865
Ou Beta 0.500 0.151 0.166 0.231 0.033 0.172 0.280
0, Beta 0.500 0.090 0.651 0.711 0.040 0.636 0.777
0, Beta 0.500 0.151 0.074 0.101 0.028 0.053 0.148
X Beta 0.500 0.151 0.053 0.061 0.025 0.023 0.102
Xm Beta 0.500 0.151 0.592 0.561 0.063 0.457 0.669
Xx Beta 0.500 0.151 0.129 0.200 0.070 0.086 0.317
Xw Beta 0.500 0.151 0427 0.542 0.091 0.397 0.689
Yr Beta 0.500 0.109 0.878 0.891 0.017 0.861 0.916
Yo Normal 1.500 0.125 1.504 1.583 0.083 1.452 1.725
Yy Normal 0.250 0.050 0.151 0.184 0.033 0.120 0.235
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<Table 11> Continued

Prior distribution Posterior distribution

Distr. Mean St. Dev. Mode Mean St. Dev. 5% 95%

Ygox Normal 0.000 0.100 0.099 0.128 0.044 0.062 0.209

Yau Beta 0.500 0.109 0.385 0478 0.090 0.323 0.631

n¢ Beta 0.750 0.095 0.862 0.857 0.039 0.791 0.922

nt Beta 0.500 0.151 0.198 0.234 0.060 0.140 0.338

100logA, Normal -0.300 0.025 -0.307 -0.302 0.022 -0.338 -0.265

100logA, Normal 0.650 0.025 0.651 0.653 0.024 0.612 0.689

100(T—1) | Gamma 0.700 0.050 0.701 0.716 0.038 0.656 0.785

Pa Beta 0.500 0.151 0.565 0.604 0.047 0.519 0.683

Py Beta 0.500 0.151 0.722 0.751 0.072 0.624 0.858

Pg Beta 0.500 0.151 0.621 0.644 0.056 0.548 0.738

PrW Beta 0.500 0.151 0.854 0.823 0.047 0.738 0.896

Pow Beta 0.500 0.151 0.641 0.701 0.107 0.511 0.864

pyw Beta 0.500 0.151 0.722 0.775 0.081 0.631 0.897

% Beta 0.500 0.151 0.580 0.677 0.040 0.613 0.742

Oy InvGamma| 0.100 2.828 0.170 0.288 0.058 0.201 0.390

o, InvGamma | 0.100 2.828 0.030 0.039 0.013 0.022 0.064

o, InvGamma| 0.100 2.828 0.023 0.022 0.002 0.019 0.026

o InvGamma | 0.100 2.828 0.019 0.025 0.003 0.021 0.030

O InvGamma| 0.100 2.828 0.003 0.003 0.000 0.002 0.004

ay InvGamma | 0.100 2.828 0.034 0.042 0.005 0.035 0.050

Tpw InvGamma| 0.100 2.828 0.003 0.003 0.000 0.002 0.003

oW InvGamma | 0.100 2.828 0.019 0.024 0.004 0.018 0.032

o,w InvGamma| 0.100 2.828 0.040 0.047 0.005 0.039 0.057

ogw InvGamma | 0.100 2.828 0.018 0.021 0.003 0.017 0.027
5. Model’s Properties

Next five following figures show impulse response functions of key variables to
five different structural shocks. The variables are all in one hundred times of log
deviations from steady states. A shock simulation is based on one standard deviation
of posterior estimates. The variables are nominal interest rate, inflation rate of
consumption deflator, output growth, consumption growth, investment growth, wage
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growth, labor hours, export growth, imported consumption, imported investment,
import growth and nominal exchange growth, respectively from top left to bottom.

[Figure 4] Prior & Posterior Distributions
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[Figure 4] Continued
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[Figure 4] Continued
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[Figure 5] IRFs to Inter-temporal Preference Shock
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[Figure 5] shows IRFs to inter-temporal preference shock. This shock brings
today’s marginal utility relatively larger than tomorrow’s resulting in increased
consumption at the expense of dissaving which in turn leads to less investment. But
since the domestic output does not increase enough to meet the consumption
demand, imported consumption good demand increases which entails increase in
inflation and depreciation of Korean won.

[Figure 6] is IRFs to total productivity shock. The results in this figure are
consistent with the convention in RBC models. Thanks to an increase in total factor
productivity, the output grows and household increases consumption but with
smoothing over time by saving in the initial period. Marginal productivity of labor,
which is practically close to the wage in this estimated model due to weak wage
stickiness, increases. Since the interest rate does not move significantly at the initial
period while prices drop, uncovered interest parity condition requires that the
exchange rate decreases and which leads to an appreciation of Korean won.

[Figure 7] is IRFs to expansionary monetary policy shock. When the interest rate
decreases by approximately 25bp, i.e. expansionary, the real variables such as
output, consumption, investment, wage and labor hours increase due to price
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[Figure 6] IRFs to Total Productivity Shock
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[Figure 7] IRFs to Monetary Policy Shock
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[Figure 8] IRFs to Government Expenditure Shock
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stickiness. Those firms that produce intermediate goods that are unable to optimize
the price can only adjust real allocations which means that change in nominal
interest rate has propagation mechanism on real variables. Since inflation rate
increases as much as in Neoclassical models, increase of output results largely from
favorable investment opportunities with more imported investment goods. Fall in
interest rate combined with rise in inflation rate also depreciates Korean won which
is implied by uncovered interest parity.

[Figure 8] is IRFs to government expenditure shock. Although increase in
government expenditure boosts up the output of the economy, this should be seen as
a mere alteration in accounting record rather than having an expansionary effect on
other domestic demands such as consumption and investment in a concrete manner.
Decrease in consumption and investment is a clear sign of crowding out effect of
expansionary government expenditure. Thus this model does not imply the
effectiveness of government expenditure policy on private sectors of the economy as
it focuses rather on sticky price features

Lastly, [Figure 9] shows IRFs to the world demand shock. World demand first
influences the export growth which leads to more demand in domestic productions
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[Figure 9] IRFs to World Demand Shock
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from abroad. This raises the prospects of domestic firms and thus increases
investment. Consumption increases as well with slow convergence to steady state
due to increase in saving initially, wage grows and labor hours increase. Since
export grows initially more than import, exchange rate drops initially.

Next figure shows the forecast error variance decompositions of selected
variables. For simplicity, two preference shocks’ contributions are combined as
"preference" and two productivity shocks as "productivities". The figure also shows
the variance decompositions with 2Q, 4Q, 12Q, 40Q and 100Q forecast horizons to
see the short-run and long-run effects.

[Figure 10] shows the variance decompositions of nominal interest rate and
inflation rate of consumption deflator. It is evident that both series are largely
affected by preference shocks, monetary shocks and productivities. Having
preference shocks variation constitute 60% of interest rate and 70% of inflation
variance is similar to the findings reported by Smets and Wouters (2005), but they
had instead price and wage markup shocks in replacement of those preference
shocks. With regard to inflation’s decomposition, preference shocks slightly
mitigates as the time horizon increases while monetary policy and productivities
increases. Interest rate, on the other hand, shows different result as the variation of
monetary policy shrinks while that of productivities increases in the long-run.
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[Figure 10] Forecast Error Variance Decompositions of Interest Rate and Inflation
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[Figure 11] Forecast Error Variance Decompositions of Output Growth and Labor Hours
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[Figure 11] shows variance decompositions of output growth and labor hours.
Variance of both series are affected with more diverse shocks than the previous two.
Productivity shocks are still the first factor explaining the variation of both output
growth and labor hours. Government expenditures shock has considerable influence
on output growth while world inflation, demand and risk premium somewhat evenly
contributes to output growth. Interestingly, the time horizon does not seem to
differentiate those ratios for output growth. In contrast, labor hours, demonstrates
more fluctuations due to the preference shocks in the long-run although they are not
dominating productivity shocks.
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V. Historical Decompositions and Policy Analysis

Given the posterior means of parameters, the historical structural shocks have
been retrieved using the smoothing Kalman Filter. As [Figure 12] shows, the most
obvious outcome of those historical shock processes is the conspicuous movements
of shocks which can be observed in the late 2008 a period which marked the advent
of the global financial crisis. Total productivity shock, the world demand shock and
the world inflation shock®” have experienced significant drops and as a result of the
expansionary policy discretions such as massive government expenditures and the
implementation of reduced interest rates. Due to the monetary easing initiated by the
Federal Reserve of the U.S., the world interest rate shock has remained below zero
ever since 2008. One can doubt that such unreasonable outcome is due to the
significant persistence of the world interest rate shock rather than the more evenly
dispersed fluctuations around zero. But since the Korean economy is a small open
economy which directly confronts the world interest rate as an exogenous factor, the
world interest rate movements are not modeled endogenously and is not necessary to
show more evenly dispersed fluctuations around zero.

The next following three figures demonstrate how those historical shocks have
contributed towards our variables of interest. The lines are the actual observed time
series in a data while the dotted lines are fitted values by the estimated model. In
[Figure 13], the inflation rate of the consumption deflator and growth rate of GDP
are historically decomposed. The inflation rate fluctuates around the grey box in
which the inflation trend is specified by the model. Supply shocks such as
productivity shocks mostly contributed towards lowering the inflation. In contrast,
the demand shocks by preference shocks show somewhat cyclical features. The
shocks contributed to lowering the inflation rate in periods of crisis, namely credit

27 In the previous version of this paper, one shortcoming of these historical shocks was the significant
increase of the world inflation rate during the crisis rather than decrease. Given that there was a big
drop of oil price during the crisis and weak world demand, it is a contradictory result to our
understanding. This limitation was coming from the fact that the model does not generate enough
volatility of the nominal exchange rate. In 2008, Korean Won has been depreciated by a large
degree which is perceived as a high world inflation from the perspective of the Korean export
sector. Thus, the world inflation in the estimated model of the previous version should not be
interpreted as simply the world price in dollar terms but rather world price that the Korean
economy faces with the nominal exchange rate taken into account. This was the main reason the
exchange rate growth was included in the observables vector for the current benchmark estimation.
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[Figure 12] Historical Structural Shocks
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[Figure 13] Historical Decomposition 1
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crisis in 2003 to 2004 and global financial crisis after 2008, while in the absence of
shocks shows contrasting results periods such as 2005 to 2007. The growth rate of
GDP is mostly driven by productivity shocks® as typically observed in the class of
DSGE models. There were sizable shrinks of productivity shocks in credit crisis and
also after the global financial crisis. The monetary policy shock, shows contrasting
result compared to the credit crisis and the global financial crisis. In 2003 and 2004,
the monetary policy seemed to indicate contractionary discretions as opposed to
expansionary despite the presence of an economic slowdown. On the other hand, the

28 Since the productivity shocks ware modeled as trend shocks, the decomposed contributions contain
the trend components as well.
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monetary policy turned into more expansionary stance during the global financial
crisis and have boosted.

GDP growth at least for the next two years. But the expansionary monetary
policy was accompanied by an increase in inflation rates. Meanwhile, the fiscal
policy seemed to act more countercyclically for both periods. The expansionary
government expenditures in 2003 and 2008 both seem to have dampened the adverse
effects of the crisis. Another notable result on GDP growth is that the strong
recovery in 2009 and 2010 was not only driven by the productivity shocks but also
by the world demand shock, followed by the world inflation shock. This result
confirms the characteristics of Korean economy which is largely exposed to external
conditions of both goods and financial market and which also exhibits
characteristics of export-driven recovery.

[Figure 14] Historical Decomposition 2
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In [Figure 14], the private consumption growth is mainly driven by two types of
shocks; the productivity shocks and the preference shocks. The growth trend of
productivity shocks constitute a substantial part of consumption growth while the
preference shocks create more fluctuations. However, it seemed that the fitted value
constantly tends to be slightly higher than the actual series since the observed
consumption growth was lower than the model’s implied trends of consumption
growth during the sample period. Credit crisis which was linked to the household
debt problem and the resulting low consumption growth has attributed to the nega
tive contribution of the preference shocks. The global crisis also indicates that the
consumption growth has declined due to the preference shocks. The private
investment growth shows fluctuations that are driven by more diverse shocks than
consumption growth. During the credit crisis, the investment was subdued mainly
due to the productivity shock and the monetary policy shock. After the steep drop in
the global crisis due to the productivity shock, the investment growth has benefited
from the expansionary monetary policy in contrast to the credit crisis. In more recent
years, the investment growth has shown signs of slowdown from the deterioration of
the productivity shocks.

In [Figure 15], two variables that represent main policy tools, the growth rate of
government expenditure and the nominal interest rate, are shown. The government
expenditure is mostly driven by productivity shocks and government expenditure
shocks. Although, the government expenditure shock does not seem to show a
clear countercylicality overall, it turns into a expansionary phase as the crisis hit.
The expansions of the government expenditure shocks in 2003 and 2008 clearly
show dampening of the productivity shocks’ decrease. For the nominal interest rate,
the fitted values are slightly below the actual time series. While the substantial part
of the interest rate comes from the constant term defined by its own steady state, the
interest rate varied mostly due to productivity shocks, preference shocks and
monetary policy shock which is consistent with the forecast error variance
decomposition shown above. During the credit crisis in 2003 and 2004, the interest
rate did not decline at a level sufficient enough to stabilize the negative preference
shock. The figure shows that a non-systematic part of the monetary policy, i.e. the
monetary policy shock, was not expansionary but contractionary. On the other hand,
the decline during the global financial crisis in 2009 is in fact estimated to have been
expansionary since the monetary policy shock is negative.
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[Figure 15] Historical Decomposition 3
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1. Policy Analysis During Global Financial Crisis

[Figure 16] Counterfactual Simulations
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Note: Annualized quarterly growth rates.

In [Figure 16], the policy simulations have been investigated during the global
financial crisis. The purpose of this exercise is to see to what degree of non-

systematic discretion of those policies were made in a relative sense during the crisis.

Therefore, the systematic parts of the monetary and fiscal policy which follow the
estimated Taylor rule and fiscal rule specified in the model is still maintained to
avoid Lucas critique, while the simulation is based on eliminating the estimated
historical processes of the monetary policy shock and the fiscal policy shock which
are the non-systematic part of the policies.”” The top two panels show the simulated
and realized time series of the inflation and GDP growth imposing no monetary
policy shocks beginning from 2008:Q3. During the crisis overall, the non-systematic
part of the monetary policy does not seem to have strongly influenced both inflation
rate and GDP growth. This implies that the monetary policy was reacting to the

29 From 2008:Q3 to 2012:Q4, the monetary policy shock is zero for "No Monetary" counterfactual
and the fiscal policy shock is zero for "No Fiscal" counterfactual.
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economic slowdown along with lower inflation rather systematically via Taylor rule
than being inordinately expansionary or contractionary.

On the other hand, no government expenditure shock would have resulted in
GDP growth being substantially more volatile although it has almost no effect on the
inflation rate. This result makes it evident that the fiscal policy during the crisis was
more or less an exceptional policy to dampen the large economic fluctuations. The
following table confirms the findings from [Figure 16].

<Table 12> Volatilities of Counterfactuals

Inflation rate GDP growth rate
Realized 2.69 6.39
No monetary 241 6.05
No gov't 2.61 8.75

Note:2008:Q3 to 2012:Q4, Annualized quarterly growth rate.

First row of <Table 12> shows the standard deviations of observed time series on
the inflation rate and GDP growth rate. The second row shows the standard
deviations of two series when the monetary policy discretions were not implemented.
The result shows that the monetary policy shock on average during this period was
not necessarily overly expansionary in stabilizing both the inflation and GDP. On
the contrary, the government expenditure shock was quite successful at least in
terms of stabilizing GDP growth while not necessarily with the inflation. However,
this outcome should not be interpreted as the fiscal policy being more effective for
stabilizing the economy than the monetary policy. Nevertheless, this simulation
exercise seems to imply that an unconventionally large non-systematic expansion of
the government expenditures have played a significant role in the period of the
global financial crisis.
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VI. Conclusion

This paper has studied Korean economy after 2000 with an estimated DSGE
model. The model proposed in this paper follows closely to the highly stylized small
open economy models that incorporate price frictions and various other frictions
with ten structural shocks. The paper also attempted to bring the model to the
Korean data without preprocessing of data so that the model fully explains both
trends and cycles. Under Bayesian estimation technique, the posterior estimates of
structural parameters seem to fall into reasonable boundaries considering the
characteristics of Korean economy. Macro variables of key interests have been
extensively analyzed with historical decompositions that demonstrate which types of
structural shocks are responsible for fluctuations during the sample period. Lastly,
some policy simulations have been investigated during the global financial crisis.
The simulation seems to imply that the nonsystematic discretion of fiscal policy was
unconventionally large and has played a considerable role in dampening the adverse
effects of the crisis on GDP growth while the monetary policy have followed more
systematically with Taylor rule. Furthermore, there have been some limitations of
this work to be done in the future. First, it was difficult to explain the relatively
higher growth rate of export that is far above the balanced growth path of the model.
Although, the world trade volume which seems to reflect the high growth of Korean
export in data was used as a proxy for the world demand, there seems to be a gap
that needs to be filled in the theoretical model in which the export growth is allowed
to be higher than the balanced growth path of other real variables. Second, the fiscal
policy in this model did not support the view of the effectiveness of the fiscal policy
on the private sector. The model in this paper implies that the crowding out effect of
the fiscal policy possibly is contradictory to the findings in the empirical literature
which was documented by Hur (2007). Third, the absence of financial friction in this
paper may be an important source of fluctuations of Korean macro variables,
especially in crisis periods such as the credit card crisis and the global financial
crisis. Nevertheless, we believe this paper has provided a good starting point at least
in terms of comprehensive analysis of Korean economy with an estimated DSGE
model that contains fairly rich features.
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Equilibrium Conditions
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* Prices and wages evolve as
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- Capacity utilization cost
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