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Abstract

Role of External Shocks in Small Open Economy:

DSGE approach with collateral constraints and housing market

Hyejin Park
Department of Economics
The Graduate School

Seoul National University

This paper extends the DSGE model of Iacoviello (2005) with housing market
and collateral constraints to small-open economy version to see how financial
friction affects transmission mechanism of external shocks on small open
economy. It constructs a structural quasi-closed economy model which stands for
the external world in order to identify foreign structural shocks that affect small
open economy. Then it incorporates the model with small open economy version
whose measure is negligible compared to the large one. Using data of South
Korea and the U.S. after 2000, this paper estimates model parameters with
Metropolis-Hastings random walk sampling and compare the cross-correlations
and forecasting error variance shares calculated based on the model to the
empirical ones and results from Bayesian VAR with lagged block-recursive
restriction estimated by Gibbs algorithm by Zha (1999). It turns out that the
model is able to replicate forecasting error variance shares that structural shocks
from the U.S. have on the cyclical fluctuations of output and interest rates in
South Korea. However, the model underestimates the cross-correlation between
Korean variables and lagged U.S. ones and highly underestimates the forecasting
error share of U.S. shocks in inflation and housing price dynamics. In particular,
the model does not reproduce highly positive and persistent co-movement of
housing prices across countries and highly positive correlation between U.S.
housing price and Korean output, which suggests modelling interdependent

capital and housing market across countries is essential for further research.

keywords : small open economy, DSGE, transmission mechanism, financial
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1 Introduction

South Korea has pursued export-oriented growth since its independence from Japan in 1945.
Like many other developing countries, it has based its economy on the external demand
and supply of commodities it needed to nurture domestic industries and households. This
dependent economic structure of Korean economy has enabled it to achieve higher speed of
economic growth, but at the same time, economic turbulences from external markets were
considered to dominate the country’s cyclical economic movements. For instance, the Asian
financial crisis in the late 1990s and the global financial crisis in 2008 were the major eco-
nomic recessions that the country has experienced in its modern history. Thus the South
Korean case is obviously one of the most typical examples of emerging market small open
economy.

External shocks have been emphasized as the major driving factor of high-frequency
fluctuations in small open economy and the transmission mechanism of foreign shocks onto
domestic economy has been one of the most prevalent research topics in international macroe-
conomics both theoretically and empirically. However, empirical regularities have often been
different from what typical macroeconomic models predict. For instance, Backus et al.[ (1992)
is one of the first works which underline the difficulty for international macroeconomic mod-
elling to account for international business cycle. They report that the correlation between
consumption levels across countries is significantly lower than one between production levels,
which is not generally explained under the existence of international risk diversification and
the equalization of price under tradeH. Ambler et al.| (2004)) confirm the robustness of their
results by extending sample country and period. All of them highlight the necessity of mod-
elling further international transmission mechanism. This paper analyzes whether the typical

extension of financial friction to small open economy setting can overcome such problems.

"'When trade equalizes commodity prices across countries, a negative productivity shock in a country
lowers the production of that country and accordingly the price gets higher, increasing production level in
the other country. Given their emphasis on productivity shock, they predict that the correlation between
output levels is negative in general.



This paper follows the tradition of Gali and Monacelli| (2005), one of the first works
that developed a novel framework to extend New-Keynesian framework to model small-open
economy. This paper also adds the home bias of domestic consumption in |Faia and Monacelli
(2008). This assumption is especially critical in small open economy setting, as the domes-
tic price dynamics of small open economy is completely equivalent to the international one
without home bias. Moreover, Baxter and Crucini| (1995) suggests that the introduction of
restrictions on asset trade, such as international transaction of non-contingent bonds can
reduce the positive correlation of consumption between implied by the model. Thus, I as-
sume that the international capital market is incomplete and only non-contingent bonds are
traded both domestically and internationally.

Many works have been done to estimate structural parameters of the New Open Economy
Macroeconomics(NOEM), which is necessary to evaluate empirical performance of model.
Ghironi| (2000) use single equation non-linear OLS to estimate the parameters of two coun-
try NOEM. |Lubik and Schortheide (2006) introduces Bayesian framework to estimate DSGE
parameters in open-economy setting, suggesting that the Bayesian approach can overcome
potential misspecification and lack of identification. In line with their interest, [Lubik and
Schorfheide (2007) perform Bayesian estimation of small open economy model. However,
their specification is not truly structural, as they assume external variables such as foreign
output and inflation are following AR(1) process. They cannot deal with the endogenous
expectation error of domestic agents and identify foreign shocks structurally.

Among those, Justiniano and Preston| (2010)) is noteworthy, as their work shows a simple
method to identify the effects of structural external shocks on small open economy. They
model Canadian economy using medium-scale DSGE framework as a small open economy of
which equilibrium is determined by the U.S. one. In their analysis, all of the U.S. variables
are determined within a quasi-closed DSGE model and the structural shocks on the U.S.
economy are identified accordingly. Then they estimate structural parameters of the model

and evaluate how high the cross-correlations are between U.S. and Canadian variables and



how much forecasting error variance of Canadian economy is explained by the structural
shocks from U.S. economy, according to their parameter estimates. Their results show the
limited role of external shocks on Canadian variables: model-implied cross-correlations be-
tween foreign and domestic variables are mostly zero, unlike empirical evidence, and only
about one or two percent of the forecasting error is explained by them, unlike VAR-form
evidence.

On the other hand, there have been numerous works focusing on the role of durable goods
such as housing and that of collateral constraints in closed-economy setting. Monacelli (2009)
introduces durable goods and collateral constraints into the standard New-Keynesian model
and suggest that the collateral constraints can match the model to empirical regularities on
durable goods market without price rigidity. lacoviello (2005) incorporates housing market
and collateral constraint to housing into the financial-accelerator model of [Moore and Kiy-
otaki| (1997) based on calibration and partial estimation matching impulse response function.
Later, lacoviello and Neri (2008]) estimate their extended model with Bayesian approach and
their work successfully accounts for empirical patterns of U.S. economy. Christensen et al.
(2009) extend the model to open-economy version and test the importance of financial ac-
celerator channel empirically, but they focus on the implications of spillovers induced by
housing markets. Furthermore, their external shocks are identified partially by assuming
variable-specific AR(1) shocks of foreign variables while I concentrate on the international
business cycle issue and elaborate transmission mechanism of external shocks structurally
identified.

This paper is composed as follows. I derive the empirical evidence of international busi-
ness cycle spillovers from the United States to South Korea after 2000 in section 2. In section
3, I modify the model of lacoviello (2005) with housing market and collateral constraints
into a small open economy version. Then I estimate the model parameters with Metropolis-
Hastings algorithm and use the results to calculate cross-correlation between the U.S. and

Korean variables and decompose forecasting error variance of Korean economy after 2000



in section 4. In section 5, I compare the model-based results to empirical results to get the
implications of collateral constraints in the transmission mechanism of external shocks and

to discuss limitations of the model.

2 Empirical Evidence

Thick lines in figure [1] show the sample cross-correlations between Korean and lagged U.S.
variables at lags from zero to four. The dotted lines give the population sample-correlations
estimated DSGE models, which are discussed in section 5. The contemporaneous correla-
tions between Korean and U.S. output, inflation, nominal interest rates and housing prices
are 0.2035, 0.3222, 0.7995 and 0.6864, respectively. Given that the two countries have less
tight economic relations compare to that between Canada and the U.S., the numbers look
reasonable. The sample cross-correlations between Korean and U.S. variables are seldom zero
and correlation is particularly strong between interest rates of Korea and the U.S., between
real estate price index between Korea and the U.S., and between Korean output and U.S.
real estate price. As will discussed below, the highly positive correlation between interest
rates is captured only partially by the DSGE model which induces uncovered interest rate
parity between the two countries from households’ optimality condition. Furthermore, the
most counter-factual feature of the model is that the model predicts zero cross-correlation
between U.S. housing price and Korean output and between housing prices of the two coun-

tries, while in reality, the correlation is strongly positive.

In order to identify the variance share of Korean series that can be attributed to U.S.
shocks, I employ a structural vector-autoregressive model(SVAR) subject to the constraint
that there is no feedback from shocks on Korean variable to the U.S. variable in lagged

relations as well as in contemporaneous ones. As |Justiniano and Preston (2010) and [Zha
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Figure 1: Data(thick blue) and DSGE population(dotted red) cross-correlations Korea-U.S.

(1999) note, this assumption is needed to avoid distortions of inference on the effect of the
U.S. on the small open economy. This constrained SVAR is implementable with the efficient
Gibbs algorithm of block-recursive structure, proposed by |[Zha/ (1999). After partitioning,
the two blocks in SVAR are assumed as,

Arorrxor(L) Axoruvs(L)| [ yKOF e OF

0 Apsus(L) yl® ey®

KOR

where A;;(L) is the matrix lag-polynomials of block ij and y* and ¥ are the vector

of output, inflation, interest rate and housing prices of the United States and of Korea,

KOR US

respectively. The orthogonal errors [g; |" have unit variance. I impose higher triangular



structure in the contemporaneous impact matrices Axor kor(0), and Ayspys(0). This is
equivalent to Cholesky decomposition of all reduced-form SUR covariance matrix.

Then I rearrange the blocks and this yields

yi = Ci(L)ye +vi(t), i =1,...,n, all t,

[10] - A;(lOR,KOR(O)[AKOR,KOR(L) Agorus(L)], ifi=KOR
where C;(L) =

[01] - A(}}S’,US(OHO Avsus(L)] iti=0US

I set the lag order 4 as in |Justiniano and Preston (2010)), Fernandez-Villaverde et al.
(2007), and |Del Negro et al. (2007) and use priors of which the coefficients get smaller at
distant lags. I specify the priors of first lag as A;;(L) ~ N(0.9,0.2) for i = j and N(0,0.4)
for i # 7. Upon lag of order higher than 1, I assume a normal prior with zero mean and
variances equal to 0.2 for the second order, 0.15 for the third order, and 0.1 for the forth order.
The higher triangular elements of contemporaneous matrices are assumed to be distributed
as N(0,10). The Gibbs algorithm is initialized at the posterior modes which maximizes
the posterior probability density function and I run 3 chains, discarding, for each, the first
40,000 draws, and retaining 1 in 10 of the remaining 50,000. Then I evaluate the fraction
of fluctuations in yX9F, explained by the sum of all five U.S. stocks, at different forecasting
horizons.

Table (1] shows the median and ninety percent posterior bands for estimated shares of
the U.S. shocks on forecasting error variance of Korean variables. It shows some interesting
features. First, shocks from the U.S. account for around fourteen or fifteen percent of un-
predictable movements of Korean housing prices in all forecasting horizon, which is higher
than that of Korean output ranging from seven to eight percent. This strong, and persistent
impact of U.S. economy on Korean housing price can also be found in the panel of cross-
correlation, figure [1} Second, unexpected movements of Korean inflation, interest rate, and

output are somewhat dependent on the shocks from the U.S. and the degree of dependence
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Table 1: Contribution of U.S. shocks on Korean variables: SVAR
Median Variance shares and [5, 95] posterior bands for all U.S. shocks

Series 1 quarter horizon 2 quarter horizon
Output 0.0716 [0.0152, 0.2095] 0.0756 [0.0192, 0.2137]
Inflation 0.0841 0.0126, 0.2332] 0.0886 [0.0175, 0.2361]
Interest rate 0.0609 [0.0100, 0.2049] 0.0646 [0.0130, 0.2082]
[ ]

—_——— —

Housing Price 0.1439 [0.0537, 0.2777] 0.1521 0.0619, 0.2843
4 quarter horizon 8 quarter horizon

Output 0.0795 [0.0233, 0.2168] 0.0813 [0.0250, 0.2178

0.0230, 0.2835

[ ] ]
Inflation 0.0926 [0.0217, 0.2384] 0.0936 | ]
Interest rate  0.0693 [0.0179, 0.2113] 0.0706  [0.0193, 0.2124]
Housing Price  0.1606 [0.0701, 0.2919] 0.1631  [0.0723, 0.2938]

- Variance share is scaled over [0, 1] so that 0.01 corresponds to 1%.

gets slightly higher when it comes to forecasting on longer horizon. This pattern is common
for all of the four Korean series and seems due to the higher persistence of U.S. shocks rela-
tive to Korean ones.

Overall, the existence of strong co-movements between Korean and U.S. business cycles
can be inferred from investigations on forecasting error variance shares of U.S. shocks on
Korean variables as well as that on the cross-correlation between Korean and the U.S. vari-
ables. Owing to these features, modelling cyclical fluctuations of Korea requires small open
economy setting that is affected by the exogenous processes of international prices and of

external demands.

3 Model

The model follows the specification of [lacoviello| (2005) except some additional assumptions
of the small economy. Note that the foreign economy is assumed to follow the model of
lacoviello (2005). In the model, there are three kinds of households: entrepreneurs, patient
households, and impatient households. The difference in discount rate across households
makes patient households lend money to entrepreneurs and impatient households in the

steady state. The borrowers are subject to borrowing constraints proportional to their hous-



ing collateral values. Like [lacoviello (2005), I approximate optimality conditions linearly,
which means the collateral constraints are binding around the steady state and rules out

precautionary saving motives of borrowers.

3.1 Entrepreneurs

Entrepreneurs demand housing h; at real housing price ¢; as a factor of production and
they get utilities only from consumption C;. They employ domestic labor L' and L” from
patient and impatient households at wage rate w; and w) respectively, accumulate capital
K with investment I, and sell intermediate goods Y; to retailers or to the foreign sector.
Since intermediate goods act as perfect substitutes, their price is given in the international
market. As in [lacoviello (2005]), their international price denominated in foreign currency
P* is expressed in terms of final goods’ price index(P;) and the mark-up(X;) in foreign
market, i.e. P* = Pf/X/.

Only they have access to the international asset market and can borrow d;, denominated
in foreign currency at gross international interest rate R;. Note that foreign investors have
no access to the domestic asset market. Entrepreneurs can borrow non-contingent bonds
b, in domestic market at gross domestic interest rate R;. As in |[lacoviello (2005), I add
financial friction specified by Moore and Kiyotaki| (1997) with slight modification. In other
words, the total real obligations of the entrepreneurs from domestic and international asset
market are limited proportionally to the rate m of their expected housing value next period.
Here, I assume that if borrowers repudiate their debt obligations at ¢ 4+ 1, the domestic and
international lenders can take housing assets from borrowers with proportional transaction
cost (1 —m)qii1hy.

Their lifetime maximization leads to

o0

max Ey Z 7' 1nCy

be,di, I, Ky,he, L}, LY =0



subject to

Y;g _ AtKéilh;:lL;a(l—,u—y)L;/(l—a)(l—,u—l/)
Y, R, Ry
%j+m+@¢t_ Cy + q(he — hey) + “m4+(ti@>
t T Ty
X Qudyy +wi L +w] L] + I + &y
Eiy(R; pr11Qe1dy + Reby) < Er(m@ee1hemis)

Iy

K, —(1—0)K,1

where A; is the productivity level for intermediate goods, 7; the inflation rate of con-

sumers’ price index, Q); = %tst the real exchange rate and d; = D,/ P} the debt owed to the

foreign investor, and £ is the capital adjustment cost.

The adjustment costs of capital accumulation is described as a quadratic form:

v (L

2
— ~5) K,
Ert o5 \K, —1 5> -1

The debt-elastic international interest rate is introduced here to pin down the steady-
state equilibrium and to induce stationary linearized model, following Schmitt-Grohé and
Uribe| (2003). To be specific, the international interest rate faced by domestic borrowers
increases with the real relative quantity of aggregate debt level of entrepreneurs owed to

international lenders to the steady-state consumption level of foreign final goods Cp, as in

ol (2]

Consumption preferences in the home economy are given with home bias in domestic

Justiniano and Preston| (2010).

final goods consumption, following Faia and Monacelli (2008)



where

! v—1 v-1
Cpt = / Cri(z) 7 dz}
0

Thus, the 7 is interpretable as the degree of openness in H, p as the price elasticity of
demand for home final goods composite, 9 as the price elasticity of demand for each variety.
For simplicity, I assume p is same across countries and so is 9.

The demand for each differentiated good is

Cr (i) = (Puy(i)/ Puy) " Chiy

Cru(i) = (Pry(i)/ Pry) " Cry

s 1
where Py = (fo1 PH,t(Z)l_ﬁva“) Y Ppy = (fol PF,t(z)l_ﬁdz> Y

The optimal allocation of expenditure across domestic and foreign goods implies demand

functions given as

CH,t = (]_ — T)(PHyt/Pt>_pOt

Cpi = 7(Ppi/P)~"C,

1
where P, = [(1 - T)P]}[,_tp + TPI}“,?)} e

' N & )



Henceforth, I assume that Iy, C , C, and the foreign counterparts have the same pref-
erence over z of the same parameter values 7, p, and 9.

First order conditions with respect to byy1, diy1, Iy, Ky, by, L}, LY are

1 1

— = YRE,—— + MR
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Optimality conditions of unconstrained households for domestic and foreign bond hold-

ings imply somewhat similar to the uncovered (real) interest rate parity condition:

I [(; + /\t) (R — Ry (Qer1/Qt)dr41) | =0

Ciy1Tis1

3.2 Retailers

As in lacoviello (2005), the retailers’ problem follows Bernanke et al.| (1999). There is a
continuum of retailers indexed by z € [0,1]. They buy tradable intermediate goods pro-
duced by entrepreneurs in a perfectly competitive market with price P,* = S, P/*, which is

determined in the international market. Then they turn intermediate goods into differenti-

11 A &) &l
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ated final goods with no costs and sell final ones to domestic and foreign households. They
can readjust their prices each period with probability . Then the profit is described as the

function of competitively monopolistic price P, set at ¢.

0 PHt(Z) _ pw
max E O"E, { A : ttky f
Pr.t(2) 45 ' { bk Py bk

where Ayj, = B*(C}/CY,,) denotes the stochastic discount factor relevant to the patient
households.

The demand is given by

PH,t(z) - * * * *
Y;{:—k(z) = (m (CH,t+lc + Chpin + Chrpsn + 1+ Chryyp + CH,t—i—k/ + CH,t—i—k” + [H,t+k)

* P, P (x /(% P Pk 11
where CJ(LI,)tJrk = (1-r1) (%) Cz€(+)k7 Clg,t)—o—k =(1-7) <%) Ctsrl)w CH(,tZrk =
Pr i1k —-r 11(%) (%) Py, -r (*)
(1—7) (%) Coter I = (1-7) (—Eﬂk) Ty
Note again that here I am assuming the price elasticity of demand for home composite

is same across consumption and investment and between home and foreign.

The first order condition for profit maximization becomes

E

= P y(2) v PY
QkA Yf { H,t . t+k }
kz_% PR Pk 09— 1Py

Using P, /Py = Qui/ X[, this becomes

> Pr4(2) X
;Etek {Atvj ( Pt—i—k - X * Qt+k Yt{rk(z) =0

t+k

where X = % is the steady-state mark-up.

Due to the symmetry of firms, all firms set the same price. Thus, I would omit the firm

index z in the optimal price from now on. In equilibrium, profits of retailers are given to

unconstrained households and are equal to F, = Y,/ (Puy— P")/P,.

12 Al=The



The relation between X; and X} is described as

Xt - PH7t/Pw - (PH,t/St-Pt*)Xt* - X:/TOE

where TOT; = 1535* = % is the bilateral terms of trade.
H,t s

Note that the aggregate price level of home-produced goods evolves according to

Pay = (OP32, + (1= 0)(Py)! )10

Log-linearising the two equations above and combining them gives forward-looking Phillips
curve for the producer price index. Then the relation between producer price index and con-

sumer index is described as

P,

— = {(1 —7)+ TTOTtlfp}Tlp
Py

and is used to derive the Philips curve for the consumer price index.

3.3 Unconstrained Households

Unconstrained households are those who have the highest discount factor. Their utility comes

from consumption C}, housing stock h; and real money holdings %’ and labor supply L;

gives them disutility. They have negative domestic debt contracts b; so that they lend to
entrepreneurs and constrained households to smooth intertemporal utility. The profits of

retailers are rebated to unconstrained households.

> " M/
max E026t <lnC£+jtlnh;—Q+xln—t)
b b, LA A U B

subject to

Ry
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Then first order conditions are

1
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3.4 Constrained Households

Unconstrained households are virtually same as constrained households, with an exception
that they are subject to the collateral constraints because they borrow in the steady state
due to their lowest discount factor. Their choice variables are augmented with ” and the
ratio of maximum debt level to collateral level is denoted as m”. Unlike entrepreneurs, they

cannot borrow from foreign investors. Their lifetime utility maximization yields

.~ L n" M
max  Byy f" (ln C/ + jiInhy — ( ;) +xIn _t)

bl dlf by LY =0 P

17
P

subject to

Ry
O b =) + B = it |-
t

My — MY,
P,
Ey(Rb]) < E(m"qhim)

First order conditions are
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As utility is separable in money balances and the actual quantity of money has no im-

plications for the rest of the world, the money balance part is ignored afterwards.

3.5 Monetary Policy and Shock Processes

Monetary policy is modelled to control the domestic interest rate R;. The domestic interest
rate systematically responds to inflation rates, domestic mark-up and exchange rate growth.

The government adjusts it with the following Taylor-type rule.
r

1—
& _ Rt—l or Pt O & o St s .
R R Pt—l X St—l m

where ¢, measures interest rate inertia and e,, ; is the white noise shock for monetary rule.

Productivity, cost-push, and housing demand shocks are modelled to follow AR(1) pro-
cess, with autocorrelation coefficients p4, p,, and p; and standard deviation of error terms

o4, Oy, and o; respectively.

3.6 Markets and Equilibrium

Equilibrium satisfies the following clearing conditions for domestic loan, real estate and final

goods.

15 AM=TH <



0 = b +b+b
1 = h+h,+h

Y;tf = CH,t + C}I,t + JIL,I,t + [H,t + C;I,t + ;{,tl + ;I,t” + [;Lt

P P
= (1-71) (%) (Co+ C+Cl + 1)+ 7 (TOT,)" Y,

where

v—1

9
Yis = ( I8 YH,t(Z)T> o
Also, note that as home is modelled as a small open economy, its supply and demand
for assets and intermediate goods are of measure zero relative to the foreign economy. Thus
they are not bound to be set at market-clearing level and they are determined relatively to

foreign price conditions.

4 Bayesian Estimation

4.1 Estimation and Priors

Originally, lacoviello (2005) calibrates most of the parameters, estimates the policy param-
eters firstly with OLS, and then estimates parameters such as factor shares(a), loan-to-
values(m, m”), autocorrelation of shocks(pa, p;, pu), and standard-deviation of error terms
(04, 0j, 0,,) which minimizes the weighted sum of distances between model-implied impulse
responses and empirical impulse responses.

However, I estimate almost all of the parameters with Bayesian approach, designed in |An
and Schorfheide| (2007) and Smets and Wouters (2005). I first estimate posterior distribu-
tion of parameters determining U.S. equilibrium with U.S. output, price, housing price and
interest rate data. Then given the modes estimates of U.S. parameters, I estimate the rest of

the parameters related to the Korean equilibrium. This two-step procedure is primarily to
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reduce the computation burden but do not affect the results significantly, as the equilibrium
of the United States is assumed to be independent of Korean one.

As|Ireland| (2004) and [lacoviellol (2005)) point out, the number of data series in the state-
space representation should be equal to or lower than the number of structural disturbances
in the model unless additional measurement error is added. For both the U.S. and the Ko-
rean economy, the structural shocks are technology shock, cost-push shock, housing-demand
shock and monetary policy shock. Thus I selected 8 data series on U.S. and Korean econ-
omy: output, interest rate, housing prices and inflation rates from each of them for 2000:Q1
- 2014:Q4. Interest rates and inflation rates are demeaned while housing prices and output
are linearly detrended. The data description can be found in the appendix. I evaluate the
likelihood based on the state-space representation of model given parameters and Kalman-
filter. Then posterior distribution of model parameters are estimated with random walk
Metropolis-Hastings procedure.

The first column of table [3] and [4] describes the priors of the coefficients including the
distribution type, mean and standard deviation. Most of the parameters are set to accord
with earlier researches on Bayesian inference. But means and standard deviations of some
parameters specific to lacoviello| (2005) are adopted from [lacoviello (2005) as estimates and
their standard errors in case of U.S. ones. However, when I set priors of housing market
and open economy parameters on Korean economy, I increase prior standard deviation to
reduce its effect on posterior distribution. Some parameters which are not well identified
in the model are calibrated following [lacoviello (2005)) and [Justiniano and Preston (2010)).

Calibrated parameters are presented in table 2]

4.2 Estimation Results

The results of the first step are presented in table [3| and the results of the second step are in
table [l
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Table 2: Calibrated Parameters

Parameter Description Value
v discount factor(entrepreneur) 0.98
o} discount factor(saver) 0.99
B discount factor(borrower) 0.95
1 variable capital share 0.3

v housing share 0.03
Y variable capital adjustment cost 2

) variable capital depreciation rate 0.03
X steady-state mark-up 1.05

L elasticity of international interest rate 0.01

Estimation of structural parameters in DSGE framework has been performed in previ-
ous literature, so here I can compare the results with those from related literature. First,
the Calvo price-setting parameter 6 is estimated a lot lower than the literature, suggesting
that the average firm changes price frequently every two quarters. In|Justiniano and Preston
(2010) or in [lacoviello and Neri (2008)), Calvo parameters of final goods were far higher to
reach around 0.8. This is because here the model does not distinguish imported goods from
domestic goods. The parameter for imported goods is lower than that for domestic consump-
tion goods. Thus, the lower estimate for 0 reflects higher frequency of price adjustments for
imported goods. Furthermore, some model-specific parameters are estimated quite differently
from [lacoviello and Neri (2008). For instance the median wage share of patient households
a, 0.6089 is lower than that in [lacoviello and Neri (2008) 0.79. This is because compared
models have different production structure. In the model above, the housing supply is fixed
while in |[lacoviello and Neri| (2008)) labor can be used to supply real estate. Thus, if the wage
share of unconstrained households in intermediate goods production is lower but that in
housing production is higher, the model which identifies only intermediate goods production
may yield lower estimate of the wage share. Moreover, the inverse Frisch elasticity of labor
supply, " and 7" is estimated higher than that in [Tacoviello and Neri (2008). This difference

seems originated from the different prior of the estimation above and that in lacoviello and
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Neri (2008). Other estimates including parameters shock processes and monetary policy look
consistent with previous works.

On the flip side, only a few works have implemented Bayesian estimation of DSGE param-
eters on Korean data, which includes Kim| (2014]). The model of |[Kim| (2014)) is a small open
economy version of standard New-Keynesian model including various temporary and trend
sources of structural shocks. Much alike when we compare the US estimation results, the
estimate of Calvo-pricing parameters 6 is a lot lower than his estimate. The reason is, again,
that the model fails to identify the price rigidity in domestic goods and imported goods as
for Korean market. The latter is captured in the estimates of U.S. data. But the estimate,
0.5, is still significantly higher than what |Kim| (2014)) finds, 0.231. Results on model-specific
parameters are hard to compare with previous works. But compared to U.S. estimates, the
country exhibits higher steady-state weight on housing services j. The estimates are consis-
tent with the former notion that the country has higher degree of interaction between real
estate market and macroeconomic fluctuations. Technology and cost-push shocks are not
persistent compared to U.S. economy. But housing demand shocks are highly persistent in

both countries.

5 Transmission Mechanism

5.1 Impulse Responses and Transmission Mechanism

Figure [2| shows responses of Korean interest rate, inflation, housing prices, and overall con-
sumption with respect to unexpected increase in U.S. interest rate. Contractionary U.S.
monetary shocks affect Korean economy in two Waysﬂ First, lower demand for intermediate
goods in the international market reduces the price for intermediate goods. Thus it reduces

housing demand to produce intermediate goods, resulting in lower housing price. Second,

2Note that, because of endogenous reaction of monetary policy rule onto contemporaneous fluctuations
of mark-up, inflation, and exchange rate, the negative €, shock increases interest rate.
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Figure 2: Impulse Responses - U.S. monetary shock

domestic interest rate is raised. Tightening collateral constraints, it decreases consumption
of entrepreneurs and constrained households. Unconstrained households have two conflicting
effects. As foreign demand for domestic final goods decrease as a result of decrease in overall
consumption, demand for final goods gets lowered, thus unconstrained households earn lower
profit. Furthermore, increase in domestic interest rate and decrease in house price make them
decrease their current consumption. But as the housing price gets lowered and they begin
to decrease their housing holding, consumption level of unconstrained households becomes
higher. The former effect dominates in initial periods, which is reversed after two quarters.
However, by cancelling out each other, effects on aggregate consumption and output become

negligible after two quarter.

Note that U.S. monetary shock has the opposite effect on the housing prices of the U.S..
This is because, demand for intermediate goods increases after two quarters as the central
bank decreases sharply interest rates in response to the negative deviation of inflation. De-
mand for real estate for production increases as people begin to consume more after some
periods. It results in dynamic positive feedback between consumption and housing prices
which [lacoviello (2005) mentioned. Increase in housing price raises consumption level of en-

trepreneurs and constrained households more than proportionally, which increases aggregate
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output level. Thus even if the contemporaneous correlation between U.S. and Korean output

is positive given structural interest rate shocks, the lagged correlation is negative.
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Figure 3: Impulse Responses - U.S. housing demand shock

Figure [3| shows impulse-responses of Korean variables as a function of U.S. housing de-
mand shock. Positive shock on U.S. housing demand increases housing demand, stimulating
consumption through looser collateral constraint. However, its effect on Korean economy is
insignificant, as the perfectly competitive price of intermediate goods adjusts immediately
and only interest rate channel lasts longer, of which the effect has limited extent. Thus the
transmission mechanism is limited as for external housing demand shock. Given that most
of housing price movements in Korea and the U.S. are explained by housing demand shock
from each country, the orthogonality assumption on housing demand shocks causes lower
correlations between real estate prices.

Figure [4] shows how U.S. cost-push shock affects Korean variables. As cost-push shock
lowers demand for real estate for production as well as demand for intermediate goods
and causes the central bank to increase interest rates in response to high inflation rate,
the tightening collateral constraints reinforce decrease in overall consumption and output
in both countries. This makes Korean output positively correlated to U.S. output both

contemporaneously and in lagged relations.
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Figure 4: Impulse Responses - U.S. cost-push shock
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Figure 5: Impulse Responses - U.S. technology shock

Dynamic responses of Korean variables with regard to positive technology shocks in the
U.S. are plotted in the figure 5] As income increases in the U.S., demand for housing and for
final goods increases significantly in the country. At the same time, increase in the inflation
and output increase interest rates in the country. Thus, the housing price increases and the
marginal cost of supplying intermediate goods is raised, increasing their international prices.
While this increases the output and demand for housing in Korea, increase in interest rates
lowers overall consumption and demand for real estate of the country. These two cancel out

each other so that the overall effect is negligible compared to to other shocks.

To sum up, cost-push shock from the U.S. is the only source that correlates Korean
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output and housing price positively to U.S. output and housing prices persistently. Other
shocks such as monetary shock and housing demand shock produce either negative or zero
correlation between them. However, as would be shown below, the cost-push shock itself has
limited impact to account for the strong and positive correlations between Korean and U.S.

variables.

5.2 Cross-correlation and Forecasting Error Decomposition

Forecasting error decomposition results based on the DSGE model are presented in table [5]
Dotted red lines in figure [1] represents median of cross-correlations between Korean vari-
ables and lagged U.S. variables at lags zero to four implied by DSGE estimates. Both results
exhibit some of the improvements that the model has achieved with collateral constraints
and the weakness that it failed to overcome.

First, the model produces higher proportion of unexpected changes in Korean output
explained by external shocks, than the data. Furthermore, some of the co-movements be-
tween Korean output and U.S. interest rates as well as ones between Korean output and
U.S. inflation are reproduced in the model. Here, existence of housing market combined with
collateral constraint strengthens the effects of foreign shocks in Korean economy. Relaxing
collateral constraints of entrepreneurs and constrained households, increase in real estate
price raises consumption level of those households at that period more than proportionally,
which amplifies business cycle fluctuations. Bjgrnland and Jacobsen (2010) note that the
housing price plays an important role in the transmission mechanism of domestic monetary
policy and domestic interest rate responds systematically to the fluctuation of house price.
Here, this paper suggests that real estate price has impacts on how the external structural
shocks influence domestic economy. However, the model predicts almost no cross-correlation
between Korean and U.S. output as well as one between Korean output and U.S. housing
price.

Second, the model manages to make some degree of international co-movement between
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countries, especially in terms of interest rates. However, the model produces lower degree of
positive correlation between interest rates of Korea and the U.S. than the data while the
share of U.S. shocks on unexpected movements of interest rate in Korea is comparable to
the VAR results. These results imply the model misses some other aspects that the Bank of
Korea considers when it determines domestic interest rates. Moreover, the model underesti-
mates the forecasting error share of U.S. shocks on inflation and the cross-correlation between
lagged U.S. variables and Korean inflation. Again, this shows the model fails to capture all
of the structural decisions that the representative retailer takes when it sets its price. One
of the most restrictive assumption in the model is that the foreign agent do not access to
domestic bond market. When domestic capital market gets open, no arbitrage condition be-
tween domestic and foreign bond market equalizes interest rates and have implications on
co-movements between inflation rates.

Third, the model fails to recover the impact that foreign shocks have on price dynamics
of real estate in Korea. Data exhibits highly positive and persistent co-movements between
real estate prices of two countries. SVAR results show that the variance share of shocks from
the U.S. on Korean housing prices is higher than that on Korean output. All these results
imply there are other unidentified mechanisms on which Korean real estate market is affected
by external forces. In this model, real estate demand for production increases when interna-
tional price for the homogeneous intermediate good increases. Housing demand also increases
when interest rate falls and the real marginal value of housing to alleviate collateral con-
straint increasesﬂ However, recently |Justiniano et al.| (2014]) claims massive inflow of capital
from saving glut resulted in housing market boom in 2000s in the United States. If housing
boom in a country correlates itself positively with active foreign investments, which provides
other countries with more liquidity, we would be able to explain cyclical co-movements of

real estate prices across countries. This implies it is needed to elaborate further incentives

3In order to have positive relationship between house prices, we must have cost-push shock of the U.S.,
which decrease housing demand for production of intermediate goods in both countries. However, most of the
housing price fluctuations are interpreted to result from its own housing demand shocks, which are assumed
to be orthogonal to each other.
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Table 5: Contribution of U.S. shocks on Korean variables: DSGE

Median Variance shares and [5, 95] posterior bands for all U.S. shocks

Series 1 quarter horizon 2 quarter horizon
Output 0.1546 [0.0388, 0.3853] 0.1333 [0.0331, 0.3412]
Inflation 0.0185 [0.0058, 0.0575] 0.0155 [0.0043, 0.0506]
Interest rate 0.0744 [0.0170, 0.2023] 0.0474 [0.0123, 0.1333]
] [ ]

—_——— —

Housing Price 0.0177 [0.0033, 0.0695] 0.0214 0.0044, 0.0757
4 quarter horizon 8 quarter horizon

Output 0.1213 [0.0298, 0.3207] 0.1220  [0.0282, 0.3374

0.0019, 0.0355

[ ] ]
Inflation 0.0119 [0.0029, 0.0435] 0.0087 | ]
Interest rate  0.0345 [0.0094, 0.1051] 0.0335  [0.0084, 0.1360]
Housing Price 0.0224 [0.0048, 0.0738] 0.0250  [0.0054, 0.0852]

- Variance share is scaled over [0, 1] so that 0.01 corresponds to 1%.

of international capital flows.

6 Conclusion

In this paper, I analyze whether the structural DSGE model can account for the impacts
external shocks have on cyclical behavior of South Korean economy. Unlike preceding work
by Justiniano and Preston| (2010) who assume New-Keynesian medium-scale DSGE and fail
to recover the influences of U.S. disturbances on Canadian economy, this paper augments the
model with house market and collateral constraints as specified in lacoviello| (2005). Then the
paper estimates model parameters based on Metropolis-Hastings random walk algorithm in
two steps: first, it estimates U.S. parameters with U.S. series, and second, given the posterior
modes of U.S. parameters, it estimates Korean parameters. Then it decomposes forecasting
errors of Korean variables based on the estimates and compares them with the shares from
Bayesian VAR estimates with block-recursive restriction in lagged coefficients based on the
efficient Gibbs sampling proposed by [Zha (1999)). Moreover, it calculates cross-correlations
between lagged U.S. variables and Korean ones implied by the DSGE model and compares

them with the empirical ones.
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Results show that the existence of financial friction contributes to improving share of U.S.
shocks on forecasting error of Korean output. However, still the model yields lower degree
of correlation between U.S. variables and Korean ones, which suggests the importance of
identifying further transmission mechanism of external shocks. Especially, the model predicts
zero correlation of housing prices across countries, while it was strictly positive and persistent
in the data. Moreover, increase in housing price in the U.S. shows no lagged correlation
between Korean output according to the DSGE model, while the correlation is highly positive
in the data. This implies the modelling and testing international business cycle require
considerations on how the housing markets of various countries are related to each other.
As increase in housing price would cause output and consumption to increase, the model
that induces positive correlation between housing prices in a more interdependent capital
markets across countries would be able to have higher degree of comovement between output

of different regions.
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A Appendices

A.1 Data Description

All series of U.S. variables are downloaded from Federal Reserve Economic Data of Fed-
eral Reserve Bank of Saint Louis. Real output index of nonfarm business sector divided by
population corresponds to output, log-difference of GDP implicit price deflator measures
inflation, the effective federal funds rate is used as interest rates, and all-transactions house
price index for the United States measures house prices of the economy.

All series of Korea are from Economic Statistics System of Bank of Korea. Production
index of all nonfarm industries divided by population measures the output, log-difference of
consumer price index corresponds to inflation rate, the official interest rate of Bank of Korea
is used for interest rate, and the housing sales price index of Seoul measures real estate price.

Output and house price are expressed as log-deviation from its linear trend. Interest and

inflation rates are demeaned to be treated as cyclical fluctuations.

A.2 Steady State

In this section, I identify the equations which describes the zero-inflation deterministic steady
state of the small open economy, then prove that the collateral constraints of entrepreneurs
and households with lower discount rate binds in the steady state. Note that under the
symmetry of parameter values, the steady state risk-premium factor ¢ is equal to 1 and as
P equalized across countries, the steady state relative price of home commodity composite
is equal to 1 Py /P = Pj;/P* = 1. Furthermore, the assumption f = 1/R = 1/R* along with

debt-elastic interest rate requires @ = 1 or d = 0 in the steady-state.
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A.3 Log-linearized Model

The entire economy have 50 parameters of which 23 variables of the large economy are entirely
exogenous from the point of the small open economy. We define * as a percentage deviation of
a variable from its steady-state level. As the amount of money hold by households does not
have implication on the dynamics of the rest of the economy, it is omitted in the linearised

model. It is convenient to categorize the linearized optimality conditions in 6 parts.

A.3.1 Aggregate Demand

. . 1-7)C - 1—-7)C" 4 1-7)C" . 1—7). 7Y%,
i/ = morror, + W00 LoDy UED T B Ty
C; = E(Cly)) — R+ Ey(fta)
BCY = B'E(C)y) — (B—B")N) — BR + B Ey(7u41)
BC: = YE(Cit1) — (B = — BRy + vEy(fu41)
C, = EiCin1) = CE(Yig1) + Ei(Quyr) — Et(X:-',-l) — K+ (I — Ky — (Bl ) — K))
0 = Grp1+ Qe+ %ﬁ't-u - %ﬁ:+1 ~ Qi+ R — Ry
A.3.2 Housing Market
@ = VeBi(Gre1) + (1 —7) (Be(Yig1) — he — Et(Xt*H) + Ei(Qi41))
+ me(Ae + Be((Feg1) + Be(Crir)) + Cr — E(Crin)
G = MmEB(Ges1) + (1 =) Ge — b)) + mn(N) + Ey(7e41)) + CF — B"E(CY4)
G = BE(G1) + (1—B)(je — hy) + Cf — BE(Cy, )
0 = hhy+hh,+h"h!
A.3.3 Borrowing Constraints
Cr i o  Cp
ldt +b = Ei(Geq1 + he +7ep1 — Re — J(R*t + ¢+ Q1))
b b

b = Ey(Gup1 +hi + Fepr — Re)

T 3 11 &= —
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where d; = di/Cp.

A.3.4 Aggregate Supply

Tae = PBEfaip1 — kX[ + Qs + Uy

— =B —TTOT iy +7(1+ B)TOT — 7BTOT 1 — X} + kQy + iy

Y, = Ai+vhi —|—,uf(t_1 +a(l —y—u)f,£+(1 —a)(1 —V—,u)lx’
YV, = X;-Qi+nLi+Cf
Vi = X7 -Qi+n"LY - (N - Ri)

A.3.5 Flow of Funds/Evolution of State Variables

K, = 6L,+(1—06)K, 4
gt G = (T ) G G+ Bl )
+ éfﬁ‘%(Rt by — ) — M(Yt Xy )+RTCF(R1: L+ G — AT +di)
g i = W@:-ﬁ-@m%wqﬂw—m@’@ )
_ (Ri’ét - 1i/“;'_l) ?(u%)yfwy TOTt+ (Qt x7)
Tho- C—’C“ W - ﬁzal>+37”<m,1+b;’,l—ﬁt>—“‘0‘)(}‘“‘ s+ Q- K1)

b = Qi1+ dt71>
Qt = (1 - T)TOTt

Xy = X, +71T0T,

Note that adjustment costs do not have first-order effect in budget constraints.
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A.3.6 Monetary Policy Rule and Shock Processes

R = ¢oRi1+ (1= 00)(dnme + 62 Xi + 05(Qr — Qror + 74 — 7)) + €y
Ji = ij'tﬂ + &t

Uy = pulle—1 + Euy

Ay = padi+ €A

where y. =y +m(B —7), v = 8" +m"(B—5"), me =m(B —7), mp =m"(B—-B"), (=1-~(1-9),
Kk =(1-6)1—80)/0 and rror = {W(m C' 4 C" 4 1)+ T2 }
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