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Abstract

The primary purpose of this paper is to compare the forecasting performance
of a small open economy New Keynesian Dynamic Stochastic General Equilibrium
(SOE-NK-DSGE) model with its closed-economy counterpart. Based on the quar-
terly Australian data, these two competing models are recursively estimated, and
point forecasts for seven domestic variables are compared. Since Australia is a small
open economy, global economic integration and financial linkage play an essential
role in this country. However, the empirical findings indicate that the open economy
model yields predictions that are less accurate than those from its closed economy
counterpart. Two possible reasons could cause this failure of the SOE-NK-DSGE
model: (1) misspecification of the foreign sector, and (2) a higher degree of es-
timation uncertainty. Thus, this research paper examines further how these two
issues are associated with this practical problem. To this end, we perform two addi-
tional exercises in a new variant of the SOE-NK-DSGE and Bayesian VAR models.
Consequently, the findings from these two exercises reveal that a combination of
misspecification of the foreign sector and a higher degree of estimation uncertainty
causes the failure of the open economy DSGE model in forecasting. Thus, one uses
the SOE-NK-DSGE model for prediction with caution.
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JEL Classification: B22, C11, E37, E47

*I want to thank Maik Wolters, Hans-Werner Wohltmann, and Fabio Canova for their valuable sug-
gestions and comments during my doctoral studies at the University of Kiel, and the Advanced Study
Program at the Kiel Institute for the World Economy, Germany. Furthermore, I want to thank Jes-
per Lindé, Karl Walentin, Vesna Corbo, Ingvar Strid, Paola Di Casola, Magnus Johnsson and other
economists in the Research Division, Modelling Division, and Applied Research Division at the Sveriges
Riksbank for their discussions about the model specification during my Ph.D. internship period. Besides,
I want to thank Sir David Hendry for his useful comments at the 21st Dynamic Econometrics Confer-
ence, the George Washington University, the U.S.A, and economists and participants for their feedback,
at the 12th South-Eastern European Economic Research Workshop, The Bank of Albania, Albania. All
findings, suggestions, and typos in this research paper are to belong to mine, not necessarily reflect the
views of people in the Ph.D. program in quantitative economics at the University of Kiel, Germany.

tCorresponding email: phuong.nguyen@economics.uni-kiel.de




1 Introduction

The main goal of this research paper is to address the fundamental question of whether
a small open economy New Keynesian Dynamic Stochastic General Equilibrium (SOE-
NK-DSGE) model can generate more accurate point forecasts for seven key domestic
macroeconomic variables, such as interest rate, inflation, consumption, investment, wage,
employment and output, than its closed- economy counterpart. Furthermore, this research
paper examines whether the misspecification and estimation uncertainty matter to the
forecasting performance of the SOE-NK-DSGE model.

Over last two decades, the SOE-NK-DSGE model has become a workhorse for policy
analysis and forecasting. To advance the explanation for business cycle fluctuations and
forecasting performances, DSGE models have been enriched by incorporating a wide range
of features (Christiano et al.| (2005)), Smets and Wouters| (2005)) for nominal rigidities;
Gerali et al.| (2010), Kollmann et al. (2011) for financial friction; Gertler et al.| (2008)),
Christiano et al.| (2016) for labor friction etc). More notably, adding foreign sector into
a DSGE model has more attractive applications than its closed-economy counterpart.
Accordingly, it can capture higher dimensions, such as world demand, exchange rate,
tariffs or global spillover, etc. Thus, variants of small open economy NK-DSGE model,
SOE-NK-DSGE for short, have been widely applied at central banks around the world
(see Table |10[in Appendix |A)).

Beyond the higher dimension, there are two remaining explanations for the popularity
of the SOE-NK-DSGE models. First, several empirical studies by [Erceg et al. (2007),
Adolfson et al.| (2008b), and Cwik et al.| (2011) reveal a considerable implication of open-
ness for the transmission of domestic disturbances to inflation. Second, in regard to fore-
casting performance, the SOE-NK-DSGE models are competitive with other conventional
time series models such as VAR and BVAR models (see |Adolfson et al. (2007b), |Coenen
et al.| (2010), Lees et al.| (2010)), Marcellino and Rychalovskal (2014), Zorzi et al.| (2017)).
Therefore, a well-specified SOE-NK-DSGE model would, in principle, deliver a better
explanation for variations in domestic variables, and make more accurate predictions for
these variables.

However, it is worthy of consideration that a larger-sized model faces a higher risk of
estimation uncertainty and misspecification as follows. The SOE-NK-DSGE model has
a higher number of estimated parameters than that in its closed-economy counterpart.
Thus, it suffers from a higher degree of estimation uncertainty. On the other hand, the
existence of misspecification in the SOE-NK-DSGE model has been widely admitted in
the current literature (Adolfson et al. (2007a, [2008a)), Justiniano and Preston (2010a)),
Christiano et al. (2011)) etc). In particular, this structural model fails to capture the
notable effects of the external disturbance on a small open economy (Steinbach et al.
(2009) for South Africa;|[Justiniano and Preston| (2010a) for Canada; Choi and Hur| (2015))



for Korea; Daniel Rees and Hall (2016) for Australia, etc.). Two possible aspects in a small
open economy DSGE model, such as the foreign sector and the transmission channel of
international spillover to a small open economy, might suffer from this issue. The detailed
discussions about these two aspects are given below.

Regarding the foreign sector, one might wrongly specify this area. For example, due
to globalization, there exist international comovements across nations. However, a small
open economy DSGE model does not incorporate these comovements, in particular, for-
eign and domestic disturbances (see | Justiniano and Preston| (2010a) and Bergholt| (2015)).
On the other hand, a country is a small open economy. International trade and finan-
cial linkage are essential to this nation. However, one might include the import and
export sectors in a DSGE model but international linkage. Thus, this might also cause
misspecification in a small open economy DSGE model.

Second, the transmission channel of international spillover to a small open economy
might be wrongly specified, especially the exchange rate channel. Indeed, the structural
model has the difficulty in replicating the volatilities and persistence of the exchange rate.
Accordingly, many studies defined this issue, so-called: the consumption-real exchange
rate anomaly or the exchange rate disconnect puzzle (see Maurice and Rogoff (2000)),
Devereux and Engel (2002)), |Chari et al.| (2002), Rabanal and Tuesta (2010)), and Engel
(2014)). Among these studies, for example, |[Engel (2014) argued “the correlation of the
exchange rate with the economic fundamentals is low”. Because of this issue, one might
have the difficulty to model the exchange rate channel correctly. Thus, a small open
economy DSGE model suffers from misspecification.

To this end, this paper develops and estimates a small open economy medium-sized
DSGE model. Indeed, our model specification closely follows two studies by |Jaaskela
and Nimark| (2011) and |Adolfson and Lindé (2011). Thus, this model can generate point
forecasts for seven domestic macroeconomic variables: interest rate, inflation, consump-
tion, investment, wage, employment, and output. Indeed, the evaluation of forecasting
accuracy of this open economy model will be conducted in comparison with its related
closed-economy counterpart. Accordingly, these two competing models are recursively
estimated via the Bayesian technique and the quarterly Australian data from 1993Q1 to
2016Q1. Following the current literature on DSGE model forecasting, furthermore, the
standard criteria such as root mean squared errors, and the Diebold-Mariano test, are
used.

Before comparing the forecasting performance of two competing models, we re-examine
the impact of the foreign sector on estimated parameters and the variations in domestic
variables. We do this because these international influences of the international influences
might provide initial identification for our underlying question of whether the presence

of the foreign aspect delivers a better prediction. Indeed, the empirical result indicates



two striking findings. The first one is the differences in estimated parameters between
two competing models. The second one is a minimal effect of the international spillover
on the variations in domestic macroeconomic variables. These findings may suggest two
possible explanations if the initial guess that the forecasting performance of the open
economy model does not dominate the one of the closed economy model. Accordingly,
the first possible explanation is attributed to a higher degree of estimation uncertainty. If
so, point forecast is worse in the SOE-NK-DSGE model. Meanwhile, the second possible
explanation is due to the negligible effect of the international spillover on a small open
economy or the misspecification of the international sector. If so, two competing models
then generate point forecast equally.

To answer our research question, we move forward comparing the forecasting perfor-
mance between two models. The finding indicates that an open economy DSGE model
cannot beat its related closed-economy counterpart. This finding would be surprising
since Australia is a small open economy, and international trade and financial linkage are
vital to this country. Hence, we go further to seek the explanation for this failure of an
open economy DSGE model. Accordingly, there are two potential explanations for this
issue: the misspecification of the foreign sector and the degree of estimation uncertainty.
To address the question of how these two possible reasons are related to less accurate
prediction of an open economy DSGE model, we perform the two following exercises.

At first, the empirical evidence in favor of the minimal impact of the foreign sector
on variations in domestic variables motivates us to perform an exercise on the effects
of misspecification. This first exercise is carried out by creating a new variant of the
open economy DSGE model. In this new variant of an open economy DSGE model, we
eliminate the problem of estimation uncertainty. More specifically, we reduce the number
of estimated parameters. Indeed, all parameters associated with the foreign sector are
fixed by calibration. Hence, the new variant of the open economy model and its closed
economy counterpart have an equal number of the parameters to be estimated. This
implies that theoretically, we can use this exercise to reveal how the misspecification
of the foreign sector influences the forecasting performance of the open economy DSGE
model.

The second exercise is to use the variants of closed and open economy Bayesian VAR
models. A Bayesian VAR model is purely estimated from actual data. Meanwhile, a
DSGE model is strongly imposed by theory. As a result, to what exent misspecification
does not exist in a Bayesian VAR model. In the literature, moreover, the Bayesian VAR
model is typically used as a reference model of an estimated DSGE model (Smets and
Wouters| (2003)), Nergro et al. (2007), Adolfson et al. (2007a)). Indeed, we estimate
Bayesian VARs on the small set of observables from the closed economy model and the

broad set of observables from the open economy model. The point forecasts are then



computed from these two BVAR models. Therefore, to the extent that BVAR models do
not suffer from the problem of misspecification, this exercise enables us to point out that
to what extent the higher number of parameters to be estimated and the related issue of
the increase in estimation uncertainty affect the forecasting performance.

Based on these two exercises above, we find that a combination of the misspecification
of the foreign sector and a higher degree of estimation uncertainty take primary respon-
sibility for worsening the forecasting performance of an open economy DSGE model. To
what extent, thus, this finding would be relevant to literature in that the small open econ-
omy DSGE model-based forecasts should be used with caution. Meanwhile, one should
build a DSGE model, which can reveal the notable effects of the international spillover
on the small open economy.

The rest of this paper is organized as follows. Section [2| introduces the related lit-
erature. Section [3| presents the theoretical open economy DSGE model and its closed-
economy counterpart. Data set and methodology are presented in section [4] Section
shows the estimation and result. Section [6] gives empirical evidence on the influence of
the external sector on aggregate domestic activities. The forecasting evaluation proce-
dure and explanation for the difference in prediction between two models are described

in section |7l Finally, section ives some conclusions.
)

2 Related Literature

To our knowledge, the current literature has a limited number of studies on this field
research. For example, there are two previous studies as follows.

The first is a nearly 10-year-old study by |Adolfson et al.| (2008b) showing that closed-
and open economy DSGE models perform equally in making the prediction for several key
domestic macroeconomic variables. It is not clear, however, if the reported differences are
statistically significant. Furthermore, these authors did not examine whether the problems
of a higher degree of estimation uncertainty and misspecification matter the forecasting
performance of the SOE-NK-DSGE model.

Second, Kolasa and Rubaszek! (2018)) showed that the SOE-NK-DSGE model cannot
outperform its closed-economy counterpart in forecasting. These authors then attributed
to the higher degree of estimation uncertainty. This empirical finding, however, is limited
to only three domestic variables: interest rate, inflation, and output. In practice, one may
want to know the prediction for a higher number of other critical domestic macroeconomic
variables: employment, wage, investment, consumption. More importantly, the findings of
Kolasa and Rubaszek (2018) might be still questionable as follows. Kolasa and Rubaszek
(2018) examined the forecasting performance of the SOE-NK-DSGE model developed |Jus-
tiniano and Preston (2010b)). Accordingly, in this structural model, a reduced form VAR



model was used to describe the foreign economy. This model specification implies a lack of
comovement between foreign and domestic shocks. Thus, the DSGE model of [Justiniano
and Preston (2010b) suffers from misspecification concerning the foreign sector. To ad-
dress this issue, |[Justiniano and Preston| (2010a) developed another strategy for the DSGE
model specification. For instance, these authors specified the comovement between foreign
and domestic shocks in a two-country DSGE mode]E]. However, this better specification
still fails to coincide with the notable impact of the spillovers from the US economy on
the Canadian one. This finding indicates that this two-country DSGE model still suffers
from misspecification concerning either the foreign sector or transmission channel of the
international spillovers to the domestic economy. However, Kolasa and Rubaszek| (2018))
argued the impact of the higher degree of estimation uncertainty but misspecification
on the forecasting performance of the SOE-NK-DSGE model of |Justiniano and Preston
(20100).

3 Theoretical model

3.1 The open economy medium-sized DSGE model

In this paper, we develop a small open-economy medium-sized DSGE model by mod-
ifying the model in the studies of |Jadskela and Nimark (2011) and |Adolfson and Lindé
(2011). Thus, this model includes various vital features, such as habit formation, price
and wage stickiness, price indexation, capital utilization, working capital channel, the
failure of the law of one price and interest rate parity, and incomplete exchange-rate
pass-through. However, for simplicity, we exclude the government sector and tax rates.
Therefore, the open-economy DSGE model has four main agents: firms, households, a
central bank, and an exogenously foreign economy. Due to space constraints, we briefly
introduce several striking features of the underlying theoretical model, as shown in Figure

below. The detailed model specification can be found in the supplemental document
and the studies of |Jaaskela and Nimark (2011) and |/Adolfson and Lindé¢| (2011).

More especially)Justiniano and Preston| (2010al) specified the domestic shock, ;, as follows.

g (2.0.1)

where E{ and £¢ are common and country-specific shocks, respectively. Moreover, these two distur-
bances follow the AR process. On the other hand, the common shock accounts for a proportion of
variability in the domestic disturbance , Var(2])/Var(g;), and the correlation between foreign and do-
mestic shocks is corr(g/,8,).



Figure 1: Graphical illustration of a small open economy medium-sized model
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Indeed, according to Figure[l|above, the underlying theoretical model has three strik-

ing features, which lead to a closed-economy in a global economic context. For example, on
the demand-side, the first feature is to adopt the assumption of the domestic household's
holding of both domestic and foreign bonds. This feature enables us to derive the Uncov-
ered Interest Rate Parity, well known as the UIP. However, it is worth noting that because
of the imperfect capital mobility, the UIP never holds in the real world. To address this
issue, the underlying model includes the risk premium function. Because of the presence
of this function, the UIP, then, fails to hold both theoretically and empirically. On the
other hand, on the supply-side, the second feature is to introduce the export and import
sectors. The primary role of these two sectors is to fulfill the domestic houshold's demand
for imported consumption and investment goods and the foreign economy's demand for
domestic goods. Moreover, the export and import sector's presence in the underlying
theoretical model is to derive the law of one price gap since like the UIP, this price law
never holds in the real world. Additionally, due to the inclusion of the Calvo price rigidity
(1983)) in the import and export sectors, the exchange-rate pass-through is in-
complete. Indeed, the underlying model has four New Keynesian Phillip Curves (NKPC)
describing the supply side. Finally, the last feature is to model the monetary policy rule,

including the exchange rate.

3.1.1 Households

As shown in Figure[I] the model indicates that the domestic household consumes both

domestic and imported goods as follows.

ne—1 ne—1 MNc

Co= (1= w) e (cf) ™ wuwtie(cp) ™| (3.1.1)




Furthermore, the model adopts the assumption that the domestic household holds both
domestic and foreign bonds. This assumption enables us to derive the UIP. However, this
parity never holds in the real world because of imperfect capital mobility. Therefore, the
model includes the risk function to coincide with this failure of the UIP. This function

has the form below.

A~ ~A- A
o gy) =exp | — - 1.2
(F50) = [~ 67— 4, (3.12)
where A; = % (3.1.3)

t

Because of the above function in (3.1.2)), the log-linearization UIP will be.

ﬁt - E: = EtAgt - (Eaat + (gt (314)

The presence of the terms a; and (Et in the equation (3.1.4) above implies the failure

of the UIP. This is because the difference between domestic and foreign interest rates
(R\t — Rf ) is no longer equal to the changes in the nominal exchange rate AS;.

On the other hand, the domestic household offers its worked labor and capital service.
The introduction of the labor-transforming firm is to incorporate the nominal friction

of wage stickiness. Indeed, the domestic household solves the following optimization

problemﬂ

maximize E; Z U(Cy, hy, %)
C, Mi1,0¢,K41,1e,ut,Q1,BF 1 ,he =0 Pt
subject to M1 + SeBlyy + PGy + P/I + P, [a(ut)Kt + Pk',tAt]

=R (M — Q) + Qe + 1L, + WyN; + (R — 1)RfUth

A, ~
+ R;;l@(zt—l, d)t,l)StBt*,l + D,

t—1
and Kt-}—l = (1 — 5)Kt + TtF(It, ]t—l) + At
0 1—0oy
M c HZ‘1+UL (TA)
where U(Cy, Ny, Ftt) = (SIn(Cy — bCy_y) — (AL - jUL + Aql_—aq
(3.1.5)

2 Its first-order conditions are similar to the study of |Adolfson et al. (2007a)).



3.1.2 Final goods firm

As shown in Figure[] the final goods firm buys the intermediate goods, Y;(i), from the
domestic intermediate goods firm. This firm then aggregates these domestic intermediate
goods and sells them to both domestic households, and exporting firms. Indeed, the final

goods firm aggregates the domestic intermediate goods as follows:

1 Ag,i—1 )‘Ad,il
Y= [/ Yi(i) Per dj|
0
where the variable, \g¢, denotes the time-varying markup in the domestic goods mar-

kets below.

Adi = (1= prg)ha+ pagAae1 + e, (3.1.6)

Given output price, P, and input price, F;;, the demand for the domestic intermediate

goods, Y;;, is driven from the profit maximization problem such as

—Ad,t

P\~

o , djt—
Yo =Yi( =)

B (3.1.7)

3.1.3 Domestic intermediate goods firm

To produce the domestic intermediate goods, the domestic intermediate goods firm
combines labor (H;;), the effective utilization of the capital stock (K;;), and permanent
and stationary productivity shocks (z;;,€;¢). Furthermore, to induce the zero profit in
steady-state, the fixed cost is subtracted from the production function. The domestic
intermediate goods firm's production function is described below.

11—«

Yie = e Ky (ZtHz‘,t> -zt (3.1.8)

It is worth noting that the effective utilization of the capital stock (K;;) in the pro-
duction above is not necessarily the physical capital stock (K;;). This implies that the
model has variable capital utilization (u;;). The following equation presents the relation

between these two capital stocks.

Kit = ui Ky (3.1.9)

On the other hand, the feature of the working capital channel in the domestic inter-
mediate goods firm is introduced as follows. We assume that the wage bill is partially
financed in advance and the variable (1) donates this fraction. Thus, the total wage cost

of the domestic intermediate goods firm is

VtWthRt—l + (1 — I/t)Wth (3110)



It is worth noting that due to permanent productivity shocks in , and the capital
working channel in above, the closed-economy counterpart of this underlying open
economy DSGE model will differ from the influential model of [Smets and Wouters (2003).

Solving the domestic intermediate goods firm's cost minimization problem yields the
two following results.

1. The domestic intermediate goods firm's demand for labor.

WR] = (1 - )N P pzi€ K7y (ZtHi,t>7 (3.1.11)

2. The domestic intermediate goods firm's demand for capital service.

11—«
Rl — aAta,tetK;jf(th@t) (3.1.12)

Combining the two above results (3.1.11]) and (3.1.12)) and taking the first-order condi-
tion of the total cost to output yields the domestic intermediate goods firm's real marginal

cost.

mcf = ( ! >1a <l>a(rf)a [wt <Vth_1 +1— I/t):| 17&1 (3.1.13)

11—« « €4
The above expression (3.1.13)) indicates that the real marginal cost is identical to the
cross domestic intermediate goods firm and independence of the domestic goods produced.
More especially, because of the presence of the working capital term (Vth_l +1-— Vt), it
differs from the real marginal cost in the influential model of [Smets and Wouters (2003)E|.
Moreover, the price indexation is introduced to obtain the hybrid New Keynesian
Phillip curve. Indeed, a fraction of the domestic intermediate goods firm (£;) that is not

allowed to reset its price, will adjust its price according to the following rule.

Kd 1—KZd
Pz‘c,lt+1 = (Wg> <ﬁtz:k1> Bflt (3.1.15)

Pd
where 7 = =t
Ptfl

denotes an indexation parameter. On the other hand, a fraction (1 —¢;) can reset its price

is previous inflation. 7’rtT+1 is the current inflation target, and kqy

according to the mechanism of |Calvo| (1983)). Because of this mechanism, the domestic

intermediate goods firm's aggregate price will be

1 1

1-Xg,¢
P = Jea( Py (R ) T 4 (1 — ) (Pie) ] (3116

3 Indeed, in the influential model of Smets and Wouters| (2003), the domestic intermediate goods firm's

real marginal cost is
mef = ( ! )1_a (l)a(r’“)“wl—“l (3.1.14)
¢ 1—« o ¢ b o
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The domestic firm will seek the new price Pjy* (i) to maximize its following expected
present discounted profit subject to the final goods firm's demand curve in (3.1.7)).

[e.9]

max F; Z(ﬁfd)jvtﬂ

PTLCUJ o
d,t (4) =0

Pd s—1\" (= - — 1=ra new
( tPer 1) (WzrlﬁtTw---WtTJrs) PriYiirs
t—1
(3.1.17)
_MCSHS <Yz’,t+s + Zt+s¢)]

Solving the above optimization problem yields the optimal price.

d
Pmaj Yt‘i‘SPt—l-s
t+s

F (3.1.18)
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Taking a log-linear approximation of the above expression (3.1.18)) will lead to a hybrid

New Keynesian Philip Curve for the domestic intermediate firm.

~d AT\ B ~d AT Rd ~d AT
(7f — 77 ) 1 +_"fd/3 (EtWtJrl PrTy ) + 1+ rgf8 (Tiy — 7 ) (31.19)
Kl =pr) o (L&) = BE) —~d | -
Tt mgh T Gt mgp) TN

3.1.4 Importing firms

As shown in Figure [I there are two types of importing firms. Unlike the domestic
intermediate goods firm, these two importing firms do not produce goods. Instead, they
buy a homogenous good in the foreign economy. They then sell to fulfill the domestic
household's demand for imported consumption and investment goods. These two demands

are given below.

Pm,c - Pm’i A
com = Com it AC—1 nd [™ =™ St N\ At (3 1 20)
ot — 2t \pme a it T Tt m,i o
t t

where the variables, A} and \/"“, denote the time-varying markup on the imported
consumption and investment goods, respectively. Indeed, these two disturbances follow
the process below.

A = (1 = pami )A™ + prm i AT 4 €ym; where j = ¢, i (3.1.21)

11



It is worth noting that the importing firms buy goods in the foreign economy at the
world price P and sell to the domestic household at the local-currency prices, P, and
Ptm’i. Thus, we take the first-order condition of the importing firm's total cost to its

output to yield its real marginal cost below.

. SiP;
me, ™ = pt L where j = c,i (3.1.22)

m?]
t

The expression above implies that the real marginal costs are identical to cross im-
porting firms. On the other hand, it is worth noting that the real exchange rate is defined

as follows.

S, P
X, = 3.1.23
t ‘Ptc ( )
1
where P¢ = [(1 — w,) (P + wc(P;"’C)“"c] e (3.1.24)

Thus, the importing firm's real marginal cost in expression can be interpreted
as the law of one price gap as in two well-known studies by |Gali and Monacelli (2005))
and Monacelli (2005)).

Similar to the domestic intermediate goods firms, the importing firms have the fea-
ture of both price stickiness and indexation. The following rules demonstrate the price

indexation.

. N\ Km,j 1—rKm,; . . '
mj (. mg " (T 7 pm,j mj _
Pl = <7rt > (7rt+1> Py’ where m" = : (3.1.25)

On the other hand, a fraction of the importing firm, (1 —&,, ;) and j = ¢, i, can reset
its price according to the mechanism of Calvo| (1983). Because of this mechanism, the

importing firm's aggregate price will be

A

1 1 1=Am,jt
S (P (e oms ()17 ) 70 (1= ) (P ) m]

(3.1.26)

m,j
P =

The importing firms will seek the new price P, (i) to maximize its following expected

present discounted profit subject to the domestic household's demand curve in ([3.1.20)).

12
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Solving the above optimization problem yields the optimal price.
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Taking a log-linear approximation of the above expression (3.1.28)) will lead to a hybrid

New Keynesian Philip Curve for the importing firms.

( t +) —1+/<m,j5< tTi41 — P :) —1+f€m,jﬂ( t—1 t) (3129
Emg(1=pr) op | (L =&n )1 = BEmj)  ~myj | Smyj
— T (me™ + N™)
1+ Km,jﬁ ém,j(l + Hm,jﬂ)

It is worth noting that hybrid New Keynesian Philip Curve for the importing firms in
(3.1.29) implies that the exchange rate pass-through is incomplete due to the presence of

the nominal friction, such as the sticky price. Indeed, the log-linear approximation of the

law of one price gap in (3.1.22)) is below.

me, " =p; + 5 — p;’ where j =c¢,i (3.1.30)

3.1.5 Exporting firm

Similar to the importing firm, the exporting firm does not produce goods. As shown
in Figure[I] it buys goods from the final goods firm and sells to the foreign economy. The
demand for domestic goods in the foreign economy is given below.

e _ (i) . _ P
Cr=C} <P* ) where P, = S, (3.1.31)

t
The variables, A\ and A{, denote the time-varying markup on the exported goods,
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which follows the process below.

MY = (1= pas) A" 4 par iy + €xr (3.1.32)

It is worth noting that the exporting firm buys the final goods in the domestic economy
at the domestic price P&, and sells them in the international market at the foreign prices,
Pr,. We take the first-order condition of the exporting firm's total cost to its output to

)

yield its real marginal cost below.

_ P td
I

i
mc,

(3.1.33)

The expression above implies that the real marginal cost is identical to cross exporting
firms. Thus, we dropt the index 7. On the other hand, it is worth remembering the
definition of the real exchange rate in the expression (3.1.23]). Thus, the exporting firm's
real marginal costs in the expression can also be interpreted as the law of one price
gap as in the two well-known studies by (Gali and Monacelli (2005) and Monacelli (2005)).
On the other hand, similar to the domestic intermediate goods firms, the exporting firm
has the feature of both price stickiness and indexation. The following rules demonstrate

the price indexation.

T

Kz 1—kg P,
Py, = (ﬁ) (ﬁ;ﬂl> P? where ¥ = —L— (3.1.34)
7 ’ Py

On the other hand, a fraction of the exporting firm (1—¢,) can reset its price according
to the mechanism of |Calvo, (1983)). Because of this mechanism, the exporting firm's

aggregate price will be

1

1 1_)\m,t
& (Pf"_l(wf_l)“Z(ﬁf )1‘“"”) it (1 - &) (P;§w> ] (3.1.35)

B =

The exporting firms will seek the new price P;'¢"(i) to maximize its following expected

present discounted profit subject to the foreign economy's demand curve in (3.1.31]).
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o0

max [ Z(ﬁgx)jvt-&-s

X _ .
Pt+s—1 e =T =T =T 1=Fm.j Pnewc«r
pe T 1Ty Ty ot Yitts
t—1

PRev(i) =
h (3.1.36)
_MC$t+S (Ciajt-‘rs + Zt+s¢$)]
Solving the above optimization problem yields the optimal price.
Pr o Kz 7 B - l—ky herre
N J <;jtr——1l) (Walwa?“ﬂ-ﬂs) Az tts—1 i )
: ZO(B&I) " P Chi Pl
J= . B 1-k (3.1.37)
Ptﬁsﬂ z ﬁ'T 77_T ﬁ'T d o )
P t+17420 Ttts <Pa:7t ) A MCY
- A R A—
Plg:;s pi P

Taking a log-linear approximation of the above expression ([3.1.37]) will lead to a hybrid

New Keynesian Philip Curve for the exporting firms.

AT AT\ /B AT - ~T Kd ~T _ A
(7f — 77 ) 11 /fx_ﬁ (Etﬂt+1 pxTy ) + 1+ rof3 (T — 7)) (31.38)
/{x(l_pw) AT (l_gx)(l_ﬁgm) —~2x |, Nz o
IR I T R Y

It is worth noting that hybrid New Keynesian Philip Curve for the exporting firms in
(3.1.38]) implies that the exchange rate pass-through is incomplete due to the presence of

the nominal rigidity such as the sticky price. Indeed, its log-linear approximation of the

law of one price gap in (3.1.33)) is

/\x_/\d
me; =py —

=
|
@)

(3.1.39)

t

3.1.6 Central bank

The central bank of Australia, which is known as the Reserve Bank of Australia
(RBA), has implemented an inflation target policy since the 1990s. To capture this
policy, following an estimated DSGE model for Australia, |Jaaskela and Nimark| (2011)),
we assume the RBA adjusts its policy interest rate in responding to the deviation of

inflation from inflation target, the output gap, and the real exchange rate as follows.

R, =prRy—1 + (1 — pg) [T 4 (R = 7)) + gl + Tl ] (3.1.40)
+ TAWAthT,l + 72y AU + €ry

15



3.1.7 Market clearing conditions

The three following markets must clear in equilibrium.
The first one is the domestic final goods market.

CH+If+CE+ I =Y, — a(u) K, (3.1.41)

The second one is the international balance of payment.

A, ~
SiPy = SiPF(CY + 1) = SiBluy — Ri, ®( =5, 61) SiB; (3.1.42)

t—1
It is worth noting that the left-hand side of the above expression (|3.1.42) is the trade
balance, whereas its right-hand side is the capital account.
The third one is the loan market since it is the working capital channel in the inter-

mediate goods firm.
viWiHy = My — Qy (3.1.43)

3.2 The impact of the foreign sector on domestic variables

The inclusion of the foreign sector in a New Keynesian DSGE model will influence
the transmission of domestic shock. As an example, |Adolfson et al.| (2008b|) showed that
domestic inflation responds more to a monetary policy disturbance in the open economy
DSGE model. Similarly, Cwik et al.|(2011]) indicated that openness considerably alters the
transmission of domestic monetary disturbance. In response to a contractionary monetary
policy shock, in particular, CPI inflation and domestic inflation fall more significantly in
more open economies. Therefore, a well-specified open economy DSGE model and a
small degree of estimation uncertainty would better, in principle, explain the variations
in domestic variables and make more accurate predictions for these variables.

This section shows theoretically how variations in seven key domestic macroeconomic
variables are influenced by the following foreign factors: exchange rate, foreign output,
foreign interest rate, foreign inflation and five foreign disturbances: risk premium (o),
asymmetric technology (o), imported consumption markup (oyme), imported investment
markup (oymi), and exporting markup (o)) shocks.

In this model, as shown in Figure [I], the following fundamental channels will connect

and transmit the external shocks to the domestic economy.
The deviation of the UIP.

ét - ﬁ: - EtAgt - gga&\t + gt (321)

Three laws of one price gaps:
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~m,c

The imported consumption firm Ame," =7, + A5, — 7,

The imported investment firm Ame,"" = 77 + A5, — 77" (3.2.2)
The exporting firm Amcy =78 — 77 — A5,

The following section shows the direct or indirect impact of the foreign sector on seven
endogenous variables.

First, the domestic inflation dynamic (7¢) is described as the hybrid New Keynesian
Phillip Curve in the equation . Its fluctuation is influenced by the external sectors
via the exporting firm's the law of one price gap in (3.2.2)). Thus, a rise in domestic
inflation is associated with the depreciation of exchange rate §;, the exporting firm's
hybrid New Keynesian Phillip curve 7}.

Second, log-linear domestic consumption is depicted below

) 1 ) ) . .
Ct Zm{bﬁuz6t+1 +bpsCioy — bps(fior + Bitzis1)
— (1= = bB) (2 — D)ooy — (2 — B) (1 — D) [y~ 7) (3.2.3)

A5 + 77 = ) + (e — b)(paCf — bm;l)}

Based on the above expression , the changes in domestic consumption are related
to external factors, such as the domestic consumption term of trade 7;" Cl’d and imported
consumption inflation 7r,"“. Therefore, there will be a drop in domestic consumption due
to positive imported consumption markup shock (oyme) and a rise in imported consump-
tion inflation (7;"°).

Third, the equation below presents log-linear domestic investment. Accord-
ingly, the changes in investment are influenced by several external factors, such as the
domestic investment term of trade (4, il’d) and imported investment inflation #7"*. Thus,
a positive imported investment markup shock (oymi), for example, increases domestic

investment.

- 1
RS () (1+ B)

{/@S//(uz)(ﬁt_l + Birpr — f1) + Pk/,t
(3.2.4)
+ Ty — wi(yPme) =) [%ﬁﬁ’d + A ﬁf} }

Fourth, the equation below depicts the log-linear form of the domestic goods
market-clearing condition in (3.1.41)). Therefore, the foreign factors, such as the foreign
output (¢), the foreign terms of trade (47), and asymmetric technology shock (Z}),
influence the domestic output (g;). For example, an increase in the world's output and

positive world technology shock cause a rise in domestic output growth. Moreover, other
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external factors can also indirectly influence domestic output via domestic consumption

and investment.

Fifth, the indirect impacts of external factors (foreign output g; , the foreign terms of
trade 4;”" and asymmetric technology shocks ,%k) on employment via its effect on working
hours are depicted as the two following equations. The link between employment and
working hours is described in the equation (3.2.6)) below.

c 6 1 (1 — 56)(1 — /Bfe) 7 n
E, = + By + hy — E 3.2.6
t — 1+ﬁt+1 1+6t1 é-e (t t) ( )

On the other hand, variations in working hours are impacted by external blocks as
described in the equation ([3.2.7)) below.

7 c Cy/n ~C,
Aa(l = a)hy =(1 — we) (v ’d)”c(é)(ct + 147
1,d\n; E ~ ~1,d g* A~ % ATk Zx

(1 —wi)(n"™) (5)(% +m4) + E(yt =0+ Z) (3.2.7)
k.1 a . A

+r ( ) (k?t l{?t) — >\d€t — Oé(kt — Hz,t)
Yy

Sixth, the equation (|3 shows the indirect impacts of the foreign sector on change

in wage via its effect on domestic inflation 77;1 , imported goods consumption inflation 7y

and working hours hy.

) 1 . A ~d ~T
We== 0L w — by (1 + BE2) [bwfwwt—1 + b BEwWiy1 + buw B (T — ;)

- bw£w<ﬁt P;T T ) + bwﬁwﬁw(ﬂf 1 7%tT) + bwﬁgwﬁw(ﬁf - /)?rTﬁ'tT> (3'2'8)

— (1= Aw)ophe + (1 = M) sy — (1= Ay)CP

Last, the foreign impacts on variations in domestic interest are clearly explained via
two channels: the uncovered interest rate parity and policy rule. For example, the effect of
risk premium (ggt) on the domestic interest rate is analytically described by the uncovered
interest rate parity in the equation . On the other hand, the effect of the real

exchange rate (Z;_1) on the domestic interest rate is clearly shown by policy rule in the
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equation (3.2.9))

+ TAﬂAﬁ-tT_l + 1Ay Al + €ry

3.3 Closed-economy DSGE model

There are 67 log-linearized equations in the underlying open economy DSGE model. To
build its closed- economy DSGE counterpart, 34 linearized equations and 22 parameters
related to the foreign sector will be removed. On the supply side, for example, there are
no importing and exporting firms at all. On the demand side, on the other hand, there
are no the imported consumption and investment goods in aggregate consumption and
investment. Regarding policy rule, the central bank is no longer to adjust its interest rate
in response to the real exchange rate. Finally, the closed-economy DSGE model uses seven
domestic macroeconomics observed variables to estimate model parameters. The detailed
procedure for turning open economy DSGE model into its closed-economy counterpart
can be found in the enclosed document.

It is worthy noting that the underlying open economy DSGE model is a modified
version of the models of |Christiano et al.| (2005) and |Altig et al.| (2011). Thus, its closed
economy DSGE counterpart is almost identical to the model of Christiano et al.| (2005) and
Altig et al| (2011)). More specifically, it also slightly differs from the well-known closed-
economy DSGE model of [Smets and Wouters (2003). Accordingly, Figure [2[ shows two
notable differences between the closed-economy counterpart and the influential model of
Smets and Wouters| (2003). As shown in section ([3.1.3), first, the closed-economy DSGE
counterpart has a working capital channel, whereas |Smets and Wouters| (2003)) did not.
Second, the domestic intermediate goods firm's production function includes a stochastic
unit-root technology shock, which there does not exist in the model of Smets and Wouters
(2003). This specification is identical to |Altig et al. (2011)). Therefore, it enables the use

of trending data about Australia.
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Figure 2: Graphical illustration of a closed-economy medium-sized model
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4 Data and methodology

4.1 Data

The theoretical model mentioned above incorporates the inflation targeting policy.
The central bank of Australia has implemented this policy since 1990s. Thus, to be con-
sistent with theoretical model, the quarterly Australian data for the period of 1993Q1 to
2016Q1 is used to estimate our model. Particularly, there are fourteen macroeconomic
variables. They are the GDP deflator (%), real wage (W;/P,), consumption (C;), invest-
ment (I;), real effective exchange rate (Z;), interest rate (R;), hours worked (H), output
GDP (Y}), export (X;), import (M,), consumption price (7""), foreign (trade-weighted)
output (Y;*), foreign inflation (7}), and foreign interest rate (R;). The detail of data
source is presented in Appendix [B] On the other hand, the procedure to handle raw data
is described in the following steps. Firstly, real value is generated. All real variables
are measured in per-capita units. Then the growth rates are calculated as the first log-
difference. Only real exchange rate (#;), and hours worked (H;) are computed as deviation

around the mean and the trend. Finally, data is shown in Figure
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Figure 3: Australian data

4.2 Forming the posterior density and maximum a posterior

estimation

The log-linearized DSGE model can be expressed as a state-space framework.

The state equation Q, = AQ,_1 + Be, (4.2.1)
The observed equation b, = COP,_ ;1 + DOy + Fey (4.2.2)
The shocks and measurement errors et ~ N(0,1,) and ¢ ~ N (0, I,) (4.2.3)

where €2, is the m-dimensional vector of model variables or state vector and ®; is an
n-dimensional vector of observed variables. Based on the state space system, the log-
likelihood, In L = In p(®;|O), can be computed with the Kalman ﬁltelﬂ and O represents
the matrix of parameters, including A, B, ¢, D, F', I, and I,.

The Bayes theorem enables us to combine prior and likelihood distributions. In partic-
ular, the posterior density, p(0|®;), is proportional, o, to the product of prior distribution,

p(0©), and likelihood function, p(®;|©), as in the following formula.

4 For further detail, see Hamilton| (1994).



p(©[®¢) o< p(©)p(P:(O) (4.2.4)

In terms of the log form, the posterior density in (4.2.4]) will be

Inp(©[P;) o< Inp(O) + Inp(P[O)

(4.2.5)
xInp(©)+InL

It is worth noting that the conditional posterior density p(©|®,) is typically a complex
form. Thus, we can not directly sample from this density. To address this issue, we use
the Metropolis-Hastings sampling algorithm. Accordingly, we will generate the number
of random values (¢) from a proposal density. Indeed, this proposal distribution is a

multivariate normal density as follows.

q(0 | ©71) ~ N(O, %) (4.2.6)

where the covariance matrix X is typically the negative of the inverse Hessian at
the mode of the conditional posterior density p(©|®;) in (4.2.4). A candidate ¥, which
is randomly generated from the above density, leads to an increase in the conditional
posterior density of p(J|®;)p(©7|®;). Tt is then accepted ©F = ). Otherwise, it is
rejected and 9 = ©“"1. Thus, we typically control the parameter ¢ to get a designated

acceptance ratio. This acceptance ratio is computed below.

A number of accepted draws

The acceptance ratio = (4.2.7)

A total number of proposal draws

5 Estimation and results

To compare the quality of the forecast, first, we estimate closed- and open economy
DSGE models separately by moving windows. The forecasting horizon runs from 1 to 12
quarter horizons for each window. Furthermore, there are 92 observations in a full sample
size, and each subsample accounts for 60 observations. As a result, there are 21 windows

in total, which are re-estimated quarterly. Then the out-of-sample forecast is generated.

Calibration

In this paper, fifteen parameters were calibrated (see Table [11]in Appendix . Dis-
count rate () is 0.999 to match sample average real interest rate. This value is almost
the same as some studies on DSGE models in Australia by |Jaédskeld and Nimark| (2011)
and Rees et al.| (2016). Labor supply elasticity (o), real cash holding elasticity (o) and

capital utilization cost parameter (o,) are calibrated as 1, 10.62 and 0.049, respectively.
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These three values are in line with Adolfson et al. (2007a) and |Jadskela and Nimark
(2011). Following |Jaéskeld and Nimark! (2011)), a fraction of imported consumption goods
and investment goods in a bundle are an average share of import in the consumption
and investment basket (w. = 0.2,w; = 0.5). Following |Adolfson et al. (2007a)), labor
disutility (Ar), cash in utility function (A,), and wage markup (\,) are 7.5, 0.38 and
1.05, respectively. These values are also in line with |Jaaskela and Nimark (2011). Capital
share () is 0.25, which is average compensation to capital as a share of GDP. This value
is the same as Rees et al| (2016) and slightly lower than |Jaaskela and Nimark (2011).
Following Adolfson et al. (2007a), we do not estimate elasticity of substitution between
domestic goods and foreign consumption goods (7.). It is calibrated as 0.885, which is
almost the same as [Justiniano and Preston (2010b)). Finally, both |Smets and Wouters
(2003)) and Adolfson et al.| (2007a) did not estimate the persistent parameter for inflation
target process. In this paper, it was calibrated as 0.975.

Prior distributions

In general, researchers use previous studies for prior information. In this paper, there
are three distributions to be used as prior densities of estimated parameters, such as
beta, normal, and inverse gamma. More specifically, the beta distribution is applied to
parameters which are located between 0 and 1, while the normal distribution is used
for parameters ranging from —oo to +00. On the other hand, inverse gamma describes
parameters of positive value.

Accordingly, the Calvo parameters, indexation parameters, consumption habits, and
persistence parameters of the shock process use beta distribution as their priors. The
Calvo parameters are assigned as 0.675. This implies that firms are expected to adjust
their price every three quarters. This prior is also in line with |Adolf