Empirical Properties of Closed and Open Economy DSGE

Models of the Euro Area

Malin Adolfson* Stefan Laséen* Jesper Lindé*

Sveriges Riksbank Sveriges Riksbank Sveriges Riksbank and CEPR

Mattias Villani*

Sveriges Riksbank and Stockholm University

*Address: Sveriges Riksbank, SE-103 37 Stockholm, Sweden. Tel.: 446 8 787 00 00. Fax: -+46
8 21 05 31. E-mails: malin.adolfson@riksbank.se, stefan.laseen@riksbank.se, jesper.linde@riksbank.se, mat-
tias.villani@riksbank.se. We would like to thank participants at the conference “Dynamic Macroeconomic Theory”
held in Copenhagen June 11-13, 2004, for helpful comments and discussions. The views expressed in this paper
are solely the responsibility of the authors and should not be interpreted as reflecting the views of the Executive

Board of Sveriges Riksbank.



Running head:

Empirical Properties of Closed and Open DSGEs

Corresponding author:
Malin Adolfson
Research Department
Sveriges Riksbank
SE-103 37 Stockholm
Sweden

Tel.: +46 8 787 04 96

Fax: 446 8 21 05 31



Abstract

In this paper, we compare the empirical properties of closed and open economy DSGE models
estimated on Euro area data. The comparison is made along several dimensions; we examine the
models in terms of their marginal likelihoods, forecasting performance, variance decompositions,

and their transmission mechanisms of monetary policy.
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1. Introduction

Since the pioneering work of Smets and Wouters (2003), the interest in academia and central
banks for developing and estimating dynamic stochastic general equilibrium (DSGE) models of
the macroeconomy have grown considerably. In more recent work, Smets and Wouters (2004)
have shown that closed economy dynamic general equilibrium models augmented with nominal
and real frictions have forecasting properties in line with best practice time series models (i.e.,
Bayesian VARs).

In this paper, we contrast a closed economy DSGE model with a model that accounts for
open economy aspects. Our DSGE model extends the closed economy model of Christiano,
Eichenbaum and Evans (2005) by incorporating open economy elements such as incomplete ex-
change rate pass-through and imperfect international financial integration. The closed economy
version of the model differs slightly from Smets and Wouters’ (2003) model in that it includes
the working capital channel (i.e., firms borrow money from a financial intermediary to finance
their wage bill), and a stochastic unit root technology shock as in Altig et al. (2003) which
enables us to work with trending data.

We estimate open and closed economy versions of this model on data for the Euro area during
the period 1980Q1 — 2002Q4. Our interest in modeling the Euro area as an open economy stem
partly from the work of Lindé (2003), who shows that changes in net exports account for a
substantial fraction of the variation in output after a monetary policy shock in a 10-variable
vector autoregressive (VAR) model estimated on Euro area data. In contrast, Lindé finds that
U.S. data imply that consumption and investment responses explain most of the fluctuation in
output after a policy shock, while net exports only account for a small part. Consequently, it

seems appropriate to model the U.S. as a closed economy but worth considering open economy



aspects when estimating a model on Euro area data.!

We compare the estimated open and closed economy models in terms of their marginal
likelihoods, their forecasting performance, the underlying sources of fluctuations in each model
(variance decompositions), and the implications for the monetary transmission channel (impulse
responses). The results show that there are no fundamental differences between the estimated
parameters in the closed and open economy versions of the model. At a general level, the
existence of nominal and real frictions is crucial for both models’ ability to fit the data. However,
there are some differences in the estimated degree of the nominal and real frictions, which have
effects on the dynamics of the two models. Impulse response analysis to an unexpected increase
in the interest rate (i.e. a positive monetary policy shock) reveals differences in the transmission
mechanism of monetary policy in the open and closed economy settings. The exchange rate
channel implies that inflation drops more heavily in the open economy model than in the closed
economy version. For output, we find that the exchange rate channel is relatively unimportant,
but there is nevertheless a substantial difference in the impulse responses, which is due to the
differences in nominal and real rigidities in the two models.

The comparison of marginal likelihoods suggests that a closed economy version of the model
gives a better description of the domestic macroeconomic development than the open economy
model estimated on the same set of variables. Note though that a comparison cannot be made
against the complete open economy model since this is estimated on a different and richer set
of variables, also including, for example, the exchange rate, exports and imports.

Since we cannot compare the marginal likelihoods of the closed economy model and the open
economy model estimated on the full set of variables, we evaluate the forecasting performance of

the open and closed DSGE models using traditional univariate and multivariate out-of-sample

'In the paper we adopt the assumption that foreign inflation, output and interest rate are exogenously given.

Adolfson et al. (2005) provide strong evidence in favor of this simplifying assumption.



measures of the forecast accuracy. It is not clear what can be expected from this comparison a
priori. The larger open economy version of the model naturally has the potential of providing a
more detailed description of the economy, but this may also be a drawback if some aspect of the
open economy is poorly modeled. It is probably fair to say that the collective experience from
macroeconomic forecasting is that smaller models tend to out-perform larger ones. The general
finding in this paper is that adding open economy features to the model improves the predictions
on some of the variables, e.g. output and employment, whereas for other variables, such as
inflation and investment, the closed economy model gives more accurate forecasts. However,
the multivariate accuracy measures, which takes the joint forecasting performance of all seven
domestic variables into account, seem to propose the open economy model as the best forecasting
tool for all horizons that we consider (1 to 12 quarters ahead).

We also find that the macroeconomic development is driven by very different disturbances
in the two models. The variance decompositions show that in the open economy model, “open
economy shocks” are of high relevance for explaining the fluctuations in output and inflation
at the short- to medium term horizon. In the closed economy model, most of the variation is
instead attributed to the two technology shocks (stationary and unit root) at the same horizons.

The remainder of the paper is organized as follows. In Section 2, we describe the open
economy DSGE model and how to reduce it to obtain a closed economy setting. We discuss
the theoretical components of the model as well as the estimation outcomes in the open and
closed economy frameworks. Section 3 contains the results from comparing the two models, and

Section 4 provides some concluding remarks.

2. The estimated DSGE model

2.1. Model



The model is an open economy version of the DSGE model in Christiano et al. (2005) and
Altig et al. (2003), developed in Adolfson, Laséen, Lindé and Villani (2005). As in the closed
economy setup, households maximize a utility function consisting of consumption, leisure and
cash balances. However, in our open economy model households consume and invest in baskets
consisting of domestically produced goods and imported goods. We allow the imported goods
to enter both aggregate consumption and aggregate investment. This is needed when matching
the joint fluctuations in both imports and consumption since imports are about three times as
volatile as consumption. By including nominal rigidities in the importing and exporting sectors
we allow for short-run incomplete exchange rate pass-through to both import and export prices.?

The final domestic good is a composite of a continuum of ¢ differentiated goods, each supplied

by a different firm, which follows the constant elasticity of substitution (CES) function

1 A

1
Ve | [t 1sx < (1)
0

where )\f is the time-varying markup in the domestic goods market. The production function

for intermediate good ¢ is given by
Yii =2 " K H " — 29, (2)

where z; is a unit-root technology shock, €; a covariance stationary technology shock, K; ; denotes
capital, and H;; homogeneous labor hired by the ith firm. A fixed cost z¢ is included in the
production function and following Christiano et al. (2005) we set ¢ so that profits are zero in
steady state.

We allow for working capital by assuming that a fraction v of the intermediate firms’ wage

bill has to be financed in advance through loans from a financial intermediary. Cost minimization

2We will here discuss the model in its open economy form, but we explain in Section 2.2 how we parameterize

it to obtain a closed economy specification.



yields the following nominal marginal cost for intermediate firm :
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where RF is the gross nominal rental rate per unit of capital services, R;_; the gross nominal
(economy wide) interest rate, and W; the nominal wage rate.

Each of the domestic goods firms is subject to price stickiness through an indexation variant
of the Calvo (1983) model. Thus, each intermediate firm faces in any period a probability 1 —¢&,
that it can reoptimize its price.® Since we have a time-varying inflation target in the model we
allow for partial indexation to the current inflation target, but also to last period’s inflation rate
in order to allow for a lagged pricing term in the Phillips curve. The first order condition of the

profit maximization problem yields the following log-linearized Phillips curve:

~d = B ~d = Rd ~d o~
(Wt - W?) = Tirp (Etﬂ't+1 - Pnﬁ) + TTra3 (Wtq - Wf) (4)

KaB(1=pr)ac (1 =)0 =BEy) [ —q  =~d
14 kB mer £q (14 Kaf) <mct +)\t> ’

where a hat denotes log-linearized variables (i.e., X, = dX;/X), 7¢ denotes inflation in the
domestic sector and 7/_?;: the time-varying inflation target of the central bank.

We now turn to the import and export sectors. There is a continuum of importing consump-
tion and investment firms that buy a homogenous good at price P} in the world market, and
converts it into a differentiated good through a brand naming technology. The exporting firms
buy the domestic final good at price P? and turn this into a differentiated export good through
the same type of brand naming technology. The nominal marginal cost of the importing and

exporting firms are thus S;P; and P{/S;, respectively, where S; is the nominal exchange rate

3For the firms that are not allowed to reoptimize their price, we adopt the indexation scheme Pth =
(Tr?)ﬁd (7_'r~?+1)17’€d P2 where kq is an indexation parameter. The process for the inflation target is defined in

equation (11).



(domestic currency per unit of foreign currency). The differentiated import and export goods are
subsequently aggregated so that the final import consumption, import investment, and export

good is each a CES composite according to the following:
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where 1 < A} < oo for j = {mc, mi,z} is the time-varying markup in the import consumption
(mc), import investment (mi) and export (x) sector. By assumption the importers and exporters
invoice in local currency. In order to allow for short-run incomplete exchange rate pass-through
to import and export prices we introduce nominal rigidities in the local currency price, following
for example Smets and Wouters (2002). This is modeled through the same type of Calvo setup as
described above. The price setting problems of the importing and exporting firms are completely
analogous to that of the domestic firms. In total there are thus four specific Phillips curve
relations determining inflation in the domestic, import consumption, import investment and
export sectors, all having the same structure as equation (4). To allow for temporary different
degrees of technological progress domestically and abroad, we introduce a stationary asymmetric
technology shock Z = 2} /2, where z{ is the permanent technology level abroad, when defining
the aggregate demand for export goods which follows a CES aggregate with elasticity 7.
There is a continuum of households which maximizes utility subject to a standard budget

constraint. The preferences of household j are given by
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where Cj, hjy and Qj¢/ P{ denote the j** household’s levels of aggregate consumption, labor
supply and real cash holdings, respectively. Consumption is subject to habit formation through

bCj 11, such that the household’s marginal utility of consumption today is affected by the quan-



tity of goods consumed last period. (§ and C? are persistent preference shocks to consumption
and labor supply, respectively. To make real cash balances stationary when the economy is grow-
ing these are scaled by the unit root technology shock z;. Aggregate consumption is assumed to

be given by the following CES function:
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where C’td and C}" are consumption of the domestic and imported good, respectively. w. is the
share of imports in consumption, and 7, is the elasticity of substitution across consumption
goods.

The households can increase their capital stock by investing (I;), which takes one period to
come in action, at convex adjustment costs (5"’ ). We also allow for a stationary investment-
specific technology shock (Y;). Total investment is assumed to be given by a CES aggregate of
domestic and imported investment goods (If and I}, respectively) according to

(n;=1)/m; ) _ n;/(m;—1)
I, = {(1 _ wi)l/"i <[td> K " _,_w;/’h ([tm)(m 1)/n; 7 (8)

where w; is the share of imports in investment, and 7, is the elasticity of substitution across
investment goods.

In addition to accumulating physical capital and holding cash, the households can save in
domestic and foreign bonds. The choice between domestic and foreign bond holdings balances
into an arbitrage condition pinning down expected exchange rate changes (i.e., an uncovered
interest rate parity condition). To ensure a well-defined steady-state in the model, we assume
that there is a premium on the foreign bond holdings which depends on the aggregate net foreign
asset position of the domestic households, following, e.g., Lundvik (1992), and Schmitt-Grohé

and Uribe (2001):

q)(at> it) = eXp(_(’ba(at - C_L) + ¢t)7 (9)
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where A; = (S;B¥)/(P,z) is the net foreign asset position, and ¢, is a shock to the risk premium.
Further, along the lines of Erceg, Henderson and Levin (2000), each household is a monopoly
supplier of a differentiated labor service which implies that they can set their own wage. Wage
stickiness is introduced through the Calvo (1983) setup, with partial indexation to last period’s
CPI inflation rate, the current inflation target and the current permanent technology growth
rate.?
Following Smets and Wouters (2003), monetary policy is approximated with the following

instrument rule (expressed in log-linearized terms)

~
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where € ¢ is an uncorrelated monetary policy shock. Thus, the central bank is assumed to adjust
the short term interest rate in response to the CPI inflation rate 7y, the time-varying inflation
target %f , the output gap (7, measured as actual minus trend output)5, the real exchange rate
<9%t =S5 + Pt* — ptc), and the lagged interest rate.

The structural shock processes in the model is given in log-linearized form by the univariate
representation

. . jid
B4 = ppli—1+€at,  Eay ~ N (0,02) (11)

i h ~ e~ . .
where = { u, 4, €N, CFy CFy Yoy @y, e, 76, 27t and § = {d, me,mi, z} .

Lastly, to simplify the analysis we adopt the assumption that the foreign prices, output

41— &, is the probability that a household is allowed to reoptimize its wage. For the households that are
not allowed to reoptimize, the indexation scheme is Wj11 = (7§)™ (75,,)0 ") M1 WY, where ky is the

indexation parameter, and p, , = zt/z—1 is the growth rate of the permanent technology level.

>This measure has an empirical advantage over the more theoretically consistent flexible-price output gap, see

Adolfson et al. (2005) for further details.
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(HP-detrended) and interest rate are exogenously given by an identified VAR(4) model.% The
fiscal policy variables - taxes on capital income, labour income, consumption, and the pay-roll,
together with (HP-detrended) government expenditures - are assumed to follow an identified

VAR(2) model.”

2.2. Estimation

To estimate the model we use quarterly Euro area data for the period 1970Q1-2002Q4. The
data set employed here was first constructed by Fagan et al. (2001).® In order to be able
to identify the 51 parameters in the open economy model we use data on the following 15
variables in the estimation: the domestic inflation rate m;; the growth rates in the real wage
Aw; (A denotes the first difference operator), consumption Acy, investment Ai,, GDP Ay,

exports A)Z't, imports A]\Z; the short-run interest rate Ry; employment FEi; the growth rates

def:¢ and the investment deflator 7§</";

in the consumption deflator 7 the real exchange rate xy;

foreign inflation 7}; the foreign interest rate R;; and the growth rate in foreign output Ay;.”

Including a large set of variables facilitates identification of the underlying structural parameters

The reason why we include foreign output HP-detrended in the VAR is that the (stationarized) level of foreign

output enters the model.

Tt should be noted that Adolfson et al. (2005) report that the fiscal shocks have small dynamic effects in the
model. This is because households are Ricardian and infinitely lived. Moreover, these shocks are transitory and

thus do not generate any permanent wealth effects.

8The Fagan data set includes foreign (i.e., rest of the world) output and inflation, but not a foreign interest

rate. We therefore use the Fed funds rate as a proxy for R;.

“There is no (official) data on aggregate hours worked, ﬁt, available for the euro area. Therefore, we use
employment E, in our estimations. Since employment is likely to respond more slowly to shocks than hours
worked, we model employment using Calvo-rigidity (following Smets and Wouters, 2003): AE, = BEtAEt+1 +
(1;5’)(51;&’2 (ﬁt - Et) . For reasons discussed in greater detail in Adolfson et al. (2005), we also take out a

linear trend in employment and the excess trend in imports and exports relative to the trend in GDP prior to

estimation.
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in the economy. For instance, inclusion of the consumption and investment deflators along with
the domestic and foreign GDP deflators implies that we can extract information about the
unobserved import markup shocks. Unfortunately, as we adopt the assumption that firms in
the export sector set prices in foreign currency, we are not able to obtain appropriate data for
export prices. This implies that the export price markup shock series will be weakly identified
compared to other parts of the model. The reason for modeling the real variables in growth
rates is that the unit root technology shock induces a common stochastic trend in the levels of
these variables. Although the parameters in the exogenous foreign VAR are pre-estimated, we
still include the foreign variables as observables in the estimation for two reasons. First, they
enable identification of the asymmetric technology shock, as the foreign VAR is estimated using
HP-detrended foreign output and we include actual foreign output growth as observable in the
estimation.'® Second, they are informative about the parameters governing the propagation of
foreign impulses to the domestic economy. 13 structural shocks are estimated, out of which 11
follow AR(1) processes and two are white noise processes. Although we match 15 variables, this
procedure does not involve singularity problems since 8 shocks are included as pre-estimated in
the model (5 fiscal and 3 foreign). To calculate the likelihood function of the observed variables
we apply the Kalman filter where we use the period 1970Q1-1979Q4 to form a prior on the
unobserved state variables in 1979Q4, and then use the period 1980Q1-2002Q4 for inference.
To get a closed economy version of the model we must establish that the consumption and

investment baskets only consist of domestically produced goods. That is, we set w, = w; = 0

10We measure actual foreign output in the state-space representation as the sum of detrended foreign output,
domestic productivity and the asymmetric technology shock. This enables us to identify the asymmetric technol-
ogy shock since the process for detrended foreign output is identified from the VAR and the process for domestic

productivity from domestic quantities.
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and 7, = 1; = co.!! The 29 parameters pertaining to the domestic economy are then estimated
by matching the ‘domestic’ variables (my, Acy, Aiy, Ay, AWy, Ry, Ey).

A number of parameters are kept fixed throughout the estimation procedure of both the
closed and open economy versions of the model. Most of these parameters can be related to the
steady-state values of the observed variables in the model, and are therefore calibrated to match
the sample mean of these.!?

Table 1 shows the assumptions for the prior distribution of the estimated parameters. The
location of the prior distribution corresponds to a large extent to those in Smets and Wouters
(2003) and the findings in Altig et al. (2003) on U.S. data. For more details about our choice
of prior distributions, see Adolfson et al. (2005). Note that we use the same prior distribution
for the 29 domestic parameters in both the open and closed economy settings.

[Table 1 about here]

The joint posterior distribution of all estimated parameters is obtained in two steps. First,
the posterior mode and Hessian matrix evaluated at the mode is computed by standard numerical
optimization routines. Second, the Hessian matrix is used in the Metropolis-Hastings algorithm

to generate a sample from the posterior distribution (see Smets and Wouters, 2003, and the

references therein, for details).

p addition, we set Ame = Ami =1, &, =& = &2 =0, ?¢3 =0, and r, = 0 to ensure that all relative prices

mc

are unity and that the effects of the three foreign VAR shocks, the asymmetric technology shock and the three

import and export markup shocks are zero.

"2 The calibrated parameters are set to the following: the money growth p = 1.01; the discount factor 8§ = 0.999;
the depreciation rate § = 0.013; the capital share in production a = 0.29; the share of imports in consumption and
investment w. = 0.31 and w,; = 0.55, respectively; the steady-state tax rates on labour income and consumption
7Y = 0.177 and 7¢ = 0.125, respectively; government expenditures-output ratio 0.20. For reasons discussed in
greater detail in Adolfson et al. (2005), we also set the substitution elasticity between domestic and imported

goods 7, = 5.
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3. Comparing the models

In Table 1 we report the posterior mode estimates and the marginal likelihoods for the closed
and open economy versions of the model. There are no fundamental differences between the
estimated parameters in the two models; in both the closed and open economy specifications
nominal and real frictions are found to be of critical importance for the models’ compliance with
the data. There are, however, some differences that have effects on the dynamics of the two
models. The nominal frictions in terms of the degrees of price and wage stickiness are somewhat
smaller in the open economy model. As an example, the domestic price stickiness is 0.88 in the
open economy setting compared to 0.90 in the closed economy model. This implies an average
duration of domestic price contracts of 8 and 10 quarters, respectively, under the traditional
assumption that the households own the capital stock. If we instead assume that capital is
specific to each firm, we can reinterpret our estimates of the price stickiness parameter to imply
an average duration of about 4.5 quarters (see Altig et al., 2004) in the open economy model.
In contrast, the real frictions, in terms of habit formation and investment adjustment costs,
are larger in the open economy setting than in the closed economy model. In the open economy
model the habit formation parameter b is estimated to be 0.69 compared to 0.63 in the closed
economy version. Naturally, this implies that the real variables respond less to disturbances
in the open economy model than in the closed economy model, while nominal variables react
more heavily in the former. Compared to Christiano et al. (2005) who estimate their model by
matching the impulse response functions to a monetary policy shock, DSGE models that are
estimated to match all the variability in the data typically imply a somewhat higher degree of
nominal and real frictions. This is the case here as well as in Smets and Wouters (2003).
Figure 1 displays the impulse responses to a monetary policy shock in the open and closed

economy models. In general, the impulse response functions show a hump-shaped pattern with
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the maximum impact of a policy shock occurring after about one year in both the closed and open
economy models. However, the magnitude of the responses differs considerably. For instance,
domestic inflation reacts more to a monetary policy shock in the open economy setting (solid)
than in the closed economy model (dashed), whereas the response of output is stronger in the
closed economy model. To examine if these differences are due to the exchange rate channel
in the transmission mechanism of monetary policy or discrepancies in the dynamics of the two
models (i.e., the parameter differences discussed above), we also display the responses from a
closed economy version with parameters taken from the estimated full open economy model.
The difference between the open economy and closed economy models with the same domestic
parameters (solid and dotted lines, respectively) can thus be attributed to the exchange rate
channel. However, we see from Figure 1 that most of the difference between the closed and
open economy models for output cannot be ascribed to the exchange rate channel, instead it is
mostly due to the different parameter estimates in the two models. For inflation, the exchange
rate channel is most important around the peak, and less relevant at longer horizons. It should
also be noted that net exports fall considerably after the appreciation of the real exchange rate.
[Figure 1 about here]

A marginal likelihood comparison (see, e.g., Smets and Wouters, 2003) of the open and closed
economy versions of the model is not straightforward since the closed economy version only
includes a subset of the 15 observed variables in the estimation. One approach is to compare
the marginal likelihood of the closed econony model, p.(x.), where z. denotes the subset of
closed economy variables, to the marginal likelihood of the closed economy variables in the open
economy model, which we denote by p,(z.). Another approach is to compare the marginal
likelihood of z. conditional on the open economy variables, x,, using the open economy model.

Since po(zelTo) = po(Te, o) /Po(T0), and py(ze, o) is already available from the estimation on

16



the full set of variables, the latter approach boils down to computing the marginal likelihood
of x, in the open economy model. A problem with both these approaches is that the model is
at best weakly identified if only a subset of the data is used for estimation. Even though we
have well defined prior distributions on the model parameters to aid identification, a vague prior
on the underlying unobserved state variables in combination with the complex nature of the
DSGE model resulted in numerically unstable marginal likelihoods.'? We have therefore chosen
another route for computing the marginal likelihood of the closed economy variables in the open
economy model, where the 22 parameters pertaining to the open economy are calibrated and
only the 29 domestic parameters are estimated. The parameters referring to the open economy
are calibrated to their posterior mode values from the full estimation on all 15 variables (see
Table 1).

The marginal likelihood seems to speak in favour of the closed economy model. The Bayes
factor on the open economy model estimated on seven variables is about 0.002, which indicates
that the closed economy model provides a better description of the seven domestic variables
during 1980Q1 — 2002Q4. In the light of the well known sensitivity of the marginal likelihood
in non-linear models to the choice of prior distribution, the difference in marginal likelihoods
of the two seven-variable models in Table 1 should not be over-emphasized. This is especially
relevant here since the two compared models differ by as much as 22 parameters. Considering
also the fact that we are unable to compare the closed economy version of the model with the
full open economy model estimated on all 15 variables, leads us to examine the robustness of
these results using other modes of model evaluation, such as out-of-sample forecasting precision.

The left panel in Table 2 shows the forecasting performance of the open and closed economy

models in terms of root mean square errors of the seven domestic variables on various horizons

13 Even though the results varied between simulations, the two approaches both indicate a fairly strong preference

for the closed economy model.
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over the time period 1994Q1 — 2002@Q4.'* The open economy model does slightly worse in terms
of the (domestic) inflation forecasts in the medium to long-term horizons, but surpasses the long-
term closed economy forecasts on output. The multivariate statistics (i.e., the log determinant
of the mean square forecast error matrix of the domestic variables and the log predictive score
(LPDS)) reported in the right panel in Table 2, however, indicate that the open economy model
performs better on all horizons when the projections of all seven variables are jointly taken into
account. The log determinant statistic measures the multivariate point forecast accuracy while
the LPDS measures the plausibility of the observed outcomes with respect to the predictive
distribution as a whole.
[Table 2 about here]

Finally, Table 3 summarizes the results from the variance decomposition of the seven domestic
variables at four and 20 quarters horizon using the posterior mode estimates of the parameters.'?
As could be expected from the parameter estimates in Table 1, we see that the role of various
shocks for explaining the macroeconomic fluctuations differ between the two models. In the
closed economy model, the two “traditional” technology shocks, i.e., the unit root and stationary
technology shocks, are much more important. At the one year horizon they account for 55 and
35 percent of the fluctuations in inflation and output, respectively. After five years they account
for about 70 percent of the fluctuations in output, which is line with the results in the early RBC
literature, and somewhat higher than the corresponding number reported by Smets and Wouters
(2003). In contrast, in the open economy specification the effects of unit root technology shocks

are in line with the VAR evidence in Altig et al. (2004) and Gali and Rabanal (2004). The

4The forecasts are generated by sequentially expanding the sample in each quarter, and re-estimating the

parameters every year.

15To save space we only report two horizons. The results from other horizons can be obtained from the authors

upon request.
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difference in the role of unit root technology shocks in the two specifications is that in the open
economy version other shocks are assigned a more prominent role in order for the model to
account for the joint behaviour of inflation, output, export, import and the real exchange rate.
At the five year horizon, we notice that the import markup shocks come out as an important
source of the variation in output. In particular, the import investment markup shock turns up
as very important. The reason for this is that the import investment markup shock has a very
strong and persistent effect on the real exchange rate, which in turn influences output. Even if
we conjectured in our discussion of Figure 1 that the exchange rate channel was not the main
mechanism for understanding the transmission of monetary policy shocks, it is still sufficiently
important for generating substantial output effects after a markup shock to import investment
goods.

[Table 3 about here]

4. Concluding remarks

In the very last years, the literature have witnessed a revival in estimation and implementation of
DSGE models in monetary policy analysis. In this paper, we compared the empirical properties
of the closed economy benchmark DSGE model with an open economy version developed by
Adolfson et al. (2005). By and large, the estimation results display many similarities. That
is, nominal and real frictions are of crucial importance for the empirical adaptability of both
models. Despite the general similarity, the specific details of the estimation results suggest some
differences in the monetary transmission channel. Equally important, we find that the sources
of macroeconomic fluctuations in the two versions of the model differ considerably. In the open
economy version of the model we find a larger role for “open-economy” shocks in order to

account for the joint fluctuations in ”domestic” and ”open economy” variables (e.g., output and
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the real exchange rate, respectively). In terms of the models’ forecasting accuracy for the seven
key macrovariables; inflation, the real wage, employment, nominal interest rate, consumption,
investment and output, we find the two models to perform about equally well, with a slight edge
for the open economy model.

Finally, the different sources behind aggregate fluctuations in the two models can be expected
to have effects on the conduct of monetary policy in the open and closed economy settings,

respectively. We leave for future work to analyze the implications for optimal monetary policy.
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Table 1: Prior and posterior distributions

Sample period 1980Q1-2002Q4

Parameter Prior distribution Posterior distribution
Open (15 var.) Closed (7 var.) Open (7 var.)
«  std.dev std. dev. std. dev. std. dev.
type mean [df mode (Hessian) mode (Hessian) mode (Hessian)

Calvo wages S beta 0.675 0.050 0.697 0.047 0.738 0.042 0.707 0.048
Calvo domestic prices & beta 0.675 0.050 0.883 0.015 0.904 0.017 0.881 0.034
Calvo import cons. prices Ene beta 0.500 0.100 0.463 0.059 calib. to 0.463
Calvo import inv. prices Eni beta 0.500 0.100 0.740 0.040 calib. to 0.740
Calvo export prices & beta 0.500 0.100 0.639 0.059 calib. to 0.639
Calvo employment &, beta 0.675 0.100 0.792 0.022 0.796 0.022 0.802 0.026
Indexation wages Ky beta 0.500 0.150 0.516 0.160 0.201 0.031 0.188 0.088
Index. domestic prices Ky beta 0.500 0.150 0.212 0.066 0.392 0.142 0.352 0.141
Index. import cons. prices &, beta 0.500 0.150 0.161 0.074 calib. to 0.161
Index. import inv. prices Ko beta 0.500 0.150 0.187 0.079 calib. to 0.187
Indexation export prices Ky beta 0.500 0.150 0.139 0.072 calib. t0 0.139
Markup domestic 29 inv. gamma 1.200 2 1.168 0.053 1.196 0.068 1.188 0.069
Markup imported cons. Ame inv. gamma 1.200 2 1.619 0.063 calib. to 1.619
Markup imported invest. Am inv. gamma 1.200 2 1.226 0.088 calib to. 1.226
Investment adj. cost g" normal 7.694 1.500 8.732 1.370 6.705 1.518 8.053 1.423
Habit formation b beta 0.650 0.100 0.690 0.048 0.629 0.051 0.668 0.045
Subst. elasticity invest. i inv. gamma 1.500 4 1.669 0.273 calib. to 1.669
Subst. elasticity foreign ¢ inv. gamma 1.500 4 1.460 0.098 calib. to 1.460
Technology growth U, trunc. normal 1.006 0.0005 1.005 0.000 1.005 0.001 1.006 0.001
Capital income tax 7y beta 0.120 0.050 0.137 0.042 0.250 0.042 0.232 0.044
Labour pay-roll tax Ty beta 0.200 0.050 0.186 0.050 0.190 0.051 0.186 0.050
Risk premium 5 inv. gamma 0.010 2 0.145 0.047 calib. to 0.145

| Unitroottech. shock P, | beta 0850 0100 | 0723 0106 | 0894 0035 | 0891 0038
Stationary tech. shock P, beta 0.850 0.100 0.909 0.030 0.974 0.009 0.956 0.027
Invest. spec. tech shock Py beta 0.850 0.100 0.750 0.041 0.458 0.094 0.537 0.118
Asymmetric tech. shock Psx beta 0.850 0.100 0.993 0.002 calib. to 0.993
Consumption pref. shock P beta 0.850 0.100 0.935 0.029 0.978 0.008 0.983 0.006
Labour supply shock Pon beta 0.850 0.100 0.675 0.062 0.513 0.096 0.476 0.089
Risk premium shock Py beta 0.850 0.100 0.991 0.008 calib. to 0.991
Imp. cons. markup shock P e beta 0.850 0.100 0.978 0.016 calib. t0 0.978
Lr}:‘g’c'k'”"e“' markup Py beta 0850  0.100 0.974 0.015 calib. to 0.974
Export markup shock P beta 0.850 0.100 0.894 0.045 calib. to 0.894

| Unitroottech. shock o, |inv.gamma 0200 2 | 0130 0025 | 0138 0029 | 0153 0033
Stationary tech. shock o, inv. gamma 0.700 2 0.452 0.082 0.444 0.078 0.440 0.080
Invest. spec. tech. shock oy inv. gamma 0.200 2 0.424 0.046 0.562 0.073 0.539 0.083
Asymmetric tech. shock O inv. gamma 0.200 2 0.203 0.031 calib. to 0.203
Consumption pref. shock [ inv. gamma 0.200 2 0.151 0.031 0.130 0.029 0.132 0.028
Labour supply shock O inv. gamma 0.050 2 0.095 0.015 0.094 0.015 0.095 0.014
Risk premium shock o5 inv. gamma 0.400 2 0.130 0.023 calib. to 0.130
Domestic markup shock O inv. gamma 0.300 2 0.130 0.012 0.143 0.014 0.141 0.015
Imp. cons. markup shock O e inv. gamma 0.300 2 2.548 0.710 calib. to 2.548
Lr}:‘g’c'k'”"e“' markup O, | inv.gamma  0.300 2 0.292 0.079 calib. to 0.292
Export markup shock O inv. gamma 0.300 2 0.977 0.214 calib. to 0.977
Monetary policy shock Op inv. gamma 0.150 2 0.133 0.013 0.145 0.015 0.143 0.016
Inflation target shock o_. inv. gamma 0.050 2 0.044 0.012 0.042 0.012 0.043 0.012

| ‘Interest rate smoothing pe | beta 0800 0050 | 0874 0021 | 0892 0024 | 0877 002
Inflation response r. normal 1.700 0.100 1.710 0.067 1.728 0.090 1.729 0.047
Diff. infl response r, normal 0.300 0.100 0.317 0.059 0.319 0.070 0.341 0.065
Real exch. rate response r, normal 0.000 0.050 -0.009 0.008 calib. to -0.009
Output response ry normal 0.125 0.050 0.078 0.028 0.065 0.035 0.077 0.026
Diff. output response My normal 0.0625 0.050 0.116 0.028 0.100 0.026 0.084 0.037
Log marginal likelihood -1909.34 -638.00 -644.52

"Note: For the inverse gamma distribution, the mode and the degrees of freedom are reported.

Also, for the parameters

2 AT ,,1'"‘ T 174 and u, the prior densities are translated so that values below unity are excluded. The posterior samples of 550,000

draws were generated from the posterior of which the first 50,000 draws were discarded as burn-in.




Table 2: Forecast accuracy

Univariate Multivariate
Root mean squared errors
Horizon Model I_Dome_stic Real Consum Invest- Interest Employ- Output L?T?ig:;ir" prelaiocgtive
inflation wage ption ment rate ment statistic density score
1Q Open economy 0.194 0.514 0.368 1.646 0.423 0.213 0.328 -21.475 7.114
Closed economy 0.200 0.464 0.370 1.333 0.466 0.258 0.313 -21.140 9.341
4Q Open economy 0.634 2.451 0.775 6.270 1.273 0.467 1.242 -8.708 22.949
Closed economy 0.622 1.952 0.931 3.568 1.192 0.778 1.011 -8.717 27.592
8Q Open economy 1.318 2.919 0.939 6.098 2.164 0.897 1.329 -8.127 26.667
Closed economy 1.045 2.156 1.102 3.853 1.668 1.803 1.250 -6.985 30.434
12Q Open economy 1.743 2.821 0.973 4.689 2.849 1.346 1.160 -6.322 29.314
Closed economy 1.313 2.161 1.053 3.956 2.163 2.883 1.229 -6.126 33.449

Note: The results are based on rolling forecasts from 1994Q1-2002Q3. Forecast distributions are generated from sub-sampling 500 draws
from the full posterior distribution of the estimated parameters (re-estimated every year) using 100 shock sequences for each draw. The log
determinant statistic is the logarithm of the determinant of the mean squared forecast error (MSFE) matrix. The log predictive density score
(LPDS) equals the average of (-2 times) the logarithm of the predictive density P, (X[+h) over the evaluation period. Bold numbers indicate

the best forecasting model for each measure.




Table 3: Variance decompositions

4 quarters Domestic inflation Real wage Consumption Investment Interest rate Employment Output

Open Closed Open Closed Open Closed Open Closed Open Closed Open Closed Open Closed
Stationary technology 0.137 0.279 0.057 0.101 0.049 0.082 0.019 0.003 0.068 0.179 0.101 0.195 0.046 0.044
Unit root technology 0.078 0.239 0.199 0.332 0.089 0.325 0.052 0.188 0.036 0.220 0.025 0.180 0.107 0.316
Consumtion preference 0.069 0.015 0.054 0.049 0.327 0.267 0.073 0.081 0.125 0.076 0.142 0.132 0.119 0.107
Labour supply 0.288 0.143 0.460 0.347 0.094 0.044 0.037 0.025 0.131 0.087 0.127 0.060 0.088 0.036
Domestic markup 0.032 0.034 0.047 0.075 0.024 0.036 0.013 0.042 0.026 0.032 0.023 0.038 0.025 0.040
Investment specific technology 0.001 0.043 0.056 0.036 0.030 0.001 0.504 0.403 0.187 0.088 0.188 0.123 0.234 0.195
Monetary policy 0.067 0.059 0.038 0.047 0.098 0.172 0.060 0.183 0.101 0.177 0.104 0.189 0.104 0.182
Inflation target 0.142 0.168 0.005 0.001 0.024 0.054 0.018 0.062 0.079 0.121 0.023 0.059 0.025 0.060
Fiscal variables 0.017 0.020 0.011 0.011 0.012 0.019 0.005 0.013 0.014 0.020 0.020 0.023 0.016 0.020
Import consumption markup 0.085 0.022 0.023 0.049 0.007 0.019 0.024
Import investment markup 0.007 0.014 0.120 0.094 0.050 0.061 0.034
Risk premium 0.030 0.005 0.004 0.036 0.052 0.037 0.040
Asymmetric technology 0.007 0.000 0.002 0.004 0.006 0.001 0.001
Export markup 0.022 0.022 0.092 0.007 0.068 0.089 0.087
Foreign variables 0.020 0.009 0.011 0.027 0.049 0.040 0.050
20 quarters
Stationary technology 0.018 0.298 0.086 0.173 0.058 0.154 0.040 0.200 0.052 0.256 0.016 0.071 0.058 0.173
Unit root technology 0.085 0.251 0.342 0.582 0.177 0.406 0.117 0.424 0.096 0.290 0.051 0.253 0.222 0.534
Consumtion preference 0.081 0.031 0.108 0.082 0.200 0.209 0.096 0.132 0.147 0.071 0.192 0.297 0.048 0.071
Labour supply 0.023 0.038 0.027 0.015 0.120 0.051 0.083 0.100 0.105 0.053 0.224 0.157 0.121 0.071
Domestic markup 0.003 0.002 0.012 0.016 0.001 0.005 0.001 0.005 0.003 0.001 0.002 0.003 0.000 0.005
Investment specific technology 0.200 0.100 0.235 0.072 0.228 0.096 0.055 0.017 0.143 0.090 0.016 0.052 0.150 0.050
Monetary policy 0.006 0.017 0.038 0.052 0.025 0.052 0.013 0.082 0.008 0.029 0.034 0.109 0.023 0.065
Inflation target 0.231 0.233 0.015 0.000 0.002 0.011 0.002 0.020 0.173 0.184 0.009 0.019 0.002 0.015
Fiscal variables 0.026 0.030 0.010 0.008 0.021 0.016 0.009 0.019 0.023 0.025 0.035 0.040 0.017 0.016
Import consumption markup 0.220 0.062 0.043 0.240 0.080 0.080 0.098
Import investment markup 0.042 0.035 0.081 0.265 0.102 0.272 0.200
Risk premium 0.017 0.013 0.007 0.010 0.004 0.001 0.014
Asymmetric technology 0.017 0.006 0.002 0.014 0.010 0.002 0.005
Export markup 0.022 0.004 0.032 0.031 0.035 0.058 0.031

Foreign variables 0.010 0.007 0.005 0.024 0.019 0.008 0.011




Figure 1: Impulse responses from
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