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1. Introduction

Are recessions mainly driven by foreign output shocks, or are they due to inter-
est rate shocks? In short, what drives the output gap? The conduct of fiscal and 
monetary policy is fundamentally related to the output gap (e.g. Galí, 2008). For 
the proper conduct of monetary and fiscal policy, knowing the causes of fluctua-
tions in the output gap is vital. In contrast to agnostic statistical approaches to 
extract business cycles, the model-based approach followed in this paper permits 
analyzing periods of recession and their respective driving forces. The introduc-
tory questions are especially important in today’s world, as the last recession is 
argued to be different from the previous ones, and this difference can only be 
revealed by a model-based approach.

The literature typically relies on statistical procedures such as the HP-filter to 
extract the business cycle or uses the production function approach (Stalder, 
2002). The latter estimates the ”full input utilization” output level, but it neglects 
cyclical variations of potential output (Neiss and Nelson, 2005). Furthermore, 
agnostic statistical procedures do not enable the researcher to analyze the driv-
ing forces of the output gap. Another strand of the literature relies on unobserved 
components models. However, none of these approaches provide an estimate of 
the flexible price output gap, which is the most appropriate concept (McCallum 
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and Nelson, 1999; McCallum, 2001; Woodford, 2003; Galí, 2008). This 
approach ensures that efficient fluctuations of output do not affect the output gap 
measure, which is consistent with Kydland and Prescott (1982). Therefore, 
researchers recently relied on a model-based approach and used New Keynes-
ian DSGE models to obtain estimates of the output gap. However, most of 
these models are applied to closed economies (e.g., Andres, Lopez-Salido, and 
Nelson, 2005; Neiss and Nelson, 2005; Edge, Kiley, and Laforte, 2008; 
Justiniano and Primiceri, 2008). Some of the literature on the estimation of 
small open economy models assumes that monetary policy reacts to an output 
gap measure, but flexible price output is specified as being exclusively driven 
by foreign output (Lubik and Schorfheide, 2007; Del Negro and Schorf-
heide, 2009; Leist and Neusser, 2010). Bäurle and Menz (2008), Beltran 
and Draper (2008) and Rudolf and Zurlinden (2011) estimate a DSGE 
model for the Swiss economy, but they do not focus on the analysis of the output 
gap. The approach here is related to the unconditional output gap discussed in 
Adolfson et al (2011). As in Beltran and Draper (2008) and Adolfson et al 
(2011), the estimate of the natural output gap is a function of model variables. 
The contribution of this paper is the exploitation of the model-based formula-
tion of the output gap to identify its driving forces in order to analyze recessions 
using a small open economy model. This approach allows for a more thorough 
understanding of recessions compared to pure statistical procedures or unob-
served components methods.

This paper follows the recent literature, uses a New Keynesian small open 
economy DSGE model to estimate the Swiss output gap, and relies on the model 
of Monacelli (2005) and the adaption by Beltran and Draper (2008). Devi-
ations from the classical small open economy model by Galí and Monacelli 
(2005) include the introduction of a law of one price (LOP) gap and the inclu-
sion of habit persistence and indexation. The inclusion of a LOP gap is moti-
vated by Campa and Goldberg (2005) and Bachmann (2012) who find a devia-
tion from the LOP in the short run. The foreign economy is approximated by a 
VAR(2). Different model specifications are estimated using Bayesian estimation 
techniques as exposed in An and Schorfheide (2007).

The model comparison based on marginal densities leads to the conclusion 
that the output gap matters for Switzerland. Furthermore, a comparison of the 
model-based output gap to conventional measures of economic f luctuations 
such as HP-cycle, detrended output and GDP growth yields the conclusion that 
the model-based output gap evolves much like these measures. However, con-
trary to conventional approaches, the model-based approach enables one to per-
form a shock decomposition. The Swiss output gap is mainly driven by foreign 
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output shocks, foreign interest rate shocks and shocks to the uncovered inter-
est rate parity (UIP). Comparing the three main recessions contained in the 
sample reveals surprising changes in the evolution of the shock contributions. 
While the first recession (1994:3 to 1999:2) and the second recession (2001:4 
to 2006:1) were characterized by a procyclical effect of the UIP shock, this rela-
tionship breaks down during the last recession (2008:4 to 2010:2). The average 
of the UIP shock in the first two recessions is negative, reflecting a lower risk 
premium demanded by economic agents. However, the average UIP shock was 
positive during the last recession. The demanded risk premium is reflected in 
higher interest rates and a depreciated domestic currency that induces a positive 
output gap. In contrast to previous recessions, the UIP shock played a minor role 
during the last recession where the foreign output shock dominated.

Section 2 discusses the model with a focus on the output gap in an otherwise 
standard small open economy model with incomplete pass through. Section 3 
presents the estimation strategy including a thorough discussion of the data and 
prior distribution. Different model specifications are compared at the beginning 
of section 4 and the Bayes factor is used to choose the model that best fits the 
data. In section 5, impulse response functions and the shock decomposition are 
given for the model that best fits the data. Section 6 concludes the paper.

2. The Model

This section introduces the small open economy New Keynesian DSGE model 
used in the following analysis. The specification of the model closely follows 
Beltran and Draper (2008), who extended the Monacelli (2005) model by 
introducing habit persistence. The main elements of the model are as follows. 
The domestic economy is populated by households, producers and retailers. Util-
ity maximizing, infinitely lived households choose between consumption and 
labor, where consumption is given relative to a time varying external habit per-
sistence. The consumption good is given by a bundle of domestically produced 
and imported goods. Monopolistic competitive firms decide on labor input and 
produce differentiated domestic goods. Domestic producers and retailers are sub-
ject to Calvo-style price setting. In contrast to Beltran and Draper (2008), 
the model incorporates indexation such that firms or retailers not able to reop-
timize partially index their price to past inflation. Unlike the standard small 
open economy model by Galí and Monacelli (2005), it is not assumed that the 
LOP holds. Retail firms import differentiated goods and the LOP holds at dock. 
However, due to the optimization by retailers to set the domestic currency price 
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1 Readers interested in a detailed exposition of the model are referred to the appendix of the 
working paper version of this paper (Leist, 2011). In contrast to the working paper, the model 
is estimated assuming log utility in consumption. However, the main results are independent 
of this specification.

2 In contrast to Leist (2011), the hat notation t̂a  to denote percentage deviations of a variable 
At from its steady state is neglected to enhance readability.

in the presence of staggered price setting, short run deviations from the LOP are 
introduced. Campa and Goldberg (2005) show that the degree of import pass-
through elasticities is low in the short run and close to one in the long run for a 
range of OECD countries including Switzerland. This finding is confirmed by 
Bachmann (2012), who uses a vector error correction model to analyze Swiss 
data in contrast to the single equation approach pursued by Campa and Gold-
berg (2005). The log-linearized equations that describe this model and are used 
for estimation are provided herein.1 The small letter variables denote percentage 
deviations of the variables from their respective steady state.2

The small open economy is considered to be negligible compared to the rest of 
the world. Therefore, we can treat the foreign economy as a closed economy. For 
our purposes, we will approximate the foreign economy by a VAR process using 
data on foreign output ( ),ty  foreign inflation ( )t  and foreign interest rates ( ).ti

The New Keynesian Phillips Curve (NKPC) for domestic goods prices (PH,t ) is 
derived from the optimization of domestic producers. They produce the domes-
tic good and sell it in domestic and foreign markets. It is assumed that they face 
monopolistic competition and Calvo-style price setting where H is the probabil-
ity for a firm not to be able to adjust prices. If a firm is not able to reoptimize, 
prices are partially indexed to lagged inflation. Calvo pricing and indexation 
introduces sluggish adjustment of prices to their desired level. Domestic infla-
tion , , , 1( )H t H t H tp p  is given by

 , , 1 , 1 , ,HH t H H t t H t H H t H t tmc  (1)

 where 
(1 )(1 )H H

H
H

with 0    1 being the discount factor, H the indexation parameter and 

H,t denoting an exogenous shock. In contrast to the standard SOE model by 
Galí and Monacelli (2005), there are also retailers in the domestic economy. 
They import differentiated goods at world market prices and the LOP holds at 
the docks. However, they are also facing monopolistic competition as well as 
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staggered price setting and indexation. This leads to short-run deviations from 
the LOP while it still holds in the long run. From the optimization of the retail-
ers, the NKPC for imported inflation , , , 1( )F t F t F tp p  can be derived, where 
PF,t is the price index of import goods such that

 , , 1 , 1 , , ,F t F F t t F t F F t F F t tF
 (2)

 where 
(1 )(1 )

.F F
F

F

F ,t
 denotes an exogenous shock and , ,=F t t t F ts p p  denotes the deviation 

from the LOP from its steady state. The probability that a retailer is not able to 
adjust its prices is given by F , and F is the indexation parameter of retailers.

Defining the log of terms of trade as xt  log(PF,t  PH,t ), the log-linearized con-
sumer price index ( t ) is given by

 , , ,(1 )t H t t H t F tx  (3)

where  denotes the share of foreign goods in the consumption bundle. The 
change in terms of trade can be denoted by

 , ,t F t H tx  (4)

The real exchange rate is given by

 ,(1 )t t t t t F tq s p p x  (5)

where st is the nominal exchange rate. The change of the LOP gap is given by

 , ,F t t t F ts  (6)

where t  represents the inflation of the foreign consumer price index.
The following equation is derived using the assumption of internationally com-

plete asset markets. This assumption implies that the domestic household Euler 
equation can be equated to the foreign Euler equation (in the spirit of Chari, 
Kehoe, and McGrattan (2002) and Galí (2008)). Therefore, home consump-
tion (ct ) depends on foreign output ( )ty  as well as on the terms of trade and on 
the LOP gap
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 1 1 ,( ) ( ) (1 )[(1 ) ]t t t t t F tc hc y hy h x  (7)

where h is the degree of habit persistence. From the completeness of asset mar-
kets assumption, we also obtain the uncovered interest parity condition, which, 
after some manipulations, can be written as

 1 1 1 ,( ) ( ) [ ]t t t t t t t t q ti E i q  (8)

where it is the domestic interest rate, *
ti  is the foreign interest rate, *

t  is foreign 
inflation and ,q t  denotes an exogenous shock.

Real marginal costs mct  wt  pH,t  zt , where wt are wages and zt  is produc-
tivity, are derived from the cost minimization of firms. Then, the log linearized 
household first-order condition with respect to labor input (Nt ) as well as the 
definition of the terms of trade are used to derive

 1
1(1 ) (1 ) ( )t t t t t tmc x y z h c hc  (9)

where yt denotes domestic output and  denotes the inverse of the labor supply 
elasticity. As Monacelli (2005) notes, the real marginal costs are affected by 
foreign output ty  via risk sharing through its effect on labor supply as well as 
by a ”relative price effect” captured by the terms of trade and the LOP gap (see 
equation (7)).

The market clearing equation is derived from imposing the rule that the 
domestic output must equal the consumption of domestic goods plus the net 
exports of domestic goods. Plugging in the demand functions for these goods 
yields the market clearing condition

 ,(1 ) (2 )t t t F t tc y x y  (10)

where  is the substitution elasticity between domestic and foreign goods.
Regarding the monetary policy (MP), several standard MP rules are assumed. 

They are all of the form

 1 ,(1 )( )t i t i t a t s t i ti i a s  (11)

where at is either detrended output (yt ), output growth ( yt  zt ) or the natu-
ral output gap ( flex

t t ty y y�  where flex
ty  is natural output). i,t denotes an exog-

enous interest rate shock.
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3 The literature makes a distinction between the potential (or efficient) output and natural (or 
flexible price) output. The former is the level of output under flexible prices and perfect com-
petition. The latter is the level of output under imperfect competition, but with flexible prices. 
The term output gap in this paper always refers to the difference between the output and the 
natural (flexible price) level of output. McCallum and Nelson (1999), McCallum (2001) 
and Neiss and Nelson (2005) identify the natural level of output as most appropriate theo-
retically to inform central banks about disequilibria caused by nominal rigidities.

4 The coefficients yy* and xz* are not identified. Restricting the latter to be zero would not 
change the results presented in the remainder of this paper

To derive the natural output gap3, we use the fact that deviation of marginal 
costs from steady state (the desired markup) is zero under flexible prices. Further-
more, the LOP holds under flexible prices. Defining the output gap as the differ-
ence between output and output under flexible prices a model-based measure of 
the output gap can be derived. However, the DSGE model for the foreign closed 
economy is approximated by a VAR. Hence, there will be a slight modification 
compared to the complete structural model when implementing the DSGE model 
for estimation. The approximation by a VAR implies that the foreign technol-
ogy tz  and the foreign flexible price output flex

ty  are not implemented into the 
equilibrium conditions. Hence, ty  is used as a proxy for flex

ty  and tz  in the equa-
tion of the domestic flexible price output and in the equation of domestic terms 
of trade under flexible prices. Therefore, the domestic output gap is given by4

 flex
t t ty y y�  (12)

 where  
1 flex

flex t
t t tyy

x
y z y  (13)

 1 1
flex flex

t t t t txz
x Ax B z hz y  (14)

 
2

[ (2 ) 1]

[ (2 ) 1] (1 )(1 )

h
A

h

 
2

(1 )
[ (2 ) 1] (1 )(1 )

B
h
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5 The information criteria AIC, BIC and HQ all favor a VAR with two lags.
6 To estimate the model, own code based on Bäurle and Menz (2008) as well as Dynare 

(Adjemian et al., 2012) was used.

For the productivity shock, we assume an AR(1) process:

 1 ,=t z t z tz z  (15)

All domestic shocks ( , , , , )q i zH F
 follow an AR(1) process.

The foreign economy is approximated by a VAR.5

 
1 2

1 2

1 2

t t t

t t t

t t t

y y y

i i i
1 2 1 tA A B  (16)

 with 

11 12 13 14 15 16

21 22 23 24 25 26

31 32 33 34 35 36

11

21 22

31 32 33

,  ,

0 0

0 .

a a a a a a

a a a a a a

a a a a a a

b

b b

b b b

1 2

1

A A

B

The vector t contains the exogenous i.i.d. shocks to foreign output, foreign infla-
tion and foreign interest rate and is given by 

, , ,
[ , , ].

y t t i t

3. Estimation

The Bayesian estimation strategy as exposed in An and Schorfheide (2007) 
and Fernández-Villaverde (2009) is applied.6 A full-information likelihood 
approach is chosen to use all information implied by the model. The Kalman 
filter provides the possibility to evaluate the implied likelihood function (Y  ) 
derived from the DSGE model.

The likelihood will be augmented by a prior distribution ( ) to obtain the 
posterior distribution of parameters (Y  ). Recall that the joint probability 
of (Y, )is given by
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7 The program code can be found on http://www.princeton.edu/~sims/.
8 The data sources do not provide information on the 3-month LIBOR in CHF prior to 1989.
9 Data on interest rates are not available for all OECD countries for the sample of interest. 

Hence, the EUR interest rate is used. Note that approximately 78% of imports and approx-
imately 56% of exports are due to trades with EUR countries (Data for 2010 taken from 

 ( , ) ( | ) ( )p Y Y

or

 ( , ) ( | ) ( )p pY Y Y

and by inserting the former into the latter, we obtain the posterior distribution

 
( | ) ( )

( | ) ( | ) ( )
( )p

Y
Y Y

Y

There is no analytical solution available due to the non-linear mapping from the 
DSGE model parameters to the moments of the data. Therefore, numerical meth-
ods are used. The first estimation approach relies on Sims’ algorithm csminwel7 
to minimize over the objective given by

 ( ) = ln ( | ) ln ( )f Y

Numerical methods are applied to calculate the posterior moments of DSGE 
model parameters. To this end, the Random-Walk Metropolis-Hastings algo-
rithm and estimation setup as exposed in Lubik and Schorfheide (2006), An 
and Schorfheide (2007) and Fernández-Villaverde (2009) is used. Further-
more, modified harmonic mean estimates of the marginal densities are computed 
to compare the models (see Geweke (1999), Rabanal and Rubio-Ramirez 
(2005) and An and Schorfheide (2007)).

3.1 Data

The model is estimated using quarterly data ranging from 1989:1 to 2010:2.8 
Higher frequency data are transformed to quarterly data by taking averages. Data 
on the Swiss GDP growth rates, import price inflation, CPI inflation, 3-month 
LIBOR in CHF, the real exchange rate, GDP growth rates and inflation of 
OECD countries and the interest rate on the EURO are used.9 Quarterly data 
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http://www.ezv.admin.ch/themen/00504/01506/01533/index.html?lang=de). Therefore, the 
EUR interest rate occurs to be an accurate measure to use for the foreign interest rate. Fur-
thermore, as a robustness check, data on the GDP for the EURO area and CPI for the EURO 
area were used. The results are similar to the ones reported in this paper.

10 http://www.econstats.com/r/rlib_em4.htm
11 Foreign GDP growth corresponds to t ty z  in the model. However, foreign productivity 

is not modeled due to the approximation by a VAR(2).
12 See Fagan, Henry, and Mestre (2001) or http://www.eabcn.org/area-wide-model for a 

description of the AWM dataset.

on the seasonally adjusted real GDP of Switzerland is taken from the Swiss State 
Secretariat for Economic Affairs (SECO) and transformed to quarterly growth 
rates by taking log differences and multiplying by 100. Swiss inflation rates are 
defined as percentage changes of CPI to the corresponding month of the pre-
vious year. The data is taken from the monthly bulletin of the Swiss National 
Bank (SNB). The monthly import price index is obtained from the SNB and 
transformed to annualized percentage rates by multiplying the log-differences 
by 400. The interest rate is defined as the 3-month-LIBOR. The monthly series 
is obtained from Econstats10 for observations up to 1998. For later observations, 
data provided by the SNB are used. Quarterly data on the relative consumer price 
index supplied by the OECD provide information on the real exchange rate. The 
series is detrended by regressing it on a constant as well as on a trend and by then 
multiplying the respective residuals by 100. As a measure of foreign output, the 
seasonally adjusted quarterly real GDP of OECD countries is taken. The series 
is detrended in the same manner as the real exchange rate. Detrended data are 
used instead of growth rates due to the approximation of the foreign economy 
by a VAR(2).11 The quarterly series on percentage changes of the consumer price 
index of OECD countries on the same period of the previous year is the mea-
sure for foreign inflation. The foreign interest rate is defined as the quarterly 
EURO short-term interest rate. The data source used is the Area Wide Model 
(AWM) dataset for the years up to 2008 and the short-term interest rate of the 
EURO provided by the OECD for the remaining observations.12 The mean is 
subtracted from all series prior to estimation. A detailed overview of the data is 
given in Table 1.
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13 See Kaufmann (2009) for microeconomic evidence on Switzerland.

3.2 Prior Specification

The prior distribution is determined by relying on a priori beliefs from past stud-
ies and is reported in Table 3. In the first column, the parameter symbol is given. 
The second column reports the chosen prior mean. The third column exhibits the 
prior standard deviation, while the fourth column specifies the assumed distri-
bution for any given parameter. As the prior distribution is an important part of 
the Bayesian estimation, some space will be devoted to discuss its specifications.

3.2.1 Calibrated Parameters

The parameters that are not estimated are discussed prior to the discussion of the 
estimated parameters. As is commonly found in the literature, the discount factor, 

, is set to 0.9961, implying an annual steady-state real interest rate of 1.6%. The 
share of imported goods in the small open economy’s consumption bundle, , 
is fixed at 0.25 for identification reasons, as the average ratio of imported goods 
to the Swiss GDP lies in this region. Finally, we estimate a VAR(2) process for 
the foreign economy.

3.2.2 Prior Distributions

The degree of habit persistence must lie between zero and one. Therefore, a beta 
distribution is assumed. There are a few studies (e.g., Fuhrer (2000) and Chris-
tiano, Eichenbaum, and Evans (2005)) that find estimates for h of approxi-
mately 0.6 and 0.8. However, while a mean of 0.5 is used, it is allowed to vary.

The mean of the inverse labor supply elasticity and the mean of the substi-
tution elasticity between domestic and foreign goods are set to one as is com-
monly found in the literature (Christiano, Eichenbaum, and Evans, 2005; 
Corsetti and Pesenti, 2005). Both parameters are assumed to follow a gamma 
distribution.

The fraction of firms not able to adjust their prices is set to 0.75, which implies 
an average duration between price changes of 4 months.13 As the price sticki-
ness parameters reflect probabilities, they must lie between zero and one. This is 
reflected by the assumption that they follow a beta distribution.

Productivity shocks are assumed to be highly persistent. Therefore, the prior 
mean for the autoregressive coefficient in the exogenous technology process is set 
to 0.9. Furthermore, most empirical studies of monetary policy rules have found 
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14 See for example Clarida, Gali, and Gertler (1998), Lubik and Schorfheide (2007), and 
Justiniano and Preston (2010b).

a large degree of interest rate smoothing.14 Hence, we set the prior mean to 0.7. 
For these autoregressive coefficients, only values between zero and one are rea-
sonable, and therefore, a beta distribution is assumed.

Finally, for the case of Switzerland, it seems reasonable to assume a rather 
strong reaction of the monetary authority to inflation and, in comparison, a 
rather modest reaction to real economic activity. Therefore, the value 1.5 as a 
reaction to inflation and 0.5 as a reaction to a measure of real economic activity 
is chosen. The parameters are assumed to follow a gamma distribution as only 
positive values appear reasonable. Furthermore, the prior mean for the reaction 
of the monetary authority to changes in the nominal exchange rate is assumed 
to be 0.25 and follows a normal distribution. Note that this parameter is not 
present in each Taylor rule of the different models. The prior mean of the index-
ation parameters is set to 0.5 and assumed to follow a normal distribution with 
a standard deviation of 0.20.

The term yy y  approximates the effect of foreign productivity and the for-
eign natural output on domestic natural output. The prior mean is set to one, 
but the parameter is allowed to vary substantially. As there is no a priori informa-
tion on the reaction of flexible terms of trade to foreign output available, a zero 
mean and a high variance are assumed for .

xz
 For both parameters, a normal 

distribution is assumed.
The AR(1) coefficients in the shock processes are denoted by ,

j
 where j is the 

corresponding shock. The prior mean for all these coefficients is set to 0.5, and 
0.2 is the prior standard deviation. All standard deviations of domestic shocks 
are assumed to have a mean of 0.1 and follow an inverse gamma distribution.

4. Estimation Results

As given in equation (11), different Taylor rules are estimated because this equa-
tion is based on ad-hoc assumptions. Hence, it is advisable to explore which 
specification performs best at fitting the data. Five different models containing 
reasonable Taylor rules are considered. In the first model, (BASE), the mone-
tary authority is assumed to react to inflation and the natural output gap. The 
second model, (GROW), stipulates a Taylor rule where the monetary authority 
reacts to inflation and output growth. The third model, (DETR), assumes that 
the monetary authority reacts to inflation and detrended output. The fourth 
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15 See, e.g., Fuhrer (2000), Christiano, Eichenbaum, and Evans (2005) and Adolfson et 
al. (2007).

16 See, e.g., Beltran and Draper (2008), Justiniano and Preston (2010b) and Justiniano 
and Preston (2010a).

17 This is consistent with the findings of Hooper, Johnson, and Marquez (1998). They report 
an elasticity of 0.6 for the U.S. while the remaining G7 countries exhibit elasticities between 

model, (EXCH), considers a reaction of the monetary authority to inflation, to 
the natural output gap and to the exchange rate. Finally, the model IND has the 
same specification as model EXCH, but additionally it allows for indexation in 
the New Keynesian Phillips Curves. An overview of the Taylor rule specifica-
tions is provided in Table 2.

Table 2: Model Overview
The table shows which variables are present in the Taylor Rule of the respective model  

and whether indexation in NKPCs is considered.

Variables / Model BASE GROW DETR EXCH IND

Inflation 

Output Gap 

GDP Growth 

Detrended GDP 

Exchange Rate 

Indexation 

4.1 Estimated Parameters

The estimation results are presented in Table 3. The second column reports the 
specified prior mean as discussed in section 3.2. The third column reports the 
prior standard distribution. The following columns report the posterior means 
and posterior standard deviations for the estimated models.

Similar to Beltran and Draper (2008), the degree of habit persistence (h) 
is high for all considered model specifications. These estimates are a bit higher 
than those usually found in the literature.15 The parameter of the inverse elastic-
ity of labor supply ( ) is slightly lower compared to other studies for most of the 
chosen model specifications.16 This implies that the labor supply is quite respon-
sive to changes in real wages. The elasticity of substitution between domestic and 
foreign goods ( ) is very low17, while the degree of price stickiness for domestic 
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0 and 0.6. Furthermore, the estimate is close to the findings of Taylor (1993). He reports 
elasticities between 0 and 0.19 for European countries.

18 The DSGE model was also estimated using the HP-cycle of the Swiss GDP as observable 
instead of the growth rate. The log marginal likelihood using this approach was also lower 
than for the models with the output gap. However, as observables were exchanged to include 
the HP-cycle in the Taylor rule, this result must be taken with caution.

producers ( H ) and for domestic retailers ( F ) is rather high. This implies that 
firms seldom reoptimize which is in contrast to the microeconomic evidence 
(Kaufmann, 2009). However, Justiniano and Preston (2010a) find similar 
results for domestic price stickiness, though not for the imported price sticki-
ness when using a small open economy model for Canada. Furthermore, as the 
model IND allows for indexation, price changes are more often observed. The 
monetary authority strongly reacts to inflation but not so much to the real eco-
nomic activity with the exception of the reaction to growth rate (GROW model). 
It also reacts to changes in the exchange rate when it is allowed to. The indexation 
parameters are higher than otherwise found in the literature (e.g. e.g. Bäurle and 
Menz (2008) or Justiniano and Preston (2010b)). Finally, technology and the 
interest rate are highly persistent processes.

4.2 Model Comparison

The log marginal likelihoods are compared following the approach of An and 
Schorfheide (2007) to evaluate the performance of the different models at 
explaining the data. The log marginal likelihood and the Bayes factor (BF) are 
reported in the last rows of Table 3. The BF is given by

 , IND= exp ln ( | ) ln ( | )IND j jBF p M p MY Y

where ln p(Y  Mj ) is the log marginal likelihood of model i. As in Lubik and 
Schorfheide (2007) and Justiniano and Preston (2010b), it can be con-
cluded that including a reaction to changes in the nominal exchange rate in the 
Taylor rule is favored by the data. Most importantly, the models that are superior 
with respect to the log marginal likelihood all include the natural output gap in 
the Taylor rule. Therefore, estimating the output gap instead of just using the 
growth rate or detrended GDP improves the explanatory power of the model. 
The table reports the BF for the comparison of model IND to the other models. 
Kass and Raftery (1995) suggest that values of 2ln(BF)  10 indicate very strong 
evidence against model j. Hence, allowing for indexation improves the models 
ability to predict data as all BF are greater than 10.18 While the discussion in 
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the remainder of the paper relies on results from the model with indexation and 
with the exchange rate in the Taylor rule (model IND), the results regarding 
the impulse response functions as well as the shock decomposition of output are 
robust across the different model specifications.

4.3 Impulse Responses

Insights on the behavior of endogenous variables can be gained by examining 
the impulse response functions of selected variables. The impulse response func-
tions display the median response to a shock of the size of one standard devia-
tion together with a 90% credible interval. Figure 1 displays the responses to a 
positive domestic productivity shock. It raises output significantly but less pro-
nounced than natural output. The reason is that the deviation of marginal costs 
from constant steady state markup �( )tmc  reacts negatively to a productivity shock. 
As prices cannot adjust immediately, the effect of a positive productivity shock 
on output is dampened compared to its effect on natural output. Therefore, the 
output gap reacts negatively to a productivity shock, and the reaction of prices 
is economically irrelevant due to the small size. The interest rate decreases in 
response to a productivity shock. As the foreign inflation is exogenous and the 
Swiss CPI inflation hardly reacts, the domestic currency depreciates. Hence, the 
real exchange rate depreciates. 

A positive interest rate shock of the size of one standard deviation leads to an 
appreciation of the real exchange rate because the nominal exchange rate appre-
ciates more than the domestic price level (Figure 2). The inflation rate decreases 
as well, although the effect dies out rather quickly. The hump shaped response 
is only achieved by allowing for indexation. Output falls after an interest rate 
shock. Furthermore, the natural level of output does not react to an interest rate 
shock. Therefore, the reaction of the output gap in response to an unexpected 
interest rate shock corresponds to the reaction of output.

Figure 3 displays the responses to a shock to foreign output. Foreign demand 
for home goods increases, thus leading to an increased output gap. The nominal 
exchange rate depreciates, and in combination with the increase of the foreign 
price level, this explains the depreciation of the real exchange rate. The increased 
demand leads to an increase in CPI inflation that is counteracted with a lagged 
increase of domestic interest rates.

The responses to a one standard deviation shock to the uncovered interest rate 
parity (UIP) are depicted in Figure 4. This shock can be interpreted as a risk 
premium shock. It has an important effect on the real exchange rate through 
the nominal exchange rate. The increase in the real exchange rate coincides with 
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19 Detrended GDP is the residual of the regression of the log of Swiss GDP on a constant and 
trend.

an increase of domestic output as the domestic economy can benefit from the 
depreciation of domestic currency. As natural output does not react to a UIP 
shock, the output gap moves one-to-one with output. Domestic inflation rises 
on impact but decreases afterwards, and the risk premium shock leads to a rise 
in the interest rate.

5. Recessions and the Output Gap

First, this section contrasts the model-based output gap measure to conventional 
measures of economic fluctuations such as the HP-cycle, detrended output19 and 
output growth. The main finding is that the model-based output gap measure is 
consistent with conventional measures as well with conventional wisdom about 
the performance of the Swiss economy. The advantage of the model-based output 
gap measure is that a shock decomposition can be performed, which is not pos-
sible for the other approaches. Second, the possibility for a shock decomposition 
is exploited, and the driving forces of the output gap are identified.

5.1 Comparison of Measures of Economic Fluctuations

Estimates of the output gap were obtained by running the Kalman smoother 
using the estimated posterior mean of the parameters. The best linear prediction 
of the states Xt given the observations up to and including period t is computed. 
Table 4 provides an overview on standard deviations of and correlations between 
different measures. The natural output gap as well as the detrended output is 
much more volatile than the HP-cycle or output growth. The high volatility of 
the natural output gap is consistent with output gap estimates for closed econo-
mies (Justiniano and Primiceri, 2008). Figures 5 to 7 compare the estimated 
model-based output gap to conventional measures of economic fluctuations such 
as the HP-cycle and the detrended GDP. Furthermore, different measures to 
determine recession periods are used in each plot.
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Table 4: Standard Deviations of Output Gap Measures on the Diagonal,  
and Corresponding Correlations on the Off Diagonal

y� y  z y HP

y� 2.24

y  z 0.43 0.63

y 0.77 0.23 3.07

HP-filter 0.65 0.14 0.71 1.20

Figure 5: Recessions Defined as two Consecutive Quarters of Negative Growth  
(Shaded Areas), Output Gap Estimate Based on Model IND
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In Figure 5, recessions are plotted as shaded areas and are defined as two consec-
utive quarters with a negative growth rate. The first series depicted in Figure 5 
is the estimated output gap using the best linear prediction based on the DSGE 
model. The other series are the business cycle derived from the Hodrick-Prescott 
(HP) filter and the detrended GDP. From this figure, we can infer that all series 
move in a comparable manner for most of the sample with the exception of the 
years 1995 to 1997, where the DSGE output gap series and detrended GDP 
deviate from its steady state up to more than –4% while the HP-cycle closely 
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fluctuates around zero. However, all series peak in 1990, 2001 and 2008 and 
exhibit a trough in 2003 and again at the end of 2008, which corresponds well to 
conventional wisdom. For a more thorough understanding, the following para-
graphs exhibit a detailed discussion of the model-based series and the HP-cycle, 
and put them into an historical context.

The years 1989 and 1990 were characterized by a worldwide economic rebound 
and a domestic housing bubble. Therefore, where the SNB was mainly con-
cerned about an appreciation of the domestic currency and a possibly vulnerable 
economy, their focus switched to the inflation pressure caused by the economic 
rebound in combination with a depreciation of the domestic currency (Hildeb-
rand, 2004). Inflation increased up to 6.6%, and the years 1991 to 1993, under 
conventional wisdom, were perceived as a recession (or at least stagnation). How-
ever, this does not conform to the estimated output gap. Although it sharply 
declines, the output gap stays positive.

It is interesting to note that the DSGE output gap depicts large negative values 
for the years 1995 to 1997. Although the economy was still weak and the struc-
tural crisis in the building and housing sector was still not completely eliminated, 
the SNB adhered to a tight monetary policy up until 1995. It was not until after 
the occurrence of the Mexican crisis and the following worldwide economic 
downturn that the SNB lowered interest rates, an action that was also due to 
the strong domestic currency and the stagnation of the domestic economy (Hil-
debrand, 2004). The negative values of the DSGE output gap correspond well 
with conventional wisdom that Switzerland faced stagnation, or at least weak 
growth, during the 1990s although there is some disagreement about the scale 
of this slowdown (Lambelet and Mihailov (1999), Kehoe and Ruhl (2005) 
and Abrahamsen et al. (2005)). However, this weak performance by the Swiss 
economy is captured only by DSGE output gap and detrended output; it is not 
captured by the HP-cycle. The large drop in the output gap coincides with the 
Mexican peso crisis (1995 to 1996).

Also in accordance with conventional wisdom, the HP-cycle, detrended output 
and DSGE output gap peak in 2001 after the burst of the technology bubble at 
the stock exchanges and before the terrorist attacks in the U.S.. According to 
all measures, the economy began to rebound in 2003 and the following boom 
peaked in 2008, when the financial crisis occurred. The dating of the downturn 
as well as the severity compared to other recessions is consistent with conven-
tional wisdom.
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20 www.businesscycle.com.

Figure 6: Low Growth Periods of the Markov-Switching Model with Two Regimes 
Siliverstovs (2011) (Shaded Areas) Compared to Model-Based Output Gap (IND)
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In Figure 6, the shaded areas correspond to the low-growth regime from a Mar-
kov-switching model that allows for only two regimes. The dating is taken from 
Siliverstovs (2011). All periods of low-growth correspond to downturns in 
both business cycle measures.

Figure 7 provides information on peaks and troughs if the same dating mech-
anism as for the US is applied to Swiss data. The information is provided by 
the Economic Cycle Research Institute (ECRI)20. The model-based output gap 
is also similar to these peak to trough periods. While the output gap begins to 
decline in the 1990:1 and reaches a trough in 1996:1, the ECRI turning point 
dates indicate a short upturn in the economy from 1993:3 to 1994:4. However, 
a recession then starts again and ends in 1996:3, only 2 quarters later than indi-
cated by the model-based output gap. For the recession beginning around 2001 
and for the great recession starting in 2008, both approaches yield similar reces-
sion dates up to a deviation of a few quarters.
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Figure 7: Peak to Trough Periods Given by ECRI Shaded in Green
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In light of the discussion in this section, we see that all measures perform simi-
larly at measuring business cycles when comparing the estimated series to reces-
sion definitions. However, especially for the mid-1990s the DSGE output gap 
series seems to outperform the HP-cycle estimate. Therefore, it seems reason-
able to conclude that the output gap measure derived from the DSGE model 
provides an alternative estimate of the business cycle. Furthermore, the DSGE-
based output gap estimate can be used to analyze the recessions regarding their 
driving forces; this cannot be done when using agnostic statistical procedures. 
This advantage of the DSGE-based measure will be exploited in the next section.

5.1.1 Shock Decomposition

The series of output and the output gap are decomposed into historical shock 
contributions to analyze the Swiss business cycles. The historical shock decom-
position was computed by switching off all but one of the shocks. Eight series 
for each measure corresponding to the evolution of the output gap given the 
realization of only one historical shock series were computed. These series were 
aggregated for each quarter and measure and the five most important shocks, in 
terms of their contribution to the output gap, were plotted as a stacked bar graph. 
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21 The results presented herein do not depend on this. They still hold when using the structur-
ally defined output gap as given in the appendix of the older version of this paper but defining 

11=
y

z b  (or 1= ),t tz y
z z  where 

y
 is the identified structural shock from the VAR. 

In addition to the structural definition of the output gap, the equation defining foreign natural 
output is also implemented in these approaches. However, while the results stay qualitatively 
the same, the log marginal density indicates that these specifications are unlikely.

Furthermore, the effect of initial values is neglected. Therefore, the bars do not 
add up to the plotted line corresponding to the smoothed series with respect to 
all shocks. However, the effect of initial values vanishes rather quickly and is not 
of interest and the contribution of the three minor shocks is negligible.

Figure 8 shows the decomposed DSGE output series. In the beginning of the 
1990s, the domestic inflation rate was high compared to the rest of the sample, 
and domestic inflation shocks had a considerable negative impact on output, 
which corresponds well to the historical account on the Swiss economy in chap-
ter 5. Moreover, some regularities are worth mentioning. If the output series devi-
ates at least 1.5% from the steady state, the shock to foreign output 

y
 acted 

procyclically. Furthermore, the contribution of the UIP shock also acted procy-
clically in boom and recession periods with only one exception. Remarkably, this 
exception occurred during the great recession, which had its roots in a financial 
crisis. This finding will be discussed below.

The shock decomposition of natural output will not be discussed in detail as it 
does react only to foreign variables and domestic productivity. Domestic natural 
output reacts to foreign interest rates and foreign inflation as the foreign economy 
is approximated by a VAR and the foreign output level y  is used to approximate 
y flexand z .21 The above-mentioned procyclical effect of the UIP shock is even 
more pronounced with respect to the output gap. However, Figure 9 shows also 
that this procyclical effect of the UIP shock breaks down in the latest recession. 
Interestingly, although foreign output had a positive effect on the output gap 
for almost every quarter over the years 2002 to 2006, the output gap remained 
negative during these years. This is not only due to the procyclical effect of the 
UIP shock but also to the huge negative effect of foreign interest rate shocks for 
the whole first decade of this century. This pronounced negative effect of foreign 
interest rates on the output gap stems from the negative effect on output itself, 
while natural output was positively affected during this period.

Figure 10 shows the evolution of the UIP shock ( q ), the real exchange rate, 
the interest rate and the output gap. We see that recession 1 (1994:3 to 1999:2) 
and recession 2 (2001:4 to 2006:1) showed a similar behavior. However, this holds 
only for the real exchange rate when we consider the last recession. In contrast, 
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the behavior of the interest rate and output gap is different compared to the other 
recessions. Interest rates as well as the output gap would have been positive if 
only the UIP shock occurred and all other shocks had been zero. This is due to 
the positive UIP shock that led to an increase in the real exchange rate (depreci-
ation of domestic currency), which would have been beneficial for the domestic 
output, in which case no recession had occurred. However, the effect of q was 
overwhelmed by the effect of the foreign output shock as stated in Table 5 and 
as also visible in Figure 11.

Tables 5 and 6 confirm the important role of the UIP and the foreign output 
shocks for the output gap. In Table 5, we see that the output gap was positively 
correlated with itself if only the UIP shock occurred for the whole sample as well 
as for the first two recession periods. However, this positive correlation breaks 
down during the last recession. This is also the case for the interest rate, but not 
the case for the real exchange rate. This change in correlation is mainly due to 
the increased contribution of the foreign output shock during the last recession. 
Finally, in Table 6, we see that while the UIP shock only affects the output gap 
in the very short run, the foreign output shock is the main component in the 
forecast error variance decomposition.

Table 5: Conditional Correlations of Respective Series with Series if Only One Specific 
Shock Occurred. Shocks Contribution to Series in Brackets.

shock whole
sample

1994:3
1999:2

2001:4
2006:1

2008:4
2010:2

( ( ), ( ))qcorr y y� �
 

0.50
(18%)

0.97
(21%)

0.80
(22%)

–0.95
(22%)

( ( ), ( ))
y

corr y y� �
 

0.63
(26%)

0.74
(24%)

0.40
(20%)

0.99
(46%)

( ( ), ( ))qcorr q q
 

0.81
(25%)

0.96
(32%)

0.81
(30%)

0.68
(9%)

( ( ), ( ))qcorr i i
 

0.24
(15%)

0.18
(22%)

0.78
(17%)

–0.66
(25%)

mean of q –0.70 –0.61 1.39
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Table 6: Forecast Error Variance Decomposition of Output Gap (Model IND)  
for a Selection of Horizons (h). Shock Contributions Given in Percent.

h / shock 
H F q i z y* * i*

1 0.01 0.01 26.66 0.36 0.69 61.12 0.45 10.72

4 0.31 0.14 6.41 0.53 0.47 80.65 1.17 10.33

8 1.14 0.32 3.67 0.67 0.34 80.26 0.81 12.79

12 1.87 0.40 3.12 0.70 0.29 76.20 1.23 16.20

16 2.17 0.42 2.93 0.68 0.27 72.90 1.75 18.88

20 2.21 0.41 2.84 0.66 0.27 70.85 1.98 20.78

6. Conclusion

Most of the literature relies on pure statistical approaches to estimate the output 
gap. The drawback to such approaches is that these estimates are not based on 
economic theory. Thus, estimates based on agnostic statistical approaches do not 
provide the possibility to analyze the source of the variation in the output gap. 
Moreover, this estimate will be prone to the Lucas critique.

This paper describes the estimation of the output gap based on a New Keynes-
ian small open economy model. This approach has the advantage that it relies 
on a microeconomic foundation and provides a clear definition of the output 
gap. The DSGE model exhibits imperfect competition in product markets and 
sticky prices. Compared to Leist and Neusser (2010), a richer framework was 
chosen such that external habit persistence is appropriately incorporated and 
deviations from the LOP are allowed. This leads to a more sophisticated spec-
ification of the flexible price output, which now depends not only on foreign 
output but also on domestic productivity and terms of trade under flexible prices. 
Using the output gap in the Taylor rule dominates models where output growth 
or detrended output is used in the Taylor rule. Hence, the output gap measure 
improves the model fit compared to just using GDP growth or detrended output, 
which is in contrast to the finding of Adolfson et al. (2008). Furthermore, 
adding the exchange rate to the Taylor rule and allowing for indexation in the 
NKPC improves the model fit.

The estimation results of the model with the output gap and exchange rate 
in the Taylor rule as well as the indexation in the NKPC suggest that output 
would have evolved differently in the absence of price rigidities. In the case of 
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Switzerland, the difference between deviation of output from its steady state 
and deviation of natural output from its steady state lies in the range of approx-
imately  4%. Booms as well as recessions would have been less pronounced 
under flexible prices. Furthermore, the estimated output gap corresponds to con-
ventional wisdom about Swiss business cycles and evolves similarly to detrended 
output and the HP-cycle. Moreover, it is also partially consistent with some 
agnostic definitions of recessions resulting from a regime switching model or 
from simply defining a recession as two quarters of negative growth rates in a row.

In contrast to agnostic approaches, the microeconomic foundation of the 
output gap estimation allows a detailed analysis of recessions. The first insight 
we gain from the shock decomposition is that the output gap is mainly driven 
by the UIP shock and foreign output shock. The latter finding is in contrast to 
Justiniano and Preston (2010a), who find that US disturbances have nearly 
no effect on Canada and conclude that this contrasts with other empirical work. 
Therefore, they suggest concentrating on international transmission mechanisms 
to improve in this dimension. The main difference to their approach lies in the 
use of a VAR model to approximate the foreign economy rather than using a 
DSGE model to characterize the foreign economy. Second, particularly inter-
esting is the finding that the UIP shock acted procyclically with respect to the 
output gap over almost the whole sample, with the notable exception of the last 
recession. Therefore, the effect of the increased uncertainty about the large finan-
cial sector in Switzerland is reflected in this break-up of the co-movement of the 
output gap and the UIP shock. The increased uncertainty actually helped the 
Swiss economy as it led to a depreciation of the real exchange rate. Policy makers 
rely on such measures of the output gap and respond to shocks to the output 
gap. As this paper shows, the contribution of different shocks to the output gap 
changed over time. This should be taken into account by policy makers.

To gather more information regarding the interpretation of the UIP shock, we 
could include a financial sector into the model to discriminate between liquidity 
shocks and pure risk premium shocks. Furthermore, instead of approximating 
the foreign economy by a VAR, we could use a large-scale closed economy model 
for the foreign economy to make the domestic flexible price output dependent on 
the foreign flexible price output and foreign productivity shocks.
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