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Comparing the fit of New Keynesian DSGE 
models 
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Abstract 

The paper is focused on an analysis of model fit of Dynamic Stochastic General Equilibrium (DSGE) models 
following New Open Economy Macroeconomics (NOEM). Unlike most of the literature on the topic, this paper 
does not use Bayesian posterior odds ratio to analyze model fit to data; it uses alternative tools instead. In order 
to compare the results of the alternative tools to the standard posterior odds ratio, this paper uses the findings of 
Slanicay and Vašíček (2009), who compared model fit to data of several models with the tool Bayesian posterior 
odds ratio. The goal of the paper is to verify the results of Slanicay and Vašíček’s (2009) model variants with 
different criteria than posterior odds and to compare the results with findings of their paper. The tools for the 
analysis are criteria based on root mean squared error (RMSE) and tools from the Global Sensitivity Analysis 
toolbox. Conclusions of this paper are the following: Habit persistence in consumption is found to be important 
and price indexation unimportant as in Slanicay and Vašíček (2009). Furthermore, model variants with foreign 
economy modeled as AR1 processes always perform better than the ones with structurally modeled foreign econ-
omy. This finding is in contradiction to the results of Slanicay and Vašíček (2009). 
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1. Introduction 

Contemporary literature extensively uses open econ-
omy Dynamic Stochastic General Equilibrium 
(DSGE) models to policy evaluation, forecasting, and 
other methodological issues. Large portion of these 
models belongs to the New Open Economy Macroe-
conomics (NOEM) class of models, which broaden 
classical approach by including nominal rigidities and 
market imperfections and derive (macroeconomic) 
models from microeconomic foundations.1 Some 

                                                             
1 For a survey on New Open Economy Macroeconomics 
literature, see Lane (2001). 

authors call virtually the same extensions to models as 
following the New Keynesian (NK) paradigm. 

Despite wide use of NK DSGE models, according 
to e. g. Justiniano and Preston (2004) and Slanicay and 
Vašíček (2009), there has been paid little attention to 
the fit of the model to actual data. Justiniano and 
Preston (2004) therefore apply Bayesian posterior 
odds ratio to several models in order to evaluate which 
model fits data best.2 Similar approach is followed by 
Slanicay and Vašíček (2009) but the analysis is 

                                                             
2 Authors use data sets from Australia, Canada and New 
Zealand. 
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performed on Czech data (with EU12 as the foreign 
economy). 

The relatively sparse literature devoted to study 
model fit mostly uses Bayesian posterior odds ratio as 
a standard analytic tool. Although the posterior odds 
ratio is a common criterion to compare models, its 
informativeness is limited – the result is just one 
number (the ratio). This paper aims at a broader 
approach to the topic. 

The goal of the paper is to verify the results of 
Slanicay and Vašíček’s (2009) model variants with 
different criteria than posterior odds and to compare 
the results with the findings of Slanicay and Vašíček 
(2009).3 

The choice of alternative tools is motivated by 
their ability to explain the sources of the resulting fit. 
The researcher may be interested in questions like: 
Does the prior space of the model correspond to stable 
results? Which parameters cause the biggest conflicts 
in model relations that cause the deterioration of fit? 
Which parameters are the most important in different 
model specifications? Which model specification 
results in the lowest one-step-ahead prediction error? 
Which model requires the lowest possible variation in 
model innovations? These and other similar questions 
cannot be answered using posterior odds ratio as the 
only analytic tool. Luckily, all of these questions can 
be answered by using analytical tools used in this 
paper.  

Even though the selected tools allow for deeper 
analysis, the ability to formulate conclusions about 
comparison of fit of Slanicay and Vašíček (2009) 
model variants is vital for the primary aim of the 
paper. The main contribution of the paper is a propos-
al of an innovative methodology to compare models 
according to their data fit without utilizing Bayesian 
posterior odds ratio. The usefulness of the innovative 
methodology can be found in two main areas. Firstly, 
the fact itself that the analysis does not use Bayesian 
posterior odds allows for comparison with the majori-
ty of papers that use Bayesian posterior odds. Second-
ly, the alternative analyses enable a deeper under-
standing of what lies behind the result that one model 
fits the data better that some other model. 

The paper proceeds as follows. Section 2 introduc-
es the model, data used and presents the linearized 
form of the model equations. Section 3 uses tools of 
Global Sensitivity Analysis toolbox to deeply analyze 

                                                             
3 Slanicay and Vašíček (2009a) came to similar results about 
importance of habit formation in consumption and price 
(and wage) indexation as Slanicay and Vašíček (2009), but 
on slightly modified model structures and estimated on US 
data set. 

relations within model structures that affect the fit to 
data. Section 4 addresses directly the data fit by 
computing indices that measure data fit and quality of 
forecasting.4 The final part of the paper summarizes 
the results. 

2. Model 

The macroeconomic models introduced in this section 
are derived from microeconomic foundations. The 
models presume seven types of representative agents. 
These are importers in the domestic economy5 and 
domestic and foreign households, producers, and 
monetary authority.  

Households maximize their utility function subject 
to their budget constraint. They derive positive utility 
from consumption and negative utility from labor. The 
budget constraint of the resources spent on consump-
tion and money earned by working must be balanced 
in the long run. 

Producers operate on monopolistically competitive 
markets and their production function has only labor 
input. They change price according to the Calvo-type 
price setting. 

Importers import differentiated foreign goods and 
are also operating on monopolistically competitive 
market and they are also bound by Calvo-type price 
setting. 

Monetary authorities behave according to a mod-
ified Taylor rule, i. e. they use their tool, nominal 
interest rate, to react to deviations of inflation and 
output from their required (target) levels. 

None of the microfoundations and derivations or 
linearizations are introduced in this paper. This section 
just briefly introduces linearized model equations of 
all model variants that are used in the analysis. All 
model variants (with prior settings, data sets etc.) are 
taken over from Slanicay and Vašíček (2009), which 
can also be consulted for details on microfoundations, 
derivations and linearizations.  

For original literature on very similar models, see 
Galí and Monacelli (2005) and Monacelli (2003). For 
full details of model linearization, see e. g. Justiniano 
and Preston (2004), Liu (2006), Musil and Vašíček 
(2006) or Remo and Vašíček (2008). 

                                                             
4 Sections 4.1 and 4.2 do not use Global Sensitivity Analysis 
toolbox. 
5 In contrast to domestic importers, foreign importers are 
not modeled since the model is a small open economy 
(SOE) model, which means that none of the actions of the 
small domestic economy influences the behavior of the large 
foreign economy. 



J. Čapek – Comparing the fit of New Keynesian DSGE models  
 

209

The section proceeds as follows. Subsection 2.1 
explains some of the denotation used throughout the 
paper. Subsections 2.2 and 2.3 present linearized form 
of the model. Subsection 2.2 presents the domestic 
part and subsection 2.3 presents both Monacelli and 
VAR formulations of foreign sector, all linearized 
around the steady state. Subsection 2.4 introduces the 
eight used model variants and their notation and final 
subsection 2.5 mentions the data used for the analysis. 

2.1 Denotation details 

All variables are introduced as a logarithmic deviation 
from steady state, formally written 

,loglog= XXx tt −  where X  is the value at steady 
state. Subscript t  at a variable denotes relative time. 
Symbol E  is a rational expectations operator. Symbol 
Δ  denotes first difference so that e.g. 1−−=Δ ttt xxx . 
AR1 shocks are denoted by ε s. Exogenous processes 
(innovations to equations) are denoted by ζ s. Greek 
letters without t  subscripts denote model parameters.6 
Denotation of model’s variables is explained in 
section 2.2. 

Variables and parameters with a star superscript 
( )*  denote foreign variables or corresponding parame-
ters. Variables and parameters with a H  subscript 
( )H  relate to home-produced goods, whereas variables 
and parameters with a F  subscript ( )F  relate to 
imported goods7.  

Notation in Figures lacks LaTeX/MathType cha-
racters, but the paraphrasing is mostly straightforward. 
For clarity, Figures have footnotes with hints on the 
paraphrasing (footnote 10, 15, and 16). 

2.2 Domestic block 

Goods market clearing condition is 
,)(2=)(1 *

, ttFttt ysyc −−−−− αηψααηα where law 

of one price gap is defined as tFtttF ppe ,
*

, )(= −+ψ  , c  

is consumption, y  is output, s  are terms of trade, *y  
is foreign output, e  is nominal exchange rate, *p  is 

                                                             
6 Exact meaning of all the parameters is not listed for two 
reasons. It is not vital for understanding paper’s results and 
also to conserve space. Important parameters are discussed 
in section 2.4. Those interested in economic meaning of 
other (or all) parameters may consult Slanicay and Vašíček 
(2009). 
7 Described in a more elaborate way, F  subscript denotes 
foreign-produced home-consumed goods (in another words, 
imported goods). 

foreign price index, tFp ,  is (domestic) price index of 
foreign goods. 

Change in terms of trade equals tHtFts ,,= ππ −Δ , 
where π  is inflation (e.g. tH ,π  is inflation of home-
produced goods).  

Domestic firms’ price setting equation is 
⋅−+−− −

+− )(1)(= 1
,1,1,, HHtHHtHttHHtH E θθπδπβπδπ  

,)(1 tH mcβθ−⋅ where mc  are firm’s real marginal cost 
that follow equation +++− ttatt symc αεϕϕ ,)(1=  

.)()(1 1
1

−
− −−+ tt hcchσ  

Real exchange rate definition is 
.)(1== ,

*
ttFtttt sppeq αψ −+−+  Importers’ price 

setting equation is ⋅− − ttFFtF Eβπδπ =1,,  

.))(1(1)( ,
1

,1, tFFFFtFFtF ψβθθθπδπ −−+−⋅ −
+  

Uncovered interest parity condition is 
tstttttttt qEEiEi ,1

*
1

*
1 =)()( εππ +Δ−−− +++  (with using 

*= tttt qe ππ −+ΔΔ ). 

Complete market assumption equation is 
[ ] tgttFtttt shhyyhcc ,,

1*
1

*
1 )(1)(1= εαψσ +−+−+−− −

−− . 
Identity for inflation definition is .= , ttHt sΔ+αππ  

Domestic block is closed with modified Taylor 
rule tMtytitit yii ,1 ])[(1= ζψπψρρ π ++−+− , where i  is 
nominal interest rate, and three AR1 processes 

,= ,1,, tgtggtg ζερε +−  tataata ,1,, = ζερε +−  and 
.= ,1,, tstssts ζερε +−  

2.3 Foreign block 

There are eight variants of description of foreign 
sector. Four variants model foreign economy with 
structural equations (these are called Monacelli), 
another four variants describe foreign economy with 
AR1 processes (variants called VAR).  

Monacelli 

Structural relations representing basic behavioral 
characteristics of a foreign economy are natural 
counterparts of domestic-block equations: 

,)(1)(= *
1,

*
,

*
1

***
1

*
1

*
+++− −+−

−
−−− tgtgtttttttt EihhyyEhyy εεπ

σ
,))(1(1)(= *

**
1

*
*

*
*

1
*

1*
*

tttttt mcE βθθθπδπβπδπ −−+−− −
+−

 )()(1)(1= *
1

*1*
,

**
−

− −−++− tttatt hyyhymc σεϕϕ , 

 ,])[(1= *
,

*
*

*
**

*
1*

*
tMtytitit yii ζψπψρρ π ++−+−  

,= *
,

*
1,*

*
, tataata ζερε +−   .= *

,
*

1,*
*

, tgtggtg ζερε +−  
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VAR 

Foreign sector is described just by three AR1 
processes: 
 ,= *

,
*

1
*

tytyt yy ζω +−  

 ,= *
,

*
1

*
ttt ππ ζπωπ +−  

 .= *
,

*
1

*
titit ii ζω +−  

2.4 Model variants 

As was mentioned above, the analysis uses eight 
model variants. They differ in the way the foreign 
economy is modeled and in the restrictions that are 
placed on certain parameters. Four model variants use 
structural Monacelli description (variants M1, M2, M3 
and M4). Remaining four model variants describe 
foreign economy behavior with AR1 processes (va-
riants called V1, V2, V3 and V4). 

The original study Slanicay and Vašíček (2009) 
investigated the relevance of presence of habit persis-
tence (parameter h ) and price indexation (parameters 
δ ) in a way of allowing the parameters to be non-zero 
or fixing them at zero value (and eliminating them 
effectively from the system). Slanicay and Vašíček 
(2009) then compared model fit with Bayesian post-
erior odds ratio. 

Model restrictions for eight model variants are the 
same as in original paper Slanicay and Vašíček (2009) 
and are stated in Table1. For example, variant M2 is a 
model with structural foreign economy and allowed 
habit persistence. For another example, variant V4 is a 
model with foreign economy modeled as AR1 
processes and with allowed habit persistence and price 
indexation.8 

2.5 The data 

Model consists of seven observable variables: ty  and 
*
ty  are modeled as (HP filter-) detrended log real GDP 

per worker for the Czech Republic (CR) and EU12, 
respectively. tπ  and *

tπ  are modeled as demeaned 

                                                             
8 Martin Slanicay kindly provided me with Matlab codes to 
all model variants which ensures comparability of the 
results. 

quarter-on-quarter inflation rate for the CR and EU12, 
respectively; ti  and *

ti  are modeled as demeaned 
nominal interest rate for the CR and EU12, respective-
ly; tq  is modeled as (HP filter-) detrended log real 
exchange rate. All data are from Eurostat.  

3. Global Sensitivity Analysis 

This section presents results of Marco Ratto’s Global 
Sensitivity Analysis (GSA) toolbox9 applied on 
models of Slanicay and Vašíček (2009). Following 
subsections 3.1, 3.2, and 3.3 present results of separate 
GSA tools in a summarized manner. For cross-
reference and exemplary purposes, all subsections 
present an example of actual output of GSA toolbox 
prior to summarization. Due to the length of the 
section, subsection 3.4 condenses main findings of 
subsections 3.1–3.3. 

3.1 Stability analysis 

Stability mapping helps to detect parameters iX  that 
are responsible for possible bad behavior of the 
model. Without burrowing into theoretic details (see 
Saltelli et al. (2008), Ratto (2008) or Čapek (2009)), 
the use is following: Bad behavior is either instability 
(model solution is unstable) or indeterminacy, both 
possibilities meaning that the solution of the model 
cannot be used for further needs. Stability mapping 
detects which parameters (and on which range) cause 
the solution of the model to be bad. Researcher can 
then suitably adjust prior space so that the instabili-
ty/indeterminacy regions are eliminated. 

Table 2 and Table 3 introduce results of stability 
mapping in columns two and three. Column 2 (stabili-
ty region) separates the prior space into behavioral 
good part and non-behavioral (unstable and indeter- 
minacy) bad parts. Models with structural description 
of foreign economy (M1–M4) exhibit that only some 

43  of the prior space is stable. Models with VAR-
foreign economy are 10 percentage points better off 
with approximately 86 % of prior space stable. This 

                                                             
9 The toolbox is available online at http://eemc.jrc.ec.europa. 
eu/Software-DYNARE.htm, the tools are described in 
Saltelli et al. (2004 and 2008) and Ratto (2008 and 2009). 

Table 1 Restrictions imposed on parameters in model variants 

 M1 M2 M3 M4 V1 V2 V3 V4 

restriction 

0=h  
0=Hδ  
0=Fδ  
0* =δ  

0=Hδ  
0=Fδ  
0* =δ  

0=h  – 
0=h  
0=Hδ  
0=Fδ  

0=Hδ  
0=Fδ  0=h  – 
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can (in some aspects) lead to better model results and 
possibly to better model fit. One possible solution to 
the low portion of stable prior space (one that is 

offered by GSA) is demonstrated in the subsection 
Expanding stability region. 

Column 3 of Table 2 and Table 3 describes, which 
parameters (and in which direction) influence the 

Table 2 Global Sensitivity Analysis results, Monacelli model variants 

Model Stability region Stability analysis Mapping the fit Parameter importance 

M1 
76 % S 
2% U 
22 % I 

unstable 
,Hθ Fθ  lower 

α  slightly lower 
iρ  slightly higher 
indeterminacy 

,πψ  1* <πψ  

sρ  higher: qiy ,,,π  

*aρ  higher: *i  

*aρ  lower: **,πy  

unimportant 
,gρ  *gρ  

most important 
Hθ , ϕ  

M2 
76.3 % S 
1.4 % U 
22.3 % I 

all the same as model M1 

h  higher: y  

*aρ  higher: *i  

*aρ  lower: *y  

unimportant 
,aρ  sρ  

most important 
,Hθ  ϕ  

M3 
75.1 % S 
0.9 % U 
24 % I 

unstable 
very small part – hardly 

recognizable 
indeterminacy 

,πψ  1* <πψ  

Fδ  higher i  

*πψ  lower all but i,π  

*yψ  higher all but y,π  

sρ  higher: y,π  

unimportant 
,gρ  *gρ  

most important 
,Hθ  ,Fθ  *θ  

M4 
75.8 % S 
0.5 % U 
23.7 % I 

all the same as model M3 
Fδ  higher i  

*yψ  lower q  

*aρ  lower *π  

unimportant 
gρ  

most important 
,Hθ h  

Table 3 Global Sensitivity Analysis results, VAR model variants 

Model Stability region Stability analysis Mapping the fit Parameter importance 

V1 
85.7 % S 
2.3 % U 
12 % I 

unstable 
,Hθ Fθ  lower 

iρ  slightly higher 
indeterminacy 

1<πψ   

sρ  higher y  

*yω  higher *y  

*πω  lower *π  

*iω  higher *i  

unimportant 
,gρ  ,aρ  *yω  

most important 
,Hθ  πψ  

V2 
86 % S 
1.3 % U 
12.7 % I 

all the same as model V1 

sρ  higher π,y  

*yω  higher *y  

*πω  lower *π  

*iω  higher *i  

most important 
,Hθ  h  

V3 
86.5 % S 
0.8 % U 
12.7 % I 

unstable 
very small part – hardly 

recognizable 
indeterminacy 

1<πψ  

Fδ  higher i  

gρ  higher i,π  

sρ  higher y  

*yω  higher *y  

*πω  lower *π  

*iω  higher *i  

unimportant 
gρ  

most important 
,Hθ  ,iρ  Fθ  

V4 
86.4 % S 
0.5 % U 
13.1 % I 

all the same as model V3 

Fδ  higher i  

sρ  higher y  

*yω  higher *y  

*πω  lower *π  

*iω  higher *i  

most important 
,Hθ  ,iρ  h  
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solution of the model. Parameters mostly responsible 
for unstable model are Hθ  and Fθ  in their lower range. 
Parameters creating indeterminacy include reaction 
parameters in (domestic and foreign) Taylor rules for 
inflation ( πψ  and *πψ ), if they are lower than 1.  

Example of results from Ratto’s GSA toolbox 

An example of GSA toolbox results is in Figure 1, 
which is for model M1 and for unstable results.  

In short, the underlying computation is follow-
ing:10 N  Monte Carlo simulations are run over prior 
domain, which results in two subsets, )|( BXi  of size 

n  and )|( BX i  of size n , where Nnn =+ . The two 
sub-samples may come from different probability 
density functions (PDFs) )|( BXf in  and )|( BXf in

. 
Corresponding cumulative distribution functions 
(CDFs) are )|( BXF in  and )|( BXF in

. 

If )|( BXF in  and )|( BXF in
 differ for a given pa-

rameter iX , the parameter may drive bad behavior of 

the model if its value falls within B  subset. The shape 
of )|( BXF in

 indicates, whether rather smaller or 

higher values of iX  drive the non-behavior. If the 
non-behavior CDF is to the left from behavior CDF, it 
indicates that rather smaller values of iX  are more 
likely to drive non-behavior. On the other hand, if the 
non-behavior CDF is to the right from the behavior 
CDF, it suggests that rather bigger values of iX  drive 
non-behavior. 

Cumulative probability density functions shifted to 
the left off the dashed line in first two panels corres-
pond to the observation in Table 2 that lower ranges of 

Hθ  and Fθ  are responsible for unstable results. Simi-
lar figures were drawn for both instability and inde-
terminacy and for all eight models, the results are 
summarized in Table 2. 

Expanding stability region 

Most of the models demonstrate prior space, of which 
as little as just 43  is stable. Global Sensitivity Analy-
sis can help with this problem. I’ll show the procedure 
on model M1, which exhibits 76 % of prior space 
stable, 2% unstable and 22 % correspond to indeter-

                                                             
10 Used notation is: iX  is th-i  parameter, B  is behavioral 

subset (part of domain that produces desirable results), B  is 
non-behavioral subset (part of domain that produces unde-
sirable results – instability or indeterminacy). 

minacy. Stability analysis suggests that πψ  and/or 
1* <πψ  cause indeterminacy. It also suggests that low 

ranges of Hθ  and Fθ , slightly lower ranges of α  and 
slightly higher ranges of iρ  all contribute to unstable 
results. 

The solution to the problem is to truncate prior 
densities at determinacy region.11 Parameters πψ  and 

*πψ  have both prior value 1.5 with standard deviation 
0.15.12 With these values, it is very unlikely that the 
estimation procedure could look for values below 1. 
We can cross-check the guess by looking at the real 
estimate, which is approximately 1.36 and 1.38, 
respectively. Shifting the lower bound of the trunca-
tion (from original 0.0001 to, say, 1) elegantly cuts off 
the part of prior space which corresponds to indeter-
minacy. 
The procedure described for a case of indeterminacy is 
similar to the case of unstable results. As was men-
tioned above, low ranges of Hθ  and Fθ  tend to create 
unstable results. Both of these parameters have prior 
values 0.7 with standard deviation 0.1. Posterior 
estimates are higher than prior value (0.73 and 0.79, 
respectively), we can therefore shift the lower bound 
of truncation from original 0.0001 to 0.45. Again, the 
shape of prior density makes it almost impossible for 
the estimation algorithm to look at values as low as 
0.45. Another parameter (partially) responsible for 
unstable results is parameter α . Prior value is 0.7 
with even smaller standard deviation, 0.05.13 Trunca- 
tion of the prior density can therefore start at 0.55. 
Last parameter of interest is iρ , but there is little we 
can do about its prior density. Slightly higher values 
result in unstable results and, indeed, posterior esti-
mates of iρ  are very high (0.94 on (0.0001; 0.999) 
interval). 

Carrying out just these five described truncations 
of redundant prior space results in very favorable 
shifts in the structure of the prior space. The final prior

                                                             
11 Another possibility is to shift or to narrow prior distribu-
tion of the parameter, although such change might be hard to 
justify. The choice of suitable solution (if any) depends on 
the problem being solved, the software and optimization 
technique used and many other factors. 
12 All prior values are taken over from Slanicay and Vašíček 
(2009). 
13 Slanicay and Vašíček (2009) actually state that parameter 
α  is calibrated at value 0.7. There has probably been a 
minor change in versions of the models. Either way, if α  
was really calibrated, it wouldn’t add to the prior space at all 
and wouldn’t be subject to stability analysis. 
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Figure 1 Example: Stability analysis results for model M1, unstable region 
(Paraphrasing of the most important parameters is: theta_h is Hθ , theta_f is Fθ , rho is iρ , rho_s is sρ , rhostar_g is *g

ρ  and 

rhostar_a is *a
ρ .) 

space consists in 95.4 % of stable results, 0.3 % of 
unstable results and 4.3 % of indeterminacy. This 
means an improvement of 19.4 percentage points in 
stable results. Unstable results are reduced almost 7 
times and indeterminacy region is now a fifth of what 
it was. 

3.2 Mapping the fit 

Since DSGE models consist of a number of observed 
variables which should fit the data as well as possible, 
mapping the fit may be a useful tool to learn about the 
linkages that drive the fit of trajectories of particular 
variables to data. Information provided by the results 
of mapping the fit can be used to unveil possible 
trade-offs and maybe also to amend model structure or 
to calibrate parameters properly in order to increase 
the fit of variables of interest.  
Column 4 of Table 2 and Table 3 introduce results of 
mapping-the-fit analysis. Again, without technical 
details (those interested in details may consult Saltelli 
et al. (2008), Ratto (2008) or Čapek (2009)), the 
interpretation of the results is as follows: Let’s use 
again model M1 for explanation. Corresponding cell 

(Table 2, column 4, row 2) lists 3 conflicts in data fit. 
“ sρ  higher: qiy ,,,π ” means that the four mentioned 
observable variables would prefer higher values of 
parameter sρ  than its posterior distribution in order to 
fit data as well as possible. Because there are 7 obser- 
vables, this result might seem odd, because only 3 
observables shift posterior distribution towards lower-
values whereas 4 observables would prefer higher 
values. Such situation nicely demonstrates one of the 
conflicts that exist in the particular estimate of the 
model. Remaining two entries in the corresponding 
table cell state “ *aρ  higher: *i ” and “ *aρ  lower:  

**,πy “. These entries demonstrate a conflict right 
away: *i  would prefer higher values of parameter aρ  
than its posterior values and observables **,πy  would 
prefer lower values of the same parameter.  

Another group of conflicts that deserves mention-
ing is group of AR1 parameters in all models with 
VAR foreign economy (V1–V4). It is not unusual for 
such AR1 processes to demonstrate this type of 
behavior. The series that is described in an autoregres- 
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Figure 2 Example: Mapping-the-fit results for M1 model, selected 5 parameters 
(The legend for this figure lists all seven observable variables. Y_gapcz is y , INF_gapcz is π  and R_gapcz is i . Legend 
entries ending with eu are simply foreign counterparts. Last observable variable denoted RSK_gap is real exchange rate q .) 

sive manner often prefers different value of the AR1 
parameter then the rest of the model. 

Generally, as Table 2 and Table 3 show, Monacel-
li-foreign models present greater variability in trade-
offs, a lot of different parameters bear trade-offs for 
fit. Furthermore, if we assume away AR1 parameters 
in VAR-foreign economies, Monacelli-foreign models 
have much higher count of trade-offs. 

As for the parameters of importance (habit persis-
tence h  and price indexation parameters Hδ  and Fδ ), 
h  creates trade-offs in model M2, whereas Fδ  creates 
trade-offs in models M3, M4, V3 and V4, that is, in all 
models where Fδ  is allowed to be non-zero. The fact 
that price indexation creates trade-offs for fit wherever 
it is allowed to be non-zero seem rather to spoil model 
fit than improve it. Habit persistence is much better in 
this sense, since it only bears one trade-off in four 
models where it is allowed to be non-zero. 

Example of results from Ratto’s GSA toolbox 

An example of mapping-the-fit results for M1 and five 
selected parameters is depicted in Figure 2. 

The procedure of computation mapping-the-fit re-
sults is carried out as follows: (1) Structural parame-
ters are sampled from posterior distribution, (2) 

RMSE (root mean squared error) of 1-step-ahead 
prediction is computed for each of observed series, (3) 
10 % of lowest RMSE is defined as behavioral and B  
is defined as a subset of parameter values producing 
these behavioral results and (4) the calculations result 
in a number of distributions )|( BXf ij  that represent 
the contribution of parameter iX  to best possible fit of 

th-j  observed series.  

Plotting the distributions (or better the CDFs) is 
one step further to trace possible trade-offs. A trade-
off is present when at least two distributions differ 
from posterior distribution (denoted in Figure 2 as 
base) and differ from each other. 

Posterior mode (base) is depicted with black dotted 
line. Observables causing biggest trade-offs or con-
flicts are in bold. These conflicts can be found in 
Table 2 and are interpreted above. Similar figures 
were drawn for all parameters in all eight models, the 
results are summarized in Table 2. 

3.3 Parameter importance 

Results discussed in this section are outcomes of a part 
of GSA called Elementary Effects. For more detailed 
narrative on the topic, see Saltelli et al. (2008), Ratto 
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(2008) or Čapek (2009). Results for our eight models 
are in Table 2 and Table 3, column 5.  

Elementary effects analysis can identify the most 
and the least important parameters in a model by 
investigating all possible relationships in the model 
and identifying, which parameter is un/important for 
that particular relationship. Parameters that are impor-
tant play a significant role in many relationships 
among variables and – in some – they play a major 
role. Parameters that are unimportant may play major 
role for few relationships in the model and are virtual-
ly useless for explanation of most model relationships.  

Not surprisingly, parameters that are unimportant 
are mostly AR1 parameters ( ρ s and ω s), since they 
are usually only in one equation, which is not too 
interconnected with other equations of the system. 
Parameters that are most important in the models are 

,Hθ  ,iρ  ,Fθ  h  and ϕ . sθ  are the shares of non-
optimizing agents, h  is the habit persistence parame-
ter, ϕ  is the inverse elasticity of labor supply and iρ  
is the backward-looking parameter in the monetary 
rule. Price-setting of agents in domestic and foreign 
economy is therefore important part of the model. 
Habit persistence is important too (when allowed). 

Example of results from Ratto’s GSA toolbox 

Example of GSA result for model M1 is in Figure 3. 
In this case, the theory underlying the results is called 
Elementary Effects. These effects are normalized 
measures of sensitivity of output to different input 
changes. In case the input change is fully recognized 
by the output, the normalized effect is 1. In case that 
the input change does not change output at all, the 
normalized effect is 0. The domain is searched for 
elementary effects by Morris sampling algorithm, 
which investigates many elementary effects for each 
parameter (input).  

Elementary effects are summarized with boxplots 
with the following meaning: Lower bound of the box 
is lower quartile, upper bound of the box is upper 
quartile, central red line denotes median, dashed lines 
are whiskers which span to values not considered 
outliers and red dots are outliers. 

In Figure 3, two parameters with boxplots placed 
closest to the top of the figure are Hθ  and ϕ . These 
parameters therefore represent most important rela-
tionships in the model. Parameters with boxplots 
barely visible around zero are gρ  and *gρ . Above 
these little boxplots there are a lot of red dots, parame-
ters therefore represent a few important relationships 
but most relationships concerning these parameters are 
unimportant. 

Similar figures were drawn for all eight models, 
the results are summarized in Table 2. 

3.4 Section conclusion 

Models with structural foreign economy seem to 
suffer from trade-offs for fit more than models with 
VAR-foreign economy. This result is intuitive, since 
models with structural foreign economy have more 
mutual relationships with other equations of the 
model. In layman’s terms, more relationships are 
likely to bear more trade-offs. As for the parameters of 
importance, price indexation seems to conflict with 
model fit significantly. On the other hand, habit 
persistence interferes with model fit only slightly. 

Lists of (un)important parameters do not differ 
much among the models. Habit persistence and price 
indexation are core research interests of Slanicay and 
Vašíček (2009). In this paper’s calculations, the habit 
persistence parameter is one of the most important 
parameters in models M4, V2, and V4, but the para-
meters for price indexations are not among the most 
important parameters in any model. 

4. Data fit and prediction quality  

This section addresses the fit of the time series of the 
models without utilizing GSA toolbox. It conducts an 
analysis of fit of all observable time series and analy-
sis of quality of prediction in these series. 

4.1 Root Mean Squared Errors of one-step-
ahead forecasts 

Table 4 demonstrates values of RMSE (Root Mean 
Squared Error) of a one-step-ahead prediction, which 
can be considered a measure of quality of prediction 
and also a quality of data fit. Best results (lowest 
RMSE) among the eight models are indicated by a star 
( ),*  worst results are indicated by a dagger ( ).†  Note 
that models V1–V4 demonstrated almost the same 
results for foreign economy, because foreign economy 
is described by simple AR1 processes (marked with 
gray shading) that are very loosely interconnected 
with the rest of the model.  

In the sense of comparing RMSEs, the most suc-
cessful models are V2 and V4 (both demonstrate two 
best predictions among the models – not counting 
grayed area). The least successful models are M1 and 
M4, both demonstrating two worst prediction results 
among the models. Models with foreign sector mod- 
eled as three AR1 processes therefore seem to predict 
generally better than models with structural foreign 
sector. 
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Figure 3 Example: Elementary effects in model M1 
(First seven entries from the left denoted as E_G, E_A, E_S, E_M and ESTAR_A, ESTAR_M, and ESTAR_G are exogenous 
processes for domestic economy (E_. denote ζ s) and exogenous processes for foreign economy (ESTAR_. denote *ζ s).) 

4.2 Root Mean Squared Errors of smoothed 
shocks 

Table 5 shows results of RMSEs calculated from 
smoothed shocks of the models. Comparability of 
smoothed shocks is limited if they enter the model in a 
different way. Foreign sector results in M models and 
V models are therefore not comparable (for V models, 
the cells are highlighted with gray shading). In this 
context, worst model is M1 with three worst results. 
Best model is hard to find because of limited compa-
rability, but there are some candidates: M4 exhibits 3 
best results (lowest RMSEs) and two worst results. V1 
exhibits two best results and one worst (not counting 
data in grey area). 

5. Conclusion 

Since the goal of the paper was to verify the results of 
Slanicay and Vašíček (2009) model variants, the paper 
concludes with a list of Slanicay and Vašíček’s main 
findings which are compared with author’s own 
findings. 

Slanicay and Vašíček (2009) came to the following 
conclusions:  

1. Habit persistence in consumption (in utility 
function) considerably increases data fit.  

2. Inclusion of price indexation in the models de-
creases their data fit. 

3. Modeling foreign sector structurally or with 
AR1 processes produces ambiguous results: 
Some model specifications favor structural for 

Table 4 Root Mean Squared Errors of one-step-ahead forecasts 

variable M1 M2 M3 M4 V1 V2 V3 V4 
inflation 2.86† 2.59 2.50 2.30 2.77 2.48 2.40 2.14* 
output 0.62† 0.35 0.62† 0.34 0.53 0.31* 0.54 0.31* 
interest rate 0.27 0.30 0.28 0.32† 0.25* 0.25* 0.27 0.27 
real exch. rate 1.46 1.58† 1.33* 1.52 1.35 1.50 1.33* 1.44 
foreign int. rate 0.23 0.27 0.25 0.28† 0.11* 0.12 0.11* 0.12 
foreign inflation 1.20 1.21 1.06* 1.07 1.39† 1.39† 1.39† 1.39† 
foreign output 0.23 0.21 0.24† 0.20 0.10 0.09* 0.10 0.10 
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eign sector, some other favor AR1 foreign sec-
tor. 

As for No. 1, this paper comes to similar results. 
Section 3.2 shows that the habit persistence interferes 
with model fit only slightly. Section 3.3 shows that 
habit persistence is among the most important parame-
ters in models where it is allowed to be non-zero. 

As for No. 2, again, this paper comes to similar 
results. Section 3.2 shows that the price indexation 
always conflicts with model fit and section 3.3 shows 
that price indexation parameters are not among most 
important parameters in any model. 

Finally, as for No. 3, this paper comes to different 
results. Section 3.1 finds rather weak link to model fit 
and in that context, VAR-foreign economies perform 
better. Sections 4.1 and 4.2 both come to the result 
that in the sense of model fit, VAR-foreign models 
tend to err less. Contrary to the observation of Slani-
cay and Vašíček (2009), this paper does not find any 
model restriction, when Monacelli-foreign model 
performs better than its VAR-foreign counterpart. 

To summarize the conclusions, by approaching to 
model comparison with different methodology, this 
paper comes to similar results as Slanicay and Vašíček 
(2009) with one notable exception concerning the 
foreign sector. Moreover, main conclusions of the 
paper are summarized from a number of individual 
analysis results, which enables deeper understanding 
of various factors that led to the results (unlike single 
number representing posterior odds ratio).  

Acknowledgment 

I would like to thank Martin Slanicay for providing 
me with all estimated models with data, prior calibra-
tion, and all the programming. This facilitated direct 
comparability of the results and also spared me the 
time I would have spent programming and estimating 
the models myself. I thank Tomáš Motl and Zdeněk 
Liščinský for thorough and useful proofreading. 

I would also like to thank preparation committee of 
conference MEKON 2010 for organizing it (namely 
Markéta Zajarošová) and respective representatives, 
who awarded an early draft of this paper. Furthermore, 
my thanks go to an anonymous referee of MEKON 
2010 conference, whose comments on the structure of 
the paper led to a considerable improvement. I also 
thank foreign anonymous referee of ER-CEREI who 
must have devoted not insignificant time to review the 
paper and whose comments I greatly value. 

Last but not least, my gratitude goes to the Editori-
al board of this journal, which asked me (among 
others) to finalize and submit my MEKON 2010 paper 
to a special issue of ER-CEREI. 

Reference  

ČAPEK, J. (2009). Sensitivity Analysis of a DSGE 
model. Working paper. Brno: CVKSČE MU. 
GALI, J., MONACELLI, T. (2005). Monetary Policy 
and Exchange Rate Volatility in a Small Open Econ-
omy. Review of Economic Studies 72: 707–734. 
JUSTINIANO, A., PRESTON, B. (2004). Small Open 
Economy DSGE models: Specification, Estimation 
and Model Fit. Working Paper, Department of Eco-
nomics, Columbia University.  
LANE, P. (2001). The New Open Economy Macroe-
conomics: A Survey, Journal of International Eco-
nomics 54(2): 235–266. 
LIU, P. (2006). A Small New Keynesian Model of the 
New Zealand Economy. Reserve Bank of New Zeal-
and, Reserve Bank of New Zealand Discussion Paper 
Series DP2006/03. 
MONACELLI, T. (2003). Monetary Policy in a Low 
Pass-through Environment, European Central Bank, 
Working Paper, No. 227. 
MUSIL, K., VAŠÍČEK, O. (2006). Behavior of the 
Czech Economy: New Open Economy Macroeconom-
ics DSGE Model. Working paper, No. 23. Brno: 
CVKS MU. 

Table 5 Root Mean Squared Errors of smoothed shocks 

shock M1 M2 M3 M4 V1 V2 V3 V4 
aζ  12.34 14.00 13.69 16.60† 12.76* 13.37 13.61 14.02 
gζ  2.41 1.38 2.41 1.36* 3.18† 1.91 3.12 1.85 
Mζ  0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 
sζ  0.84† 0.82 0.74 0.77 0.63* 0.67 0.63* 0.64 

** / Mi ζζ  0.11† 0.10* 0.11† 0.10* 0.12 0.12 0.12 0.12 
** / aζζ π  12.01 15.02 11.86* 15.77† 0.41 0.41 0.41 0.41 
** / gy ζζ  1.14† 0.50 1.10 0.49* 0.44 0.44 0.44 0.44 



218 Ekonomická revue – Central European Review of Economic Issues 13, 2010 
 
RATTO, M. (2008). Analysing DSGE Models with 
Global Sensitivity Analysis, Computational Econom-
ics 31(2): 115–139.  
REMO, A., VAŠÍČEK, O. (2008). Monetary Policy 
and Stability of Czech Economy: Optimal Commit-
ment Policy in NOEM DSGE Framework. Working 
Paper, Brno: CVKSČE MU. 
SALTELLI, A., TARANTOLA, S., CAMPOLONGO, 
F., RATTO, M. (2004). Sensitivity Analysis in Prac-
tice: A Guide to Assessing Scientific Models, Chiches-
ter: Wiley . 
SALTELLI, A. et al. (2008). Global sensitivity analy-
sis. The Primer. Chichester: Wiley.  
SLANICAY, M., VAŠÍČEK, O. (2009). Porovnání 
různých specifikací novokeynesiánského DSGE 
modelu malé otevřené ekonomiky pro ČR. In Ekono-
mické prostředí a konkurenceschopnost. Brno: Masa-
rykova univerzita, 203–216, CVKS. 
SLANICAY, M., VAŠÍČEK, O. (2009a). Habit 
Formation and Price Indexation in DSGE Models with 
Nominal Rigidities. In Mathematical Methods in 
Economics 2009. Praha: Czech University of Life 
Sciences Prague, 301–305. 

Additional sources 
RATTO, M. (2009). Sensitivity Analysis Toolbox for 
DYNARE. Available online at http://eemc.jrc.ec. 
europa.eu/EEMCArchive/Software/DynareCourse/ 
GSA_manual.pdf, version: October 28. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




