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1 How to use the model comparison software

This section gives a thorough description of how to instadl ase the macro model data base (MMB
Version 1.2). After reading subsections 1.1 and 1.2 youlshimeiable to run the program and do your
own comparison exercises employing the models and optimmizinied in the data base. Subsections
1.3 and 1.4 explain the structure of the macro model datafilesé more detail. Finally, subsection
1.5 discusses how one can add additional models to the dsg¢a ba

1.1 Installation and software requirements

The complete macro model data base is contained in a zip filedddMB.zipwhich you may store
to any place on your computer. In order to use the model da@, lyau have to extract the zip file to
retrieve the foldeMMB. This folder contains the filIMB.m, a set of subfolders, one for each model
included in the model data base, and a few additional MATLAR:fiom files. Figure 1 illustrates the
structure of the model data base. Each model subfolder esndasingle Dynare mod-file in which
the particular model is specified.

Since the program is written in MATLAB, you need a version of istadled on your computer.
For model solution the program utilizes DYNARE, which can loevdloaded freely from the web.
Double-clicking on the downloaded DYNARE exe-file opens aigethich guides you through the
installation. After completion, one has to add the DYNAREhpt» MATLAB. In order to do so,
open Matlab and choosget pathfrom theFile menu. Use the optioAdd folderand browse to the
directory where you have installed DYNARE. The DYNARE sub#githat has to be added is called
matlah We have created two versions of the Modelbase software. Tdieofie utilizes DYNARE
version 3.065, the second one is compatible with DYNARE iverd.2.1.

The URL of the DYNARE website i&ttp://www.dynare.org



Figure 1: SRUCTURE OF THEMACRO MODEL DATA BASE
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1.2 Using the macro model data base

MMB.mrepresents the main file which has to be called when using tleehaata base. In order
to run MMB.m you can either open the file in MATLAB, which automatically astgithe current
directory of MATLAB to the correct path, and click than button or you only open MATLAB and
adjust the current directory to the path for ti&#B folder manually. In the latter case you afterwards
type MMB into the MATLAB command window and press tlmter button. In both cases a user
interface opens that will guide you through a menu of optiflvsam which you can choose. These
options include the choice of models you want to use, thecBeteof a common monetary policy
rule used for the analysis as well as the choice of the statiand visual output that you want to
be displayed. By default the output generated by the progvdinbe stored in an excel sheet called
results.xlsin the MMB folder. This can be customized by the individual user in the fines of the
MMB.mfile. Once the file is executed, a list of the models includedédéita base and its references
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is displayed in the MATLAB command window. The menu structurdlustrated in figure 2. In the
following, each menu option is described step by step.

Figure 2: MACRO MODEL DATA BASE MENU: CHOICE OFPOLICY RULE AND MODELS
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Figure 3: MACRO MODEL DATA BASE MENU: CHOICE OF STATISTICS
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Choosing a monetary policy rule

Once theMMB.mfile is executed a menu appears that allows you to select aylartinterest
rate rule. The original interest rate rules of the models endhta base have been replaced with a
fairly general monetary policy rule that allows many poksimarameterizations. In the MMB Ver-
sion 1.2 it is possible to choose among the five parametenmatiiscussed in Wieland et al. (2011).
A patrticular rule is chosen by clicking on the respectivetdruin the menu. Only one rule may be
selected. The name of the chosen rule will be displayed in tARELIMB command window.

Selecting the models

Next, a menu with a list of all models included in the data teggears. One can select as many
models as desired by clicking on the respective model butbe name of each selected model will
be listed in the command window. In order to proceed to thd menu you have to click on the
continue button. You can also choose to use all models blietijcon the corresponding button. Be
aware that in this case it might take quite some time untitraltiels are solved.



Choosing statistics and graphical output

Having chosen the models and a policy rule, the user can nuake shoices regarding the output
to be displayed. First, a menu pops up where the user can detigiher to plot autocorrelation
functions of the common variables. Afterwards, one candiegihether to plot impulse response
functions. In case only one model is selected, one has thenofat shock several innovations con-
temporaneously. Impulse responses can be plotted for anamietary policy shock and a unit fiscal
policy shock. In case only one model is selected, one carchtsose among the original shocks of the
model. Finally, the user can choose to display the uncomditigariances of the common variables
for each of the selected models. The choices will again berdented in the command window.
The numerical results for the selected options will be stamexh excel sheet callegsults.xlsn the
MMB folder.

1.3 Structure of the MMB.m file

MMB.m the main file of the model data base, is divided into threespan initialization part, where
the macroeconomic models are listed, some basic functidihe enodel data base are described and
choices of models, policy rules, shocks and computatioasreade. In the second part of the file
the models are solved using Dynare and impulse responstduosand autocorrelation functions are
computed. The third part is devoted to the presentation ofdbelts, i.e. setting up graphs of the
chosen statistics. As we use cell mode one can easily seewheh block starts and emdsThe
structure of theMMB.mfile is illustrated in figure 4. All variables used and generatethis file

are saved in a structure variable calladdelbase For example the number of periods to be plotted
can be found by typinghodelbase.horizomable 1 lists the most important variables in the structure
variablemodelbase In the following, the three separated partsMi#1B.m are explained in more
detail.

2A cell starts with two comment sign, i.e. with %%. When setting the cursor ifii alve background colour of this cell
turns to yellow and can thus easily be spotted.



Figure 4: SRUCTURE OF THEMMB.MFILE
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Table 1: KEY VARIABLES OF THE MMB.mMFILE

modelbase.totaltime total CPU time (in seconds) used by the modelbase
modelbase.savepath path for the excel file that contains the output
modelbase.names names of all models

modelbase.variabledim dimension of model-specific shocks
modelbase.horizon number of periods to be plotted
modelbase.mycolor color vector for the graphs

modelbase.rule chosen rule

modelbase.models chosen models

modelbase.option(1) autocorrelation functions

modelbase.option(2) impulse response functions

modelbase.option(3) shock several innovations contemporaneously
modelbase.option(4) plot impulse responses for original model variables
modelbase.option(5) unconditional variances of common variables

modelbase.homepath path of the modelbase folder
modelbase.namesshock names of shocks contained in the modelbase

modelbase.innos chosen shocks

modelbase.modeltime  CPU time (in seconds) used for solving each model

modelbase.setpath paths of the modelfolders of chosen models

modelbase.epsilon counts the number of loops

modelbase.info equals 1 if a model has no determinate solution; otherwise 0

modelbase. AUTR contains the autocorrelation functions

modelbase.AUTIgy contains variable names that correspond to the aetation functions

modelbase.IRF contains the impulse response functions

modelbase.IRFIgy_ contains variable names that correspond to the impspemse func-
tions

Part 1 of MMB.m: Initialization

This first block of theMMB.mfile is the only part where the user has to make changes when
adding a model. First the most important instructions on hmwse the macro model data base and
how to add models to it are repeated within a text block of ceminfines. Detailed instructions on
adding models to the data base can be found in subsectioAfteBwards some namevectors for the
models are set up. A variable of interest for the usandglelbase.horizonlf you want to change
the number of periods that are plotted, you need to modifye¢hiry. The vectonamescontains the
names of the models. These are used later on to produce pegeerds of the graphs. The vector
mycolorscontains a line specification for each model for the graphisateplotted in part 3 of the
file. When adding new models to the data base the number of mwaadght exceed the entries in
mycolorsat some time. In this case the user needs to add some enttigs wector.
A text block follows that describes a very general monetasljcy rule that is used for each model
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and that nests the set of policy rules from which the user banse. For each rule it is shown how the
original representation is transformed into the respea®neral rule representation. The parameters
in the general policy rule are denoted according to theotlg scheme: The first three letters ad

to indicate a coefficient rather than a variable. The next tletters ardnt, which are the first three
letters ofinterestas in this equation the interest rate is pinned down. The hex¢tetters are the first
three letters of the variable the coefficient corresponds.tocofintoutfor the output gap coefficient
in the interest rate equation. The next letter is eithfar coefficients of forward looking variables,

b for coefficients of backward looking variables and the leisgjust left out for contemporaneous
variables. A number follows that indicates the number ofitear lags. An example is the coefficient
on expected inflation next periodofintinffl

Below the general policy rule a menu with the namke to choose among the policy rules is pro-
grammed. Afterwards, the parameters of the general palieyare specified according to the specific
policy rule chosen and stored in the fidelicy_param.matThe parameters are loaded later on in the
specific model files to initialize the chosen policy functiohohe wants to add an additional policy
rule to the macro model data base, one can easily extend licg pde menu and add an additional
specification of the parameters of the general policy rulds hot necessary to change the model
files.

A second menu with the nanmmaodelis set up where the user can choose a subset of the models
contained in the model database. The identification numbeitseofhosen models are saved in the
vectormodels Menus that let us choose whether to plot autocorrelatiantfans, impulse response
functions and whether to shock monetary or fiscal policy fellds in the model files the monetary
policy shock has the nanieterest_and the fiscal policy shock has the nafiseal . This convention

is important to address the shocks of the right equatioes héving solved the model.

Part 2 of MMB.m: Solving the model and computing statistics

Before solving the models using Dynare all choices maderduefee to be saved in the filod-
elbaseas Dynare clears the workspace before solving a model. Adwepall models that are saved
in the vectormodelbase.modeis initialized. For every cycle of the loop the current dimy is
changed according to the entries of the veatodelbase.namég the subfolder of the specific model
that is used during the current cycle. Using the comnymdhrefollowed by the model abbreviation,
c.f. dynare NK_CGG990 solve the model of Clarida et al. (1999), calls the sofev@ynare to
translate the Dynare syntax in a convenient way.
Afterwards the functiostoch_simul_modelbaseiscalled to solve the model and compute autocor-
relation functions, impulse response functions and unitiondl variances. The results are appended
to the fileModelbasebefore we return to the beginning of the loop to solve the nexdel.

11



Part 3 of MMB.m: Plotting the results

Having solved the models the last part of & B.mfile is devoted to processing and presenting
the results. Therefore, figures for impulse response furetidthe common variables to each shock
and autocorrelation functions are set up and plotted foh e@acdel. The common variables can
be easily identified within the whole output of each model gdime functionioc that searches for
positions of string variables in vectors likeodelbase.IRFIgy_

1.4 Structure of the model files

The model files are written in the syntax Dynare and have a constranture. As an example we
take the simple New-Keynesian model by Rotemberg and Weddfi®97) to explain the structure
of the mod-files, its model specific parts and the common modal base blocks. The current
example is based on the Dynare 3 version of the database buiiliveoint out any differences
in the corresponding Dynare 4 mod-file. The mod-file is shown inrfiglb and 6. However, the
explanations apply to all models. In the following, the twaimparts of a mod-file, the preamble and
the model block, are described step by step.

12



W 1 o = W

o e e o S TN T O B SO SO P B 2 B SR L T B S B S T S U S B S T L S S S e S SO T S S T
e e e - =T = O o o e o . e B e e = T e = T T X

Figure 5. SRUCTURE OF THE MODEL FILES THE PREAMBLE

// Model: NK_RU97

var pi ¥ ynat rnat 1 X u g o

jfwwwwwwwwwwww:wwwwwwwwwwwwwwwwwwwwwww:wwwwwwwwww:wwwwwwwwwwww:wwwwwwwwww:w:

ff Modelbase Variables s

interest inflation inflationg outputgap output fispol; Iri
/ft***#*###t#t*t*t*#t#t##*#*#*#*#t#t*t*t*t*#t#t##*#*#*#*#t#t*t*t*t*#t#*##t#t

WArexXo u

ff********#*#**#***#*#*#**#*#***#*##***#***#*#*#**#*****#*#********#*#*#****

4/ Modelbase Shocks FAE
interest_ fiscal ; FAE
ff******#*#*#******#*#*#********#*#********#*#*#********#*#********#*#*#****

parameters heta sSigmws alpha theta owmega kapps rhou rhog stdinflation stdfiscal

ff********#*#**#***#*#*#**#*#***#*##***#***#*#*#**#*****#*#********#*#*#****

// Modelbase Parameters FAE
fiE
cofintinthl cofintintbhz ... coffispol: fiE

ff********#*#**#***#*#*#**#*#***#*##***#***#*#*#**#*****#*#********#*#*#****

heta = 1/(1+0.035/4);
Sigma= 6.Z25;
alpha= 0.66;
theta= 7.66;
omega= 0.47;

kappa= {{({l-alpha)*{l-alpha*beta) )/ alpha) *(({1/sigma) +omega)/ [ l+omega*theta) ) ;
rhou=0;

stdinflation =0.154;

rhog= 0.5;

stdfiscal =1.524:;

ffﬁﬁﬁHﬁﬁﬁﬁﬁﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁHﬁHﬁﬁﬁﬁTﬁHﬁHﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁHﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

/4 Specification of Modelbase Parameters i
)

// Load Modelbase Monetary Policy Parameters FIF
thispath = cd; s
cdi' ..t i
load policy _param.mat; L
cdithispath) ; fE

s

// Definition of Discretionary Fiscal Policy Parameter JiE
coffispol = 1; A

/f********#*#**#***#*#*#**#*#***#*##***#***#*#*#**#*****#*#********#*#*#****
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Figure 6: SRUCTURE OF THE MODEL FILES THE MODEL BLOCK

model (linear) ;

("ffTH‘H"R'RTTWH"R'RTTH‘W'K'RTTTH"X'R'RTWWH"R'RTTWH"R'RTTH‘H"K'RTTWH"K'R'RTWH‘W'R'RTTWW'R'RTTWH"X'RTTWH"X'RK

f4 Definition of Modelbase Varisbles in Terms of Original Model Varisbles /7%

interest = 1i%4;

inflation = (1/4) % (4%pi+d*pi(—1)+4%pi(-2)+4%pi(-3));

inflationg = pi¥*4;
outputgap = ®:
output = ¥:

fispol = g ;

L
L
A
L
A
L

llﬁ'llf**************************************************#***********************

llﬁ'llf1fﬂ'#‘k‘k**#ﬂ'****##‘k‘k1{1{1{#‘#**1{1{ﬂ'#‘k‘k**#ﬂ'****##‘k‘k1{1{##‘k‘k‘k*#ﬂ'#****##****###***##‘k**

/7 Policy Rule
/4 Monetary Folicy

interest = cofintintbl*interesc (-1)
+ cofintinthZ*interest (-2)

+ cofintoutf4*outputogap (+4)
+ std r Tinterest ;

/4 Discretionary Government Spending

fispol = coffispol¥*fiscal ;

L
L
A
L
A
L
L
A
L
A
L
L
A

;".’1fﬂ'ﬂ'ﬁ?f?f?fﬂ'ﬂ'?fﬁ1€wﬁﬂ'ﬂ'ﬁ?f?f1fﬂ'ﬂ'?fﬁw#ﬁﬂ'ﬁﬁ?f?fﬂ'ﬂ'?fﬁ?fwﬁﬂ'ﬂ'ﬁ1f1f1fﬂ'ﬂ'?fﬁw#ﬁﬁﬁﬁw#ﬁﬁﬁﬁ*wﬁﬁﬁﬁ#w#ﬁﬁﬁﬁ

£/ Original Model Code:

pi = heta ¥ pii+l)+ kappa*=x+ u;
u=srhou*u{-1j+u :

¥ = Hi+1l) - sigwa ¥{ i - pif(+1l) - rnac) :
rnat = sigwa™ (-1) ¥ [ (g-vhat) - (gi+ll-vnat(+1))11:
yvhat = sigma™ (-1 *g / (sigma” (-1) +omega) ;

¥ = y-ynat;

g = rhog¥gi-1) + g ;

end:

shocks:
wvar fiscal = 1.352472Z;
var u =0.154"Z;

end:

{i{stoch_simul (irf = 0, ar=100, noprint):

14



Part 1: The preamble

e Each model file begins with some information about the models $hould include the title,
the authors, the publication etc. In front of this descadptyou will find the symbol#/, which
denote a comment in Dynare.

e The file then starts with the initialization of the model vatesh In our example given in figure
5 the model-specific endogenous variables are listed in lafeeB the keywordvar: pi, y, ynat,
rnat, i, X, u, g andg_. The latter in fact represents an exogenous government ispgesitbck,
however it has to be initialized as endogenous variablesfasons that will be explained below.
It follows a Modelbase block in lines 5 to 8 in which the commamiables are introduced. In
general, Modelbase blocks are separated thrétigfti***  symbols from the rest of the file.

¢ Following the keywordrarexoin line 10 the exogenous variables are initialized. In oaregle
this isu_, a cost push shock as well as the common interest rate shuekest_and the
common fiscal policy shocKiscal_in line 14. Note that in some models with no treatment of
government spending, the latter Modelbase shock may beueft

¢ Inline 17 following the keyworgharameterghe model-specific parameters are initialized.

e |t follows the Modelbase block in which the Modelbase partarseare intitialized. In figure 5
line 22 we have for brevity reasons only included three ggtiarameters. In the actual mod-
files there are many more leads and lags. These are the paramwiktee general monetary
policy function, except for the last onegffispo) which enters the common discretionary gov-
ernment spending equation.

Note, that in the mod-files of the database version compatittteDynare 4, one first defines
the Modelbase parameters and then the model-specific panamet

o Afterwards numerical values are assigned to the modeldfépparameters in lines 25 to 34.

e Finally a Block calledSpecification of Modelbase Parametesadded. First in lines 39 to 43
the numeric values of the parameters of the selected mgnetdicy rule are loaded. They
are contained in the filpolicy_param.matin the main foldetMMB. For models in which the
original shocks are expressed in percent/100 the parastdtar has to be reset to 100 after the
parameter-loading command. In our example this would havetdone in line 44. However,
the shocks in this model are already expressed in percetgags. Secondly, the discretionary
fiscal policy parametecoffispolis defined as a function of the model-specific parameters such
that a unit government spending shock has a unit impact gruauthe exact implementation
of the common fiscal policy shock will be described below. Im example no adjustment is
needed and hena®ffispolis set equal to one.

15



¢ In the Dynare 4 version of the database, the command linesmtbthe Modelbase parameters
have changed as shown in figure 7.

Figure 7: LOADING MODELBASE PARAMETERS IN THEDYNARE 4 VERSION OFMMB

S R R R R R R R R R R R R R R R AR R AR R RN R R A AR A AR RN AR A AR AT RRRAARRRAARRAENRRRR R

// Specification of Modelbase Parameters fi*
fi*

// Load Modelbase Monetary Policy Parameters fi*

thispath = cd;

ced('.."):

load policy param.mat;

for i=1:24

deep parameter name = M .param names(i,:);

eval (['M .params (i) = ' deep parameter name ' ;']
end
cd (thispath) ;

// Definition of Discretionary Fiscal Policy Parameter Irid
coffispol = 1; fi*

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R AR AR R R R R R R

Part 2: The model block

e The model block starts in line 49 of figure 6 as indicated by thenked modelfollowed by
linear, which tells Dynare that the equations are already linedrand thus reduces computing
time.

¢ In the Modelbase block going from lines 51 to 60 the commoraes are defined in terms
of the original model variables. The varialitgerestdenotes the annualized short-term interest
rate,inflationis annual inflationinflationgrepresents annualized quarterly inflatiootputgap
andoutputdenote the output gap and output, respectively. The commiaablafispol rep-
resents discretionary fiscal policy. It is set equal to the ehsgecific government spending
shock variable, which in the case of our examplg_is Note again, that this model-specific
shock has to be initialized as an endogenous variable. Tliesls the keep the original
model equation for government spending unchanged.

o |t follows the commorPolicy Ruleblock. In lines 66 to 72 the common monetary policy rule is
specified. Again for reasons of brevity we have not displapedcomplete general policy rule
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in figure 6. Below in line 76, the common equation for discnesity government spending is
specified.

e The original model equations are then specified in lines 81 td\&}e in particular that also
the government spending equation in line 87 has remaindubamnged. The model section ends
in line 88 with the required keyworeind

e Finally the variance covariance matrix is specified in linesai#l 92 between the keywords
shocksandend Importantly, the variance of the original model-specifieggmment spending
shock has been assigned to the common fiscal policy shoclbolafiscal . Hence, the com-
mon shockfiscal_affects the fiscal policy variablispol through the common discretionary
government spending expression in line 76 which is set efgutde model-specific govern-
ment spending shodk _in line 59.

e Thestoch_simutommand in line 96 is commented out. Alternatively one cap delete this
command.

1.5 Adding models to the macro model data base

Adding a new model to the data base consists of three stegs, thig original model has to be trans-
lated into a Dynare mod-file and the common Modelbase vasdidge to be defined as functions of
the original model variables. Second, the mod-file must beedtander the model name in a folder
with exactly the same label. Third, the new model has to balized in the fleMMB.m In the
following, each of these steps is described in detail.

Step 1: Creating the mod-file

e The first task when adding a new model to the macro model dataibésereate a Dynare
mod-file. The file should start with a comment section giving senfiermation about the
associated reference paper(s) for the model.

e The file must have the usual structure of a Dynare mod-file. Thahisstarts with the initial-
ization of variables, shocks and parameters. Then the eqsatiescribing the model follow
and finally the variance-covariance structure of the shaxkpécified.

e However, each of the before mentioned sections has to beenigthby a Modelbase block.
This Modelbase block should be visually separated from tlggnad model sections through a
comment ling//***xxx*
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After the initialization of the original model variablefiet common blociModelbase Variables
follows. It consists of the six common variablegerest inflation, inflationg, outputgap output
andfispol Those variables will be described below. If output is notsje in the model, then

the common variableutputhas to be left out. Furthermore, in some small models, one may
have to leave out thigspolvariable. This common block corresponds to lines 5 to 8 in figure

The common blockModelbase Shockis added after the initialization of the original model
shocks asinlines 12 to 15 of figure 5. It consists of a commonataoy policy shockinterest
and of a common fiscal policy shodiscal_.

The third common block is thBlodelbase Parametesection. Following the initialization of
the original model parameters, the common Modelbase paeasrare preset, consisting of the
monetary policy rule parameters and the discretionary fizaiady parametecoffispol For the
Dynare 4 version of the Modelbase, one first defines the Modelbasmameters and afterwards
the original model-specific parameters.

It follows the numeric specification of the parameters. Thidase first for the model-specific
parameters and then separately for the common Modelbaamptars in the block callegpec-
ification of Modelbase ParameterBirst, the parameter values of the selected monetary policy
rule are loaded. They are contained in the ffitdicy param.main the main foldeMMB. For
models in which the original shocks are expressed in pefi@hthe parametetd r_has to be
reset to 100 after the parameter-loading command. Thisfsgaimn is required for the proper
calculation of impulse response functions. In our examipie would have to be done in line
44. However, the shocks in the example are already expréasgsicentage terms. Secondly,
the discretionary fiscal policy parametmffispolis defined as a function of the model-specific
parameters such that a unit government spending shock hasimpact on output. In our ex-
ample no adjustment is needed and hesaféispolis set equal to one. In the Dynare 4 version
of the Modelbase the command lines to load the policy rulamaters are slightly different,
as documented in figure 7.

Following the beginning of the model section, i.e. before driginal model equations are
specified, anodel-specifidVodelbase block has to be added in order to define the common
Modelbase variables in terms of original model variabless Thdone in lines 52 to 59 in our
example. The variablmterestis defined as the annualized short-term interest rate seteby th
policy maker and expressed in percent. The variatflation denotes the year-on-year inflation
rate in percent anthflationgdenotes the annualized quarter-to-quarter inflation rgperoent.

If for instance the original model variable representinggerly inflation is not annualized,
theninflationqwould have to be specified as four times the original quaaegtiarter inflation
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variable. The common variablesitputgapand output represent the output gap and output,
respectively.

e The variabldispolspecifies the common discretionary fiscal policy variable.if@ementa-
tion of the discretionary fiscal policy variable, one doeshmte to change the original model
equations. The original shock that should represent the aomfiscal policy shock has to be
initialized as endogenous variable, i.e. following the commdvar instead ofvarexa In our
example the original government spending shgcks initialized in this way. Furthermore, in
the section in which the shock variances are specified, thigat shock has to be replaced by
the common shockscal_. Thefispolvariable has to be set equal to the original shock variable.
If there does not exist a fiscal policy shock in the original eidpfiscal_andfispol should not
be initialized.

e Afterwards the commoRolicy Ruleblock is added to the mod-file, specifying the general mon-
etary policy rule, like it is done in lines 68 to 72 in figure 6.rfee sake of brevity we have not
displayed the complete general policy rule in our examples dtfiginal monetary policy rule
has to be commented out in the original model code. In casmtl contains a fiscal policy
shock, common discretionary government spending is alsoifsgd in thePolicy Ruleblock,
expressingdispolas a function of théiscal_shock, as in line 76 of figure 6. Hence, the common
shockfiscal_affects the fiscal policy variablgspol through this common discretionary gov-
ernment spending expression digholis set equal to the model-specific government spending
shockg_in line 59. The orginal model equations following this bloekmain unchanged.

e The variances of the two common shocks are specified togethethve variances/covariances
of the model-specific shocks. Specifically, the variance of tbaetary policy shocknterest
is set equal to zero and therefore it does not have to show picity. For the fiscal policy
shockfiscal _one adopts the original covariance specification of the oelahock if available.
Otherwise one sets the variance of the fiscal policy shocklegaaro.

e Finally, one has to delete or out-comment the commands fonfiritlie steady state and solving
the model as it is done in line 95 of our example.

Step 2: Storing the mod-file

e Next, the file has to be stored as mod-file under the model nantiee Bxample, thalK_RW97
model is stored adlKk_RW97.mod The name of small calibrated New Keynesian models
should start withNK, models of the US economy should start witts and models of the
Euro area should start witBA. The full model name should allow for the identification of the
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specific model among the other Modelbase models. The file mudbbedsin a folder that
has to be created under exactly the same model name and flusitisned in the main folder
MMB.

Step 3: Initializing the model in the MMB.m file

¢ In the final step, one initiates the model in the main M&B.m For this task, one has to
openMMB.m After some lines of comments on how to add a model, a textblath a table
of models currently implemented in the Modelbase followsisThable is also shown in the
workspace when the program is run. The new model has to be aoldeid table by itemizing
the model name followed by the reference. For instance, ttaetmamed NK_RW97 is added
asNK_RW97: Rotemberg, Woodford (1997)

e Next, the model name has to be added at the correspondintjopo the vectormodel-
base.names

¢ Finally, a new entry has to be added at the corresponding@ositthe vectomodelbase.variabledim
This entry has to bé if the standard deviations of the model-specific shocks apeessed in
percent and it has to [&if the standard deviations are expressed in percent/100.
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2 A detailed overview of available models

This section describes the structure and the most importattifes of the different models in the
macro model data base.

Most models assume that expectations of future realizabbmodel variables such as for exam-
ple future exchange rates, prices, interest rates, wagemenme are formed in a model-consistent,
rational manner. A few models assume backward-looking &ggtiens formation, in particular the
models from Rudebusch and Svensson (1999) and Orphanidg®)(2@ost, but not all models are
linear, or linear approximations of nonlinear models. lis tase the variables appear as percentage
deviations from their steady state values. There are maferelifces in model structure, in terms of
size, in terms of countries covered, or the extent of miavaemic foundations considered.

2.1 Small Calibrated Models
2.1.1 NK_RW97: Rotemberg and Woodford (1997)

The model and the estimation strategy is discussed in de®ibiemberg and Woodford (1997). The
equations of this model can be derived from the behavior ¢ifroping agents. The expectational
IS equation and the policy rule together can be viewed agrdatng aggregate demand, while the
New-Keynesian Phillips curve equation determines aggesagiply. The Phillips curve equation can
be obtained as a log-linear approximation to the first-ordediion of optimizing firms with either
Calvo-style staggered price contracts (Yun, 1996) or comasts of price adjustment (Rotemberg,
1982). The IS equation can be obtained as a log-linear appadidn of the representative house-
hold’s first-order equation in a model in which consumptiaisuire, and real money balances are
each additively separable in the utility function, and toansumption demand (private and govern-
ment consumption) is equal to aggregate output.

e Aggregate Demand: Standard New Keynesian IS curve.
e Aggregate Supply: Standard New Keynesian Phillips curve.

e Shocks: A cost-push shock following an AR(1) process, theraommonetary policy shock,
a government spending shock representing the common fiskea} phock.

e Calibration/Estimation: Rotemberg and Woodford (1997) ahahe empirical impulse re-
sponse functions to a monetary policy shock in a VAR (deteeneéal GDP, inflation, funds
rate) and the empirical variances with the variances anthéwretical impulse responses from
the model to all three shocks. Quarterly U.S. data for theogetP80:1-1995:2 is used. The
estimated parameters are taken from Woodford (2003) tatile ldowever, we do not have
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information on the calibration of the shock processes. Hewe employ the estimation results
from Adam and Billi (2006) for the NK_RW97 shock specificaton

2.1.2 NK_LWWO03: Levin et al. (2003)

This model is used for comparison in the robustness analfs®oetary policy rules by Levin et al.
(2003). Its structure is similar to the NK_RW97 model preedrmabove, but without explicit treatment
of government spending.

e Aggregate Demand: Standard New Keynesian IS curve.
e Aggregate Supply: Standard New Keynesian Phillips curve.

e Shocks: A cost-push shock, a shock to the real interest rat¢h@common monetary policy
shock.

e Calibration/Estimation: In calibrating the model, the paeter values of Woodford (2003)
adjusted for annualized variables as in Levin et al. (2008 uaed.

2.1.3 NK_CGG99: Clarida et al. (1999), hybrid model

The model is similar to NK_RW97 but it features a hybrid Phédlgurve with endogenous persistence
in inflation. Also, government spending is not treated exghlicThe model and its implications for
monetary policy are discussed in detail in Clarida et al9@)9rom page 1691 onwards.

e Aggregate Demand: Hybrid New Keynesian IS curve.
e Aggregate Supply: Hybrid New Keynesian Phillips curve.
e Shocks: A cost-push shock, a demand shock and the commonangpeticy shock.

e Calibration/Estimation: We use the same parametrizatiom & NK_RW97, however ex-
pected inflation enters the Phillips curve with a weight of Ol lagged inflation with a
weight of 0.48. In the IS curve the expected output gap hasightvef 0.56 and the lagged
output gap has a weight of 0.44.

2.1.4 NK_CGGO02: Clarida et al. (2002), 2-country model

Clarida et al. (2002) derive a small-scale, two-countiigkgtprice model to analyse optimal mone-
tary policy. The two countries are symmetric in size, prefees and technology.
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e Aggregate Demand: Households maximize their lifetimdtytilvhere the utility function is
separable in consumption and leisure, subject to an imdeal budget constraint. They
own the firms, are a monopolistically competitive supplietatfor to the intermediate firms
and additionally hold their financial wealth in the form of gperiod, state-contingent bonds,
which can be traded both domestically and internationally.

e Aggregate Supply: Domestic production takes place in twgestaFirst there is a continuum
of intermediate goods firms, each producing a differentiataterial input under monopolistic
competition using a production function that is linear indainput and includes an exogenous
technology parameter. They set nominal prices on a stagdeasid a la Calvo and receive
a subsidy in percent of their wage bill to achieve an undistbssteady state. Final goods
producers then combine these inputs into output, which siediyto households under perfect
competition. Wages are perfectly flexible. Thus, all workeil eharge the same wage and
work the same amount of hours. Clarida et al. (2002) intredart exogenous time-varying
elasticity of labor demand to vary the wage-mark-up oveetinthe system of equations is
collapsed into an IS equation and a Phillips curve, whichrdates the output gap and infla-
tion, conditional on the path of the nominal interest ratthtfor the domestic and the foreign

economy.

e Foreign sector: Producer currency pricing is assumed salibdtaw of one price holds for
the final consumption good and the CPI based real exchangesratéty. Together with the
assumption of complete markets this ensures that the cqignmevels are equal in both
countries at any point in time.

e Shocks: A cost push shock and the common monetary policy shock

e Calibration/Estimation: We take the parametrization ofgirall open economy model in Gali
and Monacelli (2005) to calibrate the model. Gali and Mola&905) calibrate the stochastic
properties of the exogenous driving forces by fitting AR(IQgarsses to log labor productivity
in Canada, which is their proxy for the domestic country, EnxgdU.S. GDP, which they use as
proxy for world output. The sample period comprises 196300224.

2.1.5 NK_MCN99: McCallum and Nelson (1999)

The model in McCallum and Nelson (1999) is used to monitor grégomance of operational mon-
etary policy rules. Two distinct variants of the model aredjgnainly differing in the choice of the
aggregate supply setup. In the first setup, aggregate suppbsied on a standard Calvo-Rotemberg
(NK_MCN©99cr) specification of the Phillips curve where inflatis linked to expected inflation and

23



the output gap. In the second setup of the model, the authtiduce the so-called P-bar price
adjustment (NK_MCN99pb) where price changes occur in awlgradually eliminate deviations of
actual from market clearing values of output.

e Aggregate Demand: Standard New Keynesian IS and LM curve.

e Aggregate Supply: Two setups: (i) Standard New Keynesianiphitlurve (NK_MCN99cr),
(i) P-bar price adjustment (NK_MCN99pb).

e Shocks: A shock to the IS curve which follows an AR(1) procasshock to the LM curve, an
investment shock, a shock on capacity output and the comnooretary policy shock.

e Calibration/Estimation: The model equations are estimatéigidually by ordinary least squares
and instrumental variable estimation for U.S. data. The sapg@tiod comprises 1955-1996.

2.1.6 NK_IRO04: Ireland (2004)

Ireland (2004) develops a small New Keynesian model withmeaney balances entering both the
forward-looking IS curve and the Phillips curve. The modeldedito study the role of money in the
U.S. business cycle.

e Aggregate Demand: A representative household maximizesoted utility, nonseparable be-
tween consumption and real money balances while sepamalbéésire, subject to a budget
constraint. The optimizing behavior of this household letda forward-looking IS curve
with real money balances entering the specification. Thiséstdihe non-separability of real
balances to consumption in the utility function, as reabbaés affect the marginal rate of
intertemporal substitution.

e Aggregate Supply: A representative firm produces final goodsrdog to a constant-returns-
to-scale technology, using labor and intermediate goodsmgs. On the other hand, inter-
mediate goods are produced under a linear technology weirog &s input. The representative
intermediate goods-producing firm has monopolistic powgh&émarket, therefore acting as
a price-setter. However, price setting is subject to Rotmgiguadratic adjustment costs. The
optimizing behavior of this firm leads to a forward-looking Rps curve with real money
balances entering the specification.

e Shocks: An overall preference shock, a real money balanedsrpnce shock, a productivity
shock and a monetary policy shock.

e Calibration/Estimation: Estimated via maximum likelihocging U.S. quarterly data over the
period 1980:1-2001:3.
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2.1.7 NK_BGG99: Bernanke et al. (1999)

Bernanke et al. (1999) introduce credit market imperfedtimto an otherwise standard New Keyne-
sian model with capital and show that these financial frictioontribute to propagate and amplify the
response of key macroeconomic variables to nominal angheaks. An agency problem arises due
to asymmetries of information in borrower-lender relasibips. The economy is inhabited by three
types of agents, risk-averse households, risk-neutreg¢grgneurs and retail firms.

e Aggregate Demand: Households gain utility from consunmptleisure and real money bal-
ances. Household optimization results in a standard dyn&énequation. Entrepreneurs use
capital and labor to produce wholesale goods that are salteetail sector. Each period, en-
trepreneurs have to accumulate capital that becomes lalegita production in the subsequent
period. Entrepreneurs have to borrow from households via adiabintermediary to finance
capital purchases. Since the financial intermediary has tepae auditing costs to observe
the idiosyncratic return to capital, an agency problemeatid’he optimal contract leads to an
aggregate relationship of the spread between the exteraaicincosts and the risk-free rate
and entrepreneurs’ financial conditions represented byetlezdge ratio.

e Aggregate Supply: Retail firms act under monopolistic contipeti They buy wholesale goods
produced by entrepreneurs in a competitive market andrdifteate them at zero cost. Price
stickiness is introduced via the Calvo framework. Bernagikal. (1999) assume that reopti-
mizing firms have to set prices prior to the realization of ${sdn that period, so that previous
period’s expectations of the output gap and future inflatiotieiethe New Keynesian Phillips

curve.

e Shocks: The model exhibits a technology shock, a demand shmatkha common monetary
policy shock. Since we have no information about the variaréehe shock terms, we set all

shock variances equal to zero.

e Calibration/Estimation: The model is calibrated at quaytégquency.

2.1.8 NK_GMO05: Gali and Monacelli (2005)

Gali and Monacelli (2005) develop a model of a small open engnwhich is part of a world econ-
omy comprised of a continuum of small open economies shadieigtical preferences, technology
and market structure but facing imperfectly correlateddpativity shocks. With this framework, the
authors analyze the macroeconomic implications of thréerdnt rule-based policy regimes for a
small open economy, pointing out the trade-offs the autiegrface between the stabilization of the
nominal exchange rate, domestic inflation and the output gap.
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2.2

e Aggregate Demand: The representative household in a smeall @@nomy seeks to optimize
its utility separable between consumption and leisureesulip its budget constraint. Con-
sumption is a composite of domestic and foreign goods, vieighy the degree of home bias
in preferences, which represents the index of country opennThe dynamic IS equation is
similar to that found for a closed economy but with the degfegpenness influencing the sen-
sitivity of the output gap to interest rate changes. Furtlmeenthe natural interest rate depends
on the expected growth of world output.

e Aggregate Supply: Differentiated goods are produced frogpecal firm using a linear tech-
nology with labor as input. Firms face price stickiness a l&/€as in the case of a closed
economy. Importantly, marginal costs are increasing irtéhms of trade and in world output.
The degree of country openness affects the slope of the Newdsen Phillips curve of the
small open economy, thus affecting the response of inflatiasratiations in the output gap.

e The Foreign Sector: Purchasing Power Parity and the law of one hdld. There is prefect
exchange rate pass-through. Under the assumption of ctemplernational financial markets,
an international risk sharing in the form of the uncoverddrest rate parity is obtained.

e Shocks: A domestic productivity shock and a world demandlshoc

e Calibration/Estimation: The model is calibrated mostly toditne characteristics of the Cana-
dian economy. In order to calibrate the stochastic propeuf the exogenous driving forces,
AR(1) processes are fitted, using quarterly, HP-filtered dagéa the sample period 1963:1—
2002:4.

Estimated U.S. Models

2.2.1 US_FM95: Fuhrer and Moore (1995a)

The model is described in Fuhrer and Moore (1995a) and FuhreMade (1995b). We employ

the

parametrization used in Levin et al. (2003). Fuhrer andrislgdroduce a new wage contracting

model where agents care about relative real wages in ordeatch the strong inflation persistence

observed in U.S. data.

e Aggregate Demand: The US_FM95 model represents aggregaimpéy a single reduced-
form equation corresponding to an IS curve. The current dupp depends on its lagged
values over the past two quarters and the lagged value obtigeterm real interest rate, which
is defined as a weighted average of ex-ante short-term reaésttrates with a duration of 40
quarters.
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e Aggregate Supply: The aggregate price level is a constant-onyafkormalized to one) over
the aggregate wage rate. The aggregate wage dynamics anmidetE by overlapping wage
contracts. In particular, the aggregate wage is defined ttndeveighted average of current
and three lagged values of the contract wage rate. The relthcomwage, that is the contract
wage deflated by the aggregate wage, is determined as a weigNdeage of expected real
contract wages, adjusted for the expected average outpubys the life of the contract.
This specification yields a hybrid Phillips curve that deperafiiteoonally on current and past
demand and expectations about future demand.

e Shocks: An ad hoc supply shock and the common monetary pdlmgks

e Calibration/Estimation: Full-information maximum likebbd estimation on U.S. data from
1966-1994.

e Replication: We replicated the impulse response functfongannualized quarterly inflation
and the output gap to a 100 basis point innovation to the & dends rate in Figure 2 of Levin
et al. (2003).

2.2.2 US _OW98: FRB Monetary Studies, Orphanides and Wieland (1998)

This is a small open economy model described in OrphanideS\éeldnd (1998) and used to inves-
tigate the consequences of the zero bound on nominal ibtates.

e Aggregate Demand: The US_OW98 model disaggregates realisgentb five components:
private consumption, fixed investment, inventory investineet exports, and government
purchases. The aggregate demand components exhibit Eadjisstment to their respective
equilibrium levels, measured as shares of potential GDfiaPadjustments reflect habit per-
sistence. Equilibrium consumption and fixed investment anetfans of permanent income
(discounted at 10 percent) and depend on the long-termatsal The long-term nominal in-
terest rate is an average of expected future nominal skort-tates. The long-term real rate
is determined by the Fisher equation. Inventory investmepedds on three lags of output.
Government spending is an AR(1) process.

e Aggregate Supply: The structure is similar to the US_FM95 mddalS_FM95 and US_OW98,
the aggregate price level is a constant mark-up over theeggtg wage rate.

e Foreign Sector: Net exports depend on domestic output, vaardut, the real exchange rate
and lagged net exports. The exchange rate is determined biPacoddition.
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e Shocks: Five demand shocks including the common fiscal poliogksin the government
spending equation, an ad hoc cost push shock to the nomimga eemtracts and the common
monetary policy shock.

e Calibration/Estimation: The model is estimated for the krl®80-1996 using U.S. data.
The demand block is estimated via IV-estimation equatiomedpyation. For the supply side
simulation-based indirect inference methods are used.

e Replication: We replicated the impulse response functfongannualized quarterly inflation
and the output gap to a 100 basis point innovation to the & dends rate in Figure 2 of Levin
et al. (2003).

2.2.3 US_FRBO03: FRB-US model

The FRB model is a large-scale model of the U.S. economy withatively detailed representation
of the supply side of the economy. The version US_FRBO03 wasrlzezhby Levin et al. (2003).

e Aggregate Demand: Real spending is divided into five compn@rivate consumption, fixed
investment, inventory investment, net exports and govemmurchases. The broad compo-
nents are disaggregated further i.e. spending on fixed imeggtis separated into equipment,
nonresidential structures and residential constructiGovernment spending is divided into
six sub-components, each of which follows a simple reddoeat equation that includes a
counter-cyclical term. The specification of most non-tradeape spending equations follows
the generalized adjustment cost model due to Tinsley (1993)

e Aggregate Supply: Potential output is modeled as a functiaghefabor force, crude energy
use, and a composite capital stock, using a three-factob-QCaluglas production technology.
The equilibrium output price is a mark-up over a weighted agerof the productivity-adjusted
wage rate and the domestic energy price. The specificationeofviye and price dynamics
follows the generalized adjustment cost framework usetéraggregate demand block. Wage
inflation depends on lagged wage inflation over the previowsthuarters, as well as expected
future growth in prices and productivity, and a weightedrage of expected future unemploy-
ment rates. Price inflation depends on its own lagged valuedioeg@ast two quarters, as well
as expected future changes in equilibrium prices and eggdature unemployment rates. In
addition, both wages and prices error-correct to theireetye equilibrium levels. A vertical
long-run Phillips curve is imposed in estimation. The modeitams a detailed accounting
of various categories of income, taxes, and stocks, anaixpkatment of labor markets, and
endogenous determination of potential output. Long-runliggum in the model is of the
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stock-flow type; the income tax rate and real exchange rateprimmium adjust over time to
bring government and foreign debt-to-GDP ratios back teiigel (constant) levels.

e Foreign sector: The full model includes detailed treatmeftsreign variables. Twelve sectors
(countries or regions) are modeled, which encompass tlire ghbbal economy. In the model
used in the Modelbase the full set of equations describiaddteign countries is replaced by
two reduced form equations for foreign output and pricesetluce computational cost.

e Shocks: The model exhibits a large range of shocks to which wdlscommon monetary
policy shock and a fiscal shock that equally affects all theramonents of federal government
spending such that a unit fiscal policy shock affects output pgrcent.

e Replication: We replicated the impulse response functfongannualized quarterly inflation
and the output gap to a 100 basis point innovation to the & fiends rate in Figure 2 of Levin
et al. (2003).

2.2.4 US_SWO07: Smets and Wouters (2007)

Smets and Wouters (2007) develop a medium-scale closedmydd8GE-Model and estimate it for
the U.S. with Bayesian techniques. The model features a digistit growth rate driven by labor-
augmenting technological progress, so that the data doawsut to be detrended before estimation.

e Aggregate Demand: Households maximize their lifetimatytilvhere the utility function is
nonseparable in consumption and leisure, subject to arienigoral budget constraint. Smets
and Wouters (2007) include external habit formation to milee consumption response in
the model more persistent. Households own firms, rent cagetaices to firms and decide
how much capital to accumulate given certain capital adjaest costs. They additionally hold
their financial wealth in the form of one-period, state-cogént bonds. Exogenous spending
follows a first-order autoregressive process with an iidwmadrerror term and is also affected
by the productivity shock.

e Aggregate Supply: The final goods, which are produced undeegerdmpetition, are used for
consumption and investment by the households and by themgoeat. The final goods pro-
ducer maximizes profits subject to a Kimball (1995) aggregatintermediate goods, which
introduces monopolistic competition in the market for intediate goods and features a non
constant elasticity of substitution between differenéimediate goods, which depends on their
relative price. A continuum of intermediate firms producéetténtiated goods using a produc-
tion function with Cobb-Douglas technology and fixed costd sell these goods to the final-
good sector. They decide on labor and capital inputs, andraegtspaccording to the Calvo
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model. Labor is differentiated by a union using the Kimbalgeagator, too, so that there is
some monopoly power over wages, which results in an expliage equation. Labor packers
buy the labor from the unions and resell it to the intermed@gdods producer in a perfectly
competitive environment. Sticky wages a la Calvo are addifig assumed. The Calvo model
in both wage and price setting is augmented by the assumpigdprices that can not be freely
set, are partially indexed to past inflation rates.

e Shocks: A total factor productivity shock, a risk premium akican investment-specific tech-
nology shock, a wage and a price mark-up shock and two padtiogks: the common fiscal
policy shock entering the government spending equationtaeccommon monetary policy
shock.

e Calibration/Estimation: The model is estimated for the U.ShwBayesian techniques for the
period 1966:1-2004:4 using seven key macroeconomic \lagakeal GDP, consumption, in-
vestment, the GDP deflator, real wages, employment and thanabshort-term interest rate.

¢ Replication: We replicated the impulse response functiorsspositive one standard deviation
monetary policy shock in Figure 6 of Smets and Wouters (20078.vBhiables include output,
hours, quarterly inflation and the interest rate.

2.2.5 US_ACEL: CEE/ACEL by Altig et al. (2005)

The purpose of the authors is to build a model with optimizigerds that can account for the observed
inertia in inflation and persistence in output (Christianochenbaum, and Evans, 2005). In the
version by Altig et al. (2005) firm-specific capital is introdutto get a Calvo parameter consistent
with the microeconomic evidence of price re-optimizationsaverage once every 1.5 quarters. The
Modelbase contains four different specifications of the CEEHR@odel, labeled by m = monetary
policy shock, t = technology shock and sw = SW assumptions,nicecost channel and no timing
constraints as in Taylor and Wieland (2009).

e Aggregate Demand: The representative household’s utdityeparable in consumption and
leisure and allows for habit formation in consumption. Expddifetime utility is maximized,
choosing optimal consumption and investment, as well asutheunt of capital services sup-
plied to the intermediate firms (homogenous capital model yamtfolio decisions. Investment
adjustment costs are introduced. Furthermore, the houseletérmines the wage rate for its
monopolistically supplied differentiated labor serviegsenever it receives a Calvo signal. In
those periods, in which it does not receive a signal, the vimgereased by the lagged infla-
tion rate augmented by the steady state growth rate of a catidn of the neutral technology
shock and the shock to capital embodied technology. Labweicesrare sold to a competitive
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firm that aggregates the differentiated services and sugpie resulting aggregated labor to
the intermediate goods firms.
In the firm-specific capital model, the capital stock is ownedHhgyfirms.

Aggregate Supply: The final consumption good is produced uneldeg competition using

differentiated intermediate goods as inputs. Each inteimtedjood is producted by a mo-
nopolist employing capital (which is firm-specific in one vatiaf the model) and labor ser-
vices. The production function is augmented by a technolbggls. Capital is pre-determined.
Hence, if capital is firm-specific, marginal costs depend p@djt on the firm’s output level.

Furthermore, it is assumed that the monopolistic firms haveayotpe wage bill in advance
which requires borrowing from a financial intermediary. Noatifrictions are introduced in
the form of Calvo sticky prices. Non-reoptimizing firms indéeir prices to previous periods
inflation.

Shocks: The common monetary policy shock, a neutral techpalbgck and an investment
specific technology shock.

Calibration/Estimation: The model has been estimated byhwirgche empirical impulse re-
sponse functions to a monetary policy shock in a ten varighike with the theoretical impulse
responses from the model to a monetary policy shock. QUakies. data from 1959:2-2001:4
is used.

Replication: Using the US_ACELmM model we replicated the impukssponse functions for
annualized quarterly inflation, output, annualized qubrteroney growth and the annualized
quarterly interest rate to a one standard deviation moyetaicy shock.

2.2.6 US_NFEDO08: Edge et al. (2008)

The US_NFEDO8 is a version of the medium-scale closed economglrasdn Edge et al. (2008)

used for estimation in Wieland and Wolters (2011). In thiglelpspecifications regarding production

and expenditures are motivated by the long-run and cyglicaierties observed in the U.S. data. Pro-
duction sectors in Edge et al. (2008) differ in the rate of #uhhological growth while expenditures

are categorized as business spending and household spemtimmmodel as in Edge et al. (2008) is

used at the Federal Reserve Board as a complimentary modmifoy analysis along FRB/US and

other small models.

e Aggregate Demand: Households derive utility from four sesr purchases of the consumer
non-durable goods and non-housing services, the flow ofcg#iom their rental of consumer-
durable capital, the flow of services from their rental ofdesitial capital, and leisure. Internal
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habit persistence is present in all three components ofuropson. Households supply dif-
ferentiated labor to two production sectors. They face catadwage adjustment costs when
setting wages. Furthermore, they face additional costs whanging the mix of labor supplied
to each of the production sectors. The consumption compstzent the disutility from labor
are subject to specific AR(1) aggregate shocks.

e Aggregate Supply: There are two production sectors in thisahatiffering on what type of
final goods and services they are producing. One of the sgctomsprised of businesses and
institutions) produces slow-growing “consumption” go@dsl services while the other sector
(only businesses) produces fast-growing “capital” gooBmal goods are an aggregate (us-
ing Dixit-Stiglitz technology) of sector-specific differeated intermediate goods. The latter
are produced by intermediate goods producers by combirgggegated labor with utilized
non-residential capital in a Cobb-Douglas production fiomc Labor input for each sector
is aggregated using Dixit-Stiglitz technology. The level odguctivity in the Cobb-Douglas
production function has a common and a sector specific faBsmed on historical data for the
U.S., faster technological progress for capital-specificigos assumed. Price setting decisions
(under price adjustment costs) of intermediate goods firrfisedea New Keynesian Phillips
curve with backward and forward-looking terms. Capital ewenchoose how much residen-
tial capital, non-residential capital and consumer dwalwill be invested in each production
sector. These decisions are subject to investment and lcaghitsstment costs. In addition, the
decision for the utilization of non-residential capitabisbject to utilization costs.

e Shocks: A shock to preferences over durables, a shock torpnefes over non-durables and
non-housing services, a shock to preferences over regtleapital, a shock to preferences
over leisure, a shock to efficiency of investment in non-rexsiil capital, a shock to efficiency
of investment in residential capital, a shock to efficiencyinvkestment in consumer durable
goods, a mark-up shock, a shock to the elasticity of sulistittbetween the differentiated
intermediate goods inputs, an economy-wide productivityck, a sector specific productivity
shock, an intermediate labor substitution shock, a labbstd#ution shock, a monetary policy
shock.

e Calibration/Estimation: Estimated with Bayesian methodsngi quarterly U.S. data for the
period 1984:1-2004:4.

2.2.7 US_RS99: Rudebusch and Svensson (1999)

Rudebusch and Svensson (1999) set up a simple linear moded of.§. economy which is used to
examine the performance of different policy rules taking imccount an inflation targeting monetary
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policy regime. The model equations are backward looking.

e Aggregate Demand: An IS curve relates the output gap to its lags and the difference
between the average federal funds rate and the averageanftate over the current and three
preceding quarters.

e Aggregate Supply: Phillips curve of the accelerationist form
e Shocks: A cost-push shock, a demand shock and the commonamppeticy shock.

o Calibration/Estimation: The model equations are estimaigigidually by ordinary least squares
for U.S. data. The sample period comprises 1961:1-1996:2.

2.2.8 US_ORO03:0rphanides (2003)

Orphanides (2003) conducts a counterfactual analysisitmasthe historical experience of the United
States economy to give an example of the difficulties in idgimgf robust policy strategies. The

counterfactual analysis gives an insight how inflation areddhtput gap would have evolved from
the 1960s to the 1990s if the Federal Reserve had actuallywied two distinct activist monetary

policy rules taking into account the difference betweetisgaand non-realistic assumptions on the
availability of information on the output gap.

e Aggregate demand: The demand side of the structural modeéadonomy is represented by
an IS equation which relates the output gap to its own lags ¢ inflation and the federal
funds rate.

e Aggregate supply: The supply side is represented by an aatielst form of the Philips
curve with an adaptive representation of inflation expemtati

e Shocks: A cost-push shock, a demand shock and the commonamppeticy shock.

e Calibration/estimation: The Aggregate Demand and Aggee§apply equation are estimated
in a setup that can be interpreted as a mildly restrictedtral vector autoregression (VAR)
of up to four lags estimated using quarterly data from fror&@QL& 1993.

2.2.9 US_PMO08 and US_PMO08fl: Carabenciov et al. (2008)

Carabenciov et al. (2008) design and estimate two versibasmall projection model for the U.S.
economy: one with financial real linkages, US_PMO08fl and oneawithUS_PMO08. These models
are part of the IMF research agenda in developing a Small éyalobal Projection Model (GMP)

which consists of many small country models integrated angingle global market. Both versions
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of the model consist of few behavioral equations, focusingttee joint determination of output,
unemployment, inflation and the federal funds rate.

e Aggregate Demand: The behavioral IS curve relates the ogggutto its past and expected
future value, to the past value of the short interest rateagapto a disturbance term. This
specification allows for inertia and persistent effects efshocks. In the model with financial
linkages, US_PMO8fl, the output gap is a function of a financiabte as well, constructed
using information from FED’s quarterly Senior Loan Officer OpmiBurvey on Bank Lend-
ing Practices. This variable enters in the form of a shock arnsl $upposed to reflect the
bank lending conditions (tightening or loosening). Thuseiifding conditions are tighter than
anticipated, the effect will be a lower output gap and a weakenomy.

e Aggregate Supply: In the Phillips curve equation, inflationingéd to its past and expected
future values, to the lagged output gap and a disturbanoe tdihis representation reflects
the way agents set their prices: a share of them uses indexatipast inflation and others
are forward looking. These expectations are based on maodsistent estimates of future
inflation.

e Shocks: A shock to the level and the growth rate of potentighutiy a shock to the level
and the growth rate of the equilibrium rate of unemploymarghock to the equilibrium real
interest rate. In the model with financial linkages, US_PMO08fl, arfital shock is introduced
in addition and cross correlations of the error terms betvesgtain shocks are allowed.

e Calibration/Estimation: Both models are estimated withdagn techniques, using U.S. quar-
terly data over the period 1994:1-2008:1.

2.2.10 US_DGO08: DeGraeve (2008)

DeGraeve (2008) uses a medium-scale New Keynesian mogelnilSmets and Wouters (2007)
enriched with financial frictions as in Bernanke et al. (19@Bgstimate and explore the role of the
external finance premium in propagating shocks for the U.Sia@ng. Conditional on certain shocks,
he finds that a framework with financial frictions and investiajustment costs may give rise to a
financial “decelerator”.

e Aggregate Demand: As in Smets and Wouters (2007), househwdagmize their lifetime
utility function, non-separable in consumption and legsisubject to an intertemporal budget
constraint. Preferences for consumption are subject tda palsistence. They own firms, hold
financial wealth in the form of one-period, state-contingmmds and supply labor monopolis-
tically. Wage stickiness is introduced via the Calvo frarasw
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e Aggregate Supply: Apart from the intermediate and final goodssfas in Smets and Wouters
(2007), a financial intermediary, capital goods producetsertrepreneurs are introduced in
the model to match the structure as in Bernanke et al. (1989 Céristiano, Motto, and Ros-
tagno (2003). Intermediate goods firms face price rigidity @4lvo while capital good produc-
ers face convex investment adjustment costs. On the otthertbie presence of entrepreneurs
and the financial intermediary brings financial frictions iptay. Entrepreneurs borrow from
financial intermediaries to buy capital (from capital proeits}, decide on capital utilization,
rent capital services to intermediate goods firms and seldegmeciated capital back to capital
producers. However, after the purchase of the capital seogkepreneurs are hit by an idiosyn-
cratic shock, observable only by them. This leads to the xasilte verification framework a
la Bernanke et al. (1999), giving raise to extra costs, atloeeisk-free rate. The optimal con-
tract between entrepreneurs and the financial intermedtadslto an aggregate relationship of
the spread between the external finance costs and the reskafieeand entrepreneurs’ financial
conditions represented by the leverage ratio.

e Shocks: A preference shock, a labor supply shock, a totadfgecbductivity shock, an invest-
ment technology shock, a government spending shock, aniamfltrget shock, a monetary
policy shock, a wage and price mark-up shock.

e Calibration/Estimation: The model is estimated using Bayresiethods on quarterly U.S. data
for the period 1954:1-2004:4.

2.2.11 US_CDQ08: Christensen and Dib (2008)

Christensen and Dib (2008) develop and estimate a DSGE mbédedaterized by price stickiness,
capital adjustment costs and financial frictions with the ainevaluating the importance of the fi-
nancial accelerator in the amplification and propagatiomefdffects of the transitory shocks to the
U.S. economy. US_CDO08 is a closed economy model like in Ire{@2083) enriched with financial
frictions as in Bernanke et al. (1999). The model is estimatedo versions, with and without the
financial accelerator mechanism.

e Aggregate Demand: The representative household deriVigg fuim consumption, real money
balances and leisure. Consumption and real balances gexstha preference shock and a
money demand shock, respectively. The household keepsittegidbe financial intermediary,
supplies labor to the entrepreneurs and earns dividendsritailer firms.

e Aggregate Supply: The production sector is comprised of préreurs, capital producers and
retailers. The set up introducing the financial frictions imikr to Bernanke et al. (1999),
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apart from the fact that the debt contracts in ChristensdrDdln (2008) are written in terms of
the nominal interest rate. This specification allows for debiation effects, as unanticipated
changes in inflation will affect the real cost of debt payment the entrepreneurial net worth.
Entrepreneurs borrow from financial intermediaries to buyitahfrom capital producers and
produce intermediate goods. Due to asymmetric informdigiween the entrepreneurs and fi-
nancial intermediaries, the demand for capital is depermiethe entrepreneurs’ financial con-
ditions. Capital producers combine efficient investmentdgoand existing capital to produce
new capital, subject to capital adjustment costs, whictv glown the response of investment
to different shocks. On the other side, retailers buy wtadéegoods from entrepreneurs, dif-
ferentiate them at no cost and sell them in a monopolisticpaditive market, subject to price
stickiness as in Calvo (1983) and Yun (1996).

e Shocks: A preference shock, a money demand shock, a techrsilogk, an investment shock
and a monetary policy shock.

e Calibration/Estimation: The model is estimated using a maritikelihood procedure with
Kalman filter on quarterly U.S. data for the period 1979:3-2804

2.2.12 US_IACO05: lacoviello (2005)

lacoviello (2005) develops a New Keynesian model with nahamd financial frictions, where debt
contracts are written in nominal terms and some agents falk&earal constraints tied to housing
values. This gives rise to an accelerator effect for demandkshand a decelerator effect for supply
shocks. The model can match the response of the aggregataediéorfzousing price shocks and the
hump-shaped dynamics of output to inflation surprises, obsdrom U.S. data.

e Aggregate Demand: There are two types of households, théefaand the “impatient”
ones. They both derive utility from consumption, holdingsofising, real money balances and
leisure. However they discount the future differently,mtihe impatient household discounting
the future more heavily. This specification induces the inguathousehold to face borrowing
constraints, consistent with standard lending criteriedus the mortgage market where the
borrowing is limited to a fraction of the housing value. Fatlbtypes of households, the
holding of housing is subject to housing adjustment costs.

e Aggregate Supply: Entrepreneurs produce a homogeneoumadate good using a Cobb-
Douglas technology with labor from both types of househatdpital and real estate as inputs.
Housing and variable capital are subject to adjustmenscdatllowing Kiyotaki and Moore
(1997), a limit on the obligation of the entrepreneurs isuassd. Entrepreneurs discount the
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future more heavily than the patient households. Both apsans assure that the borrowing
constraint is binding for entrepreneurs. In addition tremeeretailers who buy the intermediate
goods from the entrepreneur, differentiate them at no austsall them at a price that can be
re-optimized every period only with a certain probabilitfhe optimization problem of the
retailers yields a forward-looking Phillips curve.

e Shocks: A housing preference shock, an inflation shock, a téapy shock and a monetary
policy shock.

o Calibration/Estimation: A mixture of calibrated and estiethparameters. Estimation of pa-
rameters is done by minimizing a measure of the distancedsstthe VAR impulse responses
and model responses, using quarterly U.S. data for the p&8idd:1-2003:2.

2.2.13 US_MRO7: Mankiw and Reis (2007)

Mankiw and Reis (2007) develop a general equilibrium modeére rigidities come from the fact
that agents are inattentive and do not update informatignlagy when setting prices, wages and
deciding on consumption. US_MRO07 is a model with informatibickiness. Estimation of the
model using U.S. data confirms the presence of such rigidagsecially for consumers and workers.

e Aggregate Demand: Infinitely lived households are of two $ypeonsumers and workers.
Their utility function is additively separable in consungptiand leisure. They are able to save
and borrow by trading bonds between themselves. Workergsehbow much to work and
what wage to charge for the particular variety of labor oviarch they hold a monopoly. Both
consumers and workers take decisions but only a fractioneshf randomly drawn from their
respective population, obtain new information and canp#nrtize their actions. If they obtain
new information, they revise their plans for future constiorpand labor supply, respectively.
Both, the aggregate demand (IS equation) and the equatisag#s, depend on the sum of past
expectations of current economic conditions, reflectingdleethat households have different
sets of information. The stickier the information is (low shaf informed households), the
smaller the impact of shocks on spending and wages, sincs fmmsumers and workers are
aware of them. The natural (long-run) equilibrium corregfmto a situation where all agents
are perfectly informed.

e Aggregate Supply: Firms produce output using labor and seit tlifferentiated goods in a
monopolistic competitive market. Firms are constrainechforimation gathering in the same
fashion as households. Each period, a fraction of firms, raiyddrawn from the population,
obtains new information and recalculates the optimal pfidee optimizing process of the firms
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leads to a Phillips curve equation where the price level isrd@hed as a sum of past expecta-
tions of current economic conditions (prices, output, rimegcosts, technology shocks). The
summation captures the fact that firms have different setsfofration. Shocks to the vari-
ables in the Phillips curve equation will have gradual efext some firms remain unaware of
these shocks and only react to them once they update theimation set.

e Shocks: A mark-up good shock, a mark-up labor shock, a govantshock, a technology
shock and a monetary policy shock.

e Calibration/Estimation: Estimated with maximum likelihoadd Bayesian methods, using
quarterly U.S. data for the period 1954:3-2006:1.

2.3 Estimated Euro Area Models
2.3.1 EA_CWO05: Coenen and Wieland (2005)

Coenen and Wieland (2005) develop a small-scale macroatomoodel for various staggered pric-
ing schemes. We use a version with the nominal contract figetn of Taylor (1980), labeled
EA_CWO05ta, and a version with the relative real wage conspetification of Fuhrer and Moore
(1995a), labeled EA_CWO5fm.

e Aggregate Demand: The aggregate demand equation is backvekidg: two lags of ag-
gregate demand (should account for habit persistence isuomption, adjustment costs and
accelerator effects in investment) and one lag of the lengrinterest rate (allows for a trans-
mission lag of monetary policy). The long-term nominal ietirate is an average of expected
future nominal short-term rates. The long-term real rateetsginined by the Fisher equation.

e Aggregate Supply: Asin US_FM95 and US_OW98.
e Shocks: A demand shock, a contract wage shock and the commuetang policy shock.

e Calibration/Estimation: The model has been estimated orfdatathe ECB Area Wide Model
data set from 1974:1-1998:4. The contract wage specificatiaves been estimated by a lim-
ited information indirect inference technique while theelfuation has been estimated by means
of the GMM.

e Replication: We replicated the impulse response functafrennual inflation and the output
gap to a 100bps temporary unanticipated rise in the nomhmat serm rate in the upper panel
of Figure 7 of Kuester and Wieland (2005) for both versionsefrnodel.

38



2.3.2 EA_AWMO5: Area Wide model linearized by Dieppe, Kuester and Mé&dam (2005)

The model is described in Fagan, Henry, and Mestre (2005)astone of the first models to treat

the Euro area as a single economy. In the Modelbase we usend@itied version from Dieppe,
Kuester and McAdam (2005) that is also used in Kuester antBdg2005). The EA_AWMO5 is an
open economy model of the Euro area. Expectation formaticarggly backward-looking. Activity

is demand-determined in the short-run but supply determnimé¢he long-run with employment hav-

ing converged to a level consistent with the exogenouslgrgievel of equilibrium unemployment.

Stock-flow adjustments are accounted for, e.g., the inclusi@wealth term in consumption.

Aggregate Demand: Demand is disaggregated into privatgeuroption, government consump-
tion, investment, variation of inventories, exports, amports. The term structure (12-year
bond) is forward-looking. Private consumption is specifiec dgnction of households’ real

disposable income and wealth, where the latter consistetdbneign assets, public debt and
the capital stock. The change in the log of the investmerildugtio depends on the real in-
terest rate, the real GDP/capital stock ratio and the laggezsiment/output ratio. The authors
stress that this investment equation represents the kayneh#rough which interest rates
affect aggregate demand. Government consumption is tr@atexogenous.

Aggregate Supply: Output follows a whole economy producfiorction. Short-run employ-
ment dynamics are driven by output growth and real wages. &fiatdr for real GDP at factor
costs, which according to Fagan et al. (2005) is the key fpnidex of the model, is a function
of unit labor costs, import prices, the output gap and inflatigpectations. The growth rate of
wages depends on consumer price inflation, producivity amdiemployment gap, defined as
the deviation of the current unemployment rate from the NAIR

Foreign sector: Besides extra-area flows, exports and isyadsd include intra-area flows.
World GDP and world GDP deflator are treated as exogenoudnesial he exchange rate is a
forward-looking variable determined by uncovered interate parity.

Shocks: Employment shock, factor cost-push shock, privatsiwaption cost-push shock,
gross investment cost-push shock, gross investment skapkrts cost-push shock, imports
cost-push shock, private consumption shock, term strectock, common fiscal policy shock
and common monetary policy shock.

Calibration/Estimation: Estimation on Euro area data eqodtycequation from 1970:1-1997:4,
whereas the estimation period of some equations startsbatenot later than 1980:1.

Replication: We replicated the impulse response functafrennual inflation and the output
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gap to a 100bps temporary unanticipated rise in the nomhmat serm rate in the upper panel
of Figure 7 of Kuester and Wieland (2005).

2.3.3 EA_SWO03: Smets and Wouters (2003)

The EA_SWO03 model of Smets and Wouters (2003) is a medium-saaecdtkconomy DSGE model
with various frictions and estimated for the Euro area witlydsan techniques.

e Aggregate Demand: Households maximize their lifetimdtytilvhere the utility function is
separable in consumption, leisure and real money balasgbgct to an intertemporal budget
constraint. Smets and Wouters (2003) include external fiadpitation to make the consump-
tion response in the model more persistent. Households oms,.firent capital services to
firms and decide how much capital to accumulate given certgital adjustment costs. They
additionally hold their financial wealth in the form of cashidmes and one-period, state-
contingent bonds. Exogenous spending is introduced by aofidetr autoregressive process
with an iid-normal error term.

e Aggregate Supply: The final goods, which are produced undeegerbmpetition, are used
for consumption and investment by the households and bydkergment. The final goods
producer maximizes profits subject to a Dixit-Stiglitz ag@teg of intermediate goods, which
introduces monopolistic competition in the market for imediate goods and features a con-
stant elasticity of substitution between individual, imtediate goods. A continuum of inter-
mediate firms produce differentiated goods using a produdtioction with Cobb-Douglas
technology and fixed costs and sell these goods to the finalsggmador. They decide on labor
and capital inputs, and set prices according to the Calvoeinddabor is differentiated over
households using the Dixit-Stiglitz aggregator, too, so there is some monopoly power over
wages, which results in an explicit wage equation. Stickyesad la Calvo are additionally
assumed. The Calvo model in both wage and price setting is @uigeh by the assumption that
prices that can not be freely set, are partially indexed &t jpdlation rates.

e Shocks: Ten orthogonal structural shocks are introducdteimiodel. Three preference shocks
in the utility function: a general shock to preferences, @g&ho labor supply and a money de-
mand shock. Two technology shocks: an AR(1) process withdashiock to the investment
cost function and a productivity shock to the productionction. Three cost push-shocks:
shocks to the wage and price mark-up, which are iid arounchatanot and a shock to the re-
quired rate of return on equity investment. And finally two ratary policy shocks: a persistent
shock to the inflation objective and a temporary common moygtalicy shock. In addition,
the common fiscal policy shock is added in the form of a goverirapending shock. Since
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government spending is expressed in output units, we seb#fécient which scales the shock
to unity to achieve a shock size of one percent of GDP.

e Calibration/Estimation: The model is estimated using Bayesechniques on quarterly Euro
area data. The data set used is comprised of seven key magoogicovariables consisting of
real GDP, real consumption, real investment, the GDP deflegal wages, employment and
the nominal interest rate over the period 1970:1-1999:4.

e Replication: We replicated the impulse response functadrennual inflation and the output
gap to a 100bps temporary unanticipated rise in the nomhwat serm rate in the upper panel
of Figure 7 of Kuester and Wieland (2005).

2.3.4 EA_SRO07: Euro Area Model of Sveriges Riksbank, Adolfson etla(2007)

Adolfson et al. (2007) develop an open economy DSGE model atich&e it for the Euro area
using Bayesian estimation technigues. They analyse thertenm® of several rigidities and shocks
to match the dynamics of an open economy.

e Aggregate Demand: Households maximize lifetime utilithjeat to a standard budget con-
straint. Preferences are separable in consumption, lalwbrest cash holdings. Persistent
preference shocks to consumption and labor supply are addke representative utility func-
tion. Internal habit formation is imposed with respect tagamption. Aggregate consumption
is specified as a CES function, being composed of domesticalijuged as well as imported
consumption goods. Households rent capital to firms. Capéalices can be increased via
investment and via an increase in the capital utilizatide,revhere both options are involved
with costs. Total investment in the domestic economy isesgnted by a CES aggregate con-
sisting of domestic and imported investment goods. Houdshare assumed to be able to
save through acquiring domestic bonds and foreign bonddditian to holding cash and ac-
cumulating physical capital. A premium on foreign bond ol assures the existence of a
well-defined steady state. Households monopolisticallypua differentiated labor service.
Wage stickiness is introduced in the form of the Calvo modghaented by partial indexation.
Government consumption of the final domestic good is financadaxes on capital income,
labor income, consumption and payroll. Any surplus or deisctssumed to be carried over as
a lump-sum transfer to households.

e Aggregate Supply: The final good is produced via a CES aggregaiog @& continuum of
differentiated intermediate goods as inputs. The prodnatbintermediate goods requires
homogeneous labor and capital services as inputs and idedféy a unit-root technology
shock representing world productivity as well as a doméstitinology shock. Fixed costs
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are imposed such that profits are zero in steady state. Duertongcacapital, (a fraction of)
the wage bill has to be financed in advance of the productiongs® Price stickiness of
intermediate goods is modeled as in the Calvo (1983) modelddlition, partial indexation to
the contemporaneous inflation target of the central banktagrevious periods inflation rate
is included for those firms that do not receive a Calvo signalgiven period. This results in a
hybrid new Keynesian Phillips curve.

Foreign sector: Importing firms are assumed to buy a homogsngamod in the world market
and differentiate it to sell it in the domestic market. Simlifaexporting firms buy the ho-
mogeneous final consumption good produced in the domestimagpand differentiate it to
sell it abroad. Specifically, the differentiated investmemd @onsumption import goods are
aggregated in a second step via a CES function, respectiValy.same applies to the export
goods. Calvo pricing is also assumed for the import and d)gemtor, allowing for incomplete
exchange rate pass-through in the short run. The foreigroaeprs described by an identified
VAR model for foreign prices, foreign output and the foreigterest rate.

Shocks: Unit root technology shock, stationary technoldmck, investment specific technol-
ogy shock, asymmetric technology shock, consumption prate shock, labor supply shock,
risk premium shock, domestic mark-up shock, imported comgion mark-up shock, imported
investment mark-up shock, export mark-up shock, inflatiogetashock, the common mone-
tary policy shock, shocks to the four different tax rates agdvernment spending shock which
represents the common fiscal policy shock and which we havestadj so that we achieve a
shock size of one percent of GDP.

Calibration/Estimation: The model is estimated using Bayesistimation techniques for the

Euro area using quarterly data from 1970:1-2002:4 in ordematch the dynamics of 15 se-

lected variables. According to the authors, they calilstdtese parameters that should be
weakly identified by the 15 variables used for estimation.

Replication: We replicated the impulse response functfonsinnualized quarterly inflation,
output, employment and the annualized interest rate to atanelard deviation monetary policy
shock in Figure 3 of Adolfson et al. (2007).

2.3.5 EA_QUEST3: Ratto et al. (2009)

Ratto et al. (2009) develop and estimate an open economy DSgslelrfor the euro area with em-

phasis on monetary and fiscal rules, in order to explore thahilezation properties. The role of

fiscal policy is explored in an environment with rules for gaaent consumption, investment and

transfers and with financial frictions in the form of liquigitonstrained households.
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e Aggregate Demand: There are two types of households: liguignd non-liquidity-constrained
households. They posses the same utility function, nonrableain consumption and leisure
with habit persistence in both consumption and leisure. idiggtconstrained households do
not optimize, they just consume their labor income. On theiaside, non-liquidity-constrained
households have access to domestic and foreign currenoyileated assets, accumulate cap-
ital subject to investment adjustment costs and rent it tosfirearn profits from owning the
firms and pay taxes. Income from foreign financial assets isestibp an external financial
intermediation risk premium while real asset holdings afgiect to an equity risk premium.
Both types of households supply differentiated labor taadérunion which sets the wages by
maximizing their joint utility (weighted by the share of datype). The wage setting process
is subject to a wage mark-up and to slow adjustments in tHeoeaumption wage. The wage
mark-up arises because of wage adjustment costs and thibdaet part of workers index the
growth rate of wages to past inflation.

e Aggregate Supply: The final goods, which are produced from malistigally competitive
firms, are used for household consumption, investment, gavent consumption and export.
These goods are produced with a Cobb-Douglas productiotidem@ith capital and produc-
tion workers (labor adjusted for overhead labor) as inplitese firms face technological and
regulatory constraints, restricting their price settiagyployment and capacity utilization deci-
sions. The final goods producer maximizes profits subject te thacific adjustment costs (all
having convex functional forms) and demand conditionsestment good producers combine
domestic and foreign final goods using a CES aggregator to peoiduestment goods which
are sold to non-liquidity-constrained households in agely competitive market.

e The Foreign Sector. Demand behavior is considered the sambe&drome country and the
rest of the world, therefore export demand and import denamacymmetric. Both equations
are characterized by a lag structure in relative prices vbaptures delivery lags. Export firms
buy domestic goods, transform them using a linear techyoéogl sell them in the foreign
market, charging a mark-up over the domestic prices. The s#asdion is faced by importer
firms. Mark-up fluctuations arise because of price adjustmestsdn both sectors. Mark-up
equations are given as a function of past and future inflatmhae also subject to random
shocks.

e Shocks: Awage mark up shock, a price mark-up shock, a mongtéicy shock, a fiscal policy
shock, world demand shock, a risk premium shock, a techgalbgck, an investment shock,
a consumption shock, a trade shock, a labor demand shocieigrianonetary policy shock.

e Calibration/Estimation: Estimated with Bayesian methodsng quarterly data for the euro
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area for the period 1981:1-2006:1.

2.4 Estimated/Calibrated Multi-Country Models
2.4.1 G7_TAY93: Taylor (1993) G7 countries

Taylor (1993) describes an estimated international maomamic framework for policy analysis in
the G7 countries: USA, Canada, France, Germany, Italy, Japétha UK. The model consists of
98 equations and a number of identities. This model was thetdidémonstrate that it is possible
to construct, estimate, and simulate large-scale modele&b-world policy analysis (Yellen, 2007).
Taylor (1993) argues that a multicountry model is apprdpriar the evaluation of policy questions
like the appropriate mix of fiscal and monetary policy or theich of an exchange rate policy.

e Aggregate Demand: The IS components are more disaggregatedtthe US_OW98 model.
For example, spending on fixed investment is separated iné@ ttomponents: equipment,
nonresidential structures, and residential constructidre specification of these equations is
very similar to that of the more aggregated equations in tBe @V98 model. The aggre-
gate demand components exhibit partial adjustment to teepective equilibrium levels. In
G7_TAY93, imports follow partial adjustment to an equilion level that depends on U.S.
income and the relative price of imports, while exports igpartial adjustment to an equilib-
rium level that depends on foreign output and the relativeepof exports. Uncovered interest
rate parity determines each bilateral exchange rate (upiteeavarying risk premium); e.g., the
expected one-period-ahead percent change in the DM/U.8t&apge rate equals the current
difference between U.S. and German short-term intered.rate

e Aggregate Supply: The aggregate wage rate is determined lolappang wage contracts. In
particular, the aggregate wage is defined to be the weightzdg® of current and three lagged
values of the contract wage rate. In contrast to the US_FM9%haodl the US_OW98 model,
G7_TAY93 follows the specification in Taylor (1980), where tturrent nominal contract wage
is determined as a weighted average of expected nominatacbrwages, adjusted for the
expected state of the economy over the life of the contracts ififplies less persistence of
inflation than in the US_FM95 and the US_OW98 model. The aggregagelpvel is not set as
a constant mark-up over the aggregate wage rate as in US_FM33%r0OW98. Prices are set
as a mark-up over wage costs and imported input costs. This-upavaries and prices adjust
slowly to changes in costs. Prices follow a backward-loolengr-correction specification.
Current output price inflation depends positively on its oa@gded value, on current wage
inflation, and on lagged import price inflation, and respondgatieely (with a coefficient of
-0.2) to the lagged percent deviation of the actual pricelle(om equilibrium. Import prices
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adjust slowly (error-correction form) to an equilibriunvé equal to a constant mark-up over a
weighted average of foreign prices converted to dollarss phrtial adjustment of import and
output prices imposes somewhat more persistence to outigetipflation than would result
from staggered nominal wages alone.

e Foreign sector: G7_TAY93 features estimated equationsiédonand components and wages
and prices for the other G7 countries at about the level ofeagdion of the U.S. sector. Finan-
cial capital is mobile across countries.

e Shocks: Interest rate parity shock, term structure shockabde consumption shock, non-
durable consumption shock, services consumption shotd,donsumption shock, aggregate
consumption shocks for Germany and Italy, for the other ti@sdisaggregated, nonresiden-
tial equipment investment shock, nonresidential str@stimvestment shock, residential invest-
ment shock, inventory investment shock, fixed investmentighiaventory investment shock,
real export shock, real import shock, contract wage shaad¢(;push shock, import price shock,
export price shock, fiscal policy shock, where we have adjusite size of the fiscal policy
shock for the U.S. - the common fiscal shock - so that a unit shegiesents a 1 percent of
GNP shock and a monetary policy shock where again the comnuaie Mase monetary policy
shock enters the monetary policy rule for the U.S..

e Calibration/Estimation: The model is estimated with singjaaion methods on G7 data from
1971-1986.

e Replication: We replicated the impulse response functfongannualized quarterly inflation
and the output gap to a 100 basis point innovation to the & dends rate in Figure 2 of Levin
et al. (2003).

2.4.2 G3_CWO03: Coenen, Wieland (2002, 2003) G3 countries

In this model different kinds of nominal rigidities are catexed in order to match inflation and
output dynamics in the U.S., the Euro area and Japan. Staggergdats by Taylor (1980) explain

best inflation dynamics in the Euro area and Japan and staggené@cts by Fuhrer and Moore
(1995a) explain best U.S. inflation dynamics. The authors at@lilne role of the exchange rate for
monetary policy and find little gain from direct policy resgerto exchange rates.

e Aggregate Demand: The open-economy aggregate demandaqueddites output to the lagged
ex-ante long-term real interest rate and the trade-weigigal exchange rate and additional
lags of the output gap. The demand equation is very similaned37_TAY93 model without
any sectoral disaggregation. Lagged output terms are segposccount for habit persistence
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in consumption as well as adjustment costs and acceleffégotsin investment. The lagged in-
terest rate allows for lags in the transmission of monetaticyy The exchange rate influences
net exports and thus enters the aggregate demand equat®tonfterm nominal interest rate
is an average of expected future nominal short-term rates. Idig-term real interest rate is
determined by the Fisher equation.

e Aggregate Supply: For the U.S., relative real wage staggesettacts by Fuhrer and Moore
(1995a) are used (see the US_FM95 model for a detailed ex@usitror the Euro area and
Japan the nominal wage contracts by Taylor (1980) are usetk that Taylor contracts, with
a maximum contract length exceeding two quarters, resihitlips curves that explicitly in-
clude lagged inflation and lagged output gaps. Thus, the wetthat with Taylor contracts
inflation persistence is solely driven by output persistgikedarer and Moore, 1995a) is miti-
gated.

e Foreign sector: All three countries are modeled explicitlge Modelbase rule replaces mone-
tary policy for the U.S.. For the Euro area and Japan the ofligiterest rules remain. Foreign
output does not affect domestic output directly, but inclisevia the exchange rate in the de-
mand equation. The bilateral exchange rates are determyndtPoconditions.

e Shocks: Contract wage shocks, demand shocks and the comnmatanopolicy shock which
is added for the U.S..

e Calibration/Estimation: Euro area data, (fixed GDP weights at R from the ECB area-
wide model database), U.S. data and Japanese data. For thand.$apan OECD’s output
gap estimates are used. For the Euro area log-linear treadsad to derive potential output.
The estimation is robust to different output gap estimati@emand block: GMM estimation
where lagged values of output, inflation, interest rates, readl exchange rates are used as
instruments. Supply side: simulation-based indirect #rfiee methods. Estimation period:
U.S. 1980:1-1998:4, Euro area 1980:1-1998:4 and Japan 98®7:1.

e Replication: We replicated the impulse response functton8.5 percentage points demand
shocks in the United States, the Euro Area und Japan plottedjimnd-B of Coenen, Wieland
(2003). Variables include the output gap, annual inflatioth @ short-term nominal interest
rate of the United States, the Euro Area and Japan.

2.4.3 EACZ_GEMO03: IMF model of Euro Area and Czech Republic, Laxton and Pesenti
(2003)

The model is a variant of the IMF's Global Economy Model (GEM) aondgists of a small and a
large open economy. The authors study the effectivenessytiralles and inflation-forecast-based
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rules in stabilizing variability in output and inflation. Theleck if policy rules designed for large and

relatively closed economies can be adopted by small, wagpendent countries with less developed
financial markets and strong movements in productivity afative prices and destabilizing exposure

to volatile capital flows. In contrast to Laxton and Pesenti @@@e focus on the results for the large

open economy (Euro area) rather than the small open econoregli@®epublic).

e Aggregate Demand: Infinitely lived optimizing householdsygrnment spending falls exclu-
sively on nontradable goods, both final and intermediate.sHbalds face a transaction cost if
they take a position in the foreign bond market.

e Aggregate Supply: Monopolistic intermediate goods firms poednontradeable goods and
tradable goods. It exists a distribution sector consistihgerfectly competitive firms. They
purchase tradable intermediate goods worldwide (at theéymer price) and distribute them to
firms producing the final good (at the consumer price). Perfectiypetitive final good firms
(Dixit-Stiglitz aggregator) use nontradable and tradegbleds and imports as inputs. House-
holds are monopolistic suppliers of labor and wage corgram subject to adjustment costs.
Households own domestic firms, nonreproducable resouraeshandomestic capital stock.
Markets for land and capital are competitive. Capital aaglation is subject to adjustment
costs. Labor, capital and land are immobile internationalpuseholds trade a short-term
nominal bond, denominated in foreign currency. All firms dsihiocal currency pricing, thus
exchange rate pass-through is low.

e Shocks: Risk premium shock, productivity shock, shock toitlrestment depreciation rate,
shock to the marginal utility of consumption, governmensabtion shock where the one
affecting the large foreign economy represents the commoal figlicy shock, shock to the
marginal disutility of labor, preference shifter. We add tommon monetary policy shock to
the policy rule of the large economy.

e Calibration/Estimation: Calibrated to fit measures of ma@nability of the Euro area (1970:1—
2000:4) and Czech Republic (1993:1-2001:4).

e Notes: Due to the symmetric setup of the model, we use the patioy rule in both countries.

e Replication: We replicated the standard deviations of ahimiflation, the output gap and the
first difference of the interest rate under the optimal Taylde implied by the loss function
specification 2 of Laxton and Pesenti (2003) as listed in therskcow of Table 4 in their
paper.
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2.4.4 G2_SIGMAO08: FRB-SIGMA by Erceg et al. (2008)

The SIGMA model is a medium-scale, open-economy, DSGE modbtatdd for the U.S. economy.
Erceg et al. (2008) in particular take account of the expenglitomposition of U.S. trade and analyse
the implications for the reactions of trade to shocks comgan standard model specifications.

e Aggregate Demand: There are two types of households: holasetimt maximize a util-
ity function separable in consumption, with external h&bitation and a preference shock,
leisure and real money balances, subject to an interteriimadget constraint (forward-looking
households) and the remainder that simply consume afteditposable income (hand-to-
mouth households). Households consume, own the firms andnataie capital, which they
rent to the intermediate goods producers. Erceg et al. (A668duce investment adjustment
costs a la Christiano et al. (2005), where it is costly foribeseholds to change the level of
gross investment. Households also choose optimal par$foli financial assets, which include
domestic money balances, government bonds, state-centidgmestic bonds and a non-state
contingent foreign bond. It is assumed that householdsamtme country pay an intermedi-
ation cost when purchasing foreign bonds, which ensurestéti@narity of net foreign assets.
Households rent their labor in a monopolistic market to firmisere forward-looking house-
holds set their nominal wage in Calvo-style staggered actdranalogous to the price contracts
and hand-to-mouth households simply set their wage eadbdpegual to the average wage of
the forward-looking households.

e Aggregate Supply: Intermediate-goods producers have amicdé CES production function
and rent capital and labor from competitive factor markétsey sell their goods to final goods
producers under monopolistic competition and set priceSdlvo-style staggered contracts.
Firms, who don't get a signal to optimize their price in thereuat period, mechanically ad-
just their price based on lagged aggregate inflation. Finadl guoducers in the domestic and
foreign market assemble the domestic and foreign interatedjoods into a single composite
good by a CES production function of the Dixit-Stiglitz formdasell the final good to house-
holds in their country. Erceg et al. (2008) introduce quadiaiport adjustment costs into the
final goods aggregator, which are zero in steady state. ltsgycior a firm to change its share
of imports in a final good relative to their lagged aggregatret Thus the import share of
consumption or investment goods is relatively unrespenisithe short-run to changes in the
relative price of imported goods even while allowing theeleof imports to jump costlessly
in response to changes in overall consumption or investehemiand. Government purchases
are assumed to be a constant fraction of output. Governreeehue consists of income from
capital taxes (net of the depreciation write off), seiggerancome and revenue from lump-sum
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taxes (net of transfers). The government issues bonds to &érthedifference between gov-
ernment revenue and expenditure. Lump-sum taxes are atijustie in response to deviations
of the government debt/GDP ratio from a target level and ¢éactiange in that ratio.

e Foreign sector: Local currency pricing is assumed. Inteiatedjoods producers price their
product separately in the home and foreign market leadingntincomplete exchange rate
pass-through. Erceg et al. (2008) point out, that empisiéaiports and exports in the U.S. are
heavily concentrated, with about 75 percent in capital goaad consumer durables, but the
production share of capital goods and consumer durablesydaw. To account for this fact in
the two-country model they allow the import share in the fir@ddjaggregator for investment
goods to be higher than the import share in the final good aggyefpr consumption goods.

e Shocks: Since we have no information about the variances ahibek terms, we set all shock
variances equal to zero. The government spending shock dfaime country represents the
common fiscal policy shock. The common monetary policy shoeklied for the home coun-

try.

e Calibration/Estimation: The model is calibrated at a quarteequency. Parameters of the
original monetary policy rule are estimated using U.S. daieanf1983:1-2003:4.

e Replication: We replicated the impulse response functfonseal exports, real imports and
the exchange rate to a foreign investment demand sock mpessby a decline in the foreign
capital income tax rate as plotted in Figure 3 (disaggredatet® case) of Erceg et al. (2008).

2.4.5 EAUS NAWMO08: Coenen et al. (2008)

Coenen et al. (2008) use a calibrated, two-country versidgheoNew Area-Wide Model developed
at the European Central Bank to examine the euro area taxwstuand the potential benefits and
spillovers of a tax reform (reducing labor market distarih The real effects of fiscal policies are
analyzed in an environment with heterogeneous househ@ldantries in Coenen et al. (2008) are
symmetric but of different size where the U.S. representsdsieof the world.

e Aggregate Demand: Only a share of households have accessiestic and international fi-
nancial markets, accumulates capital and holds money. Tier part of households do not
have access to financial markets and neither holds capitaly diheoth consumption solely
by adjusting their money holdings. Both types of householdgimize a lifetime utility func-
tion with external habit in consumption and supply diffarated labor services with monopoly
power in wage setting. Wages are determined in a la Calva3)ifa8hion. Households that re-
ceive permission to re-optimize their wages choose the samge while the other part follows
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an indexation scheme, with wages being a geometric averfggaso changes in the price of
the consumption good. Households gross income is subjectith taxation structure. They
pay taxes on consumption purchases, on wage income, o capital income and on divi-
dend income. Furthermore, they pay social security corttdbsg, a lump-sum tax and receive
transfers. Purchases of consumption, financial investmeanteémational markets and capital
utilization are subject to specific proportional costs.

Aggregate Supply: Producers are distinguished between girggitradable and non-tradable
goods. The intermediate goods firm produces a single, tradiffdeentiated good using an
increasing-returns-to-scale Cobb-Douglas technologly eapital services and labor as inputs.
These goods are sold both in domestic and foreign market undappolistic competition.
Price setting is subject to staggered price contracts a loGaP83). Firms that receive per-
mission to re-optimize their prices choose the same prieeit(bor the domestic or for the
foreign market) while the other firms follow an indexation eote, with prices being a geomet-
ric average of past changes in the aggregate price indexedingt goods firms produce three
non-tradable final goods: private consumption goods, invest goods and public consump-
tion goods. Final non-tradable private consumption andageiinvestment goods are modeled
in an analogous manner. These final goods are assembled witheCE®logy, combining
intermediate domestic and imported foreign goods. Vartreguse of imported intermediate
goods in the production process is subject to adjustmens ctierefore changes in the rela-
tive price of imported goods go unreflected in the short-ruresetfinal goods are sold taking
the price as given. On the other side, the public consumgand is a composite of only
domestically produced intermediate goods.

The Foreign Sector: The demand for imported goods is equal tsuheof the respective

demands for intermediate goods for private consumptioniarestment. These intermediate
goods are sold in the home market by the foreign intermedjatel producer. The price of the
intermediate good imported from abroad is equal to the mi@rged by the foreign producer
(local currency pricing).

Shocks: A government spending shock, a transfer shock, aigtieily shock, a monetary pol-
icy shock. (Distortionary tax rates on consumption, onaivids, on rental capital income, on
labor income and payments on social security contributeyesgiven as exogenous processes
but constant).

Calibration/Estimation: The model is calibrated to the Smats\Wouters (2003) model, with
steady-state ratios based on observed data for the eurarmtdd.S., respectively.
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e Replication: All impulse responses to different fiscal ppléhocks, as appearing in Coenen
et al. (2008), have been replicated.

2.5 Estimated Models of Other Countries
2.5.1 CL_MSO07: Medina and Soto (2007)

Medina and Soto (2007) develop a small-open economy DSGE rfmrdéle Chilean economy. The
CL_MSO07 is structurally similar to models developed by Chaisb et al. (2005), Altig, Christiano,
Eichenbaum, and Linde (2003), and Smets and Wouters (2007l). aStither specification for the
production sector and for fiscal policy is designed to accéurgpecial characteristics of the Chilean

economy.

e Aggregate Demand: There are two types of households, Raaatid non-Ricardian house-
holds. The Ricardian type households maximize a utility fiomcseparable in consumption,
leisure and real money balances subject to their interteahfpoidget constraint. They have
access to three types of assets, namely money and one-periecbntingent foreign and do-
mestic bonds. Each of these households is a monopolistidisuppdifferentiated labour and
only a fraction of them can re-optimize their nominal wagagitRty a la Calvo in wage setting
follows Erceg, Henderson, and Levin (2000). Households taahat re-optimize their wages
follow an updating rule considering a geometric weightegrage of past CPI inflation and the
inflation target. On the other side, the non-Ricardian hoolsishdo not have access to any of
the assets and own no shares in domestic firms. They simply menthe after-tax disposable
income and set their wage equal to the average wage of thedRinghouseholds. The aggre-
gate consumption for both types of households is a compobiecore consumption bundle
(domestic and foreign goods, given by a CES aggregator) aicdrmsumption.

e Aggregate Supply: The economy is characterized by three tfgems: intermediate tradable-
goods producers, import goods retailers and commodity gooducers. Intermediate-goods
producers have monopoly power and maximize profits by chgasia prices of their differ-
entiated goods subject to the corresponding demands, arav#ilable technology with labor,
capital and oil as inputs. Capital is rented to them from agsgntative firm which accumulates
capital and assembles new capital goods subject to invaesadgistment costs. Optimal price
setting of intermediate-goods producers is subject to adCailobability. Firms that cannot
re-optimize their price follow a rule with partial indexati to past inflation and the inflation
target. The pricing structure leads to a hybrid New KeyneBiaiflips curve. A commodity
good producer is introduced in the model to match a partigelavant sector for the Chilean
economy, namely the cooper sector. This firm produces a horeogsrcommaodity good only
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for export. The production technology follows an exogendostsastic process that does not
require any input. The price of the homogeneous commodity godetermined in the foreign

market.

e Foreign sector: Local currency pricing is introduced thtvaga Calvo price stickiness faced
by import goods retailers, which resale foreign goods indbmestic market. This allows for
incomplete exchange rate pass-through in the short-rupgritant for expenditure-switching
effects of the exchange rate. A CES technology is used to eamabcontinuum of differenti-
ated imported varieties to produce a final foreign good, wihidtonsumed by households and
used for assembling new capital goods.

e Shocks: a transitory productivity shock, a permanent prtntic shock, a commaodity pro-
duction shock, a labor supply shock, an investment adjusttowst shock, a preference shock,
a government expenditure shock, a monetary policy shoareagih commodity price shock,
a foreign oil price shock, a foreign output shock, a foreigieiest shock, a foreign inflation
shock and a price of imports shock.

e Calibration/Estimation: The model is estimated using Chilgaarterly data for the period
1987:1-2005:4.

2.5.2 CA_ToTEM210: Murchison and Rennison (2006)

CA_ToTEMZ10 represents the 2010 vintage of TOTEM (Terms-of-@adonomic Model) which is
an open-economy, DSGE model developed by Murchison and Bam(2006). The Bank of Canada
uses this model as a tool for policy analysis and projectionthe Canadian economy.

e Aggregate Demand: Households are classified as “lifetimenm® consumers and “current
income” consumers, reflecting the fact that not all consuroansaccess credit markets. Life-
time income consumers smooth their consumption acrossttlimegh borrowing and saving
while “currentincome” consumers consume their currentine each period. Lifetime income
consumers choose consumption, domestic and foreign bddohgs, labor supply and wages
to maximize a utility function non-separable in consumptamd leisure subject to a dynamic
budget constraint. Both types of households supply difféaéed labor services giving them
power when negotiating the wages with the domestic produckiowever, renegotiation of
the wages is allowed only once in six months, on average, alydaoconstant proportion of
wage contracts are renewed every period. The dynamic wageieqis a function of past and
expected future wage inflation and an error-correction corapb
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e Aggregate Supply: The production sector is comprised of finatigwoducers, an import sector
and a commaodity sector. Final goods firms produce consumptiodgyand services, invest-
ment goods, and export goods. The production process of goesis is analogous, differing
only on the share of imported goods used in production. s phdcess, first a capital-labor
composite is produced using CES technology, which is therbgoed with a commaodity input
to produce the domestic good. Final goods then are a comtninatithe domestic good and
the imported good. Through these steps, the firm faces capiigdtenent costs, investment
adjustment costs and labor adjustment costs. Final goods seththeir differentiated goods
in @ monopolistic competitive fashion having power oveces. However, not all firms can
re-optimize their prices every period. A share of firms upslaéces according to a geometric
average of lagged core inflation and expectations of the iofiatrget. In TOTEM, pricing
decisions are considered as strategic complements, whaeHave a strong incentive to fol-
low what other firms do. The commodity sector is represented dbgraestic firm operating
in a competitive market, producing commodities using ed@ervices, labor and land under
a CES technology. These raw goods are either sold to a contimfiimperfectly competi-
tive commodity distributors or exported (for the world @riof the commodity denominated
in Canadian currency). The commodity distributors repaekaig commodity goods and sell
them to households and to the final goods producers. Thesibudlists face nominal rigidities
a la Calvo in price setting, which limits the degree of exd®rate pass-through to consumer
prices in the short-run.

e The Foreign Sector: The import sector is represented by firms widntported goods in the
world market for a given world price (law of one price hold8hese goods are sold to domestic
firms, which use them as inputs in their respective produdtioctions. Imperfect exchange
rate pass-through in the short-run is present as the priceprts is temporarily fixed in the
currency of the importing country and because import firms fa@minal rigidities a la Calvo
when setting prices. As in other sectors, imported goodstimfias a function of past and
expected future imported goods inflation and an error-cmecomponent. Export goods
firms are part of the final good producers sector as discussee .abbey have some degree of
market power and therefore face a downward-sloped demamnd (est of the world demand).

e Shocks: A demand shock, a risk-premium shock, an inflatioretastgock, a commodity price
shock, a technology shock, world demand shock and a prick-omshock.

e Calibration/Estimation: Calibrated with parametrizatdmsen to match univariate autocor-
relations, bivariate correlations and variances estithating Canadian data for the period
1980-2004.
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2.5.3 BRA_SAMBAO08: Gouvea et al. (2008)

Gouvea et al. (2008) build and estimate a small open econoadehifor the Brazilian economy.
The BRA_SAMBAO8 model is developed at the Central Bank of Braziprovide support for its
policy decisions. This version of the model is used as a toahtdyze the response of the Brazilian
economy when subject to different shocks.

e Aggregate Demand: There are two types of households: ogisand rule-of-thumbers. Both
maximize a similar utility function separable in consuroptand leisure but subject to different
budget constraints. Unlike the optimizers, the rule-afrts households do not have access to
credit, asset and capital markets. They just consume thgje wecome. The optimizers have
access to domestic and foreign currency denominated baedsmulate capital subject to
capital adjustment costs, earn from renting the capitalpgaydtaxes. On the other hand, both
types of households supply labor in a competitive market.

e Aggregate Supply: The production sector is comprised of preduand assemblers. Monopo-
listic competitive firms are the ones producing differemtibgoods under a Cobb-Douglas tech-
nology with labor, capital services and imported goods psts Following Gali and Gertler
(1999), only a fraction of firms are allowed to adjust priceBroplly ("forward-looking firms").
The remaining firms follow a rule of thumb. The homogeneous finakdge assembled by a
representative firm using a CES aggregator and is sold in a ddivgenarket. The final good
can be used for private consumption, government consumptieestment and exports.

e The Foreign Sector: The world is assumed to be populated by @&aoant of small open
economies as in Gali and Monacelli (2005), each of them mriodua differentiated good in
the global market. The demand for home country’s exportstigingéd from the aggregation of
the demands from foreign countries, expressed in a worlceoay. The domestic importing
firm takes the demand for its goods from the producers’ inpaioes.

e Shocks: An inflation target shock, a fiscal target shock, a prater shock, a labor supply
shock, an investment shock, a foreign investor’s risk avarshock, a country risk premium
shock, a technology shock, a monetary policy shock, a fisdadypshock, a world imports
shock, a world inflation shock and a world interest rate shock.

e Calibration/Estimation: Estimated with Bayesian method$ngi quarterly Brazilian data for
the period 1999:2-2007:4.
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