A New Comparative Approach to Macroeconomic Modeling
and Policy Analysis

\Volker Wieland, Tobias Cwik, Gernot J. Miller,
Sebastian Schmidt and Maik Woltérs

May 6, 2011

Abstract

In the aftermath of the global financial crisis, the state atmeconomic modeling and the use
of macroeconomic models in policy analysis has come undmnhaiticism. Macroeconomistsin
academia and policy institutions are blamed for relyingrtagch on a particular class of macroe-
conomic models that did not sufficiently. This paper prog@eomparative approach to macroe-
conomic policy analysis that is open to competing modeliagagdigms. Macroeconomic model
comparison projects have helped produce some very infalénsiights such as the Taylor rule.
However, they have been infrequent and costly, becauseréugyre the input of many teams
of researchers and multiple meetings to obtain a limitedtebmparative findings. This paper
provides a new comparative approach to model-based résaadcpolicy analysis that enables
individual researchers to conduct model comparisonsye&shuently, at low cost and on a large
scale. Using this approach a model archive is built thauites many well-known empirically
estimated models that may be used for quantitative anadysizonetary and fiscal stabilization
policies. A computational platform is created that allowsightforward comparisons of mod-
els’ implications. Its application is illustrated by comipey different monetary and fiscal policies
across selected models. Researchers can easily includmoeéels in the data base and compare
the effects of novel extensions to established benchmhekslby fostering a comparative instead
of insular approach to model development.
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1 Introduction

The global financial crisis surprised many policy makersirthdvisers as well as many professionals
including business forecasters, finance experts and edetsowith expertise in finance or macroe-
conomics. Media and other commentators have criticizedoeaonomists, in particular, for failing
to predict the great recession of 2008-09 or at least failingrovide adequate warning of the risk
of such a recession ahead of time. Practitioners have w@ttdlthis failure to academic and central
bank researchers’ use of a particular modeling paradigney Bhame so-called dynamic stochastic
general equilibrium (DSGE) models for misdirecting theteation. Indeed, even some well-known
academics-cum-bloggers have published scathing comnentan the current state of macroeco-
nomic modeling. In March 2009, Willem Buiter wrote."the typical graduate macroeconomics and
monetary economics training received at Anglo-Americaivemsities during the past 30 years or
so0, may have set back by decades serious investigationgmgege economic behavior and eco-
nomic policy-relevant understandingde was echoed by Nobel Prize Winner Paul Krugman in the
Economist, June 2010Most work in macro-economics in the past 30 years has bedasssat best
and harmful at worst.

Against this background, the present paper aims to developra constructive proposal for how
to use macroeconomic modeling - whether state-of-therakt®@0s-vintage - in practical policy de-
sign. In the spirit of the 1992 call by leading economists -eaghithem Nobel prize winners Paul
Samuelson and Franco Modigliani — for a pluralistic and g economics, we propose a Sys-
tematic comparative approach to macroeconomic modelitig tive objective of identifying policy
recommendations that are robust to model uncertairtiis approach is open to a wide variety of
modeling paradigms. Scientific rigor demands a level-plgyield on which models can compete.
Instead of using rhetoric to dismiss competing approachesels should be required to satisfy em-
pirical benchmarks. For example, models used for monetigypanalysis should be estimated to fit
key time series such as output, inflation and nominal inteegss. Models should be able to provide
answers to typical policymakers’ questions.

Macroeconomic data, however, are unlikely to provide swgffictesting grounds for selecting a
single, preferred model for policy purposes. If many of tbmpeting models describe historical data
of key aggregates reasonably well, one could use these mutmlelstablish "robustness” of policy
recommendations. Such an approach is recommended by MoC1988, 1989), Blanchard and
Fischer (1989), Taylor (1999) and many others. McCallun®@9for example, proposéesto search
for a policy rule that possesses robustness in the senseldfng reasonably desirable outcomes in

The undersigned were concerned withé' threat to economic science posed by intellectual mdgbpad pleaded
for "a new spirit of pluralism in economics, involving criticadrversation and tolerant communication between different
approaches See the advertisement section of the American EconomiteRe- AEA Papers and Proceedings issue of
May 1992.



policy simulation experiments in a wide variety of modelsRecently, ECB President Jean-Claude
Trichet expressed the need for robustness as follows:

"We need macroeconomic and financial models to disciplinesamnatture our judge-
mental analysis. How should such models evolve? The keynléssould draw from our
experience is the danger of relying on a single tool, methayioor paradigm. Policy-
makers need to have input from various theoretical perspestind from a range of em-
pirical approaches. Open debate and a diversity of viewst tmeisultivated - admittedly
not always an easy task in an institution such as a centrakb®ve do not need to throw
out our DSGE and asset-pricing models: rather we need toldpw®mplementary tools
to improve the robustness of our overall framewotk"

Yet, systematic comparisons of the empirical implicatioha large variety of available models
are rare. Evaluating the performance of different polici@®ss many models typically is work inten-
sive and costly. The seven comparison projects reportedyiars, Henderson, Holtham, Hooper, and
Symansky (1988), Bryant, Currie, Frenkel, Masson, andR¢ft989), Klein (1991), Bryant, Hooper,
and Mann (1993), Taylor (1999), Hughes-Hallett and Wal#®04) and Coenen, Erceg, Freed-
man, Furceri, Kumhof, Lalonde, Laxton, Lindé, Mourougakejr, Mursula, de Resende, Roberts,
Roeger, Snudden, Trabandt, and in't Veld (2010) have imaiwnultiple teams of researchers, each
team working only with one or a small subset of available n&d&/hile these initiatives have helped
produce some very influential insights such as the Taylerrthe range of systematic, comparative
findings has remained limited.

This paper provides a new comparative approach to modekrasearch and policy analysis that
enables individual researchers to conduct systematic hsodgarisons and policy evaluations easily
and at low cost. Following this approach it is straightforsvéo include new models and compare
their empirical and policy implications to a large numbeesfablished benchmarks.

We start by presenting a formal exposition of our approacmtalel comparison. A general
class of nonlinear dynamic stochastic macroeconomic rsasl@ugmented with a space of common
comparable variables, parameters and shocks. Augmentitglmin this manner is a necessary
pre-condition for a systematic comparison of particuladelcharacteristics. On this basis, com-
mon policy rules can be defined as model input. Then we deoweparable objects that may be
produced as model output. These objects are also definedhiis tf common variables, parame-

2Taylor and Wieland (2011) follow this recommendation angksiigate the policy implications of three well-known
models of the U.S. economy available in this data base.

This quote is taken from a speech by Jean-Claude Trichesidere of the ECB, titled "Reflections on the nature
of monetary policy non-standard measures and finance thearthe occasion of the ECB Central Banking Conference
Frankfurt, 18 November 2010.

“Taylor (1993b) credits the comparison project summarinegryant et al. (1993) as the crucial testing ground for what
later became known as the Taylor rule.



ters and shocks. Examples for such objects are impulsenssgfionctions, autocorrelation functions
and unconditional distributions of key macroeconomic aggtes. An illustrative example with two
well-known small New Keynesian models is provided.

Next, we give a brief overview of the model archive that weehbuilt. This data base includes
many well-known empirically-estimated macroeconomic eledhat may be used for quantitative
analysis of monetary and fiscal stabilization policies. Sehare models of the U.S. and euro area
economies and several multi-country models. Some of theetaade fairly small and focus on ex-
plaining output, inflation and interest rate dynamics (dar{da et al (1999), Rotemberg and Wood-
ford (1997), Fuhrer and Moore (1995), McCallum and Nelsd@®@), Coenen and Wieland (2003),
etc.). Others are of medium scale and cover many key maanoeuo aggregates (cf. Christiano,
Eichenbaum and Evans (2005), Coenen, Orphanides, andi#igl804), Smets and Wouters (2003,
2007)). Some models in the data base are fairly large in stalle as the Federal Reserve's FRB-
US model of Reifschneider, Tetlow, and Williams (1999), thedel of the G7 economies of Taylor
(1993a) or the ECB'’s Area-wide model of Dieppe, Kuester,doéddam (2005). Most of the models
can be classified as New Keynesian models because they aratepational expectations, imperfect
competition and wage or price rigidities. Many of these Negynesian models fully incorporate re-
cent advances in terms of microeconomic foundations. Wedlan examples of this class are models
by Christiano, Eichenbaum, and Evans (2005), Smets andefo(®003, 2007), Laxton and Pesenti
(2003) and Adolfson, Laseen, Linde, and Villani (2007). ¢diion, we have included models that
assign little role to forward-looking behavior by economagents (cf. the ECB’s area-wide model) or
none at all (cf. Rudebusch and Svensson (1999) and Orplsaf#€ie3)).

We have created a computational platform that implementsapproach to model comparison.
It allows users to solve structural models and conduct coatipa analysis. Comparisons of im-
pulse response functions of common variables in responsenenon shocks, or of autocorrelation
functions of common variables in response to model-spesifarks, or of unconditional distribu-
tions of common variables are generated. It can also be aseohduct a systematic investigation
of policy rules across models. The platform admits nonlireesawell as linear models and allows for
perturbation-based approximation of nonlinear modelk Witward-looking variables as well as two-
point boundary value-based approximati®MNew models may easily be introduced and compared to
established benchmarks thereby fostering a comparativerrénan insular approach to model build-
ing. New modeling approaches may offer more sophisticatpthaations of the sources of the great
recession of 2008-09 and carry the promise of improved &xting performance. This promise can
be put to a test as in Wieland and Wolters (2011).

Finally, the comparative approach to modeling and policgiysis is illustrated with several ex-

5This software is written for MATLAB and utilizes DYNARE safare for model solution. For further information on
DYNARE see Juillard (2001) and Juillard (1996).



amples. We compare monetary and fiscal policy shocks untgnative monetary policy rules, and
investigate the predictions of different models and déferpolicies for inflation and output persis-
tence. A detailed description of the model comparison soivand of the models included in the
data base is provided in the appendices A and B, respectively

2 A general approach to model comparison

Macroeconomic models differ in terms of modeling assumnm&ioThey may include different eco-
nomic concepts and therefore different variables and petens; they may use different policy rules;
and invariably they tend to use different notation and deding of the same key macroeconomic ag-
gregates. As a consequence, model output is not directlpamble. In the following, we describe
formally how to augment any model in a way that renders coimaparf policy implications across
models straightforward, while keeping the number of nemgssodifications of the original models

at a minimum.

2.1 Augmenting models for the purpose of comparison

We start by introducing the notation for a general nonlinegcroeconomic model of the econ-
omy. The letterm is used to refer to a specific model considered in the congari§hus,m =
(1,2,3, ..., M) will appear as a superscript on any variables or parametarate part of this modél.
These variables or parameters need not be comparable acookets nor follow particular naming
conventions across models. Our notation regarding thexeoiodel-specific variables, parameters,
and shocks is summarizedTable 1.

Table 1: Model-Specific Variables, Parameters, Shocks auations

Notation Description

xp endogenous variables in model

xy? policy variables in modeh (also included inc}™ )
0y policy shocks in modeah

e other economic shocks in modal

gm(-) policy rules in modem

fm()) other model equations in model

™ policy rule parameters in moded

g other economic parameters in model

xm covariance matrix of shocks in model

We distinguish two types of model equations, policy rulebjolv we denote by, (.), and the

8In the computational implementation may be associated with a particular list of model names rattam a list of
numbers.



other equations and identities that make up the rest of thdemthat we denote by, (.). The two
types of equations together determine the endogenous madables, which are denoted by the
vectorz;”. The model variables are functions of each other, of mopetiic shocks(e;"n;"), and
of model parameterg3™~™). A particular modeln may then be defined as follows:

Eilgm (2}, a0, 22,0 4™)] = 0 (1)
Et[fm(x;n’wﬁl’w?llaeznaﬂm)] = 0 (2)

The superscript: refers to the original version of the respective model apbeg by the developers.
The model may include current values, lags and the expentafileads of endogenous variables.
In equations (1) and (2) the lead- and lag-lengths are satitg. Ur'his assumption is for notational
convenience only and should not be understood as a restrioti the type of model that is admittéd.

The model may also include innovations that are random bkesavith zero mean and covariance
matrix, X"

E([n"e"]) = 0 (3)

meym
B eV ) = =" = ( o o ) (4)
ne e

In the following we refer to innovations interchangeablysi®cks. Some model authors instead
differentiate between serially correlated economic sbdblat are themselves functions of random
innovations. This practice does not prevent us from incigdiuch models in a comparison. The
serially correlated economic shocks of these authors wapjgbar as elements of the vector of en-
dogenous variables and only their innovations would appear as shocks in ourtiootaEquation
(4) distinguishes the covariance matrices of policy shacidsother economic shocks 85" and¥".
The correlation of policy shocks and other shocks is tyycdsumed to be zer&,: = 0.

If one wants to compare the implications of different mod#l& necessary to define a limited
set of comparable variables, shocks and parameters tHdtenih common to all models considered
in the comparison exercise. It is then possible to expreksig®in terms of particular parameters,
variables and policy shocks that are identical across msp@eld study the consequences of these
policies for a set of endogenous variables that are definedciomparable manner across models.
Our notation for common endogenous variables, policy imsénts, policy shocks, policy rules and
parameters is introduced Trable 2.

Any model that is meant to be included in a comparison firstbd® augmented with common
variables, parameters and shocks. Augmenting the modéeisrgdding equations. These additional
equations serve to define the common variables in terms oéhspécific variables. We denote these

"The software implementation does not restrict the lead4amdengths of participating models.



Table 2: Comparable Common Variables, Parameters, Shadk&guations

Notation Description

2 common variables in all models

27 common policy variables in all models (also included:r)
N common policy shocks in all models

g(.) common policy rules

~ common policy rule parameters

definitional equations or identities lay, (.). By their nature they are model-specific. A further step is
to replace the original model-specific policy rules with dzenmon policy rules. All the other equa-
tions, variables, parameters and shocks may be presertteel aniginal notation of the model devel-
opers. As a consequence, the augmented model consisteefthimponents: (i) the common policy
rules, g(.), expressed in terms of common variablgs,policy shocksyy, and policy rule parame-
ters,~; (ii) the model-specific definitions of common variables émnmis of original model-specific
endogenous variablea,, (.), with parameterg™; (iii) the original set of model-specific equations
fm(.) that determine the endogenous variables. Thus, the augtherddel may be represented as

follows:
Et [g(zta Zt4+1y Rt—15 Tt ’Y)] =0 (5)
Et[hm(zhx;nawﬁ-lawﬁla ") = 0 (6)
Et[fm(w;n7xﬁl7xﬁl76;n7ﬂm)] = 0 (7)

Models augmented in this manner can be used in comparisocigse® For example, it is possible to
compare the implications of a particular policy rule for thenamic properties of those endogenous
variables that are defined in a comparable manner acrosdsnddteadvantage of this approach is
that it requires only a limited set of common elements. Wibard to the remainder of the model
the original notation used by model authors can be left ungéd, in particular the variable names
and definitions of endogenous variable®, the other economic shock®, the equationg,,, (.) with
model parametergs™ and the covariance matrix of shock®%”. The covariance matrix of policy
shocksX,, may be treated as an element of the vector of policy parametaronstrained to zero.

The essential step in introducing a new model in a compagsgercise is to define the common
variables in terms of model-specific variables. It involgesting up the additional equatiorisy,(.),
and determining the definitional paramete&¥8, We illustrate this process with an example.

A simple example
The vector of common variables;, is assumed to contain six variables that are meant to be



comparable across models:
a=[i g v vi 6] (8)
These variables are characterizedTable 3. They are expressed in percentage deviations from

steady state values, because the example applies to lirmekeisn The monetary policy instrument is

Table 3: Comparable Common Variables

Notation Description

i} annualized quarterly money market rate

97 discretionary government spending (share in GDP)
7 year-on-year rate of inflation

o annualized quarter-to-quarter rate of inflation

Y7 quarterly real GDP

qF quarterly output gap (dev. from flex-price level)

the annualized short-term money market rate in quartenoted byi;. The fiscal policy instrument
is discretionary government spending expressed in ternits share in GDP and denoted by.
Economic outcomes are measured with regard to inflatiohptgput and the output gap; denotes
the year-on-year rate of inflation, whité refers to the annualized quarter-to-quarter rate of initati
y; is quarterly real GDRy; refers to the output gap defined as the difference betweealamtitput
and the level of output that would be realized if the priceslavere flexible®

Next, we define common monetary and fiscal policy rules. Theatayy rule serves to determine
the nominal interest ratg;. It includes a systematic response to output and inflatiefindd in
comparable terms, as well as a monetary policy shock. Thalfiste determines discretionary
government spendingy. It is simply defined as the product of a random innovation armblicy
parameter:

i = i1+ wbE + vedi ©)
g = v (10)
The common policy shocks and parameters are denoted by:

o= [ni nl] (11)

Y =1% % Y% 7] (12)

8The latter concept of potential output is used in whichevay wparticular model defines it. Another interesting exerci
would be to compare different concepts of potential outpdt@utput gaps across models by introducing additional comm
variables.



Having defined common variables, shocks and policy paramet proceed to consider two
simple New-Keynesian models for conducting a model corsparin = {1,2}. One model is taken
from Clarida, Gali, and Gertler (1999)y( = 1 refers to the model nam®¥ K_CGG99), while the
other one is from Woodford (2003) and based on Rotemberg asatiférd (1997), ¢ = 2 refers
to NK_RW97). These are well-known benchmarks in the literature. Wegmethe original model
equations as published by the authors and then show how toentghem appropriately for a com-
parison exercise. This step may seem trivial in the casealf sumple models, but it is nevertheless
important in order to avoid a case of comparing apples amgas

Table 4: Model 1 - The hybrid model of Clarida et al. (1999) (NKGG99)

Description Equations and Definitions
Original Model
variables el =[d x m ), xp? =i
shocks =9 u]
parameters Bi=lg 0 61, m =la % 7/
model equations
91(.) it =+ Yo (T — T) + Va2
Ji() vy = =iy — Eymppr) + 0z + (1 = 0) By + g

T = Az + ¢m—1 + (1 — @) BE w1 + wy

Augmented Model

2, M, 9() as defined by equations (8-12).
f1() as defined above in original model.
hi(ze, x}, Byy oy, xf_q,0%) i7 = 4iy

T =T+ m—1 + T2+ T3

pi = 4m

g =Tt

The Clarida et al. (1999) model is presentedable 4. The model in the authors’ notation con-
sists of three equations: (i) a Phillips curve relating t¢grdy inflation, 7, to inflation expectations,
past inflation, the output gap,, and a cost-push shocly; (ii) an IS equation relating the current
output gap to past and expected future gaps, the expecteidtezast ratej;, — E;m11, and a de-
mand shockg;; (iii) and a policy rule relating the quarterly interestedb inflation and the output
gap? Clarida et al. (1999) call it the hybrid model because it Inegs forward- and backward-looking
elements in the Phillips and IS curves.

In the augmented version of the model the original policye gl replaced with the common

9These are equations 6.1, 6.2 and 7.1 in Clarida et al. (1889gctively.



rule, equation (7). The other equations from the originatietof,,(.) = f1(.), remain unchanged.
The additional equations in the augmented mod#gl(.,6™) = hy(.,6%), provide the appropriate
definitions of common comparable variables in terms of megekific variables?

Table 5: Model 2 - The New-Keynesian model of Woodford (2008K_RW97)

Description Equations and Definitions

Original Model
variables =10 moa P og ow oy oy ), 2 =i
shocks F=leut] m7=leg
parameters B2=[B Kk 0 py pu w!, 12=[0¢x ¢z T T
model equations
92() ’Lt:’Lt—F(bﬂ-(?Tt—ﬁ')—f-%(It—S_C)
fa(.) 7 = BEim1 + Kry + uy

2y = Byager — o(iy — By — 77)

i =0 (gt — ) = Be(ge+1 — v
gt = Pggt—1 + €g ¢

Ut = PuUt—1 F €yt

Yyt =Tt + Yy

-1
n_ _o
Yy = wFo—1 gt

Augmented Model

Zt, M, Y5 9(-) as defined by equations (8-12).
f2() as defined above in original model.
ho(ze, 23, , Byl q, af_10%) i = 43,

9i = €g,t

Ty =Ty + M1+ T2 + T3

p; = 4m
Yi = Yt
qi = x4

The Rotemberg and Woodford (1997) model is present@dlite 5. For simplicity, the linearized
version is used. Of course, the nonlinear version couldiaityibe augmented for comparison pur-
poses following the approach outlined in this paper. Theeesame interesting differences to the
hybrid model of Clarida et al. (1999). The Rotemberg-Woodliimodel does not exhibit endogenous

°This model is defined in terms of the output gap relative to @alste called flexible price output without further
information on the determination of said variable. Thuspmparable definition of the level of output is not availalvléhis
model. Therefore, this model remains silent on the timeesarharacteristics of the level of outpyf, in the comparison
exercise. It is important that a systematic approach to incataparison identifies such cases so as to avoid comparing
apples and oranges. Furthermore, the model does not ¢lypiigiude government spending. Therefore, it also remain
silent with regard to the common variahjé.



persistence due to the inclusion of lagged inflation andutitpthe Phillips and IS curves. Instead,
however, it allows for persistence in the exogenous sho&ksthermore, it includes government
spending, the natural real interest rate and the natural voutput explicitly. The model in the
notation of Woodford (2003) consists of eight equatfdné) a policy rule determining the nominal
interest ratey,; (i) a purely forward-looking Phillips curve equation ttégetermines quarterly infla-
tion, m;; (iii) a forward-looking IS equation determining the quealy output gape,; (iv) a definition
of the natural rate of interesty; (v,vi) definitions of serially correlated government sggry dynam-
ics, g+, and cost-push shocks with random innovation&? €g,+ ande, ¢; (vii,viii) and definitions of
output,y,, and the natural level of outpugy'.

2.2 Conducting a comparison

Given models augmented with common policy rules and confybaraariables it is possible to con-
duct a proper comparison. It requires solving the augmentatkls, constructing appropriate objects
for comparison, and defining a metric that quantifies thetiffices of interest.

Model solution

A solution to the general nonlinear model is obtained by isghwout the expectations of future
variables conditional on the available information. Thipsrequires an assumption of how expecta-
tions are formed. So far, we have used the statistical eapentthat is appropriate for models with
rational expectations. Solution methods for linear andinear models with rational expectations
are available and implemented in the computational platfprovided with the paper. Most of the
models in the data base assume rational expectations. loveglier assumptions regarding expec-
tations formation can also be admitt6d Existence and uniqueness of equilibrium also need to be
checked in the solution stéf.The solution of the structural nonlinear model may then heessed
in terms of the following nonlinear reduced-form equations

Zt = kz(zt—l7xﬁ17nt76;na "iz) (13)

x;n = klv(zt—l»xﬁl»ntveybv’{r) (14)

(k2, k) denote the reduced-form parameters, which are complexiéunsoof the structural parame-
ters, 5™, the policy parameters, and the covariance matrix™.

11See Woodford (2003), page 246-247, equations 1.12-1.24.2.

12In the quantitative analysis we rely on estimates of theragtessive parameters in the shock processes provided by
Adam and Billi (2006), while we obtained the structural paeters from Woodford (2003).

BExamples would be the introduction of adaptive learninghim 8mets and Wouters (2007) model by Slobodyan and
Wouters (2007), or a version of the FRB-US model with VARdzhexpectations instead of rational expectations.

In linear models the Blanchard-Kahn conditions providerteeessary information. In nonlinear models one may have
to resort to search by means of numerical methods.

10



Solutions of the nonlinear model can be obtained using nigadenethods, for example, perturbation-
based, projection-based or two-point-boundary-valueriélyms (see Judd (1998), Fair and Taylor
(1983), Collard and Juillard (2001)) or by linearizing iband a deterministic steady state and us-
ing the methods of Uhlig (1995) (generalized eigenvalgzmiector problem), Klein (2000) (gen-
eralized Shur decomposition), Sims (2001) (QZ decompmogitiChristiano (2002) (undetermined
coefficients) and many others.

In the remainder of this section we consider the first-orgg@raximation to the reduced form so-
lution of the augmented nonlinear model and show how it maydeel to obtain particular objects for
comparison defined in terms of comparable variables. Thedider that is linear approximation to
the nonlinear solution (or the linear solution to origigdihear models as in the preceding example)

( Z:n ) = Km(v)< Zzl >+Dm(v)< 77; ) (15)
Ty Ti—1 €t

where the reduced-form matricés,, () andD,,, () are complicated functions of the structural pa-

is given by:

rameters including the policy parameteysWe denote the dependence on the other (model specific)
parameterg™ with the subcriptn.

With the linear reduced form in hand one can derive particalgects for comparison, for ex-
ample, the dynamic response of a particular common vari@nelement of) to a policy shock
conditional on a certain policy rule. Impulse response fions describe the isolated effect of a sin-
gle shock on the dynamic system holding everything elsetaahsFormally the impulse response
functions in period + j to the common monetary policy shogkare defined as:

E[Zt-l-j ’Zt—lﬂ ‘Tﬁl’ It] - E[Zt-‘rj ’Zt—h xﬁl]

[Rﬁ—j(’ﬁ 77i) = ( ) = Km(’Y)ij(’Y)It (16)

E[xﬁ-j’zt—lawﬁla I] — E[wﬁj"zt—lﬂwﬁl]
wherel; is a vector of zeros that is augmented with a single entry laquhe size of the common
policy shock, for which the impulse response is computedhdJthe ordering from equation (8) and
settingl;(1) = —0.01 the sixth entry o’rIR}H(y; n') gives the impulse response of the output gap in
the first model  K_CGG99) to a surprise interest rate reduction of 1 percent. Silgjlée sixth
entry OfIRt2+j(’y; n') gives the impulse response of the output gap in the secondlgd_RW 97)

to the same type of shock.

It is then straightforward to compare the impulse respo$emmmon variables to common
shocks across models and policy rules. Such a comparisadpminteresting insights into the
transmission channels of monetary policy. We define a metifiat measures the distance between
two or more models for a given characteristic of economicetigeries like an impulse response

function. For example, the difference in the cumulative safrthe response of the output gap to a

11



monetary policy shock of -1 percent for the mod¥I&_CGG99 (m = 1) andNK_RW 97 (m = 2)
is given by the sixth entry of:

oo
s(v,2) = > (IRt ;(vin'i2) — IRE, ;(vin'; 2)). (17)
j=0
The indexz is meant as a reminder that we can only compare the entrideimtpulse response
vector for the common variables, but not the model specifi@bées. For the two models we get
s(v,6) = —0.0399 under the Taylor rule, that is when the policy parametemply an inflation
reaction coefficient of .5, an output gap reaction 06f5 and no interest rate smoothing.

Other possible characteristics for comparison are unt¢iondi variances and serial correlation
functions. The unconditional contemporaneous covariamateix V" for ([z z™]’) is given by:

Vi" =Y KDy X" Dy Ko (18)
j=0
The variance is defined by the implicit expressigft = K,,VJ"K,,,’ + D,,X™D,,’ and is solved
for with an algorithm for Lyapunov equations. Givéfj” the autocovariance matrices @f =™]’)
are readily computed using the relationship:

V" = Kl V5" (19)

Again, we can compute objects for comparison between maddtrms of the unconditional
variance or the serial correlations and cross-correlatiditommon variables. Then, suitable metrics
for measuring the distance between two or more models maglbelated. For example, the absolute
difference of the unconditional variance for the two modg&n by:

w =g () = Vi’ (2)] (20)

The sixth entry on the diagonal af constitutes the difference of the unconditional variantcte
output gaps of the two simple New-Keynesian models consii#ts value is given bw(6,6) =
10.7919.

It is straightforward to construct other metrics that meashbe differences between the models.
In section 4 of this paper, for example, we will also studyoaotrelation functions of comparable
variables in different models of the U.S. economy.

3 A data base of macroeconomic models

Implementing the approach to model comparison outlinetlérpreceding section on a broader scale
requires an archive of benchmark models. Individual redeas may then expand this model data
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base by introducing new models and conducting comparatig®y/sis. The data base that we have
created includes many well-known empirically-estimateitroeconomic models. The models im-
plemented as of May 2009 are summarizedafle 6. A more detailed overview of each model is
provided in appendix B. The data base may easily be expafdeddescription of the model com-
parison software in Appendix A also includes an explanaltiow to incorporate new models in the
data base and augment them with comparable variables.

Currently, the data base includes estimated and calibratetels of the U.S. economy and the
euro area, as well as several multi-country models. Mosnbuall models could be classified as
New Keynesian because they incorporate rational expensgtimperfect competition and wage or
price rigidities. All models are dynamic, stochastic, gahequilibrium (DSGE) models if the term
general equilibrium is taken to refer to economy-wide med®impared to models of a particular
sector of the economy. Only a subset of the models could beactegized as monetary business
cycle models where all behavioral equations are derivedcionapletely consistent manner from the
optimization problems of representative households anasfirMany authors use the term DSGE
model to refer to this particular class of models. Thus, aiadase offers interesting opportunities
for comparing policy implications of this class of modelsatdroader set of empirically estimated,
dynamic, stochastic, economy-wide macro models. Whiletrabthe models assume that market
participants form rational, forward-looking expectagowe have also included some models which
assume little or no forward-looking behaviérin our view, comparative analysis of these classes of
models will be useful to evaluate recently voiced criticistihat the new models are rendered invalid
by the experience of the world financial crisis.

The models are grouped in four categorieable 6. The first category includes small, calibrated
versions of the basic New-Keynesian model such as the tweelnatiscussed in section 2. These
models concentrate on explaining output, inflation andrésterate dynamics. Some of them are
calibrated to U.S. data. The model taken from Clarida, Gadd Gertler (2002) is a two-country
version of the basic New-Keynesian model.

The second category covers estimated models of the U.Somagorit includes small models of
output, inflation and interest rate dynamics such as FuhrérMoore (1995) and Rudebusch and
Svenson (1999). Other models are of medium scale such agfdas and Wieland (1998) or the
well-known models of Christiano, Eichenbaum and Evans%2@8d Smets and Wouters (2007) that
fully incorporate recent advances in terms of microecordoundations. The data base includes the

59N the future, we plan to develop an interactive softwaré tiedps automate the process of including models that model
authors have implemented in DYNARE.

18For example, the models of Rudebusch and Svensson (1999Dmuinides (2003) are essentially structural VAR
models with some restrictions on some of the coefficiente HBB’s Area-Wide Model is a medium-size structural model
but with a relatively limited role for forward-looking betiar compared to the other structural, rational expectetimodels
in the data base.
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version of Christiano, Eichenbaum and Evans model estiiriat\ltig, Christiano, Eichenbaum and
Linde (2004) because it contains other economic shocksditiad to the monetary policy shock
studied by Christiano et al (2005). Because of complicatisnprogramming the informational
timing assumptions on expectations in this model in DY NARE, versions are included, one version
for simulating the consequences of the monetary policy lslamcl the other version for simulating
the consequences of the other economic shocks in the modethefmore, we have included an
additional version of the Altig et al (2004) model usedithat omits the cost-channel of monetary
policy 17 The largest model of the U.S economy in the data base is ther&leBeserve’'s FRB-
US model of Reifschneider et al. (1999). We have includedealized version of this model with
rational expectations that was previously used in Levird €@03).

The third category iMable 6 covers estimated models of the euro area economy. Four ¢ the
models have been used in a recent study of robust monetacy dekign for the euro area by Kuester
and Wieland (2009): the medium scale model of Smets and Wo(2603), two small models by
Coenen and Wieland (2005) that differ by the type of stagheomtracts inducing inflation rigidity,
and a linearized version of the Area-Wide Model used at thB K forecasting purposes. In addi-
tion, we have included an estimated DSGE model of the eusoracently developed at the Sveriges
Riksbank.

The fourth category includes estimated and calibrated tsagfdwo or more economies. Cur-
rently, the largest model in the data base is the estimatakkhobthe G7 economies of Taylor (1993).
The estimated model of Coenen and Wieland (2003) with ratierpectations and price rigidities
aims to explain inflation, output and interest rate dynaraius spill-over effects between the U.S.A,,
the euro area and Japan. The model of Laxton and Pesenti)(@G8vo-country model with exten-
sive microeconomic foundations calibrated to the econsmii¢he euro area and the Czech republic.
The Federal Reserve’s SIGMA model is similarly rich in migconomic foundations. The param-
eters in the two-country version of this model from Erceg le2808) are calibrated to the U.S.
economy and a symmetric twin.

This version was created ihto evaluate the effect of this assumption in comparing thgAst al (2004) model with
the model of Smets and Wouters (2007) that features no sistitisannel.
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Table 6: MODELS CURRENTLY AVAILABLE IN THE DATA BASE

1. SvALL CALIBRATED MODELS

11
1.2
13
1.4
15
1.6
1.7
1.8

NK_RwW97
NK_LWWO03
NK_CGG99
NK_CGG02
NK_MCN99cr
NK_IR04
NK_BGG99
NK_GMO05

Rotemberg and Woodford (1997)

Levin et al. (2003)

Clarida et al. (1999)

Clarida et al. (2002)

McCallum and Nelson (1999), (Calvo-Rotengbeodel)
Ireland (2004)

Bernanke et al. (1999)

Gali and Monacelli (2005)

2. ESTIMATED US MODELS

2.1
2.2
2.3
2.4
2.5
2.6
2.7

2.8

2.9

2.10
2.11
2.12
2.13
2.14
2.15
2.16

US_FM95
Us_Owos
US_FRBO03
US_FRBO08
US_FRB08mx
US_Swo7
US_ACELm
US_ACELt
US_ACELswm
US_ACELswt
US_NFEDOS8

US_RS99
US_ORO03
US_PMO08
US_PMOSH
US_DGO08
US_CDO08
US_IACO5
US_MRO7

Fuhrer and Moore (1995a)
Orphanides and Wieland (1998) equivalent to Mi®Rel in Levin et al. (2003)
Federal Reserve Board model linearized asvim le¢ al. (2003)
linearized by Laubach (2008)
linearized by Laubach (2008), (mixed exqiemnis)
Smets and Wouters (2007)
Altig et al. (2005), (monetary policy shock)
Altig et al. (2005), (technology shocks)
no cost channel as in Taylor and Wieland (200@n(npol. shock)
no cost channel as in Taylor and Wieland (20@5h(t shocks)
based on Edge et al. (2008), version usedtioramn in
Wieland and Wolters (2011)
Rudebusch and Svensson (1999)
Orphanides (2003)
IMF projection model US, Carabenciov et al0o@0
IMF projection model US (financial linkageSgrabenciov et al. (2008)
DeGraeve (2008)
Christensen and Dib (2008)
lacoviello (2005)
Mankiw and Reis (2007)

3. ESTIMATED EURO AREA MODELS

3.1
3.2
3.3
3.4
3.5
3.6

EA_CWO5ta
EA_CWO5fm
EA_AWMO5
EA_SWO03
EA_SRO7
EA_QUEST3

Coenen and Wieland (2005), (Taylor-stagheoatracts)

Coenen and Wieland (2005), (Fuhrer-Mooagigtred contracts)
ECB’s area-wide model linearized as in Dieppale(2005)

Smets and Wouters (2003)

Sveriges Riksbank euro area model of Adolfsah €2007)

QUEST lll Euro Area Model of the DG-ECFIN EU tiveet al. (2009)
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4. ESTIMATED/CALIBRATED MULTI-COUNTRY MODELS

4.1 G7_TAY93 Taylor (1993a) model of G7 economies
42 G3_CWO03 Coenen and Wieland (2002) model of USA, Euro ArehJapan
4.3 EACZ_GEMO03 Laxton and Pesenti (2003) model calibradeiuro Area and Czech republic
4.4 G2_SIGMA08 The Federal Reserve’s SIGMA model from Ereteg. (2008)
calibrated to the U.S. economy and a symmetric twin.
45 EAUS_NAWMO08 Coenen et al. (2008), New Area Wide model afdEArea and USA

5. ESTIMATED MODELS OF OTHERCOUNTRIES

51 CL_MS07 Medina and Soto (2007), model of the Chilean egon
5.2 CA ToTEMI10 ToTEM model of Canada, based on MurchisonRechison (2006),
2010 vintage

5.3 BRA_SAMBAO8 Gouvea et al. (2008), model of the Brazilegonomy

4 Comparing monetary and fiscal policies across models: An exnple

We have created a computational platform that renders cosqps of impulse response functions
of common variables in response to common shocks, comparisbautocorrelation functions of
common variables in response to model-specific shocks astdragtic investigations of policy rules
across models straightforward. This result may be desthi@araphrasing Lucas (1980) as follows:
we have completed the task of writing a program (in MATLABeiad of FORTRAN) that will accept
specific economic policy rules as common comparable inpuhtdtiple economic models and will
generate as output a comparison across models of statitissribing the operating characteristics
of time series we care about, which are predicted to resaitfthese policies according to different
economic models The computational platform utilizes DYNARE software foodel solution®
New models may easily be introduced and compared to edtablisenchmarks thereby fostering
a comparative rather than insular approach to model bgjldik detailed description of the model
comparison software is provided appendix A.

The software implementation and model database discussibe ipreceding section contain a
generalized interest rate rule that allows for much richpgctfications than equation (9). For the
comparison exercise in this paper, we consider five parainatens of this generalized rule that are
taken from Taylor (1993b), Levin et al. (2003), Smets and Wi(2007), Christiano, Eichenbaum
and Evans (2005) and Gerdesmeier and Roffia (2004), regplyciThe specific formulas are shown

181t admits nonlinear as well as linear models and allows apprating nonlinear models with forward-looking variables
with perturbation or two-point-boundary-value methodsor Rurther information on DYNARE see Juillard (2001) and
Juillard (1996).
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in Table 7.

Table 7: ®LICY RULES

Taylor (1993b): i =30, 0.38p;_; + 0507 +

Levin et al. (2003): i = 0.76iF_) +>7_0.15p7_; + 1.18¢7 — 0.97¢7_, + n]
Smets and Wouters (2007): i7 = 0.81i7_; + 0.39p7 + 0.97¢7 — 0.90g7 | + 0}
Christiano et al. (2005) i = 0.8i7_1 + 0.3E;p}, | + 0.08¢7 + 1}

Gerdesmeier and Roffia (2004):7 = 0.66¢7_, + Z?:o 0.17pi_; + 0.10¢7 + i

The first rule in the table, that is the simple monetary palidg of Taylor (1993b) is well-known
beyond academic economics and central banks for the foltpweasons. In the 1990s it became
widely known that this rule described Federal Reserve@staiate decisions since 1987 surprisingly
well. More recently, the large deviation of Federal Resqmolicy from this rule between 2002 and
2006 has been cited as the source of cheap money fueling ambdubble in the United States that
ultimately triggered the world financial crisis. Perhaptdiknown is that Taylor (1993b) credits
the comparison exercise of Bryant et al (1993) as the crtesding ground that helped select this
particular simple rule. Variations of the rule, motivatether by empirical estimation or model
performance, abound in the literature. For comparison,avsider a rule originally estimated with
U.S. data by Orphanides and Wieland (1998) and simulatedsénnfiodels of the U.S. economy
by Levin et al. (2003) (LWW). Their choice of models is inckdlin our data base. The LWW rule
allows for interest-rate smoothing and includes the lagefutput gap in addition to current inflation
and the output gap that make up the Taylor rule. Smets andeio(2007) (SW) have estimated
the same type of rule with interest smoothing, current iidfgtcurrent and past output gaps using
Bayesian techniques together with the other structuramaters of their model model. Christiano,
Eichenbaum and Evans (2005) consider a different poliey that they attribute to Clarida, Gali and
Gertler (1999). Their rule includes a response to the fateafinflation rather than current inflation.
It has also been studied in Taylor and Wieland (2009). Fuarbee, we add a rule estimated with
Euro area data. This rule is due to Gerdesmeier and Roffialj20@ has been simulated in Kuester
and Wieland (2009) in four models of the euro area economyattesalso included in our data base.

Finally, the comparative approach to macroeconomic modelnd policy analysis is applied with
several examples. We compare monetary and fiscal policykshowler alternative monetary policy
rules and investigate the predictions of different modetsdifferent policies for inflation and output
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persistence.Figure 1 reports on the effect of a monetary policy shock on output iafidtion in
four different models of the U.S. economy under the Taylte,rthe LWW rule and the SW rule. The
models considered are the calibrated New-Keynesian mé&stemberg and Woodford (1997) from
Table 2 (NK_RW297, solid blue line), the Federal Reserve’s FRB-USIgldrom Levin et al. (2003)
(US_FRBO03, red dashed line), the model of Smets and Wol28&7]§ (US_SWO07, green dashed-
dotted line) and the model of Altig et al. (2005) (US_ACELninlpdotted line). The particular
shock considered is a one time unexpected reduction of thenad interest rate of 1 percentage
point. Following the initial shock the nominal interestagath corresponds to the prescriptions of
the policy rule. Three rules are compared by the three rowapéls inFigure 1, the Taylor, LWW
and SW rules.

Figure 1: NEGATIVE MONETARY POLICY SHOCK

Output under Taylor rule Inflation under Taylor rule
0.4
1 NK_RW97
== == == S FRBO3 03
{1 US_ACELm
05 US_SW07 0.2

(0] = S mme———— 0.1

5 10 15 20 0 5 10 15 20

Output under LWW rule Inflation under LWW rule

"o 5 10 15 20 0 5 10 15 20

Inflation under SW rule

The simulation results exhibit the following findings regjag the transmission of a monetary
policy shock. All four models exhibit nominal rigidities dtherefore indicate that a monetary shock
affects real output as indicated by the left column of parigiler the Taylor rule, the effect on output
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is short-lived. In three of the four models the effect is alsgy small. The exception is the simple
calibrated New Keynesian model (NK_RW97) which indicatesharp large but temporary boost to
output. Under the LWW and SW rules the effect on real outpuhenUS_SWO07, US_ACELm and
FRB_03 models builds up over time. The reason for the langdi@nger-lasting effect on real output
lies in the persistent effect of the shock on interest ratestd the near-unity reaction coefficient
on the lagged interest rate in these two rules. In NK_RW9%ffext on real output remains sharp
and large but also peters out more slowly. An interestinfpihce between FRB_03 and the other
models is that the peak effect of the monetary shock on regbbin FRB_03 is reached only in the
second year but in the first year in the other models. Thusntigels that incorporate recent advances
in microeconomic foundations contradict conventionalgomaker wisdom regarding "long" policy
lags of more than one year. The reason for this finding is tiege models give more room to the
possibility of forward-looking and optimizing behavior Impuseholds and firms. The effects of the
monetary shock on real output in the two estimated DSGE nsagligh microeconomic foundations
are almost identical as already noted by Taylor and Wiel2009).

The effects of a monetary policy shock on inflation (secorldroo of panels) are more drawn
out with the peak effect occurring later than the peak in oytiypically in the second or third after
the initial shock. Again, the results from the calibratethgie New-Keynesian model (NK_RW97)
appear too extreme relative to the findings from the emgiyiestimated models.
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Figure 2: AUTOCORRELATION FUNCTIONS
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Figure 2 reports the autocorrelation functions of output and irdlatinder the Taylor, LWW and
SW monetary policy rules. These time series charactesistie derived assuming that shocks are
drawn from the empirical distribution of structural shodfgshese models. Only the variance of the
monetary policy shock is set to zero. The Altig et al. (200%)del is omitted from the compari-
son because the two non-monetary shocks in that model expidy a relatively small part of the
empirical output and inflation volatility in the U.S. econgitsee Taylor and Wieland (2009)). The
small calibrated New-Keynesian model (NK_RW97) exhildits bbwest degree of output and infla-
tion persistence among the three remaining models whiclp®liey rule is considered. As discussed
in section 2 this model does not allow for lagged terms of fidffaand output in the New-Keynesian
IS and Phillips curves. Only, the exogenous shocks exhésiptence in that model. The Federal
Reserve’s estimated model of the U.S. economy, howevelidma larger degree of output and in-
flation persistence. Thus, better empirical fit is obtaingdallowing for a richer set of dynamics
and adjustment costs that imply the appearance of one or lagseof endogenous variables in key
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behavioral equations.

A rather surprising finding is that the estimated DSGE Mode&mets and Wouters (2007) ex-
hibits the highest degree of output persistence under r@etpolicy rules, even under the SW rule
that is estimated along with the model. One might have exitbiat this model with microeconomic
foundations would lie somewhere in between the small catifst model of Rotemberg and Woodford
(1997) and the FRB-US model. Much criticism of models sucthad-ederal Reserve’s model was
that they introduce too many adjustment costs and ther&foremuch endogenous persistence. Given
our findings one might therefore suspect that Smets and \Wo(#807) have built in too much per-
sistence in their model, a criticism recently voiced by GhH&ehoe and McGrattan (2009). It would
be of interest to further investigate the sources of pensist in this model in future work.

Next, we turn to an evaluation of the consequences of a gmemhspending shock of 1 percent
of GDP in the three models. The fiscal policy rule for disanetiry government spending is defined
as in section 2 by equation (10) with a coefficigptof unity. The estimated degree of persistence of
such a shock to government spending differs in each modseimftlications for output and inflation
are shown irFigure 3. In all three models, the initial shock causes output toease in the same
quarter, followed by a slow drawn-out decline over subsatyears. This profile holds under all
monetary policies considered. The magnitude of the effecather similar for the monetary rules
considered, but differs a lot across models. The impactefesmallest in the small New-Keynesian
model around 0.4 percent of output, compared to about 1 peod@utput in the other two models.
Thus, private consumption and investment are crowded ouleidiately in the small model. In the
other two models, private consumption and investment a¢stirte from the start but more slowly.
Somewhat surprisingly, output declines faster and inftainwreases less in the US_FRB03 model
than in the US_SWO07 model.

Comparative evaluations of the consequences of fiscalypatid the robustness of policy recom-
mendations for fiscal stimulus are particularly urgent githee amount of resources to such measures
recently. Cogan et al. (2009) provide a first assessmenedhtherican Recovery and Reinvestment
of 2009. Their analysis based the Smets and Wouters (200@gInamd the Taylor (1993) model
from this data base suggests that the estimates of fiscapiiar implied by government advisers
(cf. Romer and Bernstein (2009)) are far too optimistic antdrobust to model uncertainty. The
simulation inFigure 3 suggests that an evaluation using the US_FRBO03 model witined expec-
tation would result in similar conclusions, while the NK_RWmodel would provide an even more
pessimistic assessment. Interestingly, the US_FRBO3Jdensdifferent components of government
spending such as federal versus state expenditures anchgoye consumption versus government
investment. The shock simulated here is spread acrossmapaaents according to their steady-state
shares in total government spending. Further studies atirafjthe non-linear timing and anticipation
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effects of such fiscal stimulus packages highlighted by Gegal (2009) would also be of interest.

Figure 3: FSCAL PoLICY SHOCK
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5 Conclusion

This paper provides a new comparative approach to modekbasearch and policy analysis that
enables individual researchers to conduct model compearisasily, frequently, at low cost and on
a large scale. Using this approach a model archive is buttiticludes many well-known empiri-
cally estimated models that may be used for quantitativéyaiseof monetary and fiscal stabilization
policies. A computational platform is created that allowrsightforward comparisons of models’
implications. Its application is illustrated by comparidifferent monetary and fiscal policies across
selected models. Researchers can easily include new nindeésdata base and compare the effects
of novel extensions to established benchmarks therebgrfogta comparative instead of insular ap-
proach to model development. Wide application of this apphocould help dramatically improve
the replicability of quantitative macroeconomic analysiluce the danger of circular developments
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in model-based research and strengthen the robustnesbkayfi@gcommendations.

In light of the experience of the global financial crisis, buld be very useful to extend the cov-
erage of the model data base for future policy robustnedsaians. In the words of ECB President
Trichet,” we need to better integrate the crucial role played by tharfrial system into our macroe-
conomic models, ... we may need to consider a richer chatisateon of expectation formation, ... We
need to deal better with heterogeneity across agents anshtbeaction among those heterogeneous
agents, (and) we need to entertain alternative motivatfongconomic choices"Thus, we would
propose a major research effort to include the following eliod) approaches for direct comparison:
(i) DSGE models with more realistic treatments of bankingd fimancial risks, (i) models that deviate
from the standard assumption of rational expectations blyding imperfect information, learning
and heterogeneous beliefs, (iii) models that allow for diéwns from the basic microeconomic as-
sumption of rational optimizing behavior by households fimds. This proposal is laid out in more
detail in Wieland (2011).
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A (MMB Version 1.1) How to use the model comparison software

Appendix A gives a thorough description of how to install aiseé the macro model data base (MMB
Version 1.1). After reading subsections A.1 and A.2 you #thtwe able to run the program and do
your own comparison exercises employing the models andmptiontained in the data base. Sub-
sections A.3 and A.4 explain the structure of the macro mdd base files in more detail. Finally,
subsection A.5 discusses how one can add additional maxtis tata base.

A.1 Installation and software requirements

The complete macro model data base is contained in a zip fledddMB.zipwhich you may store
to any place on your computer. In order to use the model dat@, lyau have to extract the zip file to
retrieve the foldeMMB. This folder contains the fil®IMB.m, a set of subfolders, one for each model
included in the model data base, and a few additional MATLABction files. Figure 4 illustrates the
structure of the model data base. Each model subfolderiosrassingle Dynare mod-file in which
the particular model is specified.
Since the program is written in MATLAB, you need a version binistalled on your computer.
For model solution the program utilizes DYNARE version 3 iethcan be downloaded freely from
the web!® Double-clicking on the downloaded DYNARE exe-file opens tgavhich guides you
through the installation. After completion, one has to duelDYNARE path to MATLAB. In order
to do so, open Matlab and chodSet patHfrom theFile menu. Use the optioAdd folderand browse
to the directory where you have installed DYNARE version ie DYNARE subfolder that has to
be added is callethatlah

1%The URL of the DYNARE website ikttp://www.dynare.org
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Figure 4: SRUCTURE OF THEMACRO MODEL DATA BASE

= MMES
= tfain file: MME.m
Functions:
— - stoch_simul_modelbase.m
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A.2 Using the macro model data base

MMB.mrepresents the main file which has to be called when using tidehdata base. In order
to run MMB.m you can either open the file in MATLAB, which automaticallgjasts the current
directory of MATLAB to the correct path, and click thran 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 timter button. In both cases a user
interface opens that will guide you through a menu of optifsasy which you can choose. These
options include the choice of models you want to use, thecgeteof a common monetary policy
rule used for the analysis as well as the choice of the statiahd visual output that you want to
be displayed. By default the output generated by the progvidinbe stored in an excel sheet called
results.xlsin the MMB folder. This can be customized by the individual user in th&t fines of the
MMB.mfile. Once the file is executed, a list of the models includatiéndata base and its references
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is displayed in the MATLAB command window. The menu struetig illustrated in figure 5. In the
following, each menu option is described step by step.

Figure 5: MACRO MODEL DATA BASE MENU: CHOICE OFPOLICY RULE AND MODELS

Choose g Palicy Rule

Taylor (1993)

Gerdesteier and Roffia (2003)

Smets and Wouters US (2007)

’ Levin, Wieland, Williams (2003) ]
’ Christiano, Eichenkaum, Evans (2005) ]

Choose the models you would like to pick. Press the button "continue” when finished.

[ &l Models l GT_TAY93 ]
[ Mi,_FanvaT l [ G3_CWi03 ]
[ M _LiAaams l [ E&CT_GEMOS ]
[ Mk _CEE98 l [ G2 _SIGMADS ]
[ M _CGE02 l [ Cortinue ]

Mk, _MCHS3cr

M_MCH99pk

LUS_FM35

LIS _Ohvaid

U5 _FREOS
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Figure 6: MACRO MODEL DATA BASE MENU: CHOICE OF STATISTICS

Do you Warﬂ-to plot autocorrelation functions? Do wou weant to plot impulze responze functionz?

Yes Yes

Choose g Shock:

l Maonetary Policy Shock ]

l Fizcal Policy Shock l

l Cartinue ]

Do you weart to print out the unconditional variances of the varishles?

Choosing a monetary policy rule

Once theMMB.mfile is executed a menu appears that allows you to selectiaydartinterest rate
rule. The original interest rate rules of the models in theadmse have been replaced with a fairly
general monetary policy rule that allows many possiblepatarizations. In the MMB Version 1.1 it
is possible to choose among the five parameterizationsslisedun section 3 of this paper and listed
in table 7. A particular rule is chosen by clicking on the msjve button in the menu. Only one rule
may be selected. The name of the chosen rule will be displayde MATLAB command window.

Selecting the models

Next, a menu with a list of all models included in the data bsg@ears. One can select as many
models as desired by clicking on the respective model buftbe name of each selected model will
be listed in the command window. In order to proceed to thé nmeenu you have to click on the
continue button. You can also choose to use all models bkicetiocon the corresponding button. Be
aware that in this case it might take quite some time untiradtiels are solved. Table 6 in the main

32



part of the paper lists the models contained in the MMB verdid.. A short description of each of
these models is given in appendix B.

Choosing statistics and graphical output

Having chosen the models and a policy rule, the user can nuatke shoices regarding the output
to be displayed. First, a menu pops up where the user canaletidther to plot autocorrelation
functions of the common variables. Afterwards, one candieeihether to plot impulse response
functions. In case only one model is selected, one has thenojat 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 carchisose among the original shocks of the
model. Finally, the user can choose to display the uncamditivariances of the common variables
for each of the selected models. The choices will again bemeated in the command window.
The numerical results for the selected options will be stamean excel sheet calledsults.xlsn the
MMB folder.

A.3 Structure of the MMB.m file

MMB.m the main file of the model data base, is divided into threéspa&mn initialization part, where
the macroeconomic models are listed, some basic functiothe enodel data base are described and
choices of models, policy rules, shocks and computatioasrade. In the second part of the file
the models are solved using Dynare and impulse responsédusand autocorrelation functions are
computed. The third part is devoted to the presentation®fdisults, i.e. setting up graphs of the
chosen statistics. As we use cell mode one can easily seewheh block starts and entfsThe
structure of theMMB.mfile is illustrated in figure 7. All variables used and genedain this file
are saved in a structure variable calladdelbaseFor example the number of periods to be plotted
can be found by typinghodelbase.horizormable 8 lists the most important variables in the structure
variablemodelbase In the following, the three separated partshfB.m are explained in more
detail.

20p cell starts with two comment sign, i.e. with %%. When setine cursor in a cell, the background colour of this cell
turns to yellow and can thus easily be spotted.
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Figure 7. SRUCTURE OF THEMMB.mFILE

1. Initialization

Introductory textblock

Defining vectors of models

Specification of general policy rule

Initializing a choice set of policy rules

Programming user menus

2. Solving the model and computing statistics

Storing user choices

Initializing a loop over selected models

Stepwise model solution

Storing model solutions and statistics

3. Plotting the results

Extracting statistics for common variables

Plotting results as chosen by the user
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Table 8: KEY VARIABLES OF THE MMB.mFILE

modelbase.totaltime total CPU time (in seconds) used bynibdelbase
modelbase.savepath path for the excel file that containsutpeait
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 conteamgausly
modelbase.option(4) plot impulse responses for originadehvariables
modelbase.option(5) unconditional variances of commaialvkes

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

modelbase.innos chosen shocks

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

modelbase.setpath paths of the modelfolders of chosenlsnode

modelbase.epsilon counts the number of loops

modelbase.info equals 1 if a model has no determinate soluttherwise 0

modelbase.AUTR contains the autocorrelation functions

modelbase.AUTIgy contains variable names that corraspmthe autocorrelation functions

modelbase.IRF contains the impulse response functions

modelbase.IRFIgy contains variable names that correspmthe impulse response 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 tmwse the macro model data base and
how to add models to it are repeated within a text block of cemitines. Detailed instructions on
adding models to the data base can be found in subsectionMté&wards some namevectors for
the models are set up. A variable of interest for the useradelbase.horizonf you want to change
the number of periods that are plotted, you need to modif/éhiry. 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 graphsadhe plotted in part 3 of the
file. When adding new models to the data base the number of Imodght exceed the entries in
mycolorsat some time. In this case the user needs to add some entties wector.
Atext block follows that describes a very general monetaticp rule that is used for each model and
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that nests the policy rules listed in table 7. For each rukeshown how the original representation is
transformed into the respective general rule representaiihe parameters in the general policy rule
are denoted according to the following scheme: The firsetletters areof to indicate a coefficient
rather than a variable. The next three lettersiarewhich are the first three letters witerestas in
this equation the interest rate is pinned down. The nexethetters are the first three letters of the
variable the coefficient corresponds to, cdfintoutfor the output gap coefficient in the interest rate
equation. The next letter is eithifor coefficients of forward looking variablels for coefficients of
backward looking variables and the letter is just left outdontemporaneous variables. A number
follows that indicates the number of leads or lags. An exariglhe coefficient on expected inflation
next period:cofintinff1

Below the general policy rule a menu with the namée 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 fijelicy_param.matThe parameters are loaded later on in the
specific model files to initialize the chosen policy functidghone 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 rutds hot necessary to change the model
files.

A second menu with the nanmmodelis set up where the user can choose a subset of the models
contained in the model database. The identification numiifetfee chosen models are saved in the
vectormodels Menus that let us choose whether to plot autocorrelatiaotfans, impulse response
functions and whether to shock monetary or fiscal policyofsll As 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 hétving solved the model.

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

Before solving the models using Dynare all choices maderdoaiee to be saved in the filod-
elbaseas Dynare clears the workspace before solving a model. Adeepall models that are saved
in the vectormodelbase.models initialized. For every cycle of the loop the current diey is
changed according to the entries of the veatodelbase.namés the subfolder of the specific model
that is used during the current cycle. Using the comnaiywdhrefollowed by the model abbreviation,
c.f. dynare NK_CGG9%0 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 unitional variances. The results are appended
to the fileModelbaséefore we return to the beginning of the loop to solve the nedel.
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Part 3 of MMB.m: Plotting the results

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

A.4 Structure of the model files

The model files are written in the syntax Dynare and have a comstructure. 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 mddt base blocks. The mod-file is
shown in figures 8 and 9. However, the explanations applyltmadlels. In the following, the two
main parts of a mod-file, the preamble and the model blockjaseribed step by step.
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Figure 8: SRUCTURE OF THE MODEL FILES THE PREAMBLE

£/ Model: NE RUS7

war pi ¥ y¥nat rnat 1 X u g g

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

/¢ Nodelbase Varisbles LA

interest inflation inflationg cutputgap output fispol: i
ffwwwwwwwwwﬁwwwwwwwwwwﬁwwwwwwwwwwﬁwﬁwtwwwwwwwwﬁwwwwwwwwwwﬁwwwwwwwwwwﬁwﬁwwwww

WAarexXo u

ffﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁﬁ

/4 Modelbase Shocks )
interest fiscal ; )
ffﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

parameters lheta sicgmws alpha theta omegs kapps rhou rhog stdinflation stdfiscal

jfwwwwwwwwwwww:www:wwwwwwwwwwwwwwwwwww:wwwwwwwwww:wwwwwwwwwwww:wwwwwwwwww:w:

/4 Modelbase Parameters s
s
cofintinthl cofintintbZ ... coffispol: JiE

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

keta = 1/ (140.035/4);
Sigma= 6.25;
alpha= 0.66;
theta= 7.66;
omega= 0.47;

kappa= [ (l-alpha) ¥ (l-alpha*beta) ) alpha) * (i (1/5igma) +omega) / [ 1+owegartheta) ) ;
rhou=0;

stdinflation =0.154;

rhog= 0.8;

stdfiscal =1.524:

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

/¢ Specification of Modelbase Parameters FiE
LA

/¢ Load Modelbase Monetary Policy Parsmeters Fa
thispath = cd; LA
cdi' .. fi
load policy param.mat; fiE
cdithispath) ; LA
LA

ff Definition of Discretionary Fiscal Folicy Parameter fim
coffispol = 1; )

ffﬁﬁﬁHﬁﬁﬁﬁﬁﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁTﬁTﬁHﬁHﬁﬁﬁﬁﬂﬁTﬁHﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁHﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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Figure 9: SRUCTURE OF THE MODEL FILES THE MODEL BLOCK

model (linear)
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f4 Definition of Modelbase Varisbles in Terms of Original HModel Varisbles 7/

interest = 1i%4;

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

outputgap = X:

output = ¥

fispol = g _;

A
L
A
L
LEE
A
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/4 Policy Rule
/f Monetary Policy

interest = cofintintbhl*interest (—-1)
+ cofintinthZ*interestc (-2)

+ cofintoutfd*outputgap (+4)
+ std r Finterest ;

/4 Discretionary Government 3pending

fispol = coffispol*fiscal :

A
L
A
L
L
A
L
A
A
L
A
L
LEE

ffff ko i e e el e e e i el e i e e e i e e e i e o e e e

A4 Original Model Code:

pi = heta ¥ pi(+l)+ kappa*x+ u;
u=rhou*u{-1]+u_:

¥ = x[(+1) - sigwa *( i1 - pi(+1l) - rnat) ;
rnat = sigmwa™ (—-1) [ {g-vhat) - (gi+li-ynaci(+1))1):
ynat = sigma” (-1) *g / (sigwa”™ (-1) +owmegs)

¥ = y-ynat:

g = rhog¥gi-1) + g_;

end:

shocks;
var fiscal = 1.324"2;
war u_=0.154"2;

end;

/fstoch simul (irf = 0, ar=100, noprint);
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Part 1: The preamble

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

e The file then starts with the initialization of the model ednies. In our example given in figure
8 the model-specific endogenous variables are listed irBliamiger the keywordar: pi, y, ynat
rnat, i, X, u, g andg_. The latter in fact represents an exogenous governmentsgeshock,
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 comnvamiables are introduced. In
general, Modelbase blocks are separated thrétigt*** symbols from the rest of the file.

e Following the keywordrarexoin line 10 the exogenous variables are initialized. In owamegle
this isu_, a cost push shock as well as the common interest rate shtekest_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 keyworgarameterghe model-specific parameters are initialized.

¢ It follows the Modelbase block in which the Modelbase parerseare intitialized. In figure
8 line 22 we have for brevity reasons only included threegyofiarameters. In the actual
mod-files there are many more leads and lags. These are tia@ars of the general mone-
tary policy function, except for the last ongffispo) which enters the common discretionary
government spending equation.

e Afterwards numerical values are assigned to the modeldfgpparameters in lines 25 to 34.

¢ Finally a Block calledSpecification of Modelbase Parameteysdded. 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.main 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 haetdone in line 44. However,
the shocks in this model are already expressed in percetalags. 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 gubauthe exact implementation
of the common fiscal policy shock will be described below. um example no adjustment is
needed and henao®ffispolis set equal to one.

Part 2: The model block
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The model block starts in line 49 of figure 9 as indicated bykiagwordmodelfollowed 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 commoiabdes are defined in terms
of the original model variables. The varialigerestdenotes the annualized short-term interest
rate,inflationis annual inflationinflationgrepresents annualized quarterly inflationtputgap
andoutputdenote the output gap and output, respectively. The comradabtefispol rep-
resents discretionary fiscal policy. It is set equal to thelekspecific 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. Toiwsaus the keep the original
model equation for government spending unchanged.

It follows the commorPolicy Ruleblock. In lines 66 to 72 the common monetary policy rule is
specified. Again for reasons of brevity we have not displapedomplete general policy rule
in figure 9. Below in line 76, the common equation for dis@etiry government spending is
specified.

The original model equations are then specified in lines 87toNote in particular that also
the government spending equation in line 87 has remainduamged. The model section ends
in line 88 with the required keyworend

Finally the variance covariance matrix is specified in liBésand 92 between the keywords
shocksandend Importantly, the variance of the original model-specitiwgrnment spending
shock has been assigned to the common fiscal policy shockafiscal . Hence, the com-
mon shockfiscal_affects the fiscal policy variabléispol through the common discretionary
government spending expression in line 76 which is set egutde model-specific govern-
ment spending shoak in line 59.

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

A.5 Adding models to the macro model data base

Adding a new model to the data base consists of three stags, the original model has to be trans-

lated into a Dynare mod-file and the common Modelbase varididive to be defined as functions of

the original model variables. Second, the mod-file must beedtunder the model name in a folder

with exactly the same label. Third, the new model has to b&lizied in the fleMMB.m In the

41



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 da isao create a Dynare
mod-file. The file should start with a comment section givimgne information about the
associated reference paper(s) for the model.

e The file must have the usual structure of a Dynare mod-filet iBhane starts with the initial-
ization of variables, shocks and parameters. Then the iegsadescribing the model follow
and finally the variance-covariance structure of the shixkpecified.

e However, each of the before mentioned sections has to beenigthby a Modelbase block.
This Modelbase block should be visually separated from tlggnal model sections through a
comment ling/[xx**¥xxx

o After the initialization of the original model variablebg common blockodelbase Variables
follows. It consists of the six common variablegerest inflation, inflationg outputgap output
andfispol Those variables will be described below. If output is n&afied 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 inrédl

e The common blockModelbase Shocks added after the initialization of the original model
shocks asinlines 12 to 15 of figure 8. It consists of a commomatasy policy shockinterest ,
and of a common fiscal policy shodiscal .

e The third common block is thiklodelbase Parametersection. Following the initialization of
the original model parameters, the common Modelbase paeasrare preset, consisting of the
monetary policy rule parameters and the discretionarylfisaay parametecoffispol

¢ It follows the numeric specification of the parameters. Téidone first for the model-specific
parameters and then separately for the common Modelbaseptars in the block callegpec-
ification of Modelbase Parametersirst, the parameter values of the selected monetaryypolic
rule are loaded. They are contained in the fitdicy 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. Thidfggion is required for the proper
calculation of impulse response functions. In our examigie would have to be done in line
44. However, the shocks in the example are already expréasgetcentage terms. Secondly,
the discretionary fiscal policy parametaffispolis defined as a function of the model-specific
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parameters such that a unit government spending shock hais isnpact on output. In our
example no adjustment is needed and haxdfispolis set equal to one.

¢ Following the beginning of the model section, i.e. before thiginal model equations are
specified, anodel-specifiéviodelbase block has to be added in order to define the common
Modelbase variables in terms of original model variabldsisTs done in lines 52 to 59 in our
example. The variabliterestis defined as the annualized short-term interest rate sdteby t
policy maker and expressed in percent. The variaiflation denotes the year-on-year inflation
rate in percent anithflationqdenotes the annualized quarter-to-quarter inflation repercent.
If for instance the original model variable representinguterly inflation is not annualized,
theninflationqwould have to be specified as four times the original quaaearter inflation
variable. The common variablesitputgapand output represent the output gap and output,
respectively.

e The variabldispolspecifies the common discretionary fiscal policy variabla. ifiplementa-
tion of the discretionary fiscal policy variable, one doesimave to change the original model
equations. The original shock that should represent theraamfiscal policy shock has to be
initialized as endogenous variable, i.e. following the coamdvar 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, thggal 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 originald@lofiscal_andfispolshould not
be initialized.

o 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 Qrkhe sake of brevity we have not
displayed the complete general policy rule in our examplee @riginal monetary policy rule
has to be commented out in the original model code. In casetiv®| 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 9. Hence, the common
shockfiscal_affects the fiscal policy variabligspolthrough this common discretionary gov-
ernment spending expression digpolis set equal to the model-specific government spending
shockg_in line 59. The orginal model equations following this blaeknain unchanged.

e The variances of the two common shocks are specified togeittethe variances/covariances
of the model-specific shocks. Specifically, the variancénefrhonetary policy shodkterest
is set equal to zero and therefore it does not have to show piciely. For the fiscal policy
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shockfiscal_one adopts the original covariance specification of theaega shock if available.
Otherwise one sets the variance of the fiscal policy shocklgqgwero.

¢ Finally, one hasto delete or out-comment the commands foinfiythe 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 namtiee example, 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 oéth
specific model among the other Modelbase models. The file beustored in 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 texitblath a table
of models currently implemented in the Modelbase followsisTtable is also shown in the
workspace when the program is run. The new model has to beladdleis table by itemizing
the model name followed by the reference. For instance, tiadetmamed NK_RW97 is added
asNK_RW97: Rotemberg, Woodford (1997)

e Next, the model name has to be added at the correspondintiopoi the vectomodel-
base.nameand to the vectomodelbase.namespldthe entries in these two vectors only differ
in that the sign_is preceded by a backslash in tnidelbase.namespleéctor to guarantee
proper model name print outs.

¢ Finally, a new entry has to be added at the correspondintjgosd the vectomodelbase.variabledim
This entry has to bé if the model-specific shocks are expressed in percent aras itchbe? if
the model-specific shocks are expressed in percent/100.
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B A detailed overview of available models

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

Most models assume that expectations of future realizatdmodel variables such as for exam-
ple future exchange rates, prices, interest rates, wagemeome are formed in a model-consistent,
rational manner. A few models assume backward-looking &spiens formation, in particular the
models from Rudebusch and Svensson (1999) and Orphanid@3)(2Most, 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 mdfgrelices in model structure, in terms of
size, in terms of countries covered, or the extent of miaoemic foundations considered.

B.1 Small Calibrated Models
B.1.1 NK_RW97: Rotemberg and Woodford (1997)

The model and the estimation strategy is discussed in defaidtemberg 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 asrdating aggregate demand, while the
New-Keynesian Phillips curve equation determines agdgessigpply. The Phillips curve equation can
be obtained as a log-linear approximation to the first-ooderdition 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 appation of the representative house-
hold’s first-order equation in a model in which consumptilaisure, and real money balances are
each additively separable in the utility function, and ka@ansumption 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, thmrmon monetary policy shock,
a government spending shock representing the common fiskey ghock.

e Calibration/Estimation: Rotemberg and Woodford (1997)ahahe empirical impulse re-
sponse functions to a monetary policy shock in a VAR (detegnetal 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 théopger980:1-1995:2 is used. The
estimated parameters are taken from Woodford (2003) talle ldowever, we do not have
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information on the calibration of the shock processes. dewe employ the estimation results
from Adam and Billi (2006) for the NK_RW97 shock specificaiso

B.1.2 NK_LWWO03: Levin et al. (2003)

This model is used for comparison in the robustness analysiwnetary policy rules by Levin et al.
(2003). Its structure is similar to the NK_RW97 model préedrabove, 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 ratéhee common monetary policy
shock.

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

B.1.3 NK_CGG99: Clarida et al. (1999), hybrid model

The modelis similar to NK_RW297 but it features a hybrid Rpdicurve with endogenous persistence
in inflation. Also, government spending is not treated ety The model and its implications for
monetary policy are discussed in detail in Clarida et al9@drom 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 commortamppelicy shock.

e Calibration/Estimation: We use the same parametrizatioman NK_RW97, however ex-
pected inflation enters the Phillips curve with a weight &2and lagged inflation with a
weight of 0.48. In the IS curve the expected output gap hasighivef 0.56 and the lagged
output gap has a weight of 0.44.

B.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, prefiees 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 im@adeal budget constraint. They
own the firms, are a monopolistically competitive supplietator to the intermediate firms
and additionally hold their financial wealth in the form ofesperiod, state-contingent bonds,
which can be traded both domestically and internationally.

e Aggregate Supply: Domestic production takes place in tegest. First there is a continuum
of intermediate goods firms, each producing a differerdiataterial input under monopolistic
competition using a production function that is linear ibdainput and includes an exogenous
technology parameter. They set nominal prices on a staddersis a la Calvo and receive
a subsidy in percent of their wage bill to achieve an undistbsteady state. Final goods
producers then combine these inputs into output, which ¢lediyto households under perfect
competition. Wages are perfectly flexible. Thus, all wosketll charge the same wage and
work the same amount of hours. Clarida et al. (2002) intredait 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, whiclemeine the output gap and infla-
tion, conditional on the path of the nominal interest ratéhifor the domestic and the foreign
economy.

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

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

e Calibration/Estimation: We take the parametrization ef $mall open economy model in Gali
and Monacelli (2005) to calibrate the model. Gali and Motia(&005) calibrate the stochastic
properties of the exogenous driving forces by fitting AR(fggesses to log labor productivity
in Canada, which is their proxy for the domestic country, EgdU.S. GDP, which they use as
proxy for world output. The sample period comprises 19630D2:4.

B.1.5 NK_MCN99: McCallum and Nelson (1999)

The model in McCallum and Nelson (1999) is used to monitompiiormance of operational mon-
etary policy rules. Two distinct variants of the model aredjsmainly differing in the choice of the
aggregate supply setup. In the first setup, aggregate sigipased on a standard Calvo-Rotemberg
(NK_MCNB99cr) specification of the Phillips curve where itifb is linked to expected inflation and
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the output gap. In the second setup of the model, the authtreduce the so-called P-bar price
adjustment (NK_MCN99pb) where price changes occur in a@lgradually 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 Keynesialtigghcurve (NK_MCN99cr),
(i) P-bar price adjustment (NK_MCN99pb).

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

o Calibration/Estimation: The model equations are estichgividually by ordinary least squares
and instrumental variable estimation for U.S. data. Thepameriod comprises 1955-1996.

B.1.6 NK_IR04: Ireland (2004)

Ireland (2004) develops a small New Keynesian model with meaney balances entering both the
forward-looking IS curve and the Phillips curve. The modalsed to 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 sepamaldésire, subject to a budget
constraint. The optimizing behavior of this household &&a a forward-looking IS curve
with real money balances entering the specification. Thituésto the non-separability of real
balances to consumption in the utility function, as reabhaks affect the marginal rate of
intertemporal substitution.

e Aggregate Supply: A representative firm produces final g@mdsrding to a constant-returns-
to-scale technology, using labor and intermediate goodspags. On the other hand, inter-
mediate goods are produced under a linear technology wairog &s input. The representative
intermediate goods-producing firm has monopolistic powehé market, therefore acting as
a price-setter. However, price setting is subject to Rotngiguadratic adjustment costs. The
optimizing behavior of this firm leads to a forward-lookingilips curve with real money
balances entering the specification.

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

e Calibration/Estimation: Estimated via maximum likeliltbosing U.S. quarterly data over the
period 1980:1-2001:3.
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B.1.7 NK BGG99: Bernanke et al. (1999)

Bernanke et al. (1999) introduce credit market imperfedimto an otherwise standard New Keyne-
sian model with capital and show that these financial fitioontribute to propagate and amplify the
response of key macroeconomic variables to nominal anghealks. An agency problem arises due
to asymmetries of information in borrower-lender relagbips. 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 consummptieisure and real money bal-
ances. Household optimization results in a standard dyn#néquation. Entrepreneurs use
capital and labor to produce wholesale goods that are sdltreetail sector. Each period, en-
trepreneurs have to accumulate capital that becomes bieita production in the subsequent
period. Entrepreneurs have to borrow from households viaaaf(iial intermediary to finance
capital purchases. Since the financial intermediary hasyospme auditing costs to observe
the idiosyncratic return to capital, an agency problemestishe optimal contract leads to an
aggregate relationship of the spread between the exten@aidé costs and the risk-free rate
and entrepreneurs’ financial conditions represented bletlegage ratio.

e Aggregate Supply: Retail firms act under monopolistic catitipa. They buy wholesale goods
produced by entrepreneurs in a competitive market andrdiffeate 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 ofci{t®ain that period, so that previous
period’s expectations of the output gap and future infladarer the New Keynesian Phillips

curve.

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

shock variances equal to zero.

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

B.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 shédiegtical preferences, technology
and market structure but facing imperfectly correlateddpativity shocks. With this framework, the
authors analyze the macroeconomic implications of thréferdint rule-based policy regimes for a
small open economy, pointing out the trade-offs the autiesrface between the stabilization of the
nominal exchange rate, domestic inflation and the output gap
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Aggregate Demand: The representative household in a speil economy seeks to optimize
its utility separable between consumption and leisureesithip its budget constraint. Con-
sumption is a composite of domestic and foreign goods, vieijhy the degree of home bias
in preferences, which represents the index of country opesinThe dynamic IS equation is
similar to that found for a closed economy but with the degfempenness influencing the sen-
sitivity of the output gap to interest rate changes. Furttoge, the natural interest rate depends
on the expected growth of world output.

Aggregate Supply: Differentiated goods are produced fragpeal firm using a linear tech-

nology with labor as input. Firms face price stickiness a &v@ as in the case of a closed
economy. Importantly, marginal costs are increasing irtehes of trade and in world output.
The degree of country openness affects the slope of the Ngwase&n Phillips curve of the

small open economy, thus affecting the response of inflatiariations in the output gap.

The Foreign Sector: Purchasing Power Parity and the law efpoice hold. 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.

Shocks: A domestic productivity shock and a world demandaiksho

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

B.2 Estimated U.S. Models
B.2.1 US FM95: Fuhrer and Moore (1995a)

The model is described in Fuhrer and Moore (1995a) and Fam@Moore (1995b). We employ
the parametrization used in Levin et al. (2003). Fuhrer aidfd introduce a new wage contracting

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

observed in U.S. data.

e Aggregate Demand: The US_FM95 model represents aggrquatdisg by a single reduced-
form equation corresponding to an IS curve. The currentudugap 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 reaést rates with a duration of 40
quarters.
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e Aggregate Supply: The aggregate price level is a constark-opa(normalized to one) over
the aggregate wage rate. The aggregate wage dynamics armiuhetd by overlapping wage
contracts. In particular, the aggregate wage is defined thédeveighted average of current
and three lagged values of the contract wage rate. The ratthocd wage, that is the contract
wage deflated by the aggregate wage, is determined as a eeigitrage of expected real
contract wages, adjusted for the expected average outpubygr the life of the contract.
This specification yields a hybrid Phillips curve that degeadditionally on current and past
demand and expectations about future demand.

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

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

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

B.2.2 US_OW98: FRB Monetary Studies, Orphanides and Wielash (1998)

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

e Aggregate Demand: The US_OW98 model disaggregates readisygeinto five components:
private consumption, fixed investment, inventory investmaet exports, and government
purchases. The aggregate demand components exhibitl @aljisstment to their respective
equilibrium levels, measured as shares of potential GDfialPadjustments reflect habit per-
sistence. Equilibrium consumption and fixed investmentfanetions of permanent income
(discounted at 10 percent) and depend on the long-termatmal The long-term nominal in-
terest rate is an average of expected future hominal skor-tates. The long-term real rate
is determined by the Fisher equation. Inventory investndepends on three lags of output.
Government spending is an AR(1) process.

e Aggregate Supply: The structure is similar to the US_FM98etoln US_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 outputdwartput, the real exchange rate
and lagged net exports. The exchange rate is determined UiPacondition.
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e Shocks: Five demand shocks including the common fiscal ypslwock in the government
spending equation, an ad hoc cost push shock to the nomimg@ eantracts and the common
monetary policy shock.

e Calibration/Estimation: The model is estimated for theigubrl980-1996 using U.S. data.
The demand block is estimated via IV-estimation equatipreduation. For the supply side
simulation-based indirect inference methods are used.

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

B.2.3 US_FRBO03: FRB-US model

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

e Aggregate Demand: Real spending is divided into five comptmrivate consumption, fixed
investment, inventory investment, net exports and govemirpurchases. The broad compo-
nents are disaggregated further i.e. spending on fixedtimesg is separated into equipment,
nonresidential structures and residential constructi@®overnment 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-trpdeate spending equations follows
the generalized adjustment cost model due to Tinsley (1993)

e Aggregate Supply: Potential output is modeled as a funaifahe labor force, crude energy
use, and a composite capital stock, using a three-factob-Catuglas production technology.
The equilibrium output price is a mark-up over a weighted-age of the productivity-adjusted
wage rate and the domestic energy price. The specificatidineofvage and price dynamics
follows the generalized adjustment cost framework useléraggregate demand block. Wage
inflation depends on lagged wage inflation over the previoreetquarters, 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 valuesstbe past two quarters, as well
as expected future changes in equilibrium prices and eggddature 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 mod&htains a detailed accounting
of various categories of income, taxes, and stocks, anaxptatment of labor markets, and
endogenous determination of potential output. Long-rumiliggium in the model is of the
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stock-flow type; the income tax rate and real exchange rskepriemium adjust over time to
bring government and foreign debt-to-GDP ratios back t@ifipd (constant) levels.

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

Shocks: The model exhibits a large range of shocks to whiclaggethe common monetary
policy shock and a fiscal shock that equally affects all tlw@®ponents of federal government
spending such that a unit fiscal policy shock affects output percent.

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

B.2.4 US SWO07: Smets and Wouters (2007)

Smets and Wouters (2007) develop a medium-scale closedmyddSGE-Model and estimate it for

the U.S. with Bayesian techniques. The model features ardetistic growth rate driven by labor-

augmenting technological progress, so that the data doawsut to be detrended before estimation.

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

e Aggregate Supply: The final goods, which are produced uneléegt competition, are used for
consumption and investment by the households and by theamoeat. The final goods pro-
ducer maximizes profits subject to a Kimball (1995) aggregat intermediate goods, which
introduces monopolistic competition in the market for intediate goods and features a non
constant elasticity of substitution between differentimediate goods, which depends on their
relative price. A continuum of intermediate firms produdéedéentiated goods using a produc-
tion function with Cobb-Douglas technology and fixed costd aell these goods to the final-
good sector. They decide on labor and capital inputs, angrgsts according to the Calvo
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model. Labor is differentiated by a union using the Kimbayeegator, 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@ods producer in a perfectly
competitive environment. Sticky wages a la Calvo are aolufitily assumed. The Calvo model
in both wage and price setting is augmented by the assumptioprices that can not be freely
set, are partially indexed to past inflation rates.

e Shocks: A total factor productivity shock, a risk premiunoek, an investment-specific tech-
nology shock, a wage and a price mark-up shock and two potioglss: the common fiscal
policy shock entering the government spending equationtaedcommon monetary policy
shock.

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

¢ Replication: We replicated the impulse response functiorsspositive one standard deviation
monetary policy shock in Figure 6 of Smets and Wouters (200§ variables include output,
hours, quarterly inflation and the interest rate.

B.2.5 US_ACEL: CEE/ACEL by Altig et al. (2005)

The purpose of the authors is to build a model with optimizggnts that can account for the observed
inertia in inflation and persistence in output (Christianale, 2005). In the version by Altig et al.
(2005) firm-specific capital is introduced to get a Calvo pegter consistent with the microeconomic
evidence of price re-optimizations on average once evérgdarters. The Modelbase contains four
different specifications of the CEE/ACEL model, labeled by monetary policy shock, t = technol-
ogy shock and sw = SW assumptions, i.e. no cost channel anichimg tconstraints as in Taylor and
Wieland (2009).

e Aggregate Demand: The representative household’s uidiseparable in consumption and
leisure and allows for habit formation in consumption. Ectee-lifetime utility is maximized,
choosing optimal consumption and investment, as well aatheunt of capital services sup-
plied to the intermediate firms (homogenous capital model)@ortfolio decisions. Investment
adjustment costs are introduced. Furthermore, the holdsdltermines the wage rate for its
monopolistically supplied differentiated labor serviegdsenever 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. Labwoices are sold to a competitive
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firm that aggregates the differentiated services and segpfitie resulting aggregated labor to
the intermediate goods firms.
In the firm-specific capital model, the capital stock is owbgdhe firms.

Aggregate Supply: The final consumption good is producedaupdrfect competition using
differentiated intermediate goods as inputs. Each intdrate good is producted by a mo-
nopolist employing capital (which is firm-specific in one iaaut of the model) and labor ser-
vices. The production function is augmented by a technaosbggk. Capital is pre-determined.
Hence, if capital is firm-specific, marginal costs dependtpedy on the firm’s output level.
Furthermore, it is assumed that the monopolistic firms haveaty the wage bill in advance
which requires borrowing from a financial intermediary. Noat frictions are introduced in
the form of Calvo sticky prices. Non-reoptimizing firms ixdeir prices to previous periods
inflation.

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

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

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

B.2.6 US NFEDO08: Edge et al. (2008)

The US_NFEDOQS is a version of the medium-scale closed ecgnoatel as in Edge et al. (2008)

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

and expenditures are motivated by the long-run and cyglicgierties observed in the U.S. data. Pro-

duction sectors in Edge et al. (2008) differ in the rate oftdahnological growth while expenditures

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

used at the Federal Reserve Board as a complimentary mogeifoy 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 ofcgerfrom their rental of consumer-
durable capital, the flow of services from their rental ofdestial capital, and leisure. Internal
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habit persistence is present in all three components ofuropon. Households supply dif-
ferentiated labor to two production sectors. They face catadwage adjustment costs when
setting wages. Furthermore, they face additional costawhanging the mix of labor supplied
to each of the production sectors. The consumption compgsr the disutility from labor
are subject to specific AR(1) aggregate shocks.

e Aggregate Supply: There are two production sectors in tludet) differing on what type of
final goods and services they are producing. One of the se@@omprised of businesses and
institutions) produces slow-growing “consumption” go@asl services while the other sector
(only businesses) produces fast-growing “capital” gooBmal goods are an aggregate (us-
ing Dixit-Stiglitz technology) of sector-specific differ@ated 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 levepooductivity in the Cobb-Douglas
production function has a common and a sector specific faBamed on historical data for the
U.S., faster technological progress for capital-speciinds is assumed. Price setting decisions
(under price adjustment costs) of intermediate goods firetiset a New Keynesian Phillips
curve with backward and forward-looking terms. Capital evenchoose how much residen-
tial capital, non-residential capital and consumer dwesill be invested in each production
sector. These decisions are subject to investment anditagjustment 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 terprefes over non-durables and
non-housing services, a shock to preferences over retleapital, a shock to preferences
over leisure, a shock to efficiency of investment in noneestial capital, a shock to efficiency
of investment in residential capital, a shock to efficien€ynwestment in consumer durable
goods, a mark-up shock, a shock to the elasticity of sulistittbetween the differentiated
intermediate goods inputs, an economy-wide productiitgck, a sector specific productivity
shock, an intermediate labor substitution shock, a labbsti#ution shock, a monetary policy

shock.

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

B.2.7 US RS99: Rudebusch and Svensson (1999)

Rudebusch and Svensson (1999) set up a simple linear mothed &f.S. economy which is used to
examine the performance of different policy rules takintg iaccount 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 legs and the difference
between the average federal funds rate and the averag@imflate over the current and three
preceding quarters.

e Aggregate Supply: Phillips curve of the accelerationistrfo
e Shocks: A cost-push shock, a demand shock and the commortamppelicy shock.

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

B.2.8 US_ORO03:0rphanides (2003)

Orphanides (2003) conducts a counterfactual analysigltmasthe historical experience of the United
States economy to give an example of the difficulties in iifg@ng robust policy strategies. The
counterfactual analysis gives an insight how inflation dreldutput gap would have evolved from
the 1960s to the 1990s if the Federal Reserve had actualbwied two distinct activist monetary
policy rules taking into account the difference betweetisgéa and non-realistic assumptions on the
availability of information on the output gap.

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

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

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

e Calibration/estimation: The Aggregate Demand and Agge=§apply equation are estimated
in a setup that can be interpreted as a mildly restrictec®iral vector autoregression (VAR)
of up to four lags estimated using quarterly data from fror6QL& 1993.

B.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 oiteout, US_PMO08. These models
are part of the IMF research agenda in developing a Smallt@latGlobal Projection Model (GMP)

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

e Aggregate Demand: The behavioral IS curve relates the bgggu to 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 effectshef shocks. In the model with financial
linkages, US_PMO8Il, the output gap is a function of a findn@aable as well, constructed
using information from FED’s quarterly Senior Loan Officepi@on Survey on Bank Lend-
ing Practices. This variable enters in the form of a shock iamsl supposed to reflect the
bank lending conditions (tightening or loosening). Th@iggmding conditions are tighter than
anticipated, the effect will be a lower output gap and a weakenomy.

e Aggregate Supply: In the Phillips curve equation, inflatistinked to its past and expected
future values, to the lagged output gap and a disturbanaoe 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 nomhalistent estimates of future

inflation.

e Shocks: A shock to the level and the growth rate of potentidpat, 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_PRM@8financial shock is introduced
in addition and cross correlations of the error terms betvosgtain shocks are allowed.

o Calibration/Estimation: Both models are estimated witly@&aan techniques, using U.S. quar-
terly data over the period 1994:1-2008:1.

B.2.10 US_DGO08: DeGraeve (2008)

DeGraeve (2008) uses a medium-scale New Keynesian modelnilsmets and Wouters (2007)
enriched with financial frictions as in Bernanke et al. (1P@Bestimate and explore the role of the
external finance premium in propagating shocks for the Lt&emy. Conditional on certain shocks,
he finds that a framework with financial frictions and investrnadjustment costs may give rise to a

financial “decelerator”.

e Aggregate Demand: As in Smets and Wouters (2007), housematkimize their lifetime
utility function, non-separable in consumption and legswsubject to an intertemporal budget
constraint. Preferences for consumption are subject tit patsistence. They own firms, hold
financial wealth in the form of one-period, state-contirndsmnds and supply labor monopolis-
tically. Wage stickiness is introduced via the Calvo fraragkwy
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e Aggregate Supply: Apart from the intermediate and final gdfirdhs as in Smets and Wouters
(2007), a financial intermediary, capital goods produces entrepreneurs are introduced in
the model to match the structure as in Bernanke et al. (1989 Christiano, Motto, and Ros-
tagno (2003). Intermediate goods firms face price rigidigy@alvo while capital good produc-
ers face convex investment adjustment costs. On the ottiertbie presence of entrepreneurs
and the financial intermediary brings financial frictiontiplay. Entrepreneurs borrow from
financial intermediaries to buy capital (from capital prodts), decide on capital utilization,
rent capital services to intermediate goods firms and saelldepreciated capital back to capital
producers. However, after the purchase of the capital stottkepreneurs are hit by an idiosyn-
cratic shock, observable only by them. This leads to theycesdte verification framework a
la Bernanke et al. (1999), giving raise to extra costs, atioeisk-free rate. The optimal con-
tract between entrepreneurs and the financial intermeltiads to an aggregate relationship of
the spread between the external finance costs and the eéiskéte and entrepreneurs’ financial
conditions represented by the leverage ratio.

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

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

B.2.11 US_CDO08: Christensen and Dib (2008)

Christensen and Dib (2008) develop and estimate a DSGE nobdehcterized by price stickiness,
capital adjustment costs and financial frictions with tha aif evaluating the importance of the fi-
nancial accelerator in the amplification and propagatiothefeffects of the transitory shocks to the
U.S. economy. US_CDO08 is a closed economy model like inrice[2003) enriched with financial
frictions as in Bernanke et al. (1999). The model is estich&awo versions, with and without the
financial accelerator mechanism.

e Aggregate Demand: The representative household deriNigsfubm consumption, real money
balances and leisure. Consumption and real balances gezstda preference shock and a
money demand shock, respectively. The household keepsitieptthe financial intermediary,
supplies labor to the entrepreneurs and earns dividenasritailer firms.

e Aggregate Supply: The production sector is comprised obpnéneurs, capital producers and
retailers. The set up introducing the financial frictionsiigilar to Bernanke et al. (1999),
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apart from the fact that the debt contracts in Christensedraln (2008) are written in terms of
the nominal interest rate. This specification allows fortdeftation effects, as unanticipated
changes in inflation will affect the real cost of debt paynemd the entrepreneurial net worth.
Entrepreneurs borrow from financial intermediaries to bapi@l from capital producers and
produce intermediate goods. Due to asymmetric informdi&tween the entrepreneurs and fi-
nancial intermediaries, the demand for capital is depermethe entrepreneurs’ financial con-
ditions. Capital producers combine efficient investmerddgoand existing capital to produce
new capital, subject to capital adjustment costs, whictv slown the response of investment
to different shocks. On the other side, retailers buy wradegoods from entrepreneurs, dif-
ferentiate them at no cost and sell them in a monopolisticp=ditive market, subject to price
stickiness as in Calvo (1983) and Yun (1996).

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

e Calibration/Estimation: The model is estimated using aimarn-likelihood procedure with
Kalman filter on quarterly U.S. data for the period 1979:334£0.

B.2.12 US _IACO5: lacoviello (2005)

lacoviello (2005) develops a New Keynesian model with n@hémd financial frictions, where debt
contracts are written in nominal terms and some agents falkk&eral constraints tied to housing
values. This gives rise to an accelerator effect for demandks and a decelerator effect for supply
shocks. The model can match the response of the aggregagmdeathousing price shocks and the
hump-shaped dynamics of output to inflation surprises, wies€rom U.S. data.

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

e Aggregate Supply: Entrepreneurs produce a homogenearsiadiate 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 adjustmenscdsillowing 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 tremneeretailers who buy the intermediate
goods from the entrepreneur, differentiate them at no cudisell 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, lntdogy shock and a monetary
policy shock.

e Calibration/Estimation: A mixture of calibrated and esitedd parameters. Estimation of pa-
rameters is done by minimizing a measure of the distancedestthe VAR impulse responses
and model responses, using quarterly U.S. data for thegp&8@4:1-2003:2.

B.2.13 US_MRO07: 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 informatigalagly when setting prices, wages and
deciding on consumption. US_MRO7 is a model with informat&iickiness. Estimation of the
model using U.S. data confirms the presence of such rigsdigpecially for consumers and workers.

e Aggregate Demand: Infinitely lived households are of twoeg/pconsumers and workers.
Their utility function is additively separable in consurigotand leisure. They are able to save
and borrow by trading bonds between themselves. Workerssehbow much to work and
what wage to charge for the particular variety of labor ovbhioh they hold a monopoly. Both
consumers and workers take decisions but only a fractiohesht randomly drawn from their
respective population, obtain new information and canpengze 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, reflectirgféttt that households have different
sets of information. The stickier the information is (lowasé of informed households), the
smaller the impact of shocks on spending and wages, sinar fmmsumers and workers are
aware of them. The natural (long-run) equilibrium corregg®to a situation where all agents
are perfectly informed.

e Aggregate Supply: Firms produce output using labor andtkelt differentiated goods in a
monopolistic competitive market. Firms are constrainethfarmation gathering in the same
fashion as households. Each period, a fraction of firms,aangldrawn from the population,
obtains new information and recalculates the optimal prite optimizing process of the firms
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leads to a Phillips curve equation where the price levelisrd@ned as a sum of past expecta-
tions of current economic conditions (prices, output, rirecosts, technology shocks). The
summation captures the fact that firms have different setsfofmation. Shocks to the vari-
ables in the Phillips curve equation will have gradual éfexs some firms remain unaware of
these shocks and only react to them once they update theiniafion set.

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

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

B.3 Estimated Euro Area Models
B.3.1 EA_CWO05: Coenen and Wieland (2005)

Coenen and Wieland (2005) develop a small-scale macroegomoeodel for various staggered pric-
ing schemes. We use a version with the nominal contract fipet@n of Taylor (1980), labeled
EA_CWO5ta, and a version with the relative real wage cohspecification of Fuhrer and Moore
(1995a), labeled EA_CWO5fm.

e Aggregate Demand: The aggregate demand equation is bathkeaking: two lags of ag-
gregate demand (should account for habit persistence isuooption, 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 e rate is an average of expected
future nominal short-term rates. The long-term real ratietermined by the Fisher equation.

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

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

¢ Replication: We replicated the impulse response functafrennual 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) for both versionthefmodel.
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B.3.2 EA_AWMO5: Area Wide model linearized by Dieppe, Kuestr and McAdam (2005)

The model is described in Fagan, Henry, and Mestre (200%yastone of the first models to treat
the Euro area as a single economy. In the Modelbase we uséagized version from Dieppe,
Kuester and McAdam (2005) that is also used in Kuester anthdg2005). The EA_ AWMO5 is an
open economy model of the Euro area. Expectation formasidergely backward-looking. Activity
is demand-determined in the short-run but supply deterghimé¢he long-run with employment hav-
ing converged to a level consistent with the exogenouslgrglevel of equilibrium unemployment.
Stock-flow adjustments are accounted for, e.g., the inmhusf a wealth term in consumption.

e Aggregate Demand: Demand is disaggregated into privatguroption, government consump-
tion, investment, variation of inventories, exports, amgports. The term structure (12-year
bond) is forward-looking. Private consumption is specifisda function of households’ real
disposable income and wealth, where the latter consistetdbreign assets, public debt and
the capital stock. The change in the log of the investmetglduatio depends on the real in-
terest rate, the real GDP/capital stock ratio and the lagg@s$tment/output ratio. The authors
stress that this investment equation represents the kaynehthrough which interest rates
affect aggregate demand. Government consumption is treatexogenous.

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

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

e Shocks: Employment shock, factor cost-push shock, prigatesumption cost-push shock,
gross investment cost-push shock, gross investment skapkyts cost-push shock, imports
cost-push shock, private consumption shock, term strestoock, common fiscal policy shock
and common monetary policy shock.

e Calibration/Estimation: Estimation on Euro area data &qudy equation from 1970:1-1997:4,
whereas the estimation period of some equations startsthatenot later than 1980:1.

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

B.3.3 EA_SWO03: Smets and Wouters (2003)

The EA_SWO03 model of Smets and Wouters (2003) is a mediue-slmssed economy DSGE model
with various frictions and estimated for the Euro area wittly&sian techniques.

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

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

e Shocks: Ten orthogonal structural shocks are introductdteimodel. Three preference shocks
in the utility function: a general shock to preferences, @gto labor supply and a money de-
mand shock. Two technology shocks: an AR(1) process withidashiock to the investment
cost function and a productivity shock to the productionclion. Three cost push-shocks:
shocks to the wage and price mark-up, which are iid arounchataat and a shock to the re-
quired rate of return on equity investment. And finally twomatary policy shocks: a persistent
shock to the inflation objective and a temporary common naweqiolicy shock. In addition,
the common fiscal policy shock is added in the form of a govemirspending shock. Since
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government spending is expressed in output units, we sebtfécient which scales the shock
to unity to achieve a shock size of one percent of GDP.

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

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

B.3.4 EA_SRO07: Euro Area Model of Sveriges Riksbank, Adolfsn et al. (2007)

Adolfson et al. (2007) develop an open economy DSGE modelestichate it for the Euro area
using Bayesian estimation techniques. They analyse thertance of several rigidities and shocks
to match the dynamics of an open economy.

e Aggregate Demand: Households maximize lifetime utilitpjset to a standard budget con-
straint. Preferences are separable in consumption, laibreal cash holdings. Persistent
preference shocks to consumption and labor supply are dddeed representative utility func-
tion. Internal habit formation is imposed with respect tagamption. Aggregate consumption
is specified as a CES function, being composed of domestioedduced as well as imported
consumption goods. Households rent capital to firms. Clagétavices 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 isasgnted 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 hds assures the existence of a
well-defined steady state. Households monopolisticalppiua 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 finawidaxes on capital income,
labor income, consumption and payroll. Any surplus or decassumed to be carried over as
a lump-sum transfer to households.

e Aggregate Supply: The final good is produced via a CES agtpegaing a continuum of
differentiated intermediate goods as inputs. The produoatif intermediate goods requires
homogeneous labor and capital services as inputs and igedféy a unit-root technology
shock representing world productivity as well as a domastitinology shock. Fixed costs
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are imposed such that profits are zero in steady state. Duertang capital, (a fraction of)
the wage bill has to be financed in advance of the productioogss. Price stickiness of
intermediate goods is modeled as in the Calvo (1983) modelddition, 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 sigmal given period. This results in a
hybrid new Keynesian Phillips curve.

Foreign sector: Importing firms are assumed to buy a homagengood in the world market
and differentiate it to sell it in the domestic market. Samly, exporting firms buy the ho-
mogeneous final consumption good produced in the domegiitoaty and differentiate it to
sell it abroad. Specifically, the differentiated investiand consumption import goods are
aggregated in a second step via a CES function, respectiVbly same applies to the export
goods. Calvo pricing is also assumed for the import and égsator, allowing for incomplete
exchange rate pass-through in the short run. The foreigmogop is described by an identified
VAR model for foreign prices, foreign output and the foreigterest rate.

Shocks: Unit root technology shock, stationary technoklyyck, investment specific technol-
ogy shock, asymmetric technology shock, consumption prafe shock, labor supply shock,
risk premium shock, domestic mark-up shock, imported conion mark-up shock, imported
investment mark-up shock, export mark-up shock, inflateoget shock, 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 hausted so that we achieve a
shock size of one percent of GDP.

Calibration/Estimation: The model is estimated using B#me estimation techniques for the

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

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

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

B.3.5 EA_QUEST3: Ratto et al. (2009)

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

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

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

transfers and with financial frictions in the form of liquigliconstrained households.
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e Aggregate Demand: There are two types of households: liguahd non-liquidity-constrained
households. They posses the same utility function, noafabte in consumption and leisure
with habit persistence in both consumption and leisure uidity-constrained households do
not optimize, they just consume their laborincome. On theside, non-liquidity-constrained
households have access to domestic and foreign currenoyieated assets, accumulate cap-
ital subject to investment adjustment costs and rent it todjrearn profits from owning the
firms and pay taxes. Income from foreign financial assetshgstto an external financial
intermediation risk premium while real asset holdings agiect to an equity risk premium.
Both types of households supply differentiated labor taddrunion which sets the wages by
maximizing their joint utility (weighted by the share of déatype). The wage setting process
is subject to a wage mark-up and to slow adjustments in tHeoesumption 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 fromapolistically competitive
firms, are used for household consumption, investment,rgavent consumption and export.
These goods are produced with a Cobb-Douglas productiastifumwith 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 subjetigsd specific adjustment costs (all
having convex functional forms) and demand conditionsestment good producers combine
domestic and foreign final goods using a CES aggregator @ugminvestment goods which
are sold to non-liquidity-constrained households in agely competitive market.

e The Foreign Sector: Demand behavior is considered the santbd home country and the
rest of the world, therefore export demand and import denamegymmetric. Both equations
are characterized by a lag structure in relative prices wbaptures delivery lags. Export firms
buy domestic goods, transform them using a linear techiyadogl sell them in the foreign
market, charging a mark-up over the domestic prices. The sdtuation is faced by importer
firms. Mark-up fluctuations arise because of price adjustroests in both sectors. Mark-up
equations are given as a function of past and future infladimh are also subject to random
shocks.

e Shocks: Awage mark up shock, a price mark-up shock, a mgngdéicy 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 shodteigriononetary policy shock.

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

B.4 Estimated/Calibrated Multi-Country Models
B.4.1 G7_TAY93: Taylor (1993a) G7 countries

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

e Aggregate Demand: The IS components are more disaggrapated the US_OW98 model.
For example, spending on fixed investment is separated lmée tcomponents: equipment,
nonresidential structures, and residential constructidre specification of these equations is
very similar to that of the more aggregated equations in tBe @WV98 model. The aggre-
gate demand components exhibit partial adjustment to thepective 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 Bigpartial adjustment to an equilib-
rium level that depends on foreign output and the relativeepof exports. Uncovered interest
rate parity determines each bilateral exchange rate (ufitteavarying risk premium); e.g., the
expected one-period-ahead percent change in the DM/Ux8t&ange rate equals the current
difference between U.S. and German short-term interess.rat

e Aggregate Supply: The aggregate wage rate is determineddnapping wage contracts. In
particular, the aggregate wage is defined to be the weightrdge of current and three lagged
values of the contract wage rate. In contrast to the US_FM&&aiand the US_OW98 model,
G7_TAY93 follows the specification in Taylor (1980), whelne turrent nominal contract wage
is determined as a weighted average of expected nominatambrwages, adjusted for the
expected state of the economy over the life of the contrabis implies less persistence of
inflation than in the US_FM95 and the US_0OW98 model. The agajeprice level is not set as
a constant mark-up over the aggregate wage rate as in US_&MB3S_OW98. 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-loglkénror-correction specification.
Current output price inflation depends positively on its dagged value, on current wage
inflation, and on lagged import price inflation, and responegatively (with a coefficient of
-0.2) to the lagged percent deviation of the actual pricelleem equilibrium. Import prices
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adjust slowly (error-correction form) to an equilibriunvés equal to a constant mark-up over a
weighted average of foreign prices converted to dollargs phrtial adjustment of import and
output prices imposes somewhat more persistence to outigetipflation than would result
from staggered nominal wages alone.

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

Shocks: Interest rate parity shock, term structure shoukalde consumption shock, non-
durable consumption shock, services consumption shott,donsumption shock, aggregate
consumption shocks for Germany and Italy, for the other t@esdisaggregated, nonresiden-
tial equipment investment shock, nonresidential strestimvestment shock, residential invest-
ment shock, inventory investment shock, fixed investmeatkhinventory investment shock,
real export shock, real import shock, contract wage shaxd¢;push shock, import price shock,
export price shock, fiscal policy shock, where we have adglite size of the fiscal policy
shock for the U.S. - the common fiscal shock - so that a unitlshegresents a 1 percent of
GNP shock and a monetary policy shock where again the comnumie Mase monetary policy
shock enters the monetary policy rule for the U.S..

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

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

B.4.2 G3_CWO03: Coenen, Wieland (2002, 2003) G3 countries

In this model different kinds of nominal rigidities are catered in order to match inflation and

output dynamics in the U.S., the Euro area and Japan. Stgjgentracts by Taylor (1980) explain

best inflation dynamics in the Euro area and Japan and sedjgentracts by Fuhrer and Moore

(1995a) explain best U.S. inflation dynamics. The authoasuete the role of the exchange rate for

monetary policy and find little gain from direct policy respse to exchange rates.

e Aggregate Demand: The open-economy aggregate demandoeoedaites output to the lagged
ex-ante long-term real interest rate and the trade-waeilgreal exchange rate and additional
lags of the output gap. The demand equation is very similénads7_TAY93 model without

any sectoral disaggregation. Lagged output terms are sepo account 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 monetaticy The exchange rate influences
net exports and thus enters the aggregate demand equati@fony term nominal interest rate
is an average of expected future nominal short-term ratég. Idng-term real interest rate is
determined by the Fisher equation.

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

o Foreign sector: All three countries are modeled explicitlyge Modelbase rule replaces mone-
tary policy for the U.S.. For the Euro area and Japan ther@igterest 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 deterrnjngdP conditions.

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

e Calibration/Estimation: Euro area data, (fixed GDP weightBPP rates from the ECB area-
wide model database), U.S. data and Japanese data. ForSharid. Japan OECD’s output
gap estimates are used. For the Euro area log-linear treadsead to derive potential output.
The estimation is robust to different output gap estimatidbemand block: GMM estimation
where lagged values of output, inflation, interest rates, r@al exchange rates are used as
instruments. Supply side: simulation-based indirectrariee methods. Estimation period:
U.S. 1980:1-1998:4, Euro area 1980:1-1998:4 and Japan1t98®7:1.

e Replication: We replicated the impulse response function3.5 percentage points demand
shocks in the United States, the Euro Area und Japan plattE@yure 3 of Coenen, Wieland
(2003). Variables include the output gap, annual inflatiod #ne short-term nominal interest
rate of the United States, the Euro Area and Japan.

B.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 (GE&#)d consists of a small and a
large open economy. The authors study the effectivenesaybdirules and inflation-forecast-based

70



rules in stabilizing variability in output and inflation. & check if policy rules designed for large and
relatively closed economies can be adopted by small, tdegendent countries with less developed
financial markets and strong movements in productivity @fative prices and destabilizing exposure
to volatile capital flows. In contrast to Laxton and Pese2@i03) we focus on the results for the large
open economy (Euro area) rather than the small open ecororeci Republic).

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

e Aggregate Supply: Monopolistic intermediate goods firmsdpice nontradeable 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). Pdyfeompetitive final good firms
(Dixit-Stiglitz aggregator) use nontradable and tradeauaods and imports as inputs. House-
holds are monopolistic suppliers of labor and wage corgract subject to adjustment costs.
Households own domestic firms, nonreproducable resourmbshe domestic capital stock.
Markets for land and capital are competitive. Capital acalation is subject to adjustment
costs. Labor, capital and land are immobile internatignallouseholds trade a short-term
nominal bond, denominated in foreign currency. All firmsiexHocal currency pricing, thus
exchange rate pass-through is low.

e Shocks: Risk premium shock, productivity shock, shock witivestment depreciation rate,
shock to the marginal utility of consumption, governmensaption shock where the one
affecting the large foreign economy represents the comnsealfpolicy 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 magriability 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 pality rule in both countries.

¢ Replication: We replicated the standard deviations of ahimilation, 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 #wmsd row of Table 4 in their
paper.
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B.4.4 G2_SIGMAO08: FRB-SIGMA by Erceg et al. (2008)

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

e Aggregate Demand: There are two types of households: holgsethat maximize a util-
ity function separable in consumption, with external h&ditmation and a preference shock,
leisure and real money balances, subject to an interteriimadget constraint (forward-looking
households) and the remainder that simply consume aftedisposable income (hand-to-
mouth households). Households consume, own the firms anoradate capital, which they
rent to the intermediate goods producers. Erceg et al. (26@8duce investment adjustment
costs a la Christiano et al. (2005), where it is costly fortibeseholds to change the level of
gross investment. Households also choose optimal partfoli financial assets, which include
domestic money balances, government bonds, state-centidgmestic bonds and a non-state
contingent foreign bond. It is assumed that householdsdrmtime country pay an intermedi-
ation cost when purchasing foreign bonds, which ensurestétionarity of net foreign assets.
Households rent their labor in a monopolistic market to firmbsere forward-looking house-
holds set their nominal wage in Calvo-style staggered estdranalogous to the price contracts
and hand-to-mouth households simply set their wage eadbdpequal to the average wage of
the forward-looking households.

e Aggregate Supply: Intermediate-goods producers haveeantti@whl CES production function
and rent capital and labor from competitive factor markétey sell their goods to final goods
producers under monopolistic competition and set priceSalvo-style staggered contracts.
Firms, who don't get a signal to optimize their price in thereat period, mechanically ad-
just their price based on lagged aggregate inflation. Finatigoroducers 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 foland sell the final good to house-
holds in their country. Erceg et al. (2008) introduce quadimport adjustment costs into the
final goods aggregator, which are zero in steady state. tiSlycfor a firm to change its share
of imports in a final good relative to their lagged aggregéi@ss. Thus the import share of
consumption or investment goods is relatively unresp@nisithe short-run to changes in the
relative price of imported goods even while allowing theelleof imports to jump costlessly
in response to changes in overall consumption or investohemiand. Government purchases
are assumed to be a constant fraction of output. Governraeanhue consists of income from
capital taxes (net of the depreciation write off), seiggersacome and revenue from lump-sum
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taxes (net of transfers). The government issues bonds toctrthe difference between gov-
ernment revenue and expenditure. Lump-sum taxes are edjosth in response to deviations
of the government debt/GDP ratio from a target level and¢octenge in that ratio.

e Foreign sector: Local currency pricing is assumed. Inteliate goods producers price their
product separately in the home and foreign market leadingntincomplete exchange rate
pass-through. Erceg et al. (2008) point out, that emplyidgadports and exports in the U.S. are
heavily concentrated, with about 75 percent in capital goamad 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 fop@bd aggregator for investment
goods to be higher than the import share in the final good gatwefor consumption goods.

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

try.

e Calibration/Estimation: The model is calibrated at a gerlytfrequency. Parameters of the
original monetary policy rule are estimated using U.S. diata 1983:1-2003:4.

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

B.4.5 EAUS_NAWMO0S8: Coenen et al. (2008)

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

e Aggregate Demand: Only a share of households have accessigstic and international fi-
nancial markets, accumulates capital and holds money. Wer part of households do not
have access to financial markets and neither holds capitedy $mooth consumption solely
by adjusting their money holdings. Both types of househpidgimize a lifetime utility func-
tion with external habit in consumption and supply diffaiated 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 sage while the other part follows
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an indexation scheme, with wages being a geometric averfgg@so changes in the price of
the consumption good. Households gross income is subjectith taxation structure. They
pay taxes on consumption purchases, on wage income, on capital income and on divi-
dend income. Furthermore, they pay social security camiohs, a lump-sum tax and receive
transfers. Purchases of consumption, financial investingnternational markets and capital
utilization are subject to specific proportional costs.

e Aggregate Supply: Producers are distinguished betweeatupiog tradable and non-tradable
goods. The intermediate goods firm produces a single, tradsterentiated 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 marketrundeopolistic competition.
Price setting is subject to staggered price contracts allo@4983). 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 indexatiomneme, with prices being a geomet-
ric average of past changes in the aggregate price indekediral goods firms produce three
non-tradable final goods: private consumption goods, invest goods and public consump-
tion goods. Final non-tradable private consumption angbgeiinvestment goods are modeled
in an analogous manner. These final goods are assembled &&h€ehnology, combining
intermediate domestic and imported foreign goods. Varyfireguse of imported intermediate
goods in the production process is subject to adjustmerts cterefore changes in the rela-
tive price of imported goods go unreflected in the short-fLimese final goods are sold taking
the price as given. On the other side, the public consummgand is a composite of only
domestically produced intermediate goods.

e The Foreign Sector: The demand for imported goods is equtlegasum of the respective
demands for intermediate goods for private consumptioniarestment. These intermediate
goods are sold in the home market by the foreign intermedjatal producer. The price of the
intermediate good imported from abroad is equal to the mieeged by the foreign producer
(local currency pricing).

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

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

B.5 Estimated Models of Other Countries
B.5.1 CL_MSO07: Medina and Soto (2007)

Medina and Soto (2007) develop a small-open economy DSGEhmdthe Chilean economy. The
CL_MSO07 is structurally similar to models developed by Gtwino et al. (2005), Altig, Christiano,
Eichenbaum, and Linde (2003), and Smets and Wouters (2@1ill). a richer specification for the
production sector and for fiscal policy is designed to acttmrspecial characteristics of the Chilean

economy.

e Aggregate Demand: There are two types of households, Raceathd non-Ricardian house-
holds. The Ricardian type households maximize a utilitycfiom separable in consumption,
leisure and real money balances subject to their interteahfpoidget constraint. They have
access to three types of assets, namely money and one-penecbntingent foreign and do-
mestic bonds. Each of these households is a monopolistidisupf differentiated labour and
only a fraction of them can re-optimize their nominal wagagi@ty a la Calvo in wage setting
follows Erceg, Henderson, and Levin (2000). Householdsdaanot 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 hbakks do not have access to any of
the assets and own no shares in domestic firms. They simpguomnthe after-tax disposable
income and set their wage equal to the average wage of thediindhouseholds. The aggre-
gate consumption for both types of households is a compok#ecore consumption bundle
(domestic and foreign goods, given by a CES aggregator) inodresumption.

e Aggregate Supply: The economy is characterized by thresstgpfirms: intermediate tradable-
goods producers, import goods retailers and commodity gooducers. Intermediate-goods
producers have monopoly power and maximize profits by cingaie 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 agggntative firm which accumulates
capital and assembles new capital goods subject to invesadgistment costs. Optimal price
setting of intermediate-goods producers is subject to adCatobability. 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 Keyne8ihillips 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 henesmys commodity good only
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for export. The production technology follows an exogenstoghastic process that does not
require any input. The price of the homogeneous commodibggeodetermined in the foreign

market.

e Foreign sector: Local currency pricing is introduced tlylow la 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-ruporitant for expenditure-switching
effects of the exchange rate. A CES technology is used to tmnacontinuum of differenti-
ated imported varieties to produce a final foreign good, tviscconsumed by households and

used for assembling new capital goods.

e Shocks: a transitory productivity shock, a permanent pectdity shock, a commodity pro-
duction shock, a labor supply shock, an investment adjustouwst shock, a preference shock,
a government expenditure shock, a monetary policy shoabgeagh 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 €dml quarterly data for the period
1987:1-2005:4.

B.5.2 CA _ToTEM10: Murchison and Rennison (2006)

CA_ToTEMZ10 represents the 2010 vintage of TOTEM (Term34aide Economic Model) which is
an open-economy, DSGE model developed by Murchison andi&em(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 “lifetimere” consumers and “current
income” consumers, reflecting the fact that not all conssrnan access credit markets. Life-
time income consumers smooth their consumption acrosstlimegh borrowing and saving
while “currentincome” consumers consume their currendime 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 difféséed labor services giving them
power when negotiating the wages with the domestic producklowever, renegotiation of
the wages is allowed only once in six months, on average, alydeoconstant proportion of
wage contracts are renewed every period. The dynamic wagsienq is a function of past and
expected future wage inflation and an error-correction aomept.
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e Aggregate Supply: The production sector is comprised of §ioad producers, an import sector
and a commodity sector. Final goods firms produce consumpti@ds and services, invest-
ment goods, and export goods. The production process df timsds is analogous, differing
only on the share of imported goods used in production. & pndcess, first a capital-labor
composite is produced using CES technology, which is themb@med with a commaodity input
to produce the domestic good. Final goods then are a conidninaft the domestic good and
the imported good. Through these steps, the firm faces tapgijastment costs, investment
adjustment costs and labor adjustment costs. Final goads §&ell their differentiated goods
in a monopolistic competitive fashion having power oveces. However, not all firms can
re-optimize their prices every period. A share of firms updairices according to a geometric
average of lagged core inflation and expectations of thetiofidarget. In TOTEM, pricing
decisions are considered as strategic complements, whaeHave a strong incentive to fol-
low what other firms do. The commaodity sector is represented Homestic firm operating
in a competitive market, producing commodities using edservices, labor and land under
a CES technology. These raw goods are either sold to a comtiraf imperfectly competi-
tive commodity distributors or exported (for the world @riof the commodity denominated
in Canadian currency). The commodity distributors repgekie commodity goods and sell
them to households and to the final goods producers. Thasiéudtiers face nominal rigidities
a la Calvo in price setting, which limits the degree of exafgmrate pass-through to consumer
prices in the short-run.

e The Foreign Sector: The import sector is represented by fivhtsbuy imported goods in the
world market for a given world price (law of one price holdEhese goods are sold to domestic
firms, which use them as inputs in their respective prododiimctions. Imperfect exchange
rate pass-through in the short-run is present as the prigapurts is temporarily fixed in the
currency of the importing country and because import firnee fiaominal rigidities a la Calvo
when setting prices. As in other sectors, imported goodatiofi is a function of past and
expected future imported goods inflation and an error-ctime component. Export goods
firms are part of the final good producers sector as discusseaaThey have some degree of
market power and therefore face a downward-sloped demand (rest of the world demand).

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

e Calibration/Estimation: Calibrated with parametrizatichosen to match univariate autocor-
relations, bivariate correlations and variances estichating Canadian data for the period
1980-2004.

e



B.5.3 BRA_SAMBAO08: Gouvea et al. (2008)

Gouvea et al. (2008) build and estimate a small open econoatdehior the Brazilian economy.
The BRA_SAMBAO08 model is developed at the Central Bank ofzdrep provide support for its
policy decisions. This version of the model is used as a wahialyze the response of the Brazilian
economy when subject to different shocks.

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

e Aggregate Supply: The production sector is comprised afipeers and assemblers. Monopo-
listic competitive firms are the ones producing differetetibgoods under a Cobb-Douglas tech-
nology with labor, capital services and imported goods pst& Following Gali and Gertler
(1999), only a fraction of firms are allowed to adjust pricpsmally (“forward-looking firms").
The remaining firms follow a rule of thumb. The homogeneoual fijpod is assembled by a
representative firm using a CES aggregator and is sold in @petiime market. The final good
can be used for private consumption, government consumpitieestment and exports.

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

e Shocks: An inflation target shock, a fiscal target shock, #epeace shock, a labor supply
shock, an investment shock, a foreign investor’s risk asarshock, a country risk premium
shock, a technology shock, a monetary policy shock, a fisalidypshock, a world imports
shock, a world inflation shock and a world interest rate shock

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