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Abstract

In the aftermath of the global financial crisis, the state atmeconomic modeling and the use
of macroeconomic models in policy analysis has come undanheriticism. Macroeconomists
in academia and policy institutions have been blamed fgirgltoo much on a particular class
of macroeconomic models. This paper proposes a compagegp@ach to macroeconomic pol-
icy analysis that is open to competing modeling paradigmacigeconomic model comparison
projects have helped produce some very influential insighth as the Taylor rule. However,
they have been infrequent and costly, because they retpgiiaput of many teams of researchers
and multiple meetings to obtain a limited set of compardiivéings. This paper provides a new
approach that enables individual researchers to condugéheomparisons easily, frequently, at
low cost and on a large scale. Using this approach a modelvarhbuilt that includes many
well-known empirically estimated models that may be usedtmntitative analysis of monetary
and fiscal stabilization policies. A computational platfois created that allows straightforward
comparisons of models’ implications. Its application isstrated by comparing different mone-
tary and fiscal policies across selected models. Researcaereasily include new models in the
data base and compare the effects of novel extensions tdisk&al benchmarks thereby fostering
a comparative instead of insular approach to model devetopm
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1 Introduction

The global financial crisis came as a surprise to many polaars and their advisers as well as many
professionals including business forecasters, finandwakars, bankers and researchers in finance
and macroeconomics. Media and other commentators hai@z&it macroeconomists in particular
for failing to predict the great recession of 2008-09 or astefailing to provide adequate warning
of the risk of such a recession ahead of time. Practitionave lattributed this failure to academic
and central bank researchers’ use of a particular modelingdigm. They blame so-called dynamic
stochastic general equilibrium (DSGE) models for misdirectheir attention. Indeed, even some
well-known academics-cum-bloggers have published stgtbdmmentaries on the current state of
macroeconomic modeling. In March 2009, Willem Buiter wrbte. the typical graduate macroe-
conomics and monetary economics training received at AAgherican universities during the past
30 years or so, may have set back by decades serious investigaf aggregate economic behavior
and economic policy-relevant understandihige was echoed by Nobel Prize Winner Paul Krugman
in the Economist, June 2010Most work in macro-economics in the past 30 years has bedaasse
at best and harmful at worstOf course, not all experts agree on this judgement as itelicdor
example, by the recent award of the Nobel Prize in 2011 to oemomomists Thomas Sargent and
Christopher Sims fortheir empirical research on cause and effect in the macroenwy.

Against this background, the present paper aims to develmpra constructive proposal for
how to use macroeconomic modeling - whether state-of-theral970s-vintage - in practical pol-
icy design. In the spirit of the 1992 call by leading econdsmisamong them Nobel prize winners
Paul Samuelson and Franco Modigliani — for a pluralisticriggirous economics, we propose a sys-
tematic comparative approach to macroeconomic modelitig tlve objective of identifying policy
recommendations that are robust to model uncertairitiis approach is open to a wide variety of
modeling paradigms. Scientific rigor demands a level-pigyield on which models can compete.
Instead of using rhetoric to dismiss competing approachedgls should be required to satisfy em-
pirical benchmarks. For example, models used for monetaligypanalysis should be estimated to
fit key time series such as output, inflation and nominal @gtrates. Models should also be able to
provide answers to typical policymakers’ questions.

Macroeconomic data, however, are unlikely to provide sigffictesting grounds for selecting a
single, preferred model for policy purposes. If many of tlenpeting models describe historical
data of key aggregates reasonably well, one could use thedelsrto establislobustnessf policy
recommendations. Such an approach is recommended by MoC988, 1999), Blanchard and

1The undersigned were concerned withe' threat to economic science posed by intellectual mdgibpnd pleaded
for "a new spirit of pluralism in economics, involving criticadroversation and tolerant communication between different
approaches See the advertisement section of the American EconomigelRe- AEA Papers and Proceedings issue of
May 1992.



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
policy simulation experiments in a wide variety of modetdfi 2010, ECB President Jean-Claude
Trichet expressed the need for robustness as follows:

"We need macroeconomic and financial models to disciplinesanatture our judge-
mental analysis. How should such models evolve? The keynléggould draw from our
experience is the danger of relying on a single tool, metlamioor paradigm. Policy-
makers need to have input from various theoretical per$pestind from a range of em-
pirical approaches. Open debate and a diversity of viewst ineisultivated - 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 poliei@®ss many models typically is work inten-
sive and costly. The seven comparison projects reportedyiarts, Henderson, Holtham, Hooper, and
Symansky (1988), Bryant, Currie, Frenkel, Masson, andB¢ft989), Klein (1991), Bryant, Hooper,
and Mann (1993), Taylor (1999), Hughes-Hallett and Wal#®04) and Coenen, Erceg, Freed-
man, Furceri, Kumhof, Lalonde, Laxton, Linde, Mourougakiejr, Mursula, de Resende, Roberts,
Roeger, Snudden, Trabandt, and in't Veld (2012) have im@iwnultiple teams of researchers, each
team working only with one or a small subset of available ni&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 modeldbasearch and policy analysis that
enables individual researchers to conduct systematic hsod®arisons and policy evaluations easily
and at low cost. Following this approach it is straightforavéo include new models and compare
their empirical and policy implications to a large numbeestablished benchmarks.

We start by presenting a formal exposition of our approachmealel comparison. A general
class of nonlinear dynamic stochastic macroeconomic rsagl@ugmented with a space of common
comparable variables, parameters and shocks. Augmentdgisin this manner is a necessary pre-
condition for a systematic comparison of particular modwrecteristics. On this basis, common

2Taylor and Wieland (2011) follow this recommendation angksiigate the policy implications of three well-known
models of the U.S. economy that are also made available idateebase presented in this paper.

3This quote is taken from a speech titled "Reflections on tharazof monetary policy non-standard measures and
finance theory" by Jean-Claude Trichet, then-PresiderteoEuropean Central Bank, on the occasion of the ECB Central
Banking Conference Frankfurt, 18 November 2010.

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



policy rules can be defined as model input. Then we derive eoaige objects that may be produced
as model output. These objects are defined in terms of commgabies, parameters and shocks.
Examples for such objects are impulse response functiatscarrelation functions and uncondi-
tional distributions of key macroeconomic aggregates. |lustrative 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 slsdhat may be used for quantitative
analysis of monetary and fiscal stabilization policies. réh&re many models of the United States
and euro area economies. Furthermore, the archive inceaesal multi-country models and open-
economy models of Canada, Chile and Brazil. Some of the raaatel fairly small and focus on
explaining output, inflation and interest rate dynamics Qlarida, Gali, and Gertler (1999), Rotem-
berg and Woodford (1997), Fuhrer and Moore (1995b), Mc@altund Nelson (1999), Coenen and
Wieland (2005) , etc.). Others are of medium scale and cowaynkey macroeconomic aggre-
gates (cf. Christiano, Eichenbaum, and Evans (2005), Gpebgphanides, and Wieland (2004),
Smets and Wouters (2003, 2007)). Some models in the dataabassrly large in scale such as the
Federal Reserve's FRB-US model of Reifschneider, Tetlod, Williams (1999), the model of the
G7 economies of Taylor (1993b) or the ECB’s Area-wide moddDieppe, Kuester, and McAdam
(2005).

Most of the models can be classified as New Keynesian modeblube they incorporate ratio-
nal expectations, imperfect competition and wage or pigidities. Many of these New-Keynesian
models fully incorporate recent advances in terms of mmwsaemic foundations. Such models are
often referred to as monetary business cycle models or ragndynamic stochastic general equi-
librium (DSGE) models. Well-known examples of this class mrodels by Christiano et al. (2005),
Smets and Wouters (2003, 2007), Laxton and Pesenti (20@3)dalfson, Laseen, Linde, and Vil-
lani (2007). In addition, we have included models that astte role to forward-looking behavior
by economic agents (cf. the ECB's first area-wide model) overatt all (cf. Rudebusch and Svensson
(1999) and Orphanides (2003)).

We have created a computational platform that implementsapproach to model comparison.
It allows users to solve structural models and conduct coatpa 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 nonliresawell as linear models and allows for
perturbation-based approximation of nonlinear modelk fWitward-looking variables as well as two-

5The computational platform and model archive have been mpablkcly available online. The Macroeconomic Model
Database Release 1.2. can be downloaded from http://wweromedelbase.com.



point boundary value-based approximatfoNew models may easily be introduced and compared to
established benchmarks thereby fostering a comparativerrtnan 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 &wting performance. This promise can
be putto the test by applying the approach to forecastingpetitions in Wieland and Wolters (2011).

Finally, the comparative approach to modeling and policgiysis is illustrated with several ex-
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 sarévand 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 assunm&ioThey may include different eco-
nomic concepts and therefore different variables and petensy they may use different policy rules;
and invariably they tend to use different notation and dedins of the same key macroeconomic ag-
gregates. As a consequence, model output is not directlpamable. In the following, we describe
formally how to augment any model in a way that renders coiaparf policy implications across
models straightforward, while keeping the number of neemgamodifications 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 nonlineacroeconomic model of the econ-
omy. The letterm is used to refer to a specific model considered in the compari§hus,m =
(1,2,3, ..., M) will appear as a superscript on any variables or parametatrate part of this modél.
These variables or parameters need not be comparable agooeds nor follow particular naming
conventions across models. Our notation regarding thexeof model-specific variables, parame-
ters, and shocks is summarizedimble 1.

We distinguish two types of model equations, policy rulebjolv we denote by, (.), and the
other equations and identities that make up the rest of thgemthat 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 mogetiic shocks[,ggb 77;%], and

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

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



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

Notation Description

xy 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 moden

fm()) other model equations in model

™ policy rule parameters in moded

G other economic parameters in model

xm covariance matrix of shocks in model

of model parameterg™ ~™|. A particular modein may then be defined as follows:

Et[gm(w;n7xﬁl7xﬁ1777?a7m)] =0 (1)

Et[fm(x;nvzpﬁ-lvmﬁlvegnaﬁm)] =0 (2)

The superscript: refers to the original version of the respective model apkeg by its developers.
The model may include current values, lags and the expentatileads of endogenous variables. In
equations (1) and (2) the lead- and lag-lengths are set tp faminotational convenience.
The model may also include innovations that are random bisavith zero mean and covariance
matrix, %"":
E(n"e)) = 0 ®3)
(e ) = T = ( o ) @
ne e
In the following we refer to innovations interchangeablysitdocks. Some model authors instead
differentiate between serially correlated economic skdblat 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 shaeidother economic shocks 8§ and3;".
The correlation of policy shocks and other shocks is tyjycdsumed to be zer&;: = 0.
To compare the implications of different models, it is neszgg to define a set of comparable
variables, shocks and parameters that will be in common to@lels considered in the comparison
exercise. It is then possible to express policies in ternpadicular parameters, variables and policy

8Further leads and lags can be accounted for by appropridegiiyed auxiliary variables. Even so, our software imple-
mentation does not restrict the lead- and lag-lengths diggaating models.



shocks that are identical across models, and study the goesees of these policies for a set of en-
dogenous variables that are defined in a comparable mamoassanodels. Our notation for common
endogenous variables, policy instruments, policy shquicy rules and parameters is introduced in
Table 2.

Table 2: Comparable Common Variables, Parameters, Shadksguations

Notation Description

2t common variables in all models

27 common policy variables in all models (also included;in
N common policy shocks in all models

g(.) common policy rules

~ common policy rule parameters

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
definitional equations or identities Wy, (.). By their nature they are model-specific. A further step
is to replace the original model-specific policy rules witle ttcommon policy rules. All the other
equations, variables, parameters and shocks may be pedsarthe original notation of the model
developers. As a result, the augmented model consistsed ttomponents: (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 émms of original model-specific
endogenous variablea,, (.), with parameterg™; (iii) the original set of model-specific equations
fm(.) that determine the endogenous variables. Thus, the augthemddel may be represented as

follows:
Ei(g(2t, ze41, 2e—1,m,77)) = 0 )
Eylhm (ze, " 2, 2 ,0™)] = 0 (6)
Et[fm(w?l7xﬁl7xﬁl76?17ﬂm)] = 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 thanamic 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. Wébard to the remainder of the model
the original notation used by model authors can be left unged, in particular the variable names
and definitions of endogenous variable®, the other economic shock®, the equationg,,, (.) with
model parameters™ and the covariance matrix of shock®%. The covariance matrix of policy



shocks,, may be treated as an element of the vector of policy parasmetenay be constrained 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 equatioris,,(.),
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=1i g 7w i v @) (8)
These variables are characterizedable 3. They are expressed in percentage deviations from steady

state values, because the example applies to linear mddedsnonetary policy instrument is the an-

Table 3: Comparable Common Variables

Notation Description

i annualized quarterly money market rate

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

D annualized quarter-to-quarter rate of inflation

Y7 quarterly real GDP

a7 quarterly output gap (dev. from flex-price level)

nualized short-term money market rate in quatteienoted byi;. The fiscal policy instrument is
defined as the component of government purchases in thectegpmodel that does not respond sys-
tematically to lagged endogenous variablesTdble 3they are labeled "discretionary" government
purchases. They are expressed in terms of their share in Gi&eamoted by;. Economic outcomes
are measured with regard to inflation, real output and theutfap.7; denotes the year-on-year rate
of inflation, whilep; refers to the annualized quarter-to-quarter rate of iwfhaty; is quarterly real
GDP. ¢; refers to the output gap defined as the difference betweemlactitput and the level of
output that would be realized if the price level were flexible

Next, we define common decision rules for monetary and fisslitypmakers. The monetary
policy rule serves to set the nominal interest rateJt includes a systematic response to output and
inflation, defined in comparable terms, as well as a monewigypshock. The fiscal rule determines
discretionary government spending, It is simply defined as the product of a random innovation

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



and a policy parameter:

i = Yl + P + a0 ©)
9% = nl (10)

The common policy shocks and parameters are denoted by:

o= [0 nl] (12)

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

Having defined common variables, shocks and policy paramet& proceed to consider two
small-scale New-Keynesian models for conducting a modelpaoison,n = {1,2}. One model is
taken from Clarida et al. (1999)y( = 1 refers to the model nam& K_CG(G99), while the other
one is from Woodford (2003) and based on Rotemberg and Wobdi®97), (n = 2 refers to
NK_RW097). These models are well-known benchmarks in the literatwe present the original
model equations as published by the authors and then showohaugment them appropriately for a
comparison exercise.

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

Description Equations and Definitions
Original Model
variables al=[d z m ), xp9 =i
shocks =g wl
parameters Br=le 0 o1, ¥* =la 7% v/
model equations
91(.) it =+ Yr(m —7) + Y2ty
() = —p(iy — Eymg1) + 0xi—1 + (1 — 0) By + ge

T = Aty + om—1 + (1 — @) BEemi1 + ue

Augmented Model

Zt, Mty Y5 9(-) as defined by equations (8-12).
f1() as defined above in original model.
hl(zt,xi,Et$%+1,$%71,91) Zf = 4iy

T =Ty + M1+ T2 + T3
pf = 4m

z
4y = 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 ¢erly inflation, 7, to inflation expectations,

8



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 expeclenterast rate;; — E;ym1, and a demand
shock,g;; (i) and a policy rule relating the quarterly interestedb inflation and the output gap.
Clarida et al. (1999) call it the hybrid model because it Imes 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
rule, equation (9). The other equations from the originatietof,,(.) = f1(.), remain unchanged.
The additional equations in the augmented motlgl(.,60™) = hy(.,6"), provide the appropriate
definitions of common comparable variables in terms of magekific variables. This model is
defined in terms of the output gap relative to a variable ddliexible-price output without further
information on the definition of said variable. Thus, a comapée definition of the level of output
is not available in this model. Therefore, this model reraaitent on the time series characteristics
of the level of outputy;, in the comparison exercise. It is important that a systenaguproach to
model comparison identifies such cases so as to avoid camgpapples and oranges. Furthermore,
the model does not explicitly include government spendiherefore, it also remains silent with
regard to the common variable labeled discretionary orsy®tematic government purchasgs,

The Rotemberg and Woodford (1997) model is presentéidibie 5. The version shown is the
linearized approximation of the original nonlinear motfelThere are some interesting differences
relative to the hybrid model of Clarida et al. (1999). The é&wnberg-Woodford model does not
exhibit endogenous persistence due to the inclusion ofeldgaflation and output in the Phillips
and IS curves. Instead, however, it allows for persistendbé exogenous shocks. Furthermore, it
includes government spending, the natural real interéstarad the natural level of output explicitly.
The model in the notation of Woodford (2003) consists of e@uation&: (i) a policy rule setting
the nominal interest rate;; (ii) a purely forward-looking Phillips curve equation th@etermines
quarterly inflation,r;; (iii) a forward-looking 1S equation determining the queaty output gapry;

(iv) a definition of the natural rate of interesf:; (v,vi) definitions of serially correlated government
spending dynamicsy, and cost-push shocks with random innovation$ ¢, ; ande,, ;; (Vii, viii)
and definitions of output,, and the natural level of outpufy'.

In the augmented version of the model the original monetaticy rule is replaced with the
common rule, equation (9). The other equations from theérmalgnodel,f,,(.) = f2(.), remain un-

1%These are equations 6.1, 6.2 and 7.1 in Clarida et al. (188gctively.

10f course, the general notation regarding model augmentatiequations (1) to (7) allows for nonlinearities. Accord
ingly, it is possible to augment a nonlinear version of thégRtberg-Woodford model that is nested in equations (1) 2nd (
for comparison purposes.

125ee Woodford (2003), page 246-247, equations 1.12-1.24.2.

13In 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).



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

Description Equations and Definitions

Original Model
variables =0 omox P oge owe oy Yy a? =i
shocks G=leu] 7= legl
parameters B2=[B Kk o pg pu w], V=[x s T T]
model equations
92() ’Lt:’Lt—F(bﬂ-(?Tt—ﬁ')—f-%(It—S_C)
J2(.) 7 = BEim + Kry + uy

v = By — (i — Eymigs — 77)

i =0 Mgt — y") — Ee(gee1 — yi1)]
9t = Pggi—1 + €gu

Ut = PuUt—1 + €yt

Ye = T + Yy

-1
_ _o
ygl — wHo ! gt

Augmented Model

2, M, 9() as defined by equations (8-12).
f2() as defined above in original model.
ho(ze, a3, , Byadyy, o7 10%) i7 = 4y

gi = €g.t

T =Ty + M1+ T2 + T3

pi = 4m
Yi = Yt
q = x

changed. Even so, the common fiscal rule for discretionavgigmnent purchases plays a meaningful
role in the augmented Rotemberg-Woodford model. The seequdtion among the additional equa-
tions of the augmented modéi,,(.,0™) = hy(.,0?), defines discretionary government purchases,
g7, in terms of the government spending innovation of the nafmodel,¢, ;. Furthermore, the
augmented model defines the level of outpgt,(in deviation from steady-state) as well as the output
gap,q?, among the common variables (see the fifth and sixth equatibsy ., 62)).

2.2 Conducting a comparison

Given models augmented with common policy rules and contpansariables 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 thestiifices of interest.

10



Model solution.

A solution to the general nonlinear structural model augemith common variables, that is
defined by equations (5), (6) and (7), is obtained by solvimgtioe expectations of future variables
conditional on the available information. This step regsian assumption of how expectations are
formed. So far, we have used the statistical expectatiarigheppropriate for models with rational
expectations. Solution methods for linear and nonlineagdef®with rational expectations are avail-
able and implemented in the computational platform prayidéh the paper. Most of the models in
the data base assume rational expectations. However,aghemptions regarding expectations for-
mation can also be admittééi. Existence and uniqueness of equilibrium also need to bekelein
the solution step. In linear models the Blanchard-Kahn i@ provide the necessary information.
In nonlinear models one may have to resort to search by mdanswerical methods. The solution
of the structural model may then be expressed in terms ofl@wing reduced-form equations:

&t = kZ(Zt—hxﬁl»ntvezanz) (13)

l’;n = kx(zt—hﬂ??lpﬁtﬁ?a’%) (14)

If the structural model is nonlinear, then the reduced-fequations would also be nonlineék.. , x,,)
denote the reduced-form parameters, which are complexifunscof the structural parameters?,
the policy parameters, and the covariance matrix;™.

Nonlinear models may be solved approximately with numénsthods, for example, perturbation-
based, projection-based or two-point-boundary-valuerdlyns (see Judd (1998), Fair and Tay-
lor (1983), Collard and Juillard (2001)). Alternativeljaet model may first be linearized around a
deterministic steady state, either analytically as in thsecof the Rotemberg-Woodford model of
the preceding section, or numerically. Then, the methoddhdify (1995) (generalized eigenvalue-
eigenvector problem), Klein (2000) (generalized Schupdguosition), Sims (2001) (QZ decomposi-
tion), Christiano (2002) (undetermined coefficients) atebos may be used to solve the linear system
of expectational difference equations.

In the remainder of this section we consider the linear @irgier approximation to the reduced
form solution of the augmented nonlinear model and show hawaly be used to obtain particular
objects for comparison defined in terms of comparable veegabThe linear approximation to the
nonlinear solution (or the linear solution to originallpdiar models) is given by:

( z:n ) = Km(v)< zt; >+Dm(v)< 77,; ) (15)
Ty Ti—1 €

“Examples would be the introduction of adaptive learninghim mets and Wouters (2007) model by Slobodyan and
Wouters (2007), or a version of the FRB-US model with VARdzhexpectations instead of rational expectations.
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where the reduced-form matricés,, () andD,,, () are complicated functions of the structural pa-
rameters including the policy parameteysWe denote the dependence on the other (model specific)
parameterg™ with the subcriptn.

Objects for comparison.

With the linear reduced form in hand one can derive particalgects for comparison, for ex-
ample, the dynamic response of a particular common vari@nie2lement ot) 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 elsetaohsFormally, the impulse response
functions in period + j to the common monetary policy shogkare defined as:

Elzpyjlzi—1, 27, It) — Elzggjlz—1, 2]

[Rﬁ—j('w 77i) = ( > = Km(’Y)ij(’Y)It (16)

E[xﬁﬂzt—lal"?lla L] - E[mﬁﬁzt—lw’”ﬁl]
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 computedhdthe ordering from equation (8) and
settingl;(1) = —1, the sixth entry ofIRtlﬂ.(y; n') gives the impulse response of the output gap in
the first model V K_CGG99) to an unexpected reduction in the interest rate of 1 peagenpoint.
Similarly, the sixth entry Oth2+j(’y; n') gives the impulse response of the output gap in the second
model (VK _RW97) to the same type of shock.

It is then straightforward to compare the impulse respo$emmon variables to common
shocks across models and policy rules. Such a comparisadpmointeresting 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
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:

s(,17) =Y (IRp;(vin's1°) — IR7,; (v n's 17)). (17)
j=0

The indexi* counts the elements of the vectoof common variables. It serves as a reminder that
we can only compare the entries in the impulse responsenfectine common variables, but not the
model-specific variables. For the two models in the examgl®htain a value of(vy,6) = —0.0399
under the Taylor rule, that is when the policy parametesst the inflation reaction coefficient tdb,

the output gap reaction t@5 and the coefficient on the lagged interest rate to zero. Tdlisevofs
quantifies the cumulative difference in the GDP impact of aetary policy shock in the two models
when the central bank is assumed to set interest rates @wmgoodraylor’s rule following the shock®

BNote, since the flexible-price output or natural output lel@es not respond to a monetary shock by definition, the
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Other possible characteristics for comparison are unt¢iondi variances and serial correlation
functions. The unconditional contemporaneous covariameteix V" for ([z 2™]) is given by:

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

Vit = 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=|Vy(2) — V5 (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 consdlelts value is given by (6,6) =
10.7919.

It is straightforward to construct other metrics that meagiifferences between the models. In
section 4 of this paper, for example, we will also study aotoeation 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 outlinetiérpreceding section on a broader scale
requires an archive of benchmark models. Individual redeas may then expand this model data
base by introducing new models and conducting comparatialysis. The data base that we have cre-
ated includes many well-known empirically-estimated maconomic models. The 50 models im-
plemented in th&lacroeconomic Model Data Bas@d available online dittp://www.macromodelbase.com
as of October 2011 are summarizedlable 6. A more detailed overview of most of the models is
provided in appendix B. The data base may easily be expafideddescription of the model com-
parison software in Appendix A also includes a section drjylg how to incorporate new models in

the data base and augment them with comparable varitbles.

impact of this shock on the output gap, that is the deviatfaugput from the natural level, is the same as the impactisf th
shock on the level of output in deviation from steady state.

18|n the future, we hope to develop an interactive softwarethbkps automate the process of including models that model
authors have already implemented in a MATLAB environmeimg®YNARE software for model solution.
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Currently, the data base includes many estimated and aidbmodels of the United States and
euro area economies. There are also models of the econdifiiarada, Chile, Brazil and Hongkong.
Furthermore, there are several multi-country models wbdaster the economies of Japan, Spain, Italy,
Germany, the United Kingdom and France in addition to thaddh&tates and the euro area.

Most but not all models could be classified as New Keynesigaulge they incorporate rational
expectations, imperfect competition and wage or pricalitigis. All models are dynamic, stochastic,
economy-wide models. Only a subset of the models could beactaized as monetary business
cycle models where all behavioral equations are derivedcionapletely consistent manner from the
optimization problems of representative households antsfilMany authors use the term dynamic
stochastic general equilibrium (DSGE) models to refer te prarticular class of models. Thus, our
data base offers interesting opportunities for compariolgey implications of this class of models
to a broader set of empirically estimated macroeconomicatsodVhile most of the models assume
that market participants form rational, forward-lookingpectations, we have also included some
models which assume little or no forward-looking behaviom our view, comparative analysis of
these classes of models will be useful to evaluate recentfed criticisms that the new models are
rendered invalid by the experience of the global financisisr

The models are grouped in five categoriesTable 6. The first category includes small-scale
calibrated New Keynesian models such as the two modelss#isdun section 2. These models con-
centrate on explaining output, inflation and interest rateadnics. Some of them are calibrated to
U.S. data. Most of these models are derived from microec@nfoundations in terms of optimizing
households and firms. There are models which expand on tipéesimodel of Rotemberg and Wood-
ford discussed previously by including a foreign sectorli&ad Monacelli (2005)), money demand
and real balance effects (Ireland (2004)), labor markéditigs (Christoffel et al. (2009)) or financial
frictions (Bernanke et al (1999)).

For example, the models of Rudebusch and Svensson (1999 ruidinides (2003) are essentially structural VAR
models with additional restrictions on some of the coeffitse The ECB’s Area-Wide Model is a medium-size structural
model but with a relatively limited role for forward-loolgrbehavior compared to the other structural, rational egpiens
models in the data base.

14



Table 6: MODELS AVAILABLE IN THE MACROECONOMIC MODEL DATABASE: RELEASE 1.2.
OcTOBER2011

1. SvALL CALIBRATED MODELS

1.1 NK_RwW97 Rotemberg and Woodford (1997)

1.2 NK_LWWO03 Levin et al. (2003)

1.3 NK_CGG99 Clarida et al. (1999)

1.4 NK_CGGO02 Clarida et al. (2002)

1.5 NK_MCN99cr McCallum and Nelson (1999), (Calvo-Rotengbmodel)
1.6 NK_IR04 Ireland (2004)

1.7 NK_BGG99 Bernanke et al. (1999)

1.8 NK_GMO05 Gali and Monacelli (2005)

1.9 NK_GKO09 Gertler and Karadi (2009)
1.10 NK_CKO08 Christoffel and Kuester (2008)
1.11 NK_CKL09 Christoffel et al. (2009)

1.12 NK_RWO06 Ravenna and Walsh (2006)

2. ESTIMATED US MODELS

21 US_FM95 Fuhrer and Moore (1995a)

2.2 US _0we9s Orphanides and Wieland (1998) equivalent to Mi®Rel in Levin et al. (2003)
2.3 US_FRBO03 Federal Reserve Board model linearized asvim k¢ al. (2003)

24 US_FRBO0S8 linearized by Brayton and Laubach (2008)

25 US_FRB08mx linearized by Brayton and Laubach (2008)xdthexpectations)

26 US_Swo7 Smets and Wouters (2007)

2.7 US_ACELm Altig et al. (2005), (monetary policy shock)
US_ACELt Altig et al. (2005), (technology shocks)
US_ACELswm no cost channel as in Taylor and Wieland (201 Dn(npol. shock)
US_ACELswt no cost channel as in Taylor and Wieland (2030t shocks)
2.8 US_NFEDOS8 based on Edge et al. (2008), version usedtiora®n in
Wieland and Wolters (2011)

29 US_RS99 Rudebusch and Svensson (1999)

210 US _ORO03 Orphanides (2003)

2.11 US PMO08 IMF projection model US, Carabenciov et al0O@0

2.12 US_PMO8fl IMF projection model US (financial linkageSgrabenciov et al. (2008)
2.13 US _DGO08 DeGraeve (2008)

2.14 US _CDO08 Christensen and Dib (2008)

2.15 US_IACO05 lacoviello (2005)

2.16 US MRO07 Mankiw and Reis (2007)

2.17 US_RA07 Rabanal (2007)

2.18 US CCTW10 Smets and Wouters (2007) model with ruldwafab consumers,
estimated by Cogan et al. (2010)
2.19 US_IR11 Ireland (2011)
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3. ESTIMATED EURO AREA MODELS

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

EA_CWO5ta
EA_CWO5fm
EA_AWMO5
EA_SWO03
EA_SRO7
EA_QUEST3
EA_CKLO9
EA_GE10

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

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

Smets and Wouters (2003)

Sveriges Riksbank euro area model of Adolfsah ¢2007)

QUEST Il Euro Area Model of the DG-ECFIN EU, ti®eet al. (2009)
Christoffel et al. (2009)

Gelain (2010)

4. ESTIMATED/CALIBRATED MULTI-COUNTRY MODELS

4.1
4.2
4.3
4.4

4.5
4.6

G7_TAY93
G3_CWO03
EACZ_GEMO3
G2_SIGMAOS

Taylor (1993b) model of G7 economies

Coenen and Wieland (2002) model of USA, Euro ArehJapan

Laxton and Pesenti (2003) model calibraveiuro Area and Czech republic
The Federal Reserve’s SIGMA model from Ereteg. (2008)
calibrated to the U.S. economy and a symmetric twin.

EAUS_NAWMO08 Coenen et al. (2008), New Area Wide model oidEArea and USA

EAES_RA09

Rabanal (2009)

5. ESTIMATED MODELS OF OTHERCOUNTRIES

5.1
5.2

53
5.4

5.5

CL_MS07
CA_TOTEM10

Medina and Soto (2007), model of the Chilean eson
ToTEM model of Canada, based on MurchisonReichison (2006),
2010 vintage

BRA _SAMBAO08 Gouvea et al. (2008), model of the Brazileoonomy

CA_LS07

HK_FPP11

Lubik and Schorfheide (2007),

small-scale open-economy model of the Canadian economy
Funke et al. (2011),

open-economy model of the Hong Kong economy

The second category covers estimated models of the U.Soegorit includes small models of

output, inflation and interest rate dynamics such as Fuhmémoore (1995a) and Rudebusch and
Svensson (1999). Other models are of medium scale such &asddes 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 microecomdimiindations. The data base includes

the version of Christiano, Eichenbaum and Evans model agtiainby Altig et al. (2005) because it

contains other economic shocks in addition to the monetalgyshock studied by Christiano et
al (2005)*® The largest model of the U.S economy in the data base is therfleeserve’s FRB-

18T make sure that we correctly capture the different timisguanptions on monetary and other shocks from the original
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US model of Reifschneider et al. (1999). We have includedealiized version of this model with
rational expectations that was previously used in Levin €2@03) as well as a more recent update
of this model from 2008? There is also a recent medium-size DSGE model developed &ettieral
Reserve by Edge et al (2008). In addition, this categoryihes several recently developed models
that address some of the criticisms raised in the introdacfor example DSGE models with housing
market dynamics (lacoviello (2005)) and credit market infigetions (De Graeve (2008), Christensen
and Dib (2008)) or the model with sticky information by Mam@nd Reis (2007).

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 (2010): the medium scale model of Smets and Wo(26803), two small models by
Coenen and Wieland (2005) that differ by the type of stageamtracts inducing inflation rigidity,
and a linearized version of the Area-Wide Model used at thB EC forecasting purposes. In addi-
tion, we have included fairly large-scale estimated DSGHEl@®of the euro area developed at the
Sveriges Riksbank (Adolfson et al. (2007)) and the Euroggammission (Ratto et al. (2009)). The
Commission’s QUEST model includes a detailed fiscal sectdrthe authors have used it to study
the impact of fiscal policies in the euro area. The model oisttifel et al. (2009) incorporates un-
employment in labor market dynamics while the model of Ge(2010) accounts for credit market
imperfections.

The fourth category includes estimated and calibrated tsatfawo or more economies. Cur-
rently, the largest model in the data base in terms of cowtuwerage is the estimated model of the
G7 economies of Taylor (1993). The estimated model of CoamenWieland (2003) with rational
expectations and price rigidities aims to explain inflatioutput and interest rate dynamics and spill-
over effects between the U.S.A., the euro area and Japanmdtlel of Laxton and Pesenti (2003)
is a two-country model with extensive microeconomic fouiates calibrated to the economies of
the euro area and the Czech republic. The Federal Resem@d/Smodel is similarly rich in mi-
croeconomic foundations. The parameters in the two-cgwetrsion of this model from Erceg et al
(2008) are calibrated to the U.S. economy and a symmetrit. fiie model of Coenen et al. (2008)
is a two-economy calibrated version of the New-Area-Wideel&l (NAWM) of the European Cen-
tral Bank. It is a new DSGE model with optimizing householdd &rms and a variety of economic
frictions. A single-economy euro area version has beemastid with Bayesian techniques and is

model in our DYNARE implementation, we provide two versipagsie version for simulating the consequences of the
monetary policy shock and the other version for simulatimg ¢onsequences of the other economic shocks in the model.
Furthermore, we have included an additional version of tlig At al (2005) model used in Taylor and Wieland (2011) that
omits the cost-channel of monetary policy. This version w@ated in Taylor and Wieland (2011) to evaluate the effect
of this assumption in comparing the Altig et al (2005) modéhwhe model of Smets and Wouters (2007) that features no
such cost channel.

°The 2008 linearized version of FRB-US is available in twosi@ns, one version assumes rational expectations while
the other version models expectations with a small VAR.
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in use in the forecasting process of the European Centrdd.Bdre calibrated two-economy version
has been used by Coenen et al. (2008) to compare the impfisatf taxation policies in the United
States and the euro area. Finally, Rabanal (2009) preseateat estimated two-economy DSGE
model that makes it possible to study spillover effects leetwthe Spanish economy and the rest of
the euro area.

Finally, the fifth category covers estimated macroeconaongidels of other countries. Ultimately,
we hope to incorporate models of most highly developed aretgimgy economies in the data base in
cooperation with researchers from the central banks okthesntries. So far, we have two models
of the Canadian economy, including a version of the TOTEM ehdéveloped and used at the Bank
of Canada (see Murchison and Rennison (2006)). The othes thodels are estimated on data from
Brazil (see Gouvea et al. (2008)), Chile (see Medina and &£107)) and Hongkong (Funke et al.
(2011)). All of these models belong to the class of New Keiame®BSGE models. The TOTEM model
and the model of the Chilean economy account for a specialabh natural resource production
sector. The model of the economy of HongKong studies houdmgmics and asset markets.

4 Comparing monetary and fiscal policies across models: An axple

We have created a computational platform that renders cosaps 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 destiiygparaphrasing Lucas (1989ps fol-
lows: we have completed the task of writing a program thatagitept specific economic policy rules
ascommon comparableputfor multiple economic modednd will generate as outpatcomparison
across models dftatistics describing the operating characteristicsnoé tseries we care about, which
are predicted to result from these policascording to different economic models

The computational platform is written for MATLAB and empkoyhe DYNARE software for
model solution that is widely-used among macroeconoritdi&ew models may easily be introduced
and compared to established benchmarks thereby fostecimg parative rather than insular approach
to model building. A detailed description of the model comigran software is provided iappendix
A.

2according to Robert Lucas the objective of macroeconomidehduilding is"to provide fully articulated, artificial
economic systems that can serve as laboratories in whidhipsithat would be prohibitively expensive to experimatti w
in actual economies can be tested out at much lower cost.Qur task as | see it [...] is to write a FORTRAN program
that will accept specific economic policy rules as ’inputdanill generate as 'output’ statistics describing the opérg
characteristics of time series we care about, which are joted to result from these policies."”

ZIDYNARE admits nonlinear as well as linear models and allopgraximating nonlinear rational expectations models
with perturbation or two-point-boundary-value methodsor Rurther information on DYNARE see Juillard (2001) and
Juillard (1996). DYNARE is available for download from wwdynare.org. Our software for model comparison including
the model archive may be obtained from www.macromodelbese.
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Monetary policy rules.

The software implementation and model database contaimerajzed interest rate rule that
allows for much richer specifications than the rule previgdsfined in equation (9) and used in the
model augmentation example in section 2.1. In the followiwg consider five parameterizations
of this generalized rule that are taken from Taylor (1998ayin et al. (2003), Smets and Wouters
(2007), Christiano, Eichenbaum and Evans (2005) and Gereies and Roffia (2004), respectively.
The specific formulas are shownTable 7.

Table 7: ®LICY RULES

Taylor (1993a): i =00 0.38p7_; + 0.50q; + n]

Levin et al. (2003): i7 = 0.76i7_; + Z?:o 0.15p7_; + 1.18¢; — 0.97¢7_; + n}
Smets and Wouters (2007): i7 = 0.81i7_; + 0.39p7 + 0.97¢7 — 0.90¢7_; + n;
Christiano et al. (2005) i = 0.8i7_y + 0.3E;p7, | + 0.08¢f + 0}

Gerdesmeier and Roffia (2004):i7 = 0.66i7_, + __, 0.17p;_; + 0.10g7 + n}

The first rule in the table — the simple monetary policy ruleraylor (1993a) — is well-known
beyond academic economics and central banks. In the 1990w $aule received much attention
because it described Federal Reserve interest rate decisiioce 1987 surprisingly well. More re-
cently, the large downward deviation of Federal Reservieypftom this rule between 2002 and 2006
has been referred to as a source of cheap money that helpediogsing bubble in the United States
that triggered the global financial crisis. It is a little kméact, however, that this rule originates from
an earlier model comparison exercise. Taylor (1993b) tsdde comparison exercise of Bryant et
al (1993) as the crucial testing ground that helped selécptirticular simple rule. Variations of the
rule, motivated either by empirical estimation or modelfpenance, abound in the literature. Here
we consider four additional rules.

The second rule was originally estimated with U.S. data hyh@nides and Wieland (1998) and
simulated in five models of the U.S. economy by Levin et alO@ALWW). Their selection of models
is included in our data base. The LWW rule allows for inter@s¢ smoothing and includes the lag of
the output gap in addition to the current output gap and atiirglation. Smets and Wouters (2007)
(SW) have estimated the same type of rule with interestgateothing, current inflation, current
and past output gaps using Bayesian techniques togethethgibther structural parameters of their
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model. Christiano, Eichenbaum and Evans (2005) considéfememt policy rule that they attribute
to Clarida, Gali and Gertler (1999). Their rule includes spanse to the forecast of inflation rather
than current inflation. It has also been studied in Taylor Afeland (2011). Furthermore, we add
a rule estimated with Euro area data. This rule is due to Gend&ér and Roffia (2004) and has
been simulated in Kuester and Wieland (2010) in four moditseeuro area economy that are also
included in our data base.

The remainder of this section serves to illustrate the coaip& approach to macroeconomic
modeling and policy analysis with a few simple examplesstiFiwe compare the consequences of
monetary and fiscal policy shocks in a range of models of tt& ©¥conomy under different as-
sumptions regarding the systematic, rule-oriented cormpbof monetary policy. Then, we evaluate
models’ predictions regarding the persistence of outpdtiafiation under different monetary rules.

Policy shocks.

Figure 1 reports comparative information regarding the effect oégpansionary monetary pol-
icy shock, that is an unexpected reduction in the short-tewminal interest rate. It shows the impact
on output (left column of panels) and inflation (right colunumder three different monetary rules:
the Taylor rule (top row of panels), the LWW rule (middle roawyd the SW rule (bottom row). Each
panel contains four lines that indicate the outcomes in thifierent models of the U.S. economy:
(i) the calibrated small-scale New-Keynesian model of Rdterg and Woodford (1997) summa-
rized previously inTable 5 (solid blue line:NK_RW297) (ii) the Federal Reserve’s FRB-US model
from Levin et al. (2003) (dashed red lin&lS_FRBO} (iii) the New Keynesian DSGE model of
Altig et al. (2005) (dotted pink linedS_ACELnx and (iv) the model of Smets and Wouters (2007)
(dashed-dotted green lindJS_SWOY. The magnitude of the interest rate shock is 1 percentage
point. Following this unexpected rate cut the nominal ies¢irate continues to be set according to
the specified monetary policy rule.
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Figure 1: AN EXPANSIONARY MONETARY POLICY SHOCK
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All four models indicate that a reduction in the central baate boosts real GDP. The sign of
this effect is more or less hard-wired into these models. fouthe assumption of sticky prices,
the nominal rate cut translates into a lower real interdst, kahich stimulates current consumption
and investment. This additional demand triggers more prhoin. The magnitude and timing of the
GDP impact of the monetary policy shock differs across n®del policy rules. Under the Taylor
rule, the effect on output is short-lived. It is also very dmadth the exception oNK_RW97model.
This model indicates a sharp but temporary boost to outpdé¢uthe Taylor rule. If interest rates in
subsequent periods are set according to the LWW or SW ruie¢hease in output lasts much longer,
between two and five years in the different models. Contratlye Taylor rule, these rules incorporate
interest rate smoothing in form of a near-unity coefficiamtive lagged interest rate. Thus, the initial
rate reduction is followed by a period during which the ietdrrate slowly returns to its long-run
equilibrium value. The anticipation of a period of lowerastinduces a greater and more lasting
effect on spending in these models, because all of themraagigmportant role to forward-looking
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decision making by households and firms.

In the NK_RW97model the sharp initial boost is followed by a slow declineowdver, since
its parameters are calibrated rather than estimated, thdels quantitative predictions should be
considered with a lot of caution. In the three estimated rnsydbe effect builds up over a few
quarters and then declines. Interestingly, tif® FRBO3nodel implies that the peak is only reached
in the second year, while théS_ ACELnandUS_SWO0Tnodels indicate the peak effect within 2 to 4
quarters. Thus, the two DSGE models that were estimated raceatly and incorporate advances in
microeconomic foundations contradict conventional pofiaker wisdom regarding long policy lags
of more than a year. Taylor and Wieland (2011) point out thatdarlier New Keynesian model of
Taylor (1993b) agrees with the more recent DSGE models &stisnate of the impact of such policy
shocks. These findings, together, suggest that the Fedesain®’s model may be over-estimating
the time it takes for a change in policy to be fully transnitte the real economy. Possible reasons
may be that th&/S_FRBO03nodel overstates the extent of adjustment costs faced imafdrlooking
households and firms or the importance of backward-lookidgptive behavior.

As indicated by the right column of panels, an unexpectesré@st rate cut leads to an increase
in inflation. However, it occurs later than the increase inRGDhe reason is price stickiness. As
more and more price setters adjust to higher demand, inflages. Again, the calibratedK_RW97
model indicates a sharper response than the empiricdlly@®d models that appears too extreme.
The effect lasts for the longest period in tH& FRBO3nodel.

The other policy shock that is specified in a common manneuimwodel comparison exercise
is a shock to the non-systematic or discretionary compoofegdvernment purchases. As discussed
previously in section 2 the fiscal policy rule for discretioy government purchases is defined by
equation (10) with a coefficient, of unity. We consider an expansionary shock in the magnitide
percent of GDP. The estimated degree of persistence of sstohick to government purchases differs
in each model.Figure 2 reports the implications of this shock for output (left aolu of panels)
and inflation (right column). Each panel contains threedirepresenting the simulation outcomes
in the NK_RW97US_FRB03andUS_SWO0Todel, respectively. TheS ACELnmmodel is omitted
because it does not include a variable for government spgndi

In all three models, the initial shock causes output to iaseein the same quarter followed by
a slow drawn-out decline over subsequent years. This ptodilds under all three monetary policy
rules that were considered previously for the monetary lshibe Taylor, SW and LWW rules. The
magnitude of the effect is rather similar for these monetakys, but it differs a lot across models.
The impact effect is smallest in the calibrated small-sbide RW97model at around 0.4 percent of
output, compared to about 1 percent of output in the othemtwdels. In theNK_RW97model, the
increase in government spending immediately displaceaterspending. This crowding-out effect is
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due to the anticipation of higher future interest rates aairé taxes by forward-looking households.
In the other two models, government purchases crowd ouatgrigonsumption and investment in
the periods following the initial shock. Output declinestéx in theUS_FRBO03model than in the
US_SWO0Tmodel, because the systematic component of governmendisigen less persistent in the
US_FRBO03nodel. Of course, comparative investigations of the comseges of fiscal stimulus are
of great interest because of the amount of resources spetohrmeasures in a number of countries
following the 2008-2009 recession. We will point out somear studies in the outlook section.

Figure 2: AN EXPANSIONARY FISCAL PoLICY SHOCK
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Output and inflation persistence.

Next, we turn to a comparison of the typical degree of persis in output and inflation across
models and monetary rules. Itis measured by the autocborefanctions that are obtained under the
empirical distributions of structural shocks — excludihg tnonetary policy shock — in the different
models.Figure 3 reports the autocorrelation functions of output (left eotuof panels) and inflation
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(right column) under the Taylor (top row), LWW (middle rom)é&SW (bottom row) rules.

Figure 3: AUTOCORRELATION FUNCTIONS
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The Altig et al. (2005) model is omitted from the comparis@téuse the two non-monetary
shocks in that model only explain a relatively small partef émpirical output and inflation volatility
in the U.S. economy (see Taylor and Wieland (2011)). Thérated small-scalBlK_RW97model
exhibits the lowest degree of output and inflation persisteior any of the three monetary rules.
As discussed in section 2 this model does not allow for laggeds of inflation and output in the
New-Keynesian IS and Phillips curves. Only the exogenouslshincorporate persistence.

The two models that are estimated to fit U.S. macroeconontéceaidnibit substantial output and
inflation persistence. The empirical fit of the Federal ResstJS_FRBO03nodel is due to a richer
set of dynamics and adjustment costs that imply the appeeaw@one or more lags of endogenous
variables in key behavioral equations. The estimated, umedicaldJS_SWnodel implements all re-
strictions arising from optimizing and forward-lookinguseholds and firms just as in the small-scale
NK_RW97model. However, this model renders decision making sultgeetdditional constraints
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such as habit formation in consumption, adjustment costs/gstment and capital utilization, wage
rigidities and price indexation. Thus, output and inflatimrsistence arises from lags of endoge-
nous variables as well as exogenous shocks. Surprisitg$_SWmodel even exhibits a higher
degree of output persistence than th8_FRB03model under all three policy rules. One might
have expected that this model with microeconomic foundatisould lie somewhere in between the
small calibrated model of Rotemberg and Woodford (1997)thadrederal Reserve’s model. Models
such adJS_FRBO03were often criticized for introducing too many adjustmeasts and therefore
too much endogenous persistence. Given our findings onet itigrefore suspect that Smets and
Wouters (2007) have built in too much persistence in theidehoa criticism recently also voiced
by Chari, Kehoe, and McGrattan (2009). It would be of intetedurther investigate the sources of
persistence in this model in future work.

Finally, the serial correlation functions Figure 3 also show that the choice of monetary policy
rule can have a quantitatively significant impact on the degf output and inflation persistence. For
example, inflation persistence in tS_FRBO3nodel is much less pronounced under the Taylor rule
than under the two other rules.

Model comparison and the Lucas critique.

In the preceding exercises we have simulated the implicatd different interest rate rules while
leaving the values of the non-policy parameters unchangitdhe models in the archive have been
used for such alternative policy simulations by their depels. Thus, our simulations do not in
any way involve radical departures from the purposes theeisodere built and used for by the
original authors. Our contribution is to offer a comparatperspective that helps uncover typical
and special characteristics of particular models. Evertts question of parameter stability has
played an important role in the literature on macroeconamicleling and may certainly influence
the interpretation of our comparative findings.

The famous Lucas critique (Lucas (1976)) emphasizes tmaafol-looking, optimizing house-
holds and firms will observe systematic changes in goverhmalicy making and adjust their be-
havior accordingly. Thus, the non-policy parameters ofrdguced-form behavioral equations in
macroeconomic models will change along with modificationthie policy rules. As a consequence,
models that do not properly capture the forward-lookingawitral response of market participants
will not correctly predict the impact of a policy change oe time series characteristics of variables
of interest. Lucas therefore concluded that such modelsldhwt be used for alternative policy
simulations and policy design, (see also Sims (1986)).

The models in our archive incorporate the forward-lookimdpdovior of optimizing market par-
ticipants to different degrees. Certainly, models witlyédy adaptive expectations that are specified
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on the level of behavioral equations and were most widelyl 38eyears ago are subject to the Lu-
cas critique. New Keynesian models incorporate forwaakileg behavior and assign an important
role to market participants’ expectations. The DSGE modeigloped more recently enforce the
parameter restrictions resulting from optimizing behabip households and firms most stringently.
This may provide an argument for giving these models a greaght in policy design. Generally,
the quantitative importance of the Lucas critique also ddp@n the extent to which the alternative
policy rule considered differs from the rule estimated witthe respective model.

Even though DSGE models have been developed to improve bhustreess of macroeconomic
models to the Lucas critique, it is clear that parametemlriity under policy changes remains an
important issue in practice. Such models not only assunmdttbaestimated parameters describing
preferences and technology are invariant to changes indli®ypegime, but also the parameters as-
sociated with adjustment costs, nominal stickiness andemxaus shock processes. For instance, the
dynamics in the exogenous processes may be considered ag-awfor taking up model misspec-
ification which is most likely sensitive to policy regimeselDNegro and Schorfheide (2009) provide
an extensive discussion and some empirical evidence oe tuesiderations.

Finally, much of the recent criticism of DSGE models is caneel with the admittedly extreme
assumptions of fully rational decision making and expéatat formation by largely homogenous
market participants. To the extent these assumptions atated in practice, the cross-equation
restrictions imposed by DSGE models would be at odds wittddta. From this perspective, com-
parative analysis using earlier vintage models that impesserestrictions can be helpful to robustify
policy conclusions. Furthermore, these criticisms withyde fuel for new model development. Our
model archive should then prove useful for comparisons éetwhe current model generation and
newly developed ones.

5 Outlook

Our comparative approach enables individual researchersriduct model comparisons easily, fre-
guently, at low cost and on a large scale. Researchers céyieakide new models in the data base
and compare the effects of novel extensions to establistechimarks thereby fostering a compara-
tive instead of insular approach to model development. \&judication of this approach could help
dramatically improve the replicability of quantitative oraeconomic analysis, reduce the danger of
circular developments in model-based research and shengfte robustness of policy recommenda-
tions.

Model-specific versus robust policies.
A standard approach to policy design is to use a macroecanowiel for providing recommen-
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dations regarding the optimal policy response to a smallbarrof variables in form of interest rate
rules such as those shown previouslyTable 7. The estimated values are then replaced by values
that optimize a central bank objective function or a meastirwusehold utility in the specific model.
Typical central bank objectives would be to minimize thend&rd deviation of inflation from its pol-

icy target, and possibly also output deviations from a mesasfl potential as well as interest rate
volatility. They tend to be justified with reference to ceitbank mandates and observed behavior.
Measures of household welfare are available in recent DSGdefa but typically apply to identical
representative households.

Model-specific optimized rules, however, can be far fromrogt in competing macroeconomic
models as shown by comparative studies such as, for exabguiz, Wieland and Williams (1999,
2003). Thus, they are not robust to model uncertainty. Levial. (2003), instead, consider model
averaging. In this case, the response coefficients of paligs are chosen to optimize the average
value of the objective functions from a range of empiricatimated macroeconomic models. Such
model averaging rules exhibit a more robust stabilizatierfggmance across models and avoid dis-
astrous outcomes. Taylor and Wieland (2011) provide a fpgli@ation using four models from the
archive presented in this paper. They consider three r&x®6E models estimated on U.S. data, the
US_SWO0y/US_ACELandUS_DGO08models, together with the earlier-generatidvi_ TAY93nodel.

A Bayesian approach would be to use model probabilities gatithize a probability-weighted
average of objective functions. Brock, Durlauf, and We€l0@) suggest a decision strategy based
on the fit and forecasting performance of the various modalester and Wieland (2010) compare
Bayesian decision making and worst-case analysis andtigaés policy robustness using four esti-
mated models of the euro area economy that are also contaired archive. Worst-case analysis
implies computing the Minimax policy that delivers maxinraurance against worst-case scenarios.
Specifically, Kuester and Wieland (2010) then choose thieypodsponse coefficients that minimize
performance losses under the assumption that nature piekaddel with the highest loss given the
policy choice. In addition, they consider mixtures of Mirirmand Bayesian objectives and explore
the impact of learning on model posteriors and Bayesianctitsgs over time. In future research, we
aim to make use of the larger number of models available frarmwodel archive, including more
recent innovations in financial sector modeling, in ordeetgsit the robustness properties of simple
policy rules.

Fiscal policy design.

Relative to monetary rules, the study of fiscal rules for maconomic stabilization purposes is
still in its infancy. Many of the models available in our arghhave been developed for monetary
policy analysis and are not well suited for evaluating adas@nge of fiscal policies. However, some
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of the models in the archive were built with the specific psgpof fiscal analysis by their original
authors. For example, the open-economy euro area modelttd Btaal. (2009) was built at the
European Commission specifically for the joint analysis e¢di and monetary policy and provides
a thorough treatment of the government sector. It incluadisyprules for government consumption,
government investment and government transfers and use®ddhese variables in estimation. It
also accounts for distortionary taxes on consumption,tabphnd labor income. Furthermore, it
allows for the possibility that many households follow &silof thumb" like the original Keynesian
consumption function with a constant marginal propensitgdnsume. Also, the model of Coenen
et al. (2008) available in our data base was used by the autbh@xamine the euro area tax structure
and the potential benefits and spillovers of a tax reformragnd reduce labor market distortions. It
is a two-country calibrated version of the European Celaaik’s New Area-Wide model.

Many medium- and large-scale models used at policy in&titatnowadays contain a rather de-
tailed treatment of the fiscal sector with various types efattionary taxes and explicit modeling of
the different components of government spending and teasisThese models can be used to evalu-
ate discretionary as well as rule-based fiscal policy itnts. They are most useful for investigating
guestions concerning business cycle stabilization andntieeaction of monetary and fiscal policy
measures in the short to medium run. Of course, there are fisa@y policy questions that focus on
distributional issues and longer-term impacts. Other agaige general equilibrium models that are
more appropriate for such questions are available and theg not include New Keynesian features
relevant to shorter-term stabilization questions.

Given the renewed popularity of discretionary fiscal poficijowing the 2008-2009 global re-
cession, comparative evaluations of the robustness afypa@commendations for fiscal stimulus are
particularly urgent. Cogan et al. (2010) provided a firseasment of the American Recovery and
Reinvestment Act of 2009 suggesting that the estimates @ RP impact used by government ad-
visers (cf. Romer and Bernstein (January 8, 2009)) were piongstic and not robust to model
uncertainty?> They estimated a model of the U.S. economy similadd® SWO0Dbut including rule-
of-thumb household$)S_CCTW1@n our archive.

More recently, the comparative study by Coenen et al (20d@)sored by the International Mon-
etary Fund investigated the robustness of their finding s&H& authors simulate the time profile of
ARRA spending documented by Cogan et al in seven macroedomoouels, which are currently
used at the IMF, the Federal Reserve, the ECB, the Bank ofd2arae OECD and the European
Commission, and compare their results with those obtaind¢dd models estimated by Cogan et al.
(2010) and Christiano et al. (2005). TH& _CCTW1dnodel lies well within the range of other model
outcomes? This finding is particularly interesting because the modssisd at policy institutions

22For a comparative evaluation of euro area fiscal stimulussorea see Cwik and Wieland (2011).
23ee the results shown in Figure 7 of Coenen et al (2012).
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contain more detailed fiscal sectors. The IMF's GIMF mode&specially noteworthy as it includes
overlapping-generation households with finite planningzoms. This level of heterogeneity is rare
in New Keynesian DSGE models, but relevant for many fiscatpalonsiderations (see Freedman et
al (2010)). As to the stimulative effect of planned ARRA sgieig, however, the model’s predictions
remain close to the pessimistic assessment of Cogan etfatuhe work, we hope to include some of
these larger models from policy institutions in our modehparison platform. Unfortunately these
models are coded in TROLL software, which is not widely useddademia.

Model replication, re-estimation and forecasting comfbeti.

The website associated with the model arclfivgp://www.macromodelbase.coalso provides
software for checking whether certain results from theindgmodel developers’ scientific articles
can be replicated. Replicability is a crucial scientificmstard. We found, however, that there is still
substantial need for improvement in our field in this rega@ften printed articles do not provide
sufficient information on the rather sophisticated macooeenic models to allow replication. Even
in those cases where software is made available on journasites, it is not always possible to
replicate the published findings exactly. Yet fortunatéhg authors of the models included in our
archive have typically been very willing to help us in makswe we can replicate their findings.

Currently, the material available for download does notude the original data used by model
developers’ in estimation, because of lack of personnelnegs needed for collecting and preparing
these data sets for general use. However, in a recent studiailf and Wolters (2011) have put
together a data set of key U.S. macroeconomic variableseardtimated five of the structural mod-
els of the U.S. economy that are available in our archive.irfdega set includes current as well as
historical data vintages. On this basis, they were able tstroct successive historical model fore-
casts that only use the data available at the date the falisgaade. These forecasts are comparable
to expert forecasts made at the same dates, because they deeniaformation that only became
available subsequently via revisions of macroeconomiceages. The mean model forecast comes
surprisingly close to the mean forecasts from the SurveyrafieBsional Forecasters and the Federal
Reserve’s Greenbook forecasts in terms of accuracy evegltiibe models only make use of a small
number of data series. Model forecasts compare partigulall to expert forecasts at a horizon of
three to four quarters and during recoveries. The exterdrethst heterogeneity is similar for model
and expert forecasts but varies substantially over timeslad and Wolters (2011) propose to use
such forecasting exercises as a testing ground for modepetitions?*

In light of the experience of the global financial crisis, buid be very useful to extend the cov-

240f course, in re-estimation and forecasting the developeiginal policy rules are used.
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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 tharfsial system into our macroe-
conomic models, ... we may need to consider a richer chatigaten 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 timancial risks, (i) models that deviate
from the standard assumption of rational expectations blyding imperfect information, learning
and heterogeneous beliefs, (iii) models that allow for dtwnhs from the basic microeconomic as-
sumption of rational optimizing behavior by households imds. This proposal is laid out in more
detail in Wieland (2011).
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A (MMB Version 1.2) How to use the model comparison software

Appendix A describes how to install and use the macroeconomoidel data base (MMB Version
1.2). After reading subsections A.1 and A.2 you should be &bfun the software and conduct com-
parison exercises employing the models and options cadamthe data base. Subsections A.3 and
A.4 explain the structure of the files in more detail. Finalybsection A.5 discusses how one can
add additional models to the data base.

A.1 Installation and software requirements

The complete macroeconomic model data base is containedipmfée calledMMB.zipwhich you
may store to any place on your computer. In order to use theehdata base, you have to extract
the zip file to retrieve the foldévIMB. This folder contains the filMMMB.m a set of subfolders, one
for each model included in the data base, and a few additid@dILAB function files. Figure 4
illustrates the structure of the model data base. Each nsadéblder contains a single Dynare mod-
file in which the particular model is specified.

Since the program is written in MATLAB, you need a versiontdhstalled on your computer. For
model solution the program utilizes DYNARE, which can be divaded freely from the we®.
Double-clicking on the downloaded DYNARE exe-file opens fgevhich guides you through the
installation. After completion, one has to add the DYNAREhp MATLAB. In order to do so,
open Matlab and choosget pathfrom theFile menu. Use the optioAdd folderand browse to the
directory where you have installed DYNARE. The DYNARE sublfir that has to be added is called
matlah We have created two versions of the Modelbase software.fifdie@ne utilizes DYNARE
version 3.065, the second one is compatible with DYNARE iverd.2.

%The URL of the DYNARE website isttp://www.dynare.org
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Figure 4: SRUCTURE OF THEMACRO MODEL DATA BASE
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A.2 Using the macro model data base

MMB.mrepresents the main file which has to be called when using tlidehaata 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 theun button or you can just start MATLAB and adjust
the current directory to the path for th&MB folder manually. In the latter case you type afterwards
MMB into the MATLAB command window and press tE@terbutton. In both cases a user interface
opens up that will guide you through a menu of options fromalthjiou can choose. These options
include the selection of models you want to simulate, thectein of a common monetary policy
rule used in each model as well as the selection of the stat@ahd visual output that you want to
be displayed. By default the output generated by the progvidinbe stored in an excel sheet called
results.xlsn the MMB folder. This output can be customized by the user in the #stlines 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 struetigrillustrated inFigure 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 1.2 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 respectividiuin 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 untiraitiels are solvedlable 6in the main
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part of the paper lists the models contained in the MMB verdi@. A short description of each of
these models is given in 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 entdsThe
structure of theMMB.mfile is illustrated inFigure 7. All variables used and generated in this file
are saved in a structure variable calladdelbaseFor example the number of periods to be plotted
can be found by typinghodelbase.horizomable 8lists the most important variables in the structure
variablemodelbaseln the following, the three separate partdvi¥iB.mare explained in more detail.

27A 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 commaialkes

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 o touse the macro model data base and
how to add models to it are repeated within a text block of cemiines. Detailed instructions on
adding models to the data base can be found in A.5. Afterwsodse namevectors for the models
are set up. A variable of interest for the usemisdelbase.horizonf you want to change the number
of periods that are plotted, you need to maodify this entrye Vhctornamescontains the names of
the models. These are used later on to produce proper legétius graphs. The vectonycolors
contains a line specification for each model for the grapasdhe plotted in part 3 of the file. When
adding new models to the data base the number of models mighed the entries imycolorsat
some point. In this case the user needs to add entries toebisry
A text block follows that describes a very general monetanljcy rule that is used for each model
and that nests the policy rules listedTiable 7. For each rule it is shown how the original represen-
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tation is transformed into the respective general ruleasgmtation. The parameters in the general
policy rule are denoted according to the following schemlge first three letters amof to indicate

a coefficient rather than a variable. The next three lettexrsng, which are the first three letters of
interestsince this equation determines the interest rate. The hieee tetters are the first three letters
of the variable the coefficient responds to, céfintoutfor the output gap coefficient in the interest
rate equation. The next letter is eitHefor coefficients of forward looking variableb,for coeffi-
cients of backward looking (lagged) variables. This leiggust omitted in case of contemporaneous
variables. A number follows that indicates the number ofitear lags. An example is the coefficient
on inflation expected one-period-aheadfintinffl

After the general policy rule a menu is set up with the nanle to choose from among the policy
rules. Afterwards, the parameters of the general policy ane set according to the specific policy
rule chosen and stored in the felicy _param.matThe parameters are loaded later on in the specific
model files to initialize the chosen policy function. If onants to add an additional policy rule to
the macro model data base, one can easily extend the poleynenu and add an additional set of
values for the parameters of the general policy rule. It isTezessary to change the model files.

A second menu with the nammodelis 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 autocorrelationtfans, impulse response
functions and whether to shock monetary or fiscal policyofsll As in the model files the monetary
policy shock has the naniterest_and the fiscal policy shock has the nafiseal . This convention

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

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

Before solving the models using Dynare all choices maderdoaiee to be saved in the filod-
elbaseas Dynare clears the workspace before solving a model. Adwepall models that are saved
in the vectormodelbase.models initialized. For every cycle of the loop the current diay 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 comndymdirefollowed by the model abbreviation,
c.f. dynare NK_CGG990 solve the model of Clarida et al. (1999), calls the sofeM@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 unitioné! variances. The results are appended
to the fileModelbaséefore we return to the beginning of the loop to solve the nedel.

Part 3 of MMB.m: Plotting the results
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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 eagdel. The common variables can
be easily identified within the whole output of each modehgghe functionoc 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 of Dynare and havenancon structure. 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 mdd& base blocks. The current
example is based on the Dynare 3 version of the database willvp@int out any differences in the
corresponding Dynare 4 mod-file. The mod-file is showirigure 8 andFigure 9. However, the
explanations apply to all models. In the following, the twaimparts of a mod-file, the preamble and
the model block, are described step by step.
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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
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/4 Modelbase Shocks )
interest fiscal ; )
ffﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁTﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

parameters lheta sicgmws alpha theta omegs kapps rhou rhog stdinflation stdfiscal
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/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; )
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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
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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
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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 &ulies. In our example shown in
Figure 8 the model-specific endogenous variables are listed in lin&ed the keywordrar:
pi, y, ynat rnat, i, X, u, g andg_. The latter in fact represents an exogenous government
spending shock, however it has to be initialized as endagewariable for reasons that will be
explained below. It follows a Modelbase block in lines 5 tan8ahich the common variables
are introduced. In general, Modelbase blocks are sepattatedgh//*******  symbols from
the rest of the file.

¢ Following the keywordrarexoin line 10 the exogenous variables are initialized. In owaregle
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 keyworgharameterghe model-specific parameters are initialized.

o It follows the Modelbase block in which the Modelbase parerseare intitialized. IfFigure
8 line 22 we have for brevity reasons only included three ggliarameters. In the actual mod-
files there are many more leads and lags. These are the pararoéthe general monetary
policy function, except for the last onegffispo) which enters the common discretionary gov-
ernment spending equation.
Note, that in the mod-files of the database version compatifth Dynare 4, one first defines
the Modelbase parameters and then the model-specific pta@ne

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

e Finally a Block calledSpecification of Modelbase Parameteysidded. First in lines 39 to 43
the numeric values of the parameters of the selected mgneddicy 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 parastdter has to be reset to 100 after the
parameter-loading command. In our example this would havetdone in line 44. However,
the shocks in this model are already expressed in percetgags. Secondly, the discretionary
fiscal policy parametecoffispolis defined as a function of the model-specific parameters in
order to obtain a government spending shock of one perc& D@t The exact implementation
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of the common fiscal policy shock will be described below. um example no adjustment is
needed and henooffispolis set equal to one.

¢ In the Dynare 4 version of the database, the command linemtbthe Modelbase parameters
have changed as shownHhigure 10.

Figure 10: LOADING MODELBASE PARAMETERS IN THEDYNARE 4 VERSION OFMMB

S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R AR R R AR R R R R AR R AR R R AR R R R R R

// Specification of Modelbase Parameters /i*
/i*

// Load Modelkbase Monetary Policy Parameters fi*

thispath = cd;

cd{'".."):

load policy param.mat;

for i=1:24

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

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

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

S R R R R R R R R R R R R R R R AR AR R RN R R AR R AR R AR RN AR KA R A RN RARARNRRAARRRENRRRR R

Part 2: The model block

e The model block starts in line 49 &figure 9 as indicated by the keywomodelfollowed 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 commorades are defined in terms
of the original model variables. The varialigerestdenotes the annualized short-term interest
rate,inflationis annual inflationinflationgrepresents annualized quarterly inflationfputgap
andoutputdenote the output gap and output, respectively. The comradabtefispol rep-
resents discretionary fiscal policy. It is set equal to thaletspecific 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. Toissaus the keep the original
model equation for government spending unchanged.

50



o 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 displahed:omplete general policy rule
in Figure 9. Below in line 76, the common equation for discretionaryguownent spending is

specified.

e 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 li®ésand 92 between the keywords
shocksandend Importantly, the variance of the original model-specifizgrnment spending
shock has been assigned to the common fiscal policy shockafiscal_. Hence, the com-
mon shockfiscal_affects the fiscal policy variabligspol through the common discretionary
government spending expression in line 76 which is set eigude model-specific govern-
ment spending shoak in line 59.

e 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 vasdidve 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 h@lizied in the fleMMB.m In the
following, each of these steps is described in detail.

Step 1: Creating the mod-file

e The first task when adding a new model to the macro model data 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.

¢ 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//*****x*
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o After the initialization of the original model variablebg common blockodelbase Variables
follows. It consists of the six common variableserest 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 thiispolvariable. This common block corresponds to lines 5 to Bigure
8.

e The common blockModelbase Shocks added after the initialization of the original model
shocks as in lines 12 to 15 dfigure 8. It consists of a common monetary policy shock,
interest , and of a common fiscal policy shodiscal .

e The third common block is thklodelbase Parametersection. Following the initialization of
the original model parameters, the common Modelbase paeasrare preset, consisting of the
monetary policy rule parameters and the discretionarylfisalecy parametecoffispol For the
Dynare 4 version of the Modelbase, one first defines the Madelparameters and afterwards
the original model-specific parameters.

¢ 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. Thidfggeion 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
parameters such that a unit government spending shock hasimpact on output. In our ex-
ample no adjustment is needed and hesaféispolis set equal to one. In the Dynare 4 version
of the Modelbase the command lines to load the policy rulameters are slightly different,
as documented iRigure 10.

¢ Following the beginning of the model section, i.e. before thiginal model equations are
specified, anodel-specifitdModelbase block has to be added in order to define the common
Modelbase variables in terms of original model variableisTs done in lines 52 to 59 in
our example. The variablaterestis defined as the annualized short-term interest rate set by
the policy maker. The variableflation denotes the year-on-year inflation rate in percent and
inflationq denotes the annualized quarter-to-quarter inflation rateercent. If for instance
the original model variable representing quarterly inflatis not annualized, thenflationg
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would have to be specified as four times the original quaaeyuarter inflation variable. The
common variablesutputgapandoutputrepresent the output gap and output, respectively.

e The variabldispolspecifies the common discretionary fiscal policy variabla. ifiplementa-
tion of the discretionary fiscal policy variable, one doeshmve 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, tigsal 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@igfiscal_andfispolshould not
be initialized.

o Afterwards the commorPolicy Ruleblock is added to the mod-file, specifying the general
monetary policy rule, like it is done in lines 68 to 72kigure 9. For the sake of brevity we
have not displayed the complete general policy rule in oangde. The original monetary
policy rule has to be commented out in the original model cddecase the model contains
a fiscal policy shock, common discretionary government djpegnis also specified in thiéol-
icy Ruleblock, expressindispolas a function of thdiscal_shock, as in line 76 ofigure 9.
Hence, the common shofikcal_affects the fiscal policy variabliespolthrough this common
discretionary government spending expressionfeplis set equal to the model-specific gov-
ernment spending shogk in line 59. The orginal model equations following this bloeknain
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 picitly. For the fiscal policy
shockfiscal_one adopts the original covariance specification of theaega shock if available.
Otherwise one sets the variance of the fiscal policy shocklggwero.

¢ Finally, one hasto delete or out-comment the commands foiriythe 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, thdlK_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
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Euro area should start witBA. The full model name should allow for the identification oéth
specific model among the other Modelbase models. The file bistored in a folder that
has to be created under exactly the same model name and plesitioned 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, tidetmamed NK_RW97 is added
asNK_RW97: Rotemberg, Woodford (1997)

e Next, the model name has to be added at the correspondintiopoi the vectomodel-
base.names

¢ Finally, a new entry has to be added at the correspondintjgosd the vectomodelbase.variabledim
This entry has to bé if the standard deviations of the model-specific shocks gpeessed in
percent and it has to [&if the standard deviations 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 théoget980:Q1-1995:Q2 is used.
The estimated parameters are taken from Woodford (2008 6&ab. However, 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 stagdp®s i£j 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:Q1-2001:Q3.
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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-filtered daer the sample period 1963:Q1—
2002:Q4.

B.1.9 NK_GKO09: Gertler and Karadi (2009)

Gertler and Karadi (2009) build a quantitative monetary [ES@odel with financial intermediaries

that face endogenously determined balance sheet constraime authors use the model to analyse

unconventional monetary policy measures.

e Aggregate Demand: The representative household’s uidigeparable in consumption and
leisure and allows for habit formation in consumption. Heluslds postpone their consumption
by holding deposits with the financial intermediaries. Theant of deposits is determined in
such a way as to guarantee that the bankers’ incentive eamst satisfied. Expected-lifetime

utility is maximized, choosing consumption and labor sypplthe intermediate firms.

e Aggregate Supply: The financial intermediaries issue ogetit claims to firms, financed by
the deposits. An agency problem between the intemedianigéshee depositors generates an
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endogenous leverage constraint with respect to the legeatig of the financial intermediaries.
Competitive firms produce intermediate goods using laborices and capital, the latter of
which is produced by the capital producer. The retail firmgeh@aonopolistic power and re-
package intermediate output. Nominal frictions are inictl in the form of Calvo sticky
prices. Non-reoptimizing firms index their prices to prexdgeriods inflation rate.

e Shocks: Capital quality shock, which affects the effectjuantity of the capital stock.

o Calibration/Estimation:The financial sector parametezchosen to satisfy a steady state inter-
est rate spread of 100 basis points, a steady state levatamgefrfour, and an average horizon
of bankers of a decade. The calibration of the conventionedipeters is mostly following
Christiano et al. (2005).

B.1.10 NK_CKO08: Christoffel and Kuester (2008)

Christoffel and Kuester (2008) incorporate search and Iniragcfrictions a la Mortensen and Pis-
sarides (1994) into an otherwise standard New Keynesiandmssscycle model.

e Aggregate Demand: There is a large number of identical fasih the economy. Each family
consists of unemployed and employed members with timetimddixpected utility preferences
and an external habit. The representative family poolsabherincome of its working mem-
bers, unemployment benefits of the unemployed members azkcfal income. The family
maximizes its welfare function by choosing consumption aadhinal bond holdings subject
to its budget constraint.

e Aggregate Supply: There are three sectors of productiohdénetonomy. Firms in the first
sector produce a homogeneous intermediate good where ikl only production input.
The production process is subject to matching frictions.mii@al wages in the labor sector
are Calvo staggered. The wholesale sector demands labds g@sahe only production input
in a perfectly competitive market to produce differentihtggpods using a constant-return-to-
scale production technology. Subject to price-settingddiments a la Calvo, the intermediate
good is sold under monopolistic competition to a final retadtor. Retailers bundle differenti-
ated goods into a homogeneous consumption/investmentbadkese goods are then sold to
consumers and government.

e Shocks: Three shocks: a serially correlated shock to thepriemium that drives a wedge
between the return on bonds held by the families and thedstieate set by the central bank,
an AR(1) labor sector-wide technology shock process, ara/argment spending shock.
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e Calibration/Estimation: The model is calibrated to US daten 1964:Q1 to 2006:Q3. The
underlying data set used covers data on output, hours wakatlwages, wages per employee,
real hourly wages, vacancies, the civilian unemploymetet, the inflation rate and the interest
rate.

B.1.11 NK_CKLO9 and EA_CKLO9: Christoffel et al. (2009)

Christoffel et al. (2009) explore the role of labor markeishonetary policy in the Euro Area in a
closed-economy, single-country New Keynesian model withrtéhsen and Pissarides (1994) type
of matching frictions. To allow for a direct channel from vesgto inflation, the model builds on the
right-to-manage framework of Trigari (2006). Moreover,riStoffel et al. (2009) incorporate stag-
gered wage-setting a la Calvo and account for job-relatextifoosts as in Christoffel and Kuester
(2008). The aim of the paper is to investigate to which exaembre flexible labor market would alter
the business cycle behavior and the transmission of mgnetdicy, employing a genuine Euro Area
calibration (NK_CKLO09). Second, by estimating the modehwBayesian techniques (EA_CKL09)
they analyze to which extent labor market shocks are impbdaterminants of business cycle fluc-
tuations. The results support current central bank praétiQut considerable effort into monitoring
Euro Area wage dynamics and treat some of the other marla@tiattion as less important for mon-
etary policy.

e Aggregate Demand: The demand as well as the supply struittiloes closely the one de-
scribed in Christoffel and Kuester (2008). The economy stesf a large number of identical
families that comprise unemployed and employed membelstinie-additive expected utility
preferences that exhibit an external habit. The repregeattamily pools the labor income
of its working members, unemployment benefits of the uneygadanembers and financial
income from assets that family members hold via a mutual .fugach household also owns
representative shares of all firms in the economy. It maxasihe sum of unweighted expected
utilities of its individual members, by taking consumpti@aving, vacancy posting, and labor
supply decisions on their behalf.

e Aggregate Supply: The economy consists of three produsimtors. The labor packers use
exactly one worker as input to produce a homogeneous intbateegood labeled labor good.
The process of labor bargaining is governed by wage rigglitThe wholesale sector buys the
labor good from the labor packers in a perfectly competitiegket and produces differentiated
goods using a constant-return-to-scale production tdoggoThese goods are sold under mo-
nopolistic competition to a final retail sector at a pricetibaubject to impediments a la Calvo
and to a partial indexation rule. Retailers bundle the ckffiéiated goods into a homogeneous
consumption/investment basket and sell it to the consuaratto the government.
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e Shocks: Three labor market shocks: a shock to the costs tihgasvacancy, a shock to the
rate of separation, and a shock to the bargaining power okavey a government spending
shock; a wholesale sector cost-push shock.

e Calibration/Estimation: For the calibration exercise (NKEKL09) a quarterly Euro Area data
set from 1984:Q1 to 2006:Q3 is used. The model is also estiinaith Bayesian techniques
(EA_CKLO09) employing output, year-on-year inflation, thenminal interest rate, wages per
employee, unemployment and proxies for total hours workethvacancies as observable vari-
ables.

B.1.12 NK_RWO06: Ravenna and Walsh (2006)

Ravenna and Walsh (2006) build a New Keynesian model withsaatannel of monetary transmis-
sion and study optimal monetary policy.

e Aggregate Demand: The model economy consists of houseHulds, the government, and
financial intermediaries interacting in asset, goods, abdrd markets. Households maximize
their expected present discounted value of utility definezt @ composite consumption good,
a taste shock and leisure. The composite good consistsfefatifiated products produced by
final goods producers. Households enter each period with ltalslings, receive their wage
income and use it to make deposits at the financial intermgdide remaining cash balances
are available for the purchase of consumption goods. Atrildeoga period, households receive
profit income from the financial intermediary and firms, ane phincipal and interest on their
deposits at the intermediary.

e Aggregate Supply: The goods market is characterized by pulistic competition, and the
adjustment of prices follows the Calvo setting. Firms mustdwv money from the financial
intermediary at the gross nominal interest rate to pay fargfaheir wage bill.

e Shocks: A composite demand shock.

e Calibration/Estimation: The model is calibrated to the d8reomy.

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.

63



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.

e Aggregate Supply: The aggregate price level is a constarkt-onya(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 egigitrage 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 psiicgk.

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

e Replication: We replicated the impulse response functfonsannualized 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 Orphanid@é$\Aeland (1998) and used to inves-
tigate the consequences of the zero bound on nominal ibtates.

e Aggregate Demand: The US_OW98 model disaggregates readlisppeinto five components:
private consumption, fixed investment, inventory investmaet exports, and government
purchases. The aggregate demand components exhibitl @aljistment 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-termatzal The long-term nominal in-
terest rate is an average of expected future hominal skori-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.
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e Aggregate Supply: The structure is similar to the US_FM98letoln 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 biPacondition.

e Shocks: Five demand shocks including the common fiscal ypslmock in the government
spending equation, an ad hoc cost push shock to the nomimga eentracts and the common
monetary policy shock.

e Calibration/Estimation: The model is estimated for theiquerl980-1996 using U.S. data.
The demand block is estimated via IV-estimation equatipreduation. For the supply side
simulation-based indirect inference methods are used.

e 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.2.3 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 govemtrpurchases. The broad compo-
nents are disaggregated further i.e. spending on fixedtimess is separated into equipment,
nonresidential structures and residential constructiGovernment spending is divided into
six sub-components, each of which follows a simple reddoett 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 weightedage of the productivity-adjusted
wage rate and the domestic energy price. The specificatitimeoivage and price dynamics
follows the generalized adjustment cost framework useddéraggregate 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
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as expected future changes in equilibrium prices and eggdature unemployment rates. In
addition, both wages and prices error-correct to theireesye equilibrium levels. A vertical
long-run Phillips curve is imposed in estimation. The moc&htains a detailed accounting
of various categories of income, taxes, and stocks, anaxpkatment of labor markets, and
endogenous determination of potential output. Long-rumiligium in the model is of the
stock-flow type; the income tax rate and real exchange rskepriemium adjust over time to
bring government and foreign debt-to-GDP ratios back tifipe (constant) levels.

e Foreign sector: The full modelincludes detailed treatrmeftoreign 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 describiadgdteign countries is replaced by
two reduced form equations for foreign output and pricesetiuce computational cost.

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

¢ 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.2.4 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 doewsut 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 méileeconsumption response in
the model more persistent. Households own firms, rent degetaices to firms and decide
how much capital to accumulate given certain capital adjast costs. They additionally hold
their financial wealth in the form of one-period, state-aogént bonds. Exogenous spending
follows a first-order autoregressive process with an iidwral 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 themoeat. The final goods pro-
ducer maximizes profits subject to a Kimball (1995) aggregat intermediate goods, which
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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
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 intermedgdods producer in a perfectly
competitive environment. Sticky wages i£j la Calvo are talghlly assumed. The Calvo
model in both wage and price setting is augmented by the gggmthat prices that can not
be freely set, are partially indexed to past inflation rates.

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

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

Replication: We replicated the impulse response functiorsspositive one standard deviation
monetary policy shock in Figure 6 of Smets and Wouters (2007 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 paeter 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 uidigeparable in consumption and
leisure and allows for habit formation in consumption. Ectee-lifetime utility is maximized,

choosing optimal consumption and investment, as well agtheunt of capital services sup-
plied to the intermediate firms (homogenous capital model)@ortfolio decisions. Investment

67



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. Labwices are sold to a competitive

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.

e Aggregate Supply: The final consumption good is producectupdrfect 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 technosbggk. 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 havealy the wage bill in advance
which requires borrowing from a financial intermediary. Npat frictions are introduced in
the form of Calvo sticky prices. Non-reoptimizing firms ixddeir prices to previous periods
inflation.

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

e Calibration/Estimation: The model has been estimated gy the empirical impulse re-
sponse functions to a monetary policy shock in a ten varighike with the theoretical impulse
responses from the model to a monetary policy shock. Quailtef. data from 1959:Q2—
2001:Q4 is used.

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

B.2.6 US_NFEDOS: Edge et al. (2008)

The US_NFEDOS is a version of the medium-scale closed ecgmoatel 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 cygicgierties observed in the U.S. data. Pro-
duction sectors in Edge et al. (2008) differ in the rate oftdehnological growth while expenditures
are categorized as business spending and household spembdamodel as in Edge et al. (2008) is

68



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
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 costeaiwhanging the mix of labor supplied
to each of the production sectors. The consumption compsren the disutility from labor
are subject to specific AR(1) aggregate shocks.

e Aggregate Supply: There are two production sectors in tladet) 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@atal services while the other sector
(only businesses) produces fast-growing “capital” gooBmal goods are an aggregate (us-
ing Dixit-Stiglitz technology) of sector-specific differgated 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 faBased 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 firatisat a New Keynesian Phillips
curve with backward and forward-looking terms. Capital evenchoose how much residen-
tial capital, non-residential capital and consumer dwsill be invested in each production
sector. These decisions are subject to investment andatagjustment 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 tergrefes over non-durables and
non-housing services, a shock to preferences over restieapital, 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 productivityck, a sector specific productivity
shock, an intermediate labor substitution shock, a labbst#ution shock, a monetary policy

shock.
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e Calibration/Estimation: Estimated with Bayesian methadsng quarterly U.S. data for the
period 1984:Q1-2004:Q4.

B.2.7 US_RS99: Rudebusch and Svensson (1999)

Rudebusch and Svensson (1999) set up a simple linear motted &f.S. economy which is used to
examine the performance of different policy rules takintg iaccount an inflation targeting monetary
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 estichswgividually 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 betweetisga 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 restricted®tral vector autoregression (VAR)
of up to four lags estimated using quarterly data from 19600@3.
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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 angingle global market. Both versions
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 bgigu 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_PMO8fl, the output gap is a function of a findngaable as well, constructed
using information from FED’s quarterly Senior Loan Officepi@ion 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@itemding 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 disturbanoe tdihis representation reflects
the way agents set their prices: a share of them uses indexatipast inflation and others
are forward looking. These expectations are based on numhalistent 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 betvesgtain shocks are allowed.

e Calibration/Estimation: Both models are estimated witly@&aan techniques, using U.S. quar-
terly data over the period 1994:Q1-2008:Q1.

B.2.10 US_DGO08: DeGraeve (2008)

DeGraeve (2008) uses a medium-scale New Keynesian moe@elnilSmets and Wouters (2007)

enriched with financial frictions as in Bernanke et al. (19@9estimate and explore the role of the
external finance premium in propagating shocks for the Llt&emy. Conditional on certain shocks,

he finds that a framework with financial frictions and investrnadjustment costs may give rise to a
financial “decelerator”.

71



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 fraragky

e Aggregate Supply: Apart from the intermediate and final gdfirths 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 hristiano, Motto, and Ros-
tagno (2003). Intermediate goods firms face price rigidiey@alvo while capital good produc-
ers face convex investment adjustment costs. On the ottherthie presence of entrepreneurs
and the financial intermediary brings financial friction®iplay. Entrepreneurs borrow from
financial intermediaries to buy capital (from capital prodts), decide on capital utilization,
rent capital services to intermediate goods firms and saeldepreciated capital back to capital
producers. However, after the purchase of the capital seogkepreneurs are hit by an idiosyn-
cratic shock, observable only by them. This leads to thelycetite verification framework a
la Bernanke et al. (1999), giving raise to extra costs, atioeeisk-free rate. The optimal con-
tract between entrepreneurs and the financial intermef#iads to an aggregate relationship of
the spread between the external finance costs and the eiskete and entrepreneurs’ financial
conditions represented by the leverage ratio.

e Shocks: A preference shock, a labor supply shock, a totedifgcoductivity 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 Béemethods on quarterly U.S. data
for the period 1954:Q1-2004:Q4.

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 derivgsfubm consumption, real money
balances and leisure. Consumption and real balances gexstiha preference shock and a
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money demand shock, respectively. The household keepsitiegtthe financial intermediary,
supplies labor to the entrepreneurs and earns dividenasritailer firms.

e Aggregate Supply: The production sector is comprised obpneéneurs, capital producers and
retailers. The set up introducing the financial frictionsiigilar to Bernanke et al. (1999),
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 paymaemd the entrepreneurial net worth.
Entrepreneurs borrow from financial intermediaries to bapi@l from capital producers and
produce intermediate goods. Due to asymmetric informdi&ween the entrepreneurs and fi-
nancial intermediaries, the demand for capital is depermiethe entrepreneurs’ financial con-
ditions. Capital producers combine efficient investmertdgoand 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 wtadeegoods from entrepreneurs, dif-
ferentiate them at no cost and sell them in a monopolisticpaiitive market, subject to price
stickiness as in Calvo (1983) and Yun (1996).

e Shocks: A preference shock, a money demand shock, a tegyshock, 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: QB2 Q3.

B.2.12 US IACOS5: 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 falk&tearal 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 aggregaamdeathousing price shocks and the
hump-shaped dynamics of output to inflation surprises,wiesdrom U.S. data.

e Aggregate Demand: There are two types of households, thiefaand the “impatient”
ones. They both derive utility from consumption, holdinfieausing, real money balances and
leisure. However they discount the future differently,httie impatient household discounting
the future more heavily. This specification induces the itiepd household to face borrowing
constraints, consistent with standard lending criteriedus 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.
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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 iuassd. Entrepreneurs discount the
future more heavily than the patient households. Both aptians assure that the borrowing
constraint is binding for entrepreneurs. In addition tremeeretailers 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:Q1-2003:Q2.

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 informatgiickiness. 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. Workergsehbow much to work and
what wage to charge for the particular variety of labor ovbioh 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.
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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,aanhgldrawn from the population,
obtains new information and recalculates the optimal piite optimizing process of the firms
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 govenh shock, a technology
shock and a monetary policy shock.

e Calibration/Estimation: Estimated with maximum likeliw and Bayesian methods, using
quarterly U.S. data for the period 1954:Q3-2006:Q1.

B.2.14 US_RAO7: Rabanal (2007)

Rabanal (2007) incorporates a cost channel of monetargrtrgsion into an otherwise standard
medium-scale New Keynesian DSGE model by assuming thatcéidraof firms need to borrow
money to pay their wage bill prior to their sales receiptse model is estimated on US data in order
to analyze whether the cost channel empirically accoumthéoso-called price puzzle.

e Aggregate Demand: Households obtain utility from consunihre final good and disutility
from supplying labor, they own intermediate firms, lend tapservices to firms and make
investment and capital utilization decisions. Moreovieeitt utility function displays external
habit formation. Capital is predetermined at the beginrh@ period, but households can
adjust its utilization rate subject to adjustment costsnaRcial markets are assumed to be
complete.

e Aggregate Supply: Intermediate good producers combire lahd capital services to produce
their goods while taking the capital utilization rate démisof households as given. A fraction
of intermediate good producers have to pay their wage biheperiod before they sell their
product. These firms borrow at the riskless hominal interatst. Goods and labor markets
are characterized by monopolistic competition. Priceswsagdes are set in a staggered way,
following the formalism of Calvo (1983). Indexation to lgstriod’s average inflation rate is
assumed for firms and households whenever they are not dltmveoptimize. A continuum
of final good producers operating under perfect competiises intermediate goods for the
production of final goods.
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e Shocks: Four orthogonal structural shocks are introdut#te model. The government spend-
ing and technology shocks follow an AR(1) process. The margetnd the price markup shock
are assumed to be iid processes.

e Calibration/Estimation: The model is estimated using B@ye techniques on quarterly US
data. The data set used comprises four key macroecononmbhes: real output, real wage,
inflation rate and the nominal interest rate over the per@fsbiQ1-2004:Q4.

B.2.15 US_IR11: Ireland (2011)

Ireland (2011) estimates a New Keynesian model for the UB@ng in order to compare the Great
Recession of 2007-09 with its two immediate predecessbesntilder recessions of 1990-91 and
2001.

e Aggregate Demand: The utility function of the represeutdtiousehold is additively separable
in consumption, real money balances and hours worked, atdrés habit formation in con-
sumption. The household enters each period with money andsb@t the beginning of each
period, it receives a lump-sum nominal transfer from theéreébank. Moreover, the household
decides about the purchase of new bonds, the supply of lalgothe consumption of finished
goods. At the end of each period, the household receivesnabifividend payments resulting
from the ownership of intermediate-goods-producing firms.

e Aggregate Supply: During each period, the representatiegrnediate-goods-producing firm
hires labor to manufacture intermediate goods accordimgamnstant-return-to-scale technol-
ogy. The representative intermediate-goods-producingtiiss monopolistic power, acting as
a price-setter. However, price setting is subject to Rotmpiguadratic adjustment costs. The
intermediate goods are then used by the finished-goodstpiragifirms to manufacture final
goods under perfect competition.

e Shocks: An AR(1) preference shock, a cost-push shock in fifrenshock to the price mark
up, a technology shock that follows a random walk with dniftlaa monetary policy shock.

e Calibration/Estimation: The model is estimated via maximlikelihood using U.S. quarterly
data on output growth, the inflation rate and the short-tewsminal interest rate over the period
1930:Q1-2009:Q4.
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B.3 Estimated Euro Area Models
B.3.1 EA_CWO05: Coenen and Wieland (2005)

Coenen and Wieland (2005) develop a small-scale macroetiomoodel for various staggered pric-
ing schemes. We use a version with the nominal contract fipen 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 et 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.

e 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 thestfuation has been estimated by means
of the GMM.

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

B.3.2 EA_AWMOS5: 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 usiéagized 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
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disposable income and wealth, where the latter consiststdbneign 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 laggestment/output ratio. The authors
stress that this investment equation represents the kayneh#hrough 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 wagesdefiator for real GDP at factor
costs, which according to Fagan et al. (2005) is the key pmidex of the model, is a function
of unit labor costs, import prices, the output gap and irdlaéxpectations. The growth rate of
wages depends on consumer price inflation, productivitythadinemployment gap, defined
as the deviation of the current unemployment rate from th¢éRUA

e Foreign sector: Besides extra-area flows, exports and is@adso 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 skapkrts cost-push shock, imports
cost-push shock, private consumption shock, term strectuock, 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
gap to a 100bps temporary unanticipated rise in the nomhwat serm 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 mediume-slcssed 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 balaseBfgct 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
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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.

Aggregate Supply: The final goods, which are produced unedegt competition, are used
for consumption and investment by the households and bydlkergment. The final goods
producer maximizes profits subject to a Dixit-Stiglitz agggtor of intermediate goods, which
introduces monopolistic competition in the market for imediate goods and features a con-
stant elasticity of substitution between individual, imediate 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 firmlsggeector. 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. Stickgega la Calvo are additionally
assumed. The Calvo model in both wage and price setting imenigd by the assumption that
prices that can not be freely set, are partially indexed &t jpdlation rates.

Shocks: Ten orthogonal structural shocks are introductdteimodel. Three preference shocks
in the utility function: a general shock to preferences, @&tto labor supply and a money de-
mand shock. Two technology shocks: an AR(1) process withdashiock to the investment
cost function and a productivity shock to the productionction. Three cost push-shocks:
shocks to the wage and price mark-up, which are iid 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 nageiolicy shock. In addition,
the common fiscal policy shock is added in the form of a govemirspending shock. Since
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.

Calibration/Estimation: The model is estimated using B#ye 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 defledal 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).
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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 addlee representative utility func-
tion. Internal habit formation is imposed with respect tagamption. Aggregate consumption
is specified as a CES function, being composed of domestigadduced 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 finavi@daxes 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 prodootif 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
are imposed such that profits are zero in steady state. Duerking capital, (a fraction of)
the wage bill has to be financed in advance of the productiosgss. Price stickiness of
intermediate goods is modeled as in the Calvo (1983) modelddition, partial indexation to
the contemporaneous inflation target of the central banktamgrevious 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.

e 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
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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 éxgeator, allowing for incomplete
exchange rate pass-through in the short run. The foreigmogoy is described by an identified
VAR model for foreign prices, foreign output and the foreigterest rate.

e Shocks: Unit root technology shock, stationary technokgyck, investment specific technol-
ogy shock, asymmetric technology shock, consumption prate 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.

o Calibration/Estimation: The model is estimated using B#ye estimation techniques for the
Euro area using quarterly data from 1970:1-2002:4 in omendtch 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 atanelard 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 D&6itel 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.

e Aggregate Demand: There are two types of households: liguahd non-liquidity-constrained
households. They posses the same utility function, noafadje in consumption and leisure
with habit persistence in both consumption and leisure uidity-constrained households do
not optimize, they just consume their labor income. On thegide, non-liquidity-constrained
households have access to domestic and foreign currenoyrileated assets, accumulate cap-
ital subject to investment adjustment costs and rent it tadjrearn profits from owning the
firms and pay taxes. Income from foreign financial assetshgestito an external financial
intermediation risk premium while real asset holdings agiect to an equity risk premium.
Both types of households supply differentiated labor tadérunion which sets the wages by
maximizing their joint utility (weighted by the share of d&etype). The wage setting process
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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 thbdaet 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 productiati€umwith 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 subjetidsd specific adjustment costs (all
having convex functional forms) and demand conditionsestment good producers combine
domestic and foreign final goods using a CES aggregator @upminvestment 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 sdtmation 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 inflagimh are also subject to random
shocks.

e Shocks: Awage mark up shock, a price mark-up shock, a mgneddicy shock, a fiscal policy
shock, world demand shock, a risk premium shock, a techgabgck, an investment shock,
a consumption shock, a trade shock, a labor demand shocteigrfononetary policy shock.

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

B.3.6 EA_GE10: Gelain (2010)

The model of Gelain (2010) incorporates financial fricti@gn& Bernanke et al. (1999) into a New
Keynesian DSGE model which closely follows the structuréhef model developed in Smets and
Wouters (2003). The structural model allows for a dynamadysis of the external finance premium.
The paper shows that the estimated premium is not necgssauihtercyclical as suggested by former
studies on the Euro Area external finance premium. In theepieesof certain shocks the premium
responds procyclically.

82



e Aggregate Demand: A representative household maximigestitrtemporal utility function
choosing the level of consumption, hours worked and the awtrafibank deposits, subject to a
budget constraint. The household’s consumption prefeeaghibit habit formation.

e Aggregate Supply: Each household is a monopolistic supgfidifferentiated labor services
requested by the domestic firms. After setting their wages @alvo staggered way, house-
holds inelastically supply the firms’ demand for labor atdmgoing wage rate. An indexation
rule is assumed for those households who are not alloweddptimmize.

The production sector consists of three types of firms: pnéreeurs, capital producers and
retailers. Entrepreneurs hire labor from households anddapital from capital producers

to produce intermediate goods using a Cobb-Douglas primtutdchnology. Entrepreneurs
have a finite expected lifetime horizon. The capital purelaare financed partly by the en-
trepreneur’s net worth and partly by borrowing from a finahantermediary. The presence
of asymmetric information between entrepreneurs and lsntteates a financial friction as in
Bernanke et al. (1999). Entrepreneurs can reoptimize ghigies only from time to time, as in

Calvo (1983).

Capital producers buy final goods to produce capital sulijegtvestment adjustment costs.
Retailers operate in a perfectly competitive market, they ai Dixit-Stiglitz technology using

the entrepreneurs’ intermediate goods as inputs.

e Shocks: The model exhibits eight shocks. Two preferenceksh@ shock to investment ad-
justment costs, a technology shock in entrepreneurs’ mtamufunction, a wage and a price
mark up shock, a government spending shock and a monetacy phbck.

e The model is estimated using Bayesian techniques on glyafiero Area data for 1980:Q1 to
2008:Q3. The data set used is comprised of seven key macroméovariables aggregated for
the Euro Area consisting of real GDP, real consumption, geads investment, hours worked,
the nominal short term interest rate, real wages per headhé&aton rate.

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

Taylor (1993b) describes an estimated international neamoeomic 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 thetfirdemonstrate that it is possible
to construct, estimate, and simulate large-scale modeleé&bd-world policy analysis (Yellen, 2007).
Taylor (1993b) argues that a multicountry model is appatprfor the evaluation of policy questions
like the appropriate mix of fiscal and monetary policy or theice of an exchange rate policy.
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e Aggregate Demand: The IS components are more disaggrepated the US_OW98 model.
For example, spending on fixed investment is separated lmé® 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 teepective equilibrium levels. In
G7_TAY93, imports follow partial adjustment to an equilion level that depends on U.S.
income and the relative price of imports, while exports 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 (upitteavarying risk premium); e.g., the
expected one-period-ahead percent change in the DM/Ux8laage 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&&eairand 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 nominatacbrwages, 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_&MBB8S_0OW98. 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-logkénror-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 pricelletm equilibrium. Import prices
adjust slowly (error-correction form) to an equilibriunvég equal to a constant mark-up over a
weighted average of foreign prices converted to dollarss phrtial adjustment of import and
output prices imposes somewhat more persistence to outigetipflation than would result
from staggered nominal wages alone.

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

e Shocks: Interest rate parity shock, term structure shoukaldle consumption shock, non-
durable consumption shock, services consumption shott,donsumption shock, aggregate
consumption shocks for Germany and Italy, for the other tiesdisaggregated, nonresiden-
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tial equipment investment shock, nonresidential strgstimvestment 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 adgltite 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..

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

¢ Replication: We replicated the impulse response functiongnnualized quarterly inflation
and the output gap to a 100 basis point innovation to the éfiemds 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 cateyed 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 authoaduate 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
in consumption as well as adjustment costs and accelefégotsin 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®fongy 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 dixpgsiFor 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, resithitlips curves that explicitly in-
clude lagged inflation and lagged output gaps. Thus, thiguetthat with Taylor contracts
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inflation persistence is solely driven by output persisgeftihrer and Moore, 1995a) is miti-
gated.

Foreign sector: All three countries are modeled explicitlge 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 deterrhingdP conditions.

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

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 Japanlt98®7:1.

Replication: We replicated the impulse response function8.5 percentage points demand
shocks in the United States, the Euro Area und Japan plattEdyure 3 of Coenen, Wieland

(2003). Variables include the output gap, annual inflatiod #he short-term nominal interest
rate of the United States, the Euro Area and Japan.

B.4.3 EACZ_GEMO3: 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&f)d consists of a small and a

large open economy. The authors study the effectivenesayddilrules and inflation-forecast-based

rules in stabilizing variability in output and inflation. & check if policy rules designed for large and

relatively closed economies can be adopted by small, tdagendent 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@i)3) 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 intermediataigdbolds face a transaction cost if
they take a position in the foreign bond market.

86



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 theymer price) and distribute them to
firms producing the final good (at the consumer price). Pdyfeompetitive final good firms
(Dixit-Stiglitz aggregator) use nontradable and tradeajsods and imports as inputs. House-
holds are monopolistic suppliers of labor and wage corgram 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 firmsiekHocal currency pricing, thus
exchange rate pass-through is low.

e Shocks: Risk premium shock, productivity shock, shock ®itivestment depreciation rate,
shock to the marginal utility of consumption, governmensaption shock where the one
affecting the large foreign economy represents the comnseoalfpolicy 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 maeariability of the Euro area (1970:1—
2000:4) and Czech Republic (1993:1-2001:4).

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

¢ Replication: We replicated the standard deviations of ahimiflation, the output gap and the
first difference of the interest rate under the optimal Taylde implied by the loss function
specification 2 of Laxton and Pesenti (2003) as listed in #wsd row of Table 4 in their

paper.
B.4.4 G2_SIGMAOS: FRB-SIGMA by Erceg et al. (2008)

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

e Aggregate Demand: There are two types of households: holgsethat maximize a util-
ity function separable in consumption, with external hédimation 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 anonadate capital, which they
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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 patfoli 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.

Aggregate Supply: Intermediate-goods producers haveantitwhl 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. Fioatigoroducers 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 aggreg&i@ss. Thus the import share of
consumption or investment goods is relatively unrespanisithe short-run to changes in the
relative price of imported goods even while allowing theellesf imports to jump costlessly
in response to changes in overall consumption or investohemiand. Government purchases
are assumed to be a constant fraction of output. Governraeanue consists of income from
capital taxes (net of the depreciation write off), seiggersacome and revenue from lump-sum
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 écctiange in that ratio.

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

e Shocks: Since we have no information about the variancdseaghock terms, we set all shock
variances equal to zero. The government spending shoclediame country represents the
common fiscal policy shock. The common monetary policy shseklded 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. d@iata 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 (disaggreb@asele 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 tagtateiand 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 acceesigstic and international fi-
nancial markets, accumulates capital and holds money. e 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 diffeiated 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
an indexation scheme, with wages being a geometric avefaggsb 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 cantidhs, 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.
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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 indekedinal 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 &&ht&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 consummgaod is a composite of only
domestically produced intermediate goods.

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

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

Calibration/Estimation: The model is calibrated to the &w@ad Wouters (2003) model, with
steady-state ratios based on observed data for the eurarmldd. S., respectively.

Replication: All impulse responses to different fiscal pplshocks, as appearing in Coenen
et al. (2008), have been replicated.

B.4.6 EAES_RA09: Rabanal (2009)

Rabanal (2009) uses a two-country, two-sector DSGE modetafrency union with nominal rigidi-

ties to study the sources of persistent inflation diffeadatbetween the EMU and one of its member

countries, Spain. Moreover, the paper aims at explainiaditat moments of the data by introduc-

ing time trends for the country- and sector-specific techgypkhock processes that can give rise to

permanent inflation differentials in the model.
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e Aggregate Demand: Households in Spain and in the rest of ERMé Itility functions sepa-
rable in consumption and leisure and displaying externiitliermation in consumption. The
composite consumption good is defined as a CES aggregatistiog®f domestic tradable
and nontradable, and foreign tradable goods. Preferemeessaumed to be the same across
countries, but countries differ with respect to the compasiof their consumption basket.

e Aggregate Supply: Each economy is characterized by tw@sedvionopolistic intermediate
firms use labor, supplied by the households, as the only toguioduce tradable and nontrad-
able goods. They set prices to maximize profits subject ta afsdemand equations. Price
setting follows a modified version of the Calvo frameworkhwtitvo indexation mechanisms in
place that account for the fact that steady state inflatiaghtride non-zero. Across countries
the same production technologies are deployed but cosrdiffer in the degree of wage and
price stickiness and in the degree of indexation.

e Foreign sector: Rabanal (2009) models two countries in tiv@fiean monetary union of un-
equal size. They produce differentiated tradable goodsaiteimperfect substitutes of each
other, but there is no price discrimination for the same tyfpgood across countries.

e Shocks: Ten shocks are introduced in the model: sector- andtry-specific AR(1) shock
processes for the government spending and the technolagk stith an Euro Area tradable
shock component, and an iid monetary policy shock.

e Calibration/Estimation: The model is estimated using Bigm estimation techniques using
guarterly euro area data for the period 1996:Q1-2007:Q4.

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 Gtigino et al. (2005), Altig et al. (2005),
and Smets and Wouters (2007). Still, a richer specificatioritfe production sector and for fiscal
policy is designed to account for special characteristichk@Chilean economy.

e Aggregate Demand: There are two types of households, Raceethd 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 monopolistisupf differentiated labour and
only a fraction of them can re-optimize their nominal wagaidity a la Calvo in wage setting

91



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 hbakis 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 thediinghouseholds. The aggre-
gate consumption for both types of households is a compo&#ecore consumption bundle

(domestic and foreign goods, given by a CES aggregator) nodresumption.

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 agg@ntative 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 hensmys commodity good only
for export. The production technology follows an exogenstoshastic process that does not
require any input. The price of the homogeneous commoditylgodetermined 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 r@nacontinuum of differenti-
ated imported varieties to produce a final foreign good, twviscconsumed 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 €dmil quarterly data for the period
1987:1-2005:4.
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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 “lifetimerne” consumers and “current
income” consumers, reflecting the fact that not all consgroan access credit markets. Life-
time income consumers smooth their consumption acrossttimeigh borrowing and saving
while “currentincome” consumers consume their currendime each period. Lifetime income
consumers choose consumption, domestic and foreign bddahgs, 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 produckliowever, renegotiation of
the wages is allowed only once in six months, on average, alydeoconstant proportion of
wage contracts are renewed every period. The dynamic wagsdieq is a function of past and
expected future wage inflation and an error-correction aomept.

e Aggregate Supply: The production sector is comprised of fjoad 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 conurinaft the domestic good and
the imported good. Through these steps, the firm faces tapijastment costs, investment
adjustment costs and labor adjustment costs. Final goads §iell their differentiated goods
in a monopolistic competitive fashion having power ovecesi. 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 thetimfldarget. In TOTEM, pricing
decisions are considered as strategic complements, whaeHave a strong incentive to fol-
low what other firms do. The commodity sector is represented domestic 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 comtiruf imperfectly competi-
tive commodity distributors or exported (for the world @riof the commodity denominated
in Canadian currency). The commaodity distributors repgekifie 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
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prices in the short-run.

e The Foreign Sector: The import sector is represented by fivhsbuy imported goods in the
world market for a given world price (law of one price holdshese goods are sold to domestic
firms, which use them as inputs in their respective prodadiimctions. Imperfect exchange
rate pass-through in the short-run is present as the priceprts is temporarily fixed in the
currency of the importing country and because import 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.

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 ofZdre provide support for its
policy decisions. This version of the model is used as a walalyze the response of the Brazilian
economy when subject to different shocks.

e Aggregate Demand: There are two types of households: g@mnand rule-of-thumbers. Both
maximize a similar utility function separable in consuroptand leisure but subject to different
budget constraints. Unlike the optimizers, the rule-afrtp 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 baedsmulate 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 adpecers 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
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representative firm using a CES aggregator and is sold in @petitime 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 ynancum 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 worlceoay. 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 avarshock, 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:Q2-2007:Q4.

B.5.4 CA_LSO07: Lubik and Schorfheide (2007)

Lubik and Schorfheide (2007) estimate four small-scalen@m®nomy DSGE models with Bayesian
techniques for Canada, Australia, New Zealand and the UK.pEper studies to what extent central
banks respond to exchange rate movements when setting aldmarest rates, finding that the Bank
of Canada and the Bank of England do include the nominal exgsheate in their policy rule. The
database contains the model for Canada.

e Aggregate Demand: The model treats the world economy astiaaom of small open economies.
The representative household maximizes its utility sdgaraetween consumption and leisure
subject to its budget constraint. Consumption is a compasittradable home and foreign
goods.

e Aggregate Supply: Differentiated goods are produced byapolistic-competitive firms using
a linear technology with labor being the only productionutpThe firms set their prices in a
Calvo staggered way. The marginal costs depend positivelhe terms of trade and world
output.

e The Foreign Sector: Purchasing power parity and the law efmice hold. There is perfect
exchange rate pass-through. The securities markets armedgo be complete, and hence
international risk sharing in the form of the uncoverediiest rate parity is obtained.
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e Shocks: A nominal interest rate shock, a terms of trade stwskock to world demand and a
shock to the world inflation rate are introduced in the model.

e Calibration/Estimation: The model is estimated with Bagesnethods using quarterly Cana-
dian data for the period 1983:Q1-2002:Q4.

B.5.5 HK_FPP11: Funke et al. (2011)

Funke et al. (2011) develop a small open economy DSGE modetstimate it for Hong Kong with
Bayesian techniques. The model adopts the perpetual ypptiloach and allows for wealth effects
from the stock market on consumption behavior.

e Aggregate Demand: The economy consists of an indefinite ruoflzohorts facing a constant
probability of dying each period, which implies a constatgected effective decision horizon
of consumers. Given the lifetime uncertainty, agents’ comation pattern is affected by their
expected lifetime wealth (in terms of the wealth in stock ke#y, where the stock price is mod-
eled as the discounted sum of future dividends. In this open@my the consumers are free to
allocate their consumption between domestic goods anijfogoods, and the intertemporal
allocation is characterized by an otherwise conventiondEequation that captures the impact
of stock-price dynamics.

e Aggregate Supply: Domestic firms act under monopolistic getition and produce consump-
tion goods. Nominal frictions are introduced in the form @i sticky prices. Non-reoptimizing
firms index their prices to previous period’s domestic piaatprice inflation.

e The Foreign Sector: The rest of the world is modeled exogelgolForeign output affects
domestic output through international risk sharing disgeeind also indirectly via the terms of
trade channel.

e Shocks: A productivity shock, a foreign demand shock, a pash shock and a stock-price
gap shock.

e Calibration/Estimation: The model is estimated using B#y@ methods. Funke et al. (2011)
employ quarterly data on four observables for the sampld 1¥B-2007:Q3: the real GDP of
Hong Kong, the Hang Seng index, the consumer price index agHong and US GDP. The
last series is used as a proxy for foreign demand.
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