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RESUME

Cette these est composée de trois chapitres mettant en évidence certains
mécanismes qui contribuent a améliorer 1'utilité des modeles néokeynésiens pour

I’analyse de politiques économiques et pour 1'évaluation des coiits de I'inflation.

Le premier chapitre montre qu'un modéle néokeynésien avec des rigidités
de prix a la Calvo n’est pas nécessairement en contradiction avec des évidences
d’une faible corrélation entre la hausse de Iinflation et la dispersion des prix
et ce, méme pour des niveaux d’inflation proches de ceux des années 1970 et
du début des années 1980. Par conséquent, comme le suggére Nakamura et al.
(2017), il est peu probable que la dispersion des prix soit un facteur déterminant
des coiits de I'inflation. Nous identifions ensuite les salaires rigides et les change-
ments technologiques provenant du progrés technique neutre et des technologies
spéciﬁques a I'investissement comme des facteurs ;qui alterent le role allocatif des
salaires en présence d’une inflation tendancielle positive. L'interaction entre ces
facteurs géneére une dispersion inefficace des salaires qui alimente & son tour les
colits de l'inflation. Nous montrons que ces coiits sont plus élevés quand la tech-
nologie suit une tendance stochastique plutét qu’une tendance déterministe. Nous
constatons également que les coiits de I'inflation sont treés sensibles aux variations
de 'élasticité de substitution entre les expertises de travail pour une variation

modérée de l'inflation.

Le deuxiéme chapitre conteste 1'idée selon laquelle les modéles néokeynésiens
avec des salaires et des prix purement prospectifs ne peuvent pas expliquer la

dynamique inertielle de l'inflation et de la production en réponse & une variation



xiv

de la demande globale (Chari, Kehbe et Mc Grattan, 2000). On remet également en
question l'idée selon laquelle les modeéles néokeynésiens doivent s’appuyer sur une
marge ajoutée au colit marginal contracyclique comme canal de transmission clé
pour les chocs de demande, ce qui ne semble pas cohérent avec certaines évidences
(Gali, Gertler et Lopez-Salido, 2007, Nekarda et Ramey, 2013). Nous montrons
qu'un modéle DSGE de taille moyenne exempt de clauses d’indexation des prix et
des salaires, mais dans lequel les firmes produisent en réseau et financent I'achat de
tous leurs intrants en empruntant d'un intermédiaire financier permet d’expliquer
correctement la dynamique de l'inflation et 'output en réponse & un choc de
demande ainsi que les évidences concernant la cyclicité de la marge ajoutée au

coit marginal.

Dans le troisieme chapitre nous utilisons les techniques bayésiennes pour
estimer I'importance de la production en réseau et des fonds de roulement dans
un modele DSGE et en explorer les implications pour le cycle économique. Nos
résultats confirment 1'évidence d’une structure de production en réseau. Ils suggerent
également que les entreprises utilisent le fonds de roulement pour financer une
fraction substantielle de leurs dépenses pour les intrants intermédiaires, les ser-
vices du capital et le travail. Ces résultats restent consistants a I’ajout de chocs
anticipés dans le modele. Notre modele avec réseaux de production et fonds de
roulement s’ajuste également mieux aux données lorsque comparés 4 un modele
standard. Nous constatons aussi que la présence de ces deux ingrédients modifie
de maniére significative les sentiers de réponse des variables clés suivant les chocs
a l'efficience marginale de l'investissement, & la productivité totale des facteurs, a
la marge ajoutée au coiit marginal et & la politique monétaire. Malgré 'utilisation
des préférences standards, notre modéle de référence n’est pas sujet au probleme
de comouvement en raison de la réponse positive de la consommation suivant un

choc a l'efficience marginale de I'investissement.
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ABSTRACT

This thesis consists of three chapters that identify new channels that im-
prove the usefulness of New Keynesian models for policy analysis and for the

evaluation of inflation costs.

The first chapter shows that the Calvo price-setting model is not necessarily
inconsistent with the evidence of a loose relationship between trend inflation and
price dispersion. This can be true even for a level of inflation like that experi-
enced during the 1970s and early 1980s. Therefore, as suggested by Nakamura et
al. (2017), price dispersion is unlikely to be a key factor driving inflation costs.
Then, we identify sticky wages and technical change stemming from neutral and
investment-specific technological progress as factors distorting the allocative role
of the wage system under positive trend inflation. The interaction between these
factors generates inefficient wage dispersion, which in turn fuels inflation costs. We
show that inflation costs conditioned on stochastic means are significantly larger
with stochastic trends in both technologies than with deterministic trends. We
also find that with high inflation, the costs of inflation are very sensitive to mod-
est variations in the elasticity of substitution among differentiated labour skills.
While estimating inflation costs is tainted with uncertainty, we believe that it
is too early to announce the dismissal of the New Keynesian model as a useful

vehicle to assess the costs of inflation.

The second chapter challenges the view that New Keynesian models with
purely forward-looking wage and price setting cannot explain inertial inflation and

output dynamics in response to a change in aggregate demand (Chari, Kehoe and
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Mc Grattan, 2000; Mankiw and Reis, 2002). We also call into question a well-
received idea that New Keynesian models must rely on a countercyclical markup
of price over marginal cost as a key transmission channel for demand shocks,
something that does not seem consistent with the evidence (Gali, Gertler and
Lopez-Salido, 2007; Nekarda and Ramey, 2013). We show that a medium-scale
DSGE model abstracting from ad hoc backward-looking wage and price setting
mechanisms, but emphasizing firms networking and an extended working capital
channel allowing firms to finance the costs of intermediate inputs, labor, and
capital services can successfully address some of these apparent failures of purely

forward-looking New Keynesian models.

The third chapter explores the business cycle implications of production
networking and working capital in an estimated New Keynesian model. Using
Bayesian methods, we estimate a medium-scale DSGE model that features pro-
duction networks and an extended working capital channel. We offer evidence
which strongly supports a network view of the production process. It also suggests
that firms use working capital to finance a substantial fraction of their outlays for
intermediate inputs, capital services and labor. These findings hold whether news
shocks are included or not. Relative to a standard model which abstracts from
these refinements, a comparison of the marginal likelihood statistics computed
by modified harmonic mean estimation speaks clearly to the relative advantage
and fit of our benchmark model. Compared to the standard model, we find that
production networks and working capital significantly alter the impulse responses
of key variables to marginal efficiency of investment (MEI), TFP, wage markup
and monetary policy shocks. Despite standard preferences, our benchmark model
is not prone to the "comovement problem”. Central to our findings is a positive

response of consumption following a MEI shock.
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INTRODUCTION

Depuis les années 70 , la macroéconomie s’est graduellement dotée d’outils
lui permettant de traiter les problemes rencontrés & partir d’un cadre conceptuel
cohérent, construit autour du comportement optimal des agents économiques et
de I'hypothese d’anticipations rationnelles. Ce noyau conceptuel de base s’est en-
richi par ’ajout de frictions réelles et nominales, donnant naissance aux modeles
néokeynésiens. Cette classe de modeles a facilité ’analyse normative et a permis
de mieux comprendre les fluctuations macroéconomiques & cause de leur capacité
a répliquer les évidences empiriques liées aux caractéristiques et & la dynamique

du cycle économique.

Toutefois, en dépit de leurs succes, certains chercheurs mettent en doute la
capacité des modeéles néokeynésiens a évaluer les colits de 'inflation et & servir
d’outils d’analyse de la politique économique. Par exemple, les évidences empi-
riques dans Nakamura et al. (2017), selon laquelle la dispersion des prix serait
insensible & une hausse de l'inflation, suggerent que ces modeéles ne sont pas
utiles & P'évaluation des coiits de 'inflation car ces cotts reposent sur une re-
lation positive entre la hausse de I'inflation et la dispersion des prix. Les modéles
néokeynésiens peinent également & répliquer le comportement de certaines va-
riables macroéconomiques sans recourir a des ingrédients ad hoc ou & des chocs
structurels douteux. Ces anomalies ont porté Chari, Kehoe et Mc Grattan (2009)

a affirmer que ces modeles ne sont pas utiles & I’analyse de politiques économiques.

Cette these est composée de trois chapitres qui identifient un ensemble de

mécanismes clés permettant d’améliorer la performance des modeéles néokeynésiens.



Le premier chapitre fait la preuve qu’un modele néokeynésien classique avec des
rigidités de prix & la Calvo (1983) n’est pas nécessairement inconsistant avec des
évidences d’une faible corrélation entre la hausse de I'inflation et la dispersion des
prix et ce, méme pour des niveaux d’inflation proches de ceux des années 70 et
80. On montre ensuite que l'interaction entre les changements techniques et les
salaires rigides constitue un canal alternatif a travers lequel ces modeéles géneérent
les cotiits de l'inflation. On trouve que l'inflation peut générer des coiits élevés
dépendamment du degré de substitution entre les expertises de travail. L’impor-
tance des coiits de l'inflation constitue un signal invitant les autorités monétaires
a la prudence face aux propositions qui recommandent de hausser la cible d’infla-
tion afin d’augmenter la marge de manceuvre des banques centrales en présence

d’une récession.

Le deuxiéme chapitre 2 de la thése développe un modele dans lequel les
firmes sont interconnectées et effectuent des emprunts pour financer leurs intrants.
On montre que ce modele, débarrassé de chocs structurels douteux et d’ingrédients
ad hoc comme les clauses d’indexation, parvient a répliquer les évidences empi-
riques portant sur la dynamique de 'output et de 'inflation. Les réseaux de firmes
et la structure de financement des intrants sont déterminants pour obtenir ces

résultats.

Le chapitre 3 pousse plus loin I'analyse de notre modeéle enrichi en deman-
dant aux données, via une estimation Bayésienne du modéle, de nous fournir une
évaluation de leur importance dans I’économie. Notre estimation confirme que les
réseaux de firmes, via une part des inputs intermédiaires dans la production de
0.56, posséde une importance significative dans I’économie. On a aussi confirmé
que les firmes utilisent des emprunts aupres des institutions financiéres pour fi-
nancer autour de 50% du coiit de leurs intrants, dont le capital, le travail et les

inputs intermédiaires.



Une autre anomalie que 1’on retrouve dans ce type de modele est leur incapa-
cité a générer une corrélation positive entre la consommation et I'investissement.
La raison est que la consommation répond négativement & 'impact suivant un
choc d’investissement. Le modele estimé produit une réponse non négative de la
consommation suivant un choc d’investissement et une corrélation positive entre
la consommation et l'investissement qui est plus proche des données que celle

délivrée par les modeles qui ne possédent pas nos ingrédients.



CHAPITRE I

LONG-RUN INFLATION AND THE DISTORTING EFFECTS
OF STICKY WAGES AND TECHNICAL CHANGE

Abstract

We first establish that a Calvo price-setting model is not necessarily inconsistent with
a weak relationship between trend inflation and price dispersion. This is true for a level
of inflation like the one experienced during part of the 1970s and early 1980s. Then,
we identify sticky wages and technical change stemming from neutral and investment-
specific technological progress as factors disrupting the allocative role of the relative
wage system under positive trend inflation. The interaction between these factors ge-
nerates inefficient wage dispersion, which in turn fuels inflation costs. We show that
the mean inflation costs are larger with trends in both technologies being stochastic as
opposed to deterministic. But with high inflation, inflation costs are found to be very
sensitive to relatively small variations in the elasticity of substitution among differen-
tiated labour skills. We conclude from our findings that it is too early to announce the

death of the NK model as a useful vehicle to assess the costs of inflation.

JEL classification : E31, E32.

Keywords : wage dispersion ; trend Inflation ; inflation costs; technical change.



1.1 Introduction

Standard New Keynesian (NK) models identify sticky prices and inefficient
price dispersion as key elements fueling inflation costs. However, Nakamura et al.
(2017) cast doubts about the relevance of price dispersion as a mechanism driving
inflation costs since they find no evidence of a relationship between higher trend
inflation and increased price dispersion when using disaggregated price data cove-
ring part of the 1970s and early 1980s. Given this, our paper raises the following
questions. Does the sticky-price NK model always imply a strong relationship
between high inflation and ineflicient price dispersion ? What are other channels
than sticky prices and price dispersion that may fuel inflation costs? Are these

channels plausible upon varying inflation from a moderate to a high level ?

Our paper makes three main contributions to the literature on trend infla-
tion.! First, using a plausibly calibrated sticky-price model, we show that high
inflation does not necessarily lead to inefficient price dispersion. Second, we iden-
tify inefficient wage dispersion as an alternative to price dispersion as a potential
factor fueling inflation costs. With positive trend inflation, we show that the in-
teraction between sticky wages and technical change can significantly disrupt the
allocative role of the wage system, hence leading to much higher welfare costs and
output losses than with sticky prices only. This interaction is particularly disrup-
tive with stochastic trends in neutral and investment-specific technologies. Third,
we show that for a high level of inflation like that experienced in the 1970s and
early 1980s, inefficient wage dispersion becomes highly sensitive to relatively mo-
dest variations in the elasticity of substitution among differentiated labour skills.
For an inflation trend of 7%, which corresponds to the annualized average rate

of inflation for the period 1972Q1-1983Q4, the welfare costs of inflation lie in the

1. See Ascari and Sbordone (2014) for a survey of this literature.



range between 5 and 18% for an elasticity of substitution among types of skills

between 4 and 6.

We use a medium-scale NK model which emphasizes monopolistically com-
petitive markets for intermediate goods and labour, technical change, trend infla-
tion, real frictions and nominal wage and price rigidities. ? We provide a quantita-
tive assessment of inflation costs conditioned on non-stochastic steady states and
stochastic means. Following Greenwood, Hercowitz, and Krusell (1997) and Fi-
sher (2006), we assume that technical change stems from trend growth in neutral
and investment-specific technological progress. Trends are either deterministic or
stochastic. We consider stochastic trends because permanent technology shocks
are often viewed as a natural way of modeling purely technological disturbances
(Gali, 1999; Francis and Ramey, 2005 ; Basu, Fernald, and Kimball, 2006 ; Fisher,
2006).

We are not the first to account for neutral and investment-specific technical
progress in a NK model. Justiniano, Primiceri, and Tambalotti (2011) incorpo-
rate incorporate non-stationary growth rates of neutral and investment-specific
technologies in a medium-scale NK framework. But at the same time they assume
that nominal wages and prices are indexed to past and steady-state inflation ma-
king trend growth and trend inflation irrelevant for equilibrium dynamics to a

first-order approximation.

But the use of indexation has been criticized both on theoretical and em-
pirical grounds (Woodford, 2007 ; Cogley and Sbordone, 2008 ; Chari, Kehoe, and
McGrattan, 2009 ; Christiano, Eichenbaum, and Trabandt, 2016). Theoretically, it

2. The model closest to ours is one by Ascari, Phaneuf, and Sims (2016). A main difference
however is our treatment of trend growth and the fact that our focus in this paper is quite

different.



lacks microeconomic underpinnings. Empirically, it implies when used in a Calvo
model that all nominal wages and prices change every 3 months, an implication
which is counterfactual based on simple observation and microeconomic evidence
on the frequency of wage and price adjustments (e.g. see Bils and Klenow, 2004;
Nakamura and Steinsson, 2008 ; Eichenbaum, Jaimovich, and Rebelo, 2011 ; Ba-
rattieri, Basu, and Gottschalk, 2014). Moreover, if nominal wages and prices are
effectively indexed in reality, it is hardly at a quarterly pace, in particular wage
indexation which typically takes place about once a year. For these reasons, we

abstract from indexation.

Our framework is somewhat similar to the model in Ascari, Phaneuf and
Sims (2016) (hereafter, APS). But there are some important differences between
the two models. First, their model incorporates a roundabout production struc-
ture and working capital while ours abstracts from these features. The reason
for this is that APS focus on the welfare costs of moderate trend inflation ran-
ging from 0 to 4%, whereas we look at the welfare costs and output losses of an
inflation trend reaching 7% and 12%. Despite such high levels of inflation, we
are able to obtain a unique rational expectations equilibrium and thus to obtain
cost estimates. With roundabout production and working capital, the model fails
to achieve determinacy at high levels of inflation. Second, we consider both sto-
chastic and deterministic trends in neutral and investment-specific technologies,
whereas APS assume deterministic trends only. While this distinction does not
matter for the estimation of welfare costs and output losses conditioned on non-
stochastic steady states, it does make a difference when it comes to inflation costs

conditioned on stochastic means.

A first substantive finding is that we find that the ”"standard” NK Calvo
model with sticky prices and flexible nominal wages is not necessarily at odd with

the lack of relationship between high inflation and inefficient price dispersion.




Nakamura et al. (2017) argue that the sticky-price Calvo model predicts that
inflation costs “are very large even for moderate levels of inflation”. By contrast,
we show that these costs can be fairly small even for a level of 7%, which is the

annualized average rate of inflation observed from 1972Q1 to 1983Q4.

However, two conditions must be met to obtain this result. Firstly, the
degree of price stickiness must be relatively low. To make our case, we set the
average waiting time between price adjustments at 6.7 months based on Coibion
and Gorodnichenko (2011) and Coibion, Gorodnichenko, and Wieland (2012), a
value that we keep throughout our analysis. ® Secondly, the elasticity of substitu-
tion among differentiated goods must be fairly low. In our baseline calibration,
this elasticity is set at 4 following Nakamura et al. (2017), who motivate their
choice on values of the elasticity of demand for individual products found in the
industrial organization and international trade literatures (Berry, Levinsohn, and
Pakes, 1995; Nevo, 2001; Broda and Weinstein, 2006). When both conditions
are satisfied, we show that the welfare cost and output loss resulting from a 7%
inflation trend are roughly 0.2%. Concomitantly, price dispersion is nearly unres-
ponsive to trend inflation between 0 and 7%. For an inflation trend reaching 10%,
the welfare costs and output losses are below 0.5%, meaning that price dispersion

is also not very responsive to high inflation.

This leads to our second main contribution. We show that the interaction
between sticky wages and technical change exacerbates inefficient wage dispersion
in response to higher inflation. In turn, increased wage dispersion fuels inflation
costs. Our baseline calibration sets the elasticity of substitution among types of

skills at 4 to match the elasticity of substitution among types of goods. The Calvo

3. This corresponds to a Calvo probability of price non-reoptimization set at 0.55.



probability of wage non-reoptimization is set at 2/3.* The steady-state welfare cost
and output loss of an inflation trend of 7% jump to 4.4% and 4%, respectively.
Meanwhile, steady-state wage dispersion increases by 9.9% (relative to zero trend
inflation). When conditioned on stochastic means, these figures are higher, and

more so with stochastic trends.

What explains these findings ? Consider first the ”standard” medium-scale
NK model of of Christiano, Eichenbaum, and Evans (2005). This model abstracts
from technical change while assuming zero trend inflation.® In this model, the
wage distribution is characterized by identical nominal wages in the steady state.
Therefore, steady-state wage dispersion is zero. With positive trend inflation but
no technical change, not all nominal wages are identical in the steady state, with
newly-reset wages being high relative to old wages. Trend inflation then generates
inefficient wage dispersion. With a convex disutility of labour, total labour disuti-
lity rises non-linearly with higher wage dispersion, making trend inflation costly.
Adding technical change to sticky wages but assuming zero trend inflation will
generate some wage dispersion relative to the no growth case. Adding positive
trend inflation on top of sticky wages and technical change greatly amplifies these
distortions, exacerbating wage dispersion and increasing the costs of inflation even

more. &

4. We set a higher value of the Calvo probability of non-reset wages (relative to non-reset
prices) for two reasons. A first reason is that it is consistent with the estimates in Christiano,
Eichenbaum, and Evans (2005). The second reason is that micro-level evidence on nominal wage
(Barattieri, Basu, and Gottschalk, 2014) and price (Bils and Klenow, 2004) adjustments suggests

that the average wating time interval is longer for wages than for prices.
5. Their model includes backward-looking indexation while ours does not.

6. See Amano et al. (2009) for a similar reasoning in a simpler NK model with sticky

wages and TFP growth.
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Our third contribution is more like a caveat about the use of NK models as
a useful device to assess inflation costs. We provide evidence of a relatively high
sensitivity of inflation costs to modest variations in the elasticity of substitution
among labour skills. An early study assuming monopolistically competitive labor
markets is Huang and Liu (2002), who consider a range for this elasticity between
2 and 6 based on the microstudies of Griffin (1992, 1996). We conduct numerical
experiments assuming that this elasticity ranges from 4 to 6. We find that the
welfare costs of going from an inflation trend of 0% to 4% conditioned on means
and stochastic trends is 1.8%, 3.1% and 5.6% with an elasticity of substitution of
4, 5 and 6, respectively. For an inflation trend going from 0% to 7%, these figures
are 5%, 9% and 18%, respectively. Welfare costs of this magnitude may raise a
certain amount of skepticism. Unfortunately, there is little evidence at hand that

would help pinning down this elasticity with more precision.

The rest of the paper is organized as follows. Section 2 describes our DSGE
model. Section 3 discusses calibration issues. Section 4 examines the relationship
between higher inflation and increased price dispersion with sticky prices and
flexible nominal wages. Section 5 documents how inflation costs are affected by
the interaction between trend inflation, sticky wages and technical change. Section

6 assesses the plausibility of these channels. Section 7 contains concluding remarks.

1.2 A Medium-Scale NK Model With Technical Change and

Positive Trend Inflation

This section outlines our model, which shares similarities with the NK mo-
dels of of Erceg, Henderson, and Levin (2000), Huang, Liu, and Phaneuf (2004),
Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2007). It in-

cludes imperfect competition in the markets for intermediate goods and labour,
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consumer habit formation, variable capacity utilization, investment adjustment
costs and nominal wage and price rigidities in the form of Calvo contracts (Calvo,
1983). We extend this class of models to allow for technical change and non-zero

trend inflation.

The economy is populated by five types of agents : employment agencies,
households, final good producers, intermediate goods producers and a monetary
authority. Competitive employment agencies transform differentiated skills into
an aggregate labour input. Households derive utility from consumption and lei-
sure, and supply differentiated skills. The final good producer operates in a per-
fectly competitive market, transforming differentiated intermediate goods into
gross output. Intermediate goods producers produce differentiated goods using
capital services and labour. A monetary authority sets monetary policy based on

a Taylor-type of rule (Taylor, 1993).

1.2.1 Employment Agencies

Each period, perfectly competitive employment agencies aggregate differen-

tiated labour services, Ly, € [0, 1], into a homogenous labour input, L, :

1 o—1 ﬁ
L= (/ L,-tsz') , (1.1)
0

where o > 1 is the elasticity of substitution among differentiated labour services.
Profit maximization by perfectly competitive employment agences implies the

following labour demand schedule :

Ly= (W;t) Ly, (1.2)
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where W;; is the nominal wage paid to labour of type ¢ and W; is the aggregate
nominal wage index :

1
Wi-o = /O Wi di. (1.3)

1.2.2 Households and Wage Setting

There is a continuum of households, indexed by i € [0,1], specialized in
supplying differentiated labour, L;. Preferences are expressed with respect to
consumption and labour. Because of staggered wage setting, households will have
different incomes, consumption and savings. Following Erceg, Henderson, and Le-
vin (2000), we assume state contingent securities providing insurance against idio-
syncratic wage risk, so that consumption and investment are the same across

households.

A typical household hence maximizes the expected value of his lifetime

utility :

Y B (1 (Ce = hCion) L) (1.9)
n - 1) — , .
ot=0 t t—1 771+X

where 3 is the discount factor, h is a parameter governing internal habit formation,
7 is a parameter governing the disutility of working, and x is the inverse Frisch

elasticity of labour supply.

Households own physical capital. In each period, they choose consumption
C:, labour L;;, investment I;, savings in the form of nominal bonds B;, and physical
capital K;. They also choose the capital utilization rate, u;. Capital services u; Kj,
and labour are rented to firms at the rental rate R¥ and the nominal wage W,

respectively.

The household budget constraint is :

K B
P, (Ct + I + a(1:;)1 t) + };H < Wil + RfUth + B, +1I; + T, (1.5)
¢ t
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where F; is the price of goods, II; represents dividends distributed to households,
and T; is a lump-sum transfer from the government to households. a(u;) is the
cost of capital utilization expressed in terms of consumption goods and satisfying

a(l) =0, a’(1) =0, a”(1) > 0. The cost of capital utilization is determined by :

alu) = 7 (e = 1) + 2 (w — 1)°, (1.6)

where 7, and v, > 0 are two parameters. Following Christiano, Eichenbaum, and

Evans (2005), we impose that utilization is one in the steady state (u = 1).

The law of motion for physical capital is :

I
Kt+1 = V;I (1 - S (I—t)) It + (1 - 6)Kt, (17)
t—1
where V;! is an investment-specific technological (hereafter IST) progress. Follo-
wing Greenwood, Hercowitz, and Krusell (1997, 2000), the IST progress affects
the rate of transformation between current consumption and future productive
capital. Initially, we assume that the IST progress is non-stationary and that its

growth rate, v; = AlnV/, follows a random walk process with drift :
v = gr+¢€l, (1.8)

where g; is the steady-state growth rate of IST progress, and £/ an i.i.d. N (0, 0%)

investment shock.

S (-) is a convex investment adjustment cost function satisfying S = .5’ = 0

and S” > 0 in the steady state. The specific functional form of the investment

It _ K It 2
S (E) =3 <E lh) ) (1-9)

where « is an adjustment cost parameter and y, is the long run growth of invest-

adjustment cost is :

ment.
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The first-order conditions for non-labour choices are :

1
=V

re (11 + 2(ue — 1)), (1.10)

k(I 2 I, I, I L1\
st (15 () o (=) s ommnn (5 -) ()
t Kt t ( 2 (It-l )U‘I) K (It_]_ ) It 1)+/B t)u‘t+1‘/;+ln It )u‘I It

(1.11)

1
pe = BEA <T5+1Ut+1 T (’Yl(ut+1 -+ %(ut+l - 1)2)) +B(1—6)Etptr 41,
(1.12)

/\; = ,BEthW,;_ll/\:+1. (113)

Nominal wages are set in a staggered fashion. Each period households face
a probability &, of not being able to reset their nominal wages. Households given
the opportunity to reset their wages will choose the same nominal wage rate W
maximizing the present discounted sum of expected utility (1.4) subject to the
labour demand schedule (1.2). The optimal wage decision rule derived from the
first-order conditions of the household’s problem is :
o(1+x) a(1+x)L1+x

o (Bfw) NMTi41,t+sWets t+s
(wi) 7% = (1.14
t) (Bfw) 7Tt+1t+swt+s/\t+sLt+s )

where wj, is the optimal reset wage, and p,, is the steady-state wage markup. Given
our assumption about preferences and wage setting, all updating households have

the same optimal reset wage denoted (in real terms) by w; = w},.
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1.2.3 Final Good Producer

A perfectly competitive firm produces a final output, Y;, using a continuum

of differentiated goods, Yj:, j € [0, 1]. Final output is given by :

(/ 0d]) , (1.15)

where 8 > 1 is the elasticity of substitution among differentiated goods. Profit
maximization and the zero-profit condition imply the following demand function

for intermediate good j :

P\ ~?
e=(3) ¥ (1.16)
t

where Pj; is price of good j and P; the aggregate price index which is given by :

/ PLt4j (1.17)

1.24 Intermediate Goods Producers

An intermediate good producer j uses the following production function to

produce output Y}, :
Yje = max { A,KGLL ™ ~ T,F,0}, (1.18)

where f('}-t and Lj; are the amount of capital services and labour, respectively,
used in the production of good j. The parameter « is the share of capital services
in total income. A, is the stochastic level of neutral technology whose growth rate,

2z = Aln A, follows a random walk with drift :

2 =g, + €&,y (1.19)
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g. is the steady-state growth rate of neutral productivity, and ¢, ; an i.i.d. N (0, 0?)
TFP shock. F is a fixed cost ensuring zero profits in the steady state and the
existence of a balanced growth path. T, represents a stochastic growth factor

stemming from neutral and investment-specific technologies :

>
l-a

1
T, = (A) ™= (V) (1.20)

Intermediate goods producers are price takers in the market for inputs. They
choose inputs so as to minimize total cost, subject to the constraint of producing
enough to meet demand. The cost minimization problem of a typical intermediate

good firm j is :
minl?th R{‘Ejt + W, L;,subject to :

N0
ARELI® — T, F > (%) Y, (1.21)

t

Since capital is perfectly mobile across firms, capital services and labour will
be hired in the same ratios by all firms. Under these conditions, all intermediate

goods firms will have the same real marginal cost :
me;, = @A™ (rf)a (w) ™, (1.22)

— — -1 . . . .
where @ = o™ (1 — a)® ", rF is the real rental rate on capital services, and w;, is

the real wage.

Solving the firm’s cost minimization problem also yields the following condi-

tional demand functions for the two inputs :
Kjt = Qmec; (YJt + TtF) , (123)
Li=(1-a)me (Y + T.F). (1.24)

Each period intermediate good producers face a probability &, of not being

able to reset their prices. Firms that are able to reset choose the same price P}



17

maximizing the present discounted value of future profits, subject to (1.16) and

cost minimization :
oo A s
”}PX E; Z E;ﬁs% [PjtY}t+s - MCj,t+8)] ) (1-25)
it =0 t

where A; is the marginal utility of nominal income, £ is the probability that a
price chosen in period ¢ is still effective in period ¢ + s and MCj; is nominal

marginal cost. Profit maximization yields the following optimal price :

E; E:io(51)5)s/\:+smcjt+s7rf+1,t+syt+s
0—1 )
Er 332 (gpﬁ)s/\€+s7rt+l,t+s}/t+s

with pj, = % denoting the optimal price, y, is the steady-state price markup,

(1.26)

P;t = Hp

A is the marginal utility of an additional unit of real income received by the
household and ;41 ¢4 is cumulative inflation between ¢ and ¢ + s — 1. Since all
updating firms have the same markup and the same marginal cost, they will fix

the same optimal price p; = p},.

1.2.5 Monetary Policy Rule

The monetary authority conducts monetary policy based on the following

Taylor rule :

R (Reo\*®[[m\o= [ Y _\*]'™*=
(B @ ()] T am

This rule says that the nominal interest rate adjusts in response to deviations of
inflation from an exogenously fixed steady-state target, (%), and to deviations of
output growth (%) from steady state, gy. The parameter pg governs interest-
rate smoothing, a, and ¢, are control parameters, and £ is an i.i.d. N(0,0?)

monetary policy shock.

This specification is different from the textbook Taylor rule (Gali, 2003), ,

wherein the monetary authority adjusts the nominal interest rate in response to
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deviations of inflation from target and to the output gap, defined as the current
level of output less the level of output at flexible nominal wages and prices. It
also differs from the Taylor rule used by Smets and Wouters (2007), who assume
a response of nominal interest rates to inflation, the output gap and the output

growth gap. So, the main difference is that we omit the output gap.

We are not the first to adopt this stand. Erceg and Levin (2003) also use an
interest rate reaction function involving the output growth rate rather than the
level of the output gap because the former specification is more consistent with
an empirical analysis of interest rate determination. Furthermore, Coibion and
Gorodnichenko (2011) show that in an economy where trend inflation is positive,
adopting a Taylor rule with a reaction to the growth rate of output will more

likely ensure determinacy than one including the output gap.

1.2.6 Equilibrium and Aggregation

Given the monetary policy, an equilibrium for our model consists in allo-
cations and prices such that households and firms take their own nominal wages
and prices as given, ¢) each household maximizes utility subject to its budget
constraint ; ¢) each firm solves its cost minimization problem ; and ¢) the mar-

kets for goods, labour, capital services and bonds clear.

Market-clearing in the markets for capital services and labour, (1.23) and

(1.24), yields the following aggregate factor demands :

K, = a% (VPY; + T, F), (1.28)
t
L= (1-a) 2 (Y, + T.F), (1.29)

Wy
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where

v =(1- fp)P:_e + fpﬂ'fvf—l- (1.30)

v} is price dispersion.

Aggregate inflation and the aggregate real wage are given by :

1= §p7"f_l + (1 - fp) (P:)l_ea (1.31)

w7 =&y (Wemyme) T+ (1= &) (w)' 77 (1.32)

Integrating over all households’ budget constraints yields the aggregate re-

source constraint of the economy :

a(uy) Ky

Y, =Ci+ 1
t t+ 1+ 7

(1.33)

1.2.7 Stationarizing the Model

The baseline model is driven by two stochastic processes exhibiting a unit
root, all variables except hours, real marginal cost, capital utilization, inflation and
the interest rate, are growing over time. Most of them will grow at the common

growth factor :
. Ta
T, = (At)l—a (V;I) -a

Ensuring stationarity of the model requires dividing these variables by 1.

The capital stock will grow faster due to growth in investment-specific produc-

tivity, Et = T—ﬁ‘,—; being stationary. The stationary rental rate on capital will be
t

7 = r*V! and the stationary marginal utility of income, X} = A/,
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1.2.8 Deterministic Trends

In the paper we also report results with deterministic trends. In this case,
both neutral productivity, A, and IST, V!, follow a process with a trending and

stationary component :

A, = AT A, (1.34)
v/ =V VL (1.35)
The trend components are :
A = gaAL, (1.36)
V=gV, (1.37)

where g4 and g; represent the average growth rate of neutral productivity and

relative price of investment.

The stationary components follow an AR(1) process in the log, with the

non-stochastic mean level normalized to unity :

In(A;) = paln(A,_y) +eas, 0< pa <1, (1.38)

In(V!)=prn(V;L, ) +€l, 0<p,<1. (1.39)

The innovations € 4, and £, are drawn from a mean zero normal distribution with

known standard deviation equal to o, and o;.

The common growth factor in the deterministic case is :
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To = (4™ (V7)™ (1.40)

1.2.9 Aggregate Welfare, Wage Dispersion and Welfare Costs

We are interested in the welfare costs and output losses of positive trend
inflation relative to zero trend inflation. Measuring output loss is straightforward.
The welfare costs are computed from a consumption-equivalent welfare loss metric
that measures how much consumption households have to give up in an initial state
to enjoy the same level of utility as in a final state. Aggregate welfare is defined

by the following value function :

1
Vo= [ vads (1.41)

where V;(¢) is from (1.4). Integrating across households, and making use of labour

demand (1.2), aggregate welfare V; can be expressed as :

L1+X
V; = In(Cy — bCy_;) — nu¥ —-— + BE,V,, (1.42)

1+ x

where v}’ is wage dispersion given by :
a(l+x) o(1+x)

Wy Wy
w—=(1— — . 1.43
wo-a) (%) e (a) w 0w

Note that wage dispersion, which belongs to the aggregate welfare function V4, is
increasing in the parameters governing the elasticity of substitution among dif-
ferentiated labour skills ¢ and the inverse Frisch labour supply elasticity x. A
higher value of these parameters will therefore increase wage dispersion, genera-

ting higher inflation costs for a given level of trend inflation. As we later show,
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our evidence suggests that wage dispersion is significantly more costly than price

dispersion.

After detrending the value function, we obtain :

Vi=Ve+Vr+ 9, (1.44)

Ve = (Cy — bgrsCiny) + BEVS,, (1.45)
Lt

V=01 Xvé" +BEV]. (1.46)

A ~ over a variable denotes it has been detrended to make it stationary. The term

¥, emerges when stationarizing the aggregate welfare and is given by :

\Ilt = In g t+1 + ,B\IIt+1. (1.47)

B
1-8
The consumption-equivalent welfare metric, A, is :

A=1-exp[(L - B(E(V}) - E(W)], (1.48)

where V; is welfare in an initial state and Vj is welfare in a final state. We provide
consumption-equivalent welfare losses computed from non-stochastic steady-state

values of V; and V;, and from stochastic means.

1.3 Model Calibration

1.3.1 Non-Shock Parameters

The values assigned to the parameters of the model are summarized in Table

1.1. We set the discount factor 8 = 0.99, implying an annual real rate of interest
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of 4 percent in the steady state. The parameter h determining consumer habit
formation is set to 0.8, in line with other estimates reported in the literature. The
weight on the disutility of labour is n = 6, implying that steady-state labour hours
is 1/3. The inverse Frisch labour supply elasticity x is 1. The capital depreciation
rate is set to & = 0.025, for an annual rate of capital depreciation of 10 percent.
The value of the share of capital services « is 1/3. The investment adjustment
cost parameter k is 3, consistent with estimates in Christiano, Eichenbaum, and
Evans (2005), Justiniano, Primiceri, and Tambalotti (2011) and and Phaneuf and
Victor (2017). We set v, = 1, so that steady-state utilization is 1, and v, = 0.05

following Justiniano, Primiceri, and Tambalotti (2011).

The elasticities of substitution among differentiated goods 6 and differen-
tiated labour skills o are both set equal to 4. The value § = 4 is the same as
in Nakamura et al. (2017), who base their choice on estimates of the elasticity
of demand for individual products in the industrial organization and internatio-
nal trade literatures (Berry, Levinsohn, and Pakes, 1995 ; Nevo, 2001 ; Broda and
Weinstein, 2006). The value ¢ = 4 is taken from Huang and Liu (2002) who consi-
der a range for this parameter from 2 to 6 based on the microstudies by Griffn
(1992, 1996). We also assess the sensitivity of our results to higher values of o,

that is to 0 = 5, 6.

To fix &, the probability that a firm will not reset its price, we follow
Coibion and Gorodnichenko (2011) and Coibion, Gorodnichenko, and Wieland
(2012). That is, &, is set to 0.55, which amounts to firms resetting prices every
6.7 months on average. This is about midway between the micro estimates of
Bils and Klenow (2004), who find that firms change prices every four to five
months, and those of Nakamura and Steinsson (2008), who find that firms change
prices every nine to 11 months. Moreover, using a sample of data from 1960Q1

to 2003Q4, Cogley and Sbordone (2008) report an estimate of &, of 0.58 and
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no backward-looking indexation based on a sticky-price model with time-varying
trend inflation. The degree of nominal wage stickiness &, is set to 2/3, which
amounts to households resetting nominal wages once every 9 months on average.
This is consistent with evidence reported in Christiano, Eichenbaum, and Evans
(2005), but is somewhat conservative in light of the micro estimates in Barattieri,

Basu, and Gottschalk (2014).

The parameters of the Taylor rule are chosen as follows : the interest rate
smoothing parameter is set to 0.8, the parameter governing the response of interest
rates to the deviations of inflation from target (or trend inflation) is 1.5, and that
of the deviations of output growth from steady state is 0.2. These are relatively

standard values in the literature.

1.3.2 Trend Growth, Trend Inflation and Shock Parameters

The values assigned to trend growth, trend inflation and the shock para-
meters are summarized in Table 1.2. Detailed information about how the dataset
was assembled can be found in the appendix. The trend growth rate investment-
specific technology, g7, equals the negative of the average growth rate of the rela-
tive price of investment goods to the price of consumption goods. It is is obtained
by mapping the model to the data. Investment is the sum of expenditures on new
durables and private fixed investment, while consumption represents the sum of

consumer expenditures on nondurables and services. These series are borrowed

from the BEA for the period 1960Q1-2007Q3.

The average growth rate of the relative price of investment goods for our
sample is —0.00472, which implies g; = 1.00472. Aggregate output (or real GDP)
is the sum of non-durable consumption, services consumption, expenditure on

durables, and fixed investment. Real per capita GDP is computed by subtracting
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from the log-level the log civilian non-institutionalized population. The average
growth rate of the resulting output per capita series for our sample period is
0.005712, implying gy = 1.005712 or 2.28% a year. The standard deviation of
output growth over the same period is 0.0078. Given that the growth rate of IST
is gr = 1.00472, we pick g to generate the appropriate average growth rate of
output. This implies g4 = 1.0022 or a measured TFP growing at about 1% per

year.

The corresponding price deflator is the ratio between the nominal and real
GDP series. The average growth rate of the price index for our sample period is
0.0088, implying an average rate of inflation (or trend inflation) #* = 1.0088 or
an average annual rate of inflation of 3.52%. When considering the years of high
inflation 1972(QQ1-1983Q4, 7* is 1.0175, meaning that the average annual rate of

inflation for these years was 7%.

Random shocks matter for the estimation of inflation costs conditioned on
stochastic means. In the model presented in Section 2, business-cycle fluctuations
are driven by two non-stationary technology shocks and a stationary monetary

policy shock whose standard deviations are o,, o,, and o,, respectively.

To determine the numerical values of 0,, o,, and o,, we ask that the vola-
tility of output growth in the model matches its counterpart in the data, and this
for a level of trend inflation of 3.52%. In our simulations, we assign to each type of
shock a target percentage of contribution to the unconditional variance decompo-
sition of output growth. Our baseline calibration assigns 50% of this unconditional
variance to the investment shock, 35% to the TFP shock, and 15% to the mone-
tary policy shock. This percentage split is broadly consistent with that found in
estimated medium-scale NK models (Justiniano, Primiceri, and Tambalotti, 2010,

2011; Khan and Tsoukalas, 2011, 2012 ; Phaneuf and Victor, 2017). Applying this
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procedure to the model with stochastic trends results into the following sizes of
shocks : o7 = 0.0182, o, = 0.0062, and o, = 0.0025. With deterministic trends,
we choose a conventional value for the autoregressive parameter of the statio-
nary neutral technology shock of p4 = 0.95. Following Justiniano, Primiceri, and
Tambalotti (2010), we set the value of the AR(1) coeffcient of the IST shock to
p1 = 0.72. the sizes of shocks are ¢; = 0.0147, o, = 0.0064, and o, = 0.0028.

1.4 Trend Inflation and Price Dispersion

Nakamura et al. (2017) argue that the standard NK model with nominal
price rigidity predicts high inflation costs, and this even for moderate levels of
trend inflation. To make their point, they proceed in two steps. In a first step,
they identify price dispersion as the main factor fueling inflation costs in fairly
standard NK models with either menu cost or Calvo price setters. In a second
step, they use disaggregated price data covering the late 1970s and part of the

1980s to show that high trend inflation does not lead to inefficient price dispersion.

The illustrative models used by Nakamura et al. abstract from capital ac-
cummulation and other real frictions like consumer habit formation. The produc-
tion technology is such that a firm’s own output depends on hours and idiosyncra-
tic firm productivity that follows an AR(1) process. They do not take economic
growth into account. The monetary authority is assumed to have control over
nominal output. Specifically, nominal output follows a random walk with drift.
In the menu cost model, the level of the menu cost and the standard deviation
of the idiosyncratic shock are calibrated to match the monthly median frequency
of price change and the median absolute size of price changes in their dataset.
In the Calvo model, they set the frequency of price change equal to the median

frequency of price change in their dataset and the standard deviation of the idio-
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syncratic shocks to the same value as in the menu cost model. In both models, the
first-order autoregressive parameter of the process for idiosyncratic productivity
is 0.7. With this calibration, they show that the welfare cost of moving from 0%
to 12% inflation is roughly 10%.

Here, we offer evidence shedding light on the link between price dispersion
and inflation in our model. We use for this purpose a version of the Calvo model
presented in Section 2 where we assume sticky prices and flexible nominal wages.
We identify some conditions under which high inflation does not necessarily lead

to inefficient price dispersion.

Following Christiano (2015), we take the period 1972Q1-1983Q4 as one of
high inflation in the United States. We have seen in Section 3, the annualized
average rate of inflation experienced over that period was 7%. We calculate the
welfare costs and output losses of an inflation trend moving from 0% to 10%
conditioned on steady states and means in three different models : i) a sticky-price
model with no trend growth (SP, no G), i) a sticky-price model with deterministic
trends (SP, DT) and 4i:) a sticky-price model with stochastic trends (SP, ST). The
results are presented in Table 1.3. Also reported are the percentage increases in

price dispersion accompanying the estimates of inflation costs.

What immediately strikes the eye is that the welfare costs and output losses
of a 7% inflation trend are fairly small in all sticky-price models, that is 0.2% or
less. Therefore, seen through the lens of sticky-price models, a period of high
inflation like the 1970s and the early 1980s was not too costly. Concomitantly to
these findings, we find that the increase in price dispersion is also fairly small.
Note that even a 10% inflation trend is not too costly, for there we find that the

welfare costs and output losses are 0.46% at most, far from the figures reported
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by Nakamura et al. (2017).7

Now, we want to give some idea why Nakamura et al. (2017) report an
estimate of the welfare cost of 12% inflation which is around 10%. For this, we
simulate a model version closer to their Calvo model that has no capital (and
hence no investment adjustment costs and no capital utilization), no consumer
habit and no economic growth. Furthermore, the utility function (1.4) is replaced
by Eo ¥, B*[log Ct— L;],and the budget constraint (1.5) by P,C,+ BI‘{:‘ < WL+
B: + II; + T; .Furthermore, the production function is given by Y, = A,Lj;.

We keep the Taylor rule stated before. In their calibration, they set the fre-
quency of price change in the Calvo model so that it equals the median frequency
of price change in their dataset. Unfortunately, no information is available about
the implication of this for the value of &, the probability of non-reset prices. The-
refore, we proceed as follows. Assuming @ = 4 as Nakamura et al. do, we compute
the steady-state consumer-equivalent welfare loss corresponding to different va-
lues of £, and different levels of inflation. We do this using the model described

above. The results are presented in Table 1.4.

One can see that the welfare cost of moving from 0% to 12% inflation reaches
10% when &, = 0.82, or prices change every 16.7 months on average. Note that
in this case, the increase in steady-state price dispersion is large at 11.3%. The
connection between trend inflation and inefficient price dispersion is thus very
strong. In comparison, with &, = 0.55, the welfare cost of a 12% inflation trend is

much smaller at 0.55%.

7. Note however that we are assuming homogeneous capital so that a firm’s real marginal
cost does not depend on its own level of output. Would capital be firm-specific instead, the

model would support lower levels of trend inflation while achieving determinacy (see Bakhshi et

al. (2007)).
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We conclude from the results in this section that the Calvo model with sticky
prices only does not automatically imply a strong connection between higher trend
inflation and increased price dispersion. But then, as pointed out by Nakamura et
al. (2017), there is a need to find alternatives to sticky prices and price dispersion

as factors that can possibly explain inflation costs.

1.5 Inefficient Wage Dispersion, Technical Change and Costly

Inflation

This section identifies some alternatives to sticky prices and price dispersion
as possible sources of inflation costs in a NK setting. We provide some evidence
stressing the role of sticky wages and technical change in generating inefficient
wage dispersion in response to higher trend inflation. In turn, increased wage dis-
persion leads to higher inflation costs. Next, we provide some intuitions as to why
the interaction between sticky wages and technical change generates significant

inflation costs compared to sticky prices.

1.5.1 Inflation Costs

We report estimates of inflation costs from three different models : ) sticky
wages and sticky prices without trend growth (SPSW, no G), i) sticky wages and
sticky prices with deterministic trends (SPSW, DT) and i) sticky wages and
sticky prices with stochastic trends (SPSW, ST). Based on these three models,
we generate the welfare costs and output losses of trend inflation conditioned on

steady states and means.

We perform numerical experiments assuming the following percentage range

for trend inflation : 0-2%, 0-4%, 2-4% and 0-7%. We do this for the following
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reasons. Assessing inflation costs in the 0-2% and 2-4% trend inflation range allows
us to show that increasing trend inflation by 2% will be more costly starting from
a 2% trend than from 0%. This will give us some idea of how costly it would be
for the Fed to increase its inflation target, and by the same token trend inflation,
from 2% to 4% as some observers have recently proposed. Looking at the 0-7%
range allows us to gauge how wage dispersion is affected by higher inflation in the

spirit of the test proposed by Nakamura et al. (2017).

Panel A of Table 1.5 presents the welfare costs and the ouput losses condi-
tioned on non-stochastic steady states and stochastic means. Panel B shows how
wage dispersion is affected by different levels of trend inflation in the three models.
A first observation is that the welfare costs and output losses of trend inflation
are significantly higher with sticky wages and sticky prices than with sticky prices
only. Just adding sticky wages to sticky prices in a model without technical change
results into steady-state welfare costs and output losses of a 7% inflation trend

that are more than 10 times larger than with sticky prices alone.

The difference is even bigger when technical change and sticky wages are
both added to sticky prices. Then, we find that the inflation costs are magni-
fied nearly 25 times for an inflation trend of 7%. In particular, with stochastic
trends the mean welfare cost of a 7% inflation trend is nearly 5%, and the output
loss about 4.3%. Recall that these figures are both 0.19% with sticky prices and
stochastic trends. As Panel B of the table indicates, mean wage dispersion then
increases by 11%. In the meantime, price dispersion is almost unresponsive to

trend inflation.

Note also that it would be costly to increase trend inflation from 2% to 4%.
Conditioned on means and stochastic trends, the welfare cost of an increase in

trend inflation from 2% to 4% is 1.17% and the output loss is 1.04%. These are
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significant increases accompanying the moderate rise in long-run inflation. Note
also that it is significantly more costly to raise trend inflation by 2% starting from
a level of 2% than from 0%. In fact, the inflation costs of a rise from 0% to 2%

trend inflation are roughly half of what they are from 2% to 4% trend inflation.

What these findings tell us? Seen through the lens of our medium-scale
NK model with technical change, the inflation costs resulting from sticky prices,
technical change and price dispersion are just a side-show compared to those

implied by sticky wages, technical change and wage dispersion.

1.5.2 Why Is Wage Dispersion So Costly ?

Why does the interaction between sticky wages and technical change ge-
nerate significant inflation costs ?8 In a medium-scale NK model with zero trend
inflation but without economic growth, like the model of Christiano, Eichenbaum,
and Evans (2005), all wages are identical in the steady state. This is not the case
with positive trend inflation as Figure 1.1 shows. Here, the distribution of nominal
wages is described by a positively sloped non-linear curve. Recently reset nominal

wages are high relative to older non-reset wages.

Figure 1.2 conveys information about the steady-state total disutility of
working of “high” vs “low” wage labour under positive trend inflation. “High”
wage labour refers to households that recently had the opportunity to reset their
nominal wages under positive trend inflation. “Low” wage labour refers to house-
holds who were unable to reset their wages. This figure shows that under positive
trend inflation, there will be less of high wage labour and more of low wage labour

hired in the steady state.

8. We are thankful to Johannes Wieland for suggesting insights for this discussion.
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Figure 1.3 shows how the expected total disutility of working is affected by
wage dispersion. This figure shows that the expected total disutility of labour is
higher with wage dispersion (i.e. with positive trend inflation) than without wage
dispersion (i.e. with zero trend inflation). In turn, non-zero wage dispersion makes
inflation costly. Note that with convex disutility of labour, the welfare costs of
inflation will increase non-linearly as trend inflation gets higher. By making types
of skills more substitutable, a higher o will also increase wage dispersion and thus
inflation costs. By contrast, a more elastic labour supply will generate smaller

wage dispersion, and hence smaller inflation costs.

Figure 1.4 illustrates the case where technical change is added to sticky
wages and positive trend inflation. This figure shows that technical change fur-
ther amplifies monopolistic distortions in the form of increased steady-state wage
dispersion relative to the no growth case. In a growing economy, the “high” wages
of households who are able to reset their wages are even higher in the steady state
relative to the “low” wages of households who are unable to reset their wages. As

a result, wage dispersion is higher with technical change.

1.5.3 Deterministic vs Stochastic Trends

Table 1.5 reports the mean welfare costs and output losses generated by
positive trend inflation. Inflation costs are higher conditioned on stochastic trends
than on deterministic trends. Figures 1.5 to 1.7 convey information about the
impulse responses of relative reset prices, reset wages, price dispersion and wage
dispersion to a negative shock to the nominal interest rate (Figure 1.5), a positive
shock to neutral technology (Figure 1.6) and a positive investment shock (Figure
1.7) under deterministic and stochastic trends, and this for an inflation trend

of 0% and 7%. These responses succinctly summarize the effects of shocks on
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monopolistic distortions for these alternative scenarios.

A first observation is that whether trends are deterministic or stochastic,
price dispersion does not respond very much to shocks in the presence of positive
trend inflation. This implies that mean inflation costs will not be too affected by
increased price dispersion. By contrast, the wage dispersion responses are positive
and relatively strong with an inflation trend of 7% when trends are stochastic.
Wage dispersion reacts particularly strongly to TFP and investment shocks with
stochastic trends, explaining why mean inflation costs are systematically higher

than steady-state costs.

Looking at the response of reset wage helps understand why wage disper-
sion reacts so strongly to both types of technology shocks under stochastic trends.
There we see that positive TFP and investment shocks are followed by a surge in
reset wage. Trend inflation makes price- and wage-setting relatively more forward-
looking, for the reason that with positive trend inflation the cost of being stuck
with a price or wage chosen today far into the future is higher. Therefore, price-
and wage-setters respond relatively more to TFP and investment shocks with hi-
gher levels of trend inflation, as evidenced by the responses of the relative reset
price and reset wage for updating firms and households in the graphs. Of course,
reset wage responds much more than relative reset price to both technology shocks,
being the key factor fueling welfare costs and output losses conditioned on sto-

chastic means.

1.6 Inflation Costs and Differentiated Labour Skills

So far, we have assessed the costs of inflation under the assumption that
the elasticities of substitution among differentiated goods and labour skills are

both equal to 4. In this section, we show that these estimates are quite sensitive



34

to small variations in the value of o (the elasticity of substitution among differen-
tiated labour skills) in some acceptable range. We do this since we do not have
at our disposal direct evidence that would help to pin this elasticity with greater
precision. Huang and Liu (2002) propose a range for o between 2 and 6 based on

the microstudies of Griffin (1992, 1996). We consider o = 4,5, 6.

For the sake of brevity, we reassess the welfare costs and output losses of
trend inflation using the NK model with sticky wages, sticky prices and stochastic
trends. Panels A, B and C of Table 1.6 summarize the welfare costs and output
losses conditioned on non-stochastic steady states and stochastic means for o =

4,5,6.

The welfare costs of a 7% inflation trend conditioned on steady states are
4.4%, 7.8% and 13% for 0 = 4,5, 6. The corresponding output losses are 4%, 7.1%
and 12%. The welfare costs conditioned on means are 4.8%, 9% and 17.5%, and
the mean output losses are 4.3%, 8% and 15.1%. What is striking about these
figures is how sensitive the estimates of the welfare costs and output losses are to
modest variations in 0. Note also the large increases in wage dispersion that drive
these costs. For a trend inflation of 7%, the steady-state wage dispersion increases
by 9.9%, 18.4% and 33.7% for o = 4,5 and 6. Mean wage dispersion increases by
11%, 21% and 45%. Recall that meanwhile price dispersion is almost insensitive

to higher trend inflation.

How costly would be a moderate increase in trend inflation from 2% to 4% ?
The steady-state welfare costs of going from 2% to 4% trend inflation are 1.1%,
1.8% and 3% for o = 4,5, 6. The same costs conditioned on means are 1.2%, 2.1%
and 3.8%. The corresponding steady-state output losses are 1%, 1.7% and 2.6%
and the mean output losses, 1%, 1.8% and 3.3%.
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1.6.1 Concluding Remarks

Are New Keynesian models useful to assess the costs of inflation ? Given
the evidence presented in our paper, we think we cannot offer a decisive answer
to this question and that it is too early to announce the death of New Keynesian

models as useful vehicles to assess the costs of inflation.

We have shown that high inflation does not necessarily imply highly inef-
ficient price dispersion. But then an alternative to the standard mechanism had
to be found. We have identified inefficient wage dispersion as an alternative chan-
nel by which trend inflation can generate substantial inflation costs. Taking into
account the interaction between sticky wages and technical change significantly

disrupts the allocative role of the wage system when inflation is high.

That said, we have also found that inflation costs are quite sensitive to mo-
dest variations in the elasticity of substitution among differentiated labour skills.
As a consequence, there is a certain amount of uncertainty about the estimates of
inflation costs in NK models. We believe that more research needs to be done to
identify other channels that can explain inflation costs and assess their empirical

plausibility.
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Table 1.1 Calibrated Parameters

Parameter Value Description

B 0.99 Discount factor

b 0.8 Internal habit formation

i 6 Labor disutility

X 1 Frisch elasticity

K 3 Investment adjustment cost

é 0.025 Depreciation rate

" u =1 Utilization adjustment cost linear term
Yo 0.05 Utilization adjustment cost squared term
&% 0.55 Calvo price

Ew 0.66 Calvo wage

9 4 Elasticity of substitution : goods

o 4 Elasticity of substitution : labor

a 1/3 Capital share

Pi 0.8 Taylor rule smoothing

fo 1.5 Taylor rule inflation

0y 0.2 Taylor rule output growth

Note : This table shows the calibrated parameters used in our quantitative analysis. A des-
cription of each parameter is provided in the right column. The parameter on the linear term
in the utilization adjustment cost function, +;, is chosen to be consistent with a steady state
normalization of utilization to 1. Given other parameters this implies a value v, = 0.0457. The
fixed cost of production, F, is chosen so that profits equal zero in steady state. Given other

parameters, this implies a value of F = 0.1973.
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Table 1.2 Steady-State Trend Growth and Shock Parameters

gA gI Or gr (o9
Baseline 1.0022 1.0047 0.0025 0.0182 0.0062
Deterministic 1.0022 1.0047 0.0028 0.0147 0.0064

Note : This table reports the baseline values of the parameters of the stochastic processes used in our quantitative
simulations. The trend growth rate of the investment shock process is chosen to match the average growth rate
of the relative price of investment goods in the data. The trend growth of the neutral productivity process is
chosen to match the average growth rate of output observed in the sample conditional on the growth rate of the
IST process. The shock standard deviations are chosen to match the observed volatility of output growth in the
data, with the investment shock accounting for 50% of the variance of output growth, the neutral shock 35%,

and the monetary shock 15%.
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Table 1.3 Welfare Costs and Price Dispersion in Sticky-Price Models.

Panel A : Inflation costs

Models 0-2 0-4 0-7 0-10
SS 0.00 0.04 0.18 0.44
Welfare
Means 0.00 0.05 0.20 0.46
SP, no G
SS 0.00 0.04 0.18 0.44

Output Loss
Means 0.00 0.04 0.20 0.46

SS 0.00 0.04 0.18 0.44
Welfare
Means 0.00 0.04 0.19 0.45
SP, DT
SS 0.00 0.04 0.18 0.44
Output Loss
Means 0.00 0.04 0.19 0.45
SS 0.00 0.04 0.18 0.44
Welfare
Means 0.00 0.04 0.19 0.45
SP, ST
SS 0.00 0.04 0.18 0.44

Output Loss
Means 0.00 0.04 0.19 0.45

Panel B : Price dispersion

Models 0 2 4 7 10
SS 1.0000 1.0001 1.0006 1.0018 1.0038
SP, no G :
Means 1.0004 1.0006 1.0010 1.0022 1.0043
SS 1.0000 1.0001 1.0006 1.0018 1.0038
SP, DT
’ Means 1.0003 1.0005 1.0009 1.0022 1.0042
SS 1.0000 1.0001 1.0006 1.0018 1.0038
SP, ST
Means 1.0003 1.0005 1.0009 1.0022 1.0041

Note : This table shows the welfare costs, output losses and price dispersion of trend inflation
going from (i) 0% to 2% (ii) 0% to 4% (iii) 0% to 7% (iv) 0% to 10%, conditioned on steady
states (SS) and means in sticky-price models : (i) without economic growth (SP, no G), (ii) with

deterministic trends (SP, DT) and (iii) with stochastic trends (SP, ST).
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Table 1.4 Welfare Costs and Price Dispersion in Nakamura et al. (2017)

0-2 0-4 0-7 0-12

=055 Welfare 0.01 0.05 0.18 0.55
P Price Dispersion 1.0001 1.0006 1.0018 1.0056
Welfare 0.03 0.12 0.39 1.29
¢ = 0.66
Price Dispersion 1.0003 0.0012 1.0040 1.0133
Welfare 0.06 0.26 0.91 3.27
Gp = 0.75
Price Dispersion 1.0006 1.0027 1.0094 1.0343
Welfare 0.14 0.63 234 10.00
¢ =0.82

Price Dispersion 1.0015 1.0066 1.0246 1.1132

Note : This table shows the welfare costs and price dispersion in {?] for trend inflation going
from (i) 0% to 2% (ii) 0% to 4% (iii) 0% to 7% (iv) 0% to 12%, conditioned on steady states

(SS).
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Table 1.5 Welfare Costs and Wage Dispersion with Sticky Prices and Sticky

Wages.

Panel A : Inflation costs

Models 0-2 0-4 2-4 0-7
SS 0.13 0.64 052 231
Welfare
Means (.14 0.67 0.53 2.36
SPSW, no G
SS 0.07 0.52 0.45 2.05
Output Loss
Means 0.08 0.54 0.46 2.09
SS 0.56 1.62 1.07  4.43
Welfare
Means 0.57 1.65 1.09 4.50
SPSW, DT
SS 0.48 1.45 0.97 4.04
Output Loss
Means 0.49 1.47 0.99 4.09
SS 0.56 1.62 1.07 443
Welfare
Means 0.62 1.79 1.17 4.83
SPSW, ST
SS 0.48 1.45 097 4.04
Output Loss
Means 0.52 1.55 1.04 431
Panel B : Wage dispersion
Models 0 2 4 7
SS 1.0000 1.0031 1.0134 1.0467
SPSW, no G
Means 1.0013 1.0045 1.0148 1.0484
SS 1.0041 1.0160 1.0383 1.0990
SPSW, DT
Means 1.0054 1.0174 1.0398 1.1008
SS 1.0041 1.0160 1.0383 1.0990
SPSW, ST
Means 1.0075 1.0203 1.0440 1.1086

Note : This table shows the welfare costs, output losses and wage dispersion of trend inflation

going from (i) 0% to 2% (ii) 0% to 4% (iii) 2% to 4% (iv) 0% to 7%, conditioned on steady

states (SS) and means in models with sticky prices and sticky wages :

(i) without economic
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Table 1.6 Sensitivity of Welfare Costs to Variations in o

Panel A: o0 =14
Models 0-2 0-4 2-4 0-7
SS 0.56 1.62 1.07 4.43
Welfare
Means 0.62 1.79 1.17 4.83
SS 0.48 1.45 0.97 4.04
SPSW, ST Output Loss
Means 0.52 1.55 1.04 4.31
SS 1.0160 1.0383 1.0219 1.0990

Wage Dispersion
Means 1.0203 1.0440 1.0232 1.1086

Panel B: o0 =5
Models 0-2 0-4 2-4 0-7
SS 0.91 2.71 1.81 7.76
Welfare
Means 1.08 3.15 2.09 9.00
SS 0.80 2.44 1.65 7.10
SPSW, ST Output Loss
Means 0.91 2.73 1.84 7.96
SS 1.0257 1.0643 1.0376 1.1838
Wage Dispersion
Means 1.0336 1.0764 1.0414 1.2112
Panel C:0 =6
Models 0-2 0-4 2-4 0-7
SS 1.38 4.24 2.89 13.00
Welfare
Means 1.85 5.57 3.79 17.54
SPSW, ST
SS 1.23 3.84 2.64 11.92

Output Loss
Means 1.55 4.77 3.27 15.12

SS 1.0387 1.1022 1.0611 1.3373



Figure 1.1 Steady-State Wage Distribution with Positive Trend Inflation
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Figure 1.2 Disutility of Working Under Positive Trend Inflation
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Figure 1.3 Costly Wage Dispersion
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Note : This figure compares the steady-state total disutility of labour with and without wage

dispersion.
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Figure 1.4 Costly Wage Dispersion and Technical Change
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Note : This figure shows the impact of technical change on the steady-state total disutility of

labour under positive trend inflation.
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Figure 1.5 Responses to a monetary policy shock
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Figure 1.6 Responses to a neutral technology shock
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Figure 1.7 Responses to an investment shock
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CHAPITRE II

A PURELY FORWARD-LOOKING WAGE AND PRICE
SETTING FRAMEWORK USEFUL FOR BUSINESS CYCLE
ANALYSIS

Abstract

We formulate a medium-scale DSGE model that emphasizes a strong interplay between
a roundabout production structure and a working capital channel that requires firms to
borrow funds to finance the costs of all their variable inputs and not just the wage bill.
Despite an absence of backward-looking price and wage indexation our model generates
a response of inflation which is mute on impact of a monetary policy shock, but highly
persistent and very hump-shaped afterwards. It also yields a large contract multiplier
for output, two times larger than the one implied by a model relying on indexation only.
We also show that the response of the price markup can be positive on impact of an
expansionary monetary policy shock, which differs from the standard countercyclical

markup channel emphasized in conventional New Keynesian models.

JEL classification : E31, E32.
Keywords : New Keynesian Model ; Firms Networking ; Working Capital ; Inflation Dy-

namics ; Contract Multiplier for Output ; Cyclical Markups ; Comovement Problem.
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2.1 Introduction

Chari, Kehoe, and McGrattan (2009) (hereafter CKM) question the useful-
ness of medium-scale New Keynesian models (e.g. see Christiano, Eichenbaum,
and Evans, 2005 ; Smets and Wouters, 2007) on the grounds that to achieve em-
pirical plausibility this class of models must rely on shocks which are ”dubiously
structural” and not invariant to a wide range of policy interventions, as well as
on ad hoc wage and price setting mechanisms such as the quarterly indexation of
nominal wages and prices to the previous period rate of inflation that are incon-
sistent with microeconomic evidence. OQur paper proposes a framework which is

both immune to these criticisms and useful for business cycle analysis.

While sharing similarities with the model of Christiano, Eichenbaum, and
Evans (2005) (here after, CEE), our framework differs along the following five
dimensions. First, it abstracts from the indexation of nominal wages and prices
to the previous quarter’s rate of inflation (CEE, 2005). The use of indexation
has been criticized by a number of researchers. Woodford (2007) argues that “the
model’s implication that prices should continuously adjust to changes in prices
elsewhere in the economy flies in the face of the survey evidence.” Cogley and
Sbordone (2008) mention that backward wage and price setting mechanisms “lack

a convincing microeconomic foundation”.

Second, our model features production networking, or the use by firms of
intermediate goods in an input-output production structure, a feature of U.S. pro-
duction which is well documented empirically with a typical firm selling 50 percent
or more of its output to other firms (Basu, 1995 ; Huang, Liu, and Phaneuf, 2004 ;

Phaneuf and Victor, 2017).! Firms networking is known to introduce strategic

1. Christiano (2015) introduces the term “firms networking” to designate a type of model

with a roundabout production structure.
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complementarities and thereby makes marginal cost less sensitive to input factor

prices. As such, it flattens the slope of the New Keynesian Phillips Curve (NKPC).

Third, firms borrow working capital to finance their outlays for intermediate
inputs, capital services and labor. In Christiano and Eichenbaum (1992), CEE
(1997, 2005), Ravenna and Walsh (2006) and Tillmann (2008), working capital
serves only to finance wage payments before the proceeds of sale are received.
There are a few exceptions to models where working capital finances only the
wage bill. Assuming that working capital is used to purchase commodities and fi-
nance wage payments, Chowdhury, Hoffmann, and Schabert (2006) provide VAR
evidence for the G7 countries supporting their specification. In Christiano, Tra-
bandt, and Walentin (2011), working capital is used to finance payments to labor
and materials input, with the intent of showing that intermediate inputs and wor-
king capital can possibly lead to indeterminacy even if the central bank complies
with the Taylor principle. Phaneuf and Victor (2017) report evidence obtained
through Bayesian methods of an extended working capital channel wherein firms
finance a substantial fraction of payments to intermediate inputs, capital services

and labor.

In our model, working capital can be used in an extended form to finance
the cost of all inputs, a case to which we refer as “extended borrowing.” It can
also be used in a limited form, a case we call “limited borrowing”, to finance
only subsets of these three inputs. As we later show, varying the extent to which
working capital finances inputs has rich consequences for the short-run dynamics
of inflation and output, as well as for the cyclical behavior of the price markup

conditioned on a monetary policy shock.

Fourth, our baseline model embeds real per capita output growth stemming

from trend growth in neutral and investment-specific technology. Accounting for
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economic growth is an important element that helps explaining some key business

cycle comovements in the data.

Fifth, aggregate fluctuations are driven by three arguably structural shocks :
total factor productivity (TFP), marginal efficiency of investment (MEI) and mo-
netary policy. In the estimated medium-scale DSGE models of Justiniano and
Primiceri (2008), Justiniano, Primiceri, and Tambalotti (2010, 2011), Khan and
Tsoukalas (2012), and Phaneuf and Victor (2017), these shocks explain a large

fraction of the variance of output growth, investment growth and hours.

We use our model with purely forward-looking wage and price setting to
address four main questions. A first question is : can it generate a highly persistent
and hump-shaped response of inflation to a monetary policy shock without assu-
ming backward-looking elements in wage and price setting ? The second question
is : does it deliver “large” contract multipliers for output in the terminology of
Chari, Kehoe, and McGrattan (2000) ? A third question is : can it predict a pro-
cyclical price markup conditional on a monetary policy shock as the evidence in
Nekarda and Ramey (2013) seems to suggest, and yet implies that the price mar-
kup is unconditionally countercylical (Bils, Klenow, and Malin, 2016) ? Finally,
the fourth question is : can it generate moments which are broadly consistent with

the data ? We provide affirmative answers to the four questions.

The paper is divided in two main parts. As in CKM (2000), Mankiw and
Reis (2002) and CEE(2005), the first part focuses on the transmission of monetary
policy shocks. We use our baseline model to answer the first two questions about
the inflation response, the contract multiplier for output and part of the third
question about the response of the price markup conditional on a monetary policy
shock. The second answers part of the third question about the unconditional

cyclicality of the price markup, and the fourth question about our model’s ability
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to match key moments in the data.

Our main findings can be summarized as follows. While abstracting from
the indexation of nominal wages and prices to past inflation, our baseline model
predicts a response of inflation which is mute on impact of a monetary policy shock
and very persistent and hump-shaped afterwards. > Absent firms networking, wor-
king capital and indexation, the response of inflation is largest on impact of a
monetary policy shock and only weakly persistent afterwards, and this although
the model includes sticky wages and sticky prices and several real frictions. Wi-
thout firms networking and working capital, full indexation to past inflation can by
itself generate a response of inflation which is persistent and hump-shaped, lending
credence to criticisms that New Keynesian models need to rely on questionable
backward wage and price setting assumptions to generate plausible inflation and

output dynamics.

The key ingredient accounting for our findings despite purely forward-

2. Christiano, Trabandt, and Walentin (2010) are able to generate a persistent and hump-
shaped response of inflation to a monetary policy shock in a model similar to ours without
assuming backward indexation of prices. Their model also generates a non-inertial response of
inflation to a productivity shock. Their model features a large degree of wage rigidity (Calvo
parameter of 0.75), but more importantly, full indexation of wages to lagged inflation. Chris-
tiano, Eichenbaum, and Trabandt (2015a) and Christiano, Eichenbaum, and Trabandt (2015b)
dispense with wage rigidity altogether, combining Calvo price stickiness into a search and mat-
ching model of the labor market. The model features no backward indexation of prices to lagged
inflation. While their models do generate an inertial response of inflation to a monetary policy
shock relative to the inflation response to a productivity shock, and also permit the study of
the behavior of key labor market variables (like the unemployment rate), they nevertheless fall
short of generating a hump-shaped inflation response to a policy shock. In particular, inflation
responds positively on impact to an expansionary monetary policy shock and its peak response

is soon thereafter in most specifications of the model in these papers.
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looking wage and price setting is the interaction between production networking
and working capital. Firms networking induces strategic complementarity into
price setting, and is thus isomorphic to prices being stickier. This makes inflation
less sensitive to changes in real marginal cost by a factor of proportionality reflec-
ting the share of intermediate inputs in production. The inflation response to a
policy shock is then smaller and more persistent. Working capital in its extended
form contributes to make the response of inflation very hump-shaped. Because
of working capital, the nominal interest rate has a direct effect on marginal cost.
This limits the initial increase in marginal cost associated with an expansionary
policy shock. If firms borrow working capital to finance the costs of all of their
inputs, the impact of the nominal interest on real marginal cost is the strongest.
If borrowing is limited, the impact of the nominal interest rate is naturally smal-
ler, but is stronger if working capital serves to finance the purchase intermediate
inputs rather than wage payments. Via the Phillips Curve, a smaller increase in
marginal cost keeps inflation from initially rising by as much. Since the cut in
interest rates is only temporary, as the interest rate begins to rise after impact
due to the expansionary effects of the policy shock, marginal cost also begins to
rise, which puts upward pressure on inflation and results in hump-shaped inflation

dynamics.

Our baseline model is also able to address the ” persistence problem” em-
phasized by CKM (2000). Output responds significantly to a monetary policy
shock, in a hump-shaped and inertial fashion. We find that the half-life of output
conditional on a monetary shock is fourteen quarters, or three and a half years.
This is substantially larger than the output half-life in a model without extended
borrowing and firms networking, and perhaps more importantly, is also higher
than the half-life in a version of the model that includes backward indexation.

Our model delivers these results of a persistent and hump-shaped response of in-
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flation, and a large contract multiplier for output for empirically plausible average

waiting times between wage and price adjustments.

Some other substantive findings pertain to the cyclical behavior of markups.
In the literature, the evidence about the cyclical behavior of the price markup does
not speak with of one voice. Gali, Gertler, and Lépez-Salido (2007) report evidence
of a price markup which is either weakly countercyclical or weakly procyclical
depending on alternative methods and measures. The evidence in Nekarda and
Ramey (2013) points to a mildly procyclical price markup. Still, Bils, Klenow,
and Malin (2016) argue that the price markup is countercyclical. So, whether the
price markup is countercyclical or procyclical depends very much on the specific
theory and methodology used by the authors. Evidence concerning the conditional
cyclicality of the price markup is also mixed, Gali, Gertler, and Lépez-Salido
(2007) reporting that the price markup falls following a negative shock to the
nominal interest rate and Nekarda and Ramey (2013) offering evidence of a rise
in the price markup. We are agnostic about the specific evidence to explain, and
propose instead a framework which is sufficiently rich to allow identification of
conditions under which the price markup either rises or falls following a monetary
policy shock, and whether it is unconditionally procyclical or countercyclical in

alternative specifications of the New Keynesian model.

A procyclical price markup conditioned on a negative shock to the nominal
interest rate would run counter to the conventional wisdom from textbook New
Keynesian models that a countercyclical markup is the key transmission mecha-
nism of aggregate demand shocks (e.g.Woodford, 2003, 2011). In the basic New
Keynesian model, prices are sticky and wages are perfectly flexible, so marginal
cost responds more to an expansionary policy shock than the aggregate price in-
dex. As a result, the price markup is strongly countercyclical at the onset of a

monetary policy shock. Assuming the coexistence of price and wage rigidity in the
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absence of firms networking and working capital will not generate a procyclical
price markup conditioned on a monetary policy shock, regardless of whether or
not backward indexation is included in our model. In fact, without firms networ-
king and working capital, we find that the correlation between the price markup

and output driven by the monetary policy shock is always close to —1.0.

By contrast, our baseline model which includes working capital extending
to all production factors predicts a mildly procyclical price markup conditioning
on a monetary policy shock. However, in our baseline model the price markup
is unconditionally countercyclical whether measured in first-differences or HP-
filtered log-levels. Meanwhile, both the wage markup and the labor wedge are
countercyclical conditional on the policy shock and unconditionally. But unlike
the price markup, the cyclical behavior of the wage markup and labor wedge
conditioned on a monetary policy shock is not too affected by the presence of

firms networking and working capital.

A final set of findings pertains to our model’s ability to match key moments
in the data. First, it generates unconditional volatility statistics of key variables
which are plausible vis-a-vis the data. Perhaps more importantly, it does not suffer
from the so-called ” comovement problem” (Khan and Tsoukalas, 2011 ; Furlanetto
and Seneca, 2014). Anomalous comovements between consumption, investment
and hours often arise in general equilibrium models with standard (i.e. time-
separable) preferences if the leading source of business cycle fluctuations is other
than a TFP shock, for example a MEI shock (Barro and King, 1984). In the
medium-scale models of Justiniano, Primiceri, and Tambalotti (2010, 2011), the
unconditional correlation between consumption growth and investment growth is

negative while it is mildly positive in the data (0.43).

Our model implies that the unconditional correlation between consumption
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growth and investment growth is 0.3 if working capital fully finances the cost of
production factors and 0.42 if it finances just half of this cost. The unconditional
correlation between consumption growth and the level of hours (hours being sta-
tionary in our model) is 0.04 if working capital fully finances payments to factors
and 0.03 if it finances half of these payments, the correlation observed in the data

being 0.07.

These results mainly reflect the fact that a positive MEI shock in our mo-
del is followed by a positive response of consumption. Ascari, Phaneuf, and Sims
(2016) provide an explanation as to why a positive MEI shock is either followed
by a short-run decrease or short-run increase in consumption. In a model without
firms networking, a Hicksian decomposition (e.g. King, 1991) reveals that the ne-
gative substitution effect on consumption induced by the positive MEI shock out-
weighs the positive income effect which is very weak, so that on balance consump-
tion falls in the wake of a MEI shock. The interaction between firms networking
and economic growth strengthens the positive income effect on consumption of a
MEI shock, which can then overturn the negative substitution effect, so that on
impact consumption rises.® Their model however abstracts from working capital.
Our findings show that this original intuition carries over to our model which

includes working capital.

A final substantive result is that, consistent with evidence from the data, our
model predicts that the unconditional correlation between inflation and the inter-
est rate is significantly positive, that between inflation and consumption growth is
mildly negative, and the correlations between the interest rate and either output

growth, consumption growth or investment growth are weakly negative.

The remainder of the paper is organized as follows. Section 2 presents our

3. Their model abstracts from working capital.
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model with economic growth, firms networking and working capital. Section 3
discusses issues related to calibration. Section 4 studies the transmission of mo-
netary policy shocks in our framework. Section 5 looks at unconditional business
cycle moments implied by our model and those in the data. Section 6 contains

concluding remarks.

2.2 A Medium-Scale DSGE Model with Firms Networking and

Extended Borrowing

We propose a medium-scale DSGE model in the spirit of CEE (2005). It
includes nominal rigidities in the form of Calvo wage and price contracts, habit
formation in consumption, investment adjustment costs, variable capital utiliza-
tion, and a Taylor rule. We augment the model to include firms networking and
an extended working capital or cost channel. The subsections below lay out the
decision problems of the relevant model actors. The full set of conditions charac-

terizing the equilibrium are shown in the Appendix.

2.2.1 Good and Labor Composites

There is a continuum of firms, indexed by j € (0, 1), producing differentiated
goods with the use of a composite labor input. The composite labor input is
aggregated from differentiated labor skills supplied by a continuum of households,
indexed by h € (0,1). Differentiated goods are bundled into a gross output good,
X:. Some of this gross output good can be used as a factor of production by firms.
Net output is then measured as gross output less intermediate inputs. Households
can either consume or invest the final net output good. The composite gross output

and labor input are :

xo= ([ x0)a)", (2.1)
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1 o o=
L= (/ Lt(h)Tldh) " (2.2)
0
The parameters § > 1 and ¢ > 1 denote the elasticities of substitution between

goods and labor, respectively. The demand schedules for goods of type ;7 and labor

of type i respectively are :

A\ =6
. P, .
x6) = (B2) x. v 23)
t
_ (W)™
Li(h) = (W) L, Vh. (2.4)
The aggregate price and wage indexes are :
1
R = [ RG)d; (2.5)
1
Wi-o = /O W, (k)= dh. (2.6)

2.2.2 Households

There is a continuum of households, indexed by h € (0,1), who are mo-
nopoly suppliers of labor. They face a downward-sloping demand curve for their
particular type of labor given in (2.4). Following Calvo (1983), each period, there
is a fixed probability, (1 — &,), that households can adjust their nominal wage,
with 0 < &, < 1. Non-updated wages may be indexed to lagged inflation via the
parameter , € [0,1]. As in Erceg, Henderson, and Levin (2000), we assume that
utility is separable in consumption and labor. State-contingent securities insure
households against idiosyncratic wage risk arising from staggered wage setting.
With this setup, households are identical along all dimensions other than labor
supply and nominal wages. We therefore suppress dependence on h except for

choice variables related to the labor market.

The problem of a particular household is to optimize the present discounted

value of flow utility subject to a flow budget constraint, (2.8), a law of motion
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for physical capital, (3.18), the demand curve for labor, (2.10), and a constraint
describing the Calvo wage setting process, (2.11) :

max Eiﬁt In (Cy — bCi_y) — L™ (2.7)
Ct,Lt(i), K¢ +1,Br41,11,21 0 pard ¢ =1 K 14+ x ’ ’

subject to the following budget constraint,

Z)K, B
P, (C’t + I + al }), t) + 7 le < Wi(i)L:(i) + R¥Z,K, + I, + By + T:, (2.8)
€t1 i

and the physical capital accumulation process,

Koy = 70, (1 s (IL)) L+(1-0)K, (2.9)

t—1

Here, P, is the nominal price of goods, C; is consumption, I; is investment
measured in units of consumption, K, is the physical capital stock, and Z; is the
level of capital utilization. W;(2) is the nominal wage paid to labor of type %, and
R¥ is the common rental price on capital services (the product of utilization and
physical capital). I, and T; are, respectively, distributed dividends from firms and
lump sum taxes from the government, both of which households take as given. B;
is a stock of nominal bonds that the household enters the period with. a(Z;) is a
resource cost of utilization, satisfying a(1) = 0, a’(1) = 0, and a”(1) > 0. This
resource cost is measured in units of physical capital. S (I—ﬁ—l) is an investment
adjustment cost, satisfying S (g;) =0, S’ (g1) =0, and S” (g;) > 0, where g; > 1
is the steady state (gross) growth rate of investment. i, is the nominal interest
rate. 0 < 8 < 1 is a discount factor, 0 < é < 1 is a depreciation rate,and 0 < b < 1
is a parameter for internal habit formation. x is the inverse Frisch labor supply

elasticity and 7 is a scaling parameter on the disutility from labor.

etI ", which enters the capital accumulation equation by multiplying invest-

ment and the budget constraint in terms of the resource cost of capital utilization,
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measures the level of IST. It follows a deterministic trend with no stochastic com-
ponent. The deterministic trend matches the observed downward trend in the
relative price of investment goods in the data. The exogenous variable ¥;, which
enters the capital accumulation equation in the same way as the IST term, is a
stochastic MEI shock. Justiniano, Primiceri, and Tambalotti (2011) draw the dis-
tinction between these two types of investment shocks, showing that IST shocks
map one-to-one into the relative price of investment goods, while MEI shocks do
not impact the relative price of investment.* They find that MEI shocks are cri-
tical for business cycles, while stochastic shocks to IST have no effect on output
at business cycle frequencies. These findings justify our choice of having the MEI

component stochastic while the IST term only affects trend growth.

The demand curve for labor and the constraint describing Calvo wage set-

ting respectively are :

_(Wh)\°
Li(h) = <—Wt ) L, (2.10)
wihy = 4 VIR w/preb 18 (2.11)
(1 + me_y ) W;_y(h) otherwise

It is straightforward to show that all households given the opportunity to

change their wage will adjust to a common reset wage, W;'.

2.2.3 Firms

The production function for a typical producer j is :

X,) = max { AL (RG)ILGY—) T = TR0}, (212)

4. In the model, the relative price of investment goods is easily seen to be ?1_’ The
t
division by EtI '™ in the resource cost of utilization is therefore necessary so that capital is priced

in terms of consumption goods.
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where A; is neutral productivity, F' is a fixed cost, and production is required
to be non-negative. T, is a growth factor. Given T,;, F is chosen to keep profits
zero along a balanced growth path, so the entry and exit of firms can be ignored.
I't(j) is the amount of intermediate input, and ¢ € (0, 1) is the intermediate input
share. Intermediate inputs come from aggregate gross output, X;. f(\t( j) is capital
services, while L;(j) is labor input. This production function differs from the
standard in the New Keynesian DSGE literature in its addition of intermediate

goods, I't(7).

A firm gets to choose its price, P;(7), as well as quantities of the intermediate
input, capital services, and labor input. It is subject to Calvo pricing, where each
period there is a (1 — &,) probability that a firm can re-optimize its price, with
0 <& < 1. Non-updated prices may be indexed to lagged inflation at ¢, € [0, 1].

In other words, a firm’s price satisfies :

p < | B0 wipmob 1=
(1+m_1)?P_1(5) otherwise

An updating firm will choose its price to maximize the present discounted

value of flow profit, where discounting is by the stochastic discount factor of

households as well as the probability that a price chosen today will still be in

effect in the future. It is straightforward to show that all firms given the ability

to change their price will adjust to a common reset price, P;.

Regardless of whether a firm can re-optimize its price, it will always choose
inputs so as to minimize cost, subject to the constraint of meeting demand at its
price. A key assumption is that firms must finance some or all of their variable
inputs through intra-period loans from a financial intermediary. The financial

intermediary returns the interest earned on these loans to the household lump
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sum. The cost-minimization problem of a typical firm is :

_min (1=t +er (1+4)) PTe+ (1= i +r (14+3e) ) REK 4+ (1= 4 (143 ) )W, Le
e (2.14)

s.t.

AT? (i(‘;*Lg-a)l“” — Y., F > (%tj)) 0Xt. (2.15)

Here 9y, { = T', K, L, is the fraction of payments to a factor that must be
financed at the gross nominal interest rate, 1 + 4;. With v, = 0 for all , firms do
not have to borrow to pay any of their factors. The use of working capital may be
limited. When used to finance only wage payments as in CEE (1997 2005) and
Ravenna and Walsh (2006), we set ¥r = ¥, = 0 and ¥, = 1, a case to which we
refer as LBW. When used to finance only the purchase of intermediate goods, a
case we refer to as LBI, we set ¢, = ¥)x = 0 and yr = 1. Assuming v; = 1 for
all I means that all factor payments are financed through working capital, so that
the factor prices relevant for firms are the product of the gross nominal interest
rate and the factor price. We refer to this case as extended borrowing (EB). To

economize on notation, we define ¥, = (1 — ¢y + ¢y (1 +4;)) for | =T, K, L.

Applying some algebraic manipulations to the first order conditions for the
cost-minimization problem yields an expression for real marginal cost, v;, which

is common across all firms :

)a(l—¢) (

Uy = a‘ll?‘t (‘I’Kﬂf ‘I’L,twt)(l_a)(l_¢) ) (2.16)

— 1- 1- 1-a)(1—
with ¢ = 2 (&) ¢ (%) ¢ (ﬁ)( D079 The variables r¥ and w;, are the real

rental rate on capital services and the real wage for labor, respectively. This ge-

neral expression encompasses several special cases. In a model where both firms
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networking (¢ = 0) and financial intermediation (¥;; = 1 for all l) are excluded,
the expression for real marginal cost reduces to :

vy = ( ! )l—a (l)a (r¥Ye (w,) 2. (2.17)

l—-« o

For the case of firms networking and limited borrowing, with working capital

covering only wage payments (LBW), real marginal cost is :

(—a)(i-g)— 1-4)  (1—a)(1—
v = (1+14,)" " ¢)¢(rf)a( )wt(l 2)1-¢) (2.18)

The real marginal cost expression in Christiano, Eichenbaum, and Evans
(2005) is obtained by setting ¢ = 0 in (2.17). With firms networking and limited
borrowing with working capital financing only intermediate goods (LBI), real

marginal cost is :

. NoT a(l-¢)  (1_a)(1-
vy = (14+14,)% (rf) w19, (2.19)

Combining firms networking and extended borrowing (EB) gives the ex-

pression :

«\N"T a(l_¢) - _
vy = (1414 (rf) wt~1=9), (2.20)

According to these expressions, once our model accounts for borrowing, ei-
ther in a limited or extended form, the nominal interest rate directly impacts real
marginal cost. More importantly, the impact of the nominal interest on marginal
cost increases with the extent of required borrowing. With working capital finan-
cing only the wage bill, the impact of the nominal interest on the real marginal
cost is determined by the exponent (1 — a)(1 — ¢). With working capital financing
only the purchase of intermediate goods, the impact of the nominal rate is deter-
mined by ¢ which is larger than (1 — a)(1 — ¢). Finally, with extended working
capital, (1+4;) has an exponent of one, which is greater than in the last two cases

under limited borrowing.
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2.24 Monetary Policy

Monetary policy follows a Taylor rule :
. . X a1 1-—p;
].+'Lt <1+'lt_1>p' <7Tt>a"" Y; 1 v
= — ;- 2.21
1+ 1+3 - Yt—ng €t ( )

The nominal interest rate responds to deviations of inflation from an exo-

genous steady-state target, 7, and to deviations of output growth from its trend
level, gy . €] is an exogenous shock to the policy rule. The parameter p; governs the
smoothing-effect on nominal interest rates while o, and ¢, are control parame-
ters. We restrict attention to parameter configurations resulting in a determinate

rational expectations equilibrium.

2.2.5 Aggregation

Given properties of Calvo (1983) price and wage setting, aggregate inflation

and the real wage evolve according to :

_ - o 1—
L=y ™" + (1- &) (01)'° (2.22)
1-o wt—17rtCl—01 e l-c
w7 =& _7Tt— + (1 — &) (wy) (2.23)
The notation here is that 7, = £t is aggregate gross inflation, p* = B s
-1 gr t P,

the relative reset price, w; = %‘ is the real wage, and w} = %— is the real reset
wage. Market-clearing for capital services, labor, and intermediate inputs requires
that /01 K.(j)dj = K., /01 Li(j)dj = L, and /01 I'«(7)dj = T';. This means that
aggregate gross output can be written :

sXo=T? (Reri=) ™ -

F (2.24)
where s; is a price dispersion variable that can be written recursively :

se=(1-&)p " + &m P'nlse s (2.25)
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Using the market-clearing conditions, the aggregate factor demands can be writ-

ten :
T; = ¢u,¥5! (X, + F) (2.26)
K, =a(l - qS)\IJ—ZtT? (X, + F) (2.27)
L= (1-a)(1 - ¢) g (X + F) (2.28)

Aggregate net output, Y;, is gross output minus intermediate input :
Integrating over household budget constraints yields the aggregate resource constraint :

Y, =C + I, + a(Zy) K, (2.30)

2.2.6 Shock Processes

Neutral productivity obeys a process with both a trending and stationary
component. Aj is the deterministic trend component, where g, is the gross growth

rate :
At = A:At, (231)
Al = gaAi_;. (2.32)
The initial level in period 0 is normalized to 1 : A7 = 1. The stationary component
of neutral productivity follows an AR(1) process in the log, with the non-stochastic

mean level normalized to unity, and innovation, u{, drawn from a mean zero

normal distribution with known standard deviation equal to sy :

A = (ﬁt_l)“ exp (sAuf) , 0<pa<l, (2.33)
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The IST term obeys the following deterministic trend, where g.r is the gross

growth rate and the initial level in period 0 is normalized to unity :

e = gerely (2.34)

The MEI shock follows a stationary AR(1) process, with innovation drawn

from a mean zero normal distribution with standard deviation s; :

9y = (0:-1)" exp(srul), 0<pr<1 (2.35)

The only remaining shock in the model is the monetary policy shock, £f. We
assume that is drawn from a mean zero normal distribution with known standard

deviation s,.

2.2.7 Functional Forms

We assume that the resource cost of utilization and the investment adjust-

ment cost function have the following functional forms :

a(Z) = n(Z— 1) + $(Z— 1), (2:36)

It K It )2
sy =5 (e _g) 2.37
(IH) 5 (IH 9 (2.37)

where v, > 0 is a free parameter ; as v — 0o utilization becomes fixed at unity.
v must be restricted so that the optimality conditions are consistent with the
normalization of steady state utilization of 1. k > 0 is a free parameter. The
functional form for the investment adjustment cost is standard in the literature

(e.g. Christiano, Eichenbaum, and Evans, 2005).
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228 Growth

Most variables inherit trend growth from the deterministic trends in neu-
tral and investment-specific productivity. Let this trend factor be Y;. Output,
consumption, investment, intermediate inputs, and the real wage all grow at the
rate of this trend factor on a balanced growth path : gy = g1 =9r = 9w = gr =
%' The capital stock grows faster due to growth in investment-specific produc-
tivity, with K, = iﬁsf? being stationary. Given our specification of preferences,
labor hours are stationary. The full set of equilibrium conditions re-written in

stationary terms can be found in the Appendix.

One can show that the trend factor that induces stationarity among trans-
formed variables is :

T, = (A])To0=D (7)" (2.38)

This reverts to the conventional trend growth factor in a model with growth
in neutral and investment-specific productivity when ¢ = 0. Under this restriction,
intermediates are irrelevant for production, and the model reduces to the standard
New Keynesian model. Interestingly, from (2.38), it is evident that a higher value
of ¢ amplifies the effects of trend growth in neutral productivity on output and
its components. For a given level of trend growth in neutral productivity, the

economy grows faster the larger is the share of intermediates in production.

2.3 Calibration

2.3.1 Non-Shock Parameters

The calibration used for non-shock parameters is summarized in Table 2.1.

Some parameter values, like 3, b, n, x, 0 and o are standard in the literature.



69

Others require some explanations.

The parameter governing the size of investment adjustment costs x is 3,
corresponding to the estimate in Phaneuf and Victor (2017). This is somewhat
higher than the estimate in CEE (2005) (2.48), but somewhat lower than that
in JPT (2011) (3.142). The parameter on the squared term in the utilization
adjustment cost is set to v, = 0.05. This is broadly consistent with the evidence
in Basu and Kimball (1997) and Dotsey and King (2006), and is middle range
between Justiniano, Primiceri, and Tambalotti (2010, 2011) who estimate this
parameter to be about 0.15, and CEE (2005), who fix this parameter at 0.00035.5
The parameter 6 is the elasticity of substitution between differentiated goods
and is set at 6. This implies a steady-state price markup of 20 percent, which is
consistent with Rotemberg and Woodford (1997). The parameter o is the elasticity
between differentiated labor skills and is also set at 6 (e.g. Huang and Liu, 2002;
Griffin, 1992).

The Calvo probabilities for wage and price non-reoptimization both take
a value of 0.66. This implies an average waiting time between price changes of
9 months. Bils and Klenow (2004) emphasize the median of price changes as a
measure of frequency of price adjustments. They report that the median duration
of prices is 5.5 months after removing sales price changes. For a purely forward-
looking Calvo model with no backward indexation, Cogley and Sbordone (2008)
approximate the median waiting time of a price change by —In(2)/In(&,). Setting
& = 0.66 therefore implies a median duration of prices of 5.1 months, which is

broadly consistent with the evidence reported in Bils and Klenow (2004).

Our calibration of &, = 0.66 implies that the average duration between wage

5. CEE set % = 0.01; given the parameterization of ; to be consistent with steady state

utilization of unity, this implies v = 0.000457.
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adjustments is 9 months, which is somewhat higher than the macro estimate of
0.64 reported in CEE (2005), but somewhat lower than the estimate of 0.71 in Altig
et al. (2011). In some sensitivity analysis, we also look at the impact of a higher
average duration of wage contracts. For this, we consider the evidence in Barattieri,
Basu, and Gottschalk (2014), who analyze micro-data for the U.S. economy. They
find that the average quarterly probability of a wage change lies between 0.211
and 0.266, implying a value of &, in the range of 0.75-0.80. Justiniano, Primiceri,
and Tambalotti (2010, 2011) also report higher estimates of &, in this range using
a New Keynesian model with several shocks, but without firms networking or a

working capital channel.

The parameter ¢ measures the share of payments to intermediate inputs in
total production. In the literature, this parameter is found to be in the range of
0.5 to 0.8. Huang, Liu, and Phaneuf (2004) provide justifications for a value of
¢ of 0.7. Using the fact that the weighted average revenue share of intermediate
inputs in the U.S. private sector was roughly 52 percent in 2002, and knowing that
the cost share of intermediate inputs equals the revenue share times the markup,
Nakamura and Steinsson (2010) set ¢ = 0.7. However, their calibration of § implies
a steady state price markup of 1.33, while ours corresponds to a steady state price
markup of 1.2, resulting in ¢ = 0.625. Phaneuf and Victor (2017) estimate this
parameter through Bayesian methods. They report a point estimate which is 0.56.

We set ¢ = 0.6 as our benchmark.

The parameters of the Taylor rule include the smoothing parameter set at
0.8, the coefficient on inflation at 1.5, and the coefficient on output growth at 0.2.
We assume that there is zero trend inflation, 7 = 0. As a baseline, we also assume

that there is no backward indexation of prices or wages to lagged inflation, i.e.

<p=€w=0-
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2.3.2 Shock Parameters

The calibration used for shock parameters is summarized in Table 2.2. Map-
ping the model to the data, the trend growth rate of the IST term, g.:, equals the
negative of the growth rate of the relative price of investment goods. To measure
this in the data, we define investment as expenditures on new durables plus private
fixed investment, and consumption as consumer expenditures of nondurables and
services. These series are from the BEA and cover the period 1960 :I-2007 :III, to
leave out the financial crisis. ® The relative price of investment is the ratio of the
implied price index for investment goods to the price index for consumption goods.
The average growth rate of the relative price from the period 1960 :I-2007 :III is
-0.00472, so that g.r = 1.00472. Real per capita GDP is computed by subtracting
the log civilian non-institutionalized population from the log-level of real GDP.
The average growth rate of the resulting output per capita series over the period
is 0.005712, so that gy = 1.005712 or 2.28 percent a year. Given the calibrated
growth of IST, we then use (2.38) to set gi_d’ to generate the appropriate average
growth rate of output. This implies gfl{d’ = 1.0022 or a measured growth rate of
TFP of about 1 percent per year.” The price deflator is the ratio between the

nominal and the real GDP series.

Regarding the calibration of the shocks, we set the autoregressive parameter

of the neutral productivity shock at 0.95. Based on the estimate in Justiniano,

6. A detailed explanation of how these data are constructed can be found in Ascari,

Phaneuf, and Sims (2015).

7. Note that this is a lower average growth rate of TFP than would obtain under tradi-
tional growth accounting exercises. This is due to the fact that our model includes FN, which
would mean that a traditional growth accounting exercise ought to overstate the growth rate of

true TFP.
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Primiceri, and Tambalotti (2011), we set the baseline value of the autoregressive
parameter of the MEI process at 0.8. To determine the numerical values for sj,
s4, and s, we adopt the following procedure. We ask that our baseline model
(or any particular model for this matter) matches the actual volatility of output
growth (0.0078) for the period 1960 :Q1-2007 :Q3. For this, we assign to each shock
a target percentage contribution to the unconditional variance decomposition of
output growth. Our baseline calibration assigns 50 percent of the unconditional
variance decomposition of output growth to the MEI shock, 35 percent to the
TFP shock, and 15 percent to the monetary policy shock based on the following
reasons. Justiniano, Primiceri, and Tambalotti (2011) estimate a medium-scale
New Keynesian model that abstracts from roundabout production and working
capital with 8 different types of shocks. They find that the MEI shock accounts for
nearly 60 percent of output fluctuations, while the TFP shock contributes to about
25 percent. Several other studies also find that investment shocks explain a larger
fraction of output fluctuations than TFP shocks (Fisher, 2006 ; Justiniano and
Primiceri, 2008 ; Justiniano, Primiceri, and Tambalotti, 2010; Altig et al., 2011).
Estimating a medium-scale DSGE model with roundabout production, Phaneuf
and Victor (2017) report that the MEI shock explains about 50 percent of the

forecast error variance of output growth.® Because we have chosen to dispense

8. One exception, however, is Smets and Wouters (2007), who report that investment
shocks account for less than 25 percent of the forecast error variance of GDP at any horizon.
Justiniano, Primiceri, and Tambalotti (2010) explore the reasons for these differences, showing
that the smaller contribution of investment shocks in Smets and Wouters (2007) results from
their definition of consumption and investment which includes durable expenditures in consump-
tion while excluding the change in inventories from investment, although not from output. With
the more standard definition of consumption and investment found in the business-cycle lite-
rature (e.g., Cooley and Prescott, 1995 ; Christiano, Eichenbaum, and Evans, 2005 ; Del Negro
et al., 2007), they find that investment shocks explain more than 50 percent of business-cycle

fluctuations.
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with ”dubiously” structural shocks, we adopt the split of shocks : 50 percent to
the MEI shock, 35 percent to the TFP shock and 15 percent to the monetary
policy shock. Applying this procedure, we obtain s; = 0.0266, s, = 0.0027, and
s = 0.0018.

2.4 Transmission of Monetary Policy Shocks

This section studies the transmission of monetary policy shocks in our ba-
seline model and some alternative models. Woodford (2009) argues that this is
a particularly useful way of discriminating among alternative models and not a
claim that such disturbances are a primary source of aggregate variability. We
take our baseline model to be the specification in which there is firms networking
(FN) and extended borrowing (EB), and where all factors of production are fi-
nanced by working capital. We focus on impulse responses and second moments
conditional to a monetary policy shock, and assess the roles that different model
features play in generating the results. Subsection 2.4.1 focuses on the dynamic
responses of output and inflation to a monetary policy shock. Subsection 2.4.2
focuses on the cyclical behavior of the price and wage markups and of the labor

wedge conditional on monetary policy shocks.

24.1 Inflation and Output Dynamics

Figure 2.1 plots the model impulse responses of output and inflation to a
one standard deviation expansionary monetary policy shock (i.e. a negative shock
to the Taylor rule). The solid lines show the responses in our baseline model. For
point of comparison, we also present impulse responses under three alternative
specifications. The first two gauge the relative contribution of EB and FN in

generating our main findings. The dotted lines show responses in which there
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is no extended borrowing (nor limited borrowing, so that none of the factors of
production must be financed through working capital, i.e. Yr = ¥ = ¥ = 0).
The dashed lines show the responses in which there is no firms networking (i.e
¢ = 0). The third specification is one where there is no extended borrowing and
no firms networking, but in which prices and wages are fully indexed to lagged
inflation (i.e. {, = {, = 1); the responses are represented by dashed lines with

“4+” markers.

In our baseline model output rises by about 0.24 percent on impact of the
monetary policy shock. This jump is roughly half the magnitude of the peak output
response, which is 0.45 percent and occurs about four quarters subsequent to the
shock. The response of output is highly persistent, being positive more than five
years after the shock; it also displays a pronounced hump-shaped pattern. The
response of inflation is mute on impact of the shock, and reaches a peak after
about four quarters. Like the output response, the inflation impulse response to

the policy shock is very persistent.

When there is no working capital at all (dotted lines), the impulse response
of inflation is largest on impact, and exhibits no hump-shape. Thus, working
capital is needed to generate a hump-shaped inflation response. The response of
output is also somewhat smaller compared to our baseline model. If instead there
is no firms networking but all factors are financed via working capital (dashed
lines), the response of inflation is positive on impact and hump-shaped, the peak
response occuring roughly three quarters subsequent to the shock. The short-run
response of inflation exceeds that in the baseline model and is also less persistent.
The absence of firms networking implies that the slope of the New Keynesian
Phillips Curve is steeper relative to our baseline model, making inflation more
responsive to the monetary policy shock and lowering inflation persistence. As a

result, the response of output is also significantly smaller and less persistent than
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in the baseline model.

The dashed lines with ”+” markers take the “standard” New Keynesian
model without EB and FN and modify it so that both prices and wages are
fully indexed to one period lagged inflation (i.e. {, = (, = 1). Indexation has
been advanced in the literature as a way to generate more inertia in the response
of inflation to a policy shock (CEE, 2005). This specification does result in a
hump-shaped response of inflation. But with indexation, the inflation response
also reverts to zero from its peak more quickly than in the baseline model which
does not feature any indexation. The counterpart of backward indexation however
is to make the output response to a policy shock significantly smaller and less
persistent, a feature of the standard medium-scale New Keynesian model that has

been overlooked so far in the literature.

The reasons why a model with backward indexation can produce a hump-
shaped response of inflation to a monetary policy shock are well understood in
the literature (e.g. see Christiano, Eichenbaum, and Evans, 2005; Walsh, 2005).
But how does our model without wage and price indexation succeed in generating
hump-shaped inflation dynamics? The two key model ingredients giving rise to
this pattern are firms networking and a working capital channel. These two chan-
nels can be seen in equation (2.20), which is the expression for real marginal cost
in our model. Because working capital results in the nominal interest rate having
a direct effect on marginal cost, it works to limit the increase in marginal cost
associated with an expansionary polic_y shock. Via the traditional Phillips Curve,
a smaller increase (or a decrease) in marginal cost keeps inflation from initially
rising by as much. Because the cut in interest rates is only temporary, as the
interest rate starts to rise after impact, marginal cost begins to rise, which puts
upward pressure on inflation and can result in hump-shaped inflation dynamics.

Firms networking works through a similar channel. Positive values of ¢ limit the
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sensitivity of marginal cost to fluctuations in factor prices, and therefore allow
output to expand by more without marginal cost (and hence inflation) rising by

much.

What happens if working capital serves to finance the costs of fewer inputs
than in our baseline model ? Figure 2.2 compares the responses of output, inflation,
and real marginal cost and its components when working capital finances the costs
of all inputs (solid lines), the cost of intermediate inputs only (dotted lines), and
the cost of labor only (dashed lines). The three models include firms networking.
The greater the extent of working capital is, the lower the response of inflation
on impact of a monetary policy shock and the more persistent the response is.
Correspondingly, the response of output is stronger and more persistent with more
inputs financed via working capital. With working capital financing more inputs,
the response of real marginal cost becomes more negative despite the fact that the
responses of the real wage and the real rental rate become larger due to a larger

expansion in output.

So the question is : what factor drives the greater decline in the real marginal
cost accompanying the model with EB relative to the models with LBI and LBW ?
The answer to this question is easily understood by comparing the alternative
expressions for real marginal in equations (2.20), (2.19) and (2.18). In the baseline
model, the nominal interest rate has a proportional impact on real marginal cost.
In the model where only the purchase of intermediate goods is financed through
working capital, equation (2.19) shows that the effect of the nominal rate on real
marginal cost is determined by the exponent ¢ = 0.6, which is lower than in
the model with EB. When working capital is used to finance the wage bill only,
equation (2.18) shows that the nominal rate affects the real marginal cost to an
extent governed by the exponent (1 — a)(1 — ¢) = 0.266, which is 2.26 times

smaller than in the model with LBI and 3.76 times smaller than in the model
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with EB.

Table 2.3 presents some statistics summarizing the dynamics of inflation
and output conditioned on monetary policy shocks. It shows autocorrelation coef-
ficients for inflation at different lag lengths. In the baseline model, the first order
autocorrelation of inflation is 0.946. Inflation is highly persistent, with an auto-
correlation coefficient at a one year lag of more than 0.5. The autocorrelation
coeflicients of inflation are higher (by 0.1 or more) at all lags in the base model
relative to the version of the model with no working capital and no firms networ-
king. The model without working capital and firms networking, but augmented
with full backward indexation, produces a first order autocorrelation of inflation
of 0.947, which is essentially the same as in the benchmark model, but the auto-
correlations at lags of 2-5 quarters are higher in the baseline model than in the

backward indexation model, especially at higher lags.

To measure the strength of internal propagation in models with nominal
contracts, CKM (2000) focus on the half-life of output, representing the number
of quarters it takes for the response of output to equal one-half its impact res-
ponse (rounded to the nearest integer). They provide evidence of a relatively small
contract multiplier for output in a variety of DSGE models with intertemporal

links.

In our baseline model, the half-life of output is 14 quarters, or three and a
half years. Although price and wage setting is purely forward-looking, our model
is obviously not prone to CKM’ criticism that models with nominal rigidities
cannot generate a large contract multiplier for output. In the model with no
working capital and no firms networking, the half-life of output is still substantial
but half of a year shorter than in the baseline model at 12 quarters. Perhaps

surprisingly, the half-life of output is significantly lower in the model with full
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backward indexation of prices and wages, with a half-life of only 7 quarters, half

of what this multiplier is in our baseline model.

24.2 Markups and the Labor Wedge

The basic transmission mechanism by which positive demand shocks raise
output in the textbook New Keynesian model is via a countercyclical price markup
over marginal cost (e.g.Woodford, 2003, 2011). But the evidence in the literature
about the cyclicality of the price markup conditioned on demand shocks is mixed.
Gali, Gertler, and Lépez-Salido (2007) provide evidence of a rise in the price
markup following a contractionary monetary policy shock, while Nekarda and

Ramey (2013) offer evidence of a fall in that markup.

The evidence about the unconditional cyclicality of the price markup is
also mixed. Gali, Gertler, and Lépez-Salido (2007) present evidence of a price
markup which is either weakly countercyclical or weakly procyclical unconditio-
nally depending on alternative model specifications and measures. Nekarda and
Ramey (2013) challenge these findings based on some evidence that points to a
price markup which is moderately procyclical unconditionally. Still, Bils, Klenow,
and Malin (2016) report evidence of a countercyclical price markup. Therefore,
whether the price markup is countercyclical or procyclical conditionally or un-
conditionally depends very much on the specific theory and methodology used by
the authors. Meanwhile, the wage markup and the labor wedge are found to be

countercyclical empirically. °

We do not take a firm stand on the issue of the observed cyclicality of the

price markup, but analyze instead the implications of different model versions for

9. The labor wedge is the sum of the two equilibrium markups, that of price over marginal

cost and that of real wages over the marginal rate of substitution.
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the conditional and unconditional cyclicality of markups and the labor wedge.
The present subsection looks at the cyclicality of markups and the labor wedge
conditioned on a monetary policy shock. The next section examines unconditional

cyclical markups when other types of shocks-are added to the models.

We find that the response of the price markup to an expansionary monetary
policy is quite sensitive to assuming firms networking and working capital either
in its extended form or its limited form covering intermediate inputs only. In fact,
we find that the price markup switches from strongly countercyclical conditionally
without firms networking and extended working capital to mildly procyclical with
these features included in the model. When accounting for backward indexation
without these features, we find that the conditional price markup is strongly coun-
tercyclical. In fact, without firms networking and working capital, the correlation
between output and the price markup driven by a monetary policy shock is close

to —1.0, with or without indexation.

Panel A of Figure 2.3 plots the impulse responses of the price markup,
Panel B the response of the wage markup, and Panel C the response of the labor
wedge to an expansionary monetary policy shock for different specifications of our
model. The solid lines show the responses in our baseline model. The dotted lines
are for the responses from the model that features firms networking and LBI. The
dashed-line responses are from the model with firms networking and LBW. The
dashed lines with dots are from the model without firms networking and working
capital. Finally, the responses with the dashed lines marked with “+” are from
the model that excludes both firms nefworking and financial intermediation but
includes full indexation of nominal wages and prices to the previous quarter’s rate

of inflation.

The response of the price markup varies quite significantly among alterna-
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tive model specifications. This is not the case for the wage markup or the labor
wedge. One sees that in our baseline model the price markup initially rises and
remains positive for about four quarters, after which time it goes slightly nega-
tive before returning to trend. Without firms networking and working capital, the

response of the price markup is negative.

The dotted lines in Figure 2.3 show that insofar as working capital is used
to finance intermediate goods, the response of the price markup will remain po-
sitive in the short run. From the dashed line price markup response, we see that
things are different if working capital serves to finance the wage bill only, which is
generally the case in existing DSGE models with financial intermediation. Then,
the response of the price markup is weak and positive only for one period and

turns negative after.

The dashed lines with dots shows the response of the price markup for a
model where there is no firms networking, no working capital and no indexation.
The response is negative for the twenty quarters after the monetary policy shock.
The dashed line with “+” markers plots the impulse response of the price markup
in a version of the model in which there is neither firms networking nor working
capital, but in which prices and wages are fully indexed to lagged inflation. Though
full indexation alone is capable of generating hump-shaped inflation dynamics (see
Figure 2.1), it does little to change the dynamic response of the price markup when
the model abstracts from firms networking and working capital. The response of
the markup is negative for about five periods and then turns weakly positive,

implying a markup which is strongly countercyclical conditionally.

Panel B of Figure 2.3 plots the impulse responses of the wage markup.
One notes that the negative responses of the wage markup to an expansionary

monetary policy shock are almost identical in models with firms networking and
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working capital, whether borrowing is extended or limited. The dashed line with
“4+” markers shows that in a model without firms networking and working capital
but with indexation, the response of the wage markup is negative for about five
periods and then turns slightly positive before returning to zero. Panel C of Figure
2.3 plots the impulse responses of the labor wedge. The negative responses of the

labor wedge closely follow those of the wage markup.

Tables 2.5 to 2.7 present some statistics for the conditional cyclicality of
the price markup, the wage markup, and the labor wedge with different model
specifications. We measure the cyclicality of markups and the labor wedge by
the conditional correlation with real GDP. For this, we use two different filtering

devices — first differences and HP-filtered log-levels.

Regardless of filtering method, our baseline model generates a procyclical
price markup conditional on a monetary policy shock. The correlation between
the first log differences of the price markup and output is 0.38. This correlation
is not far from the unconditional correlation estimated by Nekarda and Ramey
(2013) of 0.495. When the series are HP-filtered, the correlation between the price
markup and output is 0.16 in our baseline model. This is somewhat smaller than
the correlation of 0.325 reported by Nekarda and Ramey (2013). We keep for the
next section examination of the cyclicality of the price markup when other types

of shocks are added to the baseline model.

Removing extended borrowing from the model results in a conditional cor-
relation between output and the price markup which is close to —1.0, and this no
matter what the filtering method is. With extended borrowing but without firms
networking, the correlation is 0.16 with first differences, and —0.43 with HP-
filtered log-levels. Therefore, combining firms networking and extended working

capital is required for the model to produce a procyclical price markup conditional
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on a monetary policy shock.

The model with firms networking and working capital financing only inter-
mediate goods delivers a correlation between the first log differences of the price
markup and output of 0.24, which is lower than in our baseline model. With HP-
filtered log-levels, the correlation is -0.25. The model in which working capital
finances only the wage bill does not perform as well, producing a correlation bet-
ween output and the price markup which is —0.15 with first log differences, and
—0.73 with HP-filtered log-levels. Therefore, the greater the extent of working
capital, the less countercyclical the price markup is conditionally. With full co-
verage of factor payments by working capital, the price markup turns procyclical

conditionally.

Just as it is key to generating a hump-shaped response of inflation to a policy
shock, the working capital channel is the key mechanism delivering a conditionally
procyclical price markup. Our baseline model implying a conditional procyclical
price markup assumes that all factors must be fully financed via working capital,
i.e. Yr = ¥ = Y = 1. One might wonder whether intermediate values of these
parameters would also generate a procyclical markup. In Figure 2.4 we plot the
cyclicality of the price markup (with the two different filtering methods) for values
of 1 between 0 and 1, where we assume that 1; = v for all three factors. When
there is no working capital channel at all () = 0), the correlation of the markup
with output is close to -1 regardless of filter. When focusing on the correlation in
first differences, our model generates a positive correlation between the markup
and output conditional on a policy shock for values of ¢ > 0.35. For HP filtered
data, ¥ must be bigger than about 0.92 to generate a procyclical markup. In
other words, while a working capital channel is required to generate a procyclical
markup conditional on a policy shock, the entirety of factor payments do not have

to be financed with working capital for this result to obtain.
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While the cyclical behavior of the price markup conditioned on a monetary
policy shock can vary quite significantly depending on model specifications, this
is not the case of the cyclical behavior of the wage markup and labor wedge. We
find that the correlations between the wage markup and output are always very
negative, and this no matter what filtering method is used. We also find that
the labor wedge is generally more countercyclical than the wage markup. These
findings about the cyclicalities of the wage markup and the labor wedge are very

consistent with the evidence in Gali, Gertler, and Lépez-Salido (2007). °

2.5 Matching Business Cycle Moments

This section assesses the ability of our baseline model to match a number
of key moments in the data using a parsimonious selection of shocks which ho-
pefully escapes the criticism by CKM (2009). For this, we assume that business
cycle fluctuations are driven by neutral technology and MEI shocks in addition
to monetary policy shocks. Simulations are performed under the assumption that
the size of shocks is the one for which our baseline model (or any other particu-
lar model) matches the volatility of output growth in the data (0.0078), with 50
percent of the variance of output growth assigned to the MEI shock, 35 percent to
the neutral technology shock, and 15 percent to the monetary policy shock, and
this for the reasons we ahve explained before. Values of shocks and non-shocks

parameters used in the simulations are found in Table 2.1 and 2.2.

We begin by looking at volatility and comovement business cycle statis-
tics. The sample period is 1960 :Q2-2007 :Q3. The volatility statistics involve the

growth rates of output, consumption, investment and hours, as well as the volati-

10. They refer to the "gap” which is simply the negative of the sum of the logs of the price

markup and the wage markup, thus the negative of our labor wedge.
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lity of inflation and the nominal interest rate. While we report the volatility of the
growth rate in hours, when it comes to correlations, we report comovements bet-
ween the level of hours and the growth rates of output and consumption, because

in our model hours worked are stationary in levels.

Table 2.4 compares volatility and comovement business cycle statistics from
the data to the unconditional volatilities and correlations implied by the baseline
model. Panel A in Table 2.4 displays volatility statistics with the first row repor-
ting those in the data. Consumption growth is 40 percent less volatile than output
growth. Investment growth is 2.6 times more volatile than output growth. First-
differenced hours are about as volatile as output growth. Inflation is somewhat
less volatile than output growth. The nominal interest is slightly more volatile
than output growth. These relative volatilities are well known stylized facts in
the business cycle literature. The baseline model matches the volatility of output
growth in the data by construction. It generates plausible unconditional volatility
statistics in spite of omitting several other types of shocks routinely embedded in

medium-scale New Keynesian models.

Our baseline model does surprisingly well facing the so-called ” comovement
problem”, which usually arises in models featuring standard (i.e. time-separable)
preferences where an investment shock is the leading disturbance driving busi-
ness cycle fluctuations (Fisher, 2006 ; Justiniano and Primiceri, 2008 ; Justiniano,
Primiceri, and Tambalotti, 2010, 2011). In medium-scale New Keynesian models,
the comovement problem consists in anomalous comovements involving consump-
tion growth, investment growth and output growth. In the data, the correlation
between consumption growth and investment growth is positive. Meanwhile, the
correlation between consumption growth and output growth is positive and high.
Typically, existing New Keynesian models with standard preferences such as those

of Justiniano, Primiceri, and Tambalotti (2010, 2011) imply a negative uncondi-



85

tional correlation between consumption growth and investment growth, and a po-
sitive but low correlation between consumption growth and output growth. These
anomalies are generally associated with a short-run decline in consumption that

follows a positive MEI shock.

Barro and King (1984) have foreseen that non-TFP shocks, like investment
shocks, would have difficulty generating plausible business cycle comovements of
output, consumption, investment, and hours if they are the key source of business
cycle fluctuations. For example, in the standard neoclassical framework, a positive
shock to the marginal productivity of investment will increase the rate of return
on capital, giving households the incentive to save (invest) more in the present and
postpone consumption for the future. Consumption will then fall after the shock.
In turn, lower consumption will increase the marginal utility of income, shifting
labor supply to the right along a fixed labor demand schedule. Hours and output
will rise, while the real wage and labor productivity will fall. As a result, the
investment shock will generate an investment boom accompanied by a short-run
fall in consumption. Insofar as the leading disturbance is an investment shock, the
unconditional correlation between consumption and investment will be negative.
The model will also imply anomalous comovements between consumption and

hours.

Recent medium-scale New Keynesian models have been prone to this pro-
blem as well. A few solutions have been proposed in a New Keynesian context
that involve the use of non-standard preferences. Khan and Tsoukalas (2011) ad-
dress the comovement problem by combining into a medium-size DSGE model
the non-standard form of preferences proposed by Jaimovich and Rebelo (2009)
which cancels the wealth effect on labor supply with a cost of capital utilization
specified in terms of increased capital depreciation. Furlanetto and Seneca (2014)

combine sticky prices with preferences implying an Edgeworth complementarity
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between consumption and hours worked.

Panel B in Table 2.4 presents some interesting comovements, the first row
reporting those in the data. Despite standard preferences, our baseline model
implies an unconditional correlation between consumption growth and investment
growth of 0.31, which is near the actual correlation in the data (0.436). The
unconditional correlation between consumption growth and output growth implied
by our model is 0.55 compared to 0.75 in the data. Meanwhile, the unconditional
correlation between consumption growth and the level of hours found in the model
is 0.035 compared to 0.075 in the data. Clearly, despite that the MEI shock is the
leading source of business cycle fluctuations, our purely forward-looking wage and

price setting model is not plagued by the comovement problem.

To understand the success of our model along this particular dimension,
Figure 2.5 displays the response of consumption to a positive MEI shock in two
models : 7) our baseline model and %i) a model version without firms networking
and growth. The reason for this is that Ascari, Phaneuf, and Sims (2016) have re-
cently shown using the Hicksian decomposition proposed by King (1991) that with
standard preferences, and in the absence of firms networking and growth, the po-
sitive income effect induced by a MEI shock is just not strong enough to overcome
the negative substitution effect on consumption, so that on balance consumption
will fall on impact of a positive MEI shock. However, their model abstracts from
the interaction between firms networking and extended working capital which
is so critical in our model to obtain rich inflation dynamics consisting, among
others, in a highly persistent and hump-shaped response of inflation following a
monetary policy shock. Figure 2.5 brings confirmation that this original insight
still applies to our baseline model, for if we abstract from firms networking and
growth, consumption falls during seven quarters following the MEI shock, while

with these two features included, consumption is near zero on impact but then
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rises afterwards.

Returning to Panel B of Table 2.4, one sees that the baseline model does
quite well matching the correlation between consumption growth and inflation.
In the data, this correlation is -0.42 compared to the unconditional correlation of
-0.34 in the model. The model closely matches the correlation between inflation
and the interest rate (0.675 vs 0.61). Note also that the baseline model predicts
negative and weak unconditional correlations between the interest rate and output
growth, the interest rate and consumption growth, and the interest and invest-
ment growth, just as they are in the data. One drawback, however, is that the
baseline model predicts that the unconditional correlation between inflation and
output growth, and that between inflation and investment growth are both mildly

positive, instead of mildly negative as they are in the data.

Another question we wish to address is that of the cyclicality of markups
(wage and price) and the labor wedge in our three-shock baseline model. This can
be seen in Tables 2.8 to 2.10 that report correlation between output on the one
hand, and the price markup, the wage markup and the labor wedge on the other,
either measured in first differences and HP-filtered log-levels in many different
models. Despite the fact that our baseline model predicted a positive correlation
between output and the price markup conditional on a monetary policy shock,
it implies an unconditional countercyclical price markup when TFP, MEI and
monetary policy shocks are included in the model. In fact, the price markup is
countercyclical unconditionally in all model versions. Therefore, our unconditional
evidence about the cyclical behavior of the price markup can hardly be reconciled
with the positive (unconditional) correlation reported by Nekarda and Ramey
(2013), but is more consistent with some of the evidence in Gali, Gertler, and
Lépez-Salido (2007) and Bils, Klenow, and Malin (2016). Meanwhile, the wage

markup and the labor wedge are also found to be countercylical unconditionally
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in all models.

A final concern is the following. How would our main results be affected if
firms were to use working capital to finance only a fraction of their outlays for
intermediate inputs, labor and capital services instead of the totality of their factor
payments ? The reason for raising this question is that, using Bayesian methods,
Phaneuf and Victor (2017) have estimated the extent of factor payments financed
through working capital to be in the range between 43 and 50 percent depending

on the production factor.

What we do next is to look at the implications of our framework when 50
percent instead of 100 percent of each factor payment is financed through working
capital. Figure 2.6 shows that the response of inflation to a monetary policy shock
still is highly persistent and hump-shaped and so is the response of output. A look
at Table 2.11 suggests that, if anything, reducing the extent of factor payments
financed through working capital to 50 percent does not have a significant impact
on the ability of the model to match moments in the data. Finally, Tables 2.12
to 2.14 show that in this case, the price markup, the wage markup and the labor

wedge all remain countercyclical unconditionally.

2.6 Conclusion

In this paper we have built a medium-scale DSGE model and studied its
implications for the dynamics of inflation, output, and the price markup over
marginal cost. In addition to many of the usual ingredients of these models, our
model includes firms networking in the form of a roundabout production structure
and assumes a working capital channel wherein firms borrow to finance the full
cost of factor payments or only a fraction of this cost. The model delivers a

response of inflation which is mute on impact of a monetary policy shock, but
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highly persistent and hump-shaped afterwards. It also generates a large contract
multiplier for output in the form of a large and highly persistent response of
output. It does so with a price markup that can be procyclical conditioned on a

monetary policy shock, but countercyclical unconditionally.

The model successfully accounts for some key business cycle moments like
the negative correlation between the nominal interest rate and the growth rates
of output, consumption and investment. It also accounts for the negative como-
vement between inflation and consumption growth. Despite the fact that a MEI
shock is the leading source of business cycle fluctuations, it correctly predicts
a positive correlation between the growth rates of consumption, investment and

output, and the level of hours, avoiding the so-called ” comovement problem”.

Many papers include backward-indexation or rule of thumb price setters into
New Keynesian models to help account for the sluggish behavior of inflation. These
features are theoretically unattractive and imply that prices and wages adjust
every quarter, which is strongly at odds with available evidence. Qur analysis
suggests that these features are not necessary to understand the inertial behavior
of inflation. Our model with purely forward-looking price and wage setting does at
least well as a model with backward-indexation in accounting for inertial inflation
dynamics, and does better producing a contract multiplier for output twice as

large as that generated by indexation.
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Table 2.1 Parameter Values.

Parameter Value  Description

I5} 0.99 Discount factor

b 0.8 Internal habit formation

n 6 Labor disutility

X 1 Frisch elasticity

K 3 Investment adjustment cost

é 0.025 Depreciation rate

4] Z* =1 Utilization adjustment cost linear term

2 0.05 Utilization adjustment cost squared term

& 0.66 Calvo price

Ew 0.66 Calvo wage

¢p 0 Price indexation

Cw 0 Wage indexation

6 6 Elasticity of substitution : goods
6 Elasticity of substitution : labor
0.6 Intermediate share
1/3 Capital share

YL 1 Fraction of labor financed

Vi 1 Fraction of capital financed

Yr 1 Fraction of intermediates financed

Pi 0.8 Taylor rule smoothing

Qo 1.5 Taylor rule inflation

ay 0.2 Taylor rule output growth

Note : This table shows the values of the parameters used in quantitative analysis of the model.

A description of each parameter is provided in the right column. The parameter on the linear

term in the utilization adjustment cost function, 7, is chosen to be consistent with a steady

state normalization of utilization to 1. Given other parameters this implies a value v; = 0.0457.

The fixed cost of production, F), is chosen so that profits equal zero in the non-stochastic steady

state. Given other parameters, this implies a value of F' = 0.0183.
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Table 2.2 Shock Parameters.

gA Gel Pr Sr 143 Sr PA SA
1.00221-¢  1.0047 0 0.0018 0.8 0.0266 0.95 0.0027

Note : This table gives the baseline values of the parameters of the stochastic processes used in our quantitative
simulations. The trend growth rate of the IST process is chosen to match the average growth rate of the relative
price of investment goods in the data. The trend growth growth of the neutral productivity processes is chosen
to match the average growth rate of output observed in the sample conditional on the growth rate of the IST
process. Given the assumed values of autoregressive parameters governing the stochastic processes, the shock
standard deviations are chosen to match the observed volatility of output growth in the data, with the MEI
shock accounting for 50 percent of the variance of output growth, the neutral shock 35 percent, and the monetary

shock 15 percent.

Table 2.3 Output and Inflation Dynamics.

Inflation autocorrelation

Lag
Output half-life 1 2 3 4 5
Base model 14 0.9457 0.8269 0.6799 0.5287 0.3874
No EB, no FN 12 0.8220 0.6437 0.4839 0.3499 0.2426
No EB, no FN, full indexation 7 0.9473 0.8187 0.6476 0.4641 0.2914

Note : This table shows some statistics from different versions of the model. The column labeled
“Qutput half-life” shows the half-life of output in response to a monetary policy shock, which
we define as the number of quarters (rounded to the nearest integer) after which the impulse
response of output is one-half its impact response. The remaining columns show autocorrelations
of inflation at different lags. The row labeled “No EB, no FN” refers to a version of the model
with no extended borrowing and no firms networking. The remaining row augments this case to

consider full indexation of prices and wages to lagged inflation.
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Table 2.4 Business Cycle Moments

Panel : A : Volatility

o(AC) o(AI) o(AL) o(AP) o(r)
Data (0.0047)  (0.0202)  (0.0079)  (0.0065)  (0.0082)
Based Model 0.0033 0.0242 0.0077 0.0038 0.0047

Panel B : Correlation

p(AY,AC) p(AY,AI) p(AY,L) p(AY,r)
Data (0.7542)  (0.9192)  (0.1105)  (-0.2456)
Base Model 0.5539 0.9514 0.0509  -0.1095

p(AY,AP) p(AC,AI) p(AC,L) p(AC,AP)
Data (-0.3714)  (0.4362)  (0.0746)  (-0.4196)
Base Model 0.1258 0.3074 0.0345 -0.3406

p(AC,r)  p(AI,AP) p(ALr)  p(APT)
Data (-0.2511)  (-0.2633)  (-0.1922)  (0.6754)
Base Model ~ -0.0977 0.3158  -0.0081 0.6065

Note : this table shows selected moments generated from our baseline model with FN, EB and
growth. “o ” denotes standard deviation, “A ” refers to the first difference operator, and p is
a coefficient of correlation. The variables Y, I, C, and L are the natural logs of these series.

Moments in the data are computed for the sample 1960Q1-2007Q3 and are shown in parentheses.
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Shock.
First Differences HP Filtered Log-Levels
Base Model 0.3780 0.0396
LBI, FN 0.2385 -0.2484
LBW, FN -0.1531 -0.7338
No EB, No FN -0.9797 -0.9701
No EB, No FN, full indexation -0.9797 -0.9682
LBW, No FN, full indexation 0.0584 -0.4284
No EB, FN -0.9941 -0.9911
EB, No FN 0.1641 -0.4304

Note :This table shows statistics for the conditional cyclicality of the price markup, (correlation

with output) for different versions of the model and for different filtering methods. FN :firms

networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited

borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.6 Conditional Cyclicality of the Wage Markup to a Monetary Policy
Shock.

First Differences HP Filtered Log-Levels

Base Model -0.6942 -0.7417
LBI, FN -0.6902 -0.7476
LBW, FN -0.6518 -0.7140
No EB, No FN -0.7668 -0.8156
No EB, No FN, full indexation -0.8091 -0.8674
LBW, No FN, full indexation -0.7538 -0.8588
No EB, FN -0.7066 -0.7480
EB, No FN -0.7688 -0.8212

Note :This table shows statistics for the conditional cyclicality of the wage markup (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.7 Conditional Cyclicality of the Labor Wedge to Monetary Policy Shock.

First Differences HP Filtered Log-Levels

Base Model -0.7171 -0.7717
LBI, FN -0.7288 -0.7991
LBW, FN -0.6555 -0.7162
No EB, No FN -0.7868 -0.8359
No EB, No FN, full indexation -0.8236 0.8785
LBW, No FN, full indexation -0.7764 -0.8726
No EB, FN -0.7215 -0.7688
EB, No FN -0.7964 -0.8451

Note :This table shows statistics for the conditional cyclicality of the labor wedge (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.8 Unconditional Cyclicality of the Price Markup to a Monetary Policy
Shock.

First Differences HP Filtered Log-Levels

Base Model -0.0809 -0.2567
LBI, FN -0.1394 -0.3165
LBW, FN -0.1781 -0.3468
No EB, No FN -0.4006 -0.5839
No EB, No FN, full indexation -0.3713 -0.5220
LBW, No FN, full indexation -0.3005 -0.5151
No EB, FN -0.1829 -0.3424
EB, No FN  -0.3336 -0.5480

Note :This table shows statistics for the conditional cyclicality of the price markup (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.9 Unconditional Cyclicality of the Wage Markup to a Monetary Policy
Shock.

First Differences HP Filtered Log-Levels

Base Model -0.5631 -0.6940
LBI, FN -0.6054 -0.7483
LBW, FN -0.5723 -0.7348
No EB, No FN -0.6644 -0.8190
No EB, No FN, full indexation -0.6725 -0.7548
LBW, No FN, full indexation -0.6566 -0.7508
No EB, FN -0.6263 -0.7770
EB, No FN -0.6327 -0.7822 -

Note :This table shows statistics for the conditional cyclicality of the wage markup (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.10 Unconditional Cyclicality of the Labor Wedge to a Monetary Policy
Shock.

First Differences HP Filtered Log-Levels

Base Model -0.5511 -0.6901
LBI, FN -0.6389 -0.7800
LBW, FN -0.5203 -0.6873
No EB, No FN -0.6775 -0.8256
No EB, No FN, full indexation -0.6764 -0.7600
LBW, No FN, full indexation -0.6374 -0.7129
No EB, FN -0.6205 -0.7782
EB, No FN -0.6195 -0.7541

Note :This table shows statistics for the conditional cyclicality of the labor wedge (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.11 Business Cycle Moments (¢¥r = ¥ = ¥k = 0.5).

Panel : A : Volatility

a(AC) a(AI) o(AL) o(AP) o(r)

Data (0.0047) (0.0202) (0.0079) (0.0065) (0.0082)
Based Model 0.0032 0.0227 0.0079 0.0033 0.0042
Panel B : Correlation

p(AY,AC) p(AY,AI) p(AY,L)  p(AY,r)
Data (0.7542)  (0.9192)  (0.1105)  (-0.2456)
Base Model 0.6203 0.9605 0.0456 -0.1365

p(AY,AP) p(AC,AI) p(AC,L) p(AC,AP)
Data (-0.3714)  (0.4362)  (0.0746)  (-0.4196)
Base Model 0.0803 0.4176 0.0319 -0.3210

p(AC,T)  p(AI,AP) p(ALr)  p(APT)

Data (-0.2511) (-0.2633)  (-0.1922) (0.6754)
Base Model -0.1437 0.2324 -0.0412 0.4926

Note : this table shows selected moments generated from our baseline model with FN, EB and

growth. “o ” denotes standard deviation, “A ” refers to the first difference operator, and p is

a coefficient of correlation. The variables Y, I, C, and L are the natural logs of these series.

Moments in the data are computed for the sample 1960Q1-2007Q3 and are shown in parentheses.
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Table 2.12 Unconditional Cyclicality of the Price Markup to a Monetary Policy
Shock (Yr = Y = YK = 0.5).

First Differences HP Filtered Log-Levels

Base Model -0.0878 -0.2516
LBI, FN -0.1155 -0.2728
LBW, FN -0.1374 -0.2867
No EB, No FN -0.3484 -0.5280
No EB, No FN, full indexation -0.3247 -0.4817
LBW, No FN, full indexation -0.2832 -0.4780
No EB, FN -0.1464 -0.2886
EB, No FN -0.3099 -0.5161

Note :This table shows statistics for the conditional cyclicality of the price markup (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.13 Unconditional Cyclicality of the Wage Markup to a Monetary Policy
Shock (’(,[Jp = ’(,[JK = ’(,[JK = 05)

First Differences HP Filtered Log-Levels

Base Model -0.5599 -0.6913
LBI, FN -0.5736 -0.7137
LBW, FN -0.5552 -0.7045
No EB, No FN -0.6287 -0.7755
No EB, No FN, full indexation -0.6498 -0.7422
LBW, No FN, full indexation -0.6434 -0.7433
No EB, FN -0.5799 -0.7248
EB, No FN -0.6205 -0.7613

Note :This table shows statistics for the conditional cyclicality of the wage markup (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Table 2.14 Unconditional Cyclicality of the Labor Wedge to a Monetary Policy
Shock (’(ﬁr‘ = ’(ﬁK = ’(ﬁK = 05)

First Differences HP Filtered Log-Levels

Base Model -0.5500 -0.6926
LBI FN | -0.5823 -0.7304
LBW, FN -0.5292 -0.6859
No EB, No FN -0.6390 -0.7833
No EB, No FN, full indexation -0.6509 -0.7470
LBW, No FN, full indexation -0.6351 -0.7299
No EB, FN -0.5721 -0.7261
EB, No FN -0.6199 -0.7533

Note :This table shows statistics for the conditional cyclicality of the labor wedge (correlation
with output) for different versions of the model and for different filtering methods. FN :firms
networking ; EB : extended borrowing with working capital financing all inputs; LBI : limited
borrowing working capital financing only intermediate goods; LBW : limited borrowing with

working capital financing only wages.
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Figure 2.1 Output and Inflation Responses to a Monetary Policy Shock.
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Note : This figure plots the impulse responses of output, inflation, and the price level to a
monetary policy shock. The solid lines show the responses in the baseline calibrated model. The
dashed lines show responses when there is no firms networking (“No FN”). The dotted lines show
responses when there is no extended borrowing (“No EB”). The dashed lines with “4+” show
responses when there is no firms networking and no extended borrowing, but prices and wages

are fully indexed to the lagged inflation rate (“No FN, No EB, Full Backward Indexation”).
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Figure 2.2 Output, Inflation and Real Marginal Cost Responses to a Monetary
Policy Shock.
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Note : This figure plots the impulse responses of output, inflation, and real marginal cost to a
monetary policy shock. The solid lines show the responses in the baseline calibrated model. The
dotted lines show responses when there is firms networking and limited borrowing with working
capital financing only intermediate goods. (“FN, LBI”).The dashed lines show responses when

there is firms networking and limited borrowing with working capital financing only wages.

(“FN, LBW”).
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Figure 2.3 The Price Markup, Wage Markup, and the Labor Wedge Responses
to a Monetary Policy Shock.
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Note : This figure plots the impulse responses of the price markup, the wage markup, and the
labor wedge to a monetary policy shock. The solid lines show the responses in the baseline
calibrated model. The dotted lines show responses when there is firms networking and limited
borrowing with working capital financing only intermediate goods. (“FN, LBI”). The dashed
lines show responses when there is firms networking and limited borrowing with working capital
financing only wages (“FN, LBW”). The dashed lines with “+” show responses when there
is no firms networking and no extended borrowing, but prices and wages are fully indexed to
the lagged inflation rate (“No FN, No EB, Full Indexation”). The dashed lines with “.” show
responses when there is no firms networking, no extended borrowing no indexation (“No FN,

No EB. no Indexation”).
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Figure 2.4 Extent of Working Capital and the Cyclicality of the Price Markup.
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Note : This figure plots the correlation between the price markup and output in first log-
differences (solid line) and HP filtered log-levels (dashed line) as a function of the value of 1,
where we assume that Yr = ¥ = ¥ = . In other words, the parameter 1) measures the
fraction of factor payments that have to be financed with working capital, assuming that this
fraction is the same for all three factors of production. The dashed-dotted line is drawn at zero

to facilitate determining the threshold value of ¥ capable of delivering a procyclical markup.
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Figure 2.5 Consumption Responses to a MEI Shock.
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Note : This figure plots the responses of consumption to a MEI shock for the baseline model

and the model with no firms networking and no growth
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Figure 2.6 Output and Inflation Responses to a Monetary Policy Shock (yr =
Yk =Y =0.5).

10 Output

Note : This figure plots the impulse responses of output and inflation to a monetary policy
shock for yr = ¥x = ¥ = 0.5. The solid lines show the responses in the baseline calibrated
model. The dashed lines show responses when there is no firms networking (“No FN”). The
dotted lines show responses when there is no extended borrowing {(“No EB”). The dashed lines
with “4” show responses when there is no firms networking and no extended borrowing, but
prices and wages are fully indexed to the lagged inflation rate (“No FN, No EB, Full Backward

Indexation”).



CHAPITRE III

THE BUSINESS CYCLE IN AN ESTIMATED DSGE MODEL
WITH PRODUCTION NETWORKS AND WORKING CAPITAL

Abstract

In this paper we use Bayesian methods to estimate a medium-scale DSGE model that
features production networks and an extended working capital channel. We offer evi-
dence which strongly supports a network view of the production process. It also suggests
that firms use working capital to finance a substantial fraction of their outlays for inter-
mediate inputs, capital services and labor. These findings hold whether news shocks are
included or not. Relative to a standard model which abstracts from these refinements, a
comparison of the marginal likelihood statistics computed by modified harmonic mean
estimation speaks clearly to the relative advantage and fit of our benchmark model.
Compared to the standard model, we find that production networks and working ca-
pital significantly alter the impulse responses of key variables to marginal efficiency of
investment (MEI), TFP, wage markup and monetary policy shocks. In spite of standard

preferences, our benchmark model is not prone to the "comovement problem”.

JEL classification : E31, E32, E37.
Keywords : Bayesian estimation ; Production networks ; Extended working capital ; In-

vestment shocks ; Business cycle comovements ; Source of business cycles.
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3.1 Introduction

It is well known that DSGE models with time-separable preferences encoun-
ter difficulties accounting for business cycle comovements between consumption
and other key variables such as output, investment and hours when an invest-
ment shock is the leading source of business cycle fluctuations. Less well known
are their difficulties to account for comovements between inflation, interest rates,
consumption and other variables. Central to these anomalies is a negative response
of consumption that lasts for more than a year following a positive investment
shock. Missing from the literature, however, is an estimated DSGE model with
standard preferences that better accounts for these comovements. Qur paper fills

this gap.

We estimate via Bayesian methods a DSGE model that modifies the consen-
sus medium-scale New Keynesian framework (e.g. see Smets and Wouters, 2007 ;
Justiniano and Primiceri, 2008 ; Justiniano, Primiceri, and Tambalotti, 2010, 2011))
along three dimensions while keeping standard preferences. ! Firstly, our model in-
corporates production networks wherein firms are interconnected through input-
output linkages. Secondly, firms use working capital to defray some or all of their
outlays for intermediate inputs, capital services and labor before the proceeds from
the sale of output are received. Thirdly, the monetary authority sets the nominal
interest rate according to a Taylor rule that includes a response of nominal inter-
est rates to deviations of inflation and output growth from steady state instead of
a reaction to inflation, the level and the growth rate of output from their flexible
wage and price values without markup shocks. Our evidence supports a network
view of the production process and an extended use of working capital by firms

to finance a substantial fraction of their factor payments.

1. Hereafter, we refer to Justiniano, Primiceri and Tambalotti as JPT.
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These three modifications can be justified as follows. First, we combine
production networks and real per capita output growth stemming from neutral
and investment-specific technology to strengthen the positive income effect and
reduce the negative substitution effect on consumption induced by an investment
shock, and this to overcome some anomalous comovements between consumption
growth and other key variables found in existing medium-scale DSGE models
(Ascari, Phaneuf, and Sims, 2016a). Second, extended working capital helps our
model generate a hump-shaped response of inflation and a rising price markup
on impact of a negative shock to the nominal interest rate as recent evidence in
Nekarda and Ramey (2013) seems to suggest. Third, we use a Taylor rule that
includes a response of interest rates to deviations of output growth from steady
state (Erceg and Levin, 2003) to avoid a state of indeterminacy and allow a direct
comparison between our benchmark model which includes all three modifications

and a standard model that abstracts from the first two.

We first estimate the benchmark and standard models with unanticipated
shocks only. But in a later part of the paper, we also estimate a version of the
benchmark model that builds on the distinction between unanticipated and news
shocks(Jaimovich and Rebelo, 2009 ; Schmitt-Grohé and Uribe, 2012). The first
two questions we address are the following. Does firms networking provide a plau-
sible description of the U.S. production process as a whole? Second, what are
the factor payments, if any, that require the use of working capital and to what
extent 7 We report Bayesian estimates of the relevant parameters for the years
1960 :Q1-2008 :Q4. Our point estimate of the share of intermediate goods in gross
output is 0.56, with a confidence interval ranging from 0.45 to 0.67. These esti-
mates strongly support a network view of the production process. We also find
that firms borrow working capital to defray a fraction of their outlays for pro-

duction factors, the fraction varying between 43 and 50 percent depending on the
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input.

Firms networking has the following implications. Relative to the standard
model, its presence substantially magnifies the effects of a TFP shock, which then
has sizeable effects on aggregate fluctuations despite it is nearly two times smaller
than in the standard model. Secondly, relative to the standard model, production
networking downsizes the responses of output, consumption, investment and hours
following a shock to the marginal efficiency of investment (MEI). As we later
show, this is mainly the consequence of nominal wages being more flexible in the
benchmark model (Calvo probability of wage non-reoptimization of 0.56 in the
benchmark compared to 0.72 in the standard model). While firms networking
effectively flattens the slope of the New Keynesian Phillips Curve, more flexible
nominal wages allow real wages to grow faster following a positive MEI shock in the
benchmark model. The increase in hours is then smaller, and so are the increases in
output, consumption and investment. Firms networking also alters the responses
of variables to a wage markup shock, producing a flip in the signs of the responses
of output, consumption, investment and hours from positive in the standard model
to negative in the benchmark model. Increased nominal wage flexibility is a key
element producing the flip in the signs of the responses. Extended working capital
helps generate a hump-shaped response of inflation and a rising price markup on
impact of a negative shock to the nominal interest rate, something the standard
model is unable to do. The benchmark model an unconditional countercyclical

price markup.

Another point of interest pertains to the ability of alternative models to
explain the correlations between consumption growth, investment growth, out-
put growth and hours. In the data, the contemporaneous correlations between
these variables are positive, while the cross-correlations are generally positive and

decreasing at lags and leads. JPT (2011; Figure 3) report a negative uncondi-
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tional contemporaneous correlation between consumption growth and investment
growth, and unconditional cross-correlations that are positive and increasing at
lags and consistently negative at leads. Ascari, Phaneuf, and Sims (2016a) provide
a detailed analysis of the sources of the comovement problem in medium-scale New
Keynesian models. Using the Hicksian decomposition proposed by King (1991),
they show that existing models are prone to anomalous comovements because the
positive income effect on consumption induced by a positive investment shock is
not strong enough to overturn the negative substitution effect. As a result, the res-
ponse of consumption is negative on impact of a positive investment shock. They
show that combining firms networking and economic growth can generate a stron-
ger income effect that results into a positive response of consumption on impact
of an investment shock. An open question, however, is whether this mechanism is

strong enough empirically to overcome the comovement problem.

We find that both our benchmark and standard models imply a mildly
positive unconditional contemporaneous correlation between the growth rates
of consumption and investment and cross-correlations profiles that are broadly
consistent with the data. However, the benchmark model generates correlations
between consumption, output, investment and hours which are generally closer
to the data. We obtain this result in spite of standard (i.e. time-separable) prefe-
rences. So far in the literature, solutions to the comovement problem have gene-
rally involved non-standard preferences (Jaimovich and Rebelo, 2009 ; Khan and

Tsoukalas, 2011 ; Furlanetto and Seneca, 2014).

Since our standard model and the model estimated by JPT are similar ex-
cept for our different specification of the Taylor rule, a natural question is : why is
it that our standard model does not suffer from the comovement problem ? JPT
find a negative response of consumption on impact of a positive MEI shock whe-

reas in our standard model this response is positive. In JPT (2011, Table 1), the
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parameter governing the response of interest rates to deviations of inflation from
steady state is 1.7. This parameter is 1.39 in our standard model. So the mone-
tary authority responds more agressively to inflation if, as in JPT, the Taylor rule
incorporates reactions to both output growth and the output gap. Furthermore,
while in JPT the point estimate of the parameter governing the response of the
nominal interest rate to the output gap is fairly modest at 0.05, a positive MEI
shock in their model is followed by a relatively large and highly persistent positive
response of the output gap. Therefore, in the model estimated by JPT, monetary
policy is significantly less accommodative than in our standard model which ex-
plains why consumption falls in their model on impact of a MEI shock and not in

our standard model.

That said, the reason for choosing a Taylor rule admitting a response to
deviations of output growth from steady state is the following. When trying to
estimate the benchmark model with a Taylor rule featuring both output growth
and the output gap, we are unable to obtain a unique rational expectations equi-
librium. Interestingly, the indeterminacy result in our benchmark model seems
broadly consistent with the analysis in Christiano, Trabandt, and Walentin (2011).
Working from a price-setting model accounting for firms networking and working
capital, these authors show that adhering to the Taylor principle may actually
lead to indeterminacy if the share of materials in gross output is high enough and
the working capital channel is strong enough. To sustain this claim, Christiano et

al. use a Taylor rule responding to inflation and the output gap.

When estimating the benchmark model with a Taylor rule responding to
deviations of output growth from steady state, we are able to achieve determinacy.
The model is not subject to the comovement problem. But the mechanism at work
to arrive at this result in the benchmark model is very different than that in the

standard model. Two factors do not favour an increase in consumption following a
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MEI shock in the benchmark model. One is that nominal wages are more flexible,
which has for effect of downsizing the increase in consumption following a MEI
shock. The other is that the response of monetary policy to inflation is stronger in
the benchmark model (1.58 compared to 1.39 in the standard model), implying a
less accommodative policy. Yet, the response of consumption is positive on impact
of a MEI shock in the benchmark model. The key mechanism leading to this result
is the one we have described before : the interaction between firms networking
and economic growth strengthens the positive income effect of a MEI shock on

consumption, which helps overturn the negative substitution effect induced by the

MEI shock.

We give some attention to other anomalous comovements, overlooked so far
in the literature. These anomalies pertain to the correlations between inflation,
interest rates, output growth, consumption growth, investment growth and the
level of hours. In the data, the contemporaneous correlations and cross-correlations
at lags and leads between inflation (or the nominal interest rate) and these other
variables are negative. In JPT, the unconditional contemporaneous correlations
are positive instead of negative. Moreover, the unconditional cross-correlations at
lags and leads between inflation and consumption growth are positive instead of

negative.

By contrast, our benchmark model implies negative unconditional contem-
poraneous correlations between inflation, consumption growth and output growth.
It also implies negative unconditional cross-correlations between inflation and
consumption growth at lags and leads, consistent with the data. It also performs
better than the standard model accounting for the correlations between the no-
minal interest rate, consumption growth, output growth, investment growth and

the level of hours.
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When looking at the sources of business cycle fluctuations through the lens
of our estimated models, we find that the MEI shock drives the largest fraction
of the variance of output growth, investment growth, inflation and interest rates
either at business cycle or low frequencies. The contribution of the MEI shock to
business cycle fluctuations is however smaller in the benchmark model. While this
shock accounts for 65 percent of the variance of output growth at business cycle
frequencies in the standard model, it contributes to 49 percent in the benchmark
model. The MEI shock is also the leading source of the variance of hours at
business cycle frequencies with 53 percent compared to 71 percent in the standard
model. Smets and Wouters (2007) report that the wage markup shock explains
about half of the forty-quarter ahead forecasting error variance of output growth.
We find no evidence that the wage markup shock is a key driver of business cycle

fluctuations.

According to our benchmark and standard models, the MEI shock is also
the key source of inflation variability. We find that this shock explains nearly
47 percent of the cyclical variance of inflation in both models. JPT (2011) find
instead that the price markup shock explains 39 percent of the cyclical variance
of inflation, followed by the neutral technology shock with 37 percent. The MEI
shock contributes to only 10 percent of the variance of inflation. We return to this

point later in the paper.

A final question concerns the relative importance of unanticipated and news
shocks. We follow the approach in Schmitt-Grohé and Uribe (2012). The news
component is driven by innovations announced four and eight quarters in advance.
Schmitt-Grohé and Uribe report evidence suggesting that news shocks explain
the bulk of business cycle fluctuations. Khan and Tsoukalas (2012) dispute these
findings based on estimation of a New Keynesian model. Their model abstracts

from production networks and working capital. They report that news shocks
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have a relatively small effect on aggregate fluctuations, except for the anticipated
wage markup shock which explains about 60 percent of the variance of hours and

inflation at low frequencies.

We find that the benchmark model with unanticipated and news shocks
statistically outperforms the standard model with unanticipated shocks only. At
the same time, the data prefer the benchmark model with unanticipated shocks
only to the benchmark model with unanticipated and news shocks. If anything,
when accounting for news shocks, the unanticipated MEI shock explains a higher
percentage of the variance of output growth at business cycle frequencies. Thus,
there is no case based on our benchmark model with news to argue that news

shocks play a significant role in generating business cycle fluctuations.

The rest of the paper is organized as follows. Section 2 describes our model.
Section 3 discusses our estimation procedure through Bayesian methods. Section
4 presents and analyzes our main results. Section 5 looks at the sources of business
cycles with unanticipated shocks only and news shocks added to the benchmark

model. Section 6 concludes.

3.2 The Model

This section describes our model. It features imperfectly competitive la-
bor and goods markets, Calvo’s (1983) wage and price contracts, consumer habit
formation, investment adjustment costs and variable capital utilization (Chris-
tiano, Eichenbaum, and Evans, 2005). It also includes several types of disturbances
(Smets and Wouters, 2007 ; Justiniano and Primiceri, 2008) and trend growth in
neutral and investment-specific technology (JPT, 2010, 2011; Ascari, Phaneuf,
and Sims, 2016b). To this standard medium-size New Keynesian model we add

production networks and an extended working capital channel. The inertial Tay-
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lor rule includes reactions to deviations of inflation and output growth from their

steady-state values.

3.2.1 Gross Output

Gross output, X, is produced by a perfectly competitive firm using a conti-
nuum of intermediate goods, Xj;, j € (0,1) and the following CES production
technology :

R i T
X, = ( /0 X, ”"dj) , (3.1)

where )A,; is the desired price markup over marginal cost which is assumed to

follow an ARMA (1,1) process (see also Smets and Wouters, 2007 ; JPT, 2011) :
Apt = (1= pp) Ap + PpAp i1 +€p — OpEps1, (3.2)

Ap denoting the steady-state desired markup and ¢, is an .4.d. N (O, ag) price-

markup shock.

Profit maximization and a zero-profit condition for gross output leads to

the following downward sloping demand curve for the intermediate good j

P _(H;\g,t)
Xjt = <—]§£) Xy, (3.3)
t

where P, is the price of good 7 and F, is the aggregate price index :

1 L\ e
P = ( /0 P, ”"dj) . (3.4)
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3.2.2 Intermediate Goods Producers and Price Setting

A monopolist produces intermediate good j according to the following pro-

duction function :
Xy = max { 4TS, (RaLi) ™ - 10}, (3.5)

where A, denotes an exogenous non-stationary level of neutral technology. Its

growth rate, z, = In (G4 ), follows a stationary AR(1) process,
A1

2t = (1 - pz) Gz + P22 + Ez,ty (36)

where g, is the steady-state growth rate of neutral technology, and ¢, is an i.i.d.
N(0,02) neutral technology shock. I';; denotes the intermediate inputs, K j¢ the
capital services, and Lj; the labor input used by the j* producer. T, represents
a growth factor originating from two distinct sources : neutral and investment-
specific technology. F' is a fixed cost, such that profits are zero in the steady state
and ensuring that the existence of balanced growth path.

The stochastic growth factor is given by the following composite technolo-

gical process :

— 1 __ ja
T, = At(1—¢)(1—a) ‘/tll—a , (37)

where V! denotes investment-specific technological progress (hereafter IST). When
production networks are absent from the model, i.e. ¢ = 0, this reverts to the
conventional stochastic growth factor in a model with growth in neutral and
investment-specific productivity. Under this restriction, intermediates are irrele-
vant for production, and the model reduces to the standard New Keynesian model.
Interestingly, from 3.7, it is evident that a higher value of ¢ amplifies the effects
of stochastic growth in neutral productivity on output and its components. For

a given level of stochastic growth in neutral productivity, the economy will grow
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faster the larger is the share of intermediates in production. As later shown by our
estimation, this has a significant impact on the size of neutral technology shocks
needed to generate sizeable aggregate fluctuations in the benchmark model relative
to the standard model. IST progress is non-stationary and its growth rate, v/ =
In (V‘:f_l—l), follows a stationary AR(1) process: vi = (1 — p,) g»+pyv!_;+n! where

g» is the steady-state growth rate of the IST process and »/ is an i.i.d. N (O, 0;‘;,)
IST shock.

The firm gets to choose its price, Pj;, as well as quantities of intermediates,
capital services, and labor input. It is subject to Calvo (1983) pricing, where
each period there is a (1 — §,) probability that a firm can re-optimize its price.
Regardless of whether a firm is given the opportunity to adjust its price, it will
choose inputs to minimize total cost, subject to the constraint of producing enough

to meet demand. The cost minimization problem of a typical firm is :

ming, (1 — ¢r + YrR)PTje + (1 — ¥k + YxR)RFK;: + (1 — ¢ +
Y Ry )W: Ljs,subject to :

¢ (TParl-a\l™® Pjt -t
ALY, (RaLi) -Tth(F) X,, (3.8)

t
where R¥ is the nominal rental price of capital services (i.e. the product of utiliza-
tion, u¢, and physical capital, K,), W, is the nominal wage index, and v¥r, ¥, and
¥y, are the fractions of factor payments financed through short-term loans at the
gross nominal interest rate R,. We define ¥;; = (1 — ¢y + Y4 R;), for [ =T, K, L.

Solving the cost minimization problem yields the following real marginal cost :
— _ = a _ 1-¢
me, = QAL VTV [(Wpeer)” (Tppwn) 0], (3.9)

and demand functions for intermediate input and primary factor inputs :

mcey

r't
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Kji=a(l—¢) —\Ilmctk (Xje + T.F), (3.11)
KTt
mce
Li=(1-0a)1- ¢)m (Xje + ToF), (3.12)

— _ ~1\1-9¢ . .
where ¢ = ¢~¢ (1 — ¢)®! (a'“ (1-a)” 1) , mey = MTfl, is the real marginal
cost which is common to all firms, r¥ is the real rental price on capital services,

and w, is the real wage.

Intermediate firms allowed to reoptimize their price choose a price P, and
those not allowed to reoptimize index to lagged inflation, 7;_;, and /or steady-state

inflation, w. The price-setting rule is given by

=P}, with probability 1 — &,

Py (3.13)

=Lt f’iﬂf 1=t with probability &,

where ¢, is the degree of price indexation to past inflation. When reoptimizing
its price, a firm j chooses a price that maximizes the present discounted value of

future profits, subject to (3.3) and to cost minimization :

— At+.‘.r
E 818
max B t;) S

[Pthj,t+sH?,t+s - MCt+sz,t+s] 3 (314)

where [ is the discount factor, A; is the marginal utility of nominal income to
the representative household that owns the firm, €5 is the probability that a wage
chosen in period ¢ will still be in effect in period t +s, II},, , = II§_ w'~rm,% | is
the cumulative price indexation between ¢ and t+s—1, and M C;,, is the nominal

marginal cost.

Solving the problem yields the following optimal price :

oo 1 HP s
EO ZE;:BSA:+szt+sA <p: e (1 + Ap,t+-‘3) mct+s> =0, (3'15)
s=0

p,t+s Tt+1,t+s
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where )] is the marginal utility of an additional unit of real income received by the

Pi; - . . . .
household, p; = =£ is the real optimal price and 74 445 = Pits i5 the cumulative
y Pt P +1,04+ P,

inflation rate between t + 1 and ¢ + s.

3.2.3 Households and Wage Setting

There is a continuum of households, indexed by 7 € [0, 1], who are monopoly
suppliers of labor. They face a downward-sloping demand curve for their particular
type of labor given in (3.23). Each period, there is a fixed probability, (1 — &,),
that households can reoptimize their nominal wage. As in As in Erceg, Henderson,
and Levin (2000), utility is separable in consumption and labor. State-contingent
securities insure households against idiosyncratic wage risk arising from staggered
wage-setting. Households are then identical along all dimensions other than labor

supply and wages.

The problem of a typical household, omitting dependence on i except for

these two dimensions, is :

ks t Lit1+x
EOZ,B b <ln (Ct - th—l) /) ) ) (3~16)
t=0

max
Ct, Ly, Kt 41,Be41,1t,2:

subject to the following budget constraint,

I K B
P Ct+_t1+ a(ut)l t) 4 St o WiLiy + RwK, + B, + I, + T}, (3.17)
7 .

and the physical capital accumulation process,

I
Kepy =9, (1 - S (I—‘)) I+ (1 - 0K, (3.18)
t—1
b; in the utility function is an exogenous intertemporal preference shock. C; is real
consumption and h is a parameter determining internal habit. L;; denotes hours
and X is the inverse Frisch labor supply elasticity. I; is investment, and a(u;) is

a resource cost of utilization, satisfying a(1) = 0, a’(1) = 0, and a”(1) > 0. This
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resource cost is measured in units of physical capital. W, is the nominal wage
paid to labor of type ¢, B; is the stock of nominal bonds that the household enters
the period with. II; denotes the distributed dividends from firms. 7} is a lump
sum transfer from the government. S (I—tI—‘_l) is an investment adjustment cost,
satisfying S (.) = 0, S'(.) = 0, and S” (.) > 0, § is the depreciation rate and 9, is
a stochastic MEI shock.

The intertemporal preference shock, b;, follows the AR(1) process :
Inb, = pylnb;_; + €, (3.19)

where ! is an i.id. N (0,02) preference shock. The MEI shock, ¥;, follows the
AR(1) process :
InY,=prInd,_,+¢l, 0<p;<1, (3.20)

where ¢/ is an i.i.d. N (0,0%) MEI shock.
3.24 Employment Agencies

A large number of competitive employment agencies combine differentiated

labor skills into a homogeneous labor input sold to intermediate firms, according

1 1 14wt
L = (/ L;“%%ﬁ> , (3.21)
0

where A, is the stochastic desired markup of wage over the household’s marginal

to :

rate of substitution. The desired wage markup follows an ARMA(1,1) process :

Awt = (1 = pw) Aw + pwdrwi—1 + Ew — OpErwi1, (3.22)

where A, is the steady-state wage markup and ¢, is an i.i.d. N (0,02) wage-

markup shock.
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Profit maximization by the perfectly competitive employment agences im-

plies the following labor demand function :

1+Xy e

W‘ - Aw,t
Ly = . R 3.23
' ( W, ) ! (3.23)
where W, is the wage paid to labor of type i and W, is the aggregate wage index :
1 __/\1_ _/\w,t
W, = ( / W, di) . (3.24)
0

3.2.5 Wage setting

Households set wages in a staggered fashion. Each period, a household can
reoptimize its wage with probability 1 — &,,. Households not allowed to reoptimize
their wages index to lagged and/or steady-state inflation. The wage-setting rule
is then given by :

W with probability 1 — &,
Wi = "

1-¢
1 o w 1 o I
W, -1 (ﬂe(l_a)(1_¢)92+(1—a)gv> (m_le(l—a)(l-w z“‘+(1—a)"‘-1> with probability &,,

(3.25)

where W is the reset wage. When allowed to reoptimize its wage, the household
chooses the nominal wage that maximizes the present discounted value of flow uti-
lity flow (3.16) subject to demand schedule (3.23). From the first-order condition,

we the have the following optimal wage rule :

> NpoLivrs [ o My, h o LX
EY (&) T lw; B (14 Awpgs) n_eu] =0, (3.26)
s=0 Aw,t+s Tt41,t4s t+s

where £ is the probability that a wage chosen in period ¢ will still be in effect in

1—¢
1 a w 1 a I
period t+s, H;Ut+s = Hi=1 (ﬂ'e(l-a)(l—¢)gz+(1—a)gv> (ﬂ-t+k_le(1—a)(1—¢)zt—k+1+(1—a)vg—k+1>

lw

is the cumulative wage indexation between ¢ and ¢+ s — 1, and ¢,, is the degree of
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wage indexing to past inflation. Given our assumption on preferences and wage-
setting, all updating households will choose the same optimal reset wage, denoted
. * W;

in real terms by w; = “5t.

3.2.6 Monetary and Fiscal Policy

Monetary policy is set according to a Taylor rule wherein the Fed smooths
variations in the nominal interest and responds to deviations of inflation (m;) from
steady state inflation (7) and to deviations of growth rate of GDP (¥;/Y;_;) from
trend growth (g3):

S a 1—pr
_1\PR Qr Y, Ay
_1::(3%1) [(%) (?tg}:,l) 1 e, (3.27)
t—1

where R is the steady-state nominal interest rate, pg is the interest-rate smoo-

ting parameter, . and a,; are control parameters, and & is an i.i.d. N(0,02)

monetary policy shock.

Fiscal policy is fully Ricardian. The government finances its budget deficit
by issuing short-term bonds. Public spending is a time-varying fraction of final
output, Y; :

g

where g; is the government spending shock that follows the AR(1) process :
Ing: =(1—pg)Ilng+pglnge_; +eg4. (3.29)

where g is the steady-state level of government spending and €4, is an i.i.d.

N (0, 02) government spending shock.
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3.2.7 Market-Clearing and Equilibrium

Market-clearing for capital services, labor, and intermediate inputs requires

1 _o —~ 1 1
that / Kdi = K., / Lydj = L, and / Tjdj =T
0 0 0

Gross output can be written as :

X, = AT? (KeLi=) ™" —1.F. (3.30)

Value added, Y;, is related to gross output, X, by
th = Xt - Ft, (331)
where I'; denotes total intermediates. Real GDP is given by

. I
Y, =C;+ 5 + G (3.32)
Vi

The resource constraint of the economy is :

it_. a(ut)Kt

ity (3.33)

1
—th == Ct+
gt

3.2.8 Log-Linearization

Economic growth in our model stems from neutral and investment-specific
technological change. Therefore, output, consumption, intermediates and the real
wage all inherit trend growth gy: = %ﬁ—l In turn, the capital stock and in-
vestment grow at the rate gr = gx = grgvs- Solving the model requires de-
trending variables, which is done by removing the joint stochastic trend, T; =
AW thﬁ, and taking a log-linear approximation of the stationnary model

around the non-stochastic steady state. The full set of equilibrium conditions can

be found in the Appendix .
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3.3 Model Estimation

This section begins with a description of the data and econometric proce-
dure used for the estimation of our benchmark and standard models. Then we
explain the reasons behind our specification of the Taylor rule. Next, we compare
estimates of shock and non-shock parameters from the two models. Finally, we

assess the empirical fit of both models.

3.3.1 Data and Estimation Procedure

We use Bayesian methods to characterize the posterior distribution of the
structural parameters. The posterior distribution combines the likelihood function
with prior information. The likelihood is based on eight observable variables. They
are real per capita GDP growth, real per capita consumption growth, real per
capita investment growth, real wage growth, the per capita log of hours worked,
the inflation rate, the federal funds rate, and the change in the relative price of
investment. The data are quarterly and span the period from 1960 :Q1 to 2008 :Q4.
Consumption is measured by the sum of consumer expenditures on non-durables
and services. Investment is the sum of expenditures on consumer durables and
private domestic investment. Wages are defined as the compensation per hour in
the non-farm business sector. Inflation is measured by the log-difference of the
consumption deflator (e.g. see JPT, 2010; 2011). The relative price of investment

is the ratio of the implied investment deflator to the consumption deflator.

The observables are expressed in percentages and are linked to variables in

the model by the following measurement equations :
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- — - - - -

GDPgrowth £7€l\pt - g/d\pt_l + gt 9y
Consumptiongrowth Ct — Ce—1+ Gt Jr
Investmentgrowth B — i + 9rt 9y
Realwagegrowth B Wy — W1 + gyt 9r
hoursworked B Et " T
Inflation L 9
Federal fundsrate R, R
Relativepriceo finvestmentgrowth —o! 9y

(3.34)

where gdp; = %’i, c = %, iy = —% and w; = %‘ The parameters gy, L, T,

R and g, are related to the model’s steady state as follow : gy = 100log gr,
L = 100logL, 7 = 100logm, R = 100log R and g, = 100log g,. The symbol

over a variable denotes that it is measured as a log-deviation from steady state.

3.3.2 Calibrated Parameters and Prior Distributions of Parame-

ters

We calibrate some parameters. We assign them values commonly used in
the literature. The depreciation rate of capital is set at § = 0.025, implying an an-
nualized rate of depreciation of 10 percent. The steady-state ratio of government
spending to GDP is set at 0.21, corresponding to the average ratio of government
spending to GDP in the data. The elasticities of substitution between differentia-
ted goods and skills, § and o, are both set at 10, which is fairly common in the

literature.

Priors for the other parameters can be found in Table 3.1 and 3.2. The prior

distributions are the same in the benchmark and standard models. These priors are
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in line with those of JPT (2011). The benchmark model has four more parameters
relative to the standard model. They are the share of intermediate inputs in gross
output, ¢, and the cost percentage financed through working capital by type of
factor, ¥r, ¥k, and ;. We use a Beta prior for each of these parameters with

mean 0.5 and standard deviation 0.1.

3.3.3 The Taylor Rule

We estimate first the benchmark model using a Taylor rule embedding
a systematic response of the nominal interest rate to deviations of inflation from
steady state and deviations of the level and growth rate of output from their values
at flexible wages and prices (Smets and Wouters 2007, JPT, 2010, 2011). We are
unable to obtain a unique rational expectations equilibrium, preventing a direct
comparison between our benchmark model and other estimated New Keynesian

models that have used a mixed output growth/output gap rule.

The failure of our benchmark model to achieve determinacy with a mixed
rule seems broadly consistent with the analysis in Christiano, Trabandt, and Wa-
lentin (2011). Christiano et al. argue that adding production networking and wor-
king capital to an otherwise standard sticky-price model without capital accum-
mulation can lead to indeterminacy with the central bank strictly adhering to the
Taylor principle. This will happen if the working capital channel is strong enough
and the share of materials in gross output is high enough. To prove their point,
Christiano et al. assume a Taylor rule admitting a reaction to inflation and the
output gap. However, whether combining working capital and production networ-
king actually overturn the wisdom of implementing the Taylor principle remains
an open question. Evidence from our benchmark model with a mixed Taylor rule

supports this conclusion.
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The absence of a consensus about the specification of the Taylor rule leads
us to reestimate our benchmark model with a different policy rule. We retain an
inertial Taylor rule incorporating a systematic response of the nominal interest
to deviations of inflation and output growth from steady state. Erceg and Levin
(2003) argue that this rule better fits the data. (McCallum, 2001 ; Orphanides and
Williams, 2006 ; Orphanides and Van Norden, 2002) support this specification on
the grounds that output growth is easier to observe than the output gap. Coibion
and Gorod- nichenko (2010) argue that a Taylor rule with a response to the
output gap does not accurately describe how the Fed has set nominal interest
rates since the chairmanship of Paul Volcker. They endorse a specification with
output growth, arguing that the distinction between the output gap and output
growth is important for the timing of interest rate decisions since the output gap
evolves slowly while the growth rate of GDP changes more rapidly. Working from
a New Keynesian model with positive trend inflation, Coibion and Gorodnichenko
(2011) find that a Taylor rule reacting to the output gap represents a greater threat
to determinacy than one reacting to output growth. Finally, Sims (2013) shows
that output growth ought to be preferred to the output gap based on welfare

considerations.

These considerations lead us to estimate the benchmark and standard mo-
dels with an inertial Taylor rule reacting to deviations of inflation and output
growth from steady state. As the remainder of the section makes clear, we are
then able to achieve determinacy of the equilibrium in both models, allowing a

direct comparison between the two.



131
3.3.4 Posterior Distributions of Parameters

Table 3.3 and 3.4 presents the posterior mean of non-shock (Panel A) and
shock parameters (Panel B) estimated from our benchmark and standard models
along with their 90 percent confidence intervals. The estimates from the standard
model are broadly consistent with those reported by Smets and Wouters (2007)
and JPT (2010, 2011).

Among the parameters of interest are the share of intermediate inputs in
gross output, ¢, and the cost percentage of factors financed by working capital,
Yr, Yk, and 9. The point estimate of the share of intermediate goods in gross
output is 0.56, with a confidence interval ranging from 0.45 to 0.67. This esti-
mate supports a network view of the production process. Interestingly, it is in the
range of values assigned to this parameter in the literature (e.g.see Basu, 1995;
Huang, Liu, and Phaneuf, 2004 ; Dotsey and King, 2006 ; Christiano, Trabandt,
and Walentin, 2011)..

The point estimates of the share of factor payments financed by working
capital are ¥ = 0.5,4r = 0.49 and ¢ = 0.43. Hence, firms make an extended
use of working capital to finance a significant fraction of payments to intermediate
inputs, capital services and labor. This contrasfs with the assumption usually
made that firms borrow funds from financial intermediaries to pay the wage bill

before the proceeds from the sale of output are received.

In the standard model, the point estimates of &, and &, are 0.72. In the
benchmark model, they respectively are 0.725 and 0.56. Therefore, the benchmark
model is characterized by greater nominal wage flexibility relative to the standard
model. Another significant difference in the estimates from the two models pertains
to the standard deviation of the neutral technology shock which is 0.404 in the

benchmark model compared to 0.756 in the standard model, a reduction of 47
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percent in the size of the neutral technology shock. Meanwhile, the estimated
AR(1) parameter of the stochastic process generating the growth rate of 2, is
almost the same in both models. In JPT (2011), the estimated standard deviation

of the neutral technology shock is 0.943.

Increased nominal wage flexibility in the benchmark model is the conse-
quence of production networks, for if we remove firms networking and reestimate
the model with working capital only, the estimates of &, and &, are 0.74 and 0.72,
with a standard deviation of the neutral technology shock of 0.755.

Following the intuition in (e.g. see Basu, 1995), the interaction between
sticky prices and firms networking acts as a ”multiplier for price stickiness”, re-
sulting from strategic complementarity in price setting. The benchmark model is
then able to fit the data with less nominal wage rigidity. Yet, another effect of pro-
duction networks is to amplify the effects of neutral technology shocks on output.
The neutral technology shock affects output directly via the production function,
and indirectly through its effect on intermediate inputs, so the benchmark model
can generate sizeable aggregate fluctuations with much smaller neutral technology

shocks.

Another notable difference between the estimates from our benchmark and
standard models pertains to the parameter governing the response of the nominal
interest rate in the Taylor rule to the deviation of inflation from steady state. In
the standard model, the point estimate of a, is 1.39, while in the benchmark model
it is 1.58. Meanwhile, the estimates of p;, aa, and o, are nearly the same in both
models. These estimates hence suggest that monetary policy is less accommodative
in our benchmark model, a point to which we return later when we discuss how

consumption responds to a MEI shock.
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3.4 Results

This section compares the results from our estimated benchmark and stan-
dard models. First, we compare the fit of the two models. Second, we look at
some basic business cycle moments in the data and those implied by the two mo-
dels. Third, we compare the impulse responses of key macroeconomic variables
to monetary policy, neutral technology, MEI and wage-markup shocks from both
models. Fourth, we ask whether our estimated models are prone to the comove-
ment problem by looking at the theoretical unconditional cross-correlograms of
.consumption growth, investment growth, output growth and hours and those in
the data. Fifth, we look at the actual correlations between inflation, interest rates,
consumption growth, output growth, investment growth and hours and those im-

plied by the two models.

3.4.1 Comparing the Fit of the Benchmark and Standard Models

We assess the relative fit of the estimated benchmark and standard models
by computing the Bayes factor, BFp g, given by :

Yr|M
BFps = %%Mg, (3.35)
where p(Yr|Mg) and p(Yr|Ms) are the marginal densities of the benchmark mo-
del, Mp, and the standard model, Mg, evaluated at the sample of observations,
Yr.? The resulting log marginal densities are log p(Yr|Mp) = —1431.26 and log
p(Yr|Ms) = —1447.75. Kass and Raftery (1995) propose that a value of 2 log

BF', 5 exceeding 10 strongly speaks in favour of model 1 over model 2. The value

of 2 log BF 5 5 is 33. Based on this criterion, the benchmark model is thus stron-

2. The log marginal densities are approximated using harmonic mean along the lines of

Geweke (1999).
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gly preferred to the standard model in direct proportion to the degree to which it
predicts the observed data.

We also perform an identifiability test proposed by Iskrev (2010). This test
allows identification of DSGE models by testing the rank of the Jacobian matrix
J of the mapping from © to mr, © being the vector of parameters of interest and
mr being a vector collecting the parameters that determine the first two moments
in the data. Based on this test, we find that the parameters of the benchmark and

standard models are well identified.

3.4.2 Business Cycle Moments

Table 3.5 reports business cycle moments in the data and those implied
by our estimated benchmark and standard models. Panel A reports the standard
deviations of the eight variables used in the estimation and their first-order auto-
correlations. Panel B presents the relative volatilities of output growth along with
the contemporaneous correlations between output growth and the other seven

variables.

Both models somewhat overestimate the volatilities of output growth, consump-
tion growth, investment growth and hours, something which is common to other
multi-shock New Keynesian models (e.g. see JPT, 2010, 2011). They generate po-
sitive autocorrelations for all variables, accounting particularly well for the high

autocorrelations of hours, inflation and the nominal interest rate.

The benchmark model provides a relatively close account of the relative
volatilities of output growth. It does reasonably well accounting for contempora-
neous correlations between output growth and other variables. In particular, it
implies unconditional contemporaneous correlations between output growth and

consumption growth and between output growth and investment growth which are
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very close to the data, the later significantly exceeding the former as in the data.
Real wage growth is weakly procyclical unconditionally both in the models and in
the data. The benchmark model, unlike the standard model, accounts for the ne-
gative comovements of inflation and output growth and the nominal interest rate
and output growth. Both models, however, correctly predict that the comovement

between output growth and the relative price of investment is negative.

3.4.3 Impulse Responses

Figures 1-3 offer a different perspective on the comparability of the poste-
rior estimates of our benchmark and standard models based on impulse responses
of selected variables to the following four types of shocks : monetary policy, neu-
tral technology, wage markup and MEIL ® When looking at these figures, what
immediately strikes the eye is that production networking and extended working

capital significantly alter several impulse responses.

Figure 3.1 displays the responses of key variables to a one-percent negative
shock to the nominal interest rate. Production networking and working capital
significantly affect the responses of inflation, the price markup and real marginal
cost. The standard model does not deliver a hump-shaped response of inflation.
The price markup falls and the real marginal cost rises on impact of the policy
shock. By contrast, the benchmark model produces a hump-shaped response of
inflation, as well as a positive response of the price markup and a negative response
of real marginal cost on impact of the policy shock. Evidence in Nekarda and
Ramey (2013) suggests that a negative shock to the nominal interest generates an

increase in the price markup.

3. We do not report the impulse responses to government spending, investment-specific,

price markup and preference shocks because they do not drive any of our main results.
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Phaneuf, Sims, and Victor (2015) offer a detailed analysis of the reasons
why firms networking and extended working capital can generate a hump-shaped
response of inflation and a mildly procyclical price markup conditioned on a mone-
tary policy shock. Firms networking induces strategic complementarity into price
setting, and is thus isomorphic to prices being stickier. Inflation is less sensitive to
changes in real marginal cost by a factor of proportionality reflecting the share of
intermediate inputs in production. The inflation response is then smaller and more
persistent. Extended working capital helps obtaining a hump-shaped response of
inflation. Because of working capital, the nominal interest rate has a direct effect
on marginal cost. With a falling interest rate, the marginal cost drops initially

with working capital, generating a rise of the price markup on impact the shock.

The impulse responses to a neutral technology shock are displayed in Fi-
gure 3.2. The increases of output, consumption and investment following a positive
neutral technology shock are stronger in the benchmark model, although the stan-
dard deviation of the neutral technology shock is nearly two times smaller than in
the standard model. Note also that the wage markup and the labor wedge, that
both react positively on impact of a TFP shock in the standard model, respond

negatively on impact of this shock in the benchmark model.

Figure 3.3 shows that the responses of output, consumption, investment
and hours to a positive wage markup shock are positive in the standard model.
The benchmark model implies opposite signs in the responses of these variables.
Smets and Wouters (2007, Figure 3) also report negative responses of output and
hours and positive responses of inflation and the interest rate to a positive wage
markup shock. Two factors are mainly responsible for the flip in the signs of the
responses of output, consumption, investment and hours in the benchmark model :
the smaller estimates of &, and 8,,, the MA parameter of the wage markup shock

generating process. If in the benchmark model we assume that &, = 0.72 and
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6., = 0.99, as in the standard model, we find that the signs of the responses flip

to positive.

A positive MEI shock in Figure 3.4 has a strong impact on investment, with
a peak response of investment which is nearly two times larger than that of a TFP
shock. However, the increases in output, consumption, investment and hours are
smaller following a MEI shock in the benchmark model. At first sight, this could
seem seem surprising since firms networking should amplify the effects of shocks
by flattening the slope of the New Keynesian Phillips Curve. While this is indeed
the case in our benchmark model, we also find that nominal wages are significantly

more flexible in the benchmark model (€, = 0.557 vs 0.72 in the standard model).

The increased flexibility of nominal wages in the benchmark model accounts
for the smaller effects of a MEI shock on output, consumption, investment and
hours. With more flexible nominal wages, the real wage actually grows faster fol-
lowing a positive MEI shock. As a result, hours increase less, and also output,
consumption and investment. Figure 3.5 supports this claim. We display the res-
ponses of output, consumption, investment and hours to a MEI shock in three
alternative models : the standard model, the benchmark model, and a version of
the benchmark model with a Calvo probability of wage non-reoptimization of 0.72
as estimated in the standard model. The lower estimate of &, in the benchmark
model makes up for much of the difference between the impulse responses in the

two models.

To briefly summarize the results reported in this subsection, we have shown
that production networks and an extended working capital channel significantly
alter several impulse responses of key macroeconomic variables to monetary policy,

neutral technology, MEI and wage-markup shocks.
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3.44 The Comovement Problem

Figure 3.6 presents the cross-correlograms of the variables used in the esti-
mation, and compares the cross-correlations at lags and leads found in the data
with the unconditional cross-correlations implied by the benchmark and standard
models. Here, we look at the so-called comovement problem. For this, we compare
the contemporaneous and cross-correlations between the growth rates of output,

consumption and investment, and the level of hours.

The unconditional contemporaneous correlation and cross-correlations at
lags and leads between output growth and consumption growth implied by the
benchmark and standard models are very close to the data. The benchmark model
predicts that the unconditional contemporaneous comovement of consumption
growth and investment growth, and that of consumption growth and hours are
both positive and consistent with the data. Furthermore, the signs and profiles of
the unconditional cross-correlations implied by the benchmark model are broadly
consistent with the data. The standard model does relatively well along these
dimensions, but the benchmark model provides a somewhat bettter account of the
cross-correlations between consumption growth and hours. In JPT (2011, Figure
3), the unconditional contemporaneous correlation and cross-correlations between
consumption growth and investment growth are at odd with the data. Specifically,
the contemporaneous correlation between consumption growth and investment
growth is negative, while the cross-correlations are positive and increasing at lags

and consistently negative at leads.

These findings can be interpreted in light of the analysis in Barro and King
(1984). These authors argue that non-TFP shocks, like an investment shock, will
not be able to generate business cycle comovements of output, consumption, in-

vestment, and hours that are consistent with the data. Consider for example how
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variables respond to an investment shock in the standard neoclassical framework.
A positive shock to the marginal productivity of investment increases the rate
of return on capital, giving households the incentive to save (invest) more in the
present and postpone consumption for the future. Consumption hence falls after
the shock. In turn, lower consumption increases the marginal utility of income,
shifting labor supply to the right along a fixed labor demand schedule. Hours
and output rise, while the real wage and labor productivity fall. As a result, the
investment shock generates an investment boom accompanied by a short-run fall
in consumption. Insofar as the key disturbance driving business cycle fluctuations
is an investment shock, the unconditional correlation between consumption and
investment will be negative. The model will also imply anomalous comovements

between consumption and hours.

Macroeconomic models built from microeconomic foundations and inclu-
ding nominal rigidities and other sources of real inertia need not automatically
imply counterfactual comovements of consumption and other aggregate variables
conditional on non-productivity shocks. That said, since the core of such models
is the neoclassical benchmark, the intuition provided by Barro and King is po-
tentially still valid. As it happens, existing medium-scale New Keynesian models
which identify MEI shocks as the key source of business cycles have been prone
to these anomalies. This is not the case of our benchmark and standard models.

We return to key reasons why below.

3.4.5 Inflation, Interest Rates and Markups

Another dimension, overlooked so far in the literature, along which medium-
scale New Keynesian models encounter some difficulties, is their inability to ac-

count for the correlations between inflation, the nominal interest rate and variables
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such as output growth, consumption growth, investment growth and the level of
hours. The contemporaneous correlations and cross-correlations at lags and leads
between inflation (the nominal interest rate) and output growth, consumption
growth, investment growth and the level of hours are all negative in the data.
The benchmark model does significantly better than the standard model accoun-
ting for the contemporaneous correlations and cross-correlations between these

variables.

Note in particular that the benchmark model produces negative uncondi-
tional contemporaneous correlations between inflation, consumption growth and
output growth. It also implies negative unconditional cross-correlations between
inflation and consumption growth at lags and leads consistent with the data. In
comparison, JPT (2011, Figure 3) report positive unconditional contemporaneous
correlations between inflation, consumption growth and output growth. Moreo-
ver, the unconditional cross-correlations at lags and leads between inflation and

consumption growth are positive instead of negative.

We have previously seen that the response of price markup is positive on
impact of a monetary policy shock in our benchmark model. Table 3.6 reports the
unconditional contemporaneous correlations between first-differenced output and
the first-difference of the price markup, the wage markup and the labor wedge
from our estimated benchmark and standard models. The price markup, the wage
markup and the labor are all countercyclical unconditionally, the price markup
being somewhat more countercyclical and the wage markup less countercyclical

in the benchmark model.
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3.4.6 Consumption Response to a MEI Shock

We identify the reasons why the standard and benchmark models are not
affected by anomalous comovements between consumption growth and other va-
riables including investment growth and inflation. The key factor is the positive
response of consumption following a positive MEI shock. In JPT (2011, Figure 1),

the response of consumption is negative following a positive MEI shock.

The mechanisms which generate a positive response of consumption are very
different in the two models. Our standard model is very similar to that estimated
by JPT, except for the Taylor rule. In JPT, the parameter governing the reaction
of interest rates to deviations of inflation from steady state is 1.7 (JPT, 2011,
Table 1). In comparison, in our standard model this parameter is 1.39. So, the
central bank responds more agressively to inflation if the Taylor rule includes both
the output gap and output growth. Furthermore, while in JPT the point estimate
of the parameter determining the response of interest rates to the output gap
is 0.05, a positive MEI shock generates a positive response of the output gap
which is large and highly persistent.* Therefore, monetary policy is significantly
more accommodative in our standard model, which explains why the response of

consumption is positive following a positive MEI shock.

Our benchmark model also is not affected by the comovement problem.
However, in this case the mechanism leading to a positive response of consumption
to a positive MEI shock is very different. As we have seen earlier, nominal wages
are much more flexible in the benchmark model. Greater nominal wage flexibility
reduces the positive response of consumption to a MEI shock. Furthermore, in the

benchmark model the interest rate response to inflation is stronger (1.58 vs 1.39),

4. This is based on our computation of the response of the output gap to a positive MEI

shock using the JPT model.
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meaning that monetary policy is less accommodative. In spite of this, the response
of consumption to a MEI shock implied by the benchmark model is positive since
the income effect induced by the interaction between production networking and
economic growth is sufficiently strong to overturn the negative substitution effect

of the shock on consumption.

Figure 3.7 displays the response of consumption to a MEI shock in four
different models : ) the JPT (2011) model, i) our standard model, #i:) our bench-
mark model and iv) a modified version of the benchmark model with &, = 0.72.
In JPT’s model, consumption falls for more than a year following a positive
MEI shock, which leads to the anomalous business cycle comovements involving
consumption growth and other variables we have described before. In the stan-
dard and benchmark models, consumption rises following a positive MEI shock.
But the increase is stronger in the standard model. The response of consumption
generated by the modified benchmark model confirms that with a Calvo probabi-
lity of wage non-reoptimization that would be the same as in the standard model,
the benchmark model would deliver a response of consumption that would exceed

that in the standard model.

3.5 Sources of Business Cycles

This section provides a quantitative evaluation of the sources of business
cycle fluctuations based on our estimated benchmark and standard models. We
also report estimation results from a modified version of our benchmark model

that includes unanticipated and news shocks.
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3.5.1 Unanticipated Shocks Only

Table 3.7 reports the variance decomposition of forecast errors at business
cycle frequencies for the benchmark model (Panel A) and standard model (Panel
B). We have also computed the unconditional variance decomposition for both

models, which we do not report for the sake of brevity.

In the benchmark model, the forecast errors at business cycle frequencies of
output, investment, hours, inflation and interest rates due to the MEI shock are
49 percent, 69 percent, 53 percent, 47 percent and 57 percent, respectively. These
percentages are generally higher for the standard model. For example, the MEI
shock explains 65 percent of the cyclical variance of output, consistent with the
evidence of JPT (2011). As explained earlier, the lower contribution of the MEI
shock for the benchmark model is mainly the consequence of increased nominal
wage flexibility and its downsizing effects on the response of output, investment
and hours. The unconditional variance decomposition leads to a similar conclusion,
with the exception that the wage markup shock explains 63 percent of the variance
of hours in the benchmark model compared to 27 percent in the standard model.
Therefore, the wage markup shock in our benchmark model is a leading source of

fluctuations only for hours and at very low frequencies.

How do our results compare to those of others ? Smets and Wouters (2007)
report that the neutral technology shock accounts for 32 percent of the variance
of output growth at the horizon of 10 quarters, this percentage decreasing as
the horizon extends beyond 10 quarters. The wage markup shock explains 21,
38 and 51 percent of the variance of output, hours and inflation, respectively,
at an horizon of 10 quarters. These numbers increase to 48, 67 and 58 percent,
respectively, based on the unconditional variance decomposition. Meanwhile, the

investment shock accounts for respectively 19, 19 and 4 percent of the variance
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of output, hours and inflation at the horizon of 10 quarters, all three percentages

decreasing as the horizon exceeds 10 quarters.

Justiniano and Primiceri (2008) estimate a New Keynesian model allowing
for time variation in the volatility of structural innovations. They find that the
investment shock accounts for about half of the variance of GDP growth. JPT
(2010) report a similar finding using a time-invariant DSGE model similar to
that of Smets and Wouters, but with a different measurement for some of the

observables.

Chari, Kehoe, and McGrattan (2009) dispute the key role played by wage
markup shocks on the grounds that they are dubiously structural, being subject
to alternative interpretations and not invariant with respect to policy. On the
other hand, Schmitt-Grohé and Uribe (2012) dispute the prominent role assigned
to unanticipated investment shocks on the grounds that Justiniano and Primiceri
(2008) omit the relative price of investment as an observable. They report evidence
suggesting that unanticipated investment shocks account for no more than 21
percent of the unconditional variance of output and only 3 percent of the variance

of hours.

Our results are closer to those reported by JPT (2011). However, there is
one important difference between our results and theirs. They identify the price
markup shock at 39 percent and the neutral technology shock at 37 percent as
the two main sources of inflation volatility, the MEI shock explaining only 10
percent. By contrast, both our benchmark and standard models imply that the
MEI shock is the main source of inflation volatility, explaining about 47 percent
of its variance. Our different treatment of the Taylor rule explains the higher

contribution of the MEI shock to the variance of inflation in the standard model.
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3.5.2 Unanticipated and News Shocks

Now, a legitimate question is whether we have been able to successfully
identify the main sources of business cycle fluctuations by restricting disturbances
to unanticipated shocks only ? In other words, are our main results affected if
news shocks are added to our benchmark model ? We follow Schmitt-Grohé and
Uribe (2012) and estimate a version of our benchmark model that includes both
unanticipated and news shocks. The news components are driven by innovations
announced four and eight quarters in advance. Interestingly, we find that ac-
counting for news shocks has a relatively negligible impact on the estimates of the
structural parameters of the model. We still find empirical support for the network
view of the production process and an extended use of working capital by firms.
Futhermore, the unconditional contemporaneous and cross-correlations between
key variables are essentially unaffected by adding news shocks to the benchmark

model.

The benchmark model is preferred to the model with news on the basis
of the Bayes factor BF gy gy, which denotes the ratio of the marginal likelihood
of the benchmark model to that of the model with news. The estimated models
imply an estimate of 2 log BF gy pv = 22, suggesting that the benchmark model
is strongly preferred by the data to the model with news. The benchmark model

with news, however, is preferred to the standard model since 2 log BFgy ¢ = 11.

Table 3.8 reports the variance decomposition of forecast errors at business
cycle frequencies for the benchmark model with news. Panel A of the table reports
the contribution of unanticipated shocks, while Panel B reports that of news
shocks. Two main observations can be made from this table. First, adding news
shocks to the benchmark model does not affect our reading of the main sources

of business cycle fluctuations, with unanticipated MEI shocks contributing to a
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higher fraction of the variance of output (54 percent), investment (77 percent) and
hours (56 percent). The MEI shock is also the main shock driving the variances of
inflation and interest rates, although its contribution is somewhat smaller in the

model with news shocks.

A second observation is that news shocks account in total for a fairly mo-
dest percentage of business cycle fluctuations. Except for consumption and the
relative price of investment with 32 and 23 percent, respectively, the cumulative
percentages of news shocks on other variables such as output, investment, wage
growth, hours, inflation and interest rates are under 20 percent. Furthermore, no

single news shock stands out as a key driver of aggregate fluctuations.

How do our results compare to those of others? Schmitt-Grohé and Uribe
(2012) dispute the fact that unanticipated investment shocks are the leading source
of business cycle fluctuations. Instead, they convey evidence suggesting that news
shocks explain 41 percent of the unconditional variance of output growth, 52
percent of the variance of consumption growth, 31 percent of the variation in
investment, and 67 percent of the unconditional variance of hours. In the last case,
they estimate that four-quarter anticipated markup shocks explain 62 percent of
the variance of hours. Chari, Kehoe, and McGrattan (2009) have also reported
that wage markup shocks explain a large fraction of the unconditional variance
of hours (67 percent). A huge difference, however, is that almost the totality of
movements in hours due to wage markup shocks in Schmitt-Grohé and Uribe is
attributable to ifs anticipated component, not to its unanticipated component.
Schmitt-Grohé and Uribe reach this conclusion through estimation of a DSGE
model that includes non-standard preferences d la Jaimovich and Rebelo (2009),
real frictions, and imperfect competition in labor markets. Nominal wages (and

prices) are perfectly flexible.
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Khan and Tsoukalas (2012) dispute these findings based on estimation of a
multi-shock version of the model in Christiano, Eichenbaum, and Evans (2005).
Their model abstracts from firms networking and working capital. Their evidence
about the importance of news shocks for aggregate fluctuations is mixed. While
they report that news shocks are the main driver of the unconditional variance of
output, investment and interest rates, they find that the anticipated wage markup
shock explains 60 percent of the variance of hours and inflation. When we look at
unconditional variances from our estimated benchmark model with news, we find
that the unanticipated MEI shock is the key shock accounting for the variance of
output (45 percent), investment (74 percent), inflation (44 percent) and interest
rates (56 percent). As Schmitt-Grohé and Khan and Tsoukalas, we also find that
news shocks explain a substantial fraction of the variance of hours (about 60
percent), with the important difference however that the anticipated wage markup
shock accounts for 29 percent of this variance and the anticipated MEI shock for
24 percent. Therefore, we do not find a case where news shocks play a significant

role generating business cycle fluctuations.

3.6 Conclusion

There has been a resurgence of interest lately into the macroeconomic conse-
quences of production networking in the terminology used recently by Christiano
(2015). In this paper, we have brought production networking as well as a pos-
sible extended use of working capital by firms into an otherwise state-of-the-art
medium-size New Keynesian model which we have estimated using a Bayesian

procedure.

Evidence from this model strongly supports of a network view of the pro-

duction process and the use by firms of working capital to finance a fraction
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between 40 and 50 percent of their outlays of intermediate inputs, capital ser-
vices and labor, and this whether news shocks are taken into account or not in
the estimation. Despite the use of standard preferences, a model incorporating
these features better accounts for business cycle comovements between consump-
tion, output, investment, hours, inflation and interest rates than previous DSGE

models.

Unlike several claims in the literature to the contrary, we do not find evi-
dence of a key role for wage markup shocks in accounting for aggregate fluctuations
at business cycle frequencies. The bulk of business cycle fluctuations is here ex-
plained by shocks that are considered ”structurally reliable” based on the Chari,

Kehoe, and McGrattan (2009) criticism of medium-scale New Keynesian models.



Table 3.1 Prior densities : structural parameters.

Parameter Description Density Mean Std
a Capital share Normal 0.30 0.05

lp Price indexation Beta 0.50 0.15

Ly Wage indexation Beta 0.50 0.15

9y SS technology growth rate Beta 0.50 0.15

g IST growth rate Beta 0.50 0.10

h Consumption habit Beta 0.50 0.10

log L SS hour Beta 0.50 0.15
100(w — 1)  SS quarterly inflation Beta 0.50 0.10
100(8~! — 1) Discount factor Normal 0.00 0.50
X Inverse Frisch elasticity Gamma 2.00 0.75

& Calvo prices Beta 0.66 0.10

&w Calvo wages Beta 0.66 0.10

O, Capital utilization costs Gamma 5.00 0.10

K Investment adjustment costs Gamma 4.00 1.00

(3% Payment to capital Beta 0.50 0.10

UL Payment to labor Beta 0.50 0.10

Yr Payment to interm. input Beta 0.50 0.10

[0} Intermediate input share Beta 0.50 0.10

O Taylor rule inflation Normal 1.70 0.30
aay Taylor rule output growth Norma 0.13 0.05

o1 Taylor rule smooting Beta 0.60 0.20
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Table 3.2 Prior densities : shock parameters.

Parameter Description Density Mean Std
Pz Neutral technology Beta 0.40 0.20
Pg Government spending Beta 0.60 0.20
o1 IST Beta 0.20 0.10
Pp Price markup Beta 0.60 0.20
Pw Wage markup Beta 0.60 0.20
Pb Preference Beta 0.60 0.20
v MEI Beta 0.60 0.20
0y Price markup MA Beta 0.50 0.20
O Wage markup MA Beta 0.50 0.20
oy Monetary policy Inverse gamma 0.10 1.00
o, Neutral technology Inverse gamma 0.50 1.00
og Government spending Inverse gamma 0.50 1.00
or IST Inverse gamma 0.50 1.00
Op Price markup Inverse gamma 0.10 1.00
Ow Wage markup Inverse gamma 0.10 1.00
Op Preference Inverse gamma 0.10 1.00
Oy MEI Inverse gamma 0.50 1.00
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Table 3.3 Posterior estimates : structural parameters.

Benchmark Standard

Parameter Description . Mean 10th 90th Mean 10th 90th
a Capital share 0.165 0.155 0.175 0.148 0.139 0.157

lp Price indexation 0.193 0.088 0.296 0.134 0.049 0.212

lw Wage indexation 0.115 0.057 0.168 0.177 0.098 0.253

9y SS technology growth rate 0.386 0.347 0.426 0.389 0.350 0.428

9v IST growth rate 0.227 0.188 0.266 0.227 0.188 0.266

h Consumption habit 0.913 0.888 0.940 0.922 0.903 0.943

log L SS hour 0.060 -0.753 0.866 0.030 -0.784 0.831
100(m — 1)  SS quarterly inflation 0.718 0.597 0.841 0.684 0.550 0.813
100(8~! —1) Discount factor 0.119 0.051 0.185 0.128 0.058 0.197
X Inverse Frisch elasticity 2.731 1619 3.791 3.435 2.099 4.758

& Calvo prices 0.725 0.688 0.764 0.722 0.684 0.760

&w Calvo wages 0.557 0.475 0.639 0.719 0.678 0.759

Oa Capital utilization costs 5.054 3.834 7.212 5.660 3.984 7.310

K Investment adjustment costs 2.997 1.957 3.990 2.926 1.928 3.902

Vi Payment to capital 0.498 0.336 0.665 n/a n/a n/a

YL Payment to labor 0.426 0.263 0.585 n/a  n/a n/a

Yr Payment to interm. input 0.486 0.323 0.654 n/a  n/a n/a

) Interm. input share 0.559 0.452 0.667 n/a  n/a n/a

Qr Taylor rule inflation 1.583 1.388 1.771 1.388 1.187 1.579
apay Taylor rule output growth 0.244 0.171 0.319 0.245 0.169 0.317

Pr Taylor rule smoothing 0.811 0.782 0.841 0.804 0.774 0.835




Table 3.4 Posterior estimates : shock parameters.
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Benchmark Standard
Parameter Description Mean 10th 90th Mean 10th 90th
Pz Neutral technology 0.321 0.216 0.425 0.311 0.210 0411
Py Government spending 0.995 0.991 0.999 0.995 0.991 0.999
Pr IST 0.284 0.179 0.395 0.301 0.188 0.414
Pp Price markup 0.980 0.962 0.998 0.982 0.966 0.998
Pw Wage markup 0.969 0.955 0.982 0.947 0.931 0.964
Ob Preference 0.379 0.226 0.528 0.292 0.172 0.412
2 MEI 0.878 0.829 0.927 0.912 0.875 0.953
0, Price markup MA 0.759 0.664 0.861 0.672 0.551 0.795
O Wage markup MA 0.834 0.769 0.900 0.989 0.981 0.998
oy Monetary policy 0.234 0.214 0.255 0.231 0.211 0.251
o, Neutral technology 0.404 0.336 0.472 0.755 0.693 0.820
Og Government spending 0.344 0.315 0.373 0.344 0.316 0.373
or IST 0.602 0.550 0.652 0.602 0.552 0.653
Op Price markup 0.203 0.173 0.232 0.216 0.184 0.247
Ow Wage markup 0.262 0.229 0.294 0.338 0.307 0.369
oy Preference 0.155 0.127 0.183 0.172 0.145 0.198
o) MEI 4.825 3.607 5.982 4.451 3.432 5.492
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Table 3.5 Business cycle statistics.

Panel A
Standard deviation Autocorrelation
Variable Data Benchmark Standard Data Benchmark Standard

Output growth 0.91 1.31 1.35 0.28 0.67 0.68
Consumption growth 0.48 0.66 0.59 0.32 0.63 0.53
Investment growth 3.36 5.32 5.67 0.23 0.71 0.75
Wage growth 4.07 6.75 7.63 0.13 0.54 0.35
Hours 0.65 0.91 0.81 0.98 0.99 0.98
Inflation 0.65 0.75 0.75 0.79 0.81 0.81
Interest rate 0.82 0.89 0.89 0.95 0.94 0.95
Relative price 0.59 0.62 0.63 0.19 0.28 0.30
Panel B

Standard deviation relative to output Correlation with output growth

Variable Data Benchmark Standard Data Benchmark Standard

Consumption growth 0.53 0.50 0.44 0.57 0.52 0.45
Investment growth 3.72 4.06 4.20 0.88 0.88 0.91
Wage growth 4.49 5.15 5.65 0.05 0.13 0.16
Hours 0.72 0.70 0.60 0.16 0.47 0.33
Inflation 0.72 0.57 0.56 -0.33 -0.01 0.24
Interest rate 0.91 0.68 0.66 -0.21 -0.08 0.14
Relative price 0.65 0.48 0.47 -0.11 -0.05 -0.04

Note : The moments are generated using the parameter estimates for the benchmark and the standard models.

Moments in the data are computed for the sample 1960Q1-2008Q4.
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Table 3.6 Cyclical markups and labor wedge

Price markup Wage markup Labor wedge

Model/Variable
Benchmark -0.23 -0.67 -0.56
Standard -0.17 -0.87 -0.82

Note : This table shows the correlation between output, price markup, wage markup and labor wedge measured

in first difference for the benchmark and the standard models at the mean of the posterior distribution.
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Table 3.7 Variance decomposition at business cycle frequencies (6-32).

Panel A : Benchmark

Variable/shock MON TFP GOV IST PMU WMU PRF MEI
Output growth 353 1789 2.94 0.39 9.28 12.09 531 48.57
Consumption growth  0.50 21.96 1.03 0.08 1.78 1251 60.99 1.14
Investment growth 359 991 0.04 0.59 8.94 7.19 0.49 69.26
Wage growth 1.42 4231 0.01 0.01 3345 20.60 091 1.30
Hours 335 956 1.82 0.20 856 20.13 3.26 53.11
Inflation 219 1767 0.27 0.23 2041 10.76 1.85 46.61
Interest rate 23.12 6.16 0.36 0.31 7.74 3.61 1.76  56.94
Relative price 000 0.00 0.00 100.00 0.00 0.00 0.00 0.00
Panel B : Standard

Variable/shock MON TFP GOV IST PMU WMU PRF MEI
Output growth 3.78 1493 3.08 0.45 5.36 2.21 5.25 64.95
Consumption growth  0.69 19.23 1.21 0.04 0.67 4.18 73.00 0.99
investment growth 3.67 8.88 0.02 0.61 5.33 1.23 0.11 80.16
Wage growth 0.02 53.00 0.01 0.05 1998 26.03 0.03 0.88
Hours 3.82 866 1.80 0.29 6.45 4.36 327 71.35
Inflation 2.17 2756 043 0.49 1743 431 1.29  46.32
Interest rate 23.30 810 0.49 0.55 5.29 1.84 1.28 59.16
Relative price 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00

Note : This table shows the variance decomposition in percentage for the benchmark and the standard model
at the mean of the posterior distribution. The shocks are MON : Monetary, TFP : Neutral technology, IST :
Investment specific technology, PMU : price markup, PRF : preference, MEI : marginal efficiency of investment -

shock.
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Table 3.8 Variance decomposition at business cycle frequencies (6-32) : bench-

mark model with news shocks.

Panel A :Non anticipated shocks.

Variable/shock MON TFp GOV  IST PMU WMU PRF MEI TOT
Output growth 3.27 1565 1.31 032 3.88 5.21 3.01 5437 87.02
Consumption growth 1.04 2565 072 011 1.07 5.32 31.86 225 68.02
investment growth 2.78 703 001 047 335 3.05 0.13 77.18 93.99
Wage growth 1.24 4228 001 0.01 20.19 1938 0.24 0.97 84.32
Hours 3.12 770 078 016 3.71 7.92 1.73 55.68 80.80
Inflation 3.32 1868 0.12 0.13 1487 827 0.72 4214 88.26
Interest rate 23.65 6.77 017 020 5.68 317 069 5230 9262
Relative price 0.00 0.00 0.00 77.34 0.00 0.00 0.00 000 77.34
Panel B : Anticipated shocks.

Variable/shock (News) MON TFP GOV  IST PMU WMU PRF MEI TOT
Output growth 0.82 1.50 117 091 1.59 4.73 055 1.71 12.98
Consumption growth 0.38 78 035 7.54 3.63 7.55 0.82 3.84 31.98
investment growth 0.00 1.01 0.02 0.55 0.62 2.23 0.61 097 6.01
Wage growth 0.02 406 0.02 277 3.72 1.75 124 210 15.68
Hours 0.39 173 067 111 154 8.70 112 394 19.20
Inflation 0.02 130 016 3.05 1.13 1.75 246 187 11.74
Interest rate 0.06 068 023 199 0.44 0.70 167 161 7.38
Relative price 0.00 000 0.00 0.00 1204 000 10.61 0.00 22.66

Note : This table shows the variance decomposition in percentage in percentage for the benchmark model with

news shocks. News shocks are the sum of four- and eight-quarter-ahead components.
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Figure 3.1 Impulse responses to a monetary policy shock.
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Figure 3.2 Impulse responses to a neutral technology shock.
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Figure 3.3 Impulse responses to a wage markup shock.
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Figure 3.4 Impulse responses to a MEI shock
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Figure 3.5 Impulse responses to a MEI shock : benchmark vs standard.
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Figure 3.6 Cross-correlograms observed in the data, the standard and the bech-

mark model.

0.5

0.5

0.5

. dyt,dyt-k

dYt,dCt-k

dytdit-k

dYt,dwt-k
5K 0.2

dytLt-k

dYt,dPt-k
5 0.5

dYt,Rt-k

) dYt,RPt-k

.

A )

Y L ey

I 0

s,

-
e

[~ -~
L. 2oz

- -]

D oo ¢

2
dCt.dit-k

02

0

05
2

dCt,Lt-k

4

05

0 2

dCt,dPt-k

4

02

0 2

dCt,RPt-k

4

b

0

0.5
0

-
et T

0.5

R

0
01

0Ss

05

0 2

dit,Rt-k

4

02

..
-~
-
L2

0.5

0%

0.2
0

2
dWt.dit-k

08

0 2

dWt,Rt-k

4

=~ .

o ———t

e o]

0.2
0

]

-
[ =ty
-

2
Ldit-k

02

Lt dPt-k

=

0.5
o]

i

[

0

dPt,dCt-k

2
dPt,dit-k

4

05

0 2 4

102
04

4

o

4

“‘

-
b e

-

J—

.-
-

Lo v s om0 ™

; dPt,dPt-k

S,

0

2

Rt,dCt-k

4

0 2

Rt 1t-k

4

2
Rt,dPt-k

0.2

0

b wo o =

0.5

L=

-
“Porr PES

0.8
0.7

N

TRLT P

02

05

o] 2

RPt,dit-k

4

0.6

0.2

02

0.2

0.5

0

02
0

0S8
2

rh == data




163

Figure 3.7 Impulse responses function of consumption to a MEI shock : compa-

ring alternative models.
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APPENDIX A

LONG-RUN INFLATION AND THE DISTORTING EFFECTS
OF STICKY WAGES AND TECHNICAL CHANGE

A.l Data and sources

The data used are from the BEA and they cover the period 1960:1-2007:111.
They are generated as follows.C7;,, C7,, DY, and I}, represent nominal non-
durable consumption, services consumption, expenditure on durables, and fixed
investment. Prg;, Ps¢, Py, and Py, denote the corresponding price indexes. Nom-

inal consumption and nominal investment are given by:
Cf = rT:d,t + C:,t’ (A.1)

=Dy +17, (A.2)

9nd,t> Js,t» 94, and gy, are the real growth rates of the series:

gndt =InCry, —InCly, | — (InPogy — In Pogy_1), (A.3)
gs,t = ln C:,'t - 11'1 C;t—l - (11'1 PS,t - lIl PS,t—l) 3 (A.4)
9gar =InCP, —1InD?,_, — (In Py — In Py y), (A.5)

gre=Inl;,—Inl¢, , —(InPs, ~InPp, ;). (A.6)
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The real growth rate of non-durable and services consumption is the share-

weighted growth rates of the real component series:

Crr:d t—1 C n
et = —_— n + s, A'

Similarly, the real growth rate of investment is the share-weighted growth rates

of the real components:

D} I
Giz = <I )gt+<f )gt (A.8)
t-1 t—1

The log-level real series is computed by cumulating the growth rates starting

from a base of 1. They are put levels by exponentiating the log-levels. They are
re-scaled so that the real and nominal series are equal in the third quarter of 2009.
The price indexes for consumption and investment are computed as the ratios of
the nominal to the real series. The relative price of investment is the ratio of the
implied price index for investment goods to the price index for consumption goods.
The average growth rate of the relative price from the period 1960:1-2007:111 is
-0.00472. This implies a calibration of g; = 1.00472.

We compute aggregate output in a similar way. Define nominal output as

the sum of the nominal components:
Y =Chay +Co + DY + I, (A.9)

The growth rate of real GDP is calculated by using the share-weighted real growth

rates of the constituent series:

cr . n D n,
Gyt = (#) 9ndt + <—tl) gst + (Y )g ¢+ ( = 1) gt (A.10)
t—1 t—1 t—1 =1

Then, we cumulate to get in log-levels, and exponentiate to get in levels.

The price deflator is the ratio between the nominal and real series. The average
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growth rate of the price index over the period 1960:1-2007:III is 0.008675. This
implies 7* = 1.0088 or 3.52% annualized.

Real per capita GDP is computed by subtracting from the log-level the log
civilian non-institutionalized population. The average growth rate of the result-
ing output per capita series over the period is 0.005712. The standard deviation
of output growth over the period is 0.0078. The calculations above imply that
gy = 1.005712 or 2.28% a year. Given the calibrated growth of IST from the
relative price of investment data (gr = 1.00472), we then pick g4 to generate the
appropriate average growth rate of output. This implies g, = 1.0022 or a measured

TFP growing at about 1% per year.

To get the parameters governing the shock processes, we proceed as follows.
Given trend inflation of #* = 1.0088, we pick oy, 0,, and o, so that our baseline
model matches the actual volatility of output growth of 0.0078 of our sample

period.

A2 Equilibrium Conditions: Model with Stochastic Trends

The set of equilibrium conditions in the model with stochastic trend:

~r 1 Bb
t T T 14 4 =~ =~ (Al)
Ci — bgr,tCt—l grt+1Ct41 — bCy
7 =7+ a(ue — 1) (A2)

- 2 ~
~ - k(I 1 1
A= i (1 -5 (~—tgr,t — gr) -k (th—gr,t —~ gr) —tgr,t) (A3)

It—l t—1 It—l
2

- I, I,
+5Etgr,lt+1ﬂt+1"@ (}T-Hg‘r,t+l - gT) (}T-Hg'r,t+l) (A4)
¢ ¢
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fy = ﬁEt/\tng t+1g1t (FfHqu - (’71(Ut+1 -1)+ %(Ut+l - 1)2)) (A5)

+6(1 — 5)Etﬁt+1g‘;,l+191_,tl

Ir -1 -13r
AL = ﬁEtg‘rt+1Rt7Tt+1’\t+1
it = o fie

t_o—lfT’t

@y a(14x) ¥ a(1+x)
1 1 1+
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t t

ot

g
w _ ~
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e (2
w

of
?t gIthta 7 (Uth‘f‘F)
Li=(1-a )’th (7. + F)

pt —_ 0 xt
g —122
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¥.= K, LIggog70 — F
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APPENDIX B

INFLATION, OUTPUT AND MARKUP DYNAMICS WITH
PURELY FORWARD-LOOKING WAGE AND PRICE SETTERS

B.1 Full Set of Equilibrium Conditions

This appendix lists the full set of equilibrium conditions:

- 1 b
Cy — bgr Ci gTCt+l — bCy
rE=m+72(Z - 1) (B2)

(B1)

- - 2 - -
AL = fiede (1 ~3 (%gr - gr) — K (#Lgr - gr) ’,r’Lgr) +..
-1 t—1 t—1

- - 2
BE gy fitr19e415K Lt'i‘lg’r —gr) (Bgr (B3)
It It

grgrbe = 5Et/~\:+1 <7~‘f+1Zt+1 - (’Yl(ZtH -1)+ %(Ztﬂ - 1)2)) + B(1 = 6) Eyfig 1

(B4)
A = Bgr Ey(1+ it)ﬂ-t_+11:\2+1 (B5)
5= 2 Jue (B6)
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vt ]
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Jor = A (:%) Li + BEuEy(meyr)” ( i?) 95 e (B8)
wt wt
= me =~
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Equation Bl defines the real multiplier on the flow budget constraint.B2
is the optimality condition for capital utilization. B3 and B4 are the optimality
conditions for the household choice of investment and next period’s stock of cap-
ital, respectively. The Euler equation for bonds is given by B5. B6 - B8 describe
optimal wage setting for households given the opportunity to adjust their wages.
Optimal factor demands are given by equations B9 - B11. Optimal price setting
for firms given the opportunity to change their price is described by equations B12
- B14. The evolutions of aggregate inflation and the aggregate real wage index are
given by B15 and B16, respectively. Net output is gross output minus intermedi-
ates, as given by B17. The aggregate production function is B18. The aggregate
resource constraint is B19, and the law of motion for physical capital is given by
B20. The Taylor rule for monetary policy is B21. Capital services are defined as
the product of utilization and physical capital, as in B22. The law of motion for

price dispersion is B23.



APPENDIX C

THE BUSINESS CYCLE IN AN ESTIMATED DSGE MODEL
WITH PRODUCTION NETWORKS AND WORKING CAPITAL

C.1 Full Set of Log-linearized Equilibrium Conditions

For each trending variable M,, we define m; = log M, - log M, where M,

represents the corresponding stationary variable and M its steady state.
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