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Abstract

Asymmetric effects across sectors are the distinctive features of the Covid-
19 shock. Business Formation Statistics in the United States show a real-
location of entry and exit opportunities across sectors in the initial phase
of the pandemic. To explain these facts, we propose an Epidemiological-
Industry Dynamic model with heterogeneous firms and endogenous firms
dynamics. Our analysis suggests that the cleansing effect on business dy-
namism of the Covid-19 crisis, which typically characterizes recessions, is
sector-specific. The framework can rationalize the dynamics of aggregate
productivity during the crisis. Monetary policy and sticky wages are central
ingredients to capture reallocation effects. Social distancing, by smoothing
out cleansing in the social sector, slows down the reallocation process and

prolongs the recession, but saves lives.
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1 Introduction

The crisis caused by the COVID-19 pandemic is like no other. It stands out for being
a mixture of both demand and supply shocks and for its asymmetric impact across
sectors and countries, as recently stressed by IMF World Economic Outlook (April,
2021). Moreover, the IMF flagship publication highlights the effects of the pandemic
on sectoral and aggregate productivity (see also, e.g., Bloom et al., 2020). Theory
and evidence suggest that a substantial fraction of aggregate productivity growth
is accounted for by the reallocation of resources from lower-productivity to higher-
productivity firms. Firm entry and exit are an especially critical component of
productivity dynamics induced through reallocation (see, e.g., Foster et al., 2001).
The strong asymmetric feature of the Pandemic shock induces a reallocation of
business opportunities from less profitable industries to more profitable ones, that
plays a critical role for allocative efficiency and productivity.

This paper provides a quantitative framework to study the role played by busi-
ness dynamism, within and across sectors, in shaping the dynamics of sectoral and
aggregate productivity during the first wave of the pandemic, and how that affected
macroeconomic aggregates.

The Business Formation Statistics (BFS) data show a clear reallocation pattern
since the outburst of the Pandemic. These data provide monthly measures of new
business applications and formations in the United States.! We consider statistics
concerning business applications with planned wages in the period 2019:1-2021:3.
These are high-propensity business applications, that is applications with a much
higher likelihood of becoming employer businesses with respect to the typical busi-
ness application, given the intention to pay wages. Data are available for 2-Digit

NAICS sectors. We assign industries to either the socially-intensive sector, indexed

!The BFS is based on applications for Employer Identification Numbers (EINs). Businesses
that hire employees need an EIN for payroll tax purposes. The Monthly BFS data cover the
period starting from July 2004 (2004q3) at a monthly frequency. Monthly BFS data are released
approximately 11-12 days after the end of the observed month.
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Figure 1: Business Applications in the Social Sectors

The figure displays percentage deviations from trend of business applications with planned
wages in the sectors characterised by a high exposure to the virus, i.e. the social sectors.
Observations come from the BFS at a monthly frequency. The trend has been computed
with an HP filter with parameter 14400, applied to monthly data from 2004.

by (s), or to the non-social sector, (ns), following the partition of industries pro-
posed by Kaplan et al. (2020). Figures 1 and 2 display percentage deviations from
trend of business applications with planned wages in the (s) sector and the (ns)
sector, respectively.

Two facts emerge from a visual observation of the Figures. The first one is that in
the early phase of the crisis, that is March-April 2020, there was a drop, with respect
to trend, in business applications in the (s) sector, followed by a slight rebound in
the summer of the same year. The second one is that, after a mild impact response,
a surge in business applications in the (ns) sector can be observed in the same early
phase of the crisis.? The data indicate that the pandemic represents a large and
temporary shock to the (s) sector, that shifted entry opportunities from the social
sector to the non-social one.

The effect of the pandemic on business dynamism could affect productivity

2The only exception is the construction sectors that interestingly, and contrary to Kaplan et al.
(2020), the IMF World Economic Outlook (April, 2021) labels as high-contact sector.
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Figure 2: Business Applications in the Non-Social Sectors

The figure displays percentage deviations from trend of business applications with planned
wages in the sectors characterised by a low degree of social interaction, i.e. the non-social
sectors. Observations come from the BFS at a monthly frequency. The trend has been
computed with an HP filter with parameter 14400, applied to monthly data from 2004.

through at least three channels: cleansing, reallocation, and production networks.
First, the pandemic shock could actually improve sectoral productivity via a stan-
dard cleansing effect during recessions, namely by inducing exit of the less productive
businesses. Second, reallocation of activity from social towards non-social sectors
affects the relative number of firms in those sectors through entry and exit with an,
a priori, unclear effect on aggregate productivity. Thus, business dynamism deter-
mines a composition effect, within and across sectors, that is important in shaping
the dynamics of sectoral and aggregate productivity. Finally, sectoral spillovers
and production network could act as an important amplification mechanism of the
previous effects.

To capture these effects, we build an Epidemiological-Industry Dynamic model
with the following features. First, the economic block of the DSGE model builds
on the heterogeneous-firms literature with endogenous firm dynamics 4 la Melitz
(2003), augmented for nominal rigidities as in Bilbiie et al. (2007) and Colciago and

Silvestrini (2020). Firms face initial uncertainty concerning their future productivity



when making an investment decision to enter the market. Following Bilbiie et al.
(2012), firm entry is subject to sunk product development costs, which investors
pay in expectation of future profits. Firms join the market up the point where the
expected value of their newly created product equals its sunk cost. After entry,
firms’ production depends on their productivity levels. Firms face fixed production
costs. As a result, given aggregate conditions, firms with idiosyncratic productivity
levels below a specific threshold will be forced to discontinue production and stay
inactive until production becomes profitable again.

Second, we add to our DSGE model an epidemiological block consisting of a SIR
model & la Kermack and McKendrick (1927), augmented by a feedback from the
economic behavior to the dynamics of the pandemic, which makes the transmission
rate of the virus affected endogenously by individual work and consumption choices.

Third, consistently with the sector classification in Figure 1 and 2, we model
a two-sector economy with a social and a non-social sector, both populated by an
endogenous mass of heterogeneous firms that produce differentiated goods, which
are aggregated into sectoral goods. The defining feature of the social goods is that
their consumption requires social interaction with other individuals. High social
interaction translates into faster transmission of the disease. Examples of social
consumption include dining in a restaurant, going to a movie, and traveling by
air. Indeed, during the pandemic, individuals voluntarily substitute away from the
consumption of the social goods, inducing an endogenous reduction in the demand
of those goods (see, e.g., Yan et al., 2021).

Fourth, to analyze the potential role of monetary policy during the pandemic, our
framework assumes nominal rigidities in the form of sticky wages. Fifth, to consider
the role of production network and sectoral spillovers, the model incorporates a
roundabout production structure wherein firms use the outputs of other firms as a

factor of production.?

3The literature (see, e.g., Christiano et al., 2011; Ascari et al., 2018) showed that a roundabout
production structure - a feature which Christiano (2016) refers to as “firms networking” after



In response to the COVID-19 shock, our model economy features reallocation ef-
fects within and across sectors that are absent in a standard one-sector, homogeneous-
firms framework. Specifically, since the disease is transmitted through demand in-
teractions in the social sector, in response to the outburst of the crisis households’
expenditure shifts towards the non-social sector, through a substitution channel. As
a result, we observe cleansing in the social sector together with a reallocation of entry
opportunities to the temporarily more profitable non-social sector. The reallocation
process featured in our frameworks allows to successfully reproduce the pattern of
business dynamism displayed in Figures 1 and 2 in response to the COVID-19 shock.
The reason is as follows. Due to the drop in revenues, break even in the (s) sector
requires higher idiosyncratic productivity. This affects both the entry and exit mar-
gins. Indeed, only firms with higher productivity will find convenient to enter in the
(s) sector, resulting in a drop in the number of potential entrants. Turning to the
exit margin, there is cleansing of low-productivity firms, which become temporary
idle, causing an increase in the effective exit rate and in average sectoral productiv-
ity." Opposite dynamics with respect to those just described characterized the (ns)
sector. The reallocation of demand to the non-social sector implies that firms with
lower idiosyncratic productivity will now break-even on their costs. As a result,
we will observe a higher number of potential entrants, a lower effective exit, and
a drop in average sectoral productivity. Our analysis suggests that one distinctive
feature of the Covid-19 crisis is that the cleansing effect on business dynamism that
typically characterizes recessions is sector-specific. Cleansing in the social sector, to-
gether with reallocation across sectors, are the key dimensions to consider in order
to explain the empirical dynamics of aggregate labor productivity during the Pan-
demic. Indeed, our analysis indicates that the latter results from two driving forces.

The first one results from the change in average productivity within each of the

Acemoglu et al. (2015) - can act as an amplification source for real shocks, especially in presence
of nominal rigidities (see, e.g., Basu, 1995; Huang et al., 2004; Nakamura and Steinsson, 2010).

4The effective exit considers both idle firms that stop producing and firms that exogenously
exit the market.



two sectors in response to the demand reallocation. The second one derives from a
composition effects due to the change in the relative size of sectors. The interaction
between these two forces determines the dynamics of aggregate productivity.

A further notable result regards the role of monetary policy. The analysis in-
dicates that nominal wage rigidities and monetary policy, described via a standard
Taylor rule, are crucial ingredients to replicate the differing patterns of business
creation across sectors observed during the pandemic. The persistent decline of the
real interest rate in response to the crisis, that our model features in the presence of
nominal wage rigidities, supports consumption, and favors the reallocation of busi-
ness opportunities to the non-social sector. Absent the endogenous response of the
real rate, we would simply observe business destruction in both sectors.

Consistently with the evidence proposed in the IMF World Economic Outlook
(April, 2021), our model features a positive relationship between the size of the
social sector and the severity of the recession. Additionally, we find that social
distancing, by smoothing out fluctuations in aggregate productivity, leads to a slower
reallocation across sectors, and to a prolonged recession with respect to the case
where no measures are taken.

The literature studying the effects of the COVID-19 pandemic through the lenses
of macroeconomic models is already vast and rapidly expanding. Eichenbaum et al.
(2020a) and Eichenbaum et al. (2020b) integrate the SIR model in a general equilib-
rium setting, in order to study the interaction between the economic system and the
pandemic. Baqaee and Farhi (2020), and Guerrieri et al. (2020) study the relative
importance of demand and supply shocks. Various authors, such as Alfaro et al.
(2020), Toxvaerd (2020), Moser and Yared (2020), Alvarez et al. (2020) and Jones
et al. (2020) identify externalities in individual distancing decisions, and study op-
timal lockdown and social distancing policies. Considering a two sectors economy,
Guerrieri et al. (2021) design optimal monetary policy in response to asymmetric

shocks that shift demand from a sector to the other. Much less vast, but closely



related to our paper, is the literature studying the role of microeconomic heterogene-
ity at shaping the interaction between the epidemic and the economy. Considering
heterogeneity across households, Kaplan et al. (2020) integrate the SIR model into
a framework with income and wealth inequality, as well as occupational and sec-
toral heterogeneity, to study the distributional and welfare effects associated with
the US policy response to the pandemic. The health and economic policies they
consider entail large and heterogeneous welfare costs across households. Hur (2020)
integrates a SIR model into an heterogeneous agent-life cycle economy. He designs
Pareto-improving mitigation policies, and shows that the latter can reduce deaths
by nearly 60 percent relative to a no mitigation scenario. Our paper is comple-
mentary to these analysis, since it considers heterogeneity in the supply side of the
economy. We integrate the SIR epidemiological model into a New Keynesian In-
dustry Dynamic framework with two sectors, heterogeneous firms and endogenous
entry and exit dynamics in order to study the effects of the pandemic and social dis-
tancing measures on productivity and business dynamism. Firm level heterogeneity
is modeled similarly to Clementi and Palazzo (2016), Hamano and Zanetti (2017),
and Rossi (2019).

The remainder of the paper is as follows. Section 2 introduces the theoretical
model. Section 3 discusses the calibration. Section 4 presents the results of the
benchmark simulation, and Section 5 shows the implications for the response of
aggregate productivity. Section 6 analyses the effects of monetary policy. Section 7
presents the results from two further experiments, one introducing social distancing
measures, and the other assuming different relative sizes of the social and non-social

sectors. Section 8 concludes.



2 The Model

The economy features two sectors indexed by (¢), where (¢) = (s) identifies the social
sector that produces a good whose consumption require social interactions, while
and (¢) = (ns) identifies the non-social sector. Each sector is characterized by ex-
ante heterogeneous firms, which produce a good in different varieties and compete
monopolistically. The length of the mass of firms in each sector is determined
endogenously by firms’ entry and exit, which are modeled at the sectoral level.
The economy features a unitary continuum of homogeneous households or fami-
lies, who use the final good for consumption and investment purposes. Each family
is populated by a unitary continuum of ex-ante homogeneous individuals. Individ-
uals’ ex-post heterogeneity comes from their contagion status. The evolution of the
disease is governed by a standard SIR model. The transmission rate of the virus
depends endogenously on individual working decisions, and on consumption of the
social good. In what follows, we describe the main features of the model and leave

details and derivations to Appendix A.

2.1 SIR and Contagion

The epidemiological block of our framework is based on the SIR model by Kermack
and McKendrick (1927). In each time period ¢, individuals can be in one of four
epidemiological states. The total number of people susceptible to the disease is
S;. I, represents the aggregate number of infected individuals. Let I, denote the
cumulative mass of dead people, then the total number of recovered individuals at
time ¢ is 1 — I, — Dy — §;. Since the population is initially normalized to one, these
terms represent also the fractions over the initial population.®

We follow the approach by Jones et al. (2020), where households’ members are

not aware of their epidemiological state. As in Eichenbaum et al. (2020a) and

5For clarification, in any period ¢ the number of infected individuals I, also represents the
fraction of infected individuals with respect to the initial unitary population, while the fraction of
infected over the current population is I/ (1 — D;), and the same holds for S; and R;.



Eichenbaum et al. (2020b), we assume that susceptible people can become infected
in three ways: by purchasing social goods, working, and through random interactions
unrelated to economic activities. The evolution of the disease is internalized by the
household. Thus, in the following, we use the calligraphic italics letters to describe
the contagion types within the households, i.e. Z; vs. I; and so on. The number of

newly infected household’s members at time ¢, 7, is given by:

7; = St]Itﬂ'lct (S) Ct (S) + St]ltﬂ'zlfL;l + WgSt]It. (1)

Following Jones et al. (2020), we assume one source of externality that the household
does not internalize. When considering exposure, household scales it to I; and not to
7, thus neglecting the effects of individual choices on the aggregate pool of infected.
As a result, their mitigation efforts are lower than what would be socially optimal.

As mentioned above, newly infected individuals comes from three types of inter-
actions. The term S;I;m¢; (s) Cy (s) yields the number of newly infected household’s
members due to shopping activities, where S; denotes the number of susceptible
members within the household, m; is a multiplier that scales the probability of
becoming infected as a result of consumption activities, ¢(s) is the individual con-
sumption, i.e. of each living household’s member, of the social good and Cy(s) is
aggregate consumption of the social good.®

The term St]ItWQZfo yields the number of newly infected household’s members
from supplying labor, where 7y reflects the probability of becoming infected as a
result of work interactions, I denotes individual labor supply and L¢ represents
aggregate labor demand. Note that, differently from consumption, labor in both
the social and the non-social sector yield the same contagion risk.

Finally, the exogenous component of the transition equation (1) comes from the

6The only thing that we need to generate reallocation between sectors is a higher contagion
risk in the social sector, and this is exactly how these industries are defined in the data. For this
reason, we normalize to zero the contagion risk from consumption of the non-social good without
loss of generality.



number of random pairings between susceptible household’s members and infected
people. These meetings result in 735,1; newly infected household’s members. Equa-
tion (1), that determines the number of newly infected individual, is central in our
framework as it affects the behavioral response of the households during the pan-
demic, which is responsible for the reallocation of demand and supply toward the
non-social sector.

Given Ty, the number of household’s members who are susceptible (S;), infected

(Z;), recovered (R;) and the cumulative number of dead members (D;) evolves as:

S =8-T, (2)
L =L+ T — (m + 1) Lt (3)
Riv1 =R +m1, (4)
Di+1 = Dy + waLy, (5)

where 7, and 74 are the probability of infected to recover and to die, respectively.

2.2 Households

The representative family is initially of size 1, while the mass of the living population
within the household at time ¢ is 1 — D;. The time-t utility of the representative

household is:

(1-Dy)log (@)~ (1~ Dy} (”f W) —uD. ©)

1+¢
where ¢; is the individual consumption of the final good and w4 is the disutility from
death, which includes the flow value of the psychological costs of death on surviving
members. The final good is a composite good defined as a CES (Constant Elasticity
of Substitution) function over the household’s consumption levels of the social, ¢(s),

and the non-social good, ¢;(ns), as: ¢; = X%ct(s)n;l (1-— X)% ct(ns)n;l] " Both

10



ci(s) and ¢;(ns) are aggregators of goods produced in the social and non-social sector,
respectively. The parameter y captures the relative importance of the social good
in the consumption basket and determines the steady state size of the sector, while
the parameter 17 > 1 measures the elasticity of substitution between the social and
the non-social goods.

In each time period ¢, agents can purchase any desired state-contingent nominal
payment A;yq in period t 4+ 1 at the dollar cost EyA;eyqAirr/mir1, where Aypyq
denotes the stochastic discount factor between period ¢t 4+ 1 and ¢, and 7,1 denotes
the inflation rate over the same period. Households choose consumption, hours of
work, and how much to invest in state-contingent assets and in risky stocks b;,1(q).
Stock ownership ensures to households a flow of dividend distributed by operative
firms. The timing of investment in the stock market is as in Bilbiie et al. (2012) and
Chugh and Ghironi (2011). At the beginning of period ¢, the household owns b;(q)
shares of a sector mutual fund that represents the ownership of the N;(¢) incumbents
in sector (¢) in period ¢, with (q) = {(s), (ns)}.

The period-t asset value of the portfolio of firms held in sector (¢) is the total
firms’ value in sector (q), given by the product between the average value of a firm
0;(¢q) and the existing mass of firms N;(¢q) in the same sector. To obtain the total
value of the portfolio held by households, one needs to sum over the two sectoral
funds. During period ¢, the household purchases b;y1(g) shares in new sectoral funds
to be carried to period t + 1. Since the household does not know which firms will
disappear from the market, it finances the continued operations of all incumbent
firms as well as those of the new entrants, N (q), although at the very end of period
t a fraction of these firms disappears. The value of total stock market purchases is
thus Y2, 1 5e(a) (Ni(a) + Ne(@)) bisa (a).

Households derive income from three sources: labor, dividend, and from interests
on loans to firms. We assume a continuum of differentiated labor inputs indexed by

j € [0,1]. Wages are set by labor type specific unions, indexed by j € [0, 1]. Given

11



the nominal wage, Wt] , set by union j, agents stand ready to supply as many hours

to labor market 7, L{ , as required by firms, that is:
Ll = (W] /Wy) ™" L, (7)

where 6, is the elasticity of substitution between labor types, W, is an aggregate
nominal wage index, and L{ is aggregate labor demand. The latter can be obtained
by integrating firms’ individual labor demand over the distribution of idiosyncratic
productivities. Agents are distributed uniformly across unions, hence aggregate
demand for labor type j is spread uniformly across households. The labor market
structure rules out differences in labor income between households without the need

to resort to contingent markets for hours. The common labor income is given by:
1 . . 1 . .
[ iz =z [ witwdfuy e 0
0 0

Stock ownership entitles households to dividend income. Operative firms distribute
dividends, following the production and sales of varieties in the imperfectly compet-
itive goods markets. Operative firms in sector (¢), that we denote as N,,(¢) and
formally define below, are the firms that are actively producing in each sector at
time t. As shown in Appendix A.10, total dividends received by a household in a
sector can be written as N, +(q)é:(¢q), where é;(¢q) denotes average sectoral dividends,
that is the amount of dividends distributed by the firm with average sectoral pro-
ductivity. Finally, a fraction of the resources of households is deposited to financial
intermediaries that provide loans to firms. Firms use one-period loans to finance a
fraction ay, € [0, 1] of the wage bill in advance of production. In equilibrium, a real
amount equal to a,w;L{ must be gathered for this purpose. The deposit yields a
gross interest rate R;. Interests on deposits are distributed to households at the end

of each period ¢ in a lump sum fashion.

12



We can then write the flow budget constraint of the representative household:

(1-"Dy) Z i (q) ¢ (@) + Birippraia+

q=s,ns

d Lo w{ o Qg
S™ () (Nulg) + N(0)) busn(q) = L / w (W) g
q=s,ns 0 We Tt

+ Z (Ni()0e(q) + Now(@)é(q)) be(q) + (Re — 1) aww,L{, (9)

q=s,ns

where w; denotes real wages and p; (¢) is the price of the good produced in sector
(q) expressed in real terms, that we define in Appendix A.3.

Appendix A.1 shows the solution of the infinitely-lived representative household’s
problem of maximising the present discounted value of (6) - where §3 is the subjective
discount factor - subject to the flow of budget constraints (9) and the constraints
coming from the SIR block.

The demand functions of the sectoral goods are key objects in our analysis, since
they generate sectoral reallocation, by internalizing the asymmetric contagion risk
that leads to the behavioral response of the household. These demands can be
found from either the first order conditions of the households (Appendix A.1) or
by postulating the existence of a fictitious final good bundler (Appendix A.7), and
they are taken as given in the firms’ problem we present below. The demand for the

production of the social good Y;(s) reads as:

where Y, is aggregate production, \; is the Lagrange multiplier of the budget con-
straint, Ay, represents the shadow cost of a new infected, C; (s) is aggregate con-
sumption of the social good and C} is aggregate consumption. As mentioned above,

this demand departs from the standard CES demand since it internalizes the ex-

13



posure to contagion.” Ceteris paribus, a higher contagion risk, e.g. coming from a
higher number of infected or from a larger consumption of the social good, depresses

the demand for Y;(s).

2.3 Firms

Each sector (q) is populated by a mass N;(q) of atomistic firms. Upon entry, firms
draw a time invariant idiosyncratic productivity level, denoted by z, from a known
distribution function, g(z), which is identical across sectors and has a positive sup-
port. Within their sector of operation, the only source of heterogeneity across firms
is the idiosyncratic productivity level, so that we can can index firms within a sector
with z. Firms compete monopolistically within the sector and are subject to entry
and exit. Each firm produces an imperfectly substitutable good y..(¢q), using the

following constant return to scale production function with roundabout:

Y21(q) = Zizl. 4 () ™ Xou(q)", (11)

where the variable Z; is an exogenous level of productivity, common to all firms.
The two inputs are labor, [,;(¢), and an intermediate input, X,;(¢). The former

is defined as a CES aggregator of differentiated labor inputs indexed by j € [0, 1],

L 79:}11
lz,t = (/ (li,t) b d.]) ) (12>
0

where 6,, > 1 is the degree of substitution between labor inputs. The latter is a

defined as:

composite of all the goods in the economy, combined through the same CES function
as consumption. The goods y,,(q) are input to the production of a sectoral bundle,

Yi(q), by a sectoral good producer that operates in perfect competition. The latter

"The demand function of the non-social good, that is good (ns), is:

-

<Yt§25)> = (1= x) [\epr (ns)] " <(1 ftm)

14



adopts a CES production function defined as:

_0
6—1

Vi) = ([ Mot o) (13)

where 6 > 1 is the degree of substitution between goods within a specific sector.
We assume that firms finance a fraction 0 < ay, < 1 of their wage bill resorting
to loans from financial intermediaries. Loans are reimbursed at the end of the
period at the gross risk-free interest rate R;. Additionally, firms face fixed costs
of production f,;, defined in terms of the final good. Appendices A.4 and A.5
provides the technical derivations concerning both the cost minimization and the

profit maximization problem of firm z. The equilibrium optimal real price p,(q) is:

pi(q) = %Z%Z <<aWRt 1 ow) wt) - <l>a : (14)

11—« a

where the ratio % represents the markup over real marginal costs under monopo-

listic competition with atomistic firms. Optimal pricing delivers real profits:

e-ald) = 50402 0)¥i (0) — fo (15)

2.4 Entry and Exit

Potential entrants must pay a sunk entry cost, fe;(¢), measured in units of the final
good, to draw their individual productivity level, z, from a p.d.f. ¢(z) common
to both sectors. We assume that the entry costs take the form: f..(q) = ¥y +
Y1 (NE(q))" . Entry costs are composed of a constant term, 1), and of a term which
increases with the mass of potential entrants, 1; (N£(q))”. The variable term could
be motivated by various factors, among which we can list congestion externalities,
as in Jaef and Lopez (2014) and Casares et al. (2018), and diminishing quality in
managerial ability, as in Bergin et al. (2018). Notice that when v = 0 the entry

cost is a constant. As 7 increases, the entry rates will respond less to any given

15



exogenous shock. Firms enter the market up to the point where the sunk cost of
entry is equal, in expectation, to the value of discounted future profits. Since the
idiosyncratic productivity z is unknown ex-ante, the expected value of discounted
profits is evaluated using the value of the average firm in period ¢, 94(¢q).® Thus, the
free entry condition is f.+(q) = 9:(q). Due to the fixed costs of production, not all
Ny(q) firms have non negative profits, but just those with idiosyncratic productivity,
z, above a certain minimum cut-off productivity level z{(¢q). Appendix A.6 shows

that z{(s) is given by:

1

1 o—1
() = [ ———— :
+a) (/)t (q)° Yt(Q)) e

QC:ee%i (awRi+1—aw)w ' * (1 “(f -
Lt e—12 1—« « it

where:

is common across sectors.” Firms with idiosyncratic productivity lower than z{(q)
become idle, as in Ghironi and Kim (2019) and Colciago and Silvestrini (2020). Idle
firms discontinue production, but stand ready to join again the mass of operative
firms when their idiosyncratic productivity becomes again larger than zf(q). This
could be interpreted as an endogenous voluntary lockdown of not profitable firms.
On top of the endogenous inactivity margin, firms permanently exit the market when
hit by an exogenous exit shock. The latter wipes out a fraction ¢ of existing firms
in each period ¢, no matter if new entrants or incumbent, or if active or inactive.
The exit rate, 9, is common across the two sectors. In this framework, the fraction
of firms that becomes idle in period t represents the endogenous component of the

exit rate. Indeed, in order to be actively operating, firms must be endowed with an

8 Although in the following we define the notion of an active firm, i.e. an incumbent engaged in
production with non-negative profits, note that the expected firm’s value is computed considering
every incumbent in the market and not just active firms. This is so since an inactive firm with
zero current profits could become active in the future, conditional on surviving.

9The latter is affected by households’ preferences, through 6. Additionally, it increases in the
magnitude of both fixed cost, f;:, and in the common, across sectors, components of marginal
costs of production, i.e. the real wage and the gross interest rate.
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idiosyncratic productivity level above the cut-off. We denote the mass of operative

firms at time t as N,;(q). The latter is formally defined as:

Noi(q) = Ni(q)Pr [z > 2{(q)] = [1 — G (#{(q))] Ni(q) for (q) ={(s), (ns)},

where G(z) is the cumulative distribution function associated to g(z): G(z) =
fozg(m)dx. Importantly for our purposes, cut-off productivities levels, and thus
the size of the mass of operative firms, is directly affected by the pandemic. The
reason is the following. In response to the outburst of the pandemic, agents cur-
tail consumption of the social good, partially substituting it with that of the non
social good. As a result, output increases in the non-social sector and decreases
in the social one. The demand reallocation translates in a higher cut-off produc-
tivity threshold, z{(s), in the social sector and in a lower cut-off productivity in
the non-social one. As we show in the remained of the analysis, changes in cut-off
productivities due to the reallocation of demand ultimately affect both aggregate
productivity and business dynamism.

To conclude the description of the entry and exit processes we assume, as in
Bilbiie et al. (2012) and many other studies in the literature, a one time period
to build, i.e. a one period lag between the decision to enter the market and the
beginning of production. This period represents the amount of time required to
set up production facilities. As a result, the number of firms in each sector evolves

according to:

Ni(q) = (1= 0) (Ne-1(q) + Ny (q))  for () = {(s), (ns)}, (17)

where N;_1(q) is the mass of firms in sector (¢) in period t — 1 and Nf ;(¢) denotes

the mass of potential entrants between periods ¢ — 1 and ¢ in the same sector.
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2.5 Labor Unions, Monetary Policy and Aggregation

Nominal wage rigidities are modeled according to the Calvo (1983) mechanism. In
each period a union faces a constant probability (1 — a*) of reoptimizing the wage.
The optimal nominal wage in sector j set at time ¢, that we denote with W}, is
chosen to maximize agents’ lifetime utilities (see Appendix A.8 for details). Due to
symmetry, the newly reset wage is identical across labor markets.

The Central Bank sets the nominal interest rate, R;, according to the following

Taylor rule with smoothing:

B @ -

where variables without time subscript denote steady state values. For simplicity,

we assume that the steady state gross inflation rate equals one.
In equilibrium, the representative household holds the entire portfolio of firms
and the trade of state-contingent asset trade is nil. As a result, b;,1(q) = b;(q) = 1,

and a;41 = a; = 0, so that:

Ci+NE ()T (s)+Nf(ns)ty(ns) = (aw Ry + 1 — aw ) w LI+ N, ;(5)é,(8)+N, 1 (ns)é;(ns).
(19)
Y, is either consumed, used as intermediate input in the production process or used

to cover fixed costs of production and entry costs, thus:

Vi = Cy + Xy + (Noy(8) + Not(n8)) for + N () feu(s) + Ni(ns) fer(ns).  (20)

Finally, the representative household assumption implies I, = Z;, S; = &;, D; = D;
and R; = R;.

To obtain tractable results, a Pareto distribution is assumed for the p.d.f. g(z)
with minimum zmin and tail parameter x. This assumption simplifies consider-

ably several equilibrium conditions and allows us to compute analytical solutions.
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Following Melitz (2003), a special average productivity is defined over operating
firms. In our case, however, the special average productivity is sector-specfic and it
is defined as Z;(q). The special average productivity allows to represent each sector
as one populated by a mass of homogeneous firms N,;(q), each of which endowed
with idiosyncratic productivity Z;(¢), as we show in Appendix A.10. Thanks to the
properties of the Pareto distribution, we can write Z;(q) as a function of the cut-off

productivity, z;(q), as follows:

1 e 0—1 o o c
T(Zf(q))/zﬂq)Z g<z>dz] S )

_1 K
where T' = [ﬁo—n} “and 1— G (2£(q) = (z%’;) . The latter illustrates that
changes in the cut-off productivity levels, due either to the pandemic or to other

exogenous disturbances, lead to changes in average sectoral productivities.

3 Calibration

The time period is a week. The discount factor 3 equals 0.98'/52, as in Eichenbaum
et al. (2020a). The coefficient measuring the disutility of labor, v, is set to 1, while
the inverse Frisch elasticity of labor supply equals 4, as in many other studies of
the business cycle. We set ug = 10 such that the value of a statistical life (VSL) is
included between 1 and 50 millions dollars, depending on the definition of income
in our model, in all the experiments we consider.'"

In order to match the US empirical level of 10% job destruction rate, the weekly
exit probability d is calibrated to a value of 0.00211. The aggregate productivity
level Z; is normalized to 1. In the benchmark calibration y = 1/2, such that the

two sectors have the same size. The elasticity of substitution between the social and

10T calibrate the psychological cost of death, uq, we consider the VSL which measures how much
the average US citizen is willing to pay for a reduction in mortality rates equivalent to saving one
life on average. Greenstone and Nigam (2020) estimate the VSL to be 11.5 million dollars.
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the non-social good, 7, is 1.5, as estimated by Edmond et al. (2015). On the other
hand, the elasticity of substitution between goods belonging to the same sector is
0 = 3.8, following Bernard et al. (2003), who calibrated the value of 6 to fit US
plant and macro trade data. The selected value of 6 entails a price markup equal to
35%, within the range estimated by De Loecker and Eeckhout (2018). The elasticity
of substitution across labor types, 0,,, equals 4, which implies a steady state wage
markup equal to 33%.

Turning to the parameters that determine entry frictions, 1y is normalized to 1,
as in Bilbiie et al. (2012). We set the elasticity of entry cost equal to v = 1.5, in line
with the estimate of Gutierrez Gallardo et al. (2019), who exploit the comovement
between industry-level entry rates and stock prices to pin down this parameter.

The parameter ¢/, is such that the steady state ratio between investment and GDP,

fe(s)Ne(s)+fe(ns)Ne(ns)
Y-X

, is approximately 15%. As in Ghironi and Kim (2019), given
our equilibrium entry costs, we calibrate the entry costs to fixed costs of production
W to 4.5, as in Collard-Wexler (2013).

The parameterization of the productivity distribution is as follows. We normalize
zmin to 1 with no loss of generality. In the spirit of Gabaix (2011) and Di Giovanni
and Levchenko (2012), our sectors can be defined as granular when 1 < ;%5 < 2.
Given the value of 0, we set kK = 6. In this case, as discussed by Colciago and
Silvestrini (2020), our sectors are just short of being granular, but the Herfindal-
Hirschman Index (HHI) of concentration is well defined.

The calibration of the SIR model follows Eichenbaum et al. (2020a), which is
based on data on the infection from South Korea. Assuming that the average dura-
tion of the disease is 14 days, the recovery probability m; and the death probability m,
are calibrated such that m, + w4 = 7/14. Based on the evidence, the death probabil-
ity is fixed at 0.2%, i.e. w4 = 7(0.002/14). The parameters of the transition equation
which govern, respectively, the risk of infection from consumption 7, from work 7o

and from the mere interaction between susceptible and infected within the house-
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hold 73, are calibrated such that the initial contagion is due for 1/6 to consumption
activities, for 1/6 to working activities and for 2/3 to random interactions. Finally,
the parameters are calibrated such that the exogenous SIR framework converges to
the so-called Merkel scenario, where 60% of the population is either recovered or
dead. The 60% threshold is regarded to deliver heard immunity.

The Calvo parameter o is set to 0.98 in order to observe, on average, one wage
change per year. The parameters of the Taylor Rule are ¥, = 1.5, ¥y = 0.5/52, and
vg = 0.8, as in Eichenbaum et al. (2020a). In the benchmark calibration firms don’t
borrow to pay wages, i.e. a, is set to 0, and the Cobb-Douglas parameter « is 1/3.
We begin our simulation from an initial infection seed of 0.1%, i.e. Iy = 1le™3. For

reader’s convenience, Table 1 reports the values of the calibrated parameters.

4 The Asymmetric Transmission of an Epidemic

In this section, we discuss the impact of an epidemic in our two-sector model. Figure
3 displays percentage deviations from the steady state of key macro variables in
response to the pandemic shock.!!

Consumption and output drop substantially. As described by Eichenbaum et al.
(2020a), the pandemic entails both negative demand and supply shocks. The de-
mand shock arises because agents optimally curtail their consumption to limit their
exposure to the virus. For the same reason, a negative supply shock results from
the reduction in households’ desire to work.

In the presence of endogenous business dynamism, heterogeneous firms, and sec-
tors characterized by different degree of social contact, the pandemic shock spurs
additional effects. Specifically, since the disease is transmitted when consuming the
s-goods, spending shifts towards the ns-goods. The same holds for entry opportu-

nities. The reason is that, due to the drop in revenues, break-even in the s-sector

1 Unless otherwise stated, the Figures that follows report percentage deviations of variables from
their respective steady state.
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Table 1: Calibration of exogenous parameters

Parameter ‘ Calibration ‘ Target
SIR
e 0.499 Duration infection 14 days, Eichenbaum et al. (2020a)
Td 0.001 Mortality rate of 0.2%, Eichenbaum et al. (2020a)
S| 9.254 1/6 contagion from consumption, Eichenbaum et al. (2020a)
T 0.143 1/6 contagion from labor, Eichenbaum et al. (2020a)
3 0.5 2/3 contagion from interaction, Eichenbaum et al. (2020a)
Io 0.001 Initial seed of infected 0.1%, Eichenbaum et al. (2020a)
Rend + Dend 0.6 60% Merkel scenario, Eichenbaum et al. (2020a)
Uqd 10 VSL = 10 millions, Greenstone and Nigam (2020)
Nominal Stickiness
o 0.98 Wages change once a year, Eichenbaum et al. (2020a)
I 1.5 Standard for weekly frequency, Eichenbaum et al. (2020a)
Jy 0.5/52 Standard for weekly frequency, Eichenbaum et al. (2020a)
IR 0.8 Standard smoothing Taylor Rule, Christiano et al. (2005)
Firms
! 1/3 Standard for Cobb-Douglas production
o 1 Normalization, Bilbiie et al. (2012)
P 1000 Investment to GDP Ratio ~ 15%
07 1.5 Co-mov. entry and stocks, Gutierrez Gallardo et al. (2019)
fu 0.47 Ratio f./f. = 4.5, Collard-Wexler (2013)
Q 0 No working capital constraint
1) 0.00211 Yearly job destruction rate ~ 10%, Colciago (2016)
Z 1 Normalization
O 4 Wage markup of 33%
Zmin 1 Normalization
K 6 Almost granular economy, Colciago and Silvestrini (2020)
Households
X 0.5 Ex-ante homogeneous sectors
n 1.5 Inter-sectoral substitutability, Edmond et al. (2015)
0 3.8 US plant data in Bernard et al. (2003)
v 1 Normalization
10) 4 Frisch elasticity as in King and Rebelo (1999)
B 0.981/52 ~ 4% yearly interest rate, Eichenbaum et al. (2020a)

Notes: The table summarizes the calibration of the exogenous parameters. The second column
describes the value assigned to the parameters. The third column describes the targets of the
calibration and their sources.
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Figure 3: IRFs of the main macroeconomic variables to the pandemic shock.

requires higher idiosyncratic productivity. This, in turn, has two effects. The first
one is an increase in the effective exit rate coming from the inactivity margin, the
second one is a drop in the number of potential entrants. Indeed, only firms with
higher productivity will find convenient to continue production or to newly enter in
the s-sector. Both effects increase average productivity in the social sector. Oppo-
site forces, with respect to those just described, characterized the ns-sector: firms
with lower idiosyncratic productivity will now break-even on their costs. Thus, the
reallocation of demand to the non-social sector results in a lower effective exit, a
higher number of potential entrants, and a drop in average sectoral productivity.
Our analysis suggests that one distinctive feature of the Covid-19 crisis is that
the cleansing effect on business dynamism that typically characterizes recessions is
sector-specific. Entry opportunities are shifted away from temporary less profitable
sectors and concentrated in more profitable ones. This pattern qualitatively reflect
the dynamics of US data on business applications reported in Figures 1 and 2.
Indeed, the data show a drop in business applications in social sectors. On the
contrary, business applications in non-social sectors are characterize by a rise, after

an initially flat response. The dynamics just described occur in the early phases
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of the pandemic, prior to the introduction of lockdown measures. The timing of
events suggests that the behavioural response of agents to the spread of the disease
had a key role in the reallocation process. Finally, the dynamics characterizing the
epidemics are those typically observed in the data, where the response of the number
of infected people to the diffusion of the disease displays an inverted U shape. After
the peak in the number of infected, the economy converges to a steady state where
aggregate output, consumption, and entry shrink permanently due the decline in

population. '?

5 Aggregate Productivity

In this section, we discuss the empirical pattern displayed by aggregate labor produc-
tivity during the COVID-19 pandemic. Then, we show that our model qualitatively
replicates the observed dynamics. Specifically, we consider a simplified version of
our framework to show analytically that aggregate productivity is a size-weighted
harmonic mean of sectoral average productivities, corrected for the sectoral shares
of operating firms. Using this measure as a proxy for aggregate labor productivity
in the benchmark model, we argue that the sector-specific cleansing effect and the
reallocation of demand and of operative firms across sectors are key to explain the
empirical dynamics of aggregate labor productivity.

The top left panel of Figure 4 displays the empirical series of aggregate labor

productivity, measured as output per hour. Data are from 2020Q2 to 2021Q1.'3

12Note that while the fluctuations in entry in the model qualitatively reflect the dynamics on
business applications, the former should not be quantitatively compared to the latter for two main
reasons. First, the magnitude of the fluctuations in business applications were not reflected in the
Q2 and Q3 entry data from the Business Employment Dynamics, as noticed by Bilbiie and Melitz
(2020). While these latter data confirm the reallocation of entry opportunities across social and
non-social sectors, they feature fluctuations in establishment openings of an amplitude ranging
from one quarter (construction) to half (accommodation services) of those characterizing business
application data. Second, our model studies the implications of the endogenous behavioral response
of households to the shock, and thus abstract from government measures to contain the spread of
the virus - such as lockdown measures - that obviously impacted on actual fluctuations in entry
and other macroeconomic variables. Section 7.1 discusses the impact of the introduction of social
distancing measures in our model.

13The source of the data is the FRED-MD dataset. Note that, in order to align all panels to the
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Figure 4: Top Panels: aggregate productivity in the model and in the data during
the pandemic. Bottom Panels: productivity decomposition.

Labor productivity had a peculiar pattern during the pandemic. It increased up
to summer /fall of 2020, to drop sharply afterwards, and to start growing again at
the beginning of 2021. To provide economic intuition about the response of labor
productivity to the pandemic shock, we simplify our model to consider the case
where there is no contagion from consumption, that is where m; = 0, and where
labor is the only factor of production. As a result of the latter assumption, the
model features no network effects. In this simplified case, as detailed in Appendix

A.12, the quantity of final output produced in the economy can be written as:
I
Y, = N/ Z,Z,LY, (22)

where L{ are aggregate hours of work, N,, denotes the total number of operat-
ing firms in the economy, and Z, defines the endogenous component of aggregate

productivity. The latter is given by:

2= (x0lo) el 0 5+ (1= )1 = ) o) ) (@3)

first of April 2020, we discarded the first month of observations from the simulated model, as we
assume that the behavioral response started in March.

25



where wi(q) = No1(q)/Not. In the restricted model, the endogenous component of
aggregate productivity, Z;, is a weighted harmonic average of the average sectoral
productivities, Z(s) and Z;(ns), corrected for a measure of the sectoral fractions of
operative firms, that is wt(s)l%ﬁ. The weights are represented by the relative size
of sectors, xp:(s)™" and (1 — x)pi(ns)~". We next use equation (23) to construct
a measure of aggregate productivity in the fully-fledged model.'* The latter is
displayed in the top right panel of Figure 4.

When using equation (23) to build labor productivity, our model delivers a
sinusoidal-shaped series that mirrors closely that in the data, at least from a qual-
itative standpoint. The reason for this relative success, is that our model accounts
for both sector-specific cleansing in the social sector, and for the reallocation of de-
mand across sectors that characterized the pandemic. To see this, consider the two
bottom panels of the figure. The bottom left panel plots again labor productivity
as in (23), but shutting down the reallocation channel. Specifically, we assume that
wi(q) and the sectors’ relative size in equation (23) remain constant at their pre-
pandemic steady steady values. The bottom right panel, instead, plots the change
of the relative weight of the social sector in response to the pandemic shock.

A joint reading of two lower panels suggests that the response of aggregate pro-
ductivity to the pandemic shock is the result of two driving forces. The first one
results from the change in sectoral average productivity in the two sectors. The sec-
ond force is a composition effect due to the reallocation of demand across sectors,
that alters their relative size. The interaction between these two forces determines
the overall productivity dynamics. In the initial part of the sample, the cleansing in

the social sector dominates, because the relative size of the social sector displayed a

14As argued in Ghironi and Melitz (2005) and Bilbiie et al. (2012) when using the model for
empirical statements, one has to recognize that empirically relevant variables, as opposed to welfare-
consistent concepts, net out the effect of changes in the range of available varieties. Unfortunately,
in our rich benchmark framework, we cannot analytically pin-down the relationship between welfare
consistent and empirically relevant variables. On the contrary, we can identify that relationship
in the simplified framework, and for that reason we use the endogenous measure of productivity
obtained in the latter case as a proxy for aggregate productivity in the benchmark model.

26



limited decline. As a result overall productivity rises (even if much less than without
reallocation, lower left panel). In the central part of the sample, instead, the decline
in the relative size of the social sector becomes quantitatively sizeable, thus the
composition effect dominates, leading to a sharp decline in aggregate productivity
(much stronger - and earlier - than without reallocation). As a result, aggregate
productivity overshoots and then approaches the long-run level of productivity from
below at the end of sample, as the relative size of the social sector converges to
steady state, pushing up again productivity. In short, our analysis shows that the
composition effect due to reallocation is key to generate a sinusoidal shape of the
response of aggregate productivity. Thus, neglecting the reallocation of demand
across sectors that characterized the pandemic, as we do in the bottom left panel of

Figure 4, entails counterfactual dynamics in labor productivity.

6 Monetary Policy in an Epidemic

This Section studies the role of monetary policy during the pandemic. Monetary
policy is very powerful in influencing the dynamics of output and the reallocation of
activity across sectors. Figure 5 compares the dynamics of our benchmark specifica-
tion with the ones under flexible wages. Dynamics of output and consumption are
similar across specifications, although the recession is stronger in the flexible prices
case. Importantly, there is a substantial difference in business dynamism between
the two cases. Under flexible wages, we do not observe the reallocation of entry
opportunities that characterize US data. Indeed, few periods after the shock, entry
diminishes sharply in both sectors. Despite the sizeable reduction in the productiv-
ity cutoff, the recession is so severe to induce a contraction in the number of entrants
also in the non-social sector. While powerless in the flexible wage case, in presence

of nominal rigidities monetary policy affects the real interest rate.'” Specifically, in

15While the real interest rate surges slightly on impact to stay flat for one year before starting
decreasing under flexible wages, with nominal rigidities the real interest rate drops on impact and
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Figure 5: IRF's of the main macroeconomic variables to the pandemic shock. Sticky
Wages Vs. Flexible Wages.

our benchmark case, the monetary response is such that the real rate decreases per-
sistently. This supports consumption during the crisis, leading to a milder recession
with respect to the flexible wages scenario. Due to fear of contagion, the additional
consumption flows to the non-social sector. Hence, by sustaining aggregate demand
through a blunt - and not tailored - instrument as the real interest rate, monetary
policy induces a larger reallocation between the two sectors. While studying the
optimality of this measure goes beyond the scope of this paper, we point out that
the dynamics of the real interest rate is a key ingredient to replicate the sectoral
business dynamism observed in US data.

To further investigate this point, Figure 6 shows model dynamics under alter-
native parameterizations of the output gap coefficient response in the interest rate
rule. A larger weight on output in the Taylor rule leads to a stronger reduction in
the real rate in response to the crisis and, thorough the demand channel, to a milder
recession and hence a stronger reallocation. The larger is 9,,, the lower is the cut-off
in the non-social sector at the outset of the pandemic. Hence, entry and the number

of firms respond strongly and are always above steady state. The social sector also

keep reducing for around one year and half before reverting to steady state.
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Figure 6: IRFs of the main macroeconomic variables to the pandemic shock under
different Values of the output response coefficient in the interest rate rule.

benefits from a lower recession, because the dynamics of both entry and the number
of firms raises with ¥, almost uniformly - in the sense that they exhibit a similar
shape, but just shifted upwards.

The next Section studies the effects of the pandemic shock when public author-
ities impose social distancing measures. Additionally, we study the role played by

the relative size of the social sector for the propagation of the epidemic.

7 Further Results

This Section discusses the role of social distancing measures, and of the economic
structure of a country, in terms of the relative size of the social sector, for the
propagation of the pandemic. We do not discuss the effect of roundabout production
in the main text since our analysis suggests that the network linkages - as far as
modelled as standard and symmetric roundabout - did not have strong economic

effects during the pandemic.
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7.1 Social Distancing

The Social distancing (SD, henceforth) measures implemented by various govern-
ment around the globe, were aimed at reducing the diffusion of the disease along the
three possible contagion channels that we consider: consumption, work and random
encounters between susceptible and infected agents. In other words, they aimed
at reducing the probabilities my, o and m3. We compare the benchmark simulation
without SD to three alternative scenarios, that differ only in the duration of contain-
ment measures. Under all scenarios characterized by SD, we assume a generalized
20% cut in social contacts with respect to the benchmark case. Figure 7 displays
transition dynamics under the cases we consider. Green dashed lines refer to the
benchmark transition with no containment measures, blue solid lines to the case in
which containment measures are imposed for 6 months, yellow dotted lines to the
case in which social distancing applies for 1 year, and finally red dotted-dashed lines
refer to the case in which SD is imposed permanently, i.e. for the whole transition.

Independently of their length, SD measures dampen the peak effect of the reces-
sion on consumption, output and other macroeconomic variables with respect to the
benchmark no-SD scenario. Nevertheless, they extend the duration of the recession,
and the more so, the longer their duration. The reason is that SD smooths out
the reallocation process across sectors with respect to the benchmark case. Indeed,
fluctuations in sectoral productivities are dampened and last longer with respect to
what observed in the baseline scenario. Turning to epidemiological effects, contain-
ment measures are effective at diminishing the number of infected people, but their
effects on the number of dead individuals depend on their duration. Specifically,
when measures are imposed for half a year the effects are simply delayed. Indeed,
with respect to our no-SD baseline scenario the difference in the number of dead
individuals at the end of the transition is minor. However, we do not consider the
possibility that the temporary strategy would prove effective in buying time to au-

thorities for a reorganization of health care facilities, and for the development of a
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Figure 7: Simulation Benchmark vs. Social Distancing

vaccine or a cure of the disease. In the case of a more extended SD policy, where
measures are imposed for an year, we observe a substantial reduction in the loss of
lives. Lifting containment measures after a year, however, leads to a second wave of

infection as suggested by the dynamics of the number of infected.

7.2 Economic Structure

The IMF World Economic Outlook (April, 2021) argues that output losses have been
particularly severe for countries with a large relative size of high-contact sectors. For
this reason, we compare the response of our model economy to the pandemic under
two alternative scenarios concerning the relative size of the social sector. The first
one is meant to mimic the US. Kaplan et al. (2020) report that the US value added
share of social sectors is approximately 0.26. We set xys = 0.34 to match this
target. The second scenario is meant to represent the case of an economy with a
larger social sector. To do so we set x = 1 — xys = 0.66. The fact that the relative
sizes of social sectors across scenarios sum to 1 allows to hold the aggregate size of
the economy unchanged across the two cases, so that the epidemiological block of

the model is comparable across the two scenarios.
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Red solid lines in Figure 8 refer to the case of an economy characterized by a large
social sector, while green dotted-dashed ones to the case of a smaller social sector.
Consistently with the evidence uncovered by the IMF, output and consumption
losses are larger in the former case. The deeper recession observed in the case of a
large social sector is accompanied by an abrupt reallocation across sectors. Indeed,
the number of operative firms in the social sectors collapses as well as firm entry.
Notice that, when the size of the social sector is large, percentage deviations from the
initial equilibrium in consumption and operative firms in the social sector are smaller
with respect to those observed in the case of a smaller social sector. Nevertheless,
since the absolute size of the social sector is significantly larger when y = 0.66, the
absolute magnitude of the reallocation across sectors is more sizeable in the former
case. The relative size of sectors is reflected also in the epidemiological block of
the model. When the size of the social sector is larger, there is a higher number
of infected both at the peak and during the transition, which ultimately result in a

higher death toll.
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8 Conclusions

A key dimension to consider in order to understand firms economic exposure to the
COVID-19 pandemic is their sector of operation. Considering US statistics on Busi-
ness formation, we argue that during the pandemic business startups reallocated
from sectors characterized by social interaction to those characterized by low social
contact. To rationalize this fact, we build an Epidemiological-Industry Dynamic
model characterized by firms with heterogeneous productivity and endogenous busi-
ness dynamism. The epidemiological block of the model consists of a SIR model. We
showed that in response to the outburst of the pandemic, our framework reproduces
the reallocation of entry opportunities across sectors observed in US data. The lat-
ter entails a response in sectoral and aggregate productivity. At the sector level,
there is cleansing of low-productivity firms in the social sector, and the opposite in
the non-social one. Accounting for productivity movement at the sectoral level does
not, however, suffice to explain the empirical pattern of aggregate labor productivity
during the pandemic. We showed that a paramount ingredient to replicate the latter
is to capture the reallocation of demand and of operative firms across sectors that
we observed during the pandemic. Monetary policy, through its effect on the real
interest rate, affected business dynamism during the Covid-19 crisis. Indeed, the
latter cannot be replicated in a the flexible-wage counterpart of our model. Finally,
our framework could naturally rationalize the different quantitative effects of the
Covid-19 shock observed in countries caracterized by different relative sizes of the
social vs. non-social sectors. Our analysis has not considered the lockdown measures
governments have taken in response to the COVID-19 pandemic, but emphasized the
role of the behavioural response of households for the propagation of the pandemic
to the economy. On the basis of our results, we expect that lockdown measures
would quantitatively amplify, but not qualitatively alter, the reallocation process
across sectors that we described in the paper. Exploring the effects of lockdown

measures on productivity represents an interesting avenue for future research.

33



References

AcemocLu, D., U. AkciciT, AND W. KERR (2015): “Networks and the Macroe-

conomy: An Empirical Exploration,” NBER Macroeconomics Annual.

ALFARO, L., E. FAlA, N. LAMERSDORF, AND F. SAIDI (2020): “Social interac-
tions in pandemics: Fear, altruism, and reciprocity,” Tech. rep., National Bureau

of Economic Research.

ALVAREZ, F.; D. ARGENTE, AND F. Lipp1 (2020): “A simple planning problem for

COVID-19 lockdown, testing, and tracing,” American Economic Review: Insights.

AscArl, G., L. PHANEUF, AND E. R. SiMms (2018): “On the welfare and cyclical
implications of moderate trend inflation,” Journal of Monetary Economics, 99,

56-71.

BAQAEE, D. AND E. FARHI (2020): “Nonlinear production networks with an appli-

cation to the covid-19 crisis,” Tech. rep., National Bureau of Economic Research.

Basu, S. (1995): “Intermediate Goods and Business Cycles: Implications for Pro-

ductivity and Welfare,” American Economic Review, 85(3), 512-531.

BERGIN, P. R., L. FENG, AND C.-Y. LIN (2018): “Firm entry and financial

shocks,” The Economic Journal, 128, 510-540.

BERNARD, A. B., J. EATON, J. B. JENSEN, AND S. KORTUM (2003): “Plants and

productivity in international trade,” American economic review, 93, 1268-1290.

BiBug, F. O., F. GHIRONI, AND M. J. MELITZ (2012): “Endogenous entry,

product variety, and business cycles,” Journal of Political Economy, 120, 304—

345.

BiBig, F. O., F. GHIRONI, M. J. MELITZ, V. MIDRIGAN, AND J. J. ROTEM-

BERG (2007): “Monetary policy and business cycles with endogenous entry and

34



product variety [with comments and discussion|,” NBER Macroeconomics Annual,

22, 299-379.

BiLBiEg, F. O. AND M. J. MELITZ (2020): “Aggregate-demand amplification of
supply disruptions: The entry-exit multiplier,” Tech. rep., National Bureau of

Economic Research.

Broowm, N., P. Bunn, P. MizEN, P. SMIETANKA, AND G. THWAITES (2020):
“The Impact of Covid-19 on Productivity,” Working Paper 28233, National Bu-

reau of Economic Research.

Carvo, G. A. (1983): “Staggered prices in a utility-maximizing framework,” Jour-

nal of monetary Economics, 12, 383-398.

CASARES, M., H. KHAN, AND J.-C. POUTINEAU (2018): “A structural analysis

of US entry and exit dynamics,” Tech. rep.

CHRISTIANO, L. J. (2016): “Comment on “Networks and the Macroeconomy: An
Empirical Exploration”,” in: Martin Eichenbaum and Jonathan Parker (eds.),
NBER Macroeconomics Annual 2015, Volume 30, Chicago: University of Chicago

Press., 346-373.

CHRISTIANO, L. J.; M. EICHENBAUM, AND C. L. EVANS (2005): “Nominal rigidi-
ties and the dynamic effects of a shock to monetary policy,” Journal of political

Economy, 113, 1-45.

CHRISTIANO, L. J., M. TRABANDT, AND K. WALENTIN (2011): “DSGE Models
for Monetary Policy Analysis,” in Handbook of Monetary Economics, ed. by B. M.
Friedman and M. Woodford, San Diego CA: Elsevier, chap. 7, Volume 3, 285-367.

CHuGH, S. K. AND F. GHIRONI (2011): “Optimal fiscal policy with endogenous

product variety,” Tech. rep., National Bureau of Economic Research.

35



CLEMENTI, G. L. AND B. PALAzzO (2016): “Entry, exit, firm dynamics, and

aggregate fluctuations,” American Economic Journal: Macroeconomics, 8, 1-41.

CoLcIAGO, A. (2016): “Endogenous market structures and optimal taxation,” The

Economic Journal, 126, 1441-1483.

CoLc1AGO, A. AND R. SILVESTRINI (2020): “Monetary policy, productivity, and

market concentration,” .

CoLLARD-WEXLER, A. (2013): “Demand fluctuations in the ready-mix concrete

industry,” Econometrica, 81, 1003-1037.

DE LOECKER, J. AND J. EECKHOUT (2018): “Global market power,” Unpublished

Manuscript.

D1 GIOVANNI, J. AND A. A. LEVCHENKO (2012): “Country size, international

7

trade, and aggregate fluctuations in granular economies,” Journal of Political

Economy, 120, 1083-1132.

EpMoND, C.,; V. MIDRIGAN, AND D. Y. Xu (2015): “Competition, markups, and

the gains from international trade,” American Economic Review, 105, 3183-3221.

E1cHENBAUM, M. S.,; S. REBELO, AND M. TRABANDT (2020a): “Epidemics in the
neoclassical and new Keynesian models,” Tech. rep., National Bureau of Economic

Research.

(2020b): “The macroeconomics of epidemics,” Tech. rep., National Bureau

of Economic Research.

FosTER, L., J. C. HALTIWANGER, AND C. J. KRrIizAN (2001): “Aggregate Pro-

)

ductivity Growth: Lessons from Microeconomic Evidence,” in New Developments
i Productivity Analysis, ed. by C. R. Hulten, E. R. Dean, and M. J. Harper,

University of Chicago Press, 303-372.

36



GABAIX, X. (2011): “The granular origins of aggregate fluctuations,” Econometrica,

79, 733-772.

GHIRONI, F. AND J. Kim (2019): “Structural Reforms in Granular Economies,”

Unpublished Manuscript, Working Paper.

GHIRONI, F. AND M. J. MELITZ (2005): “International trade and macroeconomic

Y

dynamics with heterogeneous firms,” The Quarterly Journal of Economics, 120,

865-915.

GREENSTONE, M. AND V. N1GAM (2020): “Does social distancing matter?” Uni-

versity of Chicago, Becker Friedman Institute for Economics Working Paper.

GUERRIERI, V., G. LORENZONI, L. STRAUB, AND I. WERNING (2020): “Macroe-
conomic implications of COVID-19: Can negative supply shocks cause demand

shortages?” Tech. rep., National Bureau of Economic Research.

(2021): “Monetary Policy in Times of Structural Reallocation,” University

of Chicago, Becker Friedman Institute for Economics Working Paper.

GUTIERREZ GALLARDO, G., C. JONES, AND T. PHILIPPON (2019): “Entry costs

and the macroeconomy,” NBER Working Paper, w25609.

HamANO, M. AND F. ZANETTI (2017): “Endogenous product turnover and

macroeconomic dynamics,” Review of Economic Dynamics, 26, 263-279.

Huang, K. X., Z. Liu, AND L. PHANEUF (2004): “Why Does the Cyclical Be-
havior of Real Wages Change Over Time?” American Economic Review, 94(4),

836-856.

Hur, S. (2020): “The Distributional Effects of COVID-19 and Optimal Mitigation

Policies,” Federal Reserve Bank of Dallas Working Paper.

INTERNATIONAL MONETARY FUND (2021): World Economic Outlook, April.

37



JAEF, R. N. F. AND J. I. LoPEZ (2014): “Entry, trade costs, and international

business cycles,” Journal of International Economics, 94, 224-238.

JoNEs, C., T. PHILIPPON, AND V. VENKATESWARAN (2020): “A note on efficient

mitigation policies,” Covid Economics.

KaApPLAN, G., B. MoLL, AND G. L. VIOLANTE (2020): “The great lockdown and
the big stimulus: Tracing the pandemic possibility frontier for the US,” Tech.

rep., National Bureau of Economic Research.

KERMACK, W. O. AND A. G. McKENDRICK (1927): “A contribution to the
mathematical theory of epidemics,” Proceedings of the royal society of london.

Series A, Containing papers of a mathematical and physical character, 115, 700—

721.

King, R. G. AND S. T. REBELO (1999): “Resuscitating real business cycles,”

Handbook of macroeconomics, 1, 927-1007.

MEeLiTZ, M. J. (2003): “The impact of trade on intra-industry reallocations and

aggregate industry productivity,” FEconometrica, 71, 1695-1725.

MOSER, C. A. AND P. YARED (2020): “Pandemic lockdown: The role of govern-

ment commitment,” Tech. rep., National Bureau of Economic Research.

NAKAMURA, E. AND J. STEINSSON (2010): “Monetary Non-Neutrality in a Multi-

Sector Menu Cost Model,” Quarterly Journal of Economics, 125, 961-1013.

Rossi, L. (2019): “The overshooting of firms’ destruction, banks and productivity

shocks,” Furopean Economic Review, 113, 136-155.

SCHMITT-GROHE, S. AND M. URIBE (2005): “Optimal fiscal and monetary policy

in a medium-scale macroeconomic model,” NBER Macroeconomics Annual, 20,

383-425.

38



TOXVAERD, F. M. (2020): “Equilibrium social distancing,” .

YaN, Y., A. A. MALK, J. BAvyHaMm, E. P. FENICHEL, C. COUZENS, AND
S. B. OMER (2021): “Measuring voluntary and policy-induced social distancing
behavior during the COVID-19 pandemic,” Proceedings of the National Academy

of Sciences, 118.

39



A Appendix

A.1 Households

The economy features a continuum of homogeneous households or family of mass
one, and markets are complete. For these reasons we consider a representative house-
hold from the outset. Each household is populated by a continuum of individuals,
who differ in their contagion type. The family is initially of unitary length, while at
time ¢ has size (1 — D;), where D; denoted the cumulative number of dead members

of the household. The time-t¢ utility of the representative household is:

()™
(1—-Dy)log(ct) — (1 —Dy)v e uqD; (A1)

where ¢; is the individual, i.e. of each living household’s member, consumption
of the final good, [; denotes individual labor supply and u, is the flow disutility from

death, which includes the psychological costs of death on surviving members. The fi-

n
n—1 n=1 n—1

nal good is a composite good defined as: ¢, = [ynci(s) 7 + (1 — X)% ci(ns) 7 :
where ¢;(s) and ¢;(ns) are the individual consumption levels of the social and the
non-social good, respectively. Both ¢;(s) and ¢;(ns) are defined as aggregators of
goods produced in the social and non-social sector, respectively. The parameter y
captures the relative importance of the social good in the consumption basket, while
the parameter 17 > 1 measures the elasticity of substitution between the social and

the non-social goods.

A.1.1 Income and Investment

In each time period ¢, agents can purchase any desired state-contingent nominal
payment A;y; in period t + 1 at the dollar cost EyA; 41 Airr/mir1, where Aypyq
denotes the stochastic discount factor between period t+1 and t, and 7;,; denotes
the inflation rate over the same period. Households choose consumption, hours of

work, and how much to invest in state-contingent assets and in risky stocks b;,1(q).
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Stock ownership ensures to households a flow of dividend distributed by operative
firms. We assume a continuum of differentiated labor inputs indexed by j € [0, 1].
Wages are set by labor type specific unions, indexed by j € [0, 1]. Given the nominal
wage, Vth , set by union j, agents stand ready to supply as many hours to labor

market 7, L{ , as required by firms, that is
L} = (W} JWy)~0" L, (A2)

where W is an aggregate wage index, and L{ is aggregate labor demand. The latter
can be obtained by integrating firms’ individual labor demand over the distribution
of idiosyncratic productivities. Formal definitions of the labor demand and of the
wage index can be found in the sections devoted to firms. Agents are distributed
uniformly across unions, hence aggregate demand for labor type j is spread uniformly
across households. Total hours must satisfy the time resource constraint L{ =

fol L] dj. Combining the latter with equation (A2) we obtain

1
L =1 / (wd Juwn) " dj
0

where lower case letters denote wages in real terms. The labor market structure
rules out differences in labor income between households without the need to resort

to contingent markets for hours. The common labor income is given by
[ iz =zt [ i)t
0 0

Besides labor income, households enjoy dividend income through stock ownership.
The timing of investment in the stock market is as in Bilbiie et al. (2012) and Chugh
and Ghironi (2011). At the beginning of period ¢, the household owns b;(q) shares
of a sector mutual fund that represents the ownership of the N;(¢) incumbents in

sector (¢) in period ¢, with (¢) = {(s), (ns)}.
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The period-t asset value of the portfolio of firms held in sector (¢) can be ex-
pressed as the sum of two components. First, the total firms’ value in sector (g),
which is the product between the average value of a firm 7,(¢) and the existing mass
of firms N;(¢q) in the same sector. Second, following the production and sales of
varieties in the imperfectly competitive goods markets, total firms’ dividends, dis-
tributed only by operative firms. Operative firms in sector (¢), that we denote as
N,+(q) and formally define below, are the set of firms that are actively producing
in each sector at time ¢t. As shown in Appendix A.10, total dividends received by
a household in a sector can be written as N,;(q)é:(q), where é,(¢q) denotes average
sectoral dividends, that is the amount of dividends distributed by the firm with
average sectoral productivity. To obtain the total value of the portfolio held by
households, one needs to sum both components over the two sectoral funds.

During period ¢, the household purchases b;,1(q) shares in new sectoral funds
to be carried to period t + 1. Since the household does not know which firms will
disappear from the market, it finances the continued operations of all incumbent
firms as well as those of the new entrants, Nf(q), although at the very end of period
t a fraction of these firms disappears. The value of total stock market purchases is
thus > _, ., :(q) (Ni(q) + N£(q)) beya(q)-

A fraction of the resources of household is deposited to financial intermediaries
that provide loans to firms. Firms use one-period loans to finance a fraction a,, €
[0, 1] of the wage bill in advance of production. In equilibrium, a real amount equal
to a,w; LY must be gathered for this purpose. The deposit yields a gross interest rate
R;. Interests on deposits are distributed to households at the end of each period
t in a lump sum fashion. We can finally write the flow budget constraint of the

representative household as:

(1=D2) Y pe(@) e (@) + Errepranis + Y 0(q) (Nilg) + Ni(q)) beya(q) =

q=s,ns q=s,ns
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6,

L g . 5

= Ltd/o wy (i) dj+7r_i+ Z (Ne(@)21(q) + Now(q)er(q)) bi(q)+(Re — 1) aww, L{
q=s,ns

where p; (q) is the price of the good produced in sector (q) expressed in real terms,

that we define in the section devoted to firms.

A.1.2 Utility Maximization

Denoting with V; the household’s value at time t, utility can be written in recursive

form as:

()™
1+¢

Vi(-) = (1 =Dy)log (c;) — (1 —Dy)v ( ) —uyDy + BE Vi () (A3)

The household maximizes (A3) with respect to ¢ (s), ¢ (ns), If, Div1, Ziy1, Sev1s
Riy1 (dropped from the maximization as Ry = 1 — Dy — I, — &), air1, biv1 (8)
and by (ns) at any ¢t. Constraints to the problem are the household’s budget
constraint presented above, the time resource constraint L; = L¢ fol(wf Jwy) "% dj
and the equations defining contagion, presented in the main text. The recursive

utility maximization problem reads as:
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s\1+¢
Vi(St, Zi, Dy, ag, bi(s), by(ns)) = (1 — Dy) log (¢;) — (1 = Dy) v (Ut) > — ugDi+

+ 6Et‘/t+1 (St+17 It+17 Dt+17 Q¢41, bt+1 (S>a bt+1 (TLS))
J

i [ v (w_> G+ %Y (@) + N0 )

Wy

+ M\

q=s,ns

+ (R — 1) OéthLf — (1 ="Dy) Z pr(q) et (q) — Evrygpraiia+

q=s,ns

_ 51(q) (Ny(q) + N£(q)) besa(q) | +

N
A Ll
4 o (1—Dt)lf—L§’/ <“’—> &l +
He o \ Wt

+ AT,t [7; — St]ltﬂ'lct (8) Ct (S) — Stﬂtﬂ'glf[/td — 7T3St]1t:| +

+ A2t [Sip1 = Te = Ly + (mp + 7a) Ty +
+ A5t [Sep1 — S+ Ti) +

+ Apt [Dip1 — Dy — i L]

n

n—

where p; (¢) = P}th) and ¢, = [X%ct(s)Tl + (1 - X)% ct(ns)nT_l] """ The First Order

Conditions (FOCs) are the following:'®

Silly
1 —"Dy

1

c(s)xm (@> . = Api () e+ A7y

Cy

mCy (8) ¢

16Rearranged from

Ct(S)_"l:| — (]. - Dt) )\tpt (S) - )\T’tSt]Itﬂ'lct (8) =0

ct(ns): (1 —"Dy) [77 iU cfi1 (1- X)% n= 1ct(n5)nl} = (1 —D¢) Mepe (ns)

(1 —D;) — M Silima L = 0
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L fe(ns)\ T
ci(n9): (1207 (“2) T sy
t
s s AW St]It
v’ = ;tt — A77t1 — DtﬂgLf

Ti:Ari+Asi— Az, =0
Livr: BEVIip + Az =0
St1: BEVs 1+ Ast =0
Dyt : BEVD i1+ Apy =0
a1t BEVap1 — MEyri 01 =0
bi1(8) © BEVi(s) i1 — MUi(8) (Ni(s) + Ni(s)) =0
bir1(ns) : BEVims) 41 — Ael(ns) (Ne(ns) + Ni(ns)) =0

Finally, the envelope conditions are:

Vir=-Xz:(1—m)+7i (A2t — Apy)

VS,t = )‘T,t [—Ht’ﬂ'lct (S) Ot (S) — ]Itﬂ'glfL? — 7T31[t] — )\S,t

()™
1+¢

Vp = —log(c) + v ( ) — g+ M [pi(s) e (s) + i (ns) ¢ (ns)] —

‘/a,t = /\t_

Vigs)e = i [Ni(8)0e(8) + Nou(s)én(s)]
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Vins)t = At [Ne(ns) 0y (ns) + Noi(ns)éy(ns)]

Jones et al. (2020) point out that there is one externality not internalized by
households. When considering current exposure risk in the newly infected equation,
households scales it to [; and not to Z;. For this reason it neglects the risk of infecting
others more tomorrow due to current choices. As a result, their mitigation efforts are
lower than what would be socially optimal. Given the available workforce, it follows
that aggregate labor supply is L{ = (1 — D;)[f. The no arbitrage condition, such

that the expected returns on different assets classes are equalized, is Eyry 1 = 1/R,.

A.2 Consumption of Individual Goods and Price Indexes

Let ¢, (q) be the consumption of the good produced by the firm with productivity
z in sector (g), or, in short, the consumption of good z in sector (¢q). Consider
minimizing expenditure when buying goods from the social sector, i.e. the sector
which entails exposure externalities. The expenditure minimization problem of the
household reads as follows. We assume that the levels of consumption involved here

are individual, i.e. relative to one member of the household. The problem is:

mm/ Ny(8)p2p (8) ez (5) g(2)dz

cz,t(s),

such that:

0

= ([ Mlodensts) P gtz )

The Lagrangian is:

_ / T N()pa (5) s () 9(2)dz4O4(s)

(/ Ny(s)es (s %(z)dz)&]
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where ¢, (s) is the consumption of good z in the bundle ¢, (s). The F.O.C. is:

]W@%ﬂ@—@mﬁl(AWMQMAﬁ%E@M%%UWQW51@A$5zo

or

Dot (5) = O4(s)cy (5)7 ap(s)™7

Raise to the power of 1 — 6, multiply by N,;(s) and integrate over the distribution

of the idiosyncratic productivitities

/Nt ()2 ()70 g(2)dz = Oy(s) /Nt $)au(s) 7 g(2)dz

raise to ﬁ to get

() 07t " -6t ([N ) ;

SN

Since the term in round brackets in the RHS equals ¢; (s)”? it follows that

(A§M®mﬂﬁem&wy%=@m)

©,(s) represents the cost of relaxing the constraint when the objective is mini-
mized, thus it amounts to the minimum cost of acquiring a unit of ¢; (s), and it can
be given the interpretation of the price index in sector s, that is P, (s), which can

thus be written as:

1

- (/OOO Ni($)p=,z <S)1_99(z)dz) =

Substituting the latter into the initial FOC we obtain
—6
Cze(s) _ (pz,t (S)>
¢t (s) By (s)
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Given all member of the surviving members of the households have the same

consumption, it follows that the latter can be rewritten as

()

where recall that capital letters denote aggregate variables, thus C,(s) is the
aggregate consumption of good z in sector s, and C} (s) is the aggregate consumption
of bundle s. From the household problem that the individual demand of bundle s

is given by:

1 [ cls W S, I
X" (ﬁ) = [Atpt (5) + A7 s i o) (3)} Ct

Cy

or

ci (s S,I -
( tc(t>) =X [)\tpt (5)+)‘T,t1 _tlt)tmot (3)} ;"

The latter represents the demand of good s by an individual member of the house-

hold. Aggregate consumption levels are:
Ci(s) =1 =Dy)ci(s)

and

Ct = (1 _Dt) Ct

As a result, the aggregate consumption of bundle s is

(&) e me] (5 55;)

or
Sth
1—-"D,

Ci(s)=(1-Dy)"x {)\tpt (s) + A1 m1C, (5)1 - (C)' 7
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Turning to the consumption of bundle ns, from the household problem we get:

(1- X)% (C((ZS))_T71 = Aipy (ns) &

or

Ci(ns) = (1= x) (1= D)" [Mpy (ns)] " C; 7"
Note that both demand functions simplify to standard CES demands if there is no

pandemic.

A.3 Aggregate price index

The aggregate price index must be such that
P,Cy = P, (s) Ci (s) + B (ns) Cy (ns)

substituting for the demand functions:

Silly B

n
P.Cy = P (s) x (1 =D)" [ My (8) + Ay — 5 mC(s)| C7"+
- t

+P; (ns) (1= x) (1 = Dy)" (Aepr (ns)) " Gy "

or

P, = (1 _Ct,Dt)_n {E (5) X |:/\tpt (8) + AT’tl‘%H;)tWICt (8) - =) (ns) (1 B X) (>\t)0t (ns))_n}

Notice that when I, = 0, D, = 0 and, thus, A\; = C%:
Py =xPy(s)' "R + (1 = x) Pi(ns)' " P]

P, = [XP(s)'™" + (1= x) Pi(ns)*="] ™7
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which is the traditional price index under CES production function.

A.4 Firms and Cost Minimization

Each sector (¢) is populated by a mass N;(q) of atomistic firms. Once upon entry,
firms draw a time invariant idiosyncratic productivity level, denoted by z, from a
known distribution function, g(z), which is identical across sectors and has a positive
support. Within their sector of operation, the only source of heterogeneity across
firms is the idiosyncratic productivity level, so that we can can index firms within a
sector with z. Firms compete monopolistically within the sector and are subject to
entry and exit. Each firm produces an imperfectly substitutable good v, .(¢), which
is an input to the production of a sectoral bundle Y;(q) by a sectoral good producer.

The latter adopts a CES production function defined as:

_0_
6—1

Vi) = ([ Moo T o212 (A1)

where # > 1 is the degree of substitution between sectoral goods. The production
function of individual goods producers is a constant return to scale Cobb-Douglas
function, with parameter 0 < a < 1. The two inputs are labor, [,:(¢q), and an
intermediate input, X, ;(¢). The latter is a composite of all the goods in the economy,
i.e. we define a roundabout in production. The individual production function reads

as:

yz,t(Q) = Ztle,t(Q)lfaXz,t(Q)a

where the variable Z; is an exogenous, and common to all firms, level of productivity.
The labor input is defined as a CES aggregator of differentiated labor inputs indexed
by j € [0, 1], defined as:

Ow

i) = ([ =)™ (A5)
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where 6, > 1 is the degree of substitution between labor inputs. The minimization
of total labor costs, fol th l§7t(q)dj, delivers firm z’s demand of labor input j and the

definition of the aggregate nominal wage index, which are respectively:

N
1(q) = (ﬂ) L.+(q) (A6)

Wy

and

w= ([ ) a) - (AT

where W/ (w!) is the nominal (real) wage of labor input j, and L. ,(q) denotes the
demand of the labor bundle by firm z.

Our analysis encompasses the case where firms have to partially pay their workers
before production takes place. In this case, firms finance a fraction 0 < ayp < 1 of
their wage bill resorting to loans from financial intermediaries. Loans are reimbursed
at the end of the period at the gross risk-free interest rate R;. When ay = 1 the
entire wage bill must be borrowed in advance of production, while when ay = 0
firms do not borrow at all.'” Additionally, firms face fixed costs of production f,
defined in terms of the final good.

Before maximizing profits, firms choose the optimal levels of labor and interme-
diate input to minimize the costs of production for a given level of idiosyncratic

output. The minimization of the costs of production for a firm is:

min = (awRi +1—aw) Wil,+(q) + P.X.+(q) + Pifor

lz,t(q),X2,t(q)

subject to the definition of the production function:

yz,t(q) = Ztle,t(Q)l_aXz,t(Q)a (AS)

Note that f,;P; are the nominal fixed costs of production (since f,; are the real

I7The latter is assumed in the benchmark specification.
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fixed production costs). The Lagrangian is:
L= (awR +1—ow)Wil, () +PX.(q)+Pi for+X:1(q) [Z/z,t(Q) - Ztle,t(CI)lfa z,t(Q)a}
The F.O.C. with respect to [, :(q) is:
(awRi+1—aw) W= X1(q) (1 —a) Zizl,:(q) *X..(q)” (A9)
while the F.O.C. with respect to X, ;(q) is:
P =N u(@)aZizl () ™ X n(0)* ™ (A10)

Combining the two F.O.C.s we get the optimal ratio between the two inputs, which

does not depend on idiosyncratic variables nor on sectoral quantities:

XZ,t(Q) _ .« %
lz,t(Q) 1—« Pt

(Oéth +1-— Ckw)

because of this reason, this optimal condition holds in both sectors and for all firms.
Moreover, it is easy to show that A, ;(q) is the marginal cost. First, substitute

(A9) and (A10) in the cost function

(OéWRt +1-— CYW) thz,t(q)+Pth,t(q)+fa:,tPt = Az,t(Q) (1 - 04) Ztle,t(q)_aXz,t(Q)alz,t(Q)+
=+ (Q)aZizl 4 (0) Xt (0)* ' Xo () + foaPr =

= >\z,t(Q)Ztle,t(CI)l_aXz,t(Q)a + fx,tPt = )\z,t(Q)yz,t(Q) + fac,tPt

Hence the cost function is linear in the output (CRTS) and 2214 — pf C.i(q) =

0y=,t(q)
)‘z,t(Q)'

Second, note that from (A9) and (A10) we can get the expression for the marginal
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cost which is given by A, +(q)

ww&+1—awnm=Au@M1_@zﬂ(me»a

lm(@)
or
Ay aZz\ e
(awRy + 1 — aw) Wy = \4(q) (1 — @) Zez (%) =
t
1 0 [a\Te
— sl ™ (1) (27 ()
(awRi +1— o)W, [P\ T* 1
_ — Z l—«
— - Neila) (Z2)
1 (Oéth -+ 1-— Oéw) Wt 1-a Pt @
— — ] =X All
A% { 1 -« } o =(4) ( )
Thus:

MC.,(q) = MC., = (A12)

«

1 [(awRi+1—aw) W] (P\°
ZtZ 11—« ’

Marginal costs are affected by both the idiosyncratic productivity level, z, and by
aggregate productivity, Z;. The aggregate price level, P;, appears in the definition
of marginal costs because it represents the cost of one unit of the intermediate input

X.+(q). Real profits of firm z in sector (¢) read as :

€z,t(CI) = pz,t(Q)yz,t(Q> - (aWRt +1- OéW) thz,t(Q) - Pth,t(CI) - Ptfx,t (A13)

Profits maximization is presented in the following Appendix.
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A.5 Profits Maximization

Firms maximize their per-period nominal profits by choosing the optimal price

p.+(q). Maximization is, thus:

max  P.+(q)y:1(q) — (awRe + 1 —aw) Wilo+(q¢) — P X.+(q) — Pifer q=1,2

P=,t(q)

Subject to the definition of production (A8), to the F.O.C. from costs minimization,

and to the demand constraint:

y-1(q) = (p;j(i]q)) ) K Yi(q)

which derives from the costs minimization of the sectoral bundlers. By combining
the optimality condition from the costs minimization and the definition of the Cobb-

Douglas, nominal profits can be rewritten as:

1 (O./WR,: + 1— Oéw) Wt - Pt N
Pza(0)y=.(q) yz,t(Q)Z_tZ < T ) - ot P

Using the demand function, profits can be rewritten as:

i@ () Vi) = pat0)” () V@ MC— LB

Under monopolistic competition, firm z takes sectoral and aggregate variables as
given. As a result, the first order condition for profit maximization with respect to

p2+(q) reads as
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Under monopolistic competition, the optimal real price p,;(q) = p.(q)/P; satisfies:

«

(= 8 MC_ 0 1 ((awRitl-aw)w) (1Y
P\ = 1B T 0-172 1—a

Note that the firm-z real price is solely determined by the idiosyncratic productivity
level z. The term 6/(6 — 1) represents the standard time and firm invariant constant
markup over marginal costs under monopolistic competition.

Individual real profits read as:

MCz,t
B

ezt(Q) — pz,t(Q)

P — faut (A14)

yz,t (Q) - yz,t(Q)

H —
ez,t(Q) = Pz,t(Q)yz,t(Q) - Tlpz,t(Q)yz,t(Q) - fx,t

o) = @)~ foa = ot (4D

)9 Yi(g) = fos

The sectoral quantity shares the same aggregator and demand constraint of the
sectoral consumption, which, thus, entails the internalization of the exposure to

contagion:'®

(%?) =y {)\tpt (s) —I—)\7—7t1‘%]12t)t7rlct (8)} = < uf—tpt) > w

Using the demand functions just provided, individual profits is sector (¢) = (s) can

be rewritten as:

1

S G B
€z,t(3) = gﬂz,t(s)kaﬂt(s)e){ [)\tﬂt (s) + >\T,t1 _tlt)tﬂlct (5)] (ﬁ) Y, — fau

18See Appendix A.7.
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while in sector (¢) = (ns) they are:

cea) = s (091 =0 Do (0977 () i

In the next sections we describe the endogenous exit margin and we compute the

cut-off productivity levels, used in the main text.

A.6 Productivity Cut-off

Firms turn inactive when, by producing, they would make negative profits. Using
this, we can define a cut-off productivity level, one for each sector, below which

firms become idle. Setting equilibrium real profits equal to zero we get:

for = gouecld) p0)"Vi a)

or:

_ o o .
(Pt(Q)eYt(q)> ¢ pzei(q)

substituting the real price p,;, evaluated at the cut-off zc:

o 1 ((ath+1—aW)wt)1‘“<1>“_< fus >1—169119
0 —1Z,25(q) 1-a a) — \p(q)i(q)

Solving for the sectoral cut-off productivity zf(g):

0= 20 L (R o)) 1) hy Y
ez I-a a) \pa)Yi(q)

which is the formula we use in the main text.
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A.7 Fictitious Bundler of Y,

The demand functions for the sectoral outputs Y;(q) can also be obtained from a

fictitious bundler that maximizes, in real terms:

Y; — pi(s)Yi(s) — pu(ns)Yi(ns)

subject to:

and to:

7; = St]ltﬂ'lct (S) Ot (S) + Stﬂtﬂ'glf[/g + 7T38t]1t

The Lagrangian is:

L =Y = pu(s)Yi(s) = pi(ns)Yi(ns)+

+&t<hﬁn()n + (1 =x)n now)ny7ﬂ—n)+
+5\t7t (7; — Stﬂtﬂ'lct (8) Ct (S) — St]ltﬂ'glf[/f — 7738th)

The first order condition with respect to Y;(s) is

- 1 1 0C, (s
() + 2y Ty (0% ASiime () 2S)

-0
1—n n 0Y;(s)

Since Yi(s) = Ci(s) + Xi(s) + foiNot(s) + ferNE(s) and ¢ (s)(1 — Dy) = Cy(s), this

can be written as:

Tt -1

MYIXTYi(8) 7 = pels) + e
The Lagrange multiplier A, represents the real value in terms of increased revenues of
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an extra unit of Y; (indeed, without contagion, the condition would be real marginal

cost of Yy(s), i.e. pi(s), equal to the marginal benefit of Y;(s), which is the marginal

benefit of Y; times the marginal product of Y;(s), i.e. &Yé) ). The first is equal to 1.

For the household, the value of one extra unit of Y; is hence 1 - g—%%g—g, which is
1-D;
Cy -

On the other hand, the Lagrange multiplier 5\“ represents the costs in terms of

newly infected of having one extra unit of Y;(s). This is equal to /\t7t§%((j)) = A4

Finally, since the household owns the bundler, we rescale both multipliers by 1/\;

to express everything in terms of utility. Thus:

1-D;1_1 1 = Ay Sl

c, )\—th"Xﬂ/t(S)T = pu(s) + 1o 'Dtﬂ-lct (s)
This gives:
L -1 A C
Y;”XWK(S> n = |:/\tpt<5) + >\T,t1 t;) 7T10t (S):| 1 t’l)
- t - t

Raising to the power of —n:

Yt(s) . Sl - Cy o
Y, =X [/\tﬂt(s)+/\T,t1_Dt7T10t (5)] 1—D,

With the same reasoning, and knowing that C;(ns) does not impact the endoge-

nous contagion rate, the first order condition for Y;(ns) is:

Yi(ns)
Y,

— -0 D)7 (155 )

Those are the two demand constraints used in the main text.
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A.8 Labor Unions

Nominal wage rigidities are modeled according to the Calvo (1983) mechanism. In
each period, a union faces a constant probability (1 — a*) of re-optimizing the wage.
Due to symmetry, we denote the optimal real wage chosen at time ¢, as w;. This

wage is chosen to maximize the relevant part of agents’ lifetime utilities. We assume

"
Wy

that wages that are not re-optimized are not index to inflation, i.e. wy s = T e
k=1

Then, the maximization problem of the union can be written as follows:

(e}

B (o) (m) I () At+s{<w:>1‘9w (H : )‘ (wt+s)(w:)_9w}

- =
—0 1 Ttk Hi+s

The FOCs with respect to w; reads as: -

Gw * _ew s 1
Z"" ; HS (1= 6u) ()™ (TTic 72 ) +
E; (BOC*) ( 7Tt+k> Ltd+s (thrs)ew Aits ¢ ( k 91 tJlrk> —0
s=0 k=1 +0w 'lthJrs (w*)— w—
fit+s t

or

%) s Ow —0 x (0w—1) s 1
s wy Y Wy g <Hk:1 ™ ) +
Ey E (BOC ) < 7Tt+k> L?+s ( ! ) )\t+s " =0
1

5=0 i We+s _ (wi)
Ht+s

For simplicity, define:

)
/lt+s t+s

such that:

O
oo S Qw . S
E; Z (Ba™)® (H 7Tt+k> L}, (W)™ N [wf(‘g—l) (H L) - X;FS] =0
k=1 w

s=0
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The latter is equivalent to:

0w—1

Qw - 1 * G *\S : w

gthtZ(ﬁa) (H 7Tt+k> LY, (wers) ™ Aves
k=1

s=0

S O

k
Hﬂ-t-&-k t+s wt+s) AttsXits
k=1

&
M =
’&

Define, following Schmitt-Grohé and Uribe (2005):

) s O —1
ff=E> (Ba*) (H 7Tt+k) LYy (wigs)™ A (A15)
s=0 k=1
and
[e/e] O
ft2 = E; Z (H 7Tt+k> t+s wt+s) )\t+sX:+s
s=0

The first order condition for wage setting is thus:

T
O

where w} is the newly reset wage in real terms, and f} and f; are recursively defined

as:
ftl - Lf (wt)ew Ar + a*ﬁEthiflftlﬂ
and
2 d Ow Sth d Ow £2
f7 =L (w)™ (v (1)’ + >\Tt1 — DtW2L + o BEm Y i
Since:
. w; 1o Sl d
YT = M— =v(l A L
tXt tﬂt v ()" + T,tl_Dt7T2 ¢
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A.9 Aggregation

For the law of large number, in each period ¢ the wage is optimally reset in a fraction

1 — a* of the labor markets. Demand of hours in each of those markets is:

i- () o

As a result, total demand of hours in market where the wage has been newly reset

is: Ly = (1 —a*)l;. In markets where the wage was last reset 7 periods ago the

demand of hours is:

Summing across all possible 7 we obtain:
] Wt*t —0w 4
Ly, =(1-0a" I === L
w0y (57)

Combining these definitions we can write:

00 W . —0Ow
=L+ Ly =(1—a")) (a) (7) L{ =7 L} (A16)
7=0

where 7;° measures the resource cost due to wage dispersion. The latter entails
an inefficiently large labor supply with respect to the the one that is required for

production. The variable 7, can be written recursively as:

*\ —Ow —0w
= (1-a") (ﬂ> +a* <wt_1) waTt*fl (A17)

Wt Wt
. ) 1 1-0, .11/ (1=0w)
Using the wage index W, = [ fo (Wtj) j} one can show that:
w 1—6,,
w0 = (1 — o) (w))" " + o ( 7:1) (A18)



In equilibrium, the representative family holds the entire portfolio of firms and the
trade of state-contingent asset trade is nil. As a result, b,11(¢) = bi(q) = 1, and

a;+1 = a; = 0, and the following resource constraint follows:

Ci+NE ()T (s)+NE(ns)ty(ns) = (aw Ry + 1 — aw ) wy LI+N, 1(8)E,(8)+N, i (ns)éy(ns)
(A19)
By definition, Y; is either consumed, used as intermediate input in the production

process or used to cover fixed costs of production and of entry, thus:
Vi =G+ Xo + (Now(s) + Nog(ns)) fur + N{(8) fer(s) + Ni(ns) fer(ns) — (A20)
Finally, since the mass of households has unitary measure:

I[t - It7 St = 8t7 ID)t = Dt-

A.10 Aggregation Details

Following Melitz (2003), we assume that the distribution function g(z) follows a
Pareto distribution with parameters zmin (minimum) and x (tail). We then define
Z(q) as a special average productivity in each sector (¢). This productivity sum-
marizes all the relevant information within a sector, as the industry is isomorphic
to one populated by identical N,,(q) firms endowed with productivity Z,(q), as we
show below.

Thanks to the properties of the Pareto distribution, we can write Z;(q) as a

function of the cut-off productivity, z{(q), as follows:
Z(q) = ;c /OO Plg(2)dz|  =Tz(q) (A21)

where ' = [%} ot and, again due to the properties of the Pareto distribution,
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1- G (i(a) = ()"
In what follows, tilded variables refer to firms characterized by the special average

productivity. Given that only some firms are active in each sector, the sectoral price

P,(q) can be written as:

1

1-6

1 > 1-6
Pi(q) = [T(Zf(q))/z )pz,t(Q) No,t(Q)Q(Z)dZ]

i (q

Substituting the optimal individual price, p.+(q), one obtains:

Pi(q) = Noal)™ (Wt <aw(?t_+a1)—aw>>l—“ (g) o

1 > =10 () dx -
T(Zf(t]))/zg(q)z o )d]

By using the definition of the special average productivity Z;(¢) this becomes:

«

Py(q) = Nou(q) ™7 <Wt (aw(}ftj;) — o ) h (B)” 03;1 Zt;t(Q)

or, by using the definition of the optimal individual price, p.+(q):

Pi(q) = Not(q) ™7 pi(q)

The latter also implies that the ratio p;(q) = PtT(f) equals

pi(q) = Noa(@) 77 1 (q)

We can use this result to substitute out p;(q) from the equilibrium conditions re-
garding profits and cut-off productivities.
Moreover, by definition w;L;(q) = #f@)) fzio(q) wele - (q)Not(q)g(2)dz and the
t t

same holds for X;(q) and €2;(q), where L;(q) is the total labor demanded in sector
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(q), Xi(q) is the total intermediate input demanded in sector (q) and (q) are the
total dividends of sector (¢). Following the steps above, namely by substituting for

li .(q), X:.(q) and e;.(q) a function of z only, one can show that:"’

Li(q) = Nos(@)li(q),  Xi(q) = Now(@)Xi(q) and  £2:(q) = Noy(9)é:(q)

These conditions complete the aggregation from the sectors to the whole economy.

Indeed, from the market clearing condition we get:

LY = Ly(s) + Ly(ns)

and

Xi = Xi(s) + Xi(ns)

and

Q = Q4(s) + Q(ns)

Note that the same results hold also for the sectoral and aggregate firm value as a
function of ;(q). However, in this case we must multiply by N;(g) instead of N,
as also inactive firms have a non-zero value due to the possibility of became active
in the future upon survival.

From the definition of aggregate price:

Py = ( “ )_n {a (s) x [Atpt (s) + AT,tl‘Sj%twlCt (s)] Tip (ns) (1 —x) (Aepy (ns))_n}

1

considering that P; (q) = No:(q) ™2 p:(q)

+Noa(ns) =0 pr(ns) (1 = x) (Aepr (ns)) "}

9For a deeper derivation see Colciago and Silvestrini (2020).
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1

dividing through by P; and considering that p; (¢) = N, +(q) 7 p:(q) we get

C -n 1 1 SI
1= (1 tD ) {Noi(5) =7 pe(s)x {)‘tNo,t(S)l‘ Pi(8) + Ay =
— Dy

N (1) 77 (1) (1= x) (M Nou(ns) T ju(ns) ) )

which gives:

Notice that when Z; = 0, D, = 0 and, thus, C% = )\; the condition reduces to:

1= x [Nt P50(9)] "+ (1= x) (Noslns) P (ns))

which is the usual price index with two sectors and CES demand.

In order to close the model, we must write the idiosyncratic X;(q) as functions
of aggregate variables and productivity levels to be able to solve for the equilibrium.
In sector (q), from the individual demand, given the relation for the sectoral price

obtained above, we get:

b (q) = Nou(q)T7Yi(q)

Recall that the cost minimization problem implies

X.+(q) _ oy (aw Ry +1— ay)
L..+(q) 11—«

From the definition of the Cobb-Douglas and the optimality condition from costs

minimization we can write:

aw; (aw Ry + 1 — aw))al

3:(q) = Z2() X (9)*1() ™ = Z2,(¢) X (q) ( 1-a)
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Thus:

aw; (o Ry +1 — aw))al

Novt(q)%Y}(q) = Zi%(9) Xe(q) < 1—a)

which gives:

X,(q) = Y (Q)Zj\;qu(;l)”’ (awt (Oémgft:;)l — 06W)) -

Hence, the sectoral variables are:
Xi(s) = Noyt(s))zt(s) and  X;(ns) = No,t(ns))z}(ns)

Finally:
Xt = Xt(S) + Xt(nS)

A.11 List of Equilibrium Conditions

A competitive equilibrium is a set of processes for the following 37 variables
{7, 8,1, Dy, I, L, Cy (s), Ci(ns), Cpy wy, figy My AS a5 ALty ADits ATty 25 (), Ny ()
pi(s), 2 (ns), Ny (ns) , pi (ns), € (s), €& (ns), Re, m, wy, fih, 7, Xo, N (s), Nf (ns)
75, Ye, Zi, fer(S), fer(ns)} that satisfy the 37 equilibrium conditions reported be-
low.
In addition we have 29 parameters {7, 7w, T3, T4, T, G, 5,1, X, K, 0, 0, O, OF, @,
Oy Oy PRy Ly fas Vs Vo, U0, 7, pz, €2, 2zmin, ug}, where T' is a convolution of other
parameters.

Households and SIR

D 7o ST

= mCy (5) + Syl LY + 13S,T,
1-D,

2) Liy=Ti+L — (n, +7ma) Ly

3) St+1 :St —72
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7)) M= —PE [ A1 (1 —7) + 7 (Azi41 — Apiy1)]
8) )\S,t = _BEt [)\T,tﬂ (——chtﬂ (3)2 - It+17T2lf+1Lf+1 - 7T3It+1) - AS,t+11

9) Apy=—PE

1+¢
C, 7 C A
[—log < 11 ) Ty (( t+1) > g+ A t+1 t+1wt+1lt3+1 B )\D,t+1]

1 —Dipa 1+¢ 1-Diy fleg1
1 1 m\ " = . S 7, ™
10) = Ci(5)™ (1= DY [At (Z) M| a2 men s
2man \ " = o
11) Ct(ns) = (1 — X) (1 — Dt)n [)\t |:< p ) Nt(ns)} ﬁt(HS) Ctl_n
z£(ns)

12) 1) = 80 =08 (22 (L) + (Z55) o))

)
13) fusl9) = 51 =0) 5 | (%21) (Fuanstns) + (700 et

14)  fea(s) = tho + 1 (N{(s))”

15)  fer(ns) = o + 1 (N (ns))”
- Air1\ Iy
16) 1=5E K At ) 7Tt+1]

O 2
17) wp = 2wt

(ew - 1>f_t1

18) ftl = wafw)\t + a*ﬁEtWtelufl t1+1

Unions

19) 72 = Liufe ( (15 + A7
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23) éi(ns) = 5pu(ns) K;”ZZ )nNt(ns)] -y

oo [ () o] ]

Entry and Exit




Taylor Rule
R, e (Y, Py l-vr Ry 4 PR
9 ) (2 t bt
o (7) =167 F) ] (5
Aggregation and Market Clearing
29)  Ci+ N{(5)fer(s) + Ni(ns)fes(ns) =

= (awR: + 1 — aw) w, L + <ng;) N,(s)éd(s) + (Zm n ) Ni(n5)&:(ns)

(1—-a)

. [(;L%l ]\(712735)} (awt (aw Ry +1— aw))la (1— )




Entry and Exit

37) Zy=p.Zi1 +e.

A.12 Analytical Derivation of Aggregate Productivity in

the Simplified Model

The first step in our derivation is to show that the aggregate price index can be
written as P, = Nolé(l_e)lf’t, where N,; = N,(s) + N,+(ns) and P, is an average of
producers’ prices. When m; = 0 the price index equation reduces to:

1=(1-D)" {X)\t_" [[No7t(s)] =0 5y(s)|  H[Noy(ns)] 0 pp(ns) =7 (1 —x) )\;"}C’t_"

or, in nominal terms using that p;(q) = p(q)/P:*

P = {X [N, o(8)] 70 5e(5)' ™" + (1 — X) [Nou(ns)] 72 ﬁt(ns)l—n} =

Using the definition of N, provided above we get:

1

_1 1-n _ =n

P= N {X%”ﬁt(sf" (=)0 wsﬁ’émns)”} = NP,
where w; = N,+(s)/N,;. Note that ]575 is a form of weighted average of the average
producers’ prices in the two sectors p,(S) and P,(ns). Given the price index, we

aggregate the production function to obtain a notion of aggregate labor productivity.

20Provided that (1 —Dy)/(A\:C;) is equal to 1. This can be proven under mild assumptions or it
can be obtained by re-scaling the Lagrange multiplier of the household. Thus, in the following we
omit this term from the derivations.
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From the sectoral demand constraint and the definition of sectoral production we
get:
Yi(s) = xpe(s) 1Yy = Nou(s) 77 ZiZi(s) Le(s)

and similar results for the non-social sector. Solving for L;(q) we get:

1 1
1Y, N, 4(s) 70 =L
XPe(8) 1Y Noy(s)1-0 Z2(5) +(s)
and
1 1
(1= X)pu{ns) Yoo (1) Zers = Lilns)

Summing side by side:

Y

7 (xpxs)—wo,t(s)fegtés) (1= X)) N, (ns) o — ) yy

Using again the definition of N,; and of w, this becomes:

Y;f 1719 1ie -n 1 R —-n 1 d
ZNo,t XWs pt(s) gt(S) + (1 - X)(]' - ws) 179pt<n8) ~ - Lt

Solving for Y;:

e 2 oy ] N T 21,
Y}:NO‘f; Zy (st “pie(s) "5t(8) + (1 = x)(1 — ws) T pi(ns) nit(ns)) Lf:Nf’t ZtZth

The aggregate labor productivity Z; is a weighted armonic average of the average
sectoral productivities Z;(s) and Z;(ns). The statistics we compute and we use for

the comparison with the aggregate labor productivity in the data is:

The reason is the following: in the data, real variables in units of consumption

are obtained by deflating the nominal quantities with price deflators as the CPI.
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However, these deflators, by being based on averages of producers’ prices over a
semi-fixed bundle of goods, are conceptually more similar to the average producer
price P, than to the consumer welfare-based price index P,.?' For this reason, real
variables in the data do not correspond to P,X;/P, = X; in the model but to
P,X,/ ]5t, and these are the statistics we use. Note that this allows us to correct
for the presence of love for variety in the model and directly use Z; and Zi(q) as

measures of aggregate and sectoral productivity, respectively.

21For a deeper discussion on the topic, see Ghironi and Melitz (2005) and Bilbiie et al. (2012).
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