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Abstract

The paper presents a simple DSGE model that captures plant turnover and

its relation with monetary policy. We analytically show that monetary policy has

impact on reallocation of heterogeneous plants and inevitably changes the balance

between the number of available varieties and aggregate productivity. It is shown

that, under demand uncertainty, the gain of stabilization is higher when plant are

homogeneous and a higher love for variety is embedded in the economy. The model is

extended and calibrated in replicating the US product turnover. It broadly confirms

the VAR evidence for the recent US economy followed by a monetary shock.
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1 Introduction

Plant birth and death and implied product turnover are a salient feature of modern

economy. It is often at the center of policy debate. Their turnover at high frequency is

often seen as a healthier sign of economy without “sclerosis” (Caballero and Hammour,

2005) and “zombie firms” (Caballero et al., 2008), both of which preventing efficient

allocation of resources.1 This is more so because plant turnover inevitably involves job

creation and destruction (Davis and Haltiwanger, 1990; Haltiwanger, 2012).2 Despite

such a widely spread Schumpeterian view, it is surprising to see that there is not enough

systematic analysis that sheds light on its relation with monetary policy which has a

sizable impact, at any time horizon, not only on firms’ entry decision but also their

turnover and hence the reallocation of resources. The current paper aims to fill this gap.

For this purpose, we present a New Keynesian model with entry and exit of hetero-

geneous firms and provide a stark example with which product turnover and implied

reallocation is a new motivation for the conduct of monetary policy. The theoretical

model shares common features of the DSGE model that embeds firm entry in the lit-

erature (Bilbiie et al., 2012; Ghironi and Melitz, 2005; Alessandria and Choi, 2007 and

references therein). Firms enter in the market incurring fixed amount of sunk entry cost

in terms of labor. Upon entry, they draw a specific productivity level. Due to fixed cost

of production which is common for all firms, only a subset of efficient plants produce

in monopolistically competitive market. Firms/establishments exit from the market due

to exogenous depreciation while their plants can open or close its production lines along

the business as described in Hamano and Zanetti (2017). Since the model features wage

rigidity and workers face uncertainty about future demand in their wage setting, money

is non-neutral and there is a substantial role for monetary policy.

1For instance, the Abe administration in Japan aims to improve the current 4 or 5 % level of annual

establishment birth and death rate and to achieve 10 % level.
2Using Business Dynamic Statistics (BDS) data from 1980 to 2009 for US economy, Haltiwanger

(2012) documents that annual job creation by new firms and establishment amounts to 6.3 % in total

job creation and annual job destruction by firm and establishment exits account for 5.3 % in total job

destruction.
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Monetary policy ultimately controls aggregate nominal expenditure and thus prof-

itability for plants. We show that a contractionary monetary policy shock engenders a

“cleansing effect” (Caballero and Hammour, 1994). It wipes out inefficient producers and

improves aggregate productivity due to the resulted reallocation. Contrary, an expan-

sionary monetary shock allows zombies to survive and reduces aggregate productivity.

Monetary policy unavoidably changes the balance between extensive margins and their

prices (efficiencies) in the economy. We derive the optimal monetary policy rules that

restore the allocation under flexible wages and analytically show a trade-off that the cen-

tral bank is thus facing in closing demand gap. It is shown that the gain of stabilization

is higher when such a trade-off is less severe, namely when the love for variety is high and

heterogeneity among plants is low.

The baseline model is simple enough and allow to have a closed form solution. In

the following section, we extend the model with more realistic features and calibrate it

to show quantitatively the implication of a contractionary monetary policy shock. With

numerical exercises, we find that depending on the extent of entry adjustment cost, the

“insulation effect” (Caballero and Hammour, 1994; Hamano and Zanetti, 2017) of entry

on destruction margins comes into play: a massive fall in entry today insulates destruction

not only on impact but also for subsequent future periods. Along the transitory dynamics,

a significantly lower destruction following a monetary contraction and thus lower average

productivity level are observed overturning the initial rise in destruction and disinflation.3

Furthermore, we document empirical evidence that links monetary policy shock to estab-

lishment birth and death as well as total factor productivity for the recent US economy.

The VAR evidence is found to be broadly consistent with the dynamics implied by the

theoretical model.

While the current paper explores the relation between monetary policy and product

turnover and its resulted reallocation effect, the relation between monetary policy and

3Caballero and Hammour (2005) call such recovery phases characterized with lower destruction rather

than higher entry as “reversed-liquidationist view” which works against to the original Schumpeterian

creative destruction. Hamano and Zanetti (2017) also confirm cumulatively low destruction following a

recessionary productivity shock.
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firm entry has been investigated in the literature. Bilbiie et al. (2007) derive a Phillips

curve with firm entry and find the optimal monetary policy that stabilizes producer price

inflation at zero. Bilbiie et al. (2014) analyze the optimal Ramsey policy and find the

optimal long run inflation rate positive with empirically plausible values of love for variety.

Lewis and Poilly (2012) introduce nominal wage rigidity as well as price rigidity and

compare different specifications in reproducing empirically consistent markup fluctuations.

With entry cost paid in capital goods and price rigidity, Bergin and Corsetti (2008) derive

a similar welfare metric and show a new motivation for monetary authority in stabilizing

extensive margins. All these papers, however, remain silent about the endogenous product

destruction and its resulted reallocation and thus incapable to investigate its relation with

monetary policy.4 With heterogeneous firms and their endogenous destruction, whose

mechanism is however different from the current paper, Totzek (2009) investigates the

implication of monetary shock in a DSGE model and finds similar quantitative results.

Introducing the nominal rigidities in the form of menu costs into the theoretical framework

of Lentz and Mortensen (2005), Oikawa and Ueda (2018) analyze the reallocation effect

of money growth. Finally, in open economy, Cacciatore and Ghironi (2014) investigate

the Ramsey optimal monetary policy and its interaction with international reallocation

of heterogeneous firms in exporting markets.

The paper is organized as follows. Section 2 provides a VAR evidence about estab-

lishment turnover for the recent US economy. The baseline model is presented in Section

3. In Section 4, we explore the monetary policy shock on product turnover and resulted

reallocation effect. The optimal policy and its welfare gain is also discussed. The model

is extended to have more realistic features and calibrated in Section 5. Finally Section 6

concludes.

4In open economy context, Bergin and Corsetti (2015) analyze the specialization across industries

and hence dynamics of comparative advantage across countries due to the terms of trade fluctuations

triggered by monetary policy. Hamano and Picard (2017) investigate the optimal exchange rate system

with firm entry and show a higher welfare gain derived from fixed exchange rate system under lower

preference for variety. Cacciatore et al. (2016) analyze the interaction between product and labor market

(de)regulation and the optimal Ramsey policy in a monetary union.
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2 VAR Evidence

What would happen for entry, exit and reallocation following a monetary shock? A VAR

evidence is provided for the US economy. Variables included are the log of industrial pro-

duction index, log of consumer price index, global commodity price index and the effective

federal funds rate. In addition, we include the log of establishment birth, establishment

death taken from Business Employment Dynamics. The growth of utilization-adjusted

total factor productivity, which is assumed to capture the productivity fluctuation due

to the reallocation of resources among producers, taken from Fernald’s web site (Fernald,

2012) and also put in the system. The detail about data sources is found in Appendix

A. The sample periods covered is 1992Q3 to 2017Q1. In identification, we use Cholesky

restriction and follow Christiano et al. (1999)’s “recursiveness” assumption. Bergin and

Corsetti (2008) include “entry” (net business formation or new incorporation in their pa-

per) at the end of Christiano et al. (1999)’s ordering of variables. The exact ordering

considered here is thus log of industrial production index, log of consumer price index,

global commodity price index, the effective federal funds rate, establishment birth, estab-

lishment death and the growth of adjusted total factor productivity. The number of lags

is 4.5

Panels in Figure 1 provide the impulse response functions (IRFs) for each variable

following a contractionary monetary policy shock together with 30%, 50%, 68% and 90%

bootstrap confidence bands. Contrary to the classical evidence presented in Christiano

et al. (1999), contractionary monetary shock is expansionary in short run using the recent

US data as documented in Gertler and Karadi (2015) and Ramey (2016). On the other

hand, the IRF of establishment birth decreases gradually after a short-lived expansionary

period while the IRF of the establishment death increases gradually and peaks out and

then decreases for several quarters as the impact of the shock dissipates. Total factor

productivity slowdowns and recovers quickly within the first several quarters and then

gradually improves showing a wedge-shaped pattern. Observe that the phases of TFP

5Lewis and Poilly (2012) find a similar VAR evidence using the same sample period as Bergin and

Corsetti (2008) while in ordering they include net business formation before the monetary shock.
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Figure 1: Monetary Policy Shock, Establishment Turnover and Reallocation Effect: a

VAR evidence

Effects of unanticipated monetary policy shock, multivariate VAR, 1992Q3-2017Q1. Gray bands are
30%, 50%, 68% and 90% bootstrap confidence bands.

improvement roughly correspond to the periods of lower establishment entry and higher

establishment death. We perform a similar exercise with establishment openings and clos-

ings that include temporally shut down and reopenings. The result is found in Appendix

B and found to be very similar to Figure 1. Using the same establishments turnover

data at BED, Uusküla (2016) also finds a similar VAR evidence. Finally, note that price

level raises after a contractionary monetary shock in short run. The VAR evidence here

shares thus the “price puzzle”(Sims, 1992; Eichenbaum, 1992) even with the inclusion of

commodity price which is not presented in Figure 1.

As argued in Hamano and Zanetti (2017), “exit” as well as entry in extensive margins

can be sizable in business cycle.The VAR exercise here confirms such a pattern. Further-
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more, it points out systematic relation between establishment turnover and reallocation

induced by a monetary policy shock. In Section 5, we present a model to replicate the

IRFs found in this section. But before jumping to the quantitative analysis, we present

a simple model to shed light on the relation between monetary policy and plant hetero-

geneity.

3 The Model

There is a unit mass of households each of which provides a differentiated labor service.

Assuming wages are set one period in advance, labor supply should adjust following

a demand shock that is unknown at the timing of wage setting. For simplicity, each

firm/establishment/plant is assumed to produce one product variety which is imperfectly

substituted.6 Plants are heterogeneous in terms of their specific productivity level and

they are resulted from forward looking investment and depreciated exogenously. On the

other hand, plants can be shut down and reopened. The number of firms (each of which

having one production plant) are denoted with Nt while the number of plants that engage

in production activity are denoted with St at period t. Money exists just as a unit of

account. However, because of nominal rigidity, money is non neutral. The model is simple

enough and allow to have a closed form solution.

3.1 Households

The representative household maximizes her life time utility, Et
∑∞

s=t β
s−tUt, where β

(0 < β < 1) is exogenous discount factor. Utility of individual household j at time t

depends on consumption Ct (j) and labor supply Lt (j) as follows

Ut (j) = αtlnCt (j)− η [Lt (j)]1+ϕ

1 + ϕ
,

6We do not model firms having multiple establishments and/or multiple plants. However, it is possible

to interpret the model as if there were one large firm that has multiple production lines. See also Chugh

and Ghironi (2015) and Hamano and Zanetti (2017).
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where αt is a stochastic demand shifter at time t. The parameter η represents the degree

of (un)satisfaction in supplying labor while ϕ measures the inverse of the Frisch elasticity

of labor supply.

Consumption basket is defined as

Ct(j) =

(ˆ
ς∈Ω

ct (j, ς)1− 1
σ dς

) 1

1− 1
σ
.

Only a subset of goods is available from the total universe of goods, Ω. ct (j, ς) represents

the demand addressed for individual product variety indexed by ς. σ (> 1) denotes the

elasticity of substitution among differentiated goods.

The optimal consumption for each variety is found to be

ct (j, ς) =

(
pt (ς)

Pt

)−σ
Ct(j).

Price index that minimizes the nominal expenditure is given by

Pt =

(ˆ
ς∈Ω

pt (ς)1−σ dς

) 1
1−σ

.

3.2 Production Decision and Pricing

There is a mass of Ht new entrants. Upon entry, firms draw their specific productivity level

z from a distribution G (z) on [zmin,∞). G (z) represents the productivity distribution

of all firms. Prior to entry, these firms face sunk entry cost. They should hire fE = lE,t

amounts of labor which is composed of imperfectly differentiated labor services (indexed

by j) such that

lE,t =

(ˆ 1

0

lE,t (j)1− 1
θ dj

) 1

1− 1
θ
, (1)

where θ represents the elasticity of substitution among labor services. fE is assumed to

be exogenous. Total cost in creating a firm is thus
´ 1

0
lE,t (j)W (j) dj. Cost minimization

yields the following labor demand for type i labor:
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lE,t (j) =

(
Wt (j)

Wt

)−θ
lE,t, (2)

where Wt denotes the corresponding wage index which is

Wt =

(ˆ 1

0

Wt (j)1−θ dj

) 1
1−θ

.

Only a subset of plants whose productivity level z is above the cutoff level zS,t produces

by charging sufficiently lower prices and earning positive profits despite the existence of

fixed operational cost f . For the scale of production, the firm that happens to draw a

particular productivity level z demands lt (z) amount of labor as input in producing yt (z)

amount of goods, that is referred as intensive margins. Production function of the firm

with productivity level z is thus

lt (z) =
yt (z)

z
+ f.

In the above expression, both variable and fixed cost for production are composed from

imperfectly substituted labor as is the case for entry cost. lt (z) is thus defined as

lt (z) =

(ˆ 1

0

lt (z, j)1− 1
θ dj

) 1

1− 1
θ
,

and the demand for type j labor by the firm with productivity level z is given by

lt (z, j) =

(
Wt (j)

Wt

)−θ
lt (z) .

Each firm faces a residual demand curve with constant elasticity σ. The produc-

tion scale is thus determined by demand and the profit maximization of the plant with

productivity level z yields the following optimal pricing:

pt (z) =
σ

σ − 1

Wt

z
.

Finally, using the demand functions found previously and the symmetry among house-

holds in equilibrium and denoting the aggregate consumption as Ct =
´ 1

0
Ct (j) dj, we can

write profits Dt (z) of the firm with productivity level z as
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Dt (z) =
1

σ

(
pt (z)

Pt

)1−σ

PtCt − fWt.

Due to the presence of fixed operational cost for production f , however, the plant with

productivity level z may not produce and shut down her production facilities.

3.3 Firm Averages

Given a distribution G (z), a mass of Nt firms has a distribution of productivity levels over

[zmin,∞). Among these firms, a subset St = [1−G (zD)]Nt number of plants produces.

Following Melitz (2003), the average productivity level z̃S,t is defined for active producers

as follows

z̃S,t ≡

 1

1−G(zS,t)

∞̂

zS,t

zσ−1dG(z)


1

σ−1

.

This average productivity level z̃S,t summarizes all the information about the distribution

of productivities for producers. Given this average, the average price and the average real

profits are defined as p̃S,t ≡ pt (z̃S,t) and D̃S,t ≡ Dt (z̃S,t), respectively.

3.4 Firm Entry and Exit

New entrants need one time period to built their production plants. Firm entry takes place

until the expected value of entry is equalized with entry cost, leading to the following free

entry condition:

Ṽt = fEWt (3)

where Ṽt is the expected value of entry which is discussed below. For simplicity, firms’

production plants are assumed to depreciate 100 % after one period whether they actually

produce or not. This extreme assumption will be replaced by a more realistic motion of

firms in the following section.
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3.5 Parametrization of Productivity Draws

The following Pareto distribution for G(z) is considered:

G(z) = 1−
(zmin

z

)κ
,

where zmin stands for the minimum productivity level, and κ (> σ − 1) is a shape parame-

ter of the distribution. With the above distribution, the productivity of average producers

z̃S,t is shown as

z̃S,t = zS,t

[
κ

κ− (σ − 1)

] 1
σ−1

.

.

Also, the share of producing plants in the total number of plants is given by

St
Nt

= zκmin (z̃S,t)
−κ
[

κ

κ− (σ − 1)

] κ
σ−1

. (4)

Finally, there exists a firm with a specific productivity cutoff zS,t with which she earns

zero profits: Dt (zS,t) = 0. Combined with the above Pareto distribution, this implies the

following zero cutoff profits (ZCP) condition:

D̃S,t =
σ − 1

σκ

µt
St
. (5)

3.6 Household Budget Constraints and Intertemporal Choices

A typical household j faces the following budget constraint at time period t:

PtCt (j)+Bt (j)+xt(j)Nt+1Ṽt = (1 + ν)Wt (j)Lt (j)+(1+it−1)Bt−1 (j)+xt−1(j)StD̃S,t+T
f
t ,

(6)

where Bt (j) and xt(j) denote bond holdings and share holdings of mutual funds, re-

spectively. 1 + ν is the appropriately designed labor subsidy which aims to eliminate

distortions due to monopolistic power in labor markets (see later). it represents nominal
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interest rate between t and t+ 1 and T ft represents a transfer from domestic government,

which can be positive or negative.

The household j sets wages in advance at t− 1 by maximizing her expected utility at

t knowing the following labor demand:

Lt (j) =

(
Wt (j)

Wt

)−θ
Lt.

The first order condition with respect to Wt (j) yields

Wt (j) =
ηθ

(θ − 1) (1 + ν)

Et−1

[
Lt (j)1+ϕ]

Et−1

[
αtLt(j)
PtCt(j)

] . (7)

Households set the wage so that the expected marginal cost by supplying additional labor

services ηθWt (j)−1 Et−1

[
Lt (j)1+ϕ] equals to the expected marginal revenue (θ − 1) (1 + ν) Et−1

[
αtLt(j)
PtCt(j)

]
.

Other choices occur within the same time period. The first order condition with

respect to share holdings yields

Ṽt = Et

[
Qt,t+1 (j)

St+1

Nt+1

D̃S,t+1

]
(8)

whereQt,t+1 (j) is nominal stochastic discount factor defied asQt,t+1 (j) = Et

[
βαt+1PtCt(j)
αtPt+1Ct+1(j)

]
.

Finally the first order condition with respect to bond holdings is given by

1 = (1 + it)Et [Qt,t+1 (j)] .

3.7 General Equilibrium

In equilibrium, there is a symmetry across households so that Ct (j) = Ct, Lt (j) = Lt,

Mt (j) = Mt and Wt (j) = Wt. Furthermore, we follow Corsetti and Pesenti (2009) and

Bergin and Corsetti (2008) and define monetary stance as

µt = PtCt.

Note that combining with the Euler equation with respect to bond holdings, it is shown

that
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αt
µt

= Et lim
s→∞

βs
1

µt+s

s−1∏
τ=0

(1 + it+τ ).

Monetary stance µt is expressed as a function of future expected pass of interest rates

given the state of current demand αt.
7

Using the free entry condition (3), the average profits and the zero cutoff profit con-

dition (5), the future number of firms is given by

Nt+1 =
β (σ − 1)

σκ

µt
WtfE

Et [αt+1]

αt
. (9)

Also from the ZCP,

St =
κ− (σ − 1)

σκ

µt
Wtf

(10)

Using (4) the cutoff is given by

z̃S,t = zmin

[
κ

κ− (σ − 1)

] 1
σ−1
(
St
Nt

)− 1
κ

(11)

Also the average production scale of surviving firms is given by

ỹS,t =
σ − 1

σ

µtz̃S,t
StWt

, (12)

Observe that plugging the solution for the number of surviving producers (10) the pro-

duction scale of average surviving firms ỹS,t is found to be proportional to its productivity

level z̃S,t.

7Note also that by adding the utility gain arising from money holdings χlnMt(j)
Pt

and savings in terms

of money, the following first order condition with respect to money holdings is obtained:

µt
αt

=
Mt

χ

(
it

1 + it

)
.

Monetary stance can be also controlled by the quantity of money Mt given the current interest rate

and the current state of demand.
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The model can be solved in closed form provided the solution of equilibrium wages

Wt. Labor market clears so that Lt = Stlt (z̃S,t) +Nt+1lE,t. This implies that8

Lt = St

(
ỹS,t
z̃S,t

+ f

)
+Nt+1fE (13)

Plugging the expression for St, ỹS,t and Nt+1 into the labor market clearing condition

(13) and using the optimal wage setting equation in equilibrium (7), we have the following

solution for wages:

Wt =

 ηθ

(θ − 1) (1 + ν)

Et−1

[(
σ−1
σ

+ κ−(σ−1)
σκ

+ β(σ−1)
σκ

Et[αt+1]
αt

)
µt

]1+ϕ

Et−1

[(
σ−1
σ

+ κ−(σ−1)
σκ

+ β(σ−1)
σκ

Et[αt+1]
αt

)
αt

]


1
1+ϕ

. (14)

Wages depend not only on the next period of expected labor demand from the producing

plants but also on the next period of expected investment (firm entry) which in turn

depends on after the next period of demand due to the assumption of one time to build.

For simplicity, it is assumed that Et [αt+1] = αt with αt+1 = αtεt+1 where εt stands for

a stochastic shock with Et [εt+1] = 1. With this specific shock process, as can be seen

in (9), for new entrants Nt+1 demand shock becomes irrelevant for entry decision since

future expected demand and current demand cancel out each other. We will relax later

this assumption of unit root process in the extend version of the model. For the moment,

however, this simple process is sufficient to capture the basic mechanism of the model.

As a result, wage equation (14) is expressed as

Wt = Γ

{
Et−1

[
µ1+ϕ
t

]
Et−1 [αt]

} 1
1+ϕ

, (15)

where

Γ1+ϕ ≡ ηθ

(θ − 1) (1 + ν)
.

8The labor market clearing condition (13) can be further rewritten as WtLt = (σ−1)StD̃S,t+σStfWt+

Nt+1Ṽt.
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Table 1: The Model’s Solution

Monetary Stance µt = PtCt

Wages Wt = Γ

{
Et−1[µ1+ϕt ]
Et−1[αt]

} 1
1+ϕ

Nb of Entrants Nt+1 = β(σ−1)
σκ

µt
WtfE

Nb of Producers St = κ−(σ−1)
σκ

µt
Wtf

Average Productivity z̃S,t =
[

κ
κ−(σ−1)

] 1
σ−1
(
St
Nt

)− 1
κ

Production Scale ỹS,t = σ−1
σ

µtz̃S,t
StWt

Average Price p̃S,t = σ
σ−1

Wt

z̃S,t

Price Index Pt = S
− 1
σ−1

t p̃S,t

Consumption Ct = S
σ
σ−1

t ỹS,t

Dividends of Producers D̃S,t = 1
σ
µt
St
− fWt

Dividends of Firms D̃t = St
Nt
D̃S,t

Share Price Ṽt = fEWt

Labor Supply Lt = (σ − 1)
StD̃S,t
Wt

+ σStf +Nt+1fE

Finally, the balanced budget rule of the government implies that

T ft = νWtLt.

Having the solution of Wt, Nt+1, St and z̃S,t, other variables are easy to solve. The

solution of the model for arbitrary monetary stance µt is provided in Table 1.

4 Monetary Policy, Firm Entry and Reallocation Ef-

fect

In this section, we characterize the allocation and transmission implied by both demand

and monetary shock. To do so, first we characterize the allocation under flexible wages.

Then the allocation with nominal rigidities under which money is non-neutral is investi-

gated.
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4.1 Flexible Price Allocation

It is useful to first characterize the allocation under flexible wages as the benchmark.

Throughout the exercise, we assume that monetary stance is constant as µt = µ0. The

solution of flexible wages obtained by removing expectation operator from the period t−1

in wage setting equation (15):

Wt = Γµ0

(
1

αt

) 1
1+ϕ

(16)

Given the above wage solution, other variables under flexible wages are easy to solve. The

expression (16) indicates that, following a positive demand shock, there is a reduction in

wages whose extent depends on 1
1+ϕ

. When labor supply is more elastic with lower value

of ϕ, wages decrease further given the same size of demand shift. Both the number of

entrants Nt+1 and producers St increase proportionally thanks to cost/wage reduction as

can be seen in (9) and (10), respectively. On the other hand, these increased producers

are less efficient since the productivity level of average producers z̃S,t decreases with the

predetermined number of firms Nt as inspected in (11). The scale of production on average

ỹS,t decreases accordingly. To sum up, under flexible wages, households enjoy a higher

number of varieties St at the expense of efficiency that results in their higher nominal

prices. As we will see, the extent of this trade-off between the number of varieties and

their efficiencies is crucial in determining the gain of the optimal monetary policy.

Finally, note that it is possible to achieve the first-best Pareto efficient allocation

under flexible wages by introducing appropriately designed subsidy which aims to reduce

monopolistic power of workers such as

1 + ν =
θ

θ − 1

As argued extensively in Bilbiie et al. (2008), Lewis (2013) and Chugh and Ghironi (2015),

it turns out to be optimal to leave monopolistic rents to firms that encourage them to enter

in the market under the love for variety 1/(σ − 1) implied by the standard Dixit-Stiglitz

(Dixit and Stiglitz, 1977) preference.9

9Having the standard Dixit-Stiglitz preference, there is no “static entry distortion” arising from mis-
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4.2 Allocation under Sticky Prices and Monetary Policy Shock

Compared to the above mentioned allocation under flexible wages, under sticky wages

as presented in Section 3, both the future and current number of varieties (Nt+1 and

St) remain constant following demand shock. Neither the productivity level of average

producers z̃S,t (thus ỹS,t) change. The allocation under sticky wages is thus characterized

by immutable responses of endogenous variables.

In the above situation, monetary authority has incentive to intervene and can indeed

improve the allocation by changing monetary stance µt. Money is clearly non-neutral in

this economy.

Proposition 1. An expansionary (contractionary) monetary shock induces the survival

of less (more) efficient producing plants within the same period. At the same time, it

induces a higher (lower) number of entrants.

Proof. See equation (10) and (11)

As is seen from (10), the number of producing plants St increases following a rise in

monetary stance µt. At the same time, the productivity level of average incumbent z̃S,t

declines as can be seen in (11). A positive monetary shock works as a subsidy for firms

and allow less efficient firms to stay in the market. It helps zombie firms to survive.

On the other hand, a contractinary monetary shock works as a tax on profits and wipes

out less efficient firms. It helps to cleanse the market. In short, surviving or depart of

less efficient plants is the reallocation effect of monetary policy. Intuitively, monetary

expansion (contraction) improves (deteriorates) the profitability of existing plants and

induces a survival (depart) of less efficient plants.

Furthermore, by increasing stochastic discount factor Qt,t+1, monetary expansion si-

multaneously boosts share price Ṽt and induces entry of new firms Nt+1. Monetary con-

traction works in the opposite way and induces the exit of new firms. With homogeneous

firms, Bergin and Corsetti (2008) argue a similar mechanism for entry induced by mon-

etary policy shock in a sticky price model. Next we characterize the optimal monetary

alignment between welfare benefit of variety creation and firms’ markup nor “dynamic entry distortion”

(Bilbiie et al., 2014) arising from endogenous markup fluctuations.
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policy rule in the presence of stochastic demand in contrast to the monetary shock as just

explored.10

4.3 Monetary Policy Rules

Here the optimal monetary policy rule is discussed. First we derive the optimal policy

rule solving the maximization problem of the benevolent central bank. Next welfare gain

under the optimal policy rule is explored in comparison of without any stabilization policy.

4.3.1 The Optimal Policy

The central bank maximizes the expected utility of households, Et−1 [Ut] using the instru-

ment µt in the presence of stochastic demand shift αt. The ex-ante (dis)utility supplying

labor is constant.11 The expected utility is thus given by

Et−1 [Ut] = Et−1 [αtlnCt] = Et−1

[
σ

σ − 1
αtlnSt + αtlnỹS,t

]
(17)

Plugging the solution of St and ỹS,t found previously, the above expression is further

rewritten as (See Appendix C for the derivation),

10Oikawa and Ueda (2018) find that high monetary growth rate improves aggregate productivity in

the economy due to the enhancing reallocation effect. The reason is that menu cost burden is heavier for

small firms due to frequent price revisions triggered by high monetary growth rate. A similar result can

be obtained by allowing higher fixed cost of production f which is common for all firms. See also Hamano

and Zanetti (2017) that analyze the impact of “subsidy” shock captured by a permanent decrease in f .
11Note that from the labor market clearing condition and plugging the solution of wages in it, we have

Et−1

[
L1+ϕ
t

]
= Et−1


(
σ−1
σ + κ−(σ−1)

σκ + β(σ−1)
σκ

Et[αt+1]
αt

)
µt

Wt

1+ϕ

= Et−1


(
σ−1
σ + κ−(σ−1)

σκ + β(σ−1)
σκ

Et[αt+1]
αt

)
µt

Γ

Et−1

[(
σ−1
σ +

κ−(σ−1)
σκ +

β(σ−1)
σκ

Et[αt+1]
αt

)
µt

]1+ϕ

Et−1

[(
σ−1
σ +

κ−(σ−1)
σκ +

β(σ−1)
σκ

Et[αt+1]
αt

)
αt

]


1
1+ϕ



1+ϕ

=


(

1− (σ−1)
σκ (1− β)

)
Γ

1+ϕ

Et−1 [αt] ,

which is constant.
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Et−1 [Ut] =

(
1

σ − 1
+ 1− 1

κ

)[
Et−1 [αtlnµt]−

Et−1 [αt]

1 + ϕ
lnEt−1

[
µ1+ϕ
t

]]
+ cst. (18)

The first order condition with respect to µt with which the above expression is maximized

can be derived.

Proposition 2. The optimal policy is found to be µt = µ0α
1

1+ϕ

t .

Proof. See Appendix C.

Lemma 1. Under the optimal policy rule, the allocation under flexible wages is achieved

for real variables.

Proof. By plugging the above policy rule in (10), (11), (12) and (9), it is found to be

that the number of producers St, the entry of firms Nt+1, the productivity level z̃S,t and

the scale of production of average producers ỹS,t coincide to those obtained under flexible

wages argued in Section 4.1.

Note especially that under the above optimal policy, wages are constant as

Wt = Γµ0.

The optimal policy stabilizes nominal wages, not prices. Contrary to nominal wages,

marginal cost and thus the average price p̃S,t fluctuate because of fluctuations in the

productivity level of average producers z̃S,t. In the above expression, µ0 thus plays a role

of “nominal anchor”. Of course it is neither optimal to target welfare consistent CPI Pt

that fluctuates due to changes in the number of available varieties St .

The implication is that due to the reallocation effect of policy, the standard inflation

targeting would not be optimal. A monetary expansion (contraction) is followed by up-

ward (downward) bias in nominal prices due to the selection of less (more) efficient firms

into the market. A targeted inflation may materialize due to the reallocation and thus

the survival of less efficient producers following a monetary expansion. Nonetheless, if the

central banks stick to the inflation targeting rather than wage rate targeting, it would be

more desirable to target a higher level of inflation rate than conventional rate.12

12By assuming αt−1 = 1 and implied expected demand shift as Et−1 [αt] = αt−1, wages in case of no
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4.3.2 Welfare

In this section, the welfare gain implied by the optimal policy is discussed. Especially we

argue the role played by plant heterogeneity and the love for variety. Difference in welfare

under the optimal policy and incomplete stabilization which is characterized by constant

monetary stance as µt = µ0 is given by13

Et−1

[
US
t

]
− Et−1

[
UNS
t

]
=

(
1

σ − 1
+ 1− 1

κ

)
1

1 + ϕ
(Et−1 [αtlnαt]− Et−1 [αt] lnEt−1 [αt])

=

(
1

σ − 1
+ 1− 1

κ

)
1

1 + ϕ
(Et−1 [εtlnεt]) > 0 (19)

The difference in expected utility depends on three parameters, σ, κ and ϕ. The expression

(19) highlights a trade-off with which monetary authority is facing and the following

proposition is derived.

Proposition 3. Under demand uncertainty, the policy gain (cost) of (in)stabilization is

higher when households attache a higher preference for varieties produced by homogeneous

plants (with lower value of σ and higher value of κ ) and a higher labor supply elasticity

ϕ−1 amplifies its gain (cost).

Proof. Remembering that κ > σ − 1, the term
(

1
σ−1

+ 1− 1
κ

)
1

1+ϕ
is strictly positive and

increasing function with respect to σ−1, κ and ϕ−1.

stabilization (characterized by constant monetary stance as µt = µ0) coincide to those obtained under

the optimal policy:

WNS
t = Γµ0

{
1

Et−1 [αt]

} 1
1+ϕ

= Γµ0

Non-stabilization does not result in higher marginal cost as argued in Corsetti and Pesenti (2009)

and Bergin and Corsetti (2008). As a result, the expected (average) allocations for both extensive and

intensive margins are exactly the same with or without stabilization. However, a more general process of

demand shock introduces uncertainty in future investment and thus uncertainty in future labor demand

which exacerbate the distortion of nominal rigidities. See the equation (14).
13f (εt) = εtlnεt is a convex function with respect to εt for εt > 0. From the direct application of Jensen’s

inequality, we have thus Et−1 [εtlnεt] > Et−1 [εt] lnEt−1 [εt]. With Et−1 [εt] = 1, Et−1 [εtlnεt] > 0.
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Think of the case of a monetary expansion that induces a higher number of but less

efficient producers. Given the size of love for variety, 1
σ−1

, the reallocation effect of policy

is smaller when firms are distributed at the lower end of distribution with high values

of κ. Thus, the higher is κ, the less monetary authority is facing the trade-off between

the number of producers St and their efficiencies z̃S,t. At its extreme case, when κ =∞,

all firms become homogeneous at the lower end of distribution and no reallocation effect,

thus no trade-off. No zombies are created because of expansionary policy. The gain of

monetary expansion achieves its best outcome in such a case. With this respect, the

policy gain is higher, the lower is the firm heterogeneity (the higher the value of κ).

In a very similar way, given the extent of firm heterogeneity κ, the smaller (larger)

value of love for variety 1
σ−1

exacerbates (alleviates) the above mentioned reallocation

effect and the gain of the optimal policy decreases (increases).

The policy gain is high (low) when ϕ is low (high), other things equal. Remembering

that ϕ is the inverse of Frish elasticity of labor supply, the policy gain is higher when

the elasticity is high. When the labor supply is completely inelastic (ϕ = ∞), there

is no reason to conduct a monetary policy that aims to impact real variables through

appropriate allocation of labor.

As a final remark, to shed a different light on the trade-off with which the monetary

authority is facing, recall the expression of expected utility (17) which can be alternatively

developed as

Et−1 [Ut] =
σ

σ − 1
[Et−1αtEt−1lnSt + Cov(αt, lnSt)] + Et−1αtEt−1lnỹS,t + Cov(αt, lnỹS,t).

Since the expected number of producers St and their expected average production scale

ỹS,t (or the average productivity level z̃S,t) become the same with or without stabilization

under the simple demand process assumed, the welfare wedge between stabilization and

non-stabilization is solely driven by the covariance between demand shock and the number

of available varieties Cov(αt, lnSt) and the covariance between demand shock and the

average efficiency in the economy Cov(αt, lnz̃S,t). Monetary policy can realize a better

congruence of one of these covariances at the expense of another.
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5 Quantitative Exploration

We extend the theoretical model with a more realistic setting to explore its quantitative

implication. The extensions are as follows: 1) Instead of one period of existence of plants,

a more realistic motion of firms is introduced. 2) Instead of one period wage stickiness,

Calvo type wage stickiness, hence wage inflation dynamics are introduced. 3) Adjustment

cost in firm entry is introduced. 4) Monetary stance is specified according to the Taylor

rule. We only mention theses points. The extended model is calibrated and the implication

of monetary shock is analyzed. In particular the role played by firm heterogeneity and

entry adjustment cost are discussed. In what follows, the welfare-based consumer price

index, Pt, is chosen as numéraire and the real price of average producers is defined as

ρ̃S,t ≡ p̃S,t
Pt

. All other real variables are expressed with small letters.

5.1 The Model’s Extensions

5.1.1 Household’s Decisions and Wage Phillips Curve

Firms stay in the market until they are hit by exit inducing shock. The motion of firm is

specified as Nt+1 = (1− δ) (Nt +Ht) where Ht denotes the number of entrants at period

t and δ stands for “death shock” that hit at the very end of the period. Households

now finance all firms including entrants by purchasing a share of mutual funds. The real

budget constraint for a household j is thus given by

Ct (j)+bt (j)+xt(j) (Nt +Ht) ṽt = (1 + ν)wt (j)Lt (j)+(1+rt)bt−1 (j)+xt−1(j)Nt(ṽt+d̃t)+t
f
t

(20)

where real interest rate rt is defined as

1 + rt ≡
1 + it−1

1 + πt
.

In the above expression, πt denotes inflation rate of ideal consumption basket between

period t and t − 1. The first order condition with respect to share holdings and bond

holdings are respectively given by
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ṽt = β (1− δ)Et
[
αt+1Ct
αtCt+1

(
ṽt+1 + d̃t+1

)]
and

1 = βEt

[
αt+1Ct
αtCt+1

1 + it−1

1 + πct

]
.

In stead of one period stickiness, wages are set à la Calvo (1983) and only a fraction

of 1− ϑ household can re-optimize their wages. The first order condition with respect to

wage setting yields (see Appendix D for derivation),

(
W
′
t

Wt

)1+ϕθ

=

ηθ
(θ−1)(1+ν)

∞∑
k=0

(βϑ)k Et

[(
Wt+k

Wt

)θ(1+ϕ)

L1+ϕ
t+k

]
∞∑
k=0

(βϑ)k Et

[
αt+k
Ct+k

Wt+k

Pt+k

(
Wt+k

Wt

)θ−1

Lt+k

] , (21)

which provides the following wage Phillips curve:

πwt = βEt
[
πwt+1

]
− (1− βϑ) (1− ϑ)

(1 + θϕ)ϑ
µ̂wt ,

where µ̂wt represents deviation of wage markup µwt from its steady state value. The wage

markup µwt is given by

wt = µwt
ηLϕt Ct
αt

.

Note that there exists a link between wage inflation πwt and welfare-consistent inflation

πt as

wt
wt−1

=
1 + πwt
1 + πt

.

Adjustment cost in entry process is modeled following Lewis (2009) and Lewis and

Poilly (2012) by assuming the probability of successful entry as

$t(Ht, Ht−1) = 1− FN,t(
Ht

Ht−1

),

and
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wtfE = ṽt$t + ṽt$1,tHt + βEt

[(
Ct+1

Ct

)−γ
(ṽt+1$2,t+1Ht+1)

]
,

where $t denotes the probability of successful entry and $it is the first derivative of the

success rate with respect to its ith argument. FN,t is the failure rate with FN,t(1) =

F
′
N,t(1) = 0 and F

′′
N,t(1) = ω. When the value of ω is high, entry process becomes more

sluggish. When $t = 1, it gives the standard free entry condition as wtfE = ṽt.

GDP is defined from the income side as Yt = wtLt +ND,td̃t. Noting Y f
t as GDP under

flexible wages, we specify the following Taylor rule:

it = (it−1)ρ
[(

P e
t

P e
t−1

)φπ ( Yt

Y f
t

)φY ]1−ρ

υt,

where υt stands for a monetary policy shock. Given the inability of statistical agency in

capturing all fluctuations in product turnover (Broda and Weinstein (2006, 2004)), we

assume that monetary authority conducts policy based on imperfectly observed price P e
t

and its inflation πet that capture fluctuations in nominal prices only as

1 + πet = (1 + πt)

(
St
St−1

) 1
σ−1

.

Finally, we define plant destruction as

Dt =
St
Nt

.

The process of demand shifter is specified as lnαt = 0.8 lnαt−1 + εt and monetary

policy shock is specified as ln υt = ευ,t where both εt and ευ,t are assumed to be a zero

mean i.i.d shock. The model is calibrated around the non stochastic zero inflation steady

state where α0 = υ0 = 1. The steady state is thus identical with Hamano and Zanetti

(2017). The whole system is summarized in Table 2 and Table 3.

5.2 Calibration

The theoretical model is calibrated with the parameters’ values in Table 4. Discount factor

β, the Frish elasticity of labor supply ϕ, the elasticity of substitution among varieties σ,
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Table 2: The Model

Price Index 1 = S
− 1
σ−1

t ρ̃S,t

Pricing ρ̃S,t = σ
σ−1

wt
z̃S,t

Dividends of Firms d̃t = St
Nt
d̃S,t

Dividends of Producers d̃S,t = 1
σ
Ct
St
− fwt

Free Entry wtfE = ṽt$t + ṽt$1,tHt + βEt

[(
Ct+1

Ct

)−γ
(ṽt+1$2,t+1Ht+1)

]
Labor Market Clearing wtLt = (σ − 1)Std̃S,t + σStfwt +Htṽt

Average Productivity z̃S,t = zmin

[
κ

κ−(σ−1)

] 1
σ−1
(
St
Nt

)− 1
κ

Zero Cutoff Profits 1
σ
Ct
St

[
κ−(σ−1)

κ

]
= fwt

Motion of firms Nt+1 = (1− δ) (Nt +Ht)

Euler Shares ṽt = β (1− δ)Et
[(

αtCt+1

Ctαt+1

)−1 (
ṽt+1 + d̃t+1

)]
Euler Bonds 1 = βEt

[(
αtCt+1

Ctαt+1

)−1

(1 + rt+1)

]
Plant Destruction Dt = St

Nt

GDP Definition Yt = wtLt +ND,td̃t

Table 3: The Model (con’t)

Real Return 1 + rt ≡ 1+it−1

1+πt

Wage Markup wt = µwt
ηLϕt Ct
αt

Wage Inflation
(
W
′
t

Wt

)1+ϕθ

=

ηθ
(θ−1)(1+ν)

∞∑
k=0

(βϑ)kEt

[(
Wt+k
Wt

)θ(1+ϕ)
L1+ϕ
t+k

]
∞∑
k=0

(βϑ)kEt

[
αt+k
Ct+k

Wt+k
Pt+k

(
Wt+k
Wt

)θ−1
Lt+k

]
CPI Inflation wt

wt−1
=

1+πwt
1+πt

Empirical Inflation 1 + πet = (1 + πt)
(

St
St−1

) 1
σ−1

Monetary Policy it = (it−1)ρ
[(

P et
P et−1

)φπ (
Yt
Y ft

)φY ]1−ρ

υt
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Table 4: Calibration of the model

β Discount factor 0.99

ϕ Frish elasticity of labor supply 2

σ Elasticity of substitution among varieties 11.5

γ Risk aversion 2

δ Exogenous death shock 0.059

κ Pareto shape 11.5070

λ Calvo wage revision 0.64

θ Elasticity of substitution among workers 0.9524

ω Entry adjustment cost 8.311

ρ Interest smoothing on previous rate 0.8

φπ Inflation target 1.5

φY Output gap stabilization 0.1

risk aversion γ, exogenous death shock δ, Pareto distribution κ are taken from Hamano

and Zanetti (2017) that matches the business cycle moments of plant/product turnover

described in Broda and Weinstein (2010). The values of parameters in Taylor rule (ρ,

φπ and φY ) are specified following Gertler et al. (1999). Adjustment cost for entry, ω,

is calibrated based on Lewis and Poilly (2012). Parameters’ values concerning the sticky

wage (λ and θ) are chosen from the estimation results in Christiano et al. (2005).

5.3 Monetary Policy Shock

Figure 2 shows the IRFs of the theoretical model following a 1 % rise in monetary policy

shock, ευ,t.
14 Each panel in the figure reports the IRF for output Yt, empirically measured

CPI inflation πet , nominal interest rate it , the number of entrants Ht, plant destruction

Dt and the labor productivity of average incumbent plants z̃S,t with three different values

of Pareto distribution, namely κ = 11.50 (solid lines), κ = 50 (dashed lines) and κ = 100

(dotted lines). On impact of such a contractionary policy shock, product destruction

14The results for demand shock are available upon on request.
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Figure 2: Monetary Shock and Firm Heterogeneity (κ)

Each entry shows the percentage-point response of one of the model’s variables to a one-percentage
deviation of the monetary shock for the benchmark economy (solid line with κ = 11.5) and the economy
with medium level of firm heterogeneity (dashed line with κ = 30) and the economy with low level of
firm heterogeneity (dotted line with κ = 100).

(D) increases and output decreases (Y ). The impact on both destruction and output

dissipates as the nominal interest rate (i) normalizes after six quarters. On the other

hand, with the benchmark adjustment cost, firm entry (H) decreases gradually from the

first to three quarters. It recovers slowly and then slightly increases with some persistence

before achieving its initial level. While the monetary tightening wipes out inefficient

producers and discourages entry, the productivity of average incumbents (z̃S) increases

and thus higher inflation (πe) materializes due to the cleansing effect of monetary policy

as discussed in Section 3. The cleansing effect is higher, the higher is the plant level

heterogeneity κ. IRFs for the complete set of variables are found in Appendix E.

Contrary to the benchmark calibration that creates a slower downward adjustment in
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entry (H) following a contractionary policy shock, lower values of entry adjustment cost

give rise to radical change of dynamics for all variables. Figure 3 shows the IRFs for the

same contractionary monetary shock but with different values of entry adjustment costs,

namely ω = 8.311 (solid lines), ω = 0.05 (dashed lines) and ω = 0.001 (dotted lines).

With lower values of adjustment cost, firm entry (H) declines sharply on impact (dashed

and dotted lines for H). And such a dramatic decline in entry dampens the product

destruction (D) not only on impact but also in the subsequent periods. Destruction can

be even lower in transitory dynamics for lower values of entry adjustment cost (dashed

and solid lines for D). The pattern is the insulation effect of entry on destruction argued

in Caballero and Hammour (1994) and Hamano and Zanetti (2017). Furthermore, note

that firm entry (H) itself can be also insulated in future periods: the self insulation is

higher (entry increases in transitory dynamics), the higher is the initial drop in firm entry.

Correspondingly when the adjustment cost is low, the productivity of average incumbent

plants (z̃S) increases on impact due to the cleaning effect of monetary policy while it

decreases along the transitory dynamics thanks to the insulation effect (dashed and solid

lines for z̃S). Accordingly, inflation becomes lower due to the cleansing on impact while it

can be mitigated thanks to the survival of inefficient plants in the subsequent periods. In

particular when the adjustment cost is sufficiently low (ω = 0.001), it even reverses the

inflation dynamics from deflation to inflation (dotted line for πe). IRFs for the complete

set of variables are found in Appendix E.15

Except the puzzling short-run expansion in output and entry following a contrac-

tionary monetary shock in data (which we would attribute to the issue related to the

identification of the monetary policy shock since mid-90’s), the IRFs of the theoretical

model reproduce overall those found in the VAR presented in Section 2. Monetary pol-

icy shock induces product turnover. It does also change the efficiency in the economy

through the resulted reallocation. On the other hand, the comparison with the VAR evi-

dence reveals some drawbacks of the theoretical model. For instance, there is an abrupt

destruction in the theoretical model while the establishment death takes only gradually in

15IRFs with ω = 0.001 are very similar to those obtained without any entry adjustment cost.

28



Figure 3: Monetary Policy Shock and Entry Adjustment Cost(ω)

Each entry shows the percentage-point response of one of the model’s variables to a one-percentage
deviation of the monetary shock for the benchmark economy (solid line with ω = 8.311) and the
economy with medium level of entry adjustment cost (dashed line with ω = 0.05) and the economy with
low level of entry adjustment cost (dotted line with ω = 0.001).

data. The theoretical model would need a more realistic adjustment cost in destruction.

Also persistence of inflation in the theoretical model is lower compared to the data, which

would be attributed to the absence of staggered price setting in addition to staggered

wage contract in the theoretical model.

6 Conclusion

The paper builds a simple DSGE model that aims to capture plant turnover and its

relation with monetary policy. We finds that monetary policy has impact on reallocation of

heterogeneous plants and inevitably changes the balance between the number of available
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varieties and their efficiencies (prices). A contractionary monetary shock cleanses the

inefficient plants while an expansionary monetary shock allows the survival of inefficient

plants. It is analytically shown that, under demand uncertainty, the gain of stabilization

is higher when plants are homogeneous and when households or producer of final goods

attach a higher love for product variety. A more realistic extended version of the model

is calibrated in replicating US product turnover. We find that lower entry insulates

destruction of the plants on impact and in the subsequent periods. The IRFs of the

theoretical model confirms broadly the VAR evidence following a contractionary monetary

shock in the recent US economy.

The theoretical model nesting on the standard New Keynesian literature would allow

to have extensions in the number of direction. For instance, introducing financial friction

for firms would be interesting. An extension to the open economy setting would be also

important to see the welfare difference across different exchange rate regimes.
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A Data

Table 5: Data

Series Name Source

Industrial Production Index St. Louis Fed

Consumer Price Index (changes for All ) St. Louis Fed

Effective Federal Fund Rates St. Louis Fed

Global Commodity Index IMF

Establishment Birth Business Employment Dynamics

Establishment Death Business Employment Dynamics

Establishment Openings Business Employment Dynamics

Establishment Closings Business Employment Dynamics

Adjusted Total Factor Productivity Fernald’s web site
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B VAR with Openings and Closings

Figure 4: Monetary Policy Shock, Establishment Turnover and Reallocation Effect: a

VAR evidence

Effects of unanticipated monetary policy shock, multivariate VAR, 1992Q3-2017Q1. Gray bands are
30%, 50%, 68% and 90% bootstrap confidence bands.

C Optimal Policy

By plugging the solutions found in Section 3, the expected utility Et−1 [Ut] at time period

t from the perspective of t− 1 can be developed as
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Et−1 [Ut] = Et−1 [αtlnCt] = Et−1
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αtlnS

σ
σ−1

t ỹS,t

]
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σ
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µtz̃S,t
StWt
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(
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σ − 1
lnSt + lnµt − lnWt + lnz̃S,t

)]
+ cst
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[
1

σ − 1
αtln
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Wtft
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t

]]
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The above is the expression (18).

The first order condition with respect to µt yields,

(
1

σ − 1
+ 1− 1

κ

)[
αt
µt
− Et−1 [αt]

Et−1

[
µ1+ϕ
t

] (µt)
1+ϕ

µt

]
= 0

It is shown that the optimal policy satisfies µt = µ0α
1

1+ϕ

t .

D Wage Dynamics

The household maximizes the following utility by setting W
′
t (j).

Et
∑∞

k=0
(βϑ)kUt(Ct+k(j), Lt+k|t(j))

where Lt+k|t(j) are the consumption and labor supply at t+ k under the preset wage rate

W
′
t (j).

The first order condition yields

W
′

t (j) =

ηθ
(θ−1)(1+ν)

∞∑
k=0

(βϑ)k Et

[
L1+ϕ
t+k|t(j)

]
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(βϑ)k Et

[
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Pt+k
Lt+k|t(j)

] .
Using
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Lt+k|t (j) =

(
Wt (j)

Wt+k

)−θ
Lt+k,

we have (21).

Using the definition of wage index and the low of large number, nominal wage dynamics

are given by

(
W
′
t

Wt

)1−θ

=
1− ϑπwθ−1

t

ϑ

Combining the log-linearized above equation and (21), we have the following wage

dynamics:

πwt = βEt
[
πwt+1

]
− (1− βϑ) (1− ϑ)

(1 + θϕ)ϑ
µ̂wt .

E IRFs
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Figure 5: IRFs with different κ
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Figure 6: IRFs with different ω
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