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1 Introduction

Business cycles are characterized by sizeable investment dynamics of firm entry and exit.
Just as real and monetary shocks may lead firms to adjust the scale of production, they also
create opportunities to introduce new goods in the market, as lower costs or higher demand
raise the profitability of new product lines. A small but dynamic strand of literature has
recently reconsidered different dimensions in which models with firm entry and product va-
riety can contribute to our understanding of the business cycle in closed and open economies
(e.g. Ghironi and Melitz, 2005; Jaimovich, 2004). These aim to provide a more realistic
model of imperfectly competitive markets in manufacturing, where entry drives profits to
zero and generate plausible market dynamics; in some versions, they also shed light on the

role of research and development in generating economic fluctuations.

The question we
investigate in this paper is their monetary policy dimension.

One can list several reasons why business cycle researchers should be interested in firm
entry. Firstly, we see strong empirical evidence that entry dynamics comove with the busi-
ness cycle, a stylized fact that will be discussed below. Secondly, entry has the potential
to serve as an amplification and propagation mechanism for real shocks, and to affect the
transmission mechanism for monetary policy. Thirdly entry may have notable welfare ef-
fects, to the degree that households derive utility from greater variety, or to the degree that
the entry of new firms raises competition in a market. By way of example, under a standard
Dixit-Stiglitz specification with a substitution elasticity implying a 20% markup, a one per-
cent decrease in consumption expenditure lowers the total consumption index by 20% more
if it corresponds to 1 percent reduction in the number of varieties bought by the consumers,
rather than a proportional fall in the consumption of each variety.? This example illustrates
that the extensive margin of consumption and output fluctuations, in the form of changes in
the number of firms and varieties, can have distinct implications from the intensive margin,
the average size of firms. Thus, as a final point, in light of its effect on welfare we expect

entry to affect the design of optimal monetary policy, as output gap stabilization may now

IRecent open macro literature has explored the role of firm entry in the international business cycle,
and analyzed international spillovers from policy and productivity shocks. (See Ghironi and Melitz, 2005;
Corsetti, Martin, and Pesenti, 2005, among others.) Some contributions have also reconsidered issues of the
welfare effects of product varieties — with potentially relevant implications for the design of international
and domestic price indexes. (See the above contribution and Broda and Weinstein, 2004). Some traits of
these models are in common with a related literature on firm entry focusing on issues of indeterminacy of
equilibria and increasing returns. (See Chatterjee et al., 1993; Devereux et al., 1996; and Kim, 2004).

2This can be easily seen by considering the Dixit-Stigliz consumption aggregator over symmetric varieties:
a—1 g% o _ .. .. ~ ~ ~ .
C = (fon c(h) = ) ' = n-Tc(h). Writing this in percent changes: C' = ~Z3n + ¢ (h). For a typical
case of o = 6, a percentage rise in the number of varieties n affects total C' by 1.2 times as much as an equal
percentage rise in average size c(h).



have an extensive as well as an intensive margin.

In this paper, we first briefly document the correlation of entry with monetary shocks,
augmenting standard VAR models with measures of new firm incorporations and net busi-
ness formation. Second, we build a stylized sticky price model of monetary policy when
firm entry is endogenous. Firms must prepay a (possibly time-varying) fixed cost in the
period prior to production, which is the cost of an exogenously given quantity of interme-
diate inputs that are necessary to start up production. This startup fixed cost must be
paid each period — it could be interpreted as investment expenditure under the simplifying
assumption of complete depreciation of capital within the period. Firms cover such cost
with their profits derived from monopolistic pricing. As demand and cost are affected by
shocks, the number of firms that find it profitable to enter the market will vary over time.
Different from the standard specification, firms enter the market by producing new differen-
tiated products, thus enlarging the set of goods available to consumers and other firms. We
allow for love for variety in preferences, so that enlarging the set of goods may have positive
effects on household utility. Price stickiness takes the form of prices that are set one period
in advance.

We find that entry affects the transmission of technology shocks as well as monetary
policy transmission. With endogenous entry, the effect of productivity shocks on output
is magnified by the increase in investment demand driven by new firms. With free entry,
most of the output effect can be attributed to the creation of new firms and products, i.e.
to the extensive margins. Monetary shocks also induce entry much as investment responds
in a standard model: for a given entry (investment) cost, a fall in the real interest rate
raises the expected discounted profits from creating a new firm. Different from the standard
model, however, firms investing in new capital stock do not raise the scale of production of
a given set of products (i.e. to exploit intensive margins) — facing a fall in their equilibrium
prices. Product differentiation (i.e. exploiting extensive margins) allow them to operate
with limited or no deterioration of their prices. As with productivity shocks, endogenous
entry tends to generate some endogenous persistence in response to monetary shocks, though
these particular effects are not large in the calibrated version of the model.

Our stylized model allows us to evaluate analytically monetary policy. We first show
that there exists a simple class of policy rules such that the market allocation with nominal
rigidities coincides with a market allocation where all prices are flexible. This class of policy
is isomorphic to the one studied in Corsetti and Pesenti (2005a,b), in the context of a model
without firm entry and investment. In an economy with these rules in place, the individual

good prices p are constant, but the welfare-based CPI fluctuates with entry. For exactly this



reason, the goal of (welfare-based) CPI stability may not be a good target for policy makers.
To the extent that it is desirable to support a flex price allocation, monetary authorities
should stabilize firms’ marginal costs and prices. The price level may then freely fluctuate
with entry, providing information about fluctuation in consumption utils — given prices —
that households enjoy.

However, the allocation in a flexible price equilibrium will not be in general Pareto
optimal. There are three distortions in our economy: monopoly power in production, under
or oversupply of varieties, and nominal rigidities. Correcting the first two distortions requires
an appropriate set of taxes and subsidies. Only if these are in place, can monetary policy
be effective in targeting the efficient allocation.

We study two important macroeconomic consequences of lack of macroeconomic stabi-
lization in our distorted economy. First, as in Corsetti and Pesenti (2005a,b), the lack of
monetary stabilization translates into higher product prices. As a result, insufficient sta-
bilization lowers the average scale of activity of all firms in existence. Second — this is a
specific contribution of our paper — we show that the lack of stabilization lowers the average
number of firms relative to a flex price allocation. This result is not obvious, since higher
prices set by firms against increasing uncertainty tend to rise profits in equilibrium, hence
creating an incentive to enter. Our analytical welfare analysis finds that unconditional ex-
pected welfare is unambiguously lower under a lack of stabilization, for all parameterizations
of love for variety. But the welfare gains of stabilization policy rise with greater love for
variety, potentially by a notable percentage — of the same order of magnitude as average
markup.

We conclude our analysis by augmenting our model to explore the effects of firm entry
on market competitiveness. We adapt a translog preference specification: new entry of firms
raises the density of market competition and the elasticity of substitution between varieties.
This forces firms to lower their markups and thereby reduces the monopolistic distortion
in the economy. We show that this reallocates adjustment between extensive and intensive
margins, and it offers an additional motivation for stabilization policy as a means of raising
welfare.?

A related paper in the recent literature is by Bilbiie, Ghironi and Melitz (2005), which

studies the dynamics of entry along the business cycle. In addition to differences in the

3Since we focus on stabilization policy, we abstract from the growth dimension stressed by other macro-
economic models with entry, namely, the link between the creation of new firms and technological change
when progress is embodied in new capital (e.g. Campbell 1998). Nonetheless, we observe that our model
shares two standard predictions with this literature. First, current productivity shocks lead to entry — in
this sense, entry is procyclical. Second, future productivity shocks leads to exit. The reason is however
different from the obsolescence of current capital. Rather, exit is due to the anticipation of a fall in prices
and sales revenue due to productivity gains in a (monopolistic) competitive environment.



model specification, while their focus is on cyclical properties of the macroeconomic process
with firm entry, we concentrate on stabilization policy issues.

This paper is organized as follows. Section 2 introduces our model. Section 3 charac-
terizes the flexible price equilibrium and compares it to the Pareto optimal allocation. The

next two sections analyze monetary transmission and policy rules. Section 6 concludes.

2 A look at the evidence

As empirical motivation for our inquiry, Figure 1 plots two metrics of entry, the U.S. index of
net business formation and the number of new incorporations. The comovements with GDP
are obvious, with correlations as high as 0.73 and 0.53, respectively. While the comovement
with output has been noted in earlier research (see e.g. Bilbiie, Ghironi and Melitz, 2005;
Jaimovich, 2004; Devereux et al., 1996), we go on here to document a relationship with
monetary policy. To this goal, simple unconditional correlations are not appropriate. Indeed,
if one uses the increase in nonborrowed reserves ratio to total reserves as an indicator of an
expansionary monetary policy stance, its unconditional correlations with the above measures
of entry are negative (-0.28 and -0.18), rather than positive as one might expect. Similarly,
the correlation with the federal funds rate has different sign (-0.04 and 0.06) depending on the
measure of entry, whereas one may instead expect an unambiguously negative correlation
with this indicator of monetary contraction. Clearly, a likely problem is that monetary
policy is adjusted counter to business cycle fluctuations, so the unconditional correlations
are likely conflating endogenous monetary contractions with the booms in GDP that may
have given rise to them.

Using even a simple VAR to separate these effects gives a dramatically different and much
clearer picture. First, we follow Eichenbaum and Evans (1995) in specifying a VAR ordering
the nonborrowed reserves ratio after industrial production and consumer prices. In addition,
we follow Christiano, Eichenbaum and Evans (1999) by including sensitive commodity prices
to control the price puzzle. In this system we insert in turn each of our measures of entry.*
Figure la shows that now there is a statistically significant positive effect of nonborrowed
reserves on net business formation; figure 1b shows a similar effect on incorporations, with

significance starting in the eight month after the shock. Then, as in Eichenbaum and Evans

4The full list of variables in order are: industrial production, CPI, commodity prices, non-borrowed
reserves ratio, and net business formation (or new incorporations). The first two and the final series are
in logs. Data is monthly, running from 1959:1 t01996:9 when incorporations are used and to 1994:12 for
net business formation. The entry series have been discontinued, with net business formation obtained
from Economagic, and incorporations from the Survey of Current Business. Identification is by Cholesky
decomposition, where monetary policy can respond contemporaneously to production, CPI, and commodity
prices.



(1995), we also include the federal funds rate in the system as an alternative measure of
monetary policy stance.” As seen in figures 2a and 2b, the direction of the effect once again
conforms with our intuition: a rise in the interest rate discourages entry, with significance
in the net business formation case. Our conclusion from this exercise is that there appears
to be a relationship between monetary policy and entry. This invites theoretical exploration
of how entry might operate as part of the monetary policy transmission process and how it

might affect optimal policy design.

3 The model

We consider a closed economy where households consume a basket of differentiated tradable
goods, demanding positive quantities of all the goods available in the market. They supply
labor to firms and own claims on firms’ profits. We scale the economy such that there are
L; households in the economy.

The number of goods varieties produced by firms is endogenously determined in the
model. To start production of a particular good variety, firms sustain entry costs consisting
of the costs of intermediate inputs required to set up a firm’s capital. Once the entry
costs are paid, firms start producing with a period lag. They operate under conditions of
monopolistic competition: in equilibrium firms will choose to produce one specific variety
only. Hence, an increase in n; corresponds to both the introduction of new varieties, and
the creation of new firms. For simplicity, we assume that, at the end of this period the
capital invested in the creation of a specific variety fully depreciates and the production
process starts again with new entry of firms. Firms and goods varieties are defined over a
continuum of mass n; and indexed by h € [0, n].

The government is assumed to set monetary policy, collect seigniorage, and rebate any

surplus to households in a lump-sum function.

3.1 Households

The utility of the representative national household is a positive function of consumption
C; and money holding M,;/P; and a negative function of labor effort ¢, — whereas P; is the
welfare based consumption price index (defined below) and M; is the stock of money that
the representative household chooses to hold during the period. As household preferences
are defined over a very large set of goods, utility is a well-defined (and non-decreasing)

function of all goods available in the market.

5The variable list now consists of: industrial production, CPI, commodity price, federal funds rate,
nonborrowed reserves ratio, and an entry measure.



The representative household maximizes Y, B'U (Cy), whereas utility in period ¢ is:

M,
Utzlogthnéterln?t (1)
t

In the above expression C} is a composite good that includes all varieties:

C = A, Un Cy (h)' % dh} o )

0

where

Ay = (n)"" 71, (3)

As in Benassy (1996) and the working paper version of Dixit and Stiglitz (1974), in our
specification of preferences the parameter o denotes the elasticity of intratemporal (i.e.,
across varieties) substitution, with ¢ > 1, and the parameter v measures the degree of
consumers’ love for variety: v — 1 represents the marginal utility gain from spreading a
given amount of consumption on a basket that includes one additional good variety (see
Corsetti Martin and Pesenti, 2005). In what follows, we will conveniently restrict the value
of the v to be close to —Z7, so that our specification of consumption is close to the standard
Dixit-Stiglitz case.’

In each period, households buy s;(h) shares in the firm h (which start operating in the
following period) at the price ¢ (k). At the same time, they receive dividend payments
from their previous period investment. The budget constraint for the representative Home

household is therefore:

Nt Nt41
[ mmcimans [ s B+ (4)
0 0
Swtét + / / Stfl(h)Ht (h) dh — Tt + (1 + ’Lt) Bt,1 + Mt,1
0

where p¢(h) denotes the price of variety h; s¢(h) is the share of firm h purchased in period
t; wy is the nominal wage rate; IT;(h) is firm h’s total dividend paid in period ¢; T are lump-
sum net taxes denominated in Home currency, B; is the household’s holding of a nominal
bond (in zero net supply), and ¢ is the nominal interest rate. Note that consumption falls

on n; goods, financial investment on n;,1 shares.

3.2 Firms and the government

The representative firm producing a specific variety h has access to the following production
function:

Yt(h) = atft(h) (5)

6By assuming log preferences, we restrict our attention to economies with a well defined balanced growth
path. However, we also abstract from potentially interesting wealth effects on labor supply (see Corsetti,
Martin and Pesenti, 2005).



where Y (h) is the output of variety h, £(h) is labor used in its production, and oy is a
country-specific labor productivity innovation that is common to all Home firms.
To start the production of a variety h at time ¢ + 1, at time ¢ a firm needs to install K;
units of capital. The latter consists of a basket of intermediate inputs/goods:
ny ) o1
Ky = Ay UO K, (h)'" 7 dh}
Here, Ak ; is an indicator of efficiency of investment defined as:

Ay = (ng) 5751 (6)

which is a direct analog to the love of variety in consumption. For a given requirement K,
a higher efficiency index Ak ; implies a smaller demand of goods O"t K(h)dh.
Let p:(h) denote the price of variety h. From cost minimization, we can derive the

investment demand for the good h
_ h)\ 7
Kt(h) _ Aanl <pt( )) Kt

where P is the price index of a unit of K:

1 .
Pg = 1 {/ pe (h)* dh}
Kt LJo

Observe that in a symmetric equilibrium the demand for the good h is K(h) = K;/n".

1—0o

The entry costs q(h) faced by a firm are thus equal to:
q1(h) = Pr 1Ky (7)

For simplicity, in what follows we assume 100 percent depreciation: after paying the fixed
cost, a firm can produce variety h in period ¢ 4+ 1 only.

Since we assume that households will demand any number of varieties supplied in the
market, from the vantage point of a new firm it will never be profitable to produce a
particular variety already produced by other firms, rather than introducing a new one. Hence
in equilibrium firms are monopolistic suppliers of one good only. The resource constraint

for variety h is:

Yi(h) = LiCy (h) + nut1 Ky (h) (8)
where Cy (h) is consumption of good h by the representative Household, while the second
term on the RHS is the demand for investment goods by all the firms that will be producing
int+ 1.

Households and firms will be symmetric in equilibrium. Hence we can write the h firm’s

operating profits as:

Ht (h) = Pt (h) LtC't (h) —|—pt (h) Tlt_;,_th (h) — ’thgt (h) (9)



We posit that firms are atomistic, so that they ignore the effect of their pricing decision on
the price level.
Domestic households provide labor to firms for both start-up and production activities.
Hence the resource constraint in the Home labor market is:
Loty > / RRaWrN (10)
0 Qy
We abstract from public consumption expenditure. The government uses seigniorage

revenues and taxes to finance transfers. The public budget constraint is simply:
Ly
My — My +/ T:(j)dj = My — My + LT =0 (11)
0

and in equilibrium money supply equals demand, or M; = fOLt M;(j)dj. Finally, the bond
is in zero net supply:
1
/ By(j)dj = 0. (12)
0
so that By = 0 in aggregate terms. Throughout our analysis we will consider two sources

of uncertainty. labor productivity a; and investment requirement for entry K; are random

variables.

3.3 Equilibrium allocation

The representative Home household maximizes (1) with respect to Ci(h), €, By, s¢ (h) and
M, subject to (4). The first order conditions are:

Cy(h) = A7™! (ptlgh)> C, (13)
t
Wy = :‘ﬂ?PtCt (14)
: =B (1 +1) Et# (15)
P,.C, P 1Cip
q(h) [ I 41(h) ]
=F T 16
PCy | Py1Cri (16)
M, 14
P, X it (17)

where P; is the utility-based consumer price index:

1 ne o ﬁ
Pt—A[/ pe (h)! dh} (18)
t 0

Note that households will finance new firms as long as the present discounted value of

expected profits will be above the cost of entry

i < £ [P220) P, )



With competitive markets and free entry, the number of firms will adjust until the above
holds with an equality sign. Following Corsetti and Pesenti [2005a] it is convenient to define

two new variables as follows

pe = PGy
. P.Cy _ oy
Qe = 6Pt+10t+1 B /Bﬂ’tJrl

The first is a measure of monetary stance. The second is the stochastic discount factor.
We introduce nominal rigidities by assuming that firms preset the price of their products
before shocks are realized (i.e. simultaneously to the decision to enter), and stand ready to
meet demand at the ongoing price. Hence, the entry decision coincides with the optimal
choice of this price for the period of production. Firms choose their price maximizing the

expected discounted value of their profits

Mazyny Bt [Qre411le41 (R)] =

Mazyny B {Qtt+1 [Liv1pe+1 (h) Crpa () + nigopir (h) K1 (h) — wep1 b (B)]}

Using the first order conditions of the representative household, the price indices, and the

definition of © we can also rewrite the firm’s problem as

Bl kﬂt+1 Litq pypgq Nero K11
M FE 1I WM =E h) —
azpn)y B [Qt 411141 (R)] t {Nt+1 pry1 (h) wirs | W0 P + 3

The optimal preset price satisfies”

K Litq pheqq oK1
E, Y P + YK
o Qi1 | Myyq 41 Ny
pr1(h) = (19)
o—1 > 1 |:Lt+1 Per | nt+2Kt+1:|
t
Keya nzﬂ Piyq nZ-fl

It is easy to verify that, with flexible prices, the optimal price set at time will take the

well-known form
0K fiq1

20
o—1 Ay ( )

pr+1 = [mark up] - MCy =

where M C' stands for marginal costs.
We have seen above that free entry in a competitive market implies ¢;(h) = E} [8Q¢, 14111141 (R)].
Substituting the first order conditions of the representative household’s problem and using

our definitions above, we can write

8 KL Ly p N0 K
Py K; = E, { oy Pest (h) . t+1 fyﬂ t+1 + t+27Kt+1 (21)
Myt Qt4+1 N1 Pra Nt

This expression and equation (19) summarize the macroeconomic process in our economy.

"We note here that, with preset prices, large negative shocks may make ex post operating profits negative
— raising an issue of whether firms will voluntarily accept to produce even if they are loosing money. For
simplicity, we rule this possibility out by restricting the support of the shock (as discussed in Corsetti and
Pesenti, 2001).
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4 Flex-price equilibrium and welfare with monopolistic
distortions

In this section, we analyze the flexible price equilibrium allocation and its welfare proper-
ties relative to a Pareto-optimal allocation, with the goal of providing useful positive and
normative benchmarks for the analysis to follow. Using (19) and (20), the dynamics of an

economy with flexible prices is captured by the difference equation below:

l
g Kt 1—vg E 1 1 Lt+1 (672N n{f;KtJrl 29
-1 T -t _ flex KO TK ( )
(o} g Qi1 0 1|n flex
e (nt+1 )

where the superscript ‘flex’ stands for flexible-price equilibrium. Clearly, money is neutral.

Investment in entry however responds to productivity shocks.

4.1 Real shocks and economic dynamics

From (22), the entry cost ¢; (on the left hand side of the expression) falls with positive
innovations to investment efficiency (corresponding to a fall in K;) and/or with positive
shocks to a; (in a flex price equilibrium, productivity gains reduce current goods prices,
decreasing the costs of investment). Entry in turn reduces expected profits, restoring equi-
librium. Observe that entry reduces profits from both consumption sales (first term in the
squared brackets of (22)) and investment sales (second term).

These effects are illustrated by Figure 3, which plots the effect of a persistent rise in
productivity in a linearized and calibrated version of the model.® Relative to the standard
model without entry, the effect of the shock on output is larger, as it includes the demand
for investment. Since in our calibrated economy investment is 16% of output in steady state,
output is approximately 16% larger.” Observe also that once firms have a chance to enter,
the rise in output generated by the shock operates at the extensive margin, with no increase
in average firm size at the intensive margin. This must be the case in equilibrium, since
any rise in firm size would indicate there were extra sales and hence profits net of the fixed
entry costs which potential entrants are not exploiting. The effects of a 1% drop in entry
cost, Ky, are illustrated in figure 4. New firms enter and firm size falls proportionately, as

an unchanged level of output is divided among the larger number of firms.

8 Calibrated values are: ¢ = 6, v = =23 = 1.2,y = 1, B = 1, serial correlation in shock p, = 0.9,

;=
K=0012, L =1.
9Tt is easy to show that in this economy the steady state share of investment expenditure in output

equals g, so it does not depend at all on the calibration of the fixed cost parameter K (which is difficult to
calibrate).
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An anticipated shock to marginal costs (azy1), however, has ambiguous effects on the
allocation. While it encourages entry because of its effect on future entry costs (investment
will be cheaper in the future), its impact on future goods prices is not necessarily good news
for profitability. Intuitively, with falling marginal cost, each firm will try to increase profits
by lowering its own price. But since the shock is common to all, in the new equilibrium the
product prices will be uniformly lower, reducing profits.

The above equation also suggests that the number of firms temporarily rises in response
to an anticipated higher investment requirement (a higher Ky, 1, which is a negative shock to
expectations about the investment technology). By the same token, n; is higher in response
to anticipated growth in market size (a larger Ly 1).!°

Observe that with efficiency gains in investment due to goods variety (v, # 1), the
expression (22) is a non linear second-order difference equation in n: any temporary de-
viations of n from its long run value induce persistent effects on the costs of investment.
Hence investment demand and entry change over time in response to any shock, also driving
consumption demand. These effects would disappear as the system returns to steady state.

To gain further insight on the equilibrium allocation, it is analytically convenient to
focus on the case of a stationary economy with i.i.d. shocks to productivity and no serial
dependence in entry (75 = 1). Expected discounted profits are constant, and entry is di-
rectly proportional to current productivity shocks c; while varying inversely with investment

requirement at entry K;.

flex

flex Ot ﬂ Lo—-1 Nito
n =—=—-FE |——+ K
i+l Ko “I'h o Q1 tt
Taking expectation at time ¢ — 1 and rearranging yield
K K —-11
Banfly St = paflg it S T2 10y
t

Qg1 c—fP Ko
Substituting this result in the previous expression, we obtain

K, c—11p
flezit: “Fr
M1 a o—fPKo

(23)

In a stationary economy with flexible prices, the number of firms moves in proportion to the
productivity index K;/ay. If K is constant, all the adjustment takes place at the extensive
margin: firm size is unaffected.

By using the resource constraint of the economy, we also obtain a second important
result (details are in appendix):

—-11
E{lex _ g - gflea: (24)

oc— Bk

10See Corsetti, Martin and Pesenti (2005) for an analysis of similar results in an open economy.
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The equilibrium rate of employment is constant. Output and entry (along the intensive
and the extensive margins) fluctuates with productivity. Adding up quantities across goods
(ignoring differences across products), this economy produces a;Léf¢. Of this aggregate
quantity, a proportion /0 goes into investment, (o — /3) /o into consumption. Unless v = 1,
however, these quantities are not appropriate measures of GNP, C' and I, because they

ignore the utility value of product diversification.

4.2 Entry and Pareto efficiency

In our economy, a competitive allocation can be characterized by either excessive or in-
sufficient creation of varieties, depending on the interaction between love for variety and

monopolistic distortions. If an interior solution for n exists, the efficient mass of varieties

satisfies
K Ly { 1 Lin B niS Kin }
L NG —1 +(y, -1 De2 il
o t Lt+1 (’Y ) ngg P ('Yk ) g1 ngr?

As in the market equilibrium, the Pareto-optimal number of varieties in a stationary econ-

omy (with 7.i.d. shocks and -y, # 1) will be proportional to «;/K;

o 1
= B — ) (25)

Observe first that, v — 1 implies that nf ff‘ — 0, while nﬁ_ef tends to a positive number.

In the case of no love for varieties, the efficient mass of varieties is zero: it would be efficient
for firms to supply only one good variety, at a price equal to the marginal cost. But this
would clearly be inconsistent with a market allocation, as firms would not be able to finance
their entry costs.

Take the ratio of nfle* to nt-O-

flex
Nyl o—-1

nf 9 ole=B)(r—1)

It is easy to verify that this ratio will be larger than unity with a Dixit-Stiglitz aggregator

in consumption, i.e. for v — —%5. A market allocation would not deliver enough product
diversity. To gain further insight, posit § ~ 1. In the Dixit-Stiglitz case, the above ratio is
then approximately equal to 1—1/0: the lower the elasticity of substitution across products,
the larger firms’ monopoly power, the larger the gap in variety between a market allocation

and the Pareto optimal allocation.!!

1 Using the above expression, it is also easy to calculate which value of v would make the number of firms
in a competitive equilibrium converge to the Pareto optimal number of firms. This happens to be the case
when 7 is close to 1 4+ 1/0. It is worth stressing that, even if v happens to be equal to 14 1/0, the market
allocation will not be Pareto-optimal, because of monopoly power in production.

13



By the same token, compare individual consumption in a flex price equilibrium and a

Pareto efficient allocation (indexed by the superscript ‘P.O.")

oc—1 -1
thle:v _ o (ntflex>
OR
1 ~y—1
clo = a- ()
K
~y—1
. Cfo 7 o n{—’.O.
Ciflea: - oc—1 n{lez

The wedge in consumption depends on two sources of inefficiency: the markup charged
by firms; and the equilibrium supply of varieties, that however only matters if v > 1.
Distortions in the labor market will also be a function of the ‘gap’ in the number of varieties.

Not surprisingly, employment in the consumption sector, ¢¢,, inherits the same distortions

~v—1
gg.to. o <nf‘o'>
flex = 5 _ fl
E exr o 1 nt exr

Cy

affecting consumption

while the wedge of employment in investment activities between a Pareto Optimal and a

market allocation will simply be equal to the wedge in the number of varieties, n29" /nf".

Overall, the efficient labor supply is constant and equal to

EP.O

[1+8(y—1) (26)

R

In general, as a decentralized equilibrium generally will not be Pareto efficient, welfare-
optimizing policymakers would want to adopt fiscal instruments to correct distortions. An
instance of an optimal fiscal policy correcting monopolistic distortions consists of subsidies
to production and investment, financed with lump-sum taxation. The former induce firms
to raise production up the point in which prices equal to marginal costs (therefore making
expected discounted profits identically equal to zero). The subsidy covering the costs of
entry should be limited to a mass of goods variety optimally chosen in relation to efficiency
gains in preferences.

Relative to the standard macroeconomic model with imperfect competition but a given
set of varieties, therefore, an explicit specification of entry costs is helpful in clarifying
the source of monopoly power in production. Entry and market dynamics is nonetheless
distorted, creating a need for a fiscal correction similar in spirit to the interventions envisaged
by recent contributions on monetary policy, whereas appropriate taxes are assumed in order
to approximate the market equilibrium (with an optimal monetary policy in place) around

the first-best allocation.
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5 Nominal rigidities and the transmission of monetary
and real shocks

With nominal rigidities, the macroeconomic process in a symmetric equilibrium is described

by the following two equilibrium conditions:

K Liq oK1
Ey + feg1 T — 7 Dpr+1(h)
Ni41 n

o (672N}
pe+1(h) = T 1 11 t; (27)
g E, [ t+1 [y g + Mptﬂ(h)}
t
Mg LMt4+1 * n;{fl

_ k L K
pt(h)Kt’n,z T _ Ly - Et { |:pt+1 (h) _ #’t+1:| |: t+1 :u‘t+1 + Nt42 t+1:| } (28)

Y
Hiq1 Q41 Nig1 Pt (h) ntf1

Hereafter, we will use these conditions to trace the transmission of monetary and real shocks.

Clearly, money is not neutral. Consider a once-and-for-all unanticipated temporary
shock to p at time ¢ (money stocks go back to their initial value from ¢ + 1 on). From
the RHS of the above equation, we see that a monetary shock p, that lowers real interest
rates translates into a higher discount factor, therefore boosting expected discounted profits.
Even though in our model nominal wages move in proportion to the nominal shock (reducing
firms’ markup ex post), with preset goods prices the overall entry costs does not change.
Hence, by reducing the real interest rate a temporary monetary shock will lead to entry:
at time t + 1 there will be a higher number of firms and goods. Since the number of firms
is predetermined and cannot rise in the same period in which the shock occurs, the rise in
demand (for both investment and consumption) driven by a monetary shock is met by a rise
in output per firm solely at the intensive margin. The extensive margin takes effect only
after one period, when the number of firms rises. We stress the analogy in the monetary
transmission channel between this model with entry and standard models without entry
but with investment in physical capital. The effect of expansionary monetary shocks on the
effective real interest rate induces a rise in consumption demand and investment (the latter
via a raise in expected discounted profits), which translates into higher real output.

Figure 5 illustrates the effects of a permanent monetary shock using the linearized and
calibrated version of the model.'> Observe first that, just as with the productivity shock
discussed in the previous section, entry raises the output effects of monetary shocks. In
the experiment in Figure 5, steady state investment is about 12% of output and the rise in

output is approximately by this amount.'® Since we set v, # 1, there is some persistence

12Calibrated values are the same as in the previous simulation, exept that we re-introduce love of variety
in investment (yx =7): 0 =6, y= %5 =12,y =12,8=1, K =0.012, L = 1.

o—1

13The steady state investment share no longer exactly equals exactdly g since love of variety in investment
affects the investment price index.
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in the effect of a monetary shock on entry. In the second period after the shock, there still
is a noticeable amount of extra firms, due to the fact that the larger number of varieties
available in the previous period make entry less costly. However, persistence in the effect of
money on entry does not translate into persistence in the effect on output.

Perhaps most interesting is the observation that, with endogenous entry, the inflationary
effects of monetary expansion are diminished by about 17%. Under love of variety, the rise in
entry works to lower the cost of one unit of the consumption index. This indicates that the
inflationary consequences of monetary expansions may be less severe than suggested by the
official measures of the CPI, to the extent that these fail to properly take into consideration
entry and variety effects.

As prices are preset during the period, temporary productivity shocks (changes in «;
lasting only one period) do not impact the allocation at all. Productivity shocks to «; can
affect entry if they are persistent, as illustrated in Figure 6. The effects of such a shock
closely resemble those of the flexible price case, though entry is delayed an extra period. This
is because under sticky prices it takes a period before the productivity gain is able to lower
prices and hence entry costs. Regarding a shock to entry costs (K}), since this shock did not
imply any change in marginal cost or price setting under the flexible price case discussed
previously, the effects under sticky prices are the same as those shown previously in figure
4. Thus, different from productivity innovations to «;, shocks to investment efficiency raise

n¢+1 also when prices are sticky.

6 Monetary policy rules and the consequences of lack
of stabilization

In this section we turn to stabilization policy, focusing on the effects of monetary rules,
whereas we express our indicator of monetary stance p as a function of exogenous shocks to
productivity. To facilitate analytical solution, we again limit ourselves to the case of i.i.d.

shocks and no serial dependence in entry (v, =1).

6.1 Monetary rules supporting a flex-price allocation

A first question regards the conditions (if any) under which there exist monetary rules
that support a flex-price and flex-wage allocation. The answer is positive: in our economy
there exists a class of policy rules that equalize the allocation across market equilibria with
and without nominal rigidities. Such a class is identical to the one studied by Corsetti

and Pesenti (2005a,b) for a much simpler economy without entry. Suppose that monetary
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authorities pursue policy rules such that
py = Tiov

at all times, whereas T is a possibly time-varying variable anchoring the level of nominal
prices. Setting Y, = 1 for simplicity, it is easy to verify that marginal costs are identically

equal to k, and preset prices are constant

oK
oc—1

pe+1(h) = (29)

In other words, marginal costs are completely stabilized. Using this expression in the free
entry condition, we obtain exactly the same expression characterizing a flex price allocation
(22). As discussed in Corsetti and Pesenti (2005a,b), this result nicely generalizes to more
articulated specifications of nominal rigidities, including costs of nominal price adjustment
or Calvo-Yun pricing, which allow some price flexibility ex post (either by all firms, or by
some firms only). The reason is that rules that stabilize marginal costs take away any
incentive to change prices ex post. A firm that can re-optimize its pricing decisions would
not alter the nominal price of its product. Observe that randomness in K; per se does not
create any policy trade-off for policy makers, as (independently of price stickiness) entry
fluctuates endogenously in response to it.

In an economy with the above rule in place, the individual good prices p are constant,
but the welfare-based CPI comoves negatively with entry. For exactly this reason, the goal
of (welfare-based) CPI stability may not be a good target for policy makers. To the extent
that it is desirable to support a flex price allocation, monetary authorities should stabilize
firms’ marginal costs and product prices, not the CPI. The price level should instead move
freely with entry, providing information about fluctuation in consumption utils which —
given prices — households enjoy.

As discussed above, however, pursuing policy rules that ensure p, = «; will not be
sufficient to ensure a Pareto optimal allocation. This is because monopoly pricing distorts
consumptions and labor, and the supply of varieties may be too large or too small. The
above monetary stabilization rule in general must be complemented with appropriate taxes
and subsidies.

It is nonetheless useful to analyze the behavior of our economy when no taxes or subsidies
address these supply side distortions, as to dissect the macroeconomic implications of a lack

of stabilization. Posit that monetary authorities pursue policy rules implying;:

p=at, 0<¢<1
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i.e., they pursue rules that make them react to productivity shocks only, although they may
react to them with different intensity. When £ = 1, clearly 4 = «: we are in the case
discussed above, whereas stabilization rules are supporting a flex-price allocation. When
¢ < 1, instead, stabilization is ‘incomplete,” in the sense that policy makers do not fully

stabilize marginal costs and product prices.

6.2 Incomplete stabilization

What are the consequences of incomplete stabilization? For tractability in what follows we
keep our assumption that productivity is stationarity, so that in equilibrium n.yo will be
independent of nsy1. Also, we set £ = 0: monetary authorities do not react to shocks at
all, and money evolves along some deterministic path. This would be the case if the central
bank let money grow at some rate that may vary over time, but it is not contingent on

current economic shocks. In this case, the optimal preset price is

KO 1

pra(h) = — (30)

-1 tatH’
an expression which is increasing in the variance of «: the higher the uncertainty about
future productivity, the higher the preset price. Note that with i.i.d. shocks, goods price
will be constant.

Comparing optimal prices in the case of complete stabilization (£ = 1) and no stabi-
lization (§ = 0) of productivity shocks yields a conclusion consistent with the analysis in
Corsetti and Pesenti (2005a,b). Prices are higher in the absence of stabilization.'* Marginal
cost uncertainty exacerbates monopolistic distortions in the economy.

In the model with a fixed number of varieties by Corsetti and Pesenti (2005a, b), lack of
stabilization implies that because of nominal rigidities employment falls suboptimally when
productivity is high, while rise suboptimally when productivity is low. For a given average
employment level, this implies that output and consumption will be below the average level
in a flex price equilibrium. The same can be said regarding the level of output of each
firm in our economy with entry. To generalize such result to the aggregate level of output,
however, we first need to establish what happens to the number of firms and goods varieties
in an equilibrium without stabilization.

Observe that i.i.d. shocks to a do not translate into any fluctuation in entry: given
goods prices (30), random fluctuations in productivity only affect employment and output,

not investment or consumption. The number of firms ns, 1 will only vary with K. Using

L4Tf a fraction of firms can re-optimize their prices within the period, then lack of stabilization would also
translate into inflation variability, as some prices would rise or fall with marginal costs.
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(30) in (28), we can write for the no-stabilization case

KO 1
s ] (31)

oc—1 oy

no stabilize

E ﬂ|: o E|:1:| ﬁ:| L 1 +nt+2 K1
= Ln KLt - = —
o—1 (672N} Qg1 n?—ﬁlstablhze ,ggl |: :| n?_ﬁlstabilize
Q41

As shown in the appendix, this expression can be simplified as follows:

E,_y [nyostabilize ] — (Z-é) g%L 1 1 (32)

B[]
Conversely, in a flex-price equilibrium, or in an equilibrium with complete stabilization,
investment fluctuates with the state of the economy: the number of firms rises when pro-
ductivity is high and/or investment requirement is low. Using (30) in (28) setting p; = o,

we can derive (details are in the appendix):

1 stabilize
. o—1 1 1 COVUt_1 {f,nt+1 Kti|
Et—l [nfialbzlzzeKt} — < > é, _ ay (33)
AT e R Y

Comparing the two expressions (32) and (33): since the covariance term is negative (as a

rise in « leads to higher n next period), it follows that:
Et—l [nfialbilizeKt} > Et—l [nno stabilizeKt] ) (34)

On average, for any given path of K, there are more varieties and firms in a fully stabilized
economy (whose allocation coincides with the flexible price allocation).

In principle, one might have conjectured that higher preset prices due to lack of sta-
bilization (our first result above) may actually encourage entry by raising expected profits
(the opposite of our second result). This conjecture however ignores the fact that higher
goods prices also raise investment costs. Overall, in our economy above entry is discouraged
by lack of stabilization.

Observe that in our distorted economy with no stabilization, employment suboptimally
fluctuates with productivity shocks, falling when these are high and vice-versa. These
shocks open output gaps that are not (but should be) counteracted by stabilization policy.
In our framework, the gap between output with flexible prices a;Léf'®, and output with

nominal rigidities but no stabilization policy ayLe™° stabilize will simply be proportional to

othE"O stabilize _ 1 5 1 -1
atLgfle:v o g t Ayl

the productivity shock:
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Yet, as shown in appendix, with i.i.d. shocks expected employment in an economy with

sticky price but no stabilization is still constant at its flex-price (natural) level:

Et 1£no stabilize _ gfle:v

i,e. it is identical to expected labor supply in a fully stabilized economy. Hence, ex ante,

lack of stabilization does not impinge on expected disutility from labor.

6.3 Welfare

In the previous subsection, we have shown that lack of monetary policy means that prices
are high and entry is low, and on average consumption and output are below their level
in a fully stabilized economy. Now, when love of variety conforms to Dixit Stiglitz with
v =0/ (o — 1), lack of stabilization is surely detrimental to welfare. Monopolistic distortions
are exacerbated, and the number of varieties falls relative to an already suboptimal (average)
level. Can we be sure that incomplete stabilization is detrimental in general, also when the
number of varieties in a market allocation is too high from a welfare perspective?

To address this question, we first derive an analytically tractable expression for the
expected utility of the representative households. Since expected employment is constant
at its flex price level, expected utility only varies with the expected (log of) consumption

(see the appendix). Thus, in a stationary economy:
EoU; = EgInCy + constant. = Ey [In (¢;) — In P;] + constant.

With symmetry among firms, the price level varies inversely with entry: P, = n!'~7p.
Abstracting from constant terms (independent of stabilization policies) expected utility can
then be written:

EoU; = Eo [In (py) + (v — 1) Inng — Inpy]

Recall that, with no stabilization, p =1, and p = 5 Ey 4 (i); with full stabilization,

23

pu = o, p=>%. The difference in expected utility in the two cases simplifies to

EOUtstabilzze _ EOUtno stabilize —

_ EO [IH (at) + ('7 _ 1) hlnftablhze] _ EO ('Y _ 1) lnn;w stabilize __ In Etfl (a):| _
t

~ 10.5var In oy - stabilize _1p ! lize
{O 5 1 ) + ("Y ]-)EO (ln ns abilize 1 no stabili )} >0

which (provided the marginal benefit of variety is nonnegative v — 1 > 0) is unambiguously
positive. Intuitively, even when the market supply of product diversification is excessive

from a welfare perspective, it is not a good idea to give up macroeconomic stabilization on
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the ground that this would, on average, lower the number of varieties. This is because, as
shown above, lack of stabilization also raise prices, therefore exacerbating (welfare-reducing)
monopolistic distortions in the economy, and depressing consumption and average output.
We also note that the welfare wedge that can be attributed to failure to stabilize marginal
costs is rising in productivity uncertainty, as captured by the first term on the right hand
side of the above expression.

Setting for simplicity K = 1, we can write

stabilize

Eq

— lnnt° stabilize)
t

(In
= EO (ln nStabZl’LZ& —In n?_ﬁlstabilize)
(

9tab7liz€ no stabilize
= FEo (Fi—1Innjy — Innf?y )

B 118 g1 1
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Q
1 1
= FEy <Et1 In(oy) + Ei—11n <> + 0.5var;_1 <ln ))
o Qi

= EO (Et—l In (Olt) — Et—l In (Oét) + 0.5UCLTt_1 (lIl Oét))

= 0.5var;—1 (Inay)
So to simplify the earlier expression:
EUstabitize oo stabilize — ( 5501 (In ay)+(y—1) [0.5var; 1 (Inoy)] = %vart,l (Inoy) >0

That is, the utility gap opened by insufficient stabilization becomes proportional to the
variability of productivity shocks. Note that in our set up, such gap is already expressed
in terms of equivalent units of consumption, that equate welfare in an economy with full

stabilization and in an economy without stabilization. To wit:

EoUne stebilize (1 4+ 2)Cy, £) BoUstabitize
Eyln (Cno stabilize (1 + :E)) = Fyln (Cstabilize)

EO In (Cno stabilize) +Iln (1 + CC) _ EO In (Cstabilize)

1

P EO In (Cstabilize) _ EO In (Cno stabilize) — gvar(ln at)

A first conclusion we can draw is that welfare gains from stabilization are therefore of the
same order of magnitude as Lucas (1987, 2003). However, there is now a new element. Love
for variety tends to amplify these gains: to the extent that stabilization raises average entry,

preferences for product variety add another dimension to the costs of lack of stabilization.
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In particular, for the love of varity implied by the standard Dixit-Stiglitz specification,
v = %3, the welfare cost of business cycle fluctuations is amplified by this same value,
=%7, which one may recall also turns out to be the equilibrium price markup charged by
optimizing firms over marginal costs. This confirms the point made in the introduction, that

the extra welfare cost of entry fluctuations is of the same magnitude as the price markup.

7 Endogenous entry and market competitiveness

The analysis above showed that there is a role for stabilization policy to improve welfare
by affecting the number of entrants, provided there is love for variety in consumption.
Another reason why the number of entrants might affect welfare is that this may influence
the degree of competitiveness within markets. One way to get at this idea is to use the
endogenous markup implied by translog preferences, as discussed in Bergin and Feenstra
(2000) and Feenstra (2003). Building on Feenstra (2003), characterize household preferences

over varieties by the following price index unit cost function:

ne Nt

InP, = Z”lnpt (h) + d)Zthi Inp, (A)Inp, (2)| —InArpp, (35)

Ty .
h=1 h=1j=1

over some large number of entrants, n, where

—m=lp =
ny

Wh,i = X ‘
— h#i

ne?

1
_ o—1 __ . v—1
ATLJ: = Atnt = nt .

Here we have included an additive term Arp + to capture love of variety, and an extra scale
parameter ¢ to scale the demand elasticity for use later. As in the CES preferences in
previous sections, v = 1 (Arr, = 0) indicates no love of variety. Note that aggregating
this price index over identical firms delivers the same price index as equation (18) for the

previous set of preferences:

InP, = Inp,(h)—InApr, (36)

Pt pt(h)n%_ﬂf

We use (35) to compute the demand function facing each firm. We compute the share of
spending going to each good (s(h)) as the derivative of the unit cost function with respect

to the firm’s price:

pe(h)es(h) OP

1« ,
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or

pi(h)Ci(h) = PGy (38)

R
—t thi In p(4)
b=

Note that when aggregating over identical firms, this produces the same allocation of demand
over varieties as in the previous model in equation (13): ¢;(h) = Cy/n].

Denoting the time-varying demand elasticity as 7,, one can compute 1 —1, as the deriva-
tive of the share with respect to the good’s price by differentiating (37) and evaluating over

symmetric firms:

gii;% - st(z) <ntnt 1) =—¢m—1)
This indicates that the demand elasticity facing a variety is 5, = 1 — ¢(1 — ny). For the
special case of ¢ = 1, n, = n, the elasticity equals the number of entrants. But if we wish
to consider cases with a large number of entrants, the scale parameter ¢ can be set small.

Combining the demand facing a firm (38) with the firm price setting problem from earlier

in the paper, one finds the following price setting condition:

B " Livypyypr | miyoKin
2£Oét+1 n? 1 P - Ni41
pesr(h) = MU—— L* = (39)
E, [ t+1 My n N¢42 t+1:|
fepr Ly P Nt+1
where
Un 1
MUy=——=1—- ———— 40
g1 (L —npy1) (40)

which is identical to the price-setting equilibrium condition from the previous version of the
model, except that the constant demand elasticity ¢ has been replaced by the time-varying
elasticity that is a function of the number of entrants. We restrict the number of firms
to be large enough, so that firms take the elasticity as beyond their control. Note that
while this elasticity is time varying, it is known at the time prices are set. So it remains
like the earlier model in this respect without adding an extra dimension of uncertainty
to complicate model solution. Once aggregated over identical firms, all other equilibrium
conditions remain unchanged.

Figures 7 and 8 illustrate the dynamics for shocks in the linear approximation to the
model.'® Observe first that in each case the markup in pricing falls in inverse proportion
to the new entry. This is a useful implication, since countercyclical markups are a well-
documented feature of business cycle data (see Bills, 1987; Rotemberg and Woodford, 1991).

Next observe that there is now some positive persistence in the effects of monetary policy on

15The calibration is the same as previous cases, with the additional parameter ¢ set to unity. So o = 6,
—2- = 1.2,y = 1 for productivity for the shock experiment and 1.2 for the monetary shock experiment,

T=51
B=1,K=0012, L =1.
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output, though the effect is small. Finally, observe that the initial impact on entry for both
shocks is about half of that observed with CES preferences and exogenous markups. The
reason is that as more entry drives down the markup and hence profits, it takes fewer new
entrants to drive monopolistic profits back down to the fixed entry cost. One interesting
implication of this feature, is that now the rise in output is evenly split between the extensive
and intensive margins, rather than all taking place at the extensive margin whenever entry
is permitted. While empirical work is yet to be done on the precise breakdown of output
deviations into intensive and extensive margins, the fact that endogenous markups allow
this breakdown to be calibrated will likely prove useful as future research brings models of
entry to the data.

The fact that the endogenous markup generates some persistence here means that serial
dependence no longer can be eliminated by choosing v = 1. This precludes the type of
analytical solution used in the previous section to rank formally the effects of alternative
monetary policies on entry and welfare analysis. Nonetheless, it is clear that endogenous
markups provide an additional reason why entry matters for welfare. As more firms enter
and the market becomes more dense, the demand elasticity rises and markups fall, reducing
the monopolistic distortion in the market. Consequently, this version of the model should
predict an even wider range of cases where policies promoting greater entry would improve

welfare.

8 Conclusion

This paper explores some basic monetary policy issues in a model with firm entry. We use
a stylized model in which firms use monopoly profits to pay a fixed cost of entry prior to
each period of production, and in which prices are preset one period. In this context entry
has implications for the transmission of monetary and technology shocks, with features
similar to investment dynamics in standard models without entry. However, entry matters
in terms of its implications for welfare, working through either love of variety in preferences,
or the possibility that new entry may raise competitiveness in the market and reduce the
monopolistic distortion.

We analyze reasons why stabilization policy has a role to play in promoting entry. Pre-
vious literature has shown that, absent stabilization policy, uncertainty about productivity
induces firms to raise their markups and thereby lower welfare relative to their level in the
flex-price allocation. In this paper we replicate this result in an economy with entry. In
addition, we show that, on average, uncertainty also lowers entry relative to a flex-price al-

location. Since the amount of entry can affect welfare in the ways noted above, stabilization
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policy has an additional role in regulating the optimal number of entrants, as well as the

optimal level of production per firm.
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Appendix
Nonstochastic Steady state

In a non-stochastic steady state, the optimal price and the free entry conditions defined

above are
_ 9 hkp
T o—-1a
B B-L-n-htl=-m79] 1 K
nTe! 19 P (O-_ﬂ)
al=% (e — 1) (ko) v a(o—1)

In general, the model is highly non linear, and the steady state allocation may not be unique.
In some special cases, however, the solution becomes quite tractable. If v, = 1, for

instance, the number of firms and varieties is

B-L
e _ @7 (0 = 1) (ko)
" - 1
a(oc—1) (0_5)+;

Note that, as long as 9 is not too large — so that the exponent of n is positive — the number
of firms is increasing in the size of the country and patience (i.e., increasing in L and 3),
and decreasing in entry costs (i.e., decreasing in K, increasing in v). Lower marginal costs
(an increase in productivity «) have however ambiguous implications.

Furthermore, with K = 0, the expression simplifies to

nly—(=D¥] _ v-g-L
1— 1—w ’l/)
al=% (e —1)""% (ko)

When entry costs consist of labor costs only, and 1 is sufficiently high, higher manufacturing

productivity (a higher «) leads to exit in steady state (i.e., it leads to a lower n).

Pareto optimal allocation

This section of the appendix sets the planner problem and characterize the efficient alloca-

tion. Write the resource constraint for individual good h
n(h) = LtCt(h) + nt+1Kt(h)

In the aggregate
K

TK
Ty

1— 1—v
= Ny ’YLtOt +nt+1nt KKt

C,
nYi(h) = mny Ltnf»ﬁ—f—ntﬂ
t

Combining this expression with technology

OZtLtét = ntYf(h)



we can rewrite the resource constraint for the economy as follows:

1— 1—
Ny VLtC’t—i-ntHnt ’YKKt

Lty = Al
ttt » (A1)
Write the Pareto problem
Maz )~ 87 InC; — kl,] + (A.2)
7=0
_ 1—
At {Ltft - ntl WLtCt ey VKKt } +
673

1— 1—v
Ny ) Liy1Crpr 4+ npvang (1 Kip N
Q41

EBAi+1 {Lt+1£t+1 -

The first order conditions with respect to ¢ and C are

—K+)\tLt =0 = At: i

Ly

N
CtP'O' t (673 o

which imply:
—1
oy (nf'o')v

P.O. _
C, ™ =
K

The first order condition with respect to nyy1 yields

POk K L OP'O' _ P.O. _
-\ l(nt)t —EiB\ 41 [(1 —9) s s 0 (nﬁg.) R (1= k) N2 g1 (nfjr?') vk] —0

Qi Q41 Q41

Substituting the Lagrange multiplier and optimal consumption, we can also write:

POk PO.
(n ) K, L, [ Lt 1 P9 K, o _vk}
— |~ | —-ES 1- —+(1- —— (n57 =0
[ o t Lt+1 ( 7) er? P ( 7K) Qa1 ( t+1 )

In the case of no efficiency gains from variety in investment, v = 1, this expression simplifies
to:
P.O. _ > pnl
(ne37) 1 = K, ALy {(7 2 /J '
which we use in the text. It is easy to verify that efficient labor supply is constant and equal

to (26) in the text.

Ranking entry over policy rules

In this section of the appendix, we derive the expressions (32) and (33) discussed in the
main text. First, consider the case of no stabilization policy, where p, = 1. From (31) we

can write

RO

1
Fi 1 [] K =
«

oc—1 t

1 1 o 1 ) . nno stabilizeK
= B———ioiiee {L + KkE; |::| E; [n?ﬁfmb’”ze[{url] — kE; M} } .

ngvy o o—1 Oyt Oy
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Rearranging:

o no 9tabzlzzeK
L + Et |: ] Et [n?ﬁftablllzel(t+1] E [ t+1:|

Qt41
B 3]

We see here that the product ny{; stabilize [¢, ig a function of constants and expectations

Kaz Qpi1

no stabilize _
nt+1 Kt - 5

dated ¢, which are constant. So n;‘il“"t“b””eKt is not time varying under this policy rule.

Take expectations as of ¢t — 1:

no stabilize
Et—l [RH_ K]

no_stabilize e
B Fi 4 HU?L-&-Et |:a+1i|Et[ nOStCLbzlzzeK ] o-lp, [Tt“}
Ei {,71}
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Bt |2

Since shocks are i.i.d., we can further simplify this:

Et—l [ n_ﬁ stabzlzzeK]

o—1 1 1 o
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=Bl =

Entry is serially independent, expectations of the product of n?¢ %= K are the same

no stabilize
o —1¢0Ut—1 [ou+1 Kt+1n t+2 ]

for all periods 7:

1 no stabilize
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Since with nominal rigidities,entry does not respond to productivity shocks, as discussed

above, we know that in the case of i.i.d. shocks the covariance terms on the right hand side
is zero. We therefore can write (32) in the text.

Second, consider the case of stabilization policy with 1, = o4, in which case the allocation
coincides with the flexible price one. Again using (29) in (28), we can write

RO Kt B RO L Q41 nfia2bilizeKt+1
P Et -k stabilize _KO + stabilize
oc—1 oy apy1 00— 1 ngty £ nit4
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1 L 1 1 1 o
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Rearranging
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and take expectations as of t — 1:
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As above, with i.i.d. shocks:
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The expression (33) in the text follows.

Expected labor supply and the natural rate of employment

In this appendix we derive the expected labor supply under nominal rigidities. Using the

resource constraint (A.1) and setting vy, =1

_ 1 K 1
gt = ni ’thaft +7’lt+1a7ttf

Since C' = pu/P; and P, = n7"1p = nl_V%Et_l (O%), we can rewrite the above as
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In the case of full stabilization of marginal costs, the monetary rule replicates the flexible
price equilibrium. Hence, using the expectations of (23), and substituting into the above,

we obtain

Etiléitabilize o-1 o—-1 lé —

oK oc—fP Ko
o—1 I}
- 1 -
oK [ Jra—,é’]
_ o—1 o :laflzgflel’
ok |o—0 kKo—p0

In the case of no stabilization we know that entry is independent of productivity shocks.

Hence

1 1 1
7Et—1 nne stabllzzeKti —
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From the previous section of the appendix we know that:
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exactly as for the previous case above, leading to the same result for F;_;
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Fig. 1. Comovement of entry measures with U.S output
la. Net business formation 1b. New incorporations
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Fig 2. Response of entry measures to U.S. monetary policy shocks
2a. Nonborrowed reserves as indicator of policy innovations
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2b. Federa Funds rate as indicator of policy innovations

Response of net business formation to Response of new incorporations to
innovation in federal funds rate innovation in federal funds rate
.0021-= .008
3\
\ ’_-’-----—-- .
.000 ) A
NOOZE o W N A —na
‘\'\ l.'\’ \.-'\\'~\—~"\" o ~~~'-~~-
-.002- v
000
-.0044 \\/\‘\/\“W\
-0044\
-.006 K
Sa AL A=A
-.008- -.0084 \‘:' \‘o' N, "‘-'~-~/~.~~~._.
-
-.010 02 e e e
5 10 15 20 25 30 35 40 45



Fig 3: Modd smulations. Productivity shock (risein a by 1%) under flexible prices

percent deviations
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Fig 4: Modd ssmulations. Shock to entry cost (fall in K by 1%) under flexible prices
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Fig 5: Model simulations. Monetary shock (permanent risein mby 1%) under sticky prices
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Fig 6: Model simulations: Productivity shock (risein a by 1%) under sticky prices
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Fig 7: Model simulations. Monetary shock (permanent risein mby 1%) under endogenous markup
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Fig 8: Model simulations. Productivity shock (risein a by 1%) under endogenous markup
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