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Abstract

This paper provides optimal labour and dividend income taxation in a general equilibrium
model with oligopolistic competition and endogenous firms’ entry. In the long run the optimal
dividend income tax corrects for inefficient entry. The dividend income tax depends on the
form of competition and the nature of the sunk entry costs. In particular, it is higher in
market structures characterized by competition in quantities rather than those characterized
by price competition. Oligopolistic competition leads to an endogenous countercyclical price
markup. As a result, offsetting the distortions over the business cycle requires deviations
from full tax smoothing.
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Recent macroeconomic literature emphasizes the importance of the creation of new firms
for the propagation of business cycle fluctuations. Bilbiie, Ghironi and Melitz (2012, BGM
henceforth), Jaimovich and Floetotto (2010), Colciago and Etro (2010) and Etro and Col-
ciago (2010), among others, show that accounting for firms’ dynamics helps to improve the
performance of dynamic general equilibrium models in replicating the variability of the main
macroeconomic variables in response to exogenous disturbances.? Most of these studies are
characterized by imperfect competition in the goods market. As a result, an inefficient num-
ber of producers (and products) may arise in equilibrium, leading to welfare losses for the
society. For this reason, policy measures aimed at removing market distortions could be
desirable. This paper provides optimal Ramsey dividend and labour income taxation in a
framework characterized by alternative, imperfectly competitive, endogenous market struc-
tures. Market structures are said to be endogenous since the number of producers and price
markups are determined in each period. The issue of capital and corporate taxation has
been at the forefront of policy discussions. Some countries, including Spain, France, Sweden
and the United States have, in recent years, reduced capital gains taxes or corporate taxes.
While this study provides an analysis of the dynamic inefficiencies characterizing an economy
featuring imperfect competition with endogenous entry and endogenous labour supply, the
resulting framework is a suitable environment in which to evaluate the effects of changes in
corporate taxation on firm creation. The economy features distinct sectors, each one char-
acterized by many firms supplying goods that can be imperfectly substitutable to a different
degree, taking strategic interactions into account and competing either in prices (Bertrand

competition) or in quantities (Cournot competition). As in BGM (2012), the entry of a new

2Early contributors to this literature are Chattejee and Cooper (1993), Devereux et al. (1996) and De-
vereux and Lee (2001). More recent developments have come from Bergin and Corsetti (2008) and Faia

(2012).
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firm into the market amounts to the creation of a new product. Sunk entry costs allow to
endogenize the entry and the (stock market) value of each firm in each sector. The pref-
erences of agents are characterized by love for variety, such that spreading a given nominal
consumption expenditure over a larger number of goods leads to an increase in utility. The
degree of market power, as measured by the price markup, depends endogenously on the
form of competition, on the degree of substitutability between goods and on the equilibrium
number of firms. Importantly, the price markup is countercyclical. During an economic
boom profit opportunities attract firms into the market. This strengthens competition and,
via strategic interactions, reduces price markups. An early reference on the procyclicality of
the number of firms in the U.S. is Chatterjee and Cooper (1993), while a more recent one is
Lewis and Poilly (2012). The countercyclicality of the price markup is consistent with the
empirical findings by Bils (1987), Rotemberg and Woodford (2000) and Gali et al. (2007).
Nevertheless, aggregate profits remain strongly procyclical as in the data. As emphasized by
BGM (2007), the market equilibrium is characterized by two distortions: a Labour Distortion
and an Entry Distortion. As in other models with an imperfectly competitive goods market,
the presence of a price markup leads to a wedge between the marginal product of labour and
the marginal rate of substitution between consumption and hours. Oligopolistic competition
renders this wedge time varying. The Entry Distortion operates through the intertemporal
firms creation margin and leads to an inefficient number of firms in equilibrium. A positive
dividend income tax is optimal in the case of excessive entry and vice versa. To minimize the
welfare cost associated with these distortions, the Ramsey optimal fiscal policy, both in the
short and long run, is provided. The government levies taxes on dividend income and labour
income and issues state contingent bonds to finance an exogenous stream of public spending.
In the long run, the dividend income tax removes the entry distortion, as in Chugh and

Ghironi (2011). The dividend income tax can be positive, negative or zero depending on the
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form of the entry cost and on the form of competition. A clear message emerging from the
analysis is that the optimal dividend income tax rate is higher in market structures character-
ized by lower competition. In particular, it is higher under Cournot competition than under
Bertrand or monopolistic competition. The long-run labour income tax is positive under
all market structures considered. As a result, the labour distortion cannot be removed and
the long-run Ramsey equilibrium is inefficient. This suggests an analogy between dividend
income taxation in our framework and capital income taxation in the standard growth model
with imperfect competition. Adopting the neoclassical growth model and assuming full com-
mitment with time-varying taxes, Judd (1985) and Chamley (1986) show that the optimal
policy should eliminate all distortions on investment decisions by suppressing capital taxes in
the long run. This conclusion is robust to many different extensions.® Judd (1997) and (2002)
augments the standard growth model to allow for imperfectly competitive product markets
with a fixed number of firms. He shows that the optimal long-run capital income tax can be
negative. In particular, he argues that tax policy can be used as a substitute for antitrust
policy to remove the inefficiencies delivered by a monopoly in terms of capital accumulation
and the output level. Labour income taxation or consumption taxation should be used to
provide the long run subsidy to capital, income and to finance government spending. Such a
policy delivers efficiency along the investment margin but disregards the social cost of labour
distortion. Similarly, in the framework analysed in this paper, the dividend income tax, which
is a form of capital taxation, offsets the distortion along the intertemporal (entry) margin.
Guo and Lansing (1999) extend the analysis in Judd (1997) to argue that the magnitude
and sign of the capital income tax crucially depend on the degree of monopoly power. In a
similar vein, our analysis suggests that higher dividend income taxes should be implemented

in less competitive market structures. Coto-Martinez, Garriga and Sanchez-Losada (2007,

3For a review of the extensions, see Ljunqvist and Sargent (2004) and Chari and Kehoe (1999).
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CGS henceforth) consider an environment characterized by endogenous entry and monopolis-
tic competition. They argue that a key assumption in Judd’s result about negative long run
capital income tax was that the number of firms was fixed. They show that with endogenous
entry a capital income subsidy, which is equivalent to a negative dividend income tax in this
paper, could lead to too many firms in equilibrium. When both endogenous entry and en-
dogenous labour supply are considered, it is critical whether factors and dividend income can
be taxed at different rates. CGS (2007) show that when this is the case, one tax instrument
is used to control for the markup inefficiency and the other tax instrument controls firms’
entry. Over the business cycle, Chari, Christiano and Kehoe (1991) show, in an environment
similar to that in Chamley (1986), that the capital income tax rate is close to zero on aver-
age. Chugh and Ghironi (2011) show that the optimal dividend and labour income tax rates
are constant in a framework with endogenous entry and monopolistic competition. This is
not the case in oligopolistic market structures. Due to the countercyclicality of the price
markup, the distortions affecting the economy are time varying. Thus, counteracting these
distortions requires non-constant tax rates. In particular, the dividend income tax rate is
procyclical, meaning that it decreases during expansions, whereas the labour income tax rate
is countercyclical. These findings are consistent with the discussions about the cyclicality of
optimal subsidies in BGM (2007) and Etro (2009). Etro (2009), in particular, characterizes
the cyclicality of optimal ad valorem sales subsidies and optimal labour income subsidies in a
model similar to the one adopted here. However, both Etro (2009) and BGM (2007) assume
that the government has access to lump sum taxes to finance the optimal subsidies. This
possibility is ruled out in our analysis. Since revenues are raised with distortionary taxes,
the long-run inefficiency of the Ramsey equilibrium is unavoidable and the level of activity
is below the efficient one. Besides the form of competition, the form of the sunk entry costs

also matters for optimal taxation purposes. For this reason, together with alternative forms
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of competition, two forms of the entry costs are considered. One features a constant entry
cost measured in units of output, and the other one features entry costs in terms of labour.
In the latter framework, building a new firm requires hiring workers. As a result, the entry
cost depends on the real wage. Since the latter is set as a markdown over the marginal
product of labour, with the markup depending on the degree of competition in the goods
market, changes in the extent of competition also affect the magnitude of the entry costs.
The present framework features two models in the entry literature as special cases: CGS
(2007) and Chugh and Ghironi (2011). CGS (2007) consider an environment characterized
by monopolistic competition under constant sunk entry costs. As mentioned above, they
show that endogenous entry fundamentally affects the optimal dividend tax policy. Further,
they find that tax smoothing is optimal. Chugh and Ghironi (2011) consider a framework
with monopolistic competition and sunk entry cost in terms of labour. In this case the opti-
mal long-run dividend income tax is zero and taxes are constant over the business cycle. By
neglecting strategic interactions and considering the appropriate form of the entry costs, the
provided framework reduces to either one of these models. For this reason, it can be regarded
as a general framework to study optimal taxation problems under various forms of imperfect
competition in a dynamic setting. It should be noted that in all the versions of the model we
consider, a reduction in dividend income taxes spurs an increase in entry rates in the short
run which, in turn, leads to an increase in the steady state number of producers. This is con-
sistent with the empirical evidence in Da Rin et al. (2011), who consider a firm-level database
with entry data of several million European companies between 1997 and 2004. They find an
economically sizeable and statistically significant positive effect of a reduction of corporate
taxation on entry rates. Colciago and Rossi (2011) introduce endogenous market structures
in the Mortensen-Pissarides (1994) model of search in the labour market. This allows a simul-

taneous evaluation of the effects of corporate taxation on the creation of jobs and firms and
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the quantification of the macroeconomic effects of structural reforms in product and labour
markets, an issue of central interest during the Great Recession. To conclude, it should be
noted that this work extends to a dynamic general equilibrium setting a well-established
literature on imperfect competition and optimal taxation in static contexts. Myles (1989)
studies the design of optimal commodity taxes under imperfect competition, while Myles
(1996) studies the combination of ad valorem and specific taxes that induce Ramsey pricing.
De Nicoldo and Matteuzzi (2000) consider homogenous Cournot oligopolies and show that ad
valorem taxes are, in the case of constant marginal costs, welfare dominant with respect to
specific taxes. More recently, Lewis (2010) studies the design of optimal labour and dividend
income taxes under oligopolistic competition and endogenous entry in a static environment.
She shows how optimal tax rates depend upon the degree of substitutability between goods.
The remainder of the paper is as follows. Section 2 presents the model, Section 3 defines
the market equilibrium, Section 4 characterizes the efficient allocation, Section 5 provides
the Ramsey optimal fiscal policy and Section 6 concludes. The technical details are in the

Appendix.

1 The Model

The economy features a continuum of atomistic sectors, or industries, on the unit interval.
Each sector is characterized by different firms producing a good in different varieties and using
labour as the only input. In turn, the sectoral goods are imperfect substitutes for each other
and are aggregated into a final good. Households use the final good for consumption and
investment purposes. Oligopolistic competition and endogenous firms’ entry are modelled at
the sectoral level. At the beginning of each period, N§, new firms enter into sector j € (0, 1),

while at the end of the period a fraction § € (0,1) of market participants exits from the
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market for exogenous reasons.? As a result, the number of firms in a sector Nj;, follows the
equation of motion:

Njip1 = (1= 0)(Njt + Nyy) (1)

where N7, is the number of new entrants in sector j at time ¢. Following BGM (2012), I assume
that new entrants at time ¢ will only start producing at time ¢ + 1 and that the probability
of exit from the market, J, is independent of the period of entry and identical across sectors.
The assumption of an exogenous constant exit rate is adopted for tractability but it also has
empirical support. Using U.S. annual data on manufacturing, Lee and Mukoyama (2007)
find that, although the entry rate is procyclical, annual exit rates are similar across booms
and recessions. Alternative forms of competition between the firms within each sector are
considered below. In particular, the focus is on the traditional monopolistic competition
setting and the approach based on oligopolistic competition developed by Jaimovich and
Floetotto (2008) and Etro and Colciago (2010). As in Ghironi and Melitz (2005) and BGM
(2012), who gave new life to the interesting literature on the role of entry in macroeconomic
models, sunk entry costs are introduced to endogenise the number of firms in each sector. The
nature and form of the entry costs will be specified below, where alternative specifications
will also be considered. The household side is standard. They supply labour to firms and
choose how much to save in riskless bonds and in the creation of new firms through the stock

market.

4 As discussed in BGM (2012), if macroeconomic shocks are small enough, N;t is positive in every period.

New entrants finance their entry on the stock market.
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1.1 Firms and Technology

The final good is produced according to the function

1 L., w3
Vi — [ [y dj] @)
0

where Y}; denotes the output of sector j and w is the elasticity of substitution between any
two different sectoral goods. The final good producer behaves competitively. In each sector
J, there are Nj; > 1 firms producing differentiated goods that are aggregated into a sectoral

good by a CES (constant elasticity of substitution) aggregating function defined as

Nj¢ 61
NS
Yie= | > yli) 7 (3)
i=1

where y;¢(7) is the production of good 7 in sector j and 6 > 1 is the elasticity of substitution
between sectoral goods. As in Etro and Colciago (2010), a unit elasticity of substitution
between goods belonging to different sectors was assumed. This allows realistic separation of
limited substitutability at the aggregate level and high substitutability at the disaggregate
level. Each firm 4 in sector j produces a differentiated good with the following production

function
y;i(i) = Ath§t(i) (4)
where A; represents technology that is common across sectors and evolves exogenously over
time, while h$, (i) is the labour input used by the individual firm for the production of the
final good. The unit intersectoral elasticity of substitution implies that nominal expenditure,
EXP,, is identical across sectors. Thus, the final producer’s demand for each sectoral good
is
PyY; = PY, = EXP,. (5)
where Pj; is the price index of sector j and P, is the price of the final good at period ¢.

Denoting with pj; () the price of good ¢ in sector j, the demand faced by the producer of
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each variant is

where Pj; is defined as
Ny, 0

Py= 13 (p (i)’ (7)

i=1

Using (6) and (5), the individual demand of good ¢ can be written as a function of aggregate

expenditure,

yji (i) = 25 EXP, 8)

As technology, the entry cost and the exit probability are identical across sectors, in what

follows the index j is disregarded to consider a representative sector.

1.2 Households

Consider a representative agent with utility:

U=Ey) [ {logC;—v } v, >0 9)
— 1+1/¢p

where 8 € (0,1) is the discount factor, H; are the hours worked and C} is the consumption of
the final good. The representative agent enjoys labour and dividend income. The household
maximizes (9) by choosing hours of work and how much to invest in bonds and risky stocks.
The timing of investment in the stock market is as in BGM (2012) and Chugh and Ghironi
(2011). At the beginning of period t, the household owns x; shares of a mutual fund of the
N; firms that produce in period ¢, each of which pays a dividend d;. Denoting the value of
a firm with V4, it follows that the value of the portfolio held by the household is x;V;N;.
During period ¢, the household purchases z;y; shares in a fund of these N; firms as well as
the N7 new firms created during period ¢, to be carried into period ¢+ 1. Total stock market

purchases are thus x¢11V;(IN; + Nf). At the very end of period t, a fraction of these firms
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disappears from the market.” Following the production and sales of the IV, varieties in the
imperfectly competitive goods markets, firms distribute the dividend d; to households. The
household’s total dividend income is thus D; = x;d; Ny, which is taxed at the rate Tf. The
variable w; is the market real wage, and 7! is the tax rate on labour income. The household’s
holdings of the state-contingent one-period real government bond that pays off in period t
are B; and Bg 41 are the end-of-period holdings of government bonds that pay off in state j
in period t+1, which has a purchase price of 1 /Ri in period t. The Flow budget constraint

of the household is
1 .
Z ﬁBi+l + Ct + $t+1‘/;g(Nt + Nte) = (1 — Ti) U)th + Bt + xtVtNt + (1 — Tgl) l’tdtNt
7 t

The FOCs (first-order conditions) for the household problem are represented by a standard

Euler equation for bond holdings

1 o1
— = BRI—
Ci Ci
an asset pricing equation
V= Ci d
t=B(1—-0)E; I (1= 7801) mea (0, Nega) + Vi (10)
t+1

and the condition for optimal labour supply

'UC(tI'Ité = (1 — Té) Wt

1.3 FEndogenous Entry

Upon entry firms face a sunk cost, defined as f;. In each period entry is determined endoge-

nously to equate the value of firms to the entry costs. In what follows two popular forms of

5Due to the Poisson nature of exit shocks, the household does not know which firms will disappear from

the market, so it finances the continued operations of all incumbent firms as well as those of the new entrants.
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the entry cost, f;, are considered. Form 1, adopted, inter alia, by Jaimovich and Floetotto
(2008) and CGS (2007), features a constant entry cost measured in units of output, f; = .
Form 2, adopted by BGM (2007), features an entry cost equal to 7/A; units of labour, with
n > 0. Note that under this specification, technology shocks affect the productivity of the

workers that produce goods and also of the workers that create new businesses.

1.4 Government

The government faces an exogenous expenditure stream {Gy};- o in real terms. To finance
this stream it issues real state contingent bonds, B,f , where the superscript j refers to the state
of nature, and collects taxes on labour and dividend income. Its period-by-period budget
constraint is given by

1 .
EBtJ+1 + T = Gt + Bt (11)
j t

where 7, = Tétht + Tthdt are total tax revenues. The government consumes the same
index of goods faced by the household and optimizes the composition of its expenditure across

goods.® Public spending evolves exogenously over time.

1.5 Strategic Interactions

In each period, the same expenditure for each sector EX P; is allocated across the available
goods according to the standard direct demand function derived from the expenditure mini-
mization problem of the household and the government. It follows that the direct individual

demand faced by a firm, y; (i), can be written as

) N0 =6
w (i) =V, (pt—(”> o) _ypop@ BXR gy N ()
P, P P,

t t

X N—0
6Hence it follows that gt (i) = (%@) Gy.
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Inverting the direct demand functions, the system of inverse demand functions can be derived:

. i)" s EXP,
pe(i) = —yt( ) :

==

N 0—1

E e (i)
=1

which will be useful in the remainder of the analysis. Firms cannot credibly commit to a

=1,2,..,N, (13)

sequence of strategies, therefore their behaviour is equivalent to maximize current profits in
each period taking as given the strategies of the other firms. A main interest of this study is
in the evaluation of the efficiency of equilibria characterized by popular forms of competition
by firms, such as competition in prices and quantities. Firms take as given their marginal cost
of production and the aggregate nominal expenditure.” Under different forms of competition,
we obtain equilibrium prices satisfying

pr (0) = (@, N»% (14)

where % is the marginal cost and (6, N;) > 1 is the markup function. In the next sections,
the markup functions under alternative forms of market competition are characterized.

1.5.1 Price competition

Consider competition in prices. In each period, the gross profits of firm ¢ can be expressed

| , [pt(i) - %} (i) PEXP;
Iy [pe(4)] = - (15)
S
j=1

Firms compete by choosing their prices. We consider two alternative approaches to this
problem. The first one is the traditional monopolistic competition approach, which neglects
strategic interactions between firms. The second one is the Bertrand approach, where strate-

gic interactions are taken into consideration. The outcome of profit maximization under

TOf course, both of them are endogenous in general equilibrium but it is reasonable to assume that firms

do not perceive marginal costs and aggregate expenditure as being affected by their choices.
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monopolistic competition is well known. Each firm 4 chooses the price p;(¢) to maximize
profit taking as given the price of the other firms, neglecting the effect of their price choice
on the sectoral price index. The symmetric equilibrium price is p; = ™ (9) W;/A;, which

is associated with the constant price markup p™(0) = (931)' The latter does not depend

on the extent of competition but just on the elasticity of substitution between goods. Under
Bertrand competition, each firm 4 chooses the price p;(i) to maximize profit taking as given

the price of other firms. The first-order condition for any firm i is:

(1= 0)eli)~ (pei) = %2 ) puli)
Ny
Zpt(i)“e
i=1

Note that the term on the right-hand side is the effect of the price strategy of a firm on the

p()0 =0 ()~ 5 ) 0 =

price index: higher prices reduce overall demand, therefore firms tend to set higher markups

compared to monopolistic competition. The symmetric equilibrium price p; must satisfy

— w0, N
Pt 12 (97 t) At
where the markup reads as
14+6(N:—1)
BO,Ny) = ——"—L 16

As discussed in more detail in Etro and Colciago (2010), the markup is decreasing in the
degree of substitutability between products 6 and in the number of firms. Importantly, when

N; — oo the markup tends to (), the standard one under monopolistic competition.®

8Since total expenditure EX P; is equalized between sectors, we assume that it is also perceived as given by
the firms. Under the alternative hypothesis that the sum between public and private consumption, Ct + G4,
is perceived as given, we would obtain the higher markup:

O(Ny — 1)

AP0, N) = @1V, —1) -1

which leads to similar qualitative results. This case would correspond to the equilibrium markup proposed

by Yang and Heijdra (1993).
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1.5.2 Quantity competition

Consider now competition in quantities in the form of Cournot competition. Using the inverse
demand function (13), the profit function of a firm i can be expressed as a function of its

output y;(7) and the output of all the other firms:

()] = [ptu)%] (i) =

_ ()T EXP, _ Way(9) (17)

Al N O—=1 At
Z%(J)T
=1

Assume now that each firm chooses its production y;(7) taking as given the production of the

other firms. The first-order conditions:

(9—1) y ()" FEXP, (9—1) w(@)TEXP, W,
ACET 12 T A,

0 2 yi(i) ’ [Zz yt(Z)%} o

for all firms ¢ = 1,2, ..., N; can be simplified imposing the symmetry of the Cournot equilib-

rium. This generates the individual output:

_(0—1)(N, — 1)A,EXP,
o= ONZW,

(18)

Substituting into the inverse price, one obtains the equilibrium price p; = u% (8, Nt)%, where

ON,

HON) = G =

(19)

is the markup under competition in quantities. For a given number of firms, the markup under
competition in quantities is always larger than the one obtained before under competition in
prices, as is well known for models of product differentiation (see, for instance, Vives, 1999).
Note that the markup is decreasing in the degree of substitutability between products 6 and
in the number of competitors. Finally, only when N; — oo the markup tends to u*¢ (6), the

markup under monopolistic competition.

This article is protected by copyright. All rights reserved.



2 Market Equilibrium

This section contains the conditions characterizing the market equilibrium (ME, henceforth).

Merging the household flow budget constraint with the government budget leads to
}/tc + Nte‘/t = U)th + Ntﬂ't (20)

where Y, = Cy + G; denotes the sum between private and public consumption of the final
good. Note that the sum between labour income and profits income equals aggregate GDP.

The Euler equation for firms’ shares reads as

—1
Vi=pB(1-98)E; <ngl> (1 —=78) mesr + Viga) (21)

while the set of Euler equations for bond holdings provides the definition of the stochastic
-1
discount factor as SF; (%) . The real wage can be derived from the equilibrium pricing

relation as

Aspr _ P A,

W = ——————
! (0, Ny ) Py M

where in the symmetric equilibrium p, = %‘t = Ntl/ (=) The first-order condition for labour
supply is

'UCth == —PtAt (22)

€=
-~
—
=
\]
ns
N—

Also we must consider the equation determining the dynamics of the number of firms

Nipr = (1=0) (N + Ny) (23)

It remains to impose the entry condition and the clearing of the market. To do so, the analysis
differentiates according to the form of the entry cost. Form 1. When the latter is measured
in constant units of output, the labour input is entirely employed for the production of the

final good; thus, the clearing of the labour market requires H; = N;h{. The demand faced
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by firm i reads as y; = N—’:‘p—t. In this case, firm i’s profits are

(o (-32)%
t 0, PtYt ) N,

Aggregating profits over firms and summing to labour income delivers GDP as p, A, H;. Since

the entry condition is simply V; = v, the resource constraint (24) becomes
Yy + Ni = p, ArHy (24)

Note that GDP here coincides with the production of the final good. The Euler equation for

firms’ share translates into

¥ =B(1—0)E; (%)1 ((1 —7¢.1) (1 _ > Nil + w) (25)

t Hetr

Form 2. When the entry cost is measured in units of labour, the economy amounts to one
that features two sectors, one where ij—g% units of labour are used to produce new firms
and the other one where N;hi = H; — N units of labour are used to produce the final
good. This implies that the set-up of a new firm reduces the labour input available for
the production of the final good. In this setting, the individual demand faced by firms i is

Y = N—}:‘;—t and firm level profits can be written as’

1 1\ ve
m=(1—— =(1-—)
! ( m)ptyt ( ut) N,

Ny
P (Ct+ Gy) = / DitYitdi
0

9To see this, note that

in a symmetric equilibrium it follows that
P (Ct + Gt) = Nepeye

thus

e = Py (Ct+Gt)  (Ci+Gy)
= — = .
Pt N pe Nt
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Aggregating profits over firms and summing to labour income delivers GDP as GDP, =
(1 - i) Y+ %Ath. Also, recall that the entry condition implies V; = f; = I—Q':wt = nﬁf.

In this case, the resource constraint reads as
Y + Ninp, = p,AcHy (26)

The Euler equation (21) for the value of the firm reduces, instead, to

nlt = B(1 - 0)E, (%)1 ((17;’@1) (1 ! > Yia +77pt“> (27)

Hy t Pig1/) Nevr Hip1

Appendix A reports the full set of equilibrium conditions defining the ME for both forms of

the entry costs.

3 Efficient Equilibrium

This section outlines a scenario where a benevolent social planner (SP) maximizes households’
lifetime utility by choosing quantities directly. In doing this, the SP is subject to the same
technological constraints described in the previous sections. The SP maximizes (9) with
respect to {C’t,NtH,Nf,Ht}fi o- The choice is subject to two constraints. The first one
is given by the dynamics of the number of firms, equation (23), and the second one is the
resource constraint, which is represented by equation (26) in the case of Form 2 of the entry
costs and by equation (24) when entry costs are measured in terms of output. The SP takes
into account the effect of the number of varieties, IV;, on the relative price, p,, which is a
primitive of the problem. The FOC with respect to H; is independent of the form of the
entry cost and reads as

XCiH? = pyAy (28)

This condition simply states that the SP equates the marginal rate of substitution between

hours and consumption, the left-hand side, to the marginal product of labour, the right-hand
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side, which depends on the number of varieties in the economy. The SP’s Euler equation

depends instead on the form of the entry cost. In the case of Form 1, it reads as

Cy Yii1
€ (IV
Ci+1 (Newr) Nita

¢ = BE; (1-9) +9 (29)

PN,t+1Nt+1

where €(Nyp1) = e

is the benefit of variety in elasticity form and py ;g is
the derivative of the benefit of variety with respect to the number of firms. Under CES
preferences e (Niy1) is a constant equal to ﬁ; hence, in the remainder, we simply denote
it with e. Condition (29) states that the SP will create firms up to the point where the
utility cost of creating a new firm, Citw, equals the benefit from the creation of an additional

variety. The latter is given by the discounted utility value of the sum between the additional

utility that obtains from increasing time t+1 number of varieties measured in units of the

Yii1
Nt

final good, namely € , and the continuation value of the marginal firm, that is ¢.'® The

SP’s Euler equation in the case of entry costs in Form 2 reads as

C Ye
w0 = 05 (1= ) 5 |5 | (30

The interpretation of equation (30) is similar to that provided for equation (29), with two
differences. The first one is that the value of a new firm in terms of the final good is not
constant over time (and states of nature) but depends on the benefit of variety p,. The reason
is that love for variety affects the marginal productivity of labour and thus the opportunity
cost of creating a new firm in terms of the final good. This also implies that whenever the
number of varieties differs from the efficient one the value of a firm is distorted with respect
to the efficient one. The second difference is that at time t+1 the creation of Nf,; new
firms requires 4-N¢;; units of labour, which are diverted from the production of the final

good. As a result, the additional output that the marginal firm creates depends on the sum

10Note that € (N¢41) is an elasticity; thus, it is a pure number.
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between private and public consumption, Y¢, and not on GDP. Appendix B reports details

concerning the computation of the efficient equilibrium for both forms of the entry costs.

3.1 Market Distortions

The market allocation features two distortions. To identify them it is convenient, for the
time being, to set fiscal instruments to zero, 7¢ = 7L = 0. In the next sections we reintroduce
fiscal instruments and design them in order to minimize the welfare losses associated with
the distortions that we are about to discuss. The first distortion is referred to as to the
Labour Distortion. In the competitive equilibrium, labour is supplied up to the point where

the following condition is satisfied

XCiH}? = L g, (31)
t

A comparison between equation (28) and equation (31) reveals that in the decentralized equi-

/e -
h; /W, is lower

librium the marginal rate of substitution between hours and consumption, xC;
than the marginal rate of transformation between hours and output, p,A;. As in other mod-
els with an imperfectly competitive goods market, as for example in BGM (2012), this wedge
is due to the presence of a price markup. Importantly, oligopolistic competition renders this
wedge time varying. The second distortion involved in the decentralized allocation is an Entry
Distortion. This wedge operates through the intertemporal firms creation margin and could
lead to an inefficient number of firms in equilibrium. The number of firms could be inefficient
for the following reason, as argued by CGS (2007). The entry decision of the individual firm
ignores the welfare gains associated with increased variety. This leads to inefficiently low
entry. Also, the potential entrant ignores the negative effects of increased competition on

the profits of other firms already in the market. The latter, known as the business stealing

effect, leads to excessive entry. As a result, the equilibrium number of firms could be either
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inefficiently high or low, depending on which externality predominates. To illustrate the en-
try distortion the Euler equations in the decentralized economy will be compared with those
obtained in the efficient equilibrium. Again, it is convenient to distinguish according to the
form of the entry costs and to consider a non-stochastic version of the economy. Form 1.
Consider the right-hand side of the Euler equation in the decentralized equilibrium, equation

(25). The latter equals the right-hand side of the corresponding equation in the centralized

(1 - Mt1+1> —° (32

Thus, efficiency holds if the so-called Lerner index equals the benefit of variety in elasticity

equilibrium, equation (29), if

form.!!

In this case the private incentive to enter the market, (1 - ﬁ), is identical to
the social one, and the two externalities described above cancel out. If the Lerner index
is larger (lower) than the social incentive there will be excessive (too low) entry. Since
€= 0711 the condition above requires the price markup to be constant over time and states of
nature, u;, = p. As a result, it cannot be satisfied under oligopolistic competition. Note also
that although monopolistic competition leads to a constant markup p = e;ip the condition
for efficiency is not satisfied since 1 — % < €. Form 2. Comparing the Euler equation in

the decentralized equilibrium, equation (27), with the corresponding Euler equation in the

SP equilibrium, equation (30), shows that two conditions need to be imposed to reinstate

HThe Lerner index is defined as follows:
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efficiency, namely

1
w (1- ) e (33)
¢ ( et

and

oy
— =1. (34)
Hit1

Combining conditions (33) and (34), we recover those emphasized by BGM (2007), that is

My
e

=1

€= fi;41 — 1 and

which imply that the price markup should be constant over time and that the benefit of
variety in elasticity form should equal the market power as measured by the net markup.
Under oligopolistic competition both conditions fail. Contrary to the previous case, these
conditions are satisfied under monopolistic competition, as emphasized by BGM (2007) and
Chugh and Ghironi (2011). Thus, under monopolistic competition, with entry costs in Form
2, the entry margin is not distorted. Note that the economic environments in Chugh and
Ghironi (2011) and CGS (2007) can be considered as special cases of the one outlined here. In
particular, the present set-up collapses to that considered by CGS (2007) when entry costs are
in Form 1 and strategic interactions between firms are neglected. It coincides, instead, with
that considered by Chugh and Ghironi (2011) when entry costs are in Form 2 and strategic
interaction are neglected. The next section outlines the fiscal policy aimed at minimizing
welfare losses due to the market distortions when the government can raise revenues solely

by imposing distortionary taxes on labour and dividends and issuing state contingent bonds.
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4 Ramsey Optimal Fiscal Policy

In this section we study the second-best tax policy in an economy without lump sum taxes.

Consider the Euler equation for firms’ shares, which in its general form reads as

Copr\ "
fe=B(1—6)E; ( C?) (1= 781) mes1 + fran)

Expected future dividend income taxes cannot be removed from this equation using other
equilibrium conditions. As a result, a pure primal approach cannot be applied to solve for the
optimal policy. As emphasized by Chugh and Ghironi (2011), the set of allocations that the
SP can select cannot uniquely be characterized by means of the so-called implementability
constraint. Further, computing a first-order condition with respect to F;r¢ "1 would leave
7¢ | indeterminate from the point of view of time-t. To resolve this indeterminacy issue
the solution proposed by Chugh and Ghironi (2011) is adopted. In particular, it is assumed
that the SP chooses a state contingent schedule for the time t+1 dividend income tax rate
T?)t 4 1,where j indexes the state of the economy. This schedule is in the time t information set.
Also, we assume that the Ramsey Planner commits to the schedule, meaning that the state
contingent tax rate is implemented with certainty at time t41.'> The Ramsey allocation is

derived by solving

00 hl—i—l/ga
max Eg Zﬁt log Cy — Um

t=0

The choice variables are C;, Ny, Hy, Nf and Tf/t 41~ The allocation is restricted by four
constraints; two of them depend on the form of the entry cost. The constraints, which are

independent of the form of the entry cost, are equation (23), determining the dynamic of the

12In other words, Tf+1 is chosen at time t. The selected value is then implemented with certainty at time

t+1.
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number of firms, and the implementability constraint, which reads as

> 1 b 1
Eozgﬁt |:1_Uht¢] :?(:)4_?0 [(1_761) d0+V0] Noso
t=

The allocation is further restricted by equations (24) and (25) in the case of the entry cost of
Form 1 and by equations (26) and (27) in the case of the entry cost in Form 2. Government
expenditure {G,},~ is exogenously given. The first-order conditions for the Ramsey prob-
lem are reported in the Appendix for both forms of the entry costs. To compute Ramsey
allocations I follow Linneman and Shabert (2011). That is, throughout the analysis it is
assumed that the policy maker can credibly commit himself but the initial period (t = 0) is
ignored. In deriving the Ramsey policy, the problem that the policy maker’s decision rules
will be different for the first period in which the policy is implemented is neglected. This is
justified by the fact that the interest is in making statements about the deterministic steady
state as well as about business cycle fluctuations around it, while the transition path from
the initial values towards the steady state is not analysed. As is common in the Ramsey
literature (see Khan, King and Wolman (2003)), it is further assumed that the initial values
of the predetermined variables are equal to their values in the deterministic Ramsey steady
state. This amounts to adopting the so-called Timeless Perspective, popularized by Wood-
ford (2003). The dynamics in response to shocks under the Ramsey policy are obtained by
solving a first-order approximation to the Ramsey first-order conditions. As shown in var-
ious contributions by Schmitt-Grohé and Uribe, in models characterized by more frictions
than are in the present one, a first-order approximation to the first-order conditions delivers

dynamics that are very close to the exact ones.
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4.1 Calibration

Since part of the following analysis is numerical, the calibration of structural parameters
follows. The time unit is a quarter. The discount factor, (3, is set to the standard value
for quarterly data, 0.99, while the rate of business destruction, §, equals 0.025 to match the
U.S. empirical level of 10 per cent business destruction per year. Steady-state productivity
is equal to A = 1. The baseline value for the entry cost is set to n = ¢ = 1. This leads to a
share of investment in GDP of around 12 per cent in our models. The baseline value for the
intrasectoral elasticity of substitution is # = 6, which is in line with the typical calibration for
monopolistic competition and delivers markup levels within the empirically relevant range.'3
Turning to fiscal parameters, the ratio of government spending over GDP equals 0.22, as
estimated by Schmitt-Grohe and Uribe (2005). For the sake of calibration, we set the steady
state labour income tax rate to 20 per cent and the steady state dividend income tax rate to 30
per cent and assume that the government has lump sum taxes available to balance its budget.
These values represent the mean labour income tax rate and the mean dividend income tax
rate in the US over the period 1947:QQ1-2009:Q4, as reported by Chugh and Ghironi (2011).
When computing the Ramsey steady state and Ramsey optimal policy we assume that lump
sum taxes are not available and fix the ratio of government debt to output equal to 0.5 on an
annual basis, in line with the U.S. post-war average. In what follows, equilibrium allocations
under Cournot, Bertrand and monopolistic competition for each entry cost configuration are
compared. This is done while holding parameters fixed in order to understand the role of

the different market structures. To this end, the following calibration strategy for the utility

13 Qliveira, Martins and Scarpetta (1999) provide estimates of price markups for US manufacturing indus-
tries over the period 1970-1992. In broad terms, most of the sectoral markups defined over value added are
in the range of 30-60 per cent; when they are defined over gross output they are in the range of 5-25 per

cent. In the latter case, high markups of over 40 per cent are observed in a few sectors.
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parameter v is adopted. The value of v is such that steady state labour supply is equal to one
under monopolistic competition. In this case, the Frish elasticity of labour supply reduces to
©, to which we assign a value of four, as in King and Rebelo (2000). Next, the values of v and
 are held constant under both Bertrand and Cournot competition. In all the versions of the
models we consider, a reduction in dividend income taxes spurs an increase in entry rates in
the short run, which, in turn, leads to an increase in the steady state number of producers.
Under the baseline calibration, a 1 per cent reduction in the dividend income tax rate leads
to an impact increase in the entry rate of about 0.4 per cent in all the versions of the model
considered.* The elasticity of the long-run number of producers to the long-run dividend
income taxes ranges from 1 per cent in the case of Cournot competition under entry costs
in Form 2 to 1.7 per cent under Bertrand competition under entry costs in Form 1. These
features of the model are consistent with the empirical evidence in Da Rin et al. (2011), who
consider a firm-level database with entry data of several million European companies between
1997 and 2004. They find an economically sizeable and statistically significant positive effect
of a reduction of corporate taxation on entry rates.!> There are two exogenous processes
in the economy, namely those for government spending and for technology. They are both

assumed to be AR (1) processes in log deviations from the steady state:

Gy Gi—1
loga = p,log G +éef

A A u
logj = p, log ;1 + &}

14 The entry rate is measured by the number of entering firms as a percentage of the total number of firms
in each period. The impact change of the entry rate in the face of a reduction in the dividend income tax

rate is obtained numerically, simulating the effect of a 1 per cent unexpected reduction in the tax rate.

15Specifically, they find that a 10 per cent reduction in taxation implies a 2.64 per cent increase in the

entry rate.
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The autoregressive coefficient for the technology process is p, = 0.979 and the standard
deviation of the disturbance, o, is 0.0072, as in the RBC model by King and Rebelo (2000).
The parameterization of the government spending process follows Chari and Kehoe (1999)

in setting p, = 0.97 and o, = 0.027.

4.2 Ramsey Steady State

As discussed above, the market equilibrium is cursed by two distortions. The Labor Distortion
is due to a wedge between the within period marginal rate of substitution between hours and
consumption and the marginal rate of transformation between hours and output. Considering
the tax rate on labor income, the steady state wedge is given by 1_771.16 Efficiency requires
a labor income subsidy such that 1 — 7! = . However, absent lump sum taxes and with
the need to finance Government spending, the subsidy cannot be provided.!” As a result the
Ramsey Planner cannot remove the labor distortion, and hours will be lower in the Ramsey
steady state with respect to those worked in the long run allocation reached by the SP.

On the contrary, by using the dividend income tax, the Ramsey Planner removes the
Entry Distortion. This result was first identified by Chugh and Ghironi (2011). In what
follows it is shown that the level of the optimal dividend income tax rate differs according to
the form of competition and to the form of the entry cost. Proposition 1 provides the main

result of this section.

Proposition 1 Optimal long-run dividend income tazes depend on the form of the entry

costs

€
1—

; Lod
(i) Form 1: ¢ =1— T
m

16T see this consider the first order condition for labor supply in the ME, that is equation (22).

17 A labour income subsidy 7' < 0 can only occur if the Goverment holds assets to the extent that taxes

are not necessary to finance public spending.
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€

i) Form 2: 7% =1—
(i4) Form 2: T =

Proof. In the Appendix. W

Consider condition (i). As mentioned above when the private incentive to create a new
firm, as measured by the Lerner Index, that is (1 - i), is larger than the social incentive
to introduce a new variety, €, there would be excessive entry. In this case it is optimal to
tax profits. A profit income subsidy is, instead, optimal in the opposite situation. In the
Appendix it is shown that under the optimal dividend income tax policy, the steady state

version of the Planner Euler equation for the number of firms is

b= 6(1-9) [e’”“TH +w}

which is identical to the steady state counterpart of equation (29), i.e. the Euler equation
obtained in the efficient equilibrium. This implies that the Planner implements the efficient
level of units of effective labor per firm, %. Recall, however that the Ramsey Planner
cannot remove the labor distortion. For this reason steady state hours will be lower in the
Ramsey steady state with respect to the those observed in the long run allocation reached by
the SP. As a result, the number of firms is lower than the optimal one even if the inefficiency
along the entry margin is removed. Notice that in the standard neoclassical growth model
the Ramsey Planner would target the efficient ratio between capital and hours. This further
emphasizes the analogy between the stock of capital in the neoclassical model and the stock
of firms in the economy we have outlined. The optimal dividend income tax rate under

Bertrand competition is

1 1

d [ —
TBertrand — N 0—1
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while under Cournot competition we obtain

R
Cournot — N (9 — 1)2

Notice that the optimal tax rate in the case of monopolistic competition is

d —_
TMonopolistic - 0 — 17

Under oligopolistic competition the optimal dividend income tax could take the form of a
subsidy, depending on the parameterization of the model. On the contrary, removing the
entry distortion under monopolistic competition requires a subsidy no matter the parameter-
ization of the model. This means that monopolistic competition always leads to a suboptimal
steady state number of firms. Figure 1 displays, in the case of entry costs in Form 1, the
Ramsey steady state number of firms, hours, output per firm and optimal tax rates as a func-
tion of the entry cost under Bertrand, Cournot and monopolistic competition. Allocations
are compared to the efficient ones. First, for any given value of the entry cost, the Ramsey
Planner implements the same allocation for hours and the number of firms across market
structures.

These differ from the efficient ones. As mentioned above, since the Planner cannot remove
the labor distortion, hours and the number of firms are lower than their efficient counterpart.
The Ramsey Planner targets the efficient level of units of effective labor per firm. This,
however, requires a different combination of optimal taxes across market structures. In the
case of Cournot competition the market allocation would lead to an inefficiently large number
of firms, as a result restoring efficiency along the entry margin requires a positive dividend
income tax. On the contrary, as in CGS (2007), the number of firms under monopolistic
competition would be too low and dividend income should be subsidized to promote entry.
Bertrand competition falls between these two cases. As stated by Vives (1984), Bertrand

competition can be regarded as a more competitive market structure with respect to Cournot
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Figure 1: Ramsey Steady State under Entry Costs in Form 1. Entry cost (1) on the horizontal

axis.

and for this reason it is judged as more efficient.!® This analysis suggests that, for given entry
costs, the dividend income tax should be lower in markets characterized by more competitive
market structures. The opposite instead holds for the labor income tax. Due to the need of
financing the exogenous level of public expenditure the optimal labor income tax is instead
higher under monopolistic competition, where dividend income was more heavily subsidized,
with respect to other market structures.

Condition (ii) is isomorphic to that obtained by BGM (2007) and Chugh and Ghironi
(2011) under the case of monopolistic competition. In this case profits should be taxed
whenever the net markup exceeds the benefit of variety in elasticity form. However, under

monopolistic competition condition (ii) is automatically satisfied, since the benefit of variety

18Vives (1984) provide the following intuitive explanation to support this view. In Cournot competition
each firm expects the others to cut prices in response to price cuts, while in Bertrand competition the firm
expects the others to maintain their prices; therfore Cournot penalizes price cutting more. One should expect

Cournot prices to be higher than Bertrand prices.
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Figure 2: Ramsey Steady State under Entry Costs in Form 2. Entry cost (1) on the horizontal

axis.

in elasticity form equals the net markup and markups are constant, and the market equi-
librium displays efficiency along the entry margin. This is not the case under oligopolistic
competition. Under Bertrand competition the optimal tax rate is

d 1
TBertrand — N

while under Cournot competition is

d 9

TCournot = N+o—-1
Hence entry costs in Form 2 always imply a positive dividend income tax rate under
oligopolistic competition. Figure 2 displays, for the case of entry costs in Form 2, the Ramsey
Steady State number of firms and hours together with optimal tax rate as a function of the

entry cost. In this case allocations differ across market structures.'® The reason is that,

Y Differences across market structures are small in absolute terms. In the next sections, for selected
variables, we plot the differences between the SP steady state values and the Ramsey steady state values as
a percentage of the SP steady state values. In that case differences across market structures will be, also

visually, sizeable.
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under entry costs in Form 2, the price markup affects the market value of a firm. As a result
the initial stock of wealth, which affects the implementability constraint, depends on the
form of the market structure.?’ As above, since the Labor distortion cannot be removed,
hours and the number of firms are lower with respect to their efficient counterpart. In the

Appendix it is shown that the Ramsey Planner targets the efficient level of output per firm,

Ye 21
N -

4.3 Ramsey Dynamics and Optimal Tax Volatility

This section compares the efficient equilibrium allocation to the Ramsey allocation and shows
the business cycle implications of the Ramsey optimal policy in response to technology shocks.
As mentioned above, dynamics are obtained by solving a first-order approximation to the
equilibrium conditions.

Consider variable x. Define
!~ of
;[;eff

Tt =

as the deviation between the value assumed by z; in the efficient equilibrium, z§ s , and that

assumed by the same variable in the Ramsey equilibrium, z, where 2¢// is the value of x

20Recall that under the Timeless Perspective the initial values of the predetermined variables are equal to

their values in the deterministic Ramsey steady state.

21 As shown by Chugh and Ghironi (2011) the Ramsey Planner can also remove the entry distortion by
using an entry subsidy instead of the dividend income tax. Define 7° the entry subsidy such that the net
entry cost is (1 —7F) fs. It can be shown that optimal subsidies depend on the form of the entry cost as
follows

(7) Form 1: 79 =1—

(it) Form 2: 7% =1 —

The Ramsey Planner will resort to an entry tax in the case of excessive entry or to a subsidy in the case of

inefficiently low entry.
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Figure 3: Entry Costs in Form 1. Percentage deviations between efficient and second best
dynamics in response to a technology shock. Horizontal lines refer to steady state percentage

deviations.

at the efficient steady state. Deviations are expresses as a percentage of efficient steady state
values.??

Figure 3 depicts the dynamics of ﬁt, Nt, C, and Nte in response to a one standard devi-
ation technology shock under entry costs in Form 1. Dashed and dash-dotted lines refer to
Bertrand and Cournot competition respectively, and dotted lines to the case of monopolistic
competition. Horizontal continuous lines in each panel represent deviations between the first
best steady state and the Ramsey steady state as a percentage of the first best steady state,
that is 2% = %, where z is the value of = at the Ramsey steady state.

Notice that deviations between the efficient and the Ramsey equilibria, as well as steady
state deviations, are identical across market structures. The Figure shows that the bulk of the

difference between the first and second best allocation is due to the steady state difference,

which is not affected by the shock. Since the Planner must raise revenues using distortionary

22Deviations are exact up to a first order approximation.
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Figure 4: Entry Costs in Form 1. Response of the main macroeconomic variables to a one
standard deviation shock to technology. Solid lines refer to the SP allocation, dashed and
dash-dotted lines refer to Ramsey dynamics under Bertrand and Cournot respectively and

dotted lines to the case of Ramsey dynamics under monopolistic competition.

taxes, the long-run inefficiency of the Ramsey equilibrium is unavoidable, and the level of
activity is below the efficient one. While the deviations of the main macroeconomic variables
from their first best values do not depend on the form of the market structure, the dynamics
of tax rates in response to the technology shock do.

To show this, and to further understand the transmission of technology shocks implied
by the model economy, Figures 4 depicts percentage deviations from the respective steady
states of key variables in response to a one standard deviation technology shock under entry
costs in Form 1. For tax rates we report deviations from the steady state level in percentage
points. Continuous lines refer to the efficient equilibrium, dashed and dash-dotted lines refer
to Ramsey dynamics under Bertrand and Cournot competition respectively, finally dotted

lines to the case of Ramsey dynamics under monopolistic competition.
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The technology shock creates expectations of future profits which lead to the entry of new
firms in the market. This is so under both the Ramsey and the efficient equilibrium. Under
monopolistic competition the markup is constant along the business cycle. As can be seen
from Figure 4, this results in constant tax rates. This is not the case under Oligopolistic
competition. Under Bertrand and Cournot competition the entry of new firms leads to
higher competition which, in turn, leads to a countercyclical price markup. A non constant
price markup implies that the inefficiency wedges in the economy are also non constant.
The Ramsey Planner partially offsets the effects of changes in the price markup on the
inefficiency wedges by adjusting the tax rates. To see this, consider the optimal response of
the labor income tax rate, 7i. As mentioned above, in the ME there exists an inefficiency
wedge between the marginal rate of substitution between hours and consumption and the
corresponding marginal rate of transformation. Considering the tax rate on labor income,
this is given by 1_7311.23 Efficiency requires 1 — 70 = p,, that is a labor income subsidy
which, in response to shocks, moves in opposite direction with respect to the price markup.
However, absent lump sum taxes and with the need to finance Government spending, the
subsidy cannot be provided. Nevertheless, the analysis shows that 7! offsets the effects of
changes in the price markup on the inefficiency wedge. In particular, when the markup
decreases, due to higher competition, the labor income tax rate increases. As discussed
in Bilbiie, Ghironi and Melitz (2007) and Etro (2009) a lower tax rate should be adopted
in periods/states with a lower number of producers.?* The Figure shows that the optimal
response of the labor income tax rate is symmetric, with respect to the horizontal axis, to

the response of the price markup. Similar reasoning explains the dynamics of the optimal

23This can be understood by considering the first order condition for labor supply in the ME, that is

equation (22).

24Etro (2009) also considers a tax rate on sales. He argues that the tax rate should be contercyclical.
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dividend income tax rate. As competition increases the price markup reduces, leading to
a lower private incentive to create a new firm. To align the private to the social incentive,
which is constant, the Ramsey Planner reduces the dividend income tax rate. Changes in the
tax rates are mild, but stronger under Cournot competition where the markup is characterize
by a higher elasticity to the number of firms with respect to Bertrand. The Ramsey policy
under entry costs in Form 1 is, thus, characterized by a countercyclical labor income tax rate
and by a procyclical dividend income tax.

Figure 5 displays the dynamics of Hy;, Ny, C; and ]\7{3 in response to a one standard de-
viation technology shock under entry costs in Form 2. Lines have the same meaning as in
Figure 3. With respect to the case of entry costs in Form 1, allocations differ across market
structures.?® For both hours and consumption the largest deviation with respect to the first
best can be observed under monopolistic competition. This is due to the fact that the devi-
ation between the Ramsey steady steady state and the efficient steady state is larger under
monopolistic competition with respect to other market structures.

Figure 6 portraits percentage deviations from the respective steady state of key variables
in response to a one standard deviation technology shock under entry costs in Form 2. Lines
have the same meaning as in Figure 4. Previous considerations extend to this case. A relevant
difference is that offsetting the distortion along the entry margin requires an initial increase
in the dividend income tax rate which is reverted after few periods.

Notice that similar dynamics, although quantitatively less sizeable, can be observed in the

case of a Government spending shock.26The variability of the main macroeconomic variables

251n the previous subsection it was suggested that, under entry costs in Form 2, the initial stock of wealth
differs across market structures. The initial stock of wealth affects the implementability constraint, leading

to a difference in the allocations across market structures.

26 Dynamics in response to a Government spending shock are not reported. Notice, however, that aggregate

consumption drops in response to a Governemt spending shock under all the market structures considered.
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Figure 5: Entry Costs in Form 2. Percentage deviations between efficient and second best
dynamics in response to a technology shock. Horizontal lines refer to steady state percentage

deviations.
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dashed and dash-dotted lines refer to Ramsey dynamics under Bertrand and the Cournot

respectively and dotted lines to the case of Ramsey dynamics under monopolistic competition.
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when the system is contemporaneously perturbed by a technology and a government spending
shock is analysed next. Table 1 displays the mean (&), the coefficient of variation (o (z) /)
and the correlation with output (Cor(Y,,z,)) of a number of variables of interest under the
Ramsey dividend and labour income taxation policy in the case of entry costs in Form 1.
For tax rates, the standard deviation in percentage points (o (x)) is reported instead of the
coefficient of variation. Table 2 reports the same statistics for the case of entry costs in Form
2. Under entry costs in Form 1, the variability of the main macroeconomic variables under
the optimal policy is identical across the market structures. However, this is reached by
means of a different fiscal policy. As expected from Figure 4, although under monopolistic
competition taxes are constant, this is not the case under oligopolistic competition. Tax rates
are more volatile under Cournot competition than under Bertrand, with the dividend income
tax being more variable than the labour income tax rate. Recall that the elasticity of the
price markup to the number of firms is higher under Cournot. As a result, minimizing the
welfare cost of the distortions over the business cycle requires more variable taxes when firms
compete in quantities. Under entry costs in Form 2, allocations and volatilities are no longer
identical across market structures. Interestingly, while the overall variability characterizing
the economy in response to shocks, as measured by the standard deviation of output, is
higher under entry cost in Form 1, the variability of tax rates is higher under entry costs
in Form 2. In particular, the standard deviation of the dividend income tax under Cournot

competition is sizeable.

5 Conclusions

This study proposes an economy where the degree of market power, as measured by the price

markup, depends endogenously on the form of competition, on the degree of substitutability
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T Y C H N  N¢ 74 74

Monopolistic competition

1.58 1.01 1.02 883 0.22 032 -0.2

&

o(z)/T 179 088 1.5 061 749 0 0

Cor(Y,,z,) 1 0.60 0.87 04 0.95 0 0

Bertrand Competition

T 158 1.01 1.02 883 022 031 -0.08
o(x)/T 179 088 1.15 061 749 0.02 0.07

Cor(Y,,z;) 1 060 087 04 095 011 -04

Cournot Competition

z 1.58 1.01 1.02 883 0.22 024 0.23
o (x) 1.79 088 1.15 0.61 7.49 0.06 0.17

Cor(Y,,z,) 1 060 087 04 095 012 -04

Table 1: Mean, standard deviations and correlations with output of main-macro variables
under alternative market structures. Shocks are to productivity and government spending.

Entry costs in Form 1
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T Y C H N  N¢ 7l 74

Monopolistic competition

T 127 085 095 464 011 028 0
o(z)/T 160 091 1.10 061 7.90 0 0

Cor(Y,,z,) 1 0.60 0.85 0.50 0.93 0 0

Bertrand Competition

T 1.27 086 096 4.66 0.12 024 0.21
o(z)/z 1.57 091 1.09 061 790 0.02 0.26

Cor(Y,,z;) 1 0.60 0.85 0.50 0.93 0.21 0.60

Cournot Competition

T 1.25 087 096 4.68 0.12 0.07 0.62
o (x) 1.46 091 1.08 0.61 791 0.15 0.59

Cor(Y,,z;) 1 060 085 053 091 024 0.72

Table 2: Mean, standard deviations and correlations with output of main-macro variables
under alternative market structures. Shocks are to productivity and government spending.

Entry costs in Form 2
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between goods and on the number of firms. Imperfect competition leads to distortions in
both the goods and the labour market and in both the short and the long run. The optimal
long-run dividend income corrects for inefficient entry, and it is higher in market structures
characterized by lower competition. In particular, it is higher under Cournot competition
than under Bertrand or monopolistic competition. The labour distortion cannot be removed
by the Ramsey Planner. As a result, hours worked and the number of firms/products in the
Ramsey steady state are lower than their efficient counterparts. As mentioned in the text,
the resulting steady-state distortion is large. Whereas optimal taxes over the business cycle
are constant under monopolistic competition, this is not the case in an oligopolistic market
structure. Also, the effect of alternative forms of sunk entry costs for the design of optimal
taxation has been considered. The resulting framework features as special cases two models
in the entry literature that also focus on optimal taxation problems in the case of endoge-
nous dynamics of the number of firms. CGS (2007) consider an environment characterized
by monopolistic competition under constant sunk entry costs. Chugh and Ghironi (2011)
consider a framework with monopolistic competition and sunk entry cost in terms of labour.
By neglecting strategic interactions and considering the appropriate form of the entry costs
our model reduces to either one of these models. For this reason, it can be regarded as
a general framework to study optimal taxation problems under various forms of imperfect
competition. The analysis could be extended in various dimensions. One aspect we neglect
is the asymmetry between market competitors in terms of both size and the probability of
exit from the market. Haltiwanger et al. (2010) show that younger firms are more likely to
exit from the market than more mature firms. Implementing these features in the model and

studying their effects on optimal taxation is left for future research.

Andrea Colciago, De Nederlandsche Bank and University of Milano Bicocca.

This article is protected by copyright. All rights reserved.



6 References

Arseneau, D. M. and Chugh, S. K. (2012). ‘Tax Smoothing in Frictional Labor Markets’,
Journal of Political Economy, vol. 120, pp. 926-985.

Bergin, P. and Corsetti G., (2008), ‘The Extensive Margin and Monetary Policy’, Journal
of Monetary Economics, vol. 55, pp. 1222-37

Bilbiee, F., Ghironi, F. and Melitz, M. (2007). ‘Monopoly power and Endogenous Product
Variety: Distortions and Remedies’, Working Paper 14383, NBER .

Bilbiie, F., Ghironi, F. and Melitz,M. (2012). ‘Endogenous Entry, Product Variety, and
Business Cycles’, Journal of Political Economy, vol. 120, pp. 304-345.

Chari V. V., and Kehoe P. J.; (1999). ‘Optimal Fiscal and Monetary Policy’, in (in Taylor
J. B. and Woodford M. eds.), Handbook of Macroeconomics, vol. 1C, pp. 1671-1745, Elsevier.

Chari, V. V., Christiano, L. J. and Kehoe, P. J. (1991). ‘Optimal Fiscal and Monetary
Policy: Some Recent Results’. Journal of Money, Credit and Banking, vol. 23(3), pp. 519-
539.

Chatterjee, S. and R. Cooper 1993. ‘Entry and Exit, Product Variety and the Business
Cycle’, Working Paper 4562, NBER.

Colciago, A. and Etro, F. (2010). ‘Real Business Cycle with Cournot Competition and
Endogenous Entry’. Journal of Macroeconomics, vol. 32, pp. 1101-1117.

Colciago, A. and Rossi L. (2011). ‘Firms Entry, Oligopolistic Competition and Labor
Market Dynamics’, Working Paper 465, De Nederlandsche Bank.

Coto-Martinez, J., Garriga, C. and Sanchez-Losada, F. (2007). ‘Optimal taxation with
Imperfect Competition and Aggregate Returns to Specialization’, Journal of the Furopean
Economic Association, vol.5(6), pp. 1269- 1299.

Chugh, S. and Ghironi, F. (2011), ‘Optimal Fiscal Policy with Endogenous Product Va-

This article is protected by copyright. All rights reserved.



riety’, Working Paper.

Da Rin, M., Di Giacomo, M. and Sembenelli A., (2011). ‘Entry Dynamics and the
Taxation of Corporate Profits: Evidence from Firm-level Data’, Journal of Public Economics,
vol 95, pp. 1048-1066.

Davis, S.J., Haltiwanger, J.C. and Schuh, S., (1996). Job Creation and Job Destruction.
The MIT Press,Cambridge, MA.

De Nicolo, V. and Matteuzzi M., (2000). ‘Specific and Ad Valorem Taxation in Asym-
metric Cournot Oligopolies’. International Tax and Public Finance, vol. 7(3), pp. 335-342.

Devereux, M,, Allen H. and Lapham B., (1996). ‘Aggregate Fluctuations with Increasing
Returns to Specialization and Scale’, Journal of Economic Dynamics and Control, vol. 20,
pp. 627-56

Devereux, M. and Khang M. L., (2001). ‘Dynamic Gains from International Trade with
Imperfect Competition and Market Power’, Review of Development Economics, vol. 5(2),
pp- 239-55

Etro, F. and Colciago, A., (2010). ‘Endogenous Market structures and the Business
Cycle’, Economic Journal, vol. 120, pp. 1201-1233.

Etro, F., (2009). Endogenous Market Structures and the Macroeconomy, Springer-Verlag,
Berlin and New York.

Faia, E., (2012). ‘Oligopolistic Competition and Optimal Monetary Policy’, Journal of
Economic Dynamics and Control, vol. 36(11), pp. 1760-1774.

Ghironi, F. and Melitz, M., (2005). ‘International Trade and Macroeconomic Dynamics
with Heterogenous Firms’, Quarterly Journal of Economics, pp. 865-915.

Guo J.T. and Lansing K.J., (1999). ‘Optimal Taxation of Capital income with imperfectly
Competitive Product Markets’, Journal of Economic Dynamics and Control, vol. 23, pp.

967-995.

This article is protected by copyright. All rights reserved.



Haltiwanger, J. C., Jarmin, R. S. and Miranda, J., (2010). ‘Who Creates Jobs? Small vs.
Large vs. Young’, Working Paper 16300, NBER,

Jaimovich, N. and Floetotto, M., (2008). ‘Firm Dynamics, mark up Variations, and the
Business Cycle’, Journal of Monetary Economics, vol. 55(7), pp. 1238-52.

Judd, K.L. (1985). ‘Redistributive Taxation in a Simple Perfect Foresight Model’. Journal
of Public Economics, vol. 28(1), pp. 59-83.

Judd, K. L., (1997). ‘The optimal Tax Rate for Capital Income is Negative’, Working
Paper 6004, NBER.

Judd, K. L., (2002). ‘Capital-Income Taxation with Imperfect Competition’, The Amer-
ican Economic Review, Papers and Proceedings, vol. 92 (2), pp. 417-421.

Khan, A., King R. G. and Wolman A. L., (2003). ‘Optimal Monetary Policy’, Review of
Economic Studies, vol. 70, pp. 825-860.

King, R. G. and Rebelo, S., (2000). ‘Resuscitating Real Business Cycles’, in (in Taylor
J. B. and Woodford M. eds.), Handbook of Macroeconomics, vol. 1, pp. 927-1007, Elsevier.

Lee Y., and Mukoyama, T., (2007). ‘Entry, Exit and Plant-Level Dynamics over the
Business Cycle’, Working Paper 07-18, Cleveland Fed.

Lewis, V., (2009). ‘Business Cycle Evidence on Firm Entry’, Macroeconomic Dynamics,
vol. 13(5), pp. 605-624.

Lewis, V., (2010). ‘Product Diversity, Strategic Interactions and Optimal Taxation’,
working paper.

Lewis V., and Poilly, C., (2012). ‘Firm Entry and the Monetary Transmission Mechanism’,
Journal of Monetary Economics, vol. 59(7), pp. 670-685.

Linnemann, L. and Shabert, A., (2012). ‘Optimal Government Expenditure and Unem-
ployment’; Journal of Economic Dynamics and Control, vol. 36(5), pp. 795-811.

Ljungqvist, L. and Sargent, T.J., (2004). Recursive Macroeconomic Theory, 2nd edition,

This article is protected by copyright. All rights reserved.



Cambridge MA: MIT Press.

Mortensen, D. and Pissarides, C., (1994). ‘Job Creation and Job Destruction in the
Theory of Unemployment’, Review of Economic Studies, vol. 61(3), pp. 397-415.

Myles G.D., (1996). ‘Imperfect Competition and the Optimal Combination of ad Valorem
and Specific Taxation’, International Tax and Public Finance, vol. 3( 1), pp 29-44.

Myles, G. D., (1989). ‘Ramsey Tax Rules for Economies with Imperfect Competition’,
Journal of Public Economics, vol. 38(1), pp. 95-115.

Oliveira Martins, J. and Scarpetta, S., (1999). ‘The level and Cyclical Behavior of Mark-
ups Across Countries and Market Structures’, Working Paper. 213, OECD.

Schmitt-Grohe, S. and Uribe, M., (2005). ‘Optimal Fiscal and Monetary Policy in a
Medium Scale Macroecomic Model’. NBER Macroeconomics Annual.

Vives, X., (1999). Oligopoly Pricing. Old Ideas and New Tools, The MIT Press, Cam-
bridge.

Yang, X. and Heijdra B. J., (1993). ‘Monopolistic Competition and Optimum Product
Diversity: Comment’, The American Economic Review, vol. 83(1), pp. 295-301.

Woodford, M., (2003). Interest and Prices: Foundations of a Theory of Monetary Policy,

Princeton: Princeton University Press.

Appendix

Appendix A. Market Equilibrium
A1l. Entry costs in form 1

Given the exogenous processes {As, Gi}o o and processes {Tf,ﬂ'i}zo, the Market Equilib-

rium (ME) consists of an allocation {Cy, Hy, Ny, Nf, Byi1},o, which satisfies the first order
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condition for labor supply, equation (22), the Government budget, equation (11), the dynam-
ics of the number of firms, equation (23), the definition of the price markup and the definition

of the love for variety, the resource constraint (24) and the Euler equation (25) .

To compute the steady state of the ME, notice that the steady state number of entrants
_ _-d
is N¢ = u;i&N and that the Euler equation for shares implies V = pu—d(1-r)

—pa—o]
Steady state profits are given by?’

1 1\ Y 1\ Y
o) (D)
Iz w) Np w) N
hence the share of profits over output reads as % =1- %, and the value of firms over output
is

WMD) (1)
Y T 1-B0—0) "
Investment over output is

VN© V5 VN 765(1*”)(*%)
Y Y(1-46) Y (1-6 ° [1-B(1-90)

The share of consumption over output and that of labor income over output are

G gy N a2y TN
S e T

Y

In order to fix v we assume that H=1.2% In this case v = (1 - Tl)

)

<l

, where both ratios
are known. To compute the number of firms notice that

_ B(1-9) (1 de)
M TeT s

Imposing the entry condition and substituting for individual profits
B(1—0) (1 -7 <1 - i) o
[1—B(1=0)]y

27Notice that this is the main difference wrt to cost 2 since in that case profits depend on Y°.

N:

28 As mentioned in the section on calibration I fix H=1 under monopolistic competition and obtain the

corresponding value of v. Under oligopolistic competition I consider the value of v so obtained and compute
the corresponding value of H.
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the solution to this equation delivers the number of firms at the steady state. This allows
to compute all the other variables. For a given H the number of firms at the steady state is

larger the higher the markup, hence is larger under oligopolistic competition.

A2. Entry costs in form 2

In the case of entry costs in form 2 the definition of the Market Equilibrium (ME) differs
from that provided in the case of entry costs in form 1 for two equations. The first one is the
aggregate resource constraint, which in this case is given by equation (26), the second one

is the Euler equation, which is given by equation (27). The steady state level of individual

profits is
w 1 1 C+G 1\ Y¢
remewn= (o= R (1 0)v= () ST (D) ®
As a result

N 172
Ye s

To obtain the share of investment over consumption output notice that

CBA-H (-7 [ 1)\ Ye
V=""p0 9 (1 u)

and

VN© _ op _l — (14 6(p—1)
e —( )[15(15)]<1 u) =) eT9)

To compute shares over aggregate output recall that

YT NV v
Y YoV Y

thus
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which implies that the share of private consumption over output is

WH

Since = + % = 1 we can compute the ratio between labor income and GDP as

WH | xNY©
Yy YeY

Given H, the latter leads to

(177'1) wH (177'1) %
U= _
CHMYt % %Hﬁé
Labor market equilibrium requires
H = HE+HE=Nh+2Ine=NZL Dpe
i+ h+ A A + A
Ye n
= = 1 A pNe
oA

e __ AH _ Y°
thust77 pnand

Next consider

_BA-8) (7Y 1\YC
V=T a0 -9) <1 >

substituting for the entry condition delivers

Yo 1 [1-p1-9)
R =8)(1-14) (1)

Substituting the latter into the equation of motion for the number of firms delivers an

N

equation that can be solved for N
(1-0) AH
S
(1 + lw)
0 B(1—7)(u—1)

As above a higher markups leads to a higher number of firms in equilibrium for any given H.

N =
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Appendix B. Efficient Equilibrium
B1. Entry costs in form 1

The social Planner problem reads as

i . I_Itl‘i‘l/s(J
max E logCy —v———+
B MDD LR ES T
s.t.

Ct + Gt + Ntew = ptAth

and

Nip1 = (1—9) (N + NY)

We attach the Lagrange Multiplier A\; to the first constraint and the multiplier o; to the

second one. First order conditions are as follows

Niy1 i 0 = BEN11pN 41 AcHy + BE o141 (1 —6)
Nte : )‘tw = (1 —(5)0}
. /e _ Ao, A
Ht : ’UHt = AP At

Combining the first and the third condition delivers

¥
(1-9)

Q-

Substituting the latter into the third condition we obtain

C
Y=(1-9) 5Et0—t (PN 1Aty + 1))
t+1

which can be written as

G (Y
Y= (1-0)BE; T <eﬁt + 1/})
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finally the FOC with respect to hours can be written as
UHtl/(pC’t = p, As
To obtain the steady state we have the following equations
C+G+ Ny =pAH
N =(1-¢)(N+N°

w(16>ﬁ<e%+w>

vHY9C = pA
Consider the resource constraint
[ {— g — Neyp 1 P 9
Yy WYy T Ty
or
C 0 N
y ol YTy
From the third equation
Y _(1-(1-9)8)v
N (1-19) e
Combining we obtain
g—l— B 6 (1-19)Ge
Y T T I 51— (1-0)ph)

Next consider equation

HtYe — 1 pAH = L
vC
hence we have H as
Y 1+%/¢
-(e)
Next we want to compute N. Notice that
N 1-9
N__(A=9)B ,o

p (1=(1-0)p)¢
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given p = N 771 it follows

o2 (1-0)pBe
N =TT aoap et
B (1-9)pBe =2
N=lo—a—am et

B2. Entry costs in form 2

The Social Planner problem can be written as follows

> . Htl'i‘l/sﬂ
max E logCy —v
{CtyNt+17nyHt}toi0 0;6 R 1+1/(,0
s.t.

Ct + Ge + Ninp, = p,AcHy

and

Nip1 = (1—90) (N + NY)

We attach the Lagrange Multiplier A\; to the first constraint and the multiplier o; to the

second one. First order conditions are as follows

Nig1: 0 = BEAv1pn 41 (Ar1Hepr — NEpin) + BE0140 (1 -9)
Ni = dnpy = (L—=6) oy
H,: ’UHtl/@ = A p Ay
Substituting the first condition into the third delivers

1
(1 _ 6) Ctnpt =0t

This article is protected by copyright. All rights reserved.



Substituting the latter and the definition of A; into the other equations we are left with

C e
npy = (1-9) BEtTil [/)N,t+1 (At+1Ht+1 - Nt+177) + 77/)t+1] (35)

and

vHM?Cy = p, Ay
Since A Hy — Nfnp = Q:%GL, equation (35) can be rewritten as

Cy

npy = (1 =9) BEtC_ |:pN,t+1
t+1

Cit1+ G

+ 779t+1]
t+1

or

np, = (1— 8) BE, Ct |:€Ct+1 + G

+
Ciy1 Nyt 77Pt+1}

To find the steady state we can consider the following equations
YC
=(1-§ il
np = ( )5[6N +77p]
vHY?C = pA
Y¢+ N°np =pAH
N=(1-6)(N+N°

From the first one

Yo (1-(1-9)p8)
o (A-0pe

The aggregate resource constraint implies

Yo AH §

e n 1-9
Combining
AH

_ n
T (A-01-86B) |, §_
=53 T 15

N
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we get N as a function of H. Notice that we have repeatedly used the steady state version

of the equation of motion for the number of firms. Consider again the aggregate resource

constraint
C+ G+ N°np=pAH
or
Nenp 6 N
R —1—q —pp—o— '
pAH Iy pAH Gy NPT S pAH
then
C pA
HY e~ P
Y pAH  pAH

delivers H implicitly as a function of N

6 N 1
Hl/go 1— o [
v ( 9y "pl—épAH) 7]

The latter is equivalent to

0 N

Next substitute for N as a function of H in the round bracket and
17 ~ T
§ ((1-(1-6)B) 5\~ e
H= 1—gqg, —
{“ 9y 1—5( 1—0)8 ' 1-=9

Appendix C. The Implementability Constraint

This Appendix follows closely Arsenau and Chugh (2012) and Chugh and Ghironi (2012).

Consider the household flow budget constraint (in the symmetric equilibrium)

1 .
Z ﬁBi+1 + ‘/;(Nt + Nte)$t+1 + Ct = (1 — Té) tht + Bt + [(1 — Tg) dt + ‘/t:l NtCL't
j t

Multiply both sides by u. (¢;)

1 .
Z Blu, (ct) EB,{_H + Blue (ct) Vi(Nt + Ni )1 + Blu, (cr) Cy
7 t

= ﬁtuc (Ct) (1 — Té) tht + Btuc (Ct) bt + Btuc (Ct) [(1 — T?) dt + ‘/Yt] Ntill‘t
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and sum over dates starting from t=0, where all term are understood as in expectation as of

time 0

DY Bluc(cr) ﬁBiﬂ + Bl () Vi(Ny + Nf)aea + > Buc () Ci
t t=0

t=0 j t=0
= Zﬁtuc (Ct) (1 — Ti) 'UJth -+ Zﬁtuc (Ct) bt -+ Zﬁtuc (Ct) [(1 — ’Ttd) dt -+ V;g] Ntil't
t=0 t=0 t=0

The euler equation for bonds implies u. (Cy) = SR u, <Ctj +1>7 using this in the first term on
the LHS

SN B e (Gl ) Bl + 0 Bue (CO VAN + N)aiga + > 8ue (C1) C

t=0 j t=0 t=0

= Zﬁtuc (Ct) (1 — Ti) tht + Zﬁtuc (Ct) bt + Zﬁtuc (Ct) [(1 — Tg) dt + ‘/t] Ntilft
t=0

t=0 t=0
Notice that the term 3 u. (Cg_H) B,{_H can be understood as the payoff of a risk free
bond. As such we can cancel out the first summation on the LHS with the respective terms

in the second summation in the RHS, leaving just time 0 terms

> Bluc (e) Vi(Ny + Nf) + > Bluc (er) Gy

t=0 t=0
- Zﬁtuc (ce) (1— Ti) wy Hy + ue (co) bo + Zﬁtuc (ce) [(1= Tf) di + Vi Ny
t=0 t=0

Notice that the clearing of the asset market implies z; = 1 at all t. Considering that

un(he) _ (1 —74) wy leads to

we(ct)

Z,Btuc (ct) Vi(Ny + Ni) + Z,Btuc (ct) Cr + Zﬁtuh (he) Hy

t=0 t=0 t=0

= e (co) b + Zﬁtuc (co) [(1=7¢) di + V3] Ny
t=0

Next consider

uc (Cr) Vi = Bt (1 — 0) ue (Cri) [(1 - Tfﬂ) dit1 + Vt+1]
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and plug it into the first summation in the LHS

K

B (1 = 8) ue (Cyyr) (1= 78) digr + Viga] (Ve + Nf)wegq +

~
Il
=)

+ Zﬁtuc (ct) Cy + Zﬁtuh (he) he
t=0

t=0

= uc(co)bo+ Y Buc(er) [(1—7¢) di + Vi] Noy
t=0

considering that

it follows

> B e (Cop) [(1—781) dis + Viga] Nea +
t=0

+ Z Bluc (1) Cy + Z Btup, (he) he

t=0 t=0

= u.(co)bo+ iﬁtuc (ct) [(1 - Ttd) di + Vt] N,

t=0
Simplifying the first summation on the LHS with the second in the RHS delivers the imple-

mentability constraint

Eo Y B [ue (Cr) Ce +un (Hy) He] = uc (Co) Bo + ue (Co) [(1 = 78) do + Vo] No
t=0

where we reintroduced the expectation operator.
Appendix D. The Ramsey Problem
D1. Entry costs in form 1. Includes proof of result (i) in Proposition 1.

The Ramsey problem reads as

max Fy Z Bu (Cy, Hy)

t=0
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subject to

Nt+1 = (1 *6) (Nt +Nte) . )\U

Ct + Gt + Nte'L/J = ptAth : )\Qt

1\ Cip1 +G
Vet = B(1 = 6) Ercr+1 ((1 — Tf+1/t> (1 — _> 2l T

+ A
H Nita ZU) o

Eo > B'Eo [tetCr + une He] = ucoBo + tieo [(1 = 74) do + Vo] No & ¢
t=0

Where \;; define the Lagrange multipliers respectively attached to each constraint and &
is the (constant) lagrange multiplier attached to the implementability constraint.

The choice variables are Cy, N, H;, Nf, and Tf/t 41+ Following Ljungqvist and Sargent
(2004) I define

V(Cy, Hy, &) = u (Cy, Hy) 4+ & (uerCy + upe Hy)

and
Q = ucoBo + uco [(1 = 78) do + Vo] No
As a result the Lagrangian function can be written as

V(Ct, Hy, §) 4+ Mt [(1 = 0) (Nt + Nf) — Niga]

t
L=EY B ot (p AH, — Gy — Gy — N + —¢0
t=0

e 00t (1) (1) s )

M1

The first order conditions for periods t > 1 are

G : Ve (Cy Hi, ) =Dar+ Narttcerth—Nar—1 (1=0 et ((1 — i) (1 -=

d 1 P Nij1—p
Etuct_H (1 — Tt+1/t> At+1Ht+1 (1 — —) W

Nt+1 DA+ 6(1 — (S))\3t N Hit1
t+

+ ENtt1Pi41
7
Pt

= B —=6) Bt + /BEt)\Zt+1pNt+1At+1Ht+1
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=0

1 A, H
Titl/t : (1 — 5)ﬁt+1)\3tE0uct+1 (1 _ ) Pry1At+14d¢ 41

Pt Nita

Nte : )\1,5 (1 — (5) = )\Qtl/J

1 A
Ht : Vh (Ct,Ht,g) -+ )\QtPtAt — )\3t71(1 — 5)uct (1 — T?/t—l) <1 —> M =0

- ne ) Ni
Since
V(Cy, Hy, &) = u(Cy, Hy) 4 & (uet Cp + upe Hy)
it follows
Ve (Cy, He, &) = ue (C, H) + EueetCr + € *ifﬁiC+§i*i
c ty 4L, = Uc } Ueet Ut Uet = Ct Ctz t Ct - Ct
and

1
Vh (Cthag) = _UHtl/@ |:§ (%) + 1:|
Consider now the steady state. The FOC with respect to 7¢ "1/ reads as

1\ C+G
Tf—&-l/t H(1=0)B" s <1 - ;) N Y= 0

The latter implies that at the steady state A3 is equal to zero. In the Ramsey steady state
the firms entry condition does not restrict the allocation. As a result we can write the steady
state version of the FOCs as

Ctl)\giuc

Hy : Vi (C, H, €) + uepA = 0

Nf:Al:(l—(;)

Nipr: BoyAH = [1 = (1 = 6)]

(1-9)

The FOC with respect to N can be written as

Y =p3(1-96)[pyAH + 1]
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Since

it follows

v =800 |5 +v]

The euler equation for asset implies that

Y =B(1-9) ((1—Td) (1—%)’”47}[“/})

For the latter two equations to be consistent with each other it has to be the case that

e=(1-7% <1i>

or

€

)

which proves point (i) in proposition 1. Importantly, the dividend income tax differs from

d=1-

zero also under monopolistic competition. Substituting the optimal dividend income tax into

the Euler equation for shares we get
Y
v =p1-9) (eﬁ +w)

Which implies
Y _[1-801-9)

N~ B(1=0)e v

Notice that

¢ _4_,_ 9 N
y T 1Yy

Next consider the implementability constraint, which can be written as

Y(B, _ ¢ 0 VN
c\Y (1,;>Y Y
I
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where £ is exogenously given and % has been computed above. The Euler equation with

Y

respect to assets implies

and also we know

Finally given H and recalling that

it follows

D2. Entry costs in Form 2. Includes proof of result (ii) in Proposition 2.

Y _[L-s0-8l0-1),
N B(1—19)

[ B(L-d)e =
N=lr—sa—are

In this case the Lagrangian is

e8]
L=Ey) f
t=0

A3t

V(C, Hy, §) + At [(1 = ) (Nt + Nf) — Niya]
+ot (0 A Hy — Cy — Gy — NEnp,) +

Py
Uet+
T’Ht ct

Cy Gy
7B(1 — 6)Uct+1 <(1 — T?—i—l/t) (1 — ﬁﬂ) % +

Ui

Pti1
M1

)

,é‘Q

As above, the choice variables are Cy, Ny, Hy, N, and Tf/ ¢+1- The first order conditions
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are

Cy : Ve(Cy, Hy, &) + >\3tn%ucct
o (1= 6)ttoer ((1 - T;l/H) (1 — i) CetGe n%) +
(1= (1-78,) (1-2) %
= Aoy
Nipr 00 A+

d
(1 - Tt+1/t> <MN7t+1 P — 1> Vi

1) Hig1 Niy1 Niy1

B(1 = 6) A3 Eythers1 {+

PNt+1Ht+1 — ENt+1Pt+1 >

+61(1 = 0) At Eyticr+1 < 5
Hiy1

= B(1—=0)Edhis1 + BENari1pnee1 (Avs1Hipr — NEgm) +

PNt+1Ht41 — MNt+1Pt+1)

+ONE A3t41Uet 11 ( 5
Hit1

Hy : Vi, (Cy, Hy &) + Aaepy Ay = 0

Ni 2 A (1= 0) = Aaumpy

1 ) Ciy1+ Giqa —0

7—g-i-l/t (11— 5)ﬁt+lEtUct+1)\3t <1 — N

Hit1

Notice that
L p

PtN Hflﬁt
c_ ON,
M= - )N - 1)

00— 1)(N,— 1) = (0—1)0N, (N, —1) —ON, 0

C

five = 0 —1)2(N, — 1)? TO-D-12 (0 -D(N; 1)
B 1+6(N;—1)

- DN -1
00 —1)(Ny — 1) — (0 — 1) [1 + O(N, — 1)] -1

B

Hine = -1 (N—1) G—1)(N—-1)
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Given A3 = 0 we can write the steady state system as above
Cy: Ve (C,H,§) = Ao

Nip1: A = ,6[(1 —5) A1+ Aapyn (AH—Nen)]
Hy: Vi, (C,H, &) + XpA=0
N2 (1=9)=Xamp

Since A\ = =2V, (C, H,§) and _VulGHE pA and given the definitions of V. and V), we
(1-9) Ve(C,H.£)

get

5o g

Evaluating the Euler equation for assets at the steady state implies

1 =) p-1ye
S 5)<1+ " N)

For the two to be consistent is has to be the case that

(1—7)(p—1)=¢

which proves point (ii) in Proposition 1. Notice that in the monopolistic competition case

this implies 7¢ = 0. The Euler equation for assets evaluated at the steady state reads as

then
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using the equation for the dynamics of the number of firms

Yo AH

e n 1-0

Combing the latter two equations

AH (1-6) AH
N= L =—2 1
(1-(1-9)B) 5 (1-(1-8)B)
d-0pge T15 L+ "5

we get N as a function of H. This also implies that we can compute the markup, under

both Cournot and Bertrand, as a function of H. Recall that it has to be the case that
Y =wH+1I

since

wH =2 AH: H(ll)yc
u u

it follows
v =Lam+ <1l> ye
1t 1t

using the aggregate resource constraint Y¢ = pAH — npN°¢ we obtain

p 1
Yy = —AH+<1——> AH — npN*®
p p (p npN°)

= pAH —pA <“_1> 7 ne
1 A

Also notice

1:(1_1>Y_+EPA_H
w)Y uY

To compute Y7 and % consider the euler equation for assets

~ B=9)5 ve
- 1-8(1-6 N

which implies
VNe  B(-6)5 Ne By
Ye 1-8(1-6) N 1-8(1-94)
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this allows to compute YTC as follows

Y+ NV =Y
then
Yo Nvye
Y Ye Y
and finally

From the latter we get % as

c_y G
Y Y Y
Knowing YVC we can determine #
pAH L (1Y
~[=(-3)%
The FOC for hours
Vh (07 H?f
_ = oA
V.(C.He

or

o
T+o

Hence H is both a function of H and £. Next consider the implementability constraint

_YB "N _ VN
Q—CY—I-(l T)C+C
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As a result

Q_Z §_|_(1_ d)E_i_ﬂ _Z E‘i‘;E‘i‘ﬂ
—Co\y YTy )Te\y T -y T Y

where % is given and % is a function of H. Also from
_ BA=9)5 v
1-B(1-0) N
we get
VN _ BO-9)f v
Y 1-8(1-0)Y
and

n_( 1y
Yy uw)Y
Hence we can compute §2 as a function of H. Next using the steady state version of the

implementability constraint we get
1—oH™Y? = (1-6)Q
which implies

v

H:[l—(l—ﬁ)Q}Tﬁ

which is a function solely of H and can be solved numerically. Given the value H we can

determine the lagrange multiplier £

1pAHY
é-: (p v Y C_l
I+ | g—=

Recall that N can be computed as

which allows to compute the price markup at thus the Ramsey steady state. Also it implies

a a value for p. Since
BL-0)5 ve

Py _
AT TR N
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we get
ye_ IPAN 1 - 5(1-9)
poo B=0)%

In particular notice that

1

and 7' =1 — vOH>
(h—1) w
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