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Macroeconomics with Endogenous Markups
and Optimal Taxation

Federico Etro™

I augment a flexible price dynamic general equilibrium model with any symmetric intratemporal
preferences over a variety of goods supplied under monopolistic, Bertrand, or Cournot competition
to derive implications for business cycle and market inefficiencies. Endogenous markups can mag-
nify the impact of shocks on consumption and labor supply through intertemporal substitution
mechanisms, and the optimal fiscal policy requires a variable labor income subsidy and a capital
income tax that converges to zero in the long run. With an endogenous number of goods and strate-
gic interactions, entry also affects markups and the optimal fiscal policy requires also a tax on
profits. I characterize equilibrium and efficient market structures and derive optimal tax rules for a
variety of preferences, including a new type of general additive preferences that nest direct, indirect,
implicit, and homothetic additivity.

JEL Classification: E1, E2, E3

1. Introduction

I develop a flexible price macroeconomic model with imperfect competition that departs from
the ubiquitous assumption of constant elasticity of substitution (CES) preferences a la Dixit and
Stiglitz (1977) over a variety of goods and adopts general intratemporal preferences to examine
business cycle implications and market inefficiencies. The purpose is not generalization per se, but
the introduction of a new role for the demand side (through preferences) and the supply side
(through strategic interactions and entry) in affecting macroeconomic behavior and the study of
associated distortion and corrective taxation.

The model generates markups variable over time in the production level of each good and,
when endogenized, in the number of goods produced. This is in sharp contrast with standard flexi-
ble price models, and allows me to obtain endogenously either countercyclical markups, which
appear in line with wide aggregate evidence, for instance in Bils (1987) and more recently in
Rotemberg and Woodford (2000) and Chevalier et al. (2003) and amplify the propagation of supply
shocks,' or procyclical markups, recently emphasized by Nekarda and Ramey (2013), Stroebel and
Vavra (2018), and Anderson et al. (2018) in connection with demand shocks. Markup movements
deliver new intertemporal inefficiencies in labor supply and in the savings choice, which affect the
process of capital accumulation and, when endogenous, the process of business creation. Optimal
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Of course, other explanations for countercyclical markups are possible. These are usually obtained introducing imperfect col-
lusion between firms (Rotemberg and Woodford 1992, 2000), dynamic externalities in consumption (Ravn et al. 2006),
changes in the number of goods (Bilbiie et al. 2012), or nominal rigidities (in the New-Keynesian literature). An empirical
evaluation of the different channels is, however, beyond the scope of this theoretical work.

© 2018 by the Southern Economic Association 1



2 Federico Etro

taxation in this environment requires a variable labor income subsidy, a capital income tax which
vanishes only in the long run and when entry is endogenous, and a tax on dividends. I characterize
equilibrium and optimal taxes for a variety of intratemporal preferences: in particular, these include
the general classes of directly additive, indirectly additive and homothetic aggregators, and I also
propose a new type of general additivity that nests these classes.

The dynamic stochastic general equilibrium (DSGE) model is standard on the supply side,
with constant returns to scale in the production of intermediate goods. These are sold under
perfect competition to final goods producers that can be engaged in monopolistic, Bertrand, or
Cournot competition, each one producing a single variety. The main novelties are on the
demand side, where intratemporal preferences over the final goods can be any symmetric pref-
erences, as in the static microfoundation of product differentiation developed in Bertoletti and
Etro (2015, 2016). This allows the framework to nest a variety of flexible price models, includ-
ing the standard neoclassical real business cycle (RBC) model with perfect competition in
homogenous goods started by Kydland and Prescott (1982), models based on CES preferences
and monopolistic competition started by Blanchard and Kiyotaki (1987) and developed in the
New-Keynesian literature, and models with endogenous entry based on homothetic preferences
(Bilbiie et al. 2012). The microfoundation, however, covers also any nonhomothetic prefer-
ences over differentiated products which generate a new role for the demand side in the propa-
gation of the business cycle.

To exemplify the positive and normative implications of endogenous markups, I start from
models with a fixed number of goods, as standard in general equilibrium analysis. In this case,
the markups depend on the elasticity of the demand function implicit in the intratemporal prefer-
ences, which is constant with CES preferences and a function of the aggregate consumption level
when preferences are nonhomothetic. When this elasticity is increasing in consumption, markups
are countercyclical and the real wage is procyclical. This implies that the propagation of any tem-
porary shock is magnified through new intertemporal substitution mechanisms: in practice con-
sumers anticipate consumption and work more to gain from temporarily lower prices and
temporarily higher wages. The opposite happens when the elasticity is decreasing in consumption.
Instead, traditional constant markups generate the same propagation mechanisms as under perfect
competition: this is why traditional flexible price models of monopolistic competition based on
CES (as well as any homothetic) preferences behave just as under perfect competition except for
a reduced labor supply.

The variability of markups over time is inefficient in an aggregate perspective, therefore both
labor and capital income taxes are needed to restore optimality whenever preferences are not homo-
thetic. For instance, preferences represented by a quadratic direct utility (¢ la Melitz and Ottaviano
2008) require variable subsidies on both labor and capital income along the growth path. Directly
additive aggregators (i.e., with a separable direct utility a la Dixit-Stiglitz) require a countercyclical
labor subsidy and a positive capital income tax if and only if markups are countercyclical, that is,
the elasticity of marginal utility is decreasing in consumption. Instead, indirectly additive aggrega-
tors (i.e., with a separable indirect utility as in Bertoletti and Etro 2017) obtain the same results if
the demand elasticity is decreasing in the prices. I present a variety of examples for different
classes of preferences that are largely unexplored in macroeconomics and characterize the optimal
taxation in each case. I also propose a new type of general additive preferences that nests direct
additivity, indirect additivity, generalized additivity (Pollak 1972; Gorman 1987), homothetic addi-
tivity (Kimball 1995), and implicit additivity (Hanoch 1974), including the unexplored class of
implicit CES preferences, which can be useful for future quantitative exercises. While the scope of
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this work is only methodological, Cavallari and Etro (2017) provide a first quantitative assessment
of models based on directly additive preferences in both closed and open economies subject to pro-
ductivity shocks and show that endogenous countercyclical markups can contribute in a substantial
way to improve the performance of RBC models.

When entry of firms producing new goods is endogenous (as in Etro and Colciago 2010, or Bilbiie
et al. 2012), markups depend on the consumption of each good, namely on the production of each firm,
as well as on the number of goods. Investment is split between capital accumulation and business crea-
tion to equate their expected returns, and the steady state is typically reached through an increase in the
stock of capital and the number of firms, with the production of each good declining over time. This is
what maintains the equality of the returns, with the return on capital investment decreasing because the
marginal productivity of capital goes down, and the return on business creation decreasing because
the profits on each new variety diminish, while the number of varieties expands. Also in this case the
markups are typically variable over the business cycle and the entry process, which generates an addi-
tional channel of propagation of the shocks and can be biased by either excessive or insufficient entry. I
characterize the social planner solution for this framework and derive the optimal taxation that restores
it in the decentralized equilibrium. This requires labor and capital income taxes as well as a tax on divi-
dends (or profits): all of these taxes depend on the production of each good and the number of the firms.
Besides deriving general tax rules, I characterize them for particular classes of preferences. For instance,
under directly (indirectly) additive preferences the optimal profit tax is positive if and only if the elastic-
ity of the subutility is decreasing in consumption (increasing in the price). With homothetic preferences,
I already know from Bilbiie et al. (2016) that the optimal taxes depend only on the number of firms, but
under specific classes of homothetic aggregators, I can derive explicit expressions for the optimal taxes
and conditions for the profit tax to be positive or negative. I complete the analysis with the cases of Ber-
trand and Cournot competition, which add procompetitive effects of entry and require amendments to
the optimal taxation rules. I can summarize the general principles emerging from the analysis in what
appears to be the empirically plausible case:

As long as markups are countercyclical due to demand side mechanisms (changes in demand elas-
ticity) or supply side mechanisms (changes in the strength of competition), labor income taxation
should be countercyclical, capital income taxation should be positive and decreasing toward zero
in the long run, and dividend taxation should be positive if markups are too high.

My analysis builds on recent theoretical advances. On the microeconomic front, the wide literature
on dynamic consumption theory in partial equilibrium has already analyzed a variety of preference
specifications (for an interesting treatment with direct additivity see, for instance, Browning and
Crossley 2000), but has usually neglected implications for pricing under imperfect competition and
its feedback on consumption. I mainly build on the industrial organization literature which has pro-
vided more general microfoundations to imperfect competition. In particular, while Dixit and Stig-
litz (1977) formalized monopolistic competition when the direct utility is additive generalized
separability (Gorman 1987) can be analyzed similarly;? Benassy (1997) has considered monopolis-
tic competition with homothetic preferences, and Bertoletti and Etro (2017) with an indirect utility,
which is additive.® Bertoletti and Etro (2015, 2016) have put together these and more general pref-
erences in a unique framework studying equilibrium and optimal market structures, and here I use

2 See Bertoletti and Etro (2018) for the case of Gorman-Pollak and implicit CES preferences under symmetry.
3 See also Nocke and Schutz (2018) for an extension to strategic interaction.
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their framework to study dynamic market structures (see also Arkolakis and Morlacco 2017, Fally
2018, Bertoletti and Etro 2018, Dhingra and Morrow 2019 and Arkolakis et al., 2015 for other
recent works generalizing the theory of monopolistic competition in static models).

Concerning the literature on macroeconomics with imperfect competition and optimal correc-
tive taxation, most of the dynamic models with monopolistic competition have adopted the CES
formulation, which delivers constant markups and implies that optimality can be reached with a
constant subsidy to labor income. Notable exceptions include Kimball (1995), who has used a class
of implicitly additive homothetic aggregators and Bilbiie et al. (2008), who have used translog pref-
erences, but both these works have focused on sticky prices and monetary policy. Ravn et al. (2008)
have used Stone-Geary directly additive preferences obtaining countercyclical markups. As far as |
know, I provide the first theoretical analysis of the RBC model with general nonhomothetic intra-
temporal preferences and monopolistic competition. Moving to models with endogenous entry, the
closest works in this spirit are by Bilbiie et al. (2012, 2016), who have analyzed a dynamic entry
model with flexible prices, monopolistic competition, and homothetic aggregators to study business
cycle and optimal taxation.* Besides differences in modeling intermediate and final goods and entry
costs, my main contribution compared to Bilbiie et al. (2012) is to depart from homothetic aggrega-
tors and consider general intratemporal preferences. As I have noticed, this has radical implications
for the difference between perfect and imperfect competition, for the propagation of the shocks, and
also for the analysis of the optimal taxation.” Few other works on optimal taxation with imperfect
competition and endogenous entry are only limited to the case of CES preferences and ignore capi-
tal accumulation and, therefore, capital income taxation. For instance, Lewis and Winkler (2015)
have analyzed optimal taxation in a related but static environment, Bilbiie et al. (2016) have ana-
lyzed optimal corrective taxation in a dynamic environment without capital and with homothetic
preferences, and Colciago (2016) has analyzed the optimal Ramsey taxation in an economy without
capital (in the tradition of Lucas and Stockey 1983) assuming CES preferences with monopolistic,
Cournot and Bertrand competition. I will extend some of their results.

The rest of the work is organized as follows. Section 2 presents the model with general sym-
metric preferences and monopolistic competition over a finite number of goods considering in
detail some relevant classes. Section 3 discusses the most general environment with endogenous
entry and different forms of imperfect competition under general preferences. Section 4 is the
conclusion.

2. A Dynamic Model with General Preferences

Let us consider an infinitely living agent with the following preferences:

1+4
4

oL,

] bl
1+5

U=EY ' |U(C.n)-
t=1

4 The first work in this literature is probably Chatterjee and Cooper (2014). See Ghironi (2018) for a review. In the literature
on dynamic entry see also La Croce and Rossi (2014), Poutineau and Vermandel (2015), Savagar (2017), and Savagar and
Dixon (2017) for interesting related investigations with imperfections in the goods market and in the financial market.

3 Etro (2016a) has derived the generalized Euler equation for a Ramsey model with monopolistic competition, but without
analyzing the business cycle implications in the presence of endogenous labor supply or endogenous entry of firms.
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where 8 € (0, 1) is the discount factor, E[-] is the expectations operator, C, = [Cy,, Coy, ..., C,/] is
the n-dimensional consumption vector (where # is large), and the disutility from labor supply L, is
isoelastic with Frish elasticity ¢ > 0 and scale parameter v > 0.° A traditional specification of intra-
temporal preferences involves the log-CES utility:

_0_
=

U(C,n) = log , )

2.6
j=1

where 0 > 1 is interpreted as the intratemporal elasticity of substitution between goods and the inter-
temporal elasticity of substitution is unitary due to the logarithmic transformation. I will depart from
this specification assuming that the period utility from consumption U(C,, n) can be any symmetric,
increasing and quasi-concave function of the consumption vector.

The production side is standard. Capital K, and labor supply L, are entirely employed by a per-
fectly competitive sector producing an intermediate good with a constant return to scale production
function:

Y :AIF(KlaLt)a (3)

where 4, is total factor productivity. The intermediate good is the numeraire of the economy and
can be used to invest in a standard process of capital accumulation with depreciation rate
6 € (0, 1), or to produce final goods with a linear technology.

Each variety i is sold at price p;, generating profits z;, = (p;, — 1)C;,. The consumer receives all
the profits as dividends, I1; = Z;':lnj,, and the remuneration of the inputs. The markets for the fac-
tors of production are perfectly competitive. The labor market implies the wage w, = 4,F,(K,, L)),
and the capital market implies the rental rate r, = A, Fx(K,, L,), always in units of intermediate good.
In each period, the consumer chooses spending on each variety C;, for j =1, 2, ..., n, labor supply
L,, and the future stock of capital K.; to maximize utility under the resource constraint:

n
Ki+1 :Kt(lfé)+WtLt+7’th+Ht*ZPthjt, (4)
Jj=1

where total profits 77, and prices of final goods and inputs are taken as given.
The FOCs for Cy, L;, and K, are:

[J[(C[,n):ﬂ,tpit fOI‘iZl,...,n, (5)

where U{(C,, n) = JU(C,, n)/dC;; is the marginal utility of consumption of good i and the Lagrange
multiplier 4, corresponds to the marginal utility of income,

1
DL? = /”,[W[ (6)

¢ Homothetic preferences that are identical across agents are essential for aggregation of the demand functions into a single
demand function (of a so-called “representative agent”). As heterogeneity in preferences and the computational problem of
aggregating demand functions are not my concern here, I assume that there is a single agent in the economy.
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and
ﬂr:ﬂE[Rzﬂﬂtﬂ], (7)

where R,.; = 1 + 1, — & is the gross return on capital.
For a given expenditure E; = Zj’.’:l p;:Cj, at time ¢, the first order conditions 5 can be written in

terms of the Hotelling-Wold identity:

Ui(Ci,n)E
DPit = n l( t’n) d iZl""ana (8)

> CuU(Cpm)
j=1

which is the inverse demand system. This can be inverted to obtain the system of Marshallian
demand functions depending on the price vector p; = [p1s» Pas ---» Pne] and expenditure E,. The cor-
responding demand vector is C(s,), where s, = p/E, is the vector of price-expenditure ratios. This
allows us to define the intratemporal preferences also in terms of the indirect utility function Vs,
n) = U(C(s,), n), where expenditure is the fruit of intertemporal allocation across periods. In this
dual perspective, the demand for each good can be derived through the Roy’s identity:

V.
ComVilsem) 9)

;e V(8. 1)
1

=

J

where V(s,, n) = dV(s,, n)/ds;. Accordingly, preferences in Equation 1 can be expressed equiva-
lently with the mixed utility:

o L
U=EY " |V(sm)- 2| (10)
=1

in which case total expenditure £, and labor supply L; become the choice variables for the consumer
in each period ¢, with consumption allocated to goods according to the Roy’s identity above.

Perfect Competition as a Benchmark

Perfect competition in the production of each differentiated good implies p;; = 1 for each i in
each period ¢, so that consumption is also symmetric, C;; = C; for any i, and Equation 5 delivers a
marginal utility of income given by:

(with v as the n-dimensional unit vector), which is just the marginal utility of consumption for each
good under symmetry. Accordingly, the equilibrium equations under perfect competition can be
expressed as:

Ui(Ct,n) :ﬂE{[l +At+IFK(Kz+I,Lt+1)*5}Ui(Cr+1,n)} (1 1)
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A,FL(K,,L,)U,-(C,,n) ?
v

K1 :Kr(l_é)"‘AzF(Kt,Lt)_”Ct: (13)

L=

(12)

which is a straightforward generalization of the traditional RBC framework to multiple goods, where sym-
metry (and love for variety) implies that total consumption is equally divided between all goods. The con-
cavity of the U(C, n) function in consumption and the transversality condition are necessary and sufficient
to guarantee the existence of a unique deterministic steady state with a saddle-path stable equilibrium.

Monopolistic Competition

Under monopolistic competition, each firm producing a variety i maximizes its profits
7ir = (pir — 1)C;; either with respect to the consumption level C;, or the price p;; considering only its
direct effects on the demand. Using Equation 5, this allows one to express profits as:

Ui(Cp,n
mi=(pi—1)Ciy = [%—l} Ci
t

which is maximized by choosing the optimal consumption taking as given the marginal utility of
income A,. The problem was first addressed by Dixit and Stiglitz (1977) when the utility is addi-
tively separable (namely U;(C,, n) = 0 for j # i), but can be solved also in the general nonseparable
case (see Bertoletti and Etro 2016, Prop. 1). The symmetric equilibrium price can be derived as:

1

—e(Con)’ (14)

pr=

where the relevant elasticity is the Morishima elasticity of complementarity between goods
(as defined in Blackorby and Russell 1981):

_IIn(pi/p))

G(C,I’l) - anC,»

(15)

with p; = p;. Direct computation from p,/p; = U(C, n)/U(C, n) allows one to obtain an expression
for this elasticity, which is assumed less than unitary to guarantee a well defined price:

_CU,‘I'(C,I’[) CUij(Can)
Cn="Ticn e "

(16)

2
where Uy;(C,n) = J gc(s'é;"). In case of CES preferences as in Equation 2, this elasticity is a constant,

e(C, n) = 1/6, which explains why monopolistic prices are given by constant markups p; :%. In
general, however, the Morishima elasticity can be either increasing or decreasing in consumption,
therefore markups can be either procyclical or countercyclical. Countercyclicality is the case that
appears more in line with the evidence from Bils (1987) to Rotemberg and Woodford (2000) and
Chevalier et al. (2003), but I do not commit to this in what follows.

I should remark that a misleading interpretation of the so-called Marshall’s second law of
demand suggests that demand should be more elastic (and markup should be higher) at higher
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levels of aggregate consumption. However, the second law was only a conjecture occasionally men-
tioned by Marshall (and not supported by systematic evidence); it was conjectured for a given
demand curve and not when the aggregate consumption of all goods changes (as here), and there is
no convincing intuition for which the demand elasticity should not be constant (as it is with CES
preferences) or increasing in consumption (as when the elasticity of complementarity e(C, n)
decreases in C). In an intertemporal framework it is indeed quite reasonable to perceive goods as
poor substitutes when they are consumed in small quantities, and as more easily substitutable when
each one is consumed in a larger quantity: in other words, richer consumers are less risk averse and
less lovers of differentiation. Under these circumstances markups are countercyclical because firms
perceive demand as more elastic when aggregate consumption increases. Under the opposite cir-
cumstances markups are variable and procyclical (see Bertoletti et al. 2017 for further discussion on
the second law of demand of Marshall).

When intratemporal preferences are expressed in terms of the indirect utility V(s n),
Bertoletti and Etro (2016, Prop. 1) have shown that the relevant elasticity can be expressed as
e(C, n) = 1/6(s, n), where s = p/E and 0(s, n) = — J In (C,/C;)/d In s; is the Morishima elasticity
of substitution between goods with C; = C;, which again can be either increasing or decreasing.’
In this perspective the equilibrium price solves p, = 1/(1 — 1/0(s,, n)), where the symmetric bud-
get constraint implies s, = p/E, = 1/nC,.

As long as the number of goods is fixed, prices change only with aggregate consumption,
which affects the dynamic evolution of the economy. Solving for the marginal utility of income
obtains:

A :W= Ui(Crom)[1=€(Cpym)].

I can replace this expression in the Euler and labor supply conditions and obtain the equilib-
rium system under monopolistic competition. This is summarized in:

ProposITION 1. In a dynamic model with general intratemporal preferences and monopolistic
competition over an exogenous number of goods the equilibrium satisfies:

Ui(Cm)[1=€(Cron)] = PEAR 1 Ui(Crr1n)[1=e(Crerom)]} (17)
- A,FL(Kt,Lt)U,-(i,,n)[l—e(C[,n)] ¢ (18)
K1 =K, (1-8) + A,F (K, L;)=nC;, (19)

where €(C, n) is the Morishima elasticity of complementarity.

The condition that U(C, n)[1 — e(C, n)] is decreasing in consumption insures saddle-path sta-
bility and will be verified in the examples below. Essentially, this requires that the function U(C, n)
is concave enough in the symmetric consumption level. The new component of the equilibrium sys-
tem under monopolistic competition is the Morishima elasticity e(C, n), which governs the markup

7 Direct computation from C//C; = Vs, n)/V(s, n) shows that:
_ sVilsyn) _ sVals,
0(s,n) = V/(£'7n)) 731/,(.(\:»:;) >1
under symmetry, where I defined symmetric derivatives as before.
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rule. When this is constant, as with CES preferences, the Euler equation remains identical to perfect
competition, and market power has no bite on the dynamics.

When the Morishima elasticity €(C, n) is decreasing in the consumption level, markups
become countercyclical and this affects both savings and labor supply. In particular, a temporary
boom associated with higher consumption determines a temporary reduction in markups. This
reduces temporarily the relative price of goods and increases temporarily the real wage, which pro-
motes both consumption and labor, magnifying the propagation of the boom. The opposite happens
when the Morishima elasticity €(C, n) is increasing in the consumption level. In general, endoge-
nous markup variability affects the intertemporal choices of consumers, inducing substitution mech-
anisms that are absent under perfect competition or fixed markups.

Social Planner Problem

The variability of markups creates inefficiencies in the allocation of capital and labor over
time. To evaluate them, consider the relevant social planner problem:

max [E

1+1

- AF (K L) — K1+ K (1-6 L, *

max Zﬂt_l U( t ( ts z) t+1 t( )’ )701 ) (20)
t+ 1941 t]

n 1+1
P

where I have solved the symmetric resource constraint K,.; = K(1 — 6) + A,F(K;, L)) — nC, for
consumption of each good and replaced the latter in the symmetric utility U(C,, n). The FOCs for

% *
K, and L, are:

a—UgCC’t,n):ﬂE M Fe (K, L )—6}87(]@”’”)}
n n R A b | IC,+ 1

and

ol AF (K, LU(CHn
e

An intuitive property of symmetric functions is that QUSCC"")zzj'.':laUég‘v’"), which implies
7

nU;(C,n) = % and allows me to rewrite the optimality conditions as:

*

Ui(C;on) =BE{ [1 + 4,1 Fx (K, ,L; ) =8| Ui(C,,1,n) } (21)
and

AFL (KAL) U(Can)]”
[

L = (22)

These conditions correspond, as expected, to the equilibrium conditions under perfect compe-
tition. This shows that monopolistic competition has introduced two sources of inefficiency. The
first is a traditional intratemporal inefficiency due to underprovision of labor. The second is an
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intertemporal inefficiency due to the variability of markups over time (Lerner 1934). Ideally,
markups for leisure and goods should be eliminated or set at a constant level over time, which is
not what the monopolistic competition equilibrium delivers in general.

Optimal Taxes with Monopolistic Competition

In case of lump sum transfers/taxes available to balance the budget, I can find the tax rates on
capital income and labor income that restore the first best allocation of resources. Let us introduce a
subsidy on labor income 7' and a tax rate on gross capital income zX at time #. The decentralized
equilibrium conditions change as follows:

Ui(Cpon)[1-€(Cpon)] = PB{ (1-75 | )R+ 1Ui(Cy+1.n)[1-€(Cr11,n)] }

(1+28)4,F (K, L) U(Cpon)[1—€(Cpon)]]”

=

The optimal taxation can be derived by matching these equations and the first best ones, which
immediately proves:

ProposITION 2. In a dynamic model with general intratemporal preferences and monopolistic
competition over an exogenous number of goods the optimal labor and capital income taxes are:

Ci,n)
VAL (570
t T 1=e(Con) MO T

K _ G(C,fl,n)*e(c,,n)
d I*G(Ct,n) ’

where €(C, n) is the Morishima elasticity of complementarity.

The optimal tax rates can be directly computed as functions of the number of goods available
and the production level of each firm once the Morishima elasticity is known. This confirms that in
the traditional case of CES preferences a constant and negative labor income tax in each period is suf-
ficient to establish optimality even in the presence of monopolistic distortions in the goods market. In
general, however, variable labor and capital income taxes are needed. Only in steady state, the optimal
taxation of capital income becomes zero for any preferences, supporting also under imperfect compe-
tition the traditional long-run optimality of zero capital income taxation (Chamley 1986).

Countercyclical tax rates on labor income emerge when the markups are countercyclical, because a
boom reduces prices, increasing the real wages, which reduces the need to subsidize work. In this case,
capital income should be taxed along the growth path to promote consumption and slow down excessive
savings (due to high markups). While consumption grows, the markups decline and savings become less
attractive relative to consumption, which reduces the optimal capital income taxation. In this sense also
the capital income tax is countercyclical. The opposite happens if markups are procyclical.

Some examples of preferences will now clarify how one can characterize the dynamic behavior
of the economy and the optimal taxes in this generalized environment.

Quadratic Direct Utility

Start with a simple specification of nonhomothetic and nonseparable preferences. The most
familiar one is probably the case of a quadratic direct utility function:
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(23)

n n CZ n
vien=a3-6-35 4(30)
j=1 J=1 j=1

where 1 > 0 parametrizes the cross-substitutability; notice that only for 7 = 0, I obtain an additive quadratic
direct utility (see the discussion below). Similar preferences are often used in trade models with heteroge-
neous firms (see Melitz and Ottaviano 2008 for a quasilinear version) and have already been used by Otta-
viano (2012) in a dynamic model, but without capital accumulation or endogenous labor supply.

In this case, U(C, n) = a — (y + nn)C and the Morishima elasticity is €(C,n) = %,
which is increasing in individual consumption as well as in the number of goods, due to nonadditiv-
ity. This delivers the monopolistic price:

_ a—(y+nn)C,
P a—Q2y+ny)C,’

which requires C, < a/(2y + nn) for any ¢, and is increasing in consumption and in the number of
goods. Under monopolistic competition, here is the modified Euler equation:

a=(2y +nn)C = PBAR, 1 [a— 2y +nn) Gy} (24)
In this case, the optimal taxation can be easily derived as:

L= rCi and 7K CW(Cz—l -C)

a2y +mn)C C T la=@rrm)Clla— ()G’

which provides a procyclical labor subsidy and negative capital income taxation on the growth path.

Directly Additive Aggregators

Consider the case where the intratemporal utility is a monotonic transformation U(-) of a
directly additive aggregator:

U(C,n) = U(Zn:u(c,-)). (25)

J=1

Of course, when U is a logarithmic function, there is the traditional specification (Eqn. 2) if u is
a power function. Interestingly, the general transformation U(-) affects intertemporal substitutability,
but not intratemporal substitutability between goods. Indeed, in each period monopolistic pricing is:

1

pt:ilfe(Ct)’

where the Morishima elasticity is just the elasticity of the marginal subutility e(C) = 7‘:,’(%) € which
is also the relative risk aversion coefficient for this subutility function. The modified Euler condition

can be expressed as:

Ui )i ()
Pt

(26)

:ﬁE{RM U’(nu(CtH))u’(Ctﬂ)}’

Pr+1
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where intertemporal substitutability depends on the variability of utility and prices. Optimal taxation
requires:

L €(G) k _€(C1)—e(Ch)

_ d — 27

T (g T 1—-¢(C) @7

which is independent from the transformation function. The optimal labor income subsidy is coun-

tercyclical (procyclical) if the elasticity of marginal utility €(C) is decreasing (increasing) in con-

sumption. The optimal capital income tax rate is positive (negative) if the same elasticity is

decreasing (increasing) and consumption is growing, but it always converges to zero in steady state.

Ravn et al. (2008) have adopted the Stone-Geary specification with subutility

. =1 —
u(C)=(C-C) ", where C>0 is interpreted as a subsistence level. These preferences generate

countercyclical markups because €(C) = ﬁ is decreasing in consumption, but the authors show

that monopolistic competition delivers a moderate magnification of business cycle compared to per-
fect competition. Cavallari and Etro (2017) adopt a different formulation that nests CES prefer-

ences, with bi-power subutility u(C)=yC+ %C% and y > 0% which again generates

countercyclical markups due to the elasticity €(C) = Estimating the preference parameters,

the authors obtain a substantial magnification of business cycle propagation compared to perfect
competition, suggesting that endogenous markups can contribute to improve the quantitative perfor-
mance of RBC models. Notice that both these cases require countercyclical labor income subsidies

and positive capital income taxation to restore optimality.

0—1
I present two additional examples. With the HARA subutility «(C)=1—e #C 7, which nests
the CES case for and y — 0 and € € (1, o), and the exponential case for @ — o0 and y > 0, I

obtain an elasticity e(C) =} [1 +x(0— I)C%} that is nondecreasing in consumption.” Finally, with

the subutility «(C) = — (@ — €)' © @ for @ > 0, I obtain ¢(C) :QTCC, which is again increasing in
consumption.'® In these two examples, monopolistic competition prices are procyclical and the
propagation of any expansionary shock is actually dampened compared to perfect competition.
Moreover, optimal taxation requires a procyclical labor subsidy and a negative capital income tax

on the growth path.

Indirectly Additive Aggregators

A general class of preferences recently introduced in a static analysis of monopolistic competi-
tion is characterized by an indirect utility that is additive (Bertoletti and Etro 2017), as in:

®)-o(2) a

J=1

8 This specification was originally introduced by Bertoletti et al. (2017) in the analysis of monopolistic competition.

9 .. . 0 ey
Monopolistic prices are p, = ———= when positive.
p p Pi 0D p
' Monopolistic prices are p, =ﬁ under the regularity condition C, < a/(1 + @). Notice that the economy becomes

approximately perfectly competitive for ¢ — 0, which implies almost perfect substitutability and marginal cost pricing by
all firms, and the price increases with ¢ which makes demand more inelastic.
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where v(s) is the subutility of a normalized price s = p/E with v(s) < 0 and v (s) > 0, and U(-) is
always a monotonic transformation that insures concavity in income.
In the Appendix, I show that the monopolistic price satisfies:

0(1/nC,)

D= 01 /nC)—1° (29)

where 6(s) = 7;/,/(&;)“' is the demand elasticity in function of the price-expenditure ratio that satisfies

s; = 1/nC; in symmetric equilibrium, so that e(C, n) = 6(1/Cn). The demand elasticity corresponds
to what is defined above as the Morishima elasticity of substitution. The case of CES preferences
emerges again if 6 =0, namely with v(s) = '~ for @ > 1. In the Appendix, I derive the generalized
Euler equation and analyze convenient specifications that deliver linear and loglinear demand func-
tions with procyclical markups in line with the evidence of Stroebel and Vavra (2018) and Ander-
son et al. (2018). I also present a case of translated power preferences which delivers
countercyclical markups.
The optimal taxation can be derived from the general principles stated above as follows:

O(s)—60(s—1)
O(si-1)[0(s) 1]

L= and 7 =

(s —1

(30)

where s, = p/E, = 1/nC,. The labor subsidy is procyclical (countercyclical) and the capital income
taxation is negative (positive) if 0> (<)0.

Homothetic Aggregators

Finally, assume that intratemporal preferences for consumption in Equation 1 can be
expressed as:

U(C,n)=U[H(C,n)], (31)

where without loss of generality, H(C, n) is a consumption index that is homogenous of degree
one, and U(-) is an appropriate concave monotonic transformation. Again, I have as a particular
case the specification Equation 2, when U is a logarithmic function and H(C, n) is a CES
aggregator.

Beyond the CES case, the class of preferences with homothetic aggregators includes other
examples often used in macroeconomics, such as translog preferences (Feenstra 2003; Bilbiie
et al. 2012) or Kimball (1995) aggregators.'' It is well-known (see for instance Benassy 1997)
that the symmetric price of monopolistic competition for these preferences is a function of the
number of goods n only. As here the number of goods is exogenous, the price of the final
goods:

' Kimball (1995) considered implicitly additive production functions satisfying constant returns to scale, but the reinterpreta-
tion in terms of homothetic preferences is common in the literature.
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is indeed a constant.'” Therefore, the Euler equation remains identical to perfect competition. Using
homogeneity, I have H(Ca, n) = C,H(Q, n) under symmetry, therefore the Euler equation can be
written as:

U'(CH(u,n)) = BB{R, U’ (Ci+1H(1,n))}, (32)

while the labor supply is distorted downword by a constant in every period. This has an important
implication. Under homothetic preferences, it is always optimal to adopt tax smoothing on labor
income and zero taxation on capital income:

I OB S (33)

As seen in the next section, this will not be the case when the number of goods is
endogenized.

More General Additive Aggregators

I conclude this section by proposing a new type of preferences that nests known versions of
direct additivity, indirect additivity, homothetic additivity, generalized additivity (Pollak 1972; Gor-
man 1987), and implicit additivity (Hanoch 1974). Assume that the intratemporal preference aggre-
gator is expressed by a direct utility U defined implicitly as follows:

U=3 u(e60) - (34

where the subutility u is increasing and concave in the adjusted consumption £C; of good j; that is,
denoting derivatives with subscripts, u; > 0 > u;; for any j = 1, .., n, and possibly depending on util-
ity U, p € [0, o0) and the aggregator £ satisfies:

& = "u(:c,U)C. (35)
j=1

Further restrictions are needed to insure that preferences are well-behaved. Assuming this, util-
ity maximization implies an inverse demand system:

o ui(éCl-, U)E

== —u(£C, U)BE,
2%(5@’(])@
J=

which depends on two aggregators defined by Equations 34 and 35, namely on utility U and on &.
Assuming that firms maximize profits taking as given both aggregators, the relevant elasticity for
monopolistic pricing under symmetry is:

12 Markups are variable in Kimball (1995) because prices are not flexible and consumption varies across goods, and in Bilbiie
et al. (2012) because the number of firms is variable.
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—uii(fC, U)§C

e(C,n)= wECU)

(36)

which depends on the symmetric equilibrium values of the aggregators and on symmetric consump-
tion C and number of firms » through them, and must be constrained to be smaller than one. Markup
properties and optimal tax rules are based on this elasticity according to Propositions 1 and 2.

-
If p— 0, &= lim,_g {Z}’:]uj (éC,,U) Cj} = 1; therefore utility reduces to:

U:Zn:u(cj, U). (37)

This delivers implicit directly additive preferences (Hanoch 1974) for which €(C, n) = ¢(C, U).
If u(C;, U) = u(Cy/U)U, there remains with a homothetic family of Kimball preferences associated
with Kimball (1995), implying constant markups and optimal taxes. If u, = 0, there are directly
additive preferences analyzed above. If instead u(Cj, U ) = (C] /U )l_ﬁU for some function (V)
of the utility level, there is a version of the implicit CES preferences:

o)
aU)-1

; (38)

n o(U)-1

Z C] o(U)

Jj=1

U=

as defined in Hanoch (1974) and applied to monopolistic competition in Bertoletti and Etro (2018).
Assuming U(C, n) = log U, this can be particularly useful for macroeconomic applications because
it inherits the properties of log-CES formulation (Eqn. 2), while delivering variable markups. As
€(C, n) = 1/6(U) is the elasticity of substitution, markups and optimal tax rates are countercyclical
if O(U) is increasing in the intratemporal utility.

If p — 1, which implies @(§) = log &, 1= Z}Ll“j (chj, U)ij. If uy = 0, the aggregator is
homogeneous and I obtain a family of homothetic additive preferences, which include also a sym-
metric version of translog preferences (see Matsuyama and Ushchev 2017). This case delivers an
equilibrium elasticity depending on the number of firms only.

If p — oo, which implies @(&) =&, 1= 27:1”/' (ij, U )C] and the inverse demand system sim-
plifies to p; = u,(EC;, U)E or C;=u; ! (p;/E,U) /& Substituting in the direct utility, the indirect util-
ity V can be expressed implicitly as:

V:znl:v(sj, V) (39)

for some subutility v(s, V) of normalized price and utility. This implies implicit indirectly additive
preferences (Hanoch 1974), including a homothetic family of Kimball preferences, indirectly addi-
tive preferences if uy = 0, and again the implicit CES preferences.

For a general function of the aggregator and uy = 0, there are Gorman-Pollak preferences, as
applied to monopolistic competition in Bertoletti and Etro (2015, 2018),"* and featuring an

13 See also Fally (2018) on the integrability of demand functions with a single aggregator.
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elasticity €(C, n) = €(£C). In conclusion, this more general form of additivity nests GAS preferences
as well as other preferences that feature a demand system with two (implicitly well-defined)
aggregators.

3. Dynamic Endogenous Market Structures

The final step is to endogenize the number of firms producing each differentiated variety and
engaged in either monopolistic or imperfect competition, when there is a fixed cost of creating new
firms a la Romer (1990). The dynamic endogenous market structures that emerge are not efficient
in general and will be compared to the optimal allocation of resources to characterize the optimal
taxation.

The initial stock of capital and number of firms (K, n;) are given. The production function
(Eqn. 3) is the same as before. Assume that the number of firms/goods follows the law of motion:

Ni+1 :(1_5n)(nz+nf)» (40)

where §,, € (0, 1) is an exogenous exit probability and n; >0 is the endogenous number of entrants
in period ¢.

The consumer chooses how much to spend in final goods, how much to invest in stocks of
existing and new firms, and how much to invest in physical capital, as already examined in entry
models by Ghironi and Melitz (2005), Etro and Colciago (2010), Bilbiie et al. (2012), and others.
All this must match the sum of labor and capital income, the profits of the existing firms, and their
current value. Expressing the budget constraint of the agent in terms of the intermediate good, the
consumer problem becomes:

1+1
oL, *

1+

S.V.:
CryKiv1sLisXis

max B | U(Cun)-
t=1

N+ n
Kiv1+x41 ZVjt :Kt(l _5) +wel; +r K+ Z [xt (ﬂjt+ij) _Pjtcjz} 5
j=1 j=1

where X, is the share of (mutual fund investing in) stocks of the firms, x;, are the profits/dividends,
and V), the value of firm j at time #, while the other variables are the same as before.

General Equilibrium Dynamics

The utility maximization problem leads to the same first-order conditions for the consump-
tion of each good C;, as before and the associated inverse demand system for the #, firms active

in period ¢ p;; = U;(Cs,n,) E; Z}"Zl CyU;(Cromy) 1. This allows one to characterize in each period
the monopolistic competition equilibrium where firms take as given the marginal utility of
income as well as the number of competitors. Taking into account the exact demand system
one can also characterize competition in prices and in quantities (see Bertoletti and Etro
2016, Prop. 1-3). In particular, under monopolistic, Bertrand and Cournot competition, I
obtain the respective prices:
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_ 1 _e(Cun)+tn—1 B n,
P eComy” P 1G]] P~ G 1)1 e(Coo)] 1)

with profits:

_e(Cn)C g ne(Crn,)C; c [1+(m—-1)e(C,n)]C

T T=e(Con)’ ™ T D) [1=e(Con )™ = (m—D)[1=e(Cpony)]

which I assume increasing in individual production/consumption C,.
Denoting the generic price as p(C,, n,), the FOCs for K,.; and L, deliver the modified Euler
equation and the labor supply equation as natural extensions of earlier results:

U,-(C,,n,)i { U,'(Cﬁ-l,nm-l)}
7})(@’”,) =pE Rr+17p(cf+lanf+l) (42)
. thji(clynt) ¢
L=l )

Assume that entry requires a sunk cost F; in units of intermediate good at time ¢ I will leave
unspecified the dynamics of the fixed cost F;, assuming only that this is low enough to allow entry
around the steady state. The reason is that the exogenous process determining the fixed costs will
not affect the optimal tax rules around the steady state (even if the business cycle properties of the
model do, of course, depend on the nature of the entry costs). Free entry requires that in every
moment the number of entrants is such that the value of firms equates the fixed entry cost or zero,
if the fixed costs are higher than the value of new firms.

To investigate how many firms enter in the market, I first need to derive the value of the firms,
which is the present discounted value of their expected profits. The new FOC of the consumer is
the one for x,.:

4V, (nt +nf) :ﬂE{ﬂHl (ﬂt+1 +Vz+l)"lt+1}-

Using the equation of motion for the number of firms and the modified Euler equation, this
provides a standard recursive asset pricing formula for V,:

Ui(cﬁl,nrH) p(Ct,nt)
Ui(C)‘ant) p(Ct+lant+1)

Vt:ﬁ(lfén)E{ (7141 +V,+1)}. (44)

If the initial conditions are such that investing in capital accumulation provides a higher
return than creating new firms (namely, if initially the stock of capital is low, the number of goods
is relatively high and the entry cost is high enough), all investment is initially in capital and the
number of goods decreases according to n.., = (1 — §,)n,, while output and consumption in each
good must increase gradually. If, instead, investing in capital accumulation provides initially a
lower return (namely if the stock of capital is high and the number of goods relatively low), all
investment is initially in business creation and the stock of capital decreases according to
K1 = (1 — 0)K,. The equilibrium interest rate decreases in both regimes but none of them is
compatible with a steady state equilibrium with positive consumption. Therefore, both these
regimes must end when the returns of both forms of investment are equalized: this outcome is
reached in finite time and after that savings start being allocated between both forms of
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investment along a path, where both the stock of capital and the number of firms increase
toward their steady state values.

In what follows, I will focus on the neighborhood of the steady state where both entry and capital invest-
ment occur in each period. Accordingly, the free entry condition V; = F;, and the general expression for
symmetric profits 7, = [p(C,, n;) — 1]C, allow me to rewrite the asset pricing equation as follows:

Ui(Cy,ny) <1_5n>E{Ui(Ct+lsnt+l)
p(Ci,ny) /

= C Cii1,ni41)— 1]+ F, . 45
) UG )6 ()14 P (45)

Imposing market clearing in equilibrium with x, = 1, V , = F, w, = AF (K, L;), and
ry = AF (K, L,), the resource constraint becomes:

K1 —K,(1-6)+n;F,=A,F(K,,L)—n,C,, (46)

which can be solved for the number of new firms 7 and replaced in the equation of motion for the total num-
ber of firms (Eqn. 40). This is what I do to summarize the equilibrium around a steady state as follows:

ProposITION 3. In a dynamic model with general intratemporal preferences and imperfect
competition between an endogenous number of firms the equilibrium satisfies:

Ui(Chnt) E{M[l +A[F[((Kt+17Lt+1)_6]}

p(ctant) p(Cf+1ant+l)
16 []i(cf+lant+])
B . —1]+F,

ﬁ( F, > {p(CHl’nHl) [Cﬁl@(Cﬁ],nHl) ] t+1]
_ [A;FL(KI,L,)IJZ-(CI,”I)YD
t Up(Clanf)

Nir1 = (1_5n) ["t"‘AtF(KhL[)_ntCI[:_KHI +Kt(1_5):|

t

around the steady state, where p(C, n) is the relevant price function.

The first equation is the modified Euler equation, the second the endogenous entry equation, the third
the labor supply, and the last the equation of motion for the number of firms. They govern the evolution of
the stock of capital K, labor supply L;, consumption/production of each good C;, and number of firms #,. It
is immediate to reduce the system to a three-dimensional system for (C,, K;, n,) with labor supply deter-
mined residually. Moreover, equating the right hand sides of the Euler and endogenous entry conditions,
which represent the expected return rates, respectively, on investment in capital and in business creation,
one can express consumption in each period ¢ as a function of the stock of capital and the number of firms
in the same period, or to reduce the equilibrium system to a bi-dimensional system for (C,, 7). Finally, as
the profit function is increasing in consumption, I obtain that the production/consumption of each good
declines over time while capital accumulates (and the equilibrium return rate declines).'* I now move to the
welfare analysis and derive the optimal tax rules, which hold around any well defined steady state.

!4 Stability holds under standard parametrization. However, the model can also deliver i) cycling behavior of the number of
firms (under high exit rates or a low discount factor), or ii) unbounded growth of the number of firms (when the return on
business creation is constant ¢ la Romer 1986, 1990).
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Optimal Dynamic Market Structures

For any decentralized equilibrium path characterized in the earlier section, I can make a com-
parison with the social planner solution and determine the tax system that restores the latter. Repla-
cing the equation of motion for the number of firms (Eqn. 40) in the resource constraint
(Eqn. 46) and solving for the symmetric consumption of each good C,, express the symmetric intra-
temporal utility U(C,, n,) and state the social planner problem as follows:

max &
Ki+1,
Ly,

t

~+F,n

00 — — _ el 1+,,l;
p= U(A,F(K,,Lt) K1+ K (1-6)— 2t )vL, ‘ )
1

= T

Ne+1

Using the properties of the symmetric functions, the FOCs for K1, L;, and n,; can be rear-
ranged as:

# #

U(Clomy) = PB{ [1+ Ay Fic (K1 Loy ) =0 Ui(Clami) }

1>t

L TARLKL L) UG )]
-

v

% * * :

U"(C:’nt )Ft :ﬂ(lf‘S”)E{U" (C:H’njﬂ) 7L]i(ct‘+l’n;‘+l) (C:H 7Ft+1) },

where U,(C, n) = JU(C, n)/dn is defined with a slight abuse of notation. These optimality conditions
extend to a dynamic context the analysis of optimal market structures presented in Bertoletti and Etro
(2016) for a static context. The optimal number of firms derives from the trade-off between the costs
of producing new varieties and the benefits of enjoying them (in the future) net of the reduction of
consumption (needed to invest in replacing varieties lost over time). This trade-off depends on the
elasticities of the welfare function U(C, n) with respect to consumption and the number of goods:

we(cm=20C0C

U,(C,n)n
U(C,n)

and w"(C,n) = UCn)

Indeed, the last FOC can be rearranged as follows:

ll/"(c;kﬂ’”;ﬂ)
WC(C:H’nrﬂ)

*

Ct+1

-1 +Ft+1

s % 1_5,,[ * *
Ui(Ct’nt):'B( F )E{Ui(cﬁl’nt*l)

t

L

whose right-hand side emphasizes the social return from creating new varieties, which is typically
different from the private return that depends on expected rate of profits.

Optimal Taxes with Monopolistic Competition

The comparison between the optimality conditions and the decentralized free entry conditions
augmented with taxes leads to the optimal corrective taxation. This requires three time-changing
taxes: in each period ¢, the labor subsidy turns the effective wage into (1 +Tf)w,, the capital income

tax turns the effective gross return rate on capital investment into (1—75)R;, and I need to introduce
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a tax on profits/dividends rtD , which turns the net profits/dividends into (1 —rf) )ﬂ,. Amending the
equilibrium equations under monopolistic competition to include these taxes and equating them
with the social optimum equations derived above obtains:

ProposITION 4. In a dynamic model with general intratemporal preferences and monopolistic
competition between an endogenous number of firms the optimal taxes around the steady state are:

L= e(Crmy)
! I*G(C,,n,)’
K :e(C,,l,n[,l)fe(C[,n,)
! I*G(Ct,nt) ’
1= [ —e(Comn) e
Tt = s

e(Cr,ny)

where y"(C, n) and yw"(C, n) are the elasticities of utility with respect to number of goods and
aggregate consumption.

The relative simplicity of this optimal tax system relies on the fact that the tax rates can be directly
computed as (nonlinear) functions of the number of firms active in each period and the production level
of each firm. Some remarks are in order. First, the traditional case of a constant labor subsidy and a zero
capital income tax emerges only under preferences that deliver a symmetric Morishima elasticity inde-
pendent from consumption and from the number of goods. A well-known case is the one of CES aggre-
gators, but Bertoletti and Etro (2016) have shown that there are other possible cases.

Second, except for these special cases, general preferences generate variable optimal tax rates over the
business cycle (for the case of homothetic preferences, see Bilbiie et al. 2016). The general principle is that
countercyclical markups require a countercyclical labor subsidy and a positive capital income tax along the
growth path toward the steady state. In the long run, however, the optimal capital income tax is zero for any
preferences, confirming the traditional result (Chamley 1986) also for the case of endogenous entry.

Third, the optimal tax on profits is aimed at restoring the efficient entry process. The tradi-
tional case of a CES aggregator with intratemporal preferences (Eqn. 2) implies €(C, n) = 1/0 and
w'(C, n)hw(C, n) = 0/(6 — 1); therefore, the optimal profit tax is zero in each period: both entry
and capital accumulation are efficient, therefore only labor should be subsidized to restore optimal-
ity in the CES case. More generally, however, profit taxation is needed to reach the efficient number
of entrants in each period. The underlying principle is that this taxation should be positive if
markups are too high. To see what determines whether markups are too high or too low and charac-
terize the optimal taxation, I reexamine earlier examples of preferences.

Quadpratic Direct Utility

I can directly compute the optimal tax system for the example of quadratic preferences

(Eqn. 23). The welfare function U(C,n)=anC *V’E—Cz*@ allows one to compute y(C, n) and

y"(C, n), and derive the optimal tax rates as:

TL:Ct K_a(C,fl—Ct)—Ctthl(n,—nhl) D:ay—aﬂn,+ynn,ct+n2nlzct

- T, = s T )
‘B’ Bila—(y +nn—1)Ci-1] ! 2y[a—(y +nn;)C]
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where B, = [@ — (2y + nn,)C/]/y. These tax rates depend on both the production/consumption of
each good and the number of firms producing these goods, which complicates things compared to
the earlier case with a given number of firms. An increase in both the number of goods and the
individual production/consumption tends to increase the labor income subsidy and to determine a
negative income tax. However, this specification is consistent with both positive or negative values
for the optimal capital income and dividend taxes.'”

Directly Additive Aggregators

With directly additive aggregators (Eqn. 25), the welfare function U(nu(C)) implies that yw"(C, n)/
w(C, n) = 1y(C), where y(C) = u/ (C)C/u(C) > 0 is the elasticity of the subutility function u(C). Com-

puting the derivative y/'(C) = w(C)LCﬂ”(C), rearrange the optimal tax system as follows:

—C;U//(C[) .
€(C[)1//(C,)2

e(C) K _e(CH)—e(C[)

L _ LD
e (o M B e e B

(49)

Note that the optimal taxation is independent from the form of the monotonic transformation U(-).
The tax rates on the inputs are the same as in the baseline model, while the profit tax is positive if and only
if the elasticity of the subutility function is decreasing in consumption. This is a dynamic generalization of
the static principle found in Dixit and Stiglitz (1977), for which excess entry occurs in this case. My exam-
ples with CARA and translated power subutilities require a positive profit taxation because their elastici-
ties are decreasing in consumption and the decentralized equilibrium features too many firms.

Indirectly Additive Aggregators

With aggregators represented by an indirectly additive utility (Eqn. 28), the welfare function U
(m(1/nC)) implies w"(C, n)w(C, n) = 1 + 1/p(1/nC), where n(s) = — V/(s)s/v(s) is the elasticity of

1-0(s) + n(s)

the subutility function v(s). Computing the derivative #'(s) =n(s) , rearrange the optimal

tax system as:

1 K g(st)fg(st*l) d :Str/,(st) (50)

TR " T 0ls) - 100s) T T )

where s, = p/E, = 1/n,C,. Such an optimal scheme is related to static results in Bertoletti and Etro
(2017), where excess entry occurs if and only if the elasticity of the subutility is increasing in the
price. This requires a positive profit taxation in each period to restore the optimal entry process, as
in the examples analyzed in the Appendix with linear demand or exponential subutility, whose price
elasticities are increasing and excess entry occurs in the decentralized equilibrium.

Homothetic Aggregators

Finally, consider intratemporal preferences that are homothetic with a welfare function U[CH
(v, m)]. It is easy to verify that w"(n)w<(n) depends only on the number of goods. Therefore, the
optimal taxes change over time in function of the endogenous number of firms only. Two examples
will clarify this result.

'3 For instance, for 7 low enough I obtain a positive dividend taxation.
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Feenstra (2003) has analyzed homothetic preferences based on a translog expenditure function,

which implies €(n) =1 and y'(C, n)hwS(C, n) = 1 + 1/20n, where ¢ > 0 is a parameter related
to substitutability between goods. This generates countercyclical prices and allows one to compute
the optimal taxes as:

L 1 K Ny —Ns—1 D 1
T, :a_n,’ T, :m,andr =5 (51)
which deliver, during the entry process, a decreasing labor subsidy, a positive and decreasing capital
income tax, and a constant tax on dividends. These results are consistent with those of Bilbiie
et al. (2016).

The implicitly additive aggregators of Kimball (1995) belong to a more general class of prefer-
ences originally introduced by Hanoch (1974). Consider a direct utility represented by a homoge-

nous aggregator H(C, n), which is implicitly defined by:

i“(ﬂ(i@) =1 (52)

Jj=1

where the function u(x) has the same properties of a direct subutility. Using symmetry and homo-
geneity, u(C/H(Cv, n)) = u(x(n)) = 1/n, where x(n) = H(1, n)”' is a decreasing function of the
number of goods. For instance, in the CES case, u(x) =x"7 and x(n) = 1/n, and additivity becomes
explicit.

Under flexible prices I can easily characterize the equilibrium markups in each period. By
duality principles, the intratemporal problem can be seen as minimizing spending E = Z;:Ip,-c,-
with respect to each consumption level under the utility constraint (Eqn. 52). This provides the
inverse demand:

p= (e ey

where yu is the Lagrange multiplier. Applying Equation 15, I can compute the symmetric elasticity

e(n) :%. Notice that this can be either increasing or decreasing in the number of goods,

so the equilibrium prices can either increase or decrease with entry.
Finally, under symmetry the homogenous aggregator H is implicitly defined by nu(C/H) = 1,
which provides w"(C, n)w (C, n) = 1/y(x(n)), where the function w(x) is always defined as the

=)y ()
X

elasticity of u(x). Direct computation gives y'(x) =y (x) and the optimal tax system can

be expressed as follows:

b eln) el elm) o )y (x(n). 53)
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T

The optimal labor subsidy is countercyclical and the optimal capital tax is positive if and only
if the markups are decreasing in the number of firms. Instead, the dividend tax is positive if and
only if the elasticity of the u(-) function is decreasing, and in general it depends on the number of
firms. It would now be simple to replicate the analysis for the family of homothetic preferences with
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an indirect utility that is implicitly additive (once again CES preferences belong to this family and
to the one analyzed in the text).

In principle, more general additivity, introduced in section 2, could be analyzed similarly once
the three relevant elasticities are expressed in terms of consumption and number of firms.

Optimal Taxes with Bertrand and Cournot Competition

Dynamic endogenous market structures in the presence of strategic interactions can be ana-
lyzed in a similar way. The equilibrium in Proposition 3 must incorporate the prices under either
Bertrand or Cournot competition from Equation 41. The case of log-CES preferences is similar to
the model in Etro and Colciago (2010), but I can now explore any other microfoundation of the
demand side. The dynamic properties of the equilibrium are similar to the case with monopolistic
competition except for the procompetitive effects due to the strategic interactions. A temporary
expansionary shock generates two parallel and interacting mechanisms: on the supply side the boom
attracts entry of new firms, which tends to strengthen competition and depress markups, while on
the demand side the boom changes the demand elasticity with an ambiguous impact on markups.
The propagation mechanism is once again much richer compared to the CES environment.

I can characterize the optimal taxation for this environment matching equilibrium and effi-
ciency conditions. In a dynamic model with general intratemporal preferences and Cournot compe-
tition between an endogenous number of firms, the optimal taxes around the steady state can be
computed, after tedious computations, as follows:

IC _,,%1 +€(Ctant)

Tt o I_G(Ct,n[) ’

KC e(Ct—l ,ntfl)*e(ct,nt)
! l*G(C,,n,) ’

and

p" (Crony
e 1 DI=e(Con i

; [1+(n,~1)e(Crny)]

In the case of CES aggregators, I obtain a very simple optimal tax system, with a zero capital

income tax, a countercyclical labor subsidy T,LC:%,

77¢ = gr2—. The latter is consistent with a long-run optimal tax obtained by Colciago (2016) under

an equivalent assumption on the entry costs.'® Notice that with homogenous goods (6 — o), the

case analyzed in Colciago and Etro (2010), there is 7/ — Ly and 7/ — 1 because it is convenient

and a countercyclical profit tax

to disincentivize the creation of new firms (there are no gains from variety) and incentivize individ-
ual production (as long as strategic interactions between a small number of firms restrict
production). In general, the optimal profit tax is positive because imperfect competition attracts
more entry than monopolistic competition (which generates the efficient number of firms under

16 In reality, Colciago (2016) assumes a fixed cost in units of labor, and has no capital. This is equivalent to assuming a fixed
cost in units of an intermediate good produced with labor only.
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CES preferences). Departing from the CES case, the profit tax can be either positive or negative,
but it must be higher than with monopolistic competition because imperfect competition tends to
deliver higher markups.

In the case of Bertrand competition between an endogenous number of firms, the optimal taxes
around the steady state can be derived as:

LB _ e(Crony) ’
(1-4) (1=e(Ciom)

KB _ €(thl>nt—l)_€(ct,”1)
t
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Again, with CES preferences, I obtain a very simple optimal tax system, with a zero capital
income tax, a labor subsidy 7/ = m decreasing with the number of firms and the substitut-
ability between goods, and a profit tax which is independent from substitutability and inversely pro-
portional to the number of firms, according to the simple rule 7% :ni/, which is again consistent
with Colciago (2016). In general, strategic interactions increase the markups relative to monopolis-
tic competition, therefore the optimal fiscal wedges are, ceteris paribus, higher.

4. Conclusions

Departing from perfect competition and CES preferences, flexible price DSGE models deliver new
channels of propagation of the shocks and new inefficiencies that operate through changes in the endoge-
nous markups. Remarkably, these changes depend crucially on the properties of preferences, restoring a
novel role for the demand side in determining the propagation of the business cycle and the properties of
optimal fiscal policy. I have analyzed these dynamic models and evaluated the optimal taxation that restores
the first best allocation of resources through taxes on labor income, capital income, and dividends.

This framework could be also applied to examine Ramsey policies of optimal distortionary
taxation (in the absence of lump sum taxes), as done by Colciago (2016) only for the case of CES
preferences: optimal taxation should then account for the standard principle of lower taxation on
more elastic demand functions and markup synchronization. Nonhomotheticity could also be
exploited in analysis of structural transformation (Matsuyama 2017). One could introduce price fric-
tions (in the intermediate good sector) for the analysis of monetary shocks in a New-Keynesian
style. Finally, one could study shocks and policies in an open economy framework (see Ghironi and
Melitz 2005 with CES preferences): an attempt in this direction is in Cavallari and Etro (2017). A
flourishing literature in international trade has been recently departing from CES preferences to
investigate the main classes of preferences emphasized here with heterogeneous firms. In particular,
this is the case of quadratic preferences (Melitz and Ottaviano 2008), directly additive preferences
(Arkolakis et al., 2015), indirectly additive preferences (Bertoletti et al. 2018), some versions of



Macroeconomics with Endogenous Markups 25

homothetic preferences (Feenstra 2018), and GAS preferences (Bertoletti and Etro 2018). A con-
tamination between these literatures could be fruitful.

My ultimate objective would be to provide a general microfoundation of DSGE models to
expand their ability to replicate empirical findings on international business cycles (for some related
insights see Cavallari and Etro 2017 or Anderson et al. 2018), incorporate realistic imperfections in
the labor and credit markets (see La Croce and Rossi 2014 and Etro 2016b), and be used for the
analysis of fiscal and monetary policy (see Ghironi 2018). I believe that many of the limits of the
standard macroeconomic framework are deeply linked with the ubiquity of CES preferences and
exogenous market structures, which prevent me from modeling realistic imperfections in the goods
market and fully understanding interactions between demand and supply at the aggregate level.

Appendix: Euler Equations with Indirectly Additive Preferences

A general class of preferences recently introduced in the static analysis of monopolistic competition is characterized by
an indirect utility that is additive. Here I will analyze the equilibrium of the dynamic model for a given number of goods when
intratemporal preferences satisfy indirect additivity.

Assume that the intratemporal indirect utility in Equation 10 is additively separable as in:

n

rB)-o()

=

where v(s) is decreasing and convex in the price-expenditure ratio s = p/E and U(-) is a monotonic transformation.
In this case, I can reformulate easily the derivation of the decentralized equilibrium. The demand for each good i in
period ¢ derives from the Roy’s identity, and the corresponding profits are:

(pu—1)v (%':)Er
> (%)

j=1

Tlit =

5

whose denominator is directly related to the marginal utility of income and is taken as given under monopolistic competition.
The monopolistic price satisfies:

o= /B
"o /E)-1
where 0(s) = — v (s)s/v(s) is the demand elasticity in function of the price-expenditure ratio. Symmetry implies £, = np,C;;

therefore the price can be seen as a function of the product of consumption and number of firms through 6(1/nC), and it is
increasing in the consumption level if 6/(3') > 0. Instead, monopolistic competition prices are countercyclical if Hl(s) <0.

In each period, since the direct demand of each good is already implicit in the specification of preferences, the con-
sumer chooses only total spending E, and labor supply L, to maximize intertemporal utility (Eqn. 10) under the resource con-
straint. The problem:

N 1 - Pijt ULHJ
max U=E U L)) -

K1 =K,(1-8)+w, L, +rK,+1II,—E,

leads to the Euler condition:'”

17 A similar result is obtained by Etro (2016b) to analyze a Ramsey model of consumption growth, and used also by Boucek-
kine et al. (2017) for an interesting analysis of endogenous growth.
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e
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t+1

This is a particular case of the general framework once I recognize that in a symmetric equilibrium p/E, = 1/nC,.

As a well-behaved indirect utility function is increasing in income but not necessarily concave, the transformation
U must insure enough concavity for the equilibrium to be well defined. For instance, if U is linear, one can verify that this is
the case if and only if 8(s) € (1, 2), which is quite restrictive for the analysis of monopolistic competition.'® Therefore, in what
follows I focus on the case of a logarithmic transformation, with U(-) = log (-), whose concavity insures saddle-path stability
under more general conditions.

Defining 5(s) = — v/(s)s/v(s) as the elasticity of the subutility, #n(p/E) = n(1/nC) and €(C, n) = 1/6(1/nC). This allows me
to rewrite the modified Euler condition as a particular case of the general model:

o) o)

G
With CES preferences both elasticities are constant and I am back to the same results of perfect competition, as under
the log-CES specification (Eqn. 2). When the demand elasticity is variable, instead, market power has bite and affects the busi-
ness cycle properties of the model.
This class of preferences can be easily analyzed in macroeconomic models. As an example, consider the case of trans-
lated power preferences with subutility (Etro 2016a):

v(s)= (s—E)lfg,

for a minimum normalized price 5>0. This specification delivers the elasticities 0(s) =0s/(s—5) and 5(s) = (6—1)s/(s—53),

which are decreasing in s. Therefore the elasticity €(C,n) = I’Z"C is linearly decreasing in consumption under the regularity

condition C; <1/3sn. The Euler equation can be derived as:

1 _ ﬂE{ Rr+l }
(1-5nC,)p,C, (1=-5nCrs1)pr+1Cra1 |
where under perfect competition I should set p, = 1 and under monopolistic competition I should set:

_ 0
P9 T+5nC,

Note that the markup is countercyclical, therefore market power tends to enhance the propagation of shocks. Accord-
ingly, optimal taxation requires a countercyclical labor income subsidy and a positive tax on capital income on the
growth path.

Consider the preferences used by Bertoletti et al. (2018) in a static analysis of monopolistic competition, with
subutility:

(a*s)HV

v(s)=—"—,

1+y

where a > 0 represents the maximum willingness to pay (demand is 0 for normalized prices above this level) and y > 0 param-

etrizes the demand elasticity. In general, the demand is a power function of a linear demand, with elasticities 6(s) = ys/(a — s)
anC—1
[

sumption under the regularity condition 1 <anC, <1 + y. The Euler equation can be derived as:

and 7(s) = (1 + y)s/(a — s), which are increasing in s. Therefore, the elasticity €(C,n) = is linearly increasing in con-

1 :ﬁE{ Rr+1 }
(anC—1)p:C, (anCyi1=1)pi+1Cran ’

'8 T am thankful to Paolo Bertoletti for insightful discussions on this condition and on the concept of intertemporal elasticity
of substitution. On the latter, a useful reading is Browning and Crossley (2000).
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where under perfect competition I should set p, = 1 and under monopolistic competition:

B Y
=y +y—anC,’

Note that the markup is procyclical, therefore, market power tends to enhance consumption smoothing compared to per-
fect competition. Optimal taxation requires a procyclical labor income subsidy and a negative tax on capital income on the
growth path.

As a last example, consider the exponential indirect subutility:

V(S) _ e*h.\\
with b > 0 parametrizing the semi-elasticity of demand, which is loglinear in this case. Notice that 6(s) = 5(s) = bs, which is
increasing in s, therefore, €(C,n) :% is increasing in individual consumption. Under monopolistic competition, the equilib-

rium price is:

b
Dt *b_nC[,

which is procyclical under the regularity condition C, < b/n. The Euler condition becomes:

1 Rt+1 }
——=pE ———>.
C2p, 2 {C)‘2+ 1Pi+1

Under perfect competition there would be a very simple variation of the traditional Euler condition. However, the modi-
fied Euler equation under monopolistic competition depends on demand elasticity through the parameter b, as well as on the
number of goods. Also in this case market power dampens the propagation of shocks compared to perfect competition, and
the first best is restored subsidizing both labor and capital income when consumption grows.
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