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Abstract

We study monopolistic competition equilibria with free entry and social planner
solutions under symmetric Generalized Additively Separable preferences (that encom-
pass known cases such as additive, homothetic, translog and other preferences). This
setting can jointly produce competition and selection effects of entry, incomplete pass-
through of cost changes and pricing to market. We characterize the inefficiencies of the
market equilibrium under Gorman-Pollak preferences and show its optimality under
implicit CES preferences. We propose a new specification of generalized translated
power preferences for trade and macroeconomic applications.
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In this work we analyze monopolistic competition and optimal resource allo-
cation for Generalized Additively Separable (GAS) preferences (Gorman, 1970;
Pollak, 1972). This generalization of the Dixit and Stiglitz (1977) setting in-
cludes additive preferences, as well as homothetic preferences (as the translog
specification) and other cases where demand depends on the own price and a
common price aggregator. Through this microfoundation we can jointly match
three phenomena that are empirically relevant in monopolistically competitive
markets: competition effects due to entry (selection of the more efficient firms
under heterogeneity), incomplete pass-through (lower markups for more pro-
ductive firms) and pricing to market associated with income variations (pos-
sibly different across firms).? Moreover, we study the optimal allocation of
resources and extend the optimality result under heterogeneous firms recently
proved by Dhingra and Morrow (2019) for CES case to a more general class of
preferences. These findings are useful to understand the consequences of trade
liberalization, macroeconomic shocks and optimal policies in models based on
monopolistic competition.

The classic Dixit-Stiglitz model at the basis of a large part of modern eco-
nomic theories of imperfect competition is based on symmetric CES (Constant
Elasticity of Substitution) preferences, whose demands functions depend on a
power function of the price and on a common price index. The peculiar prop-
erties of this setting are well known. In particular, with homogeneous firms
markups are constant, changes in market size create pure gains from variety
(Krugman, 1980) and the market equilibrium is optimal (Dixit and Stiglitz,
1977). With heterogeneous firms, markups remain constant, changes in market
size do not exert selection effects on the set of active firms (Melitz, 2003) and
the equilibrium is still optimal (Dhingra and Morrow, 2019). Generalizations
to homothetic preferences have emphasized competition effects of entry and
inefficiency of the equilibria (Feenstra, 2003, 2018; Bilbiie et al., 2012, 2019).

The original contribution of Dixit and Stigliz (1977) also explored the more
general class of directly additive preferences whose direct utility can be written
as:

U:/Qu(ac(w))dw, (1)

where  is the set of consumed goods and the consumption z(w) of variety w € §2
has subutility u. With these preferences the elasticity of substitution between
a good and the others, which determines demand elasticity, depends only on its
consumption level. Under monopolistic competition among homogeneous firms
with free entry the markup is independent from income, and it changes with
market size and marginal cost depending on the shape of the marginal subutility
of consumption, while the equilibrium is in general inefficient. The analysis has
been extended to heterogeneous firms in Zhelobodko et al. (2012), Bertoletti
and Epifani (2014) and Dhingra and Morrow (2019).?

2For empirical evidence on these phenomena in trade settings see for instance De Loecker
et al. (2016), Hsieh et al. (2016) and Simonovska (2015).

3Further applications are in Simonovska (2015), Mrazovd and Neary (2018), Arkolakis et
al. (2019) and others.



Recently, we have studied monopolistic competition for demand functions
derived from indirectly additive preferences (Bertoletti and Etro, 2017a), namely
when indirect utility can be written as:

V:/Qv(s(w))dw, (2)

where s(w) = p(w)/E is the price of variety w normalized by income E, with
subutility v. In this case, demand elasticity depends only on the own normalized
price. Under monopolistic competition the equilibrium markup is independent
from market size and changes with income and marginal cost depending on the
shape of the marginal subutility of prices, and the equilibrium is in general
inefficient.*

Additive preferences belong to the more general type of GAS preferences
whose demand system features a common aggregator of prices or quantities.
We have introduced these preferences for monopolistic competition pricing in
our companion paper (Bertoletti and Etro, 2017b), and here we consider in
detail the free entry equilibria under symmetric preferences. According to Gor-
man (1970) there are two versions of GAS preferences. We call Gorman-Pollak
preferences (henceforth GP preferences) a generalization of (1) and (2), which
generates an elasticity of substitution depending on the product of price (or
quantity) and the common aggregator.” Following Hanoch (1975), we define
the other class of GAS preferences as implicit CES preferences: they feature an
elasticity of substitution that is common across commodities, but can change
through indifference curves, and therefore with the utility level, which is the rel-
evant aggregator. We analyze monopolistic competition for these two classes of
preferences and exemplify the results with a novel specification of “generalized
translated power preferences” which nests directly additive, indirectly additive
and homothetic versions, with demand functions that can be linear (as in Melitz
and Ottaviano, 2008), perfectly rigid or perfectly elastic, and it is suitable for
quantitative explorations.

It is convenient to distinguish the analysis of the monopolistic competition
equilibrium with and without firms heterogeneity. Under homogeneous firms,
the advantage of GP preferences is that they are more flexible on the impacts
of productivity, income and market size (which are neutral on markups respec-
tively under homotheticity, direct and indirect additivity). For instance, the
homothetic GP preferences provide markups depending on the number of firms
and can be exploited in endogenous entry models with competition effects to
replicate the aggregate behavior of the economy. More in general, we empha-
size conditions under which markups increase less than proportionally in costs,
increase in income and decrease in market size: matching these facts jointly is
empirically relevant for trade models but requires a departure from traditional

4Further applications are in Boucekkine et al. (2017) and, with heterogeneous firms, in
Bertoletti et al. (2018) and Macedoni and Weinberger (2018).

5GP preferences include homothetic preferences whose demands depend on the own price
and a common price aggregator (see also Matsuyama and Ushchev, 2017). In particular, we
will provide the utility representation of translog preferences in terms of GP preferences.



microfoundations. With respect to the optimal allocation of resources, we find
conditions under which GP preferences deliver either excess or insufficient en-
try, while the decentralized market equilibrium is optimal under implicit CES
preferences, which extends the classic result by Dixit and Stiglitz (1977).

For the case of heterogeneous firms, we provide an extension of the Melitz
(2003) setting with and without fixed costs of production, showing that both
pricing and selection effects can be much richer than in standard models. Most
important, we characterize the social planner choice of markup, measure of cre-
ated firms and set of consumed goods, extending the results obtained by Dhin-
gra and Morrow (2019) for directly additive preferences and by Bertoletti et al.
(2018) for indirectly additive preferences. Under GP preferences and a Pareto
distribution of unit costs across firms, as in Arkolakis et al. (2012, 2019), Berto-
letti et al. (2018) and many other recent works in trade theory, we make further
progress in deriving decentralized and optimal allocations. We also obtain a
simple formula for the welfare gains from market expansion, which depends on
the Pareto shape parameter and two elasticities of the utility function. In case
of “generalized translated power preferences” we find that the equilibrium gen-
erates the optimal number of created firms, but typically too many goods are
consumed and in excessive quantity for those with high marginal costs. For the
class of implicit CES preferences, our extension of the Melitz (2003) model with
arbitrary marginal cost distribution and positive fixed cost shows that opening
up to costless trade (i.e., increasing the market size) generates selection effects
and reduces markups as long as the demand elasticity is increasing in utility.
Moreover, we confirm the optimality of the decentralized equilibrium for this
entire class, generalizing a result established by Dhingra and Morrow (2019)
only for explicit CES preferences.

This work contributes to a recent literature that has examined monopolistic
competition settings beyond the classic Dixit-Stiglitz one. Some papers have al-
ready made progress with symmetric versions of general homothetic (Bilbiie et
al., 2012) and non-homothetic preferences (Bertoletti and Etro, 2016). However,
it is only by exploiting the unique properties of the GAS preferences that we are
able to derive more general results concerning both free-entry market equilibria
and the optimal allocations. Early applications of GP preferences to macroeco-
nomic and trade issues can be found in Etro (2018), Macedoni and Weinberger
(2018) and Fally (2019). Arkolakis et al. (2019) have also explored demand
systems nesting those generated by directly additive preferences and by some
homothetic ones, though their focus is on quantifying the gains from trade lib-
eralization in a multicountry model: GAS preferences overlap with theirs only
for the directly additive class. Finally, we should remark that the literature
mentioned above and the present work are limited to symmetric preferences:
d’Aspremont and Dos Santos Ferreira (2016) and our companion paper have
investigated the more general case of asymmetric preferences.

The remaining of this work is organized as follows. Section 1 studies GP
preferences focusing first on homogeneous firms and then on heterogeneous ones.
Section 2 studies implicit CES preferences again under both homogeneous and
heterogeneous firms. Section 3 concludes. All proofs are in the Appendix.



1 Gorman-Pollak preferences

We consider monopolistic competition in a market with a population of L identi-
cal consumers with income/expenditure E. Their preferences can be represented
by the following direct and indirect utility functions (Gorman, 1970, 1987, and
Pollak, 1972):

U= / w(Ex(w))dw — ¢ (€) and V = / o(ps(@))dw —0(p),  (3)

where z(w) and s(w) are consumption and (normalized) price of variety w € €,
with respectively increasing and concave subutility u and decreasing and convex
subutility v, and the aggregators £ and p satisfy:

¢ () = /Q W/ (Go(w))a(@)dw and ¢ (p) = /Q o (ps(w))sw)do,  (4)

for an increasing function ¢ (§) and a decreasing function 6 (p). Before illustrat-
ing these preferences, it seems useful to anticipate that they are directly additive
as in (1) when 6 (p) = —p, they are indirectly additive as in (2) when ¢ (§) = £
and they are homothetic when 8(p) = —Inp and ¢(§) = Iné&.

The role of £ and p is to cancel out any direct cross effect on utility, as
in the case of additive preferences, which is key to obtain demand systems
depending only on one aggregator. Intuitively, £ can be seen as generating the
benefit of increasing the effective quantity of good w to {x(w) at the utility
cost ¢ (£), which is equivalent to the possibility of reducing the inconvenience
of consumption 6 (p) at the cost of increasing the effective price of good w to
ps(w).

Inverse and direct demands can then be easily computed from the Hotelling-
Wold and Roy identities as:

L (W) s
Jo ! (E(w))o(w) Jo v (ps(@))s(@)d”

for » € Q. Using (4)-(5) confirms that preferences are of the GAS type, in the
sense that demands depend only on a common aggregator (Pollak, 1972). It
also holds that p = ¢/(€), £ = —0'(p), with p& = —0'(p)p = ¢'(£)¢ the marginal
utility of income (times E), and that the following relations link the direct and
dual expressions of utility:

s(e)

and z(t) (5)

V(U (2) =—2z and u/(—7'(2)) =z, (6)
0' (¢'(z)) =—2 and ¢ (=0'(2)) = 2. (7)
Let us define the following elasticities of the marginal subutilities:
" 1
e(z) = _¥(z)z and e(z) = _Vz)z




where differentiating (6) one can verify that e (u/(z)) = 1/e(z). Accordingly,
inverse and direct (own) demand elasticities are given by € (£x) and € (ps).
When firms produce under a constant marginal cost ¢, variable profit can be

expressed as:
! E E—c)v'(ps)L
¢ (£) 0" (p)
Under monopolistic competition each firm chooses its price or quantity taking as
given the aggregators. Assuming that € (£x) and e (ps) are respectively smaller
and larger than unity, the following pricing rules of monopolistic competition
emerge:
c e(ps)c
= = ; (9)
1—e(&x) e(ps)—1
which depend on the aggregators through the relevant elasticity.’
The functional forms (3)-(4) have to satisfy some regularity conditions for
preferences to behave well. These can be expressed in terms of the curvature

measures: 1 1
0" (p)p ¢ (§¢E
0 (p) ¢ (&)

which can be either positive or negative and are such that 3(¢'(z)) = 1/8(z),
as can be verified differentiating (7). In particular, Fally (2018) has shown that,
when p is well defined by (4) and € > 1 holds, a sufficient condition is § < 1,
and we will focus our discussion on this region (which actually encompasses all
the additive and homothetic preferences of the GP type). Nevertheless, GP
preferences can be well-behaved also for larger values of 3.7

To verify that the GP preferences are directly additive when 0(p) = —p
notice that in such a case £ = —#’ = 1, which delivers the same demand system
as (1), implying 8 = 0. To verify that the GP preferences are indirectly additive
when ¢(£) = £ notice that it must be the case that p = ¢’ = 1, which delivers
the same demand system as (2), implying 5 — oo. Finally, to verify that
the GP preferences nest a homothetic family of preferences when ¢(§) = In¢
and 0(p) = —1Inp notice that (4) implies that the aggregators must then be
homogeneous of degree —1, so that from (5) demand ratios are homogeneous of
degree 0, and 8 = 1.8

p

B(p) = - and B(¢)=— (10)

6 As standard in the literature we assume constant marginal costs. Notice that with variable
marginal costs prices would depend on demand aggregators even in case of CES preferences.

"For instance, one can prove that the indirect utility function defined by (3)-(4) is locally
twice differentiable, decreasing and convex when 8 (p) > & = [, e(ps(w))z(w)s (w) dw. Notice
that the income elasticity of demand:

Olnz(w) _ B(p)le—e(ps(w)) — 1]+ (ps(w))
OlnE e—pB(p)

depends crucially on 8 and the average elasticity .
80n the demand system of this homothetic family see Matsuyama and Ushchev (2017).



Obviously, GP preferences nest the CES case, whose demand system is given

by:
ff(b)’f S(L)’E
s(t) = fQ = and z(¢) = fQ e (11)
where ¢ = 1/e > 1 is constant. This homothetic specification emerges im-
mediately whenever u(z) = le:e and v(z) = z::f and thus, from (4), £ =

[ #(w)'~“dw] ™% and p=[[sw) dw] = are power means.

Another homothetic example is given by the symmetric translog preferences
of Feenstra (2003), which have been widely used in trade and macroeconomic
applications. The translog demand function:

% +u UQ In S(M)%dw — IHS(L):|
s(1) ’

with v > 0 parametrizing substitutability, comes from the following indirect

utility:
V= /Q (Vln{ps(w)} - 711) In{ps(w)} dw + ln p, (13)

x(1) = (12)

2

where Inp = [, In s(w) ™ dw, the aggregator p is the reciprocal of the geometric
mean of normalized prices and 6(p) = — In p ensures homotheticity.

GP preferences extend well beyond known examples of additive and homo-
thetic preferences: here we propose a novel specification that can be useful in
applications.

Generalized translated power (GTP) preferences Consider the follow-
ing representations of GTP preferences:

_ (Ez(w)' 7 &5 [ (a—ps)tT P
U—/Q<a§a:(w)—l+}y)dw—1 éV—/Q T4 dw_ﬁ—l’

(14)

with a,y > 0. The demand system is given by:
1>

] z(w)dw

[a — ps()]"
Jola = ps(w))7s(w)dw’

a—[Ex(t
Jo [a = Fea(w)]

Accordingly, these GTP preferences nest the cases of direct additivity for 8 = 0,
homotheticity for 3 — 1 and indirect additivity for 8 — £o0, as well as demand
functions that are perfectly rigid for v — 0, linear for v = 1 and perfectly elastic
for v — oo. While the indirectly additive case was used by Bertoletti et al.
(2018), we are not aware of applications of the more general specification.

The interesting case with v = 1 delivers a linear demand, as in generalized
versions of the model of Melitz and Ottaviano (2008) without quasi-linearity.
Two examples where the aggregators can be explicitly computed deserve to be

~—

s(t) =

and z(1) =

2=



mentioned. When  — 1 these GTP preferences are homothetic and can be
represented by the indirect utility:

_ [ (a—ps(w))?
V= /Q fderlnp, (15)

with p satisfying [,,(as(w)p — s(w)?p?*)dw = 1. When = —1, we get the
“quadratic” indirect utility:

2

[ a-psw)?, | p
V—/Q 5 dw'i‘?, (16)

with p = a [, s(w)dw/[1 + [, s(w)?dw]. In both cases the utility specification
depends on price means.

1.1 Monopolistic competition with homogeneous firms

We now consider the monopolistic competition equilibrium with homogenous
firms to study its comparative statics and compare it with the optimal market
structure. While results can be derived starting from the primal or the dual
version of the preferences, it is convenient to focus on the indirect utility in (3).

If each firm has a constant marginal cost ¢, the symmetric equilibrium price
p and the aggregator p satisfy the following conditions (assuming ¢ > 1):

~ e(ps)c
b= e(ps) —1

which depend on the number of firms n, on the marginal cost ¢ and on income FE.
The second-order condition for profit maximization requires that 2e(z) > ((2),
where ((2) = —20"'(2) /v (2).

The comparative statics of the equilibrium price depends on the shape of
as well as on the behavior of the aggregator p. As well known, the elasticity
depends only on the number of firms under homotheticity. For instance, un-
der the translog preferences of Feenstra (2003), the elasticity of demand can
be computed from (12) as ¢ = 1 + vn under symmetry, which implies markups
decreasing with the number of firms. As another example, consider the homo-
thetic GTP preferences represented by (15). In this case we obtain the elasticity
e = ps/(a — ps) implying the price rule:

where 6 (p) = nv’ (ps) s, (17)

_c+aE/p

= 5 .

For a given aggregator, this price exhibits incomplete pass-through of the mar-
ginal cost and pricing to market (a markup increasing in income). However, the
aggregator, which is linear with respect to income, must satisfy 1 = n (a — ps) ps,
therefore we can also solve for ps and for the elasticity e(n) in function of the
number of firms (assumed large enough: +/n > 2/a). With this we obtain the



equilibrium price:

C a
2 az 1
4 n

which is decreasing in the number of firms, linear in the marginal cost and does
not directly depend on income, as one should expect under homotheticity. This
is a case where substitutability between goods increases with the number of
firms, leading to markups decreasing with entry.’

When we depart from homotheticity and additivity, we can obtain compe-
tition effects of n, incomplete pass-through of ¢ and pricing to market of E at
the same time. As an example, let us consider the quadratic GTP preferences
represented by (16), where we remind that 8§ = —1. The price rule is the same
as in the last example, because the elasticity is the same for a given aggregator.
However, imposing symmetry we now derive the equilibrium price:

c 4F?
p_2<1+\/1+nc,2>. (19)

This price is still decreasing in the number of firms (competition effect), but
now it increases less than proportionally in the marginal cost (incomplete pass-
through) and increases in income (pricing to market). The reason is that substi-
tutability between goods increases with the number of firms, but it also decreases
with productivity and consumer income.

1.1.1 Free entry equilibrium

Let us assume that entry requires a fixed cost of production F' > 0. The free-
entry equilibrium implies expressions for price, the number of firms and the
individual consumption satisfying (17) and:

EL [e(ps) — 1] F

n=——— and z =

e(ps) F cL ’ (20)

which are not independent, since the budget constraint requires pnx = E. Once
again, the analysis simplifies if we assume homotheticity, in which case by (17)
the equilibrium value of the effective price ps and the number of firms are
positively related. Accordingly, the marginal cost is neutral on markups, while
an increase of EL (or a reduction of F') increases the number of firms less than
proportionally and decreases markups if and only if ¢/(z) > 0 (as in the GPT
case where £(2) = vz/ (a — 2)), with neutrality in the CES case (11).1°

9This is the same qualitative result as under homothetic translog preferences (Feenstra,
2003; Bilbiie et al., 2012).

10Notice that the neutrality of market size under CES preferences holds also under vari-
able costs. For instance, consider the variable cost function eq®, where the marginal cost is
increasing with respect to the quantity ¢, decreasing or constant depending on whether § is
above, below or equal to one. Then, the monopolistic competition price with free entry is
independent from EL, but it increases (decreases) in the fixed cost F if § > (<)1.



For the general case, the GP preferences offer a variety of possible compara-
tive statics results. In the Appendix we derive the sign of the impacts on prices
and number of firms as follows:

sign{gllrr:g} — sign {M} - sign{gllzg - 1}, (22)
sign{glll:z1}-575971{%}—5@71{211?;}. (23)

Given the wide range of possible results, here we summarize the most relevant

cases as follows:!!

PrOPOSITION 1. Under Gorman-Pollak preferences and homogeneous firms
with B (p) < 1 and €'(z) > 0, the equilibrium of monopolistic competition with
free entry implies that an increase of market size decreases prices and increases
the number of firms less than proportionally, an increase of income increases
prices and the number of firms more than proportionally if and only if 8 (p) < 0,
and the pass-through of changes in the marginal cost is incomplete if 3 (p) < 1.

It is easy to verify that market size is neutral on markups if 5 — oo (indirect
additivity), income is neutral if 3 = 0 (direct additivity) and costs are neutral
on markups if 8 = 1 (homotheticity). Besides these neutralities, the impor-
tant message from Proposition 1 is that moving beyond homothetic or additive
preferences it is possible to jointly match competition effects (markup reduc-
tions following an expansion of market size), incomplete pass-through (markup
reductions following a cost increase) and pricing to market (a markup increase
following an increase of income). In particular, when ¢’(z) > 0 and 3 (p) < 0 we
have at the same time competition effects, incomplete pass-through and pricing
to market. One can also verify that only under those assumptions we obtain
these three comparative static results together.

1.1.2 Optimality

With this characterization of market equilibrium, we can now derive the optimal
allocation of resources to verify whether monopolistic competition generates
excess or insufficient entry of firms. For this purpose, it is convenient to define
the elasticity of the indirect subutility:

> 0. (24)

I Notice that the comparative static results of L and E in Proposition 1 only require the
weaker condition B(p) < e(z). If B(p) > e(z), with B(p) sufficiently large to satisfy the
regularity conditions of preferences, and retaining the assumption that ¢’(z) > 0, the impact
of market size would be reversed while prices would increase with respect to income and pass-
through would be incomplete. Of course, the results of Proposition 1 reverse when &’(z) < 0.

10



The optimal allocation is characterized in what follows by the relevant first-
order conditions, and it turns out that the sign of 7'(z) o 1+ n(z) — e(2) is
critical in comparing it to the equilibrium.

PROPOSITION 2. Under Gorman-Pollak preferences with homogeneous firms,
the optimal allocation satisfies:
1 ] . EL n(p*s*) F

—_— and z* =
n (p*s*)

T+ o) F A

P = {1+

where 0" (p*) = n*v’ (p*s*)s*. Assuming B (p) < 1, the equilibrium is char-

acterized by excess entry if 1n'(z) > 0 everywhere, and by insufficient entry if
n'(z) <0 everywhere.

The intuition for these results relies on the fact that the marginal rate of
transformation between number of goods and prices —g“//égz = 'r%] is inversely
related to the elasticity 7, thus a higher elasticity implies lower gains from
variety and makes it convenient to reduce the number of goods provided by the
social planner and increase their consumption by a lower price. Moreover, 7 is
proportional to the expenditure/utility ratio of each commodity, and, when this
is increasing, the market is setting prices too high, thus attracting entry of too
many firms compared to the social planner.'?

We can illustrate the results in few examples. As implied by Bertoletti
and Etro (2016) and Bilbiie et al. (2019), one can verify that the translog
preferences generate excess entry. As another example, let us reconsider the
GTP preferences with v = 1 analyzed above. In this case n(z) = 2e(z) is
increasing, therefore we must have excess entry. This can be verified in the

homothetic version (15), which provides p = a;—pgsc and therefore the price:
c a
A FE—E— (26)
1
sV T —w

This expression is everywhere below the equilibrium price, confirming that the
model delivers excess entry in equilibrium. In all these cases the optimal price
can be restored with an appropriate taxation.

1.2 Monopolistic competition with heterogeneous firms

We now consider the extension of the celebrated Melitz (2003) model in a closed
economy to GP preferences. We assume that there is a common (and sunk)
entry cost F, > 0 and a fixed cost of production F' > 0. After entry, firms
draw their constant marginal costs from a continuous distribution G(c) on the
support [0,¢],!3 and then decide whether to produce and pay the fixed cost of

12The comparison can be easily expressed in terms of the elasticity of the direct subutility
71(2) = v/ (2)z/u(z), with excess entry if this is decreasing, as in Dixit and Stiglitz (1977).

13Here € is supposed to be large enough to never become binding (this requires positive
fixed costs, i.e., F' > 0, in the case of preferences without finite choke prices).

11



production or not. As above, it is convenient to focus on the dual representation
of preferences in (3).

1.2.1 Free entry equilibrium

Only the most efficient firms with marginal costs which belong to the interval
[0,¢] are ez-post active, where the cut-off ¢ identifies the marginal firm that
obtains zero profits if active. When there are no fixed costs of production
(F = 0), this is the firm whose unit cost is given by aE/p, where a is the
normalized, effective choke-off price such that v (2) = 0 for z > a (if a — oo, as
with CES preferences, all firms would be active). When there are positive fixed
costs of production (F' > 0), the variable profits of the marginal firm are equal
to them in a market equilibrium.

Given ¢ and the measure of entrant firms NV, the measure of firms that will
be ex-post active, whose goods are actually consumed, is given by n = G(¢)N.
Accordingly, we can rewrite consumers’ utility as follows:

V=N [o(ps(@)dG ) - 000), (27)

where the aggregator satisfies:

N/ (ps () s (¢) dG (), (28)

and s (c) = p(c)/FE is the normalized price of a c-firm. The variable profits of
such a firm are:

7(c) = (p(c) — )z (c) L,
and the equilibrium pricing rule p(c) satisfies:

e
= s o) - 2

with z (¢) = é,gc)p ) denoting the individual demand for a c-variety. We assume

that the pricing rule is uniquely defined by (29), which is certainly the case if (2)
is monotonic. Since 7'(c¢) < 0, the cut-off ¢ satisfies the zero profit condition:

(p(&) =)' (ps (€))L =" (p) F. (30)

which in the limit case of F' = 0 identifies the cut-off ¢ = aE/p as the minimum
price that drives demand to zero.

The measure of the entrant firms, instead, is determined by the free-entry
condition of zero expected profit:

Eh@»é?ﬂ@@ﬂ@uw@G@Fa. (31)

12



Combining (30) and (31) we can also see that the cut-off ¢ has to satisfy (as-
suming F > 0):
“7(c) F. .
—=dG(c) = —= + G(¢), 32
| Zgdco = 5+ 6@ (32)
which emphasizes that equilibrium firm selection depends on the ratio between
average and marginal (variable) profits as well as on the ratio between entry and

fixed costs. Rewriting (31) by using (29) and the budget constraint we obtain
the mass of created firms:

EL

N= Z[F. + FG(Q)] (33)

where

-1
I 1 z(c)s(c) .
o l/o e(ps (c)) fozx (c)s(c)dG (c) 4G (e) (34

is the harmonic average of demand elasticities weighted by the market shares.
We assume that a unique equilibrium exists. This is the case under CES pref-
erences (11), as long as F' > 0, which implies that € = ¢ is a constant and that
both cut-off and markups are independent from income and population: as is
well-known from Melitz (2003), opening up to costless trade (i.e., a larger mar-
ket size) does not induce any selection effects in this case and does not affect
the prices of the active firms.'4

The number of goods created and consumed are determined by intuitive
conditions (which below will be compared to the optimality conditions). The
average elasticity of demand Z drives average profitability, and therefore de-
termines the measure of firms created in equilibrium, while the marginal cost
cut-off ¢ depends on the ratio between average and marginal profitability, and
markups change with the marginal cost of each good depending on the elasticity
of demand e(z). The selection effects of market size, income, fixed costs and
entry cost on ¢ and the consequent impact on prices can be obtained in princi-
ple by differentiating (32)-(34). In the following proposition we summarize the
equilibrium and state properties that apply to special classes of GP preferences:

PRrROPOSITION 3. Under Gorman-Pollak preferences and heterogeneous firms
the equilibrium of monopolistic competition with free entry is given by a pricing
rule p(c) satisfying (29), an aggregator p satisfying (28), a measure of firms
N satisfying (33)-(34), and a cut-off ¢ satisfying (30). Changes in income are
neutral on the selection of firms and on pricing under direct additivity, changes
in market size are neutral on the selection of firms and on pricing under indirect
additivity, and changes in total income drive selection effects and pricing under
homotheticity.

14 The absence of selection effects is not confined to the Melitz case with constant marginal
cost of production. One can verify that under CES preferences market size neutrality holds
also under increasing marginal costs, as when variable costs are given by cq®, where ¢ is an
idiosyncratic parameter and 6 > 1. However, in this case changes in the ratio Fe/F would
affect prices through their impact on €.
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To obtain more detailed results on the effects occurring under GP prefer-
ences, we now consider more restrictive technological conditions.

Pareto distribution without fixed costs Let us focus on the case of a
Pareto distribution of the unit costs, i.e.:

c

o= (%) (35)

c

with shape parameter x > 1, assuming that there are no fixed costs of produc-
tion after entry. These assumptions are the same as those used in a variety of
recent general equilibrium trade models, as those by Arkolakis et al. (2019)
under direct additivity and by Bertoletti et al. (2018) under indirect additivity,
therefore we extend their settings to the entire type of GP preferences.

Under these conditions the cut-off ¢ is determined by the choke price at
which demand is null:

aF
c=—. 36
P (36)
The price rule (29) still applies, but it can be rewritten as:
e(p(c)aj/ec)e
p(e) = P afe) (37)

e(p(c)aje)—1’
which depends on ¢ and therefore on p in a simple way, as well as on the marginal
cost c. In particular, we obtain:

_ !/
8lnp: e(z) -1 and Olnp e'(2)z Olnp

Olnec  g(z) — 14 L2k dlne  e(2)[e(z) — 1] dInc’

e(2)

(38)

This implies that less efficient firms (with higher marginal costs) have smaller
markups than more efficient firms if and only if £’(z) > 0, in which case selection
effects reducing ¢ are going to reduce markups. In what follows we will assume
e’(z) > 0, since it is empirically plausible that more efficient firms set higher
markups (De Loecker et al.,, 2016) and that the exit of less efficient firms is
associated to a reduction in markups of all the active firms.'?

Let us also define b by ¢ (b) = 1; namely, b is the effective normalized price
p(0) a/¢ set by the most efficient firm with ¢ = 0 (assuming that it is well-
defined by the first-order condition for profit maximization). The distribution
of the effective normalized prices among the active firms on the support [b, a
can be computed as:

F,(z) = Pr{ps(c) <zc<c}
_ G((z)E/p)
G(aE/p) '

15This plausible property is equivalent to the so-called sub-convexity of the demand function:
see Mrazova and Neary (2019).
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where h(z) = z[1 —1/e(z)], with A’ > 0. The distribution F,, would depend
in general on the expenditure level and it might also depend, through p, on the
market size, but under our assumption of a Pareto distribution it reads as:

Fuo) - ("2, (39)

a

which depends neither on market size nor on the expenditure level. The intuition
is that the inframarginal price adjustments due to variations in the threshold
¢, in turn due to changes in F or in L/F,, are exactly compensated by the
process of entry/exit in terms of the effective normalized prices. Let us define
the constant:

. /b "o () 2dFs (2) > 0, (40)

which only depends on the preferences and the parameter k. Since we can
rewrite the average demand elasticity as:

we obtain that this is also a constant, and in particular that it is independent
from market size and income as well as from the entry cost. The consequence
is that the measure of entrants N is linear with respect to EL/F, for all GP
preferences.

Moreover, we can also use these results to obtain the comparative statics of
the model with respect to shocks to the market size and the income of consumers.
In particular, using (33) and (36), we can rewrite (28) as:'6

o (p)p = —n, (41)
which implies that ¢ has to satisfy the following equation:

aoF —Q[ ertl
(== ) 42
< c > gaF, ¢* (42)

This formula shows that a rich array of selection effects of E and L/F, arises
depending on the nature of preferences and technological conditions, which in
turn affect pricing as mentioned above (through (38)) and the measure of con-
sumed variety n = N (¢/¢)". In the Appendix we derive closed form solutions
for our specification of GTP preferences (14), where € = £+ 1, so that the mass
of firms is:

_EL
 (k+1)F

16 Notice that this says that W is equal to the equilibrium marginal utility of income divided
by n/E.
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independently from the nature of preferences. Moreover, the equilibrium prices
can be derived as:

ye+¢ oL e (1+9)E, e
oy +1 | kY@ PB(k,y + 2)LEP ’

implying incomplete pass-through and effects of income and market size depend-
ing on x and S.

More generally, we can obtain the comparative statics for the cut-off by
differentiating (42) to get:

dlnc  —B(p) dlne -1

OImE  1+4k—p(p) and oL~ 1+r—B(p) ()

which depend on the curvature of 6(p) and on the Pareto shape parameter k.
Accordingly, selection effects (which reduce prices given our assumption that
¢’ > 0) are caused by a rise of market size if 8 < 1, and also by a rise of income
if 0 < 8 <1, but the latter has an anti-selective impact if 8 < 0 (which induces
an increase in prices). In addition, changes of L and E affect the measure of
consumed varieties as follows:

dlnn  (1-B(p)(k+1) and dlnn  1-p(p)
OlmE  1+k-p3(p) OlnL  1+k—pB(p)’

where both elasticities are positive for 5 < 1.

A wide range of comparative statics results can emerge from the model.
Before summarizing those which apply to the empirically relevant cases, it is
useful to consider some special classes of preferences. Consider the case of direct
additivity, in which § = —p (and therefore 5 = 0). Then we can compute the
measure of consumed varieties n = p/¥, and the equilibrium cut-off:

(44)

1
ragF. | 71
e= [C ag ] . (45)

UL

While the expenditure level does not affect the set of active firm and equilib-
rium prices, it increases proportionally the measure of consumed varieties. On
the contrary, an increase in L/F, exerts a selection effect, increasing less than
proportionally the measure of active firms and decreasing prices (as in Bertoletti
and Epifani, 2014, and Arkolakis et al., 2019).

In the case of indirect additivity in which ¢ = & and p = 1 (so that S — 00),
we compute from (42)-(41) the mass of consumed varieties n = E;;:L (2)", and
from (36):

c=ak (46)

consistently with Bertoletti et al. (2018). Population does not affect the cost
threshold, which is linearly increasing in income, while the measure of consumed
goods is proportional to population, and increases more than proportionally with
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income. Accordingly, prices are neutral with respect to market size while they
increase with income, which generates an anti-selection effect.
Consider finally the case of homotheticity in which § = —In p, and therefore
B = 1. Then we have n = ¥~!, which is independent from both income and
population. An increase of EL/F,, instead, exerts a selection effect on the set
of the active firms: )
N [c“sFe} ®

UEL (47)
leaving unchanged the measure of consumed goods. Similar results emerge with
other specifications of homothetic preferences which have been examined else-
where (see Feenstra, 2018 and Arkolakis et al., 2019), suggesting the generality
of these properties under homotheticity.

Let us go back to the general comparative statics in (43)-(44). To fix ideas,
we state the following result on price and selection effects which derives imme-
diately from the conditions above:

PRrROPOSITION 4. Under Gorman-Pollak preferences, a Pareto distribution
of marginal costs without fized costs of production, with B3 (p) < 1 and &'(z) >
0, the equilibrium of monopolistic competition with free entry implies that an
increase of market size is associated with price reductions and selection effects of
the more efficient firms, an increase of income is associated with price increases
and entry of less efficient firms if and only if B(p) < 0, and both generate an
increase in the mass of consumed goods if 5 (p) < 1.

Within the range of cases that can emerge, only GP preferences satisfying
¢'(z) > 0 and B (p) < 0 imply equilibria consistent with empirically plausible
effects in trade models: more efficient firms set higher markups (see De Loecker
et al., 2016, for related evidence), a market expansion induces a selection of
more efficient firms (Hsieh et al., 2016) and an increase in income leads each
firm to increase its price (see Simonovska, 2015). One can verify that these
three effects cannot jointly occur under any other specification, suggesting its
usefulness to replicate empirically plausible results in monopolistic competition
applications.

Welfare analysis We briefly investigate the impact on welfare of shocks to
the decentralized economy.'” Let us define the constant:

(1]

= [ o).

which again only depends on preferences and the parameter . Then we can
write equilibrium welfare as:

V==En—-0().

17This has been the focus of the recent literature on trade liberalization (Arkolakis et al.,
2012, 2019; Bertoletti et al., 2018; Feenstra, 2018; Fally, 2019).
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Accordingly, there are only two channels by which welfare gains could material-
ize, that is either by changing the number of consumed varieties, or by affecting
the price aggregator dV = Zdn — 6’ (p) dp.

As an example consider a shock to the market size. With directly additive
preferences an increase of L generates both an increase of n and a welfare im-
proving rise of p associated to the alledged selection effect (as in Arkolakis et
al., 2019). Instead, with indirectly additive preferences the whole welfare im-
provement comes only from the increase in the measure of consumed varieties
n (as in Bertoletti et al., 2018). Finally, when preferences are homothetic we
know that the mass of consumed goods is fixed, since the linear impact on N is
exactly offset by the selection effect of a reduction of ¢, which is associated to a
welfare improving increase of p (as in Feenstra, 2018).

In general, the gains from globalization derive in part from an increase in
the measure of the consumed varieties and in part from a reduction of the
inconvenience of consumption made possible by the selection of cheaper goods.
For 8B (p) < 1, using (41) we have Wdn = —0'(p) [1 — B(p)] dp, and therefore:

- v
av <u + T ﬂ(p)) dn. (48)
For instance, the impact of a market expansion on the measure of consumed va-
rieties given by (44) can be immediately translated into a welfare effect by this
formula. In particular, to obtain a (local) measure of the corresponding equiv-
alent variation of income (dW), notice that dV = —6' (p) pdIn E. Therefore we
can compute:

1+77 ' [1 = B(p)]

1+x—B(p)

v

where 7) = = is a weighted average of the elasticity 7 (2).'% The higher is this
measure, the smaller is the equivalent variation of income needed to match the
welfare gains provided by a larger market. Notice that we obtain dInW =
%dlnL for 8 — 1, as in Arkolakis et al. (2012): indeed, under homotheticity
a market expansion does not change the mass of consumed varieties, and there
are only gains from selection.

In the Appendix we compute the average elasticity under GTP preferences
as = QNA+k) o g, Then, a back of the envelop computation allows to put
this result in perspective comparing the implications of different assumptions
on preferences. Let us adopt a standard calibration with x = 5 (as in Arkolakis
et al., 2019, and Bertoletti et al., 2018) and v = 1 (which delivers a linear
demand and a 50% pass-through of cost changes), and consider as a benchmark
the welfare gains under homotheticity (that is when 8 — 1). Then, indirect
additivity (8 — —oo) implies welfare gains from market expansions that are
42% of those under the assumption of homotheticity, while direct additivity

dlnW =

dnL, (49)

18Note that u ()0 (2)
_ n(z)v(z .
7= T () dFpe 2 7 )

which is a sort of normalized marginal utility of income.
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(8 = 0) implies welfare gains that are 90% as under homotheticity. Increasing
the demand elasticity (i.e. rising ) increases the measure of the welfare gains.

1.2.2 Optimality

We conclude our analysis of GP preferences by considering the social planner
problem with heterogeneous firms, which allows us to generalize results obtained
by Dhingra and Morrow (2019) for the case of directly additive preferences,
and by Bertoletti et al. (2018) for the case of indirectly additive preferences.
It is well known that a condition for optimality is that the markup must be
common across commodities to insure that the marginal rate of substitution
between any two goods equals the ratio of marginal costs (the social marginal
rate of transformation).!® Therefore, we set p = mc/E, where m is the common
markup. Then, we can write the social planner problem as follows:

max {V = N/Oav (p%) dG(c) -0 (p)} (50)

st N / *en()LdC(e) = EL - N [F. + FG(@)].

0
0 (p) = N/OC v' (p%) %dG (o),
2(0) v (pE)

N Jg o (p5) 5dG (e)
where the three constraints are respectively the resource constraint, the defin-
ition of the aggregator and the individual demand associated with GP prefer-
ences.
The solution depends on the average elasticity of the sub-utility:

o [Fomey ()
im0 = [ 0 (%5 ) s a0 (51)

and can be summarized as follows:

PROPOSITION 5. Under Gorman-Pollak preferences and heterogeneous firms,
the solution of the social planner problem is given by a pricing rule p(c) = m*c,
an aggregator p*, a measure of firms N* and a cut-off ¢* satisfying:

1
m'=1+—
n

EL
(7* + 1) [Fe + FG(e)]

19The proof ot this is similar to the one in Bertoletti et al. (2018, Appendix A) for the case
of indirectly additive preferences.

N* =
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and

)] (m;p* C) F,
o v ("Fe)
with positive fized costs, and ¢ = p(a?]E*iifl) without fived costs, where 0’ (p*) =

m*EN* fOCN v (%p*) cdG(c) and 7* = 7(m*, p*,¢*) is the average subutility

elasticity.

Intuitively, 7*determines the measure of goods to be introduced in the econ-
omy before knowing the marginal cost at which they can be produced, while
the optimal threshold for actual production ¢* depends on the ratio between
the average incremental surplus and the one generated by the marginal firm.
The comparison with the market equilibrium is rather simple: in the latter case
product creation depends on the average demand elasticity (which determines
the expected profits) and firm selection depends on the ratio between average
and marginal actual profitability.

Again, further results can be obtained from additional assumptions on pref-
erences and technology. In particular, CES preferences (11) imply that n = e—1
is constant and:

n(c)  cx(c) (0)1—5 v(pme)

n(c)  cz(c) -

for any ¢ and ¢’ of active firms (¢’ > ¢), which in turn confirms that the equi-
librium of the Melitz model is efficient, as already known from Dhingra and
Morrow (2019).

Further progress can be made under the assumption of a Pareto distribution.
This implies a constant average elasticity 7 independently from the nature of
preferences:

PROPOSITION 6. Under Gorman-Pollak preferences with heterogeneous firms
and a Pareto distribution of marginal costs, the optimal allocation implies n* =
K.

Remarkably, the optimal markup depends only on the shape parameter of
the Pareto distribution and decreases with it. The optimal number of firms
decreases with the same parameter directly, but also with the optimal cut-
off (when there are fixed costs) which depends on the shape parameter. The
equilibrium is inefficient because low-cost firms choose too high prices and high-
cost firms choose too low prices, but without further assumptions comparisons
between equilibrium and optimal measures of goods created and consumed are
ambiguous.

In the Appendix we derive closed form solutions for our specification of GTP
preferences (14) without fixed costs, both for the decentralized equilibrium and
the optimal allocation, showing that the number of created firms is optimal, but
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too many goods are consumed if:

v log <1 + %)
e log (1 + %) .

This holds under both direct and indirect additivity, as well as for any 5 < 0
or a positive but small enough 5. Under homotheticity (8 = 1) excess entry
emerges if and only if 1—|—% < (1+ %)7, a condition which holds if « is sufficiently
large (for instance if kK > v > 1).

In a recent interesting work, Macedoni and Weinberger (2018) have employed
these GPT preferences augmented with heterogeneity in quality rather than
cost. Also in this case entry tends to be inefficient, with goods of too low
quality provided in the market, and quality standards can be used to improve
the allocation of resources. They also estimate the model to evaluate the welfare
impact of actual quality standards.

2 Implicit CES preferences

In this section we consider monopolistic competition based on demand systems
derived from implicit CES preferences (Gorman, 1970). These represent the
other class of GAS preferences, which also belongs to the implicitly additive
type studied by Hanoch (1975).20 They generalize the CES case by having an
elasticity of substitution that is common across goods but can possibly change
across indifference curves. As far as we know, they have never been employed
to analyze monopolistic competition, though, as we will show, they preserve
some of the convenient properties of the explicit CES preferences, such as com-
mon markups across goods and static efficiency, while providing a more flexible
comparative statics. In particular, implicit CES preferences can generate com-
petition and selection effects due to entry which can amplify gains from trade
in multi-country models & la Melitz (2003) and business cycle propagation in
dynamic entry models ¢ la Bilbiie et al. (2012).

We focus on preferences represented by the following direct and indirect
utilities:

1751(U) a(v1)71
U= [/ w(w)l_E(U)dw} and V = [/ s(w)l_e(v)dw} . (52)
Q Q

where, differently from the explicit CES case, €(z) = 1/e(z) > 1 is a function of
the utility level. As long as this is not constant, preferences are non-homothetic
since relative demands change with the utility level. Here, the regularity con-
dition that (52) has to satisfy is that marginal utilities (disutilities) need to be

20 General implicit additivity requires either a direct or an indirect utility function that is
implicitly defined by an additive specification, and delivers demand systems depending on
up to two aggregators, one of which is the utility itself (they include a homothetic family
popularized by Kimball, 1995): see Bertoletti and Etro (2017b) for details.
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positive (negative), which is guaranteed when € (U) < 0 (¢'(V) > 0): see Fally
(2018).
The demand system can be easily derived as follows:

x(L)ff(U)
Ul-eU)

S(L)—E(V)

s(t) = Ve)—1°

and z(1) =

which clearly confirms that these preferences belong to the GAS type. A firm
producing with marginal cost ¢ has variable profits:

g (sE —c)
- xr _ - S C 76(‘/)
= {Ul—e(U) c} xL = Va1 L. (53)
Its profit-maximizing price satisfies:
c e(V)e

= (54)

P21 co) ") -1

therefore the markup is the same for all firms and changes with the utility index.

2.1 Monopolistic competition with homogeneous firms

Let us consider the free entry equilibrium when every firm has marginal cost ¢
and pays a positive fixed cost of production F'. It is standard to verify that the
free entry equilibrium implies the price (54) and:

EL

where, using the implicit definition of the indirect utility, its equilibrium level

V satisfies: W)
y_sW) -1 B T (L =T
Sl ) BN OO R

which we assume to have a unique solution. Whenever (V') > 0 marginal cost
changes are incompletely passed to prices, and an increase of income or market
size increases utility, reduces markups and raises less than proportionally the
number of goods provided. This delivers the following:

ProrosITION 7. Under implicit CES preferences the equilibrium of monop-
olistic competition with free entry of homogeneous firms implies that an increase
in utility (due to higher income or market size) is associated with a markup re-
duction and a less than proportional increase of the number of firms if €' (V') > 0.

Also in this case it is interesting to evaluate the optimal allocation of re-
sources. This solves the problem:

1
nev)—1

max{V} st V= )
n,s S
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(EL—nF)s > cL,

where the first constraint is the definition of utility after imposing symmetry
and the second is the resource constraint. It is easy to verify that the first-order
conditions for the solution can be rewritten as:

. e(V¥)e EL

= m and n* :W, (56)

where the utility satisfies V* = (E/p*)n*ﬂ"i)*l, implying the same system of
equations as in the equilibrium. Thus, we can conclude with:

PRrROPOSITION 8. Under implicit CES preferences the equilibrium of monop-
olistic competition with free entry of homogeneous firms is optimal.

This extends to the class of implicit CES preferences a result which is well-
known since Spence (1976) and Dixit and Stiglitz (1977) to hold for the case
of explicit CES preferences. The intuition relies on the fact that markups are
constant across goods, which preserves the equality between price ratios and
marginal rates of substitution between goods.?!

2.2 Monopolistic competition with heterogeneous firms

We now consider the free entry equilibrium with firms differing in marginal costs
as in Melitz (2003), and in our earlier analysis of GP preferences. Since implicit
CES preferences lack a finite choke price, without fixed costs of production
all the goods would be demanded. Therefore, it is interesting to focus on the
relevant case in which firms face a positive fixed cost to produce, as in the
original Melitz model.

For a given utility V, which here is the relevant aggregator, a c-firm using

(p—c) (p)*s(‘/)

ye(V)—-1 E

price p faces variable profits given by m = L. Tts optimal price

p(c) satisfies always the rule:

e(V)e

= —— 57
p(c) -1 (57)
which implies a common markup across firms, which decreases with the utility
level if and only if &’ > 0.

Let us write individual demand and variable profits for a c-firm as:

o(e) = P/E)
Ve(WV)—1

21Interestingly, the optimality of the free entry equilibrium in a static setting does not
extend automatically to a dynamic one with endogenous entry outside of the steady state.
Whenever the markups change over time, for instance due to aggregate shocks, the allocation
of resources to the entry process is suboptimal. Optimality can be restored with taxation
of dividends or entry fees, which should vary with aggregate variables (see Etro, 2018, and
Bilbiie et al., 2019, for related discussions).
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and
c)—c o\ V)
™ (c) = 4[‘1;(5()\/)71] (p%)) L.

The monotonicity of 7 (¢) with respect to ¢ allows us to determine the threshold

' () = F. (58)

Free entry requires: )
/ () — FldG(c) = F.. (59)
0

The equilibrium measure of entrant firms can be derived from the budget con-
straint by using (57) and (59) as:

FEL
N= e+ R (60)

and the equilibrium level V' computed by the utility expression:

1
s(V)—1

v=|NE"T / p(e) = MdG(c) , (61)
0

where the measure of firms, prices and the cut-off satisfy the equilibrium con-
ditions above. We assume that there is a unique equilibrium, as it is the case
in the Melitz model.

Combining the equilibrium conditions (58) and (59), one can obtain the
following relation between the threshold ¢ and the equilibrium utility level V:

/0 i (E)Hm dG(c) = % +G@), (62)

Cc

which is crucial to analyze selection effects. It is easy to verify that with explicit
CES preferences there are none: in particular, an increase in utility associated to
an increase in FL does not affect ¢, while increasing proportionally the measure
of consumed goods (as is well known, it takes costly trade to induce selection
effects in the Melitz model). Consider now the case of variable elasticity: as
long as utility increases, there must be a reduction (increase) in the cut-off ¢ if
e(V) is increasing (decreasing) in utility. We immediately obtain:

PROPOSITION 9. Under implicit CES preferences and heterogeneous firms
the equilibrium of monopolistic competition with free entry is given by a pricing
rule p(c) satisfying (57), a utility V' satisfying (61), a measure of firms N
satisfying (60), and a cut-off ¢ satisfying (62). An increase in utility (due
to higher income or market size) is associated with a markup reduction and a
selection of the more efficient firms if €' (V) >0 .
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The case where the elasticity of substitution increases with utility is one
where the pro-competitive effects of trade liberalization are far from being elu-
sive. When consumer income increases, this model delivers a generalized reduc-
tion in all markups and prices, implying countercylical markups in a dynamic
extension.?? For this reason, the model could be usefully applied to macro-
economic analysis with variable markups that amplify the propagation of the
business cycle (as in Cavallari and Etro, 2018) after an appropriate estimate of
the elasticity function.

We can finally analyze the social planner problem as we have done previously
for the GP preferences. Again, the optimal markup must be constant across
goods, say m. Then, the problem can be written as:

o () e

N / " er(e)LdC(e) = EL - N[F, + FC()].

max {V} st V=

N,c,m

() "

_\E

where we emphasized the resource constraint and the demand functions. In the
Appendix we show that this problem delivers optimal values (N*,¢*,m*, V*)
that correspond to the ones of the unique equilibrium:

ProrosiTION 10. Under implicit CES preferences the equilibrium of mo-
nopolistic competition with free entry of heterogeneous firms is optimal.

The important work by Dhingra and Morrow (2019) has recently proved
the optimality of the equilibrium of the Melitz model in a closed economy with
CES preferences and heterogeneous firms. Their result naturally extends to the
entire class of implicit CES preferences.

We conclude this section noticing that preferences as these can be exploited
for a variety of applications. One can endogenize the quality of goods generating
richer implications for differences between firms and selection effects. The case
of costly trade can be addressed as in Melitz (2003) generating new forms of
selection effects: in particular, opening up to trade can reduce markups, foster-
ing gains from trade liberalization. Moreover, one could introduce implicit CES
preferences in flexible price macroeconomic models: while optimality would be
lost due to changes in markup across periods, the propagation of shocks would
be affected by this same variability, and indeed amplified when the demand
elasticity is increasing, especially in case of endogenous entry a la Bilbiie et al.
(2012).28

220f course, the opposite results are associated to the case where &/(V) < 0.
23See also Cavallari and Etro (2018) and Etro (2018) for models with homogeneous firms
and Ghironi and Melitz (2005) for an early model with heterogeneous firms.
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3 Conclusion

Most of modern economic theory with monopolistic competition is based on CES
microfoundations that heavily limit its empirical relevance. Our contribution
aims at introducing more general microfoundations with empirically relevant
implications. Applications to trade and macroeconomics could fruitfully employ
GAS preferences to explore the role of demand in affecting gains from trade,
the impact of aggregate shocks and the policies needed to restore efficiency.

Future research may also study monopolistic competition under more general
conditions on the demand side (e.g. demands featuring more than one aggre-
gator, as in the case of implicit additivity, or without explicit aggregators), as
well as on the supply side (including for instance variable marginal costs), and
under heterogeneity between consumers.
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Appendix A: Proofs

PrOOF OF PROPOSITION 1. We can combine the equilibrium relations to
obtain the following equation for z = ps:

Iy <z[€(z) )cuE) - [gz()’ ()eL _,

e(z z)—1]F
This gives:
of  _ 0"E <a[5— 1]+ ze'e — ze [e — 1]) el e —1] =€V
0z c g2 F [e—1]°
(2c Q0 (p) (e = 1) (e = B)

)

z
which is negative under the assumption 5 < 1 < e. Since:

of v'e af

of 0
o~ e-nr " " 7

nd —(B-1),

9//£
E a Oc c

using (38), we get the comparative statics:

. Olmnp . —£'(2) iy dlnn 1
st} == | oo 1)
) dlnp | . —'"(2)B(p) | _ . dlnn 1
”g”{ n }‘3’9"{e<z>—ﬁ<p>}‘”g”{alnE‘ }
) dlnp e ) [Bp) -1 _ . dlnn
8’9”{alnc‘ }“”g”{ e(z) — B(p) }‘“"”{alnc}7

which immediately implies the results under the assumptions that &’(z) > 0 and
Blp) <1 <e(z).0

and

28



PrROOF OF PROPOSITION 2. The optimal allocation problem is given by:
max {V = nv (ps) — 0 (p)}

st. (EL—nF)s>cL and nv' (ps)s=0(p),

where the first constraint is the resource constraint and the second one defines
the aggregator under symmetry. The two first-order conditions characterize the
solution in the text, which is assumed to exist and be unique.

The symmetric equilibrium normalized s and effective z = ps price satisfy
the following relation between s and z:

_e(z) ¢
Ce(z)—-1E’

while optimality alternatively requires the relation:

g ttn() e
n(z) E

The first function lies everywhere above (below) the second in the space (z,s)
if ' (z) 14+ n(z) —e(z) > (<) 0 everywhere.

Both in the equilibrium and in the optimal allocation {s, p,n} must satisfy
the aggregator definition 6’ (p) = nv’ (ps) s and the zero profit condition (p —
¢)EL = npF (notice that last expression implies a positive relation between p
and n). Eliminating the number of firms these conditions can be summarized
by:

V' (2) (sE —c)L = F¢' (g) )

which provides a second relation between s and z. If the latter increases in
the space (z,s) excess (insufficient) entry occurs if 7'(z) > (<) 0 everywhere,
because the pricing relation imply that the equilibrium value of s must be above
(below) s*, and then n must be above (below) n*. But by total differentiation

we get:
ds _ e(2) - B(p)
d= | =80 o

under the assumption 3(p) < 1 < £(z) (the denominator is positive since p > ¢
to satisfy the zero profit condition), which concludes the proof. O

>0

PRrROOF OF PROPOSITION 3. Defining the equilibrium value of the normalized
aggregator as:

El7
the market equilibrium {p(c), p, N, ¢} can be rewritten through the following
equations:

o ()E)E = N o (5 () p (6) 4G (0), (63)
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_ el
M= e -1 (64
(p(@ =)V (pp (@) L = ' (PE) F (65)
EL

g[F. + FG(o)]’ (66)

where .
I VA WA 1 1 C) IO N ] | .
) l/ e(Pp () [0 (7w (c)) p () dG (c) : o

Under our assumptions, (64) implies that the pricing rule is uniquely deter-
mined by p, and this in turn implies, by (67), that € only depends on ¢ and p.
Combining (63) and (66) we reduce the equilibrium system to

c

0 GEVEIF+ FG@) =L [ o/ (5p() p(e) G 0). (63)
(@ - (p(@) L= 0 (E) F. (69)

Suppose that F' > 0. When preferences are directly additive 6’ (p) = —1
and, therefore, conditions (68) and (69) determine p and ¢ independently from
income E. Thus neither pricing nor firm selection are affected by income E
(and N is linear with respect to FE). When preferences are indirectly additive
p=1and p=1/FE. Then, by (64) pricing only depends on income and (68) and
(69) reduce to a single equation which determine the threshold ¢ as a function
of F that does not depend on market size L (and N is linear with respect to L).
Finally, when preferences are homothetic 6’ (pE) = —1/pE and, accordingly,
conditions (68) and (69) determine p and ¢ as a function of EL.

Suppose now that F' = 0: then by (69) ¢ = a/p and (68) determines p, which
is independent from E under direct additivity, and depends only on EL when
preferences are homothetic. Finally, under indirect additivity of preferences
p=1/FE and ¢ = aF, which is again independent from L, concluding the proof.
O

PROOF OF PROPOSITION 4. Immediate from the comparatives statics in
the text and the fact that, under £’(z) > 0, prices defined by (37) are increasing
inc. O

PRrROOF OF PROPOSITION 5. Combining the constraints of the social planner
problem we obtain the following expression for the markup:

B EL
T EL-N[F.+FG@)]

Using this, the social planner problem reduces to:

N {N/OE” <EL —N [pz«fir FG(E)]) 4c(e) - e(p)} ’
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where the aggregator must satisfy the definition in the text, but its changes do
not affect the objective function.
If there are positive fixed costs of production (namely, if F' > 0), the two
first-order conditions can be solved for:
EL

N = G T F T FCE) 7

and:

¢y (2me F.
[ = V)
M.C
oo ()
where 77 is an “average” of the elasticities 7 (z) given by (51), whose weights are

the corresponding shares of the incremental social benefit. Using (70) and (71)
we can also rewrite the optimal markup as:

1

m=1+_———.
n(m, p,¢)

(72)

When there are no fixed costs of production (namely, if F' = 0) the social
planner problem simplifies to:

r]Jflvaé)({zv/;v (EL_L'”NF) dG(c) —9(p>}7

and in this case it is always optimal to consume any good that provides positive
subutility, so that the optimal cut-off must satisfy:

_ a(EL-NF,)
c= ———=.

pL

Given this, the planner problem simplifies further to:

max {N /0 v (EL_LNF@ dG(c) - 0(p>} ,

whose first-order condition gives:

a(EL—NFe)
T

EL
N= G T 1E (73)

This is consistent with the result under positive fixed cost, and implies the same
markup expression as there, i.e., m = 1+ 1/7(m, p,¢). Replacing in the earlier
expression for the cut-off, we finally have:

aBn(m, p, )
pn(m,p,e) +1]

c=

(74)

which concludes the proof. [
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PROOF OF PROPOSITION 6. Integration by parts delivers:

| st pstdaGe) = = [ o (s(@)late) + e’ () e
0 0
which allows us to rewrite the average elasticity as:
_ S0 (o) lo(e) + e/ (e)) de
Jo v (p7) g(c)de

where the role of cost distribution in shaping the optimal markup emerges more
clearly. Under the assumption of a Pareto distribution ¢'(c) = (k — 1)g(c)/c,
therefore we obtain 7j(m, p,¢) = k. O

n(m, p,c) (75)

PROOF OF PROPOSITION 7. Immediate from the analysis in the text for

e (V) > 1 after noticing that 311;1\1; = [s(;/e)/—(‘l/])e‘(/V) = s(Vl)—l ‘3911;‘(} is negative

whenever ¢/ (V) > 0. O

Proor oF ProPOSITION 8. Using the constraint as an equality, the social
planner problem simplifies to:

max{V} st V= (F — 5 ,
s S

EL cL)Ewil)_l

whose optimality condition:

CL(EL_CL)E(Vﬁ*1 (EL cL)ﬁ

F _ sF _\F " sF
s3F [e(V) —1] 52
simplifies to:
_ ce(V)
S EE(V) -1
Combined with the constraint n = % — % it provides the expressions in the

text. O
PROOF OF PROPOSITION 9. By total differentiation of (62) we have:

- ¢ ren1—e(V) .
Vo (V) — 1] &M [ el==(VIdG (c)

which immediately implies the result. [J

PrOOF OF PrROPOSITION 10. Let us consider the social planner problem.
By combining the resource constraint, the demand function and the implicit
definition of V' we obtain that the markup must satisfy:

B EL
T EL-N[F.+FG@Q)]

m
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and the problem reduces to:

1
e(V)—1

max d U — EL — N[F. + FG(0)]
N, L

N/ A ==VdG(c)
0

The first-order condition with respect to N gives:

EL

N=Fe@ Tl

which implies the markup:

This reduces the above problem to:

(j/ ))dv} L/OEFCCJ(;;(:)EECZG(C)

whose first-order condition with respect to ¢ satisfies:

1
e(V)—1

max V=[eV)-1]

sl-e(V) [FG(é) + F] :/ Cl—s(V)dG(c)F,
0

which is equivalent to the equilibrium condition (62). O

Appendix B: Generalized translated power preferences

We consider the specification of GPT preferences for the model with het-
erogeneous firms under a Pareto distribution of unit costs. We reproduce the
indirect utility function:

[ ampse)t
v [ d

1+~ B—1

This specification becomes directly additive for § = 0, indirectly additive for
B8 — o0, and homothetic for § — 1. The demand functions are perfectly rigid
for v — 0, linear for v = 1 and perfectly elastic for v — oo.

Given the individual demand z = [a — ps]” p®, where

B = a— ps(w))7s(w)dw
o = [ (0= pste) st

it is easy to verify that a c—firm adopts the following pricing rule:

¢ E
L N (76)

C
p(c) o 5
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which resembles the one obtained under indirect additivity by Bertoletti et al.
(2018), except for the presence of the aggregator p, that drives the properties
of this more general model (notice that (z) = vz/ (a — z) with £'(z) > 0).

Exploiting the properties of the Pareto distribution, we can compute the
expected profits as follows:

E{r(c)} = / " r(c)dG(c) =

Y pBHYEL 1 Ly e
_ Ry Pfﬁ < > / (éic)'ijlcnfldc'
c (1+mE 0

The latter expression can be integrated by substitution (using ¢ = ¢/¢) to get:

o 1+vy ,1
,wvcv+n+1p6+’vEL 1 / 1 14
E = Tl =) dt

kyYaYTRHLERHLL
T (L)Y pest

where B(z,h) = fol t*~1(1—1t)"~1dt is the Euler Beta function (such that B(z+
1,h) = 2zB(z,h)/(z + h) and B(z,h+ 1) = hB(z,h)/(z + h)). By using

B(k,v+2),

1=p°N /oc(a — ps(e))7s(e)dG (c)

and the free entry condition we can solve for the aggregator as:

1
P ’ya'y+n+lEn+lL 1+r—p
p=|=2 Bk, 7+2)
" (1+9)"" Fe
This allows us to obtain the cut-off:
1
T+r—PR

o= [ c” (1 + ’Y)’Y-H Fe 7 (77)

kYYa TP B(k, vy + 2) LES

as a function of both income E and per capita entry cost F./L. Using the
definition of the aggregator we can compute:

’Ypﬁ
E

1=N ‘ [a— ﬁp(c)]

a7 PG (),

or

o (1 + ,Y)’Y-‘rl E’H-l — K,Y’YE'Y+1pﬁ+’YN/ (1 _ %) (Cr@—l _|_,YC€) de.
0

Integrating by substitution we obtain:

1 1
" (1 + ,V)’YJrl EY Tl — H,Y’Y’c‘ff+’y+1pﬂ+’YN [/ et (1 _ t)V dt + '7/ e (1 _ t)’Y dt:| ,
0 0
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which can be solved for the measure of entrant firms as:

_EL
(k+1)F,

after substituting for p and using the properties of the Beta function. We obtain
therefore an average demand elasticity € = k + 1 which depends only on the
Pareto parameter (and implies that the equilibrium measure of created goods
is the same as the optimal one). It is then easy to compute the measure of
consumed goods n = NG(¢) as:

1-p
r(B—1) G+ r—B+1 (r+1)(1—8)
Cr—BF1 (’Y + 1):@75#»1 (FL> E E  1+~-58

n =

(k+ 1) [K77a% 7 Bk, y + 2)] 777

This is constant whenever preferences are homothetic (8 = 1), linear with re-
spect to F when preferences are directly additive (8 = 0) and more than pro-
portional in income when they are indirectly additive (8 — o0). Equilibrium
welfare reads as:

OB (8, +2) | pP

V= n+ .
(145" 1-p
Since under GTP preferences we have h(z) = % and we can compute
Fos(z) = {% - ﬂ , we can also derive:

(1+7)0+k)
Y

77]:

which provides the following equivalent variation for the welfare gains from a
market expansion (49):

1 + ’Y(l_ﬁ)
dinW = — 006D gy g, (78)
1+k-p
Moving to the social planner problem, we can refer to the results in the text
and compute the optimal value of the aggregator as:

. Hn+2an+'y+1LEi<a+l
p =

p
B 2
(y+ 1) (1+ r)HLE, (v ¥ )} ’

and the optimal the cut-off:

. (y+1)e(1+k)°F, =B
¢ =
kBHLav B B(k, v + 2)LEP ’
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which differs from the equilibrium one in general. Considering the region with
B < 1, this implies that too many goods are consumed if:

v log <1 + %)
log (1 + %) '

which holds for a small enough .
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