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Abstract

This paper studies the effect of nonlinear pricing on markups and misallocation. We develop a
general equilibrium model of firms that are allowed to set a quantity-dependent pricing schedule—
contrary to the typical assumption in macroeconomic models. Without the restriction to linear
pricing, markup heterogeneity is no longer a sign of misallocation. Larger firms charge higher
markups, yet the allocation of resources across firms is efficient. Further, we point to a new source
of misallocation. In general equilibrium, high-taste consumers are allocated too much of each
good, low-taste consumers too little. When labor supply is elastic, firms’ market power depresses
aggregate labor, but this effect is independent of the level of the aggregate markup in the economy.
Using micro data from the retail sector, we show that nonlinear pricing is prevalent and quantify
the model. We find that the welfare losses from misallocation across consumers under nonlinear

pricing are twice as large as those from misallocation across firms under linear pricing.
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1 Introduction

Many goods and services feature complicated pricing schedules. Data and phone plans become cheaper
with every byte and minute purchased, and a six-pack of beers typically costs less than six individual
cans. Despite the apparent prevalence of such pricing schedules, which have been at the center of
research in IO for decades, they have been largely absent from macroeconomic models.! Firms are
usually modeled as choosing a single price at which to sell their output. That is, they are restricted to
linear pricing. Together with consumers’ first-order conditions, the linear pricing assumption implies
a tight relationship between the relative price of a good and its equilibrium quantity.

In this paper, we explore the theoretical and quantitative importance of nonlinear pricing schedules
for allocative efficiency. We develop a model of heterogeneous firms that can offer a menu of prices
to heterogeneous consumers. We show three key results. First, when firms are not restricted to
linear prices, markups are no longer a sufficient statistic for misallocation. Larger firms charge higher
markups, yet the allocation of labor across firms is efficient. Second, under nonlinear pricing, a new
type of misallocation arises. For each good, consumers with a high taste buy too much of it, consumers
with a low taste, too little. Last, we show that nonlinear pricing also breaks the link between the
aggregate markup in the economy and the distortion in labor supply.

In the last part of the paper, we quantify the model using data from the retail sector. We find that
the welfare losses from misallocation across consumers are twice as large as the standard welfare losses
from misallocation across firms that arise with linear pricing. If a social planner were to implement
the taxes and subsidies that would restore efficiency in an economy in which firms are restricted to
linear prices, they would induce large welfare losses. Finally, we find that the undersupply of aggregate
labor is an order of magnitude smaller with nonlinear relative to linear pricing.

The model we develop features firms that produce differentiated goods and are heterogeneous in
their marginal cost of production. Consumers differ in their idiosyncratic taste for each good. We
allow for variable elasticities of substitution in preferences, which, together with cost heterogeneity,
gives rise to variable markups. Firms can offer a pricing schedule to consumers—that is, a set of prices
that is potentially nonlinear in the quantity purchased. The only restriction we place on firms’ pricing
behavior is that they must offer the same schedule to all consumers. This assumption reflects legal or
practical constraints as well as the possibility that individual consumer preferences might not be fully
observable to the firm.

Conditional on the aggregate price index, the optimal allocation features the familiar result from
the micro theory literature: no distortion at the top and quantity rationing at the bottom. That is, the
allocation sold to the high-taste consumer equates marginal utility with marginal cost, while the low-
taste consumer is sold too little of the good. We extend this result by studying a general equilibrium
with a continuum of firms that all engage in second-degree price discrimination. Instead of assuming
a quasi-linear or outside good, equilibrium is sustained by an aggregate price index that adjusts to
clear the labor market. As a result, the allocation of high-taste consumers is also distorted, and there

is misallocation across consumers of the same firm: high-taste consumers are allocated too much of

'For a set of classic examples of markets with nonlinear pricing, see, for instance, Chapter 2 of Wilson (1993).



the good, whereas those with low taste consume too little.

We next analyze the allocation of production across firms. To do so, we define a condition on
preferences: constant elasticity of differences (CED). Under this condition, the difference in the efficient
allocation between consumer types is proportional to firm productivity. Many commonly used utility
functions fall into this class, including CES, CARA, HARA, and quadratic preferences a la Melitz and
Ottaviano (2008). We show that under CED, there is no misallocation of production across firms. In
general equilibrium, the oversupply to high-taste consumers exactly offsets the undersupply to low-
taste ones. While all firms distort allocations across their consumers, the total production of each firm
is identical to the first best.

With nonlinear pricing, there is perfect allocative efficiency across firms, even though larger firms
charge higher markups. This result highlights that without the restrictive assumption of linear pricing,
the tight link between markups and misallocation breaks. Relatedly, there is no rationale for a social
planner to subsidize large, high-markup firms—contrary to the robust conclusion from models that
assume linear pricing. In fact, a social planner who has access to a set of fully flexible firm-level
subsidies and taxes would choose not to use these. All firms distort allocations across their consumers
in exactly the same way. Therefore, reallocating labor across firms cannot alleviate misallocation
across consumers.

When labor supply is elastic, firms’ pricing behavior leads to an inefficiently low level of aggregate
labor in equilibrium. Unlike in the standard linear pricing environment, however, the distortion in
labor supply does not depend on the aggregate markup. Rather, it is a result of the downward
distortion in consumption of low-taste consumers. When choosing the optimal subsidies, a social
planner trades off higher sales to low-taste consumers against inefficiently higher sales to high-taste
consumers. The resulting optimal subsidy is uniform across firms yet leads to a disproportionately
higher increase in employment for smaller firms that charge low markups. Conversely, in the market
equilibrium, the employment share of large, high-markup firms is too large.

To explore the quantitative importance of misallocation across consumers, we use micro data on
consumer packaged goods from the Nielsen Retail Scanner dataset. The Nielsen dataset has the key
advantage that we can see prices paid for different quantities (i.e., package sizes). We first document
that nonlinear pricing is prevalent and quantitatively important. Around 90% of sales are accounted
for by multi-size products. On average, a 10% increase in package size is associated with only a 4%
increase in price. We then use moments of the data to calibrate the baseline model as well as a model
that is identical except for the restriction that firms must charge linear prices.

Misallocation across consumers of the same firm amounts to welfare losses of 0.8% of permanent
consumption. This loss is about twice as large as the welfare losses one would infer from the same
data through a standard model with linear pricing. If one were to implement the optimal taxes and
subsidies implied by the linear pricing model, this policy would lead to additional welfare losses of
0.4%. Firm-level subsidies do not correct misallocation across consumers of the same firm. Moreover,
this policy induces misallocation across firms by subsidizing large, high-markup firms at the expense
of smaller ones.

Finally, we quantify the effect of firms’ pricing on aggregate labor supply. In the baseline model,



labor is undersupplied by 5%, which leads to additional welfare losses of 0.2%. Strikingly, a standard
linear pricing model would conclude that labor is 34% lower than in the first best allocation. This is
true even though the aggregate markup is higher in the baseline model with nonlinear pricing. When
implementing the optimal linear pricing subsidies, welfare losses would now be 13% because of the

massive oversupply of labor induced by the policy.

Related literature Our paper is most closely related to the macro literature on markups and
misallocation. Recent evidence on the size of markups and their dispersion across firms (De Loecker,
Eeckhout, and Unger (2020)) has renewed attention to this topic. On the theoretical side, a robust
conclusion emerges: firms that charge high markups are inefficiently small. This is true irrespective of
whether markups are modeled as reduced-form distortions (Restuccia and Rogerson (2008); Hsieh and
Klenow (2009)), arising from oligopolistic competition (Atkeson and Burstein (2008)) or limit pricing
(Peters (2020)), or as a result of preferences featuring variable elasticity of substitution (Edmond,
Midrigan, and Xu (2021); Boar and Midrigan (2019)). While most of the models do not exactly fit
into the Dhingra and Morrow (2019) framework, the conclusion that well-behaved preferences lead to
an inverse relationship between markups and size distortions carries through. In this paper, we show
that one crucial assumption—Ilinear pricing—is driving all of these results and that relaxing it entirely
flips the welfare implications of markup heterogeneity.

The starting point of our analysis is a classic model of second-degree price discrimination that
is commonly used in theoretical IO (see Spence (1977); Mussa and Rosen (1978); Maskin and Riley
(1984); Tirole (1988); Wilson (1993) and references therein). Relative to this literature, our main
contribution is to take the analysis to general equilibrium without relying on a quasi-linear good to
close the model. We show that as long as the elasticity of labor supply is finite, the classic result of
“no distortion at the top” (as initially discovered by Mirrlees (1971)) no longer holds: consumers with
the highest taste for each good are allocated too much in equilibrium.

We explore the quantitative importance of misallocation across consumers using detailed micro
data on prices and quantities. Other papers that use micro data to study the behavior of firm-level
prices and derive macroeconomic implications include Argente, Lee, and Moreira (2019), Burstein,
Carvalho, and Grassi (2020), Bornstein (2021), Afrouzi, Drenik, and Kim (2021), and Einav, Klenow,
Levin, and Murciano-Goroff (2021). Contrary to this set of papers, we focus on price heterogeneity

within a firm and location—a feature unique to nonlinear pricing.

Organization The remainder of the paper is structured as follows. Section 2 lays out the baseline
model and defines the market equilibrium and the planner’s allocation. Section 3 discusses the main
misallocation results of the paper and compares them to a setup with linear pricing. Section 4 extends
the model to endogenous labor supply. In Section 5, we introduce the data and quantify the model.

Finally, Section 6 concludes.



2 Model

2.1 Environment

Households. The economy is populated by a measure 1 of households i € [0, 1] who supply one unit
of labor inelastically. Labor is chosen as the numéraire. Households have idiosyncratic tastes over a
measure 1 of varieties of consumption goods j € [0, 1]. The level of taste consumer ¢ has for variety j

is denoted by 7;;. A higher 7;; indicates that household ¢ derives higher utility from good j:

1
Ui:/o Tiju(qij ) dj, (2.1)

where ¢;; denotes the quantity of variety j consumed by household i. The utility function w(-) is
continuously differentiable, strictly increasing and concave for all g;; > 0, and satisfies u(0) = 0.

For simplicity, the taste shifters 7;; can take one of two values: 1 or 7 > 1.2 Each consumer has a
high preference 7 for a random subset of goods of measure 7. Taste shifters are iid across households
and varieties, and therefore all households are identical in their aggregate consumption and utility. All
firms in the economy are jointly owned by households. Household income consists of labor earnings

as well as any profits rebated by firms.

Firms. There is a measure 1 of firms who each produce one of the differentiated varieties j € [0, 1].
Firms produce with a linear technology using labor as the only input. They are heterogeneous in their
labor cost per unit produced, denoted by c;.

Contrary to the typical assumption in the literature, firms are not restricted to offering a linear
pricing schedule (i.e., to commit to sell any quantity for a constant per-unit price). Firms maximize
profits by offering a single menu of prices p(q) to all households. That is, firms engage in second-degree
price discrimination. We assume that firms must offer a single menu to all households, rather than tai-
loring the price schedule p(q) to each individual consumer. This assumption reflects that, for example,
household tastes may be unobservable to firms. Alternatively, legal or practical requirements could
make it impossible to charge different consumers different prices for the same quantity purchased.?

Given the price schedule, each consumer chooses the quantity that maximizes her utility. Firms

anticipate consumers’ choices and solve the following problem:

max T (pj(grj) — ¢j) arj + (1L —7) (pj(q1;) — ¢5) @1 (2.2)
{p;(1),q15,9-5}
s.t. ¢rj € argmax Tu(q) — M
>0 P
q1j € argmax u(q) — pj(Pq)q
q>0

2Neither the theoretical nor the quantitative results of the paper are sensitive to this assumption. In Online Appendix
A, we repeat the analysis for an environment with a continuum of tastes.

3In the absence of taste heterogeneity, or if we were to assume that firms can tailor prices to each individual consumer,
the model boils down to a model of perfect price discrimination. In this environment, the link between markups and
misallocation also breaks. In fact, all allocations—including labor supply—are efficient, irrespective of the level and
dispersion of markups.



where ¢r; denotes the quantity purchased by households with a high taste for the good and q;; that of
households with low taste. Households evaluate the cost of each quantity, p;(¢)q, using the price index
P. The price index P is an equilibrium outcome that measures the cost of purchasing an additional
unit of utility. In Appendix A.3, we show how the aggregate price index P is supported despite
preferences not featuring the standard quasi-linearity.

Each of the two constraints in (2.2) is an infinite set of inequalities: the surplus from the quantity
the household chooses must be larger than that from any other quantity. To solve (2.2), we use
standard tools from mechanism design (see, e.g., Mussa and Rosen (1978)). It is straightforward to
show that, in the optimal solution, only two constraints bind: (i) the individual rationality constraint
of the low type (I Ry)—the consumer with a low taste must have non-negative surplus from her bundle;
and (ii) the incentive compatibility constraint of the high type (IC;)—the high-taste consumer must
weakly prefer her bundle to the one tailored toward the low-taste consumer. The firm’s problem can

therefore be written as

max Tqrj (prj — ¢j) + (1 = m)q1; (p1j — ¢5) (2.3)
{q15,9r5,p15,P75}
s.t u(qij) — % =0 [{R1]
PrjQri
Tu(qrs) — % = (7 — Du(g;) [1C;]

where p1; = p(q1;) and pr; = p(¢r;). The second constraint uses the fact that the individual rationality

constraint of the low-taste consumer holds with equality.*

Firm-level optimal prices and quantities. Conditional on the aggregate price index P, which

firms take as given, the quantities offered to high- and low-taste consumers respectively solve

G

T UI(QTj) = P’ (2'4)
C; T l—m ¢;
u'(qi)) = ;ﬂ t1z 7T(7' — D' (q1) = T ;ﬂ (2.5)

For both types of consumers, firms choose a bundle that equates marginal revenue to the cost of
supplying an additional unit. Marginal revenue is always equal to the marginal utility, as that is the
consumer’s willingness to pay for an additional unit.

Equation (2.4) pins down the optimal quantity sold to high-taste consumers. For the high-taste
consumer, the marginal cost of supplying an additional unit is simply equal to the marginal produc-
tion cost, ¢;j/P. The fact that marginal utility equals marginal cost for the high-taste consumer is
reminiscent of the standard result of no distortion at the top in models of second-degree price discrim-
ination. Since low-taste consumers have no incentive to choose the larger quantity designated for the

high-taste consumer, there is no need to distort the allocation at the top. In our setup, however, the

4While the firm’s problem pins down p1; and prj, the prices the firm charges for quantities that are not purchased
in equilibrium are indeterminate. Firms can charge arbitrary prices for q; € {qi;,4¢-;} as long as neither of the two
consumer types wants to deviate and purchase that quantity.



“no distortion at the top” result only holds conditional on the aggregate price index P. Below, we
show that P is not equal to the price index prevailing in the efficient allocation and hence the classic
result of no distortion at the top no longer holds in general equilibrium.

Equation (2.5) pins down the optimal quantity sold to low-taste consumers.® The optimal quantity
again equates marginal revenue with marginal cost. However, the marginal cost now includes not only
the real production cost ¢;/P but also the shadow cost of ensuring separation between the two types.
For each additional unit sold to the low-taste consumer, firms need to lower the charges to high-taste
ones, in order for them to remain indifferent between the two bundles. The amount by which they
must reduce the charges is equal to (7 — 1)u/(q1;), the increase in consumer surplus for the high type.
Each additional unit of ¢1; increases the high-taste consumer’s utility by 7u'(¢1;), whereas the price
charged for this bundle can go up only by u/(g1;)—the low type’s additional utility. This shadow cost
is weighted by the relative share of high-taste consumers, 7/(1 — 7).

Overall, the distortion creates a wedge between the marginal utility of the low-taste consumer and
the marginal production cost equal to (1 —7)/(1 — 7m) > 1. The wedge is increasing in the share of
high types 7 as well as the taste difference 7. The larger the fraction of high-taste consumers buying
from any firm, the more they are willing to distort the allocation to the low-taste ones in order to be
able to charge more at the top. Similarly, the bigger is the taste difference, the more attractive each
additional unit in the low bundle becomes to high-taste consumers and the more that allocation must
be distorted downwards.

Firms are able to extract the full consumer surplus from low-taste customers—they are indifferent
between their bundle and not buying from the firm at all. Customers with a high taste, on the other
hand, have a positive consumer surplus. Self-selection of each type into their respective bundles is
achieved by distorting the allocation of the low-taste consumer and charging the entire consumer

surplus for it, and reducing the price charged to the high-taste consumer who therefore gets a positive

surplus.
Define the markups charged to low-taste consumers as p1; = %j and that charged to high-taste
CONSUINETS as [lrj = %J The equilibrium markups charged by firms can be written as
1—7
;= j 2.6
H1j 1— 1 w((ﬁj)a ( )
u(q15) .
i=|1-(r—1 ) 2.7
where 1(q) is defined by
u(q)
(q) = : 2.8
(q) (0 (2.8)

The term (q) is the social markup, a term coined by Dhingra and Morrow (2019). It is equal to

the utility per unit produced, u(q)/q, relative to the resource cost of producing a unit in the efficient

5We assume that preferences as well as the distribution of ¢; are such that all firms are active and optimally choose to
serve both types. For a comprehensive analysis of market participation under linear and nonlinear pricing, see Attanasio
and Pastorino (2020).



allocation. In the efficient allocation, the planner equates marginal utility with marginal cost, so u'(q)
is equal to the resource cost of producing one unit.

If firms could perfectly price discriminate, they would extract the full consumer surplus from each
of their consumers. The markup charged from each consumer would be equal to the social markup
1 (gij). This is not the case with nonlinear pricing.

The markup charged to low-taste consumers, (2.6), is higher than the social markup. Low-taste
consumers are willing to pay this higher markup because the quantity offered to them is distorted
downward. Since utility is concave, the average utility of a unit consumed is higher.

For high-taste consumers, the markup (2.7) is lower than the social markup. The markup has to be
lower than the social markup; otherwise, the high-taste consumer would choose the low-taste bundle
instead. From Equation (2.4), we know that the quantity sold to the high-taste consumer is identical to
the case of a perfectly price discriminating monopolist. Therefore, if the firm were to charge the social
markup, it would extract the entire consumer surplus, violating the incentive compatibility constraint.
The chosen markup makes high-taste consumers exactly indifferent between their own bundles and

those of low-taste consumers.

Equilibrium Given a distribution of production costs across firms, F'(c;), an equilibrium is a set of
firm-level prices {p1;, prj }]1-:0 and quantities {q1;, ¢rj };:0 as well as an aggregate price index P, such

that prices and quantities solve the firm’s problem and the labor market clears:
(o]
/ [7q-j + (1 —m)q1j] ¢j dF(c;) = 1. (2.9)
0

2.2 Efficient allocation

In this section, we derive the efficient allocation by solving the problem of a utilitarian social planner

who chooses allocations subject to the same production technology. The planner solves

max //Tiju(qij)djdi (2.10)
(]

qij

s.t. //qijdejdi =1
iJj

The optimal allocations are given by

1/ FBy _ Gj 1
w(gij) = TTJ PFB° (2.11)
where P¥P is the inverse Lagrange multiplier on the aggregate resource constraint.
The equation above implies that in the optimal allocation, the marginal utilities of all consumers

of a given variety are equalized:

' (4r,)

) 1. (2.12)



Further, the relative marginal utility of two different varieties is equal to the relative marginal

costs of production:

m(qr))  W(a)) o

/(¢EP) T W(dP) ¢

(2.13)

3 Misallocation within and across firms

In this section, we analyze allocative efficiency along two dimensions: within firms across consumers
and across firms. We then solve for the optimal firm-level taxes and subsidies a social planner would
set and compare the misallocation results to a version of the model in which firms are restricted to

set linear prices.

3.1 Misallocation within firms

We start by analyzing the allocation of consumption across different types of consumers within a firm.
Comparing the efficient allocation, (2.12) and (2.13), to the market allocation, (2.4) and (2.5), we
obtain the following relationship:

1—7m  7u(grj) TU/(QEJB)

l—m  W(q;) — u(¢fP)

=1 (3.1)

Compared to the efficient benchmark, the relative marginal utilities are distorted in the market
allocation. The distortion comes from the wedge in marginal utilities discussed in the previous section:
firms distort low-taste quantities downward in order to extract more from high-taste consumers. As a
result, the marginal utility of low-taste consumers is higher than that of high-taste consumers.

This result is familiar from the micro theory literature.’ In partial equilibrium, i.e., conditional
on the aggregate price index P, we know that the distortion in relative marginal utilities comes from
a combination of no distortion at the top and quantity rationing at the bottom. However, conditional
on the aggregate price index in the efficient allocation, all firms would employ less labor and the labor
market cannot clear.

In general equilibrium, the aggregate price index P must therefore be higher than in the efficient
allocation in order to induce all firms to produce more and hire more workers. The resulting allocation
features not only too little consumption by low-taste consumers, whose quantity is directly distorted
downward, but also too much consumption by high-taste consumers. The standard result of no

distortion at the top no longer holds in general equilibrium, as formalized in the following proposition.

PROPOSITION 1. In equilibrium, households consume too much of the goods for which they have a high
taste and too little of the goods for which they have a low taste.

All proofs are relegated to Appendix A.

5See Mirrlees (1971) or Tirole (1988) and references therein.



3.2 Misallocation across firms

Next we turn to the question of misallocation across firms. Here, we proceed in two steps. The first is
positive: we compare overall production, and hence employment, of firm j to the efficient allocation.
The second is normative: we consider the problem of a social planner who has access to consumer by
firm- or only firm-specific production taxes and subsidies.

Firm-level production is equal to a weighted average of quantities sold to each type of consumer,
¢; = 7q1j + (1 — 7)gr;. From Proposition 1, we know that, relative to the efficient allocation, ¢y is
too small and ¢;; too large. The aggregate labor employed by all firms together is identical to the
first best, as guaranteed by the general equilibrium price index P. Here, we are interested in each
individual firm’s production relative to the first best—that is, for which firms the undersupply to the
high type outweighs the oversupply to the low type and vice versa. To this end, it is helpful to define

the following property of preferences.

DEFINITION 1 (Elasticity of differences). Let qf;-B be consumer i’s allocation of good j in the first
best. Define the taste difference of good j as quB — quB . We then define the elasticity of differences

as
(mcj, ) := Olog(qr,” — ar}”)
RC, T dlog(mc;)
where mc; is the real marginal cost of firm j, ¢;/ PFB.

The elasticity of differences measures how the optimal consumption difference between high- and
low-taste consumers of a particular good varies with the cost of producing that good.” If the elasticity
is equal to zero, then the optimal consumption difference between the two types of consumers is equal
across all goods. High-taste consumers are always allocated a constant extra quantity. When the

elasticity is negative, the optimal consumption difference is lower for high-cost goods.

Since qu;B = (u)7! (% P?é), the elasticity of taste differences is ultimately a function of the

inverse marginal utility:
dlog(uw/~Y(z/7) —u'~1(x)
n(x,7) = (z/7) ( )

dlogx (3:2)
Firm-level production relative to the efficient allocation. In general, the oversupply to high
types and undersupply to low types could lead to arbitrary patterns of firm-level output relative to
the first best as a function of productivity. In Proposition 2, we show one of the key results of the
paper: for a large class of preferences, defined formally in Assumption 1, the two effects exactly offset
one another. That is, all firms produce precisely the same total quantity using the same amount of

labor as in the efficient allocation.

ASsuMPTION 1. Preferences u(-) exhibit constant elasticity of differences (CED). That is,

n(me;,7) =n, V{mc;, 7}.

"While we defined the elasticity in terms of taste differences, one could equally interpret it as an elasticity of price
differences. Under the latter interpretation, n(z, §) measures the elasticity of the difference in consumption between two
varieties whose marginal costs differ by a factor of é.




We further assume that 1 > 1 so that optimal markups are finite.

Note that Assumption 1 nests a large class of utility functions: CES, quadratic preferences a la
Melitz and Ottaviano (2008), constant absolute risk aversion (CARA), as well as preferences in the
hazard analysis and risk assessment class (HARA). When preferences feature constant elasticity of
differences (henceforth, CED), the difference in consumption between high- and low-taste consumers

is proportional to firm productivity.

PROPOSITION 2. Suppose preferences satisfy Assumption 1. Then, the equilibrium levels of firm-level

production and employment are identical to the efficient allocation.

Note that Assumption 1 nests a large class of utility functions: CES, quadratic preferences a la
Melitz and Ottaviano (2008), constant absolute risk aversion (CARA), as well as preferences in the
hazard analysis and risk assessment class (HARA). When preferences feature constant elasticity of
differences (henceforth, CED), the difference in consumption between high- and low-taste consumers
is proportional to firm productivity.

Since this result is one of the main results of the paper, we sketch its proof as well as the intuition
behind it in the main text. Let TD; be the price index that equates firm-level production to the first

best for a firm with production cost ¢;. It is implicitly defined as
7 [ari(P) — diF] = (1= ) [alf — a5 (P)] = 0. (33)

The core of the argument lies in showing that this price index 15] does not depend on firm produc-
tivity. That is, whichever aggregate price index guarantees that the oversupply to high types exactly
offsets the undersupply to low types for a firm with a given ¢; will equate the two for all firms.

Note that Assumption 1 implies that 0log(g-; —quB )/0log(c;) = n. The reason for that is that the
market allocation ¢;; depends on the inverse marginal utility in the same way as the first-best allocation.
Relabeling the arguments in Equation (3.2) as x = ¢;/(7P;) and 7 = P;/PFB, the result follows.
Relative to the planner allocation, the market behaves as if preferences of the high type were shifted
by ]5] /PFB. Since there is constant elasticity of differences in tastes, the elasticity of the difference
between planner and market allocation is also constant. Similarly, Olog(quB — qu5)/0log(cj) =n.

Now consider a firm with ¢; = (1 4+ A)c;. Using Assumption 1,

5 FB FB 5
7(ari(P) — 4l F) — (=7 (afF —ax(P)) =
5 FB FB 5
(14 D) (g5(P) = 57 ) = (1= m)(1+ A)" (afF — q15(Py)) = 0.
When the difference in quantities sold to the two types of consumers scales proportionately with costs,
under- and oversupply relative to the first best are also proportional to cost. Therefore, in order for

overall labor to be neither too high nor too low, each firm’s labor demand must be identical to the
first best.
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Taxes and subsidies. Consider the problem of a social planner who maximizes utilitarian social
welfare.® We start by considering a planner who has access to fully flexible subsidies. That is, she can
set firm- by consumer-specific taxes and subsidies. With access to such a flexible set of instruments,
she can restore the efficient allocation. Perhaps more surprisingly, the subsidies that implement the

efficient allocation are constant across firms.

PROPOSITION 3. A social planner can restore the first-best allocation by implementing a subsidy to

sales to low-taste consumers that is constant across firms.

Note that Proposition 3 holds irrespective of the shape of preferences, i.e., also if Assumption 1
does not hold. In the language of Baqaee and Farhi (2020), the only distortions to resource allocation
are the wedges between the marginal utility of low-taste consumers and the marginal production
costs (Equation 2.5). Firm-level markups do not distort the allocation of resources. Since the micro

distortions do not vary across firms, the planner can restore allocative efficiency by imposing a uniform
m(r—1)

1—m

sales subsidy of s1 = for the low-taste consumer.

In reality, implementing a subsidy that applies only to the sales of low-taste consumers is clearly
challenging. We therefore consider a restricted problem, in which the planner has access to a set of
fully flexible firm-specific taxes and subsidies ¢;. We model the taxes (or subsidies) set by the social
planner as production taxes. When the planner levies a tax ¢; on firm j, its marginal cost becomes
cj(1+1t;). We allow the planner to impose lump-sum taxes on households, so that they can uniformly
subsidize or tax all firms while maintaining a balanced budget.

The planner chooses firm-level taxes ¢; as well as both consumers’ allocation from each firm ¢;; to

maximize welfare, anticipating the resulting bundles firms will offer to consumers:

1
max / mru(gr;) + (1 — m)u(qij)dy (3.4)
{ts,015,9+5,P} 0
! M) .
s.t. ¢r; = (u) ( s , Vg
o on-l 1—m Cj(l—{—tj)) )
aij = (v) <1’7’7T P ’ Vi

1
1 :/0 cj (mqrj + (1 —7)qu;)

The rationale for using firm-level taxes and subsidies is to shift consumption from high- to low-
taste consumers by reallocating production across firms. Whenever the planner subsidizes a firm,
its sales to both consumer types increase. If the share of additional production that is sold to low-
taste consumer is heterogeneous across firms, then there is scope to alleviate misallocation across
consumers. The planner will subsidize firms who sell a larger share of the additional production to
low-taste consumers, at the expense of other firms.

We show in Proposition 4, however, that under the maintained assumption on preferences, misal-

location across consumers cannot be mitigated using firm-level taxes. In fact, the optimal taxes set

8Given that taste shifters are iid across firms and consumers, this is akin to maximizing the utility of a representative
consumer.
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by the social planner are identically zero.”

PROPOSITION 4. Suppose preferences satisfy Assumption 1. Then, imposing no subsidies and taxes at

the firm level is optimal.

To understand why Assumption 1 implies that the planner does not want to impose any taxes, we

use the following property of CED preferences.'’

LEMMA 1 (Implications of constant elasticity of differences.). Suppose preferences u(.) satisfy Assump-

tion 1. Then qrj; = apr + a17q; and q1; = —op1 + a11gj for some scalars ogr, o1 > 0, -, a1 > 0.

Lemma 2 shows that firms’ expansion curves are linear. That is, for every additional unit of
firm-level production, ¢;, a fraction moy, is sold to high-taste consumers and a fraction (1 — m)ay; to
low-taste ones. Importantly, these fractions are independent of firm cost and hence constant across
firms. Whenever the social planner reallocates labor across firms, such reallocation does not affect
the misallocation across consumers. Therefore, she has no incentive to reallocate production, and the

optimal taxes and subsidies are zero.'!

3.3 Comparison to linear pricing

In this section, we compare our main results to a model in which firms offer linear prices, as is
standard in the literature. All other elements of the model remain as laid out previously. Firms are
now restricted to offering a single per-unit price p;, and they commit to selling any quantity g¢;; to

consumers at that price. Firms therefore solve the following problem:

max  (mqr; + (1 —m)qy;) (pj — ¢;)
{pj,a15,9-5}

Dj

s.t. T (gr5) = i (3.5)
u'(q1;) = %- (3.6)

No misallocation within firms. From the two demand curves (3.5)-(3.6), it follows directly that
marginal utilities are equal across the two types of consumers. That is, there is no misallocation
within firms, and a social planner cannot improve welfare by reallocating production of a firm across
its consumers. This result is the first main difference relative to the nonlinear pricing economy. Recall
that Proposition 1 states that under nonlinear pricing, reallocating a firm’s production from high-taste
to low-taste consumers raises welfare.

The intuition for the difference is straightforward. With linear pricing, both types of consumers

equate their marginal utility with the real price of the good. Since both types of consumers face the

9Since labor supply is inelastic, scaling up the lump-sum transfer and all firm-level taxes in a budget-neutral way does
not affect allocations. We therefore assume that the planner chooses the implementation with zero lump-sum transfers.

10We are grateful to Michael Peters for helping us clarify the intuition behind Proposition 4.

"When preferences do not feature CED, the expansion curves are not necessarily linear and there is potential to
reduce misallocation by taxing and subsidizing firms. In Appendix B, we explore the properties of such firm-level
subsidies quantitatively using Kimball preferences.
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same price, their marginal utilities are equal. With nonlinear pricing, firms ensure separation between
the two types of consumers by restricting the quantity sold to the low type, increasing its marginal

utility relative to the high type.'?

Misallocation across firms. Under the linear pricing assumption, allocative efficiency is closely
tied to markup heterogeneity. In the efficient allocation, the ratio of marginal utility to production

costs, Ti;u (tijB) /¢c;, is equated across all goods and consumers. In the linear pricing equilibrium, we

have that ) .
<Tiju (qu)> / (le’u (Qlk)) — &7 V{(l,l) e {177}7(j7 ]C) € [0, 1]} (37)

Cj Ck U

where p; = % is the markup of firm j. We obtain equation (3.7) by using the demand function of

each consumer together with the definition of markups.

When all firms charge the same markup, the ratios of marginal utility to cost are equal across
consumers and goods, and the equilibrium allocation coincides with the efficient allocation.'® When
markups are heterogeneous, there is misallocation across firms. Firms that charge higher markups
are underproducing, whereas firms with relatively lower markups are overproducing. As a result, a
planner needs to subsidize high-markup firms and tax low-markup firms in order to implement the
efficient allocation.

The equilibrium markups across firms depend on consumer preferences. The optimal markup
charged by firm j is a function of the effective demand elasticity faced by the firm, which we denote
by €;:

€

pj = (3.8)

€ — 1 '
The effective demand elasticity, €, is a weighted average of the demand elasticities of the two con-

sumers:

€ = aj €(gry) + (1 — o) e(q1y), (3.9)

_u(q)
qu’’(q)

b
consumers’ share of sales.

is the inverse elasticity of marginal utility and a;; = ——"#—~— is the high-taste

where €(q) = Tqr;+(1-7)q1;

As in Dhingra and Morrow (2019), there is misallocation across firms if and only if the elasticity
of demand varies with the quantity sold (i.e., €(q) is not constant). This result is summarized in the

following proposition.

PROPOSITION 5. If preferences exhibit variable elasticity of substitution, there is misallocation across
firms in the linear pricing equilibrium. In particular, if the elasticity is decreasing in the quantity

consumed:

12Note that this result does not rely on the two-types setup, in which consumers make a discrete choice instead of a
marginal one. With a continuum of types, consumers would equate the marginal utility with the marginal price of an
additional unit, similarly to the linear pricing case. However, firms would set non-constant marginal prices, leading to
misallocation across types.

13 All formal derivations are relegated to Appendix A.
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1. Firms with higher productivity (1/c;) charge higher markups.
2. Firms that charge high markups sell too little relative to the efficient allocation.
3. The optimal firm-level subsidies are increasing in productivity.

Proposition 5 confirms that the classic result of the macro literature on markups and misallocation
also holds in our setup with consumer heterogeneity. The relationship between demand elasticity
and quantity consumed is common to macro models with variable markups (e.g., Baqaee and Farhi,
2020; Edmond et al., 2021). In our setup, Assumption 1 implies that the demand elasticity is weakly
decreasing in quantity. As a result, there is a positive relationship between firm size and markups.

High-productivity firms are larger, face a lower demand elasticity, and charge higher markups.
Because they charge higher markups, these large, highly productive firms are too small relative to the
efficient allocation. Another way to view this result is that the higher a firm’s productivity, the more
it restricts supply in order to keep prices high. A welfare-maximizing social planner would tax small
and medium-sized firms, which charge relatively low markups, and use the revenues to subsidize the
largest firms in the economy.

This classic result is in stark contrast to the economy we study in this paper, in which firms
are free to set pricing schedules. Note that in the baseline economy with nonlinear pricing, there is
markup heterogeneity as well.'* The higher a firm’s productivity, the more it sells and the higher the
markup it charges to consumers (Proposition 10 in Appendix A formalizes this). There is, however,
no misallocation across firms. As a result, observing large firms that charge high markups does not
imply that these firms should be subsidized. In fact, as long as pricing is not artificially restricted to
be linear, subsidizing large, high-markup firms increases misallocation and leads to welfare losses.

The key result of no misallocation across firms despite markup heterogeneity holds in a world
without consumer heterogeneity as well. If all consumers have the same preferences, or firms are
allowed to perfectly price discriminate, there would also be no relationship between markups and

allocative efficiency.

4 Elastic labor supply

In the previous sections, we assumed that aggregate labor supply is inelastic (i.e., the Frisch elasticity
is zero). We now extend the analysis to the case of elastic labor supply, in which market power of

firms also has the potential to distort the overall employment level in the economy.

Setup. Household utility is given by

1
e

1
Uiz/n-uqi‘dj—u t 4.1
[t - vy (11)

This is true as long as preferences display variable elasticity of substitution. When preferences exhibit CES, markups
are constant across firms, just as in a model with linear pricing.
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where [; is the amount of labor supplied by household 7, v governs the degree of disutility of labor,
and ¢ is the inverse Frisch elasticity. We denote by L the aggregate level of labor in the economy.
Since all households face the same aggregate price index, all households supply the same level of labor
and l; = L. The intratemporal FOC of the household equates the marginal disutility of labor to the
marginal value of an extra unit of income.

1
LY = — 4.2
vIP = o 42)

As before, the aggregate price index P measures the value of an additional dollar. Given P, the

firm’s problem and equilibrium allocations are identical to the ones derived in Section 2.
Equilibrium Given a distribution of production costs across firms, F'(¢;), an equilibrium is a set of
firm-level prices {p1;, pr; }]1.:0 and quantities {q1;, ¢-j, L}jl,:O as well as an aggregate price index P such

that prices and quantities solve the firm’s problem, the household’s intratemporal FOC (4.2) holds,
and the labor market clears:

/000 (rqrj + (1 —7m)q1;) ¢j dF(c;) = L. (4.3)

4.1 Efficient allocation

The social planner solves the following problem:

e
max Tiiu(qii ) dj —1// L
{li.ais} /ZK/J () ) i1+
s.t. //qijdejdi = /lZdZ
iJj i

The optimal allocations and aggregate labor supply are given by

di

= =5 (4.4)

v (IFF)" = P;B (4.5)

for all ¢ and j, where P¥B is the inverse Lagrange multiplier on the aggregate resource constraint.
As in the case of inelastic labor supply, equation (4.4) implies that in the optimal allocation, the
marginal utilities of all consumers of a given variety are equalized and that the relative marginal utility

of two different varieties is equal to their relative marginal costs of production.

4.2 Aggregate labor and misallocation

Undersupply of aggregate labor. We start by comparing the aggregate level of labor in equilib-

rium and in the efficient allocation.
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PROPOSITION 6. In the market equilibrium, the aggregate level of labor L is lower than in the efficient

allocation.

Households supply labor until the disutility of a marginal hour worked equals the real wage—
the inverse of the aggregate price index. Note that the price index is higher in equilibrium than in
the efficient allocation. If the aggregate price in the decentralized equilibrium were equal to PFB,
firms would produce the efficient level for high-taste consumers while supplying too little to low-taste
consumers. In that case, aggregate labor demand would be lower than aggregate labor supply. It must
therefore be that P has to be greater than PP, With a higher price of consumption, households

supply less labor in equilibrium.

Misallocation across firms. With inelastic labor supply, we showed that the equilibrium market
share of all firms is identical to their market share in the efficient allocation. This is no longer the
case with a positive Frisch elasticity. The fact that labor is under-supplied in the aggregate leads to

a change in the distribution of market shares across firms.

PROPOSITION 7. Let a firm’s excess employment share be the ratio between its equilibrium employment
share and the employment share in the efficient allocation. Suppose preferences satisfy Assumption 1.

Then, excess employment shares are increasing in firm productivity.

To understand the intuition behind Proposition 7, consider the aggregate price index that equates
labor demand of all firms to their efficient level of labor. Denote it by P. From Proposition 2 we know
such unique aggregate price index exists. Since aggregate labor is lower in the decentralized equilibrium
than in the efficient allocation (Proposition 6), it must be that P < P. That is, the aggregate price
index in the decentralized equilibrium must be lower than P to clear the excess demand for labor.

Since the demand elasticity is lower for high-productivity firms, the reduction in the aggregate
price index reduces their production by less. So the employment share of high-productivity firms is

higher than in the efficient allocation.

Optimal taxes and subsidies. Consider the problem of a planner who can impose firm-level taxes
and subsidies and use lump-sum transfers. Proposition 7 implies that the planner would like to set
taxes and subsidies to not only increase aggregate labor supply but also allocate relatively more new
workers to the smaller firms. We show that, in order to achieve this increase in the employment share

of small firms, the planner optimally imposes a uniform subsidy.

PROPOSITION 8. Suppose preferences satisfy Assumption 1. Then, the optimal firm-level subsidies are

positive and constant across firms.

Similar to the case of inelastic labor supply, the planner has no incentive to impose heterogeneous
subsidies (Proposition 4). This is true despite the fact that employment shares in the market equilib-
rium are now different from those in the efficient allocation (Proposition 7). The share of additional
production induced by a subsidy that goes to low-taste consumers is identical across firms. There-
fore, reallocating a worker from one firm to another does not raise welfare and the optimal subsidy is

constant across firms.
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The planner’s rationale behind a implementing a positive subsidy is the following. When she eval-
uates whether firm j should be allocated one additional worker, she compares the marginal disutility

of labor to the marginal utility of the additional consumption:

JLY — VM (=) U’(Clj)’ (4.6)

Cj Gj

where v € (0, 1) is the share of additional production that will be sold to high-taste consumers.®

When a household chooses the optimal level of labor they compare the distutility of labor to the
real wage, 1/P. We can use the firm’s optimality conditions, equations (2.4-2.5), to rewrite the labor

supply condition as follows,

1—7m u'(clj)

Tu’(CTj) n (1 _7)

vL? =~ ,
Cj 1—m Cj

(4.7)

where we've used the fact that £ = ™ C(C_Tj ) = lrn 2 (Cc,lj ),
J J

(4.6) and (4.7) is the second term on the RHS. The wedge between the marginal utility of low- and

l—7m
1—m

The only difference between equations

high-taste consumers, < 1, implies that the real wage is lower than the marginal utility of using
an additional worker to produce output for consumption by low-taste consumers.

Since the social benefits of an additional unit of labor (RHS of equation (4.6)) are greater than
the benefits perceived by households (RHS of equation (4.7)), the planner chooses a positive subsidy
to raise the level of aggregate production.

The difference between equations (4.6) and (4.7) demonstrates another stark difference between
linear- and nonlinear-pricing models. Under nonlinear pricing, the undersupply of aggregate labor is
driven entirely by the marginal utility wedge between low- and high-taste consumers. Under linear
pricing, Edmond et al. (2021) show that the undersupply of aggregate labor is driven entirely by the
aggregate markup. Relaxing the linear pricing restriction breaks the link between the aggregate labor

wedge and the aggregate markup in the economy.

5 Quantitative exploration

In this section, we explore the magnitude of welfare losses from misallocation under nonlinear pricing.
We focus on retail sector goods since these data allow us to observe how prices of the same product
vary by quantity sold (package size). We start by showing that nonlinear pricing is abundant and
quantitatively significant. We then use product-level data on sales and purchases to calibrate the
structural parameters of the model.

We compare the size of misallocation to a counterfactual environment in which firms are restricted
to linear pricing schedules. We find that the welfare costs of misallocation under nonlinear pricing
are about twice as large as those under linear pricing. Moreover, implementing a tax system that

would eliminate misallocation under linear pricing significantly worsens misallocation under nonlinear

15The proof of Proposition 8 shows that 7 is constant across all firms.
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Table 1: Summary Statistics

Number of products 165,053
Number of product modules 552

Number of product lines 41,950
Share of sales in multi-size product lines 90.5%
Share of UPCs in multi-size product lines  71.3%

Notes: This table reports summary statistics of the dataset. Prod-
ucts are at the UPC level. Product line is the collection of products of
the same brand sold in the same product module.

pricing.

Finally, we study the inefficiency from distortions in aggregate labor supply in the nonlinear and
linear pricing environments. While both environments feature a large average markup, the distortion
in aggregate labor is an order of magnitude larger under linear pricing. Nonlinear pricing breaks the

link between aggregate markups and the aggregate labor supply.

5.1 Data and descriptive statistics

We use Nielsen Retail Scanner Data provided by Kilts Center at the University of Chicago to conduct
our analysis. The dataset contains information on average weekly product-level pricing and sales in
over 35,000 stores.'® We focus on core grocery goods, which include the departments of dry groceries,
frozen food, and dairy.!” We use data from a single week in 2017.18

In addition to data on pricing and sales, the dataset includes information on product characteristics.
In particular, for each product, we observe its product module (e.g., “popcorn - popped”), the brand
(e.g., “Skinny Pop”), and its size (e.g., 4.4 0z). We define a product line to be a set of products that
share the same brand and product module. For example, products of different sizes under the brand
“Skinny Pop” in the “popcorn - popped” product module are all of the same product line.

Before turning to the calibration of the model, we show that nonlinear pricing is abundant in the
data. First, the vast majority of products are sold in more than one size: 90.5% of sales and 71.3%
of products are in product lines that offer at least two size options. Table 1 presents these statistics
along with other summary statistics.

Second, within product lines, the price per unit declines significantly with product size. We run
the following regression:

Inpyjs = BInqujs + T'Xuyjs + €ujs, (5.1)

where py s is the price per unit of product u in product line j sold at store s, qu;s is the package size
of that product, and X,;, is a set of fixed effects. Table 2 presents the results. The first specification

includes both product line and store-level fixed effects. The second specification includes product line

1The weekly price of a product in a store is defined as the weekly revenues from selling that specific product in the
store over the quantity sold. A product is at the barcode (UPC) level.

1"We exclude products in other departments, such as lightbulbs, as the Nielsen dataset may not be representative of
their respective markets.

18We chose the week of October 16 for our analysis.
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Table 2: Nonlinear Pricing in the Retail Sector

Dependent variable: price per unit
n @ 6 (4)

Size (In) -0.61 -0.64 -0.56 -0.39

(s.e.) (0.0001)  (0.0001) (0.0004)  (0.0003)
Product line & store f.e. v
Product line x store f.e. v v v
Sample All All Dairy  Expensive
Observations 88.3M  69.7TM  5.0M 4.5M

Notes: This table reports the results of regression (5.1). The first column contains both
product line and store-level fixed effects and includes about 88 million observations. The
second column includes product line by store-level fixed effects and includes about 70
million observations.

by store fixed effects. The estimates suggest that the price of a 10% larger package size is only about
4% higher.

Through the lens of our model, prices are optimally chosen by firms in order to cater to consumers
with different tastes. In the data, some consumers may purchase large package sizes and store the
goods (see, e.g., Nevo and Wong (2019) and Baker, Johnson, and Kueng (2020)). The degree of
nonlinear pricing could therefore also be a reflection of storage costs, credit constraints, or higher
demand elasticities of consumers who tend to buy in bulk. To alleviate this concern, we consider a
specification in which we restrict the sample to dairy products, which have short shelf lives. Column
(3) in Table 2 shows that also for this sample, where storage is less likely to be feasible, we see a
substantial degree of nonlinear pricing.

In the theory, production costs scale linearly with size. In the data, the cost of, for example,
packaging might not grow linearly with product size, implying that larger packages have a lower
average production cost. This is less of a concern for expensive products, for which the indirect costs
such as packaging are relatively small. Specification (4) in Table 2 restricts the sample to the 5% most
expensive product lines, those with an average price above $7.99. We find substantial and significant
degree of nonlinearity also for these products. The point estimate suggests that a 10% larger package
size is associated with only a 6% higher price.!?

By interpreting the quantity discounts in the data as nonlinear pricing, we implicitly assume that
packages of different sizes are perceived as the same good by consumers. For some goods, such as a
six-pack of beers, this is likely to be a good approximation. For others, such as large vs small bottles
of carbonated beverages, differently sized packages might not be perfect substitutes. The assumption
of perfect substitutability across package sizes is stronger than necessary for the main results. For
instance, our model can accommodate the notion that purchasing a smaller quantity could be more

desirable for all consumers.2?

9Note that a fixed cost per unit sold, such as for example the time it takes to restock shelves or the cashier to scan
the item cannot explain the patterns we see. In both a linear and nonlinear model, these costs are fixed per unit sold
and therefore only affect the extensive margin of sizes offered, but not the price per unit.

20Suppose for example that that there is a penalty v for purchasing the larger package (e.g., the large bottle of Coca-
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5.2 Calibration

Recall that our model consists of two types of households and, therefore, two different sizes offered to
consumers. To map the data to the model, we split products in each product line into two categories:
small and large. All products smaller than the median are assigned to the small size category, and
the ones larger than the median are assigned to the large size category. For product lines with odd
numbers of products, the sales of the median product are split equally between the two size categories.
We then define the price and size of each category in each product line to be the sales-weighted average
of prices and sizes, respectively, within each category in that product type. The purchases of each
category are defined as the sum of purchases of all products within that category.?!

All the statistics we report are averages across product types, where weights are equal to total
sales in the corresponding product type. On average, 51% of purchases are of the large package. The
large package is, on average, about 90% larger but only 25% more expensive. We also use the data
to compute the market share distribution across firms. The market is highly concentrated, as the top
5% of firms control, on average, a market share of 73%.

We assume that preferences satisfy Assumption 1. In Lemma 2 in Appendix A, we show that this

assumption implies the following form for the inverse marginal utility:

u'(q) = —fo+ Prg™", (5.2)

where [y, 51, and 7 are structural parameters.

Firm productivity is assumed to follow a Pareto distribution with shape parameter 6.2 Following
the macro literature, we set the Frisch elasticity to 1 (¢ = 1). We normalize 8y = 1 = 1. This
normalization is without loss of generality.?> The disutility of labor, v, is calibrated such that in the
market equilibrium, aggregate labor supply is equal to 1.24

We calibrate the four structural parameters—the elasticity of differences n, the taste shifter 7, the
share of high-taste consumers 7, and the Pareto shape 6—to match six key moments in the data. We
set the fraction of high-taste consumers, 7, to match the share of purchases of the large size in the
data. The mapping between this data moment and 7 is independent of the rest of the model. The
remaining three parameters are then calibrated to match the average difference in package size as well
as four quantiles of the distribution of sales across firms. Parameters are chosen to minimize the sum

of squared deviations of model to data moments. Table 3 presents the results of the calibration.

Identification of 1,0, and 7. The size difference between the large and small bundles is informative

of both the taste shifter 7, and the elasticity of differences 7. A large size difference can be rationalized

Cola loses its carbonation). This penalty applies irrespective of the taste shifter for the good. The utility of consuming
the small bundle is still 7;;u(q1;), while consuming the large bundle gives utility 7;;(1 — v)u(g-;). One can show that the
allocations in such alternative model are identical to our benchmark specification but with Thew = 7(1 — v).

21Using this method, multiplying the purchases by the price yields the sum of sales within each size category in every
product line.

22We choose the scale parameter to ensure that all firms produce.

233ee Appendix A.4 for a formal argument.

24Note that the estimation of the structural parameters {m,7,0,n} does not depend on the calibrated value of the
Frisch elasticity. This is because v adjusts so that aggregate labor is equal to 1 regardless of the level of .
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Table 3: Calibrated Moments and Parameters

A. Moments B. Parameters
Moment Data Model Parameter Model
Benchm. Linear pricing Benchm. Linear pricing
Fraction buying large g 51% 51% 51% T Share of high-taste consumers 0.51 0.51
3 n n T High-taste demand shifter 1.17 1.35

E[lngjr — Ingj] 0.65 0.65 0.65 U

J J o o, n Elasticity of differences 1.86 2.13
Sales share top 5% 73% 7% 79% 9 Pareto shape 0.86 113
Sales share top 10% 86% 84% 84%
Sales share top 25% 97% 92% 90% Externally Set
Sales share top 50% 99.6% 96.7% 95.4% @ Inverse Frisch elasticity 1 1

Notes: Panel A presents the model fit. The data column presents the moments we target in our estimation procedure. The
second column presents the model moments of our benchmark specification in which firms can offer nonlinear pricing schedules.
The third column presents the model moments for a specification in which firms are restricted to linear pricing schedules. Panel
B presents the set of calibrated parameters for the two model specifications.

by either a large taste shifter or a higher elasticity of differences.

The distribution of sales across firms is informative of both the elasticity of differences n, and the
Pareto shape 6. Recall that our model features variable elasticity of substitution. For the largest firms,
the elasticity is equal to 7. At the bottom of the productivity distribution, the elasticity depends less
and less on 7 and goes to oco. Therefore, the market share of the top 5% of firms is governed by both
n and 6, while the market share of the top 25% depends primarily on 6.

To illustrate the joint identification of n and 8, we consider combinations of both parameters such
that the market share of the top 5% of firms remains fixed. Figure 1 plots the market share of the top
25% for these different combinations of 17 and #.2> When 7 is higher, the same productivity difference
translates into a larger quantity difference. To keep the market share of the top 5% of firms fixed, the
tail of the productivity distribution must be thinner. That is, the value of 6 must rise with n. Since
the elasticity of differences 7 is relatively more important for high productivity firms, when both 7
and 6 go up, the market share of the top 25% goes down. Therefore, by matching market shares at
the top as well as at the middle of the productivity distribution, we can separately identify 1 and 6.

Figure 1: Identification of the Pareto shape and elasticity of differences

top 5% share top 25% share

0.78 1 093 1

I |

| [ |
0.775 | 0.925 |

t |
0.77 I 0.92 I

| |

|
0.765 I 0.915 I

| |
ol —— .1 . . . 091 ——— '

1.7 1.75 18 185 19 19 2 1.7 175 18 185 19 198 2

7 i
Notes: This figure plots the market shares of the top 5% and 25% when varying the elasticity of differences and the
Pareto shape parameter so that the top 5% market share remains unchanged. The vertical dashed line indicates the
point estimate for the elasticity of differences, 7.

25In the quantification, we also target the market shares of the top 10% and top 50%.
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Linear pricing calibration In addition to calibrating our benchmark model, we quantify a version
in which firms are restricted to offering linear pricing schedules, as discussed in Section 3.3. The last
column of Table 3 shows the calibration of the linear pricing model. We calibrate the same set of
parameters to match the same set of moments. The purpose of this is twofold. First, this approach
allows us to compare the magnitude of misallocation to what researchers would conclude if they used
a standard linear pricing model calibrated to the same data. Second, we analyze the welfare effects of
implementing the subsidy schedule that would be optimal if the data were generated by firms posting
linear prices.

Both models match the data well. However, only our baseline model, in which firms are allowed
to price nonlinearly, is able to generate significant dispersion in unit prices within the same product
line. In the data, the price per unit charged for large packages is, on average, 43 log points lower than
the price per unit charged for small packages. The model accounts for a substantial portion of this
key non-targeted moment: the markup charged on the large bundle is, on average, 29 log points lower

than the markup on the small bundle.?¢

5.3 Misallocation

We first study the welfare costs of misallocation. We consider both the misallocation of production
across firms and of consumption across households. That is, in this section, we hold the aggregate
labor supply constant.

In both models, firm-level markups are increasing in firm size, as illustrated in Figure 2, which plots
markups against firm productivity. More productive, and hence larger, firms charge higher markups
in both environments. Yet, only with the assumption that firms are restricted to linear pricing is this
a sign of misallocation across firms.

Table 4 reports the welfare implications of misallocation for both models. When firms are not
restricted to linear pricing and optimally charge different markups to different consumers, there is no
misallocation across firms. There are, however, losses from misallocation across consumers. Consumers
are indifferent between consuming the efficient allocation or consuming an additional 0.82% of all
goods on top of the market allocation. When firms must choose linear pricing schedules, there is no
misallocation across consumers. Reallocating production across firms leads to welfare gains of 0.27%,
in consumption equivalent units. So, the welfare gains of moving from the market allocation to the
efficient one are more than twice as large in the nonlinear pricing environment relative to the linear
pricing one.

The source of misallocation in the baseline model is the distortion of consumption bundles. In the
data, high-taste consumers are sold, on average, 65 log points more than low-taste consumers. In the
efficient allocation, that difference would only be 39 log points. This means that a large share of the
difference in package sizes offered by firms is not a result of differences in consumer preferences but
rather a distortion to guarantee separation of types.

The left panel of Figure 3 illustrates the misallocation of consumption across consumers in the

26In Online Appendix A.3, we show that a model with a continuum of types, when calibrated to the same data, yields
a nearly identical price and quantity schedule in equilibrium.
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Figure 2: Firm-level Markups
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Notes: This figure plots firm-level markups as a function of log
productivity (1/c¢;j). In the linear pricing model, u; = p;/cj,
whereas in the nonlinear pricing model, we define firm-level
markups as cost-weighted average markups, which is identical to
the ratio of total sales to total costs of the firm.

Table 4: Welfare Gains of Fixing Misallocation

Baseline Model Linear Pricing Baseline with LP subsidies
0.82% 0.27% -0.36%

Notes: This table reports the welfare gains in the equilibrium with perfect allocative effi-
ciency relative to the baseline model (column 1), the model with linear pricing (column 2),
and the baseline model when the optimal linear pricing subsidy schedule is implemented
(column 3). All welfare gains are measured in consumption equivalent terms—that is, the
uniform increase in consumption that would make households indifferent between the two
equilibria.

benchmark model (solid lines). Relative to the equilibrium with perfect allocative efficiency (q;gE ),
high-taste consumers are oversupplied each good, whereas low-taste consumers are allocated too lit-
tle.?” In terms of marginal utilities, the distortion relative to the allocatively efficient equilibrium is
constant. Figure 3 shows that also in terms of quantities, the extent to which consumers are over- and
undersupplied is similar across firms of different levels of productivity.

If firms were restricted to linear pricing, there would be no distortion in marginal utilities across
consumers. Figure 3b shows that also in terms of quantities, there is essentially no distortion between
high and low types. The solid blue and red lines lie on top of each other. Instead, the amount of
distortion relative to the efficient quantity for each type is a function of firm productivity. Small,
low-productivity firms are too large, and large, high-productivity firms are too small.

A social planner who has access to only firm-level taxes and subsidies cannot achieve allocative
efficiency when firms charge nonlinear prices. However, in an environment in which firms are restricted

to posting linear prices, the social planner could restore allocative efficiency with a set of firm-specific

2"In the equilibrium with perfect allocative efficiency, q{?-E is defined as the quantities chosen by a social planner who
is restricted to the same aggregate supply of labor as in the market equilibrium.
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Figure 3: Allocative inefficiency by consumer type
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Notes: The two panels present the log difference between the decentralized allocation and the quantity under perfect allocative
efficiency (qf;E) for each consumer type. The dashed lines present the log difference between the market allocation with the linear

pricing subsidies and qﬁE . Panel A presents the results for the model with nonlinear pricing, and Panel B presents the results for
the linear pricing model.

subsidies and taxes. This point is illustrated in Figure 3b.2%

Panel A in Figure 3 shows the impact of implementing the subsidies that would be optimal if firms
were restricted to posting linear prices in the nonlinear pricing environment.?? Since the subsidies are
increasing in firm size, they would induce large firms to expand at the expense of small firms. Since
firm sizes were optimal to begin with, these subsidies and taxes induce misallocation across firms but
do not alter misallocation within firms. In the aggregate, this distortion of firm-level quantities would
lead to welfare losses of 0.36% (Table 4), which is larger than the welfare gains of 0.27% this policy

sets out to achieve.

5.4 Aggregate markup and labor supply

In this section, we evaluate the impact of across-consumer distortions on aggregate labor supply. Table
5 summarizes the results. In the first best allocation, aggregate labor is 4.8% higher than in the market
equilibrium. The first-best allocation yields welfare gains of 0.99% relative to the market allocation—
that is, an additional 0.17% of welfare gains relative to the efficient allocation when labor supply is
fixed, which we discussed in the previous section. The social planner wants to increase overall labor
by 4.8%, but that increase is not uniform across firms. The employment of the bottom 50% of firms
is 6.3% higher in the first-best allocation relative to the market allocation, whereas the employment

of the top 50% grows by 4.7%.
A planner with access to only firm-level taxes and subsidies cannot achieve the first-best allocation

28 Allocative efficiency under linear pricing is achieved through a set of unique relative subsidies. The overall level of
subsidies is indeterminate. We set the overall level of subsidies such that aggregate labor supply remains unchanged.

2When applying the optimal linear pricing subsidies in the nonlinear pricing environment, we again set their level
such that the aggregate level of labor remains constant.
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Table 5: First-Best and Second-Best Allocations Relative to Market Allocation

Nonlinear Pricing | Linear Pricing
FB SB FB & SB
Aggregate Labor | +4.8% +4.6% +52%
Welfare Gains +0.99%  +0.15% +12.1%

Notes: This table presents the difference between the first- and second-best
allocations relative to the market allocation. The first two columns present
the results for our benchmark model. The final column presents the results
for the model with a linear pricing restriction. Under linear pricing, the
first- and second-best allocations coincide. Welfare gains are in consumption
equivalent units.

as they cannot solve the misallocation of consumption across consumers. They can, however, raise
welfare by inducing more workers to join the labor force. To achieve the second-best allocation, the
planner imposes a uniform subsidy of 7% across all firms. This policy increases aggregate labor by
4.6% and raises welfare by 0.15% in consumption equivalent units.

When imposing a linear pricing assumption, researchers would conclude that the optimal level
of labor is 52% higher than in the market equilibrium. Under linear pricing, as shown by Edmond
et al. (2021), the aggregate labor wedge is driven by the aggregate markup in the economy. Since the
estimated level of aggregate markup in the linear pricing model is 85%, the distortion in aggregate
labor is large.

As explained in Section 4, under nonlinear pricing, the tight link between the aggregate markup
and the labor wedge breaks. The estimated level of aggregate markup in the nonlinear pricing model
is even larger, yet aggregate labor is only 5% below its optimal level.

Under linear pricing, a social planner with access to firm-level taxes and subsidies can implement
the first-best allocation. To do so, she would need to offer large subsidies. Not only are the required
subsidies massive (87% on average), but they would also be larger for the large, high-markup firms. If
firms are not restricted to linear pricing schedules, implementing these subsidies would lead to large
welfare losses on the order of 13%. The welfare losses stem from two sources. First, the optimal
linear pricing subsidies allocate disproportionately more workers to the larger firms, which is the exact
opposite of what is optimal under nonlinear pricing. Second, the high level of subsidies leads to a large

increase in aggregate labor—a level much larger than the optimal level under nonlinear pricing.

5.5 Alternative specifications

In this section, we consider three alternative specifications to the baseline model. First, we quantify
a model in which idiosyncratic tastes 7;; are drawn from a continuous distribution and show that
equilibrium prices and quantities are similar to the two-type model. Second, we consider a model
with a continuum of types, but restrict firms to offer only two bundles. We find that the degree of
misallocation is similar to the baseline model. Last, we allow for preferences that do not feature CED

and find a still very small role for misallocation across firms.
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5.5.1 Continuum of tastes with continuum of bundles

In the baseline model, there are two types of consumers facing each firm: 7;; € {1,7}. To the extent
that there is much more unobserved heterogeneity in the world, approximating it with two types
risks understating the degree of distortions across consumers. To quantify this, we re-calibrate the
model assuming that tastes are distributed uniformly between 1 and 7. With a continuum of types,
instead of a single incentive compatibility constraint, the firm is facing a continuum of local incentive
compatibility constraints. We set up the problem and characterize its solution in Online Appendix A.

When a firm is facing a continuum of types, under the standard regularity conditions in the
mechanism design literature, it offers a smooth nonlinear pricing schedule. The equilibrium price and
quantity of the bundles sold to the lowest and highest taste consumers are very similar to those of the
benchmark model. Figure 4 plots the quantities and relative prices as a function of 7 for the median

firm and compares them to the benchmark specification.

Figure 4: Continuum vs. Two Tastes: Median Firm
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Notes: The solid line represents the allocation as a function of 7 of the median firm. The two red markers represent the allocations
of the median firm in the benchmark specification.

5.5.2 Continuum of tastes with two bundles

Products are usually offered in just a few sizes. To match this feature of the data, we analyze and
estimate a model in which taste shifters 7;; are drawn from a continuous distribution, yet firms may
only offer two bundles. We describe the setup in detail in Online Appendix A.4. In this model, a new
dimension of misallocation arises: the set of consumers buying the small bundle might be different
between planner and market allocations. We show theoretically that with CED preferences, the set of
consumers purchasing each bundle is independent of firm productivity. That is, also this additional
dimension of misallocation is constant across firms.

Quantitatively, we find that the welfare costs of misallocation under this specification is similar to

our benchmark specification. The welfare gain from removing misallocation is 0.92% in consumption
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equivalent units, compared to 0.82% in our benchmark specification.

5.5.3 Kimball preferences

To quantify the importance of CED for the main misallocation results, we estimate the baseline model
assuming that preferences feature a Kimball (1995) aggregator using the specification of Klenow and
Willis (2016).3° Relative to an environment with CED, there is scope for improving on the market
allocation by using firm-level taxes and subsidies. However, the extent of across-firm misallocation is
small. While the overall welfare losses from misallocation are 0.53%, welfare only increases by 0.01%

with the optimal firm-level taxes and subsidies.

6 Conclusion

Many goods and services feature complicated, nonlinear pricing schedules. We embed this feature
of pricing into a macro model by developing a general equilibrium framework of heterogeneous firms
that can offer a menu of prices to consumers with different tastes. Allowing firms to charge quantity-
dependent prices fundamentally changes the mapping between markups, misallocation, and welfare.
Under general conditions on preferences, there is no misallocation across firms, despite the fact that
larger and more productive firms charge higher markups. Further, we point to a new source of
misallocation, which is across consumers of the same firm. To maximize profits, high-taste consumers
are allocated too much of each good and low-taste consumers too little.

When firms can charge nonlinear prices, the link between the aggregate markup and labor supply
breaks. While there is an undersupply of labor in equilibrium, its magnitude is a function of misallo-
cation across consumers and is independent of the aggregate markup. In the first-best allocation, all
firms employ more workers, but a disproportionate share of new workers go to small firms, whose em-
ployment share goes up. This result is in stark contrast to the policy prescriptions from a model that
assumes firms are restricted to setting linear prices. Under the latter assumption, large, high-markup
firms are too small and should be subsidized.

To illustrate the quantitative importance of the new source of misallocation, we calibrate the model
to micro data from the retail sector. We show that nonlinear pricing is prevalent and that modeling
quantity-dependent prices substantially changes welfare conclusions. Implementing the subsidies and
taxes that are optimal under linear pricing would lead to welfare losses of about 13%.

In this paper, we studied how nonlinear pricing shapes misallocation in the goods market, as-
suming households are ex-ante identical. Two important questions are left for future research. First,
what are the distributional consequences of nonlinear pricing. i.e., how does income inequality shape
consumption inequality? Does nonlinear pricing lead to inefficiently low levels of consumption for
low-income households, and how does misallocation depend on the degree of inequality? Second, do
firms with monopsony power set nonlinear wages? And if so, how does this wage setting behavior

shape misallocation in the labor market?

39For details on model and calibration, see Online Appendix B.
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A Proofs

A.1 Benchmark misallocation results

PROOF OF PROPOSITION 1. From equations (2.4-2.5) and (2.11) we have that:

ul Gri PFB
(F?B) TP (A-1)
o (ar?)
/ . _ FB

o (quB) “l-7m P

The equations above, together with the fact that u/(q) is decreasing in ¢ imply that one of three

cases must hold: (i) if PFB > 1 then ¢r; > quB and q1; > qIfJB for all j, (ii) if PFB € (1 = 1) then

177r

qrj > qT] and ¢q1; < qu for all 7, and (iii) if PFB < then ¢r; < qu and ¢1; < qu for all j.

Aggregate labor market clearing implies that

1 1
/0 ¢j (mgrj + (1 —m)quy) dj = /0 Cj (7Tq7F-jB +(1 - W)Q?F) dj,

so that neither option (i) nor option (iii) are consistent with equilibrium. Therefore, it must be that

P—I;B € (1 T 1) so that ¢,; > quB and q1; < quB for all j. m

1-m>

PROOF OF PROPOSITION 2.

Equations (2.4-2.5), together with the concavity of u(-), imply that the production of all firms is
increasing in the aggregate price index P. Therefore, there is a unique level of the aggregate price
index that clears the labor market.

Let f’j be the aggregate price index such that the firm-level production of a firm with marginal cost

¢; in equilibrium is identical to its overall production in the efficient allocation: (1 — ) [qu — qu} -

T [q.rj — qf]B] = 0. Using (2.5-2.4), this can be written as:

oo ) (53] < () o ()] -0 o

J

Assumption 1 implies that 8log(gr; — ¢£;?)/8log(c;) = 1. This follows from Equation (3.2), when
relabeling x = ¢;/(7P;) and 7 = P;/PF'B. Similarly, alog(qu —q15)/0log(c;) = .

Now consider a firm with ¢ = (1 4+ A)c;. Using Assumption 1, we have that

7(a-5(P) — afF) — (- (off - au(P) =
w1+ D) (g5(P) — afF) = (1= m)(1+ A)" (af} — q15(Py)) = 0.

Since there is a unique level of the aggregate price index such that the labor market clears, it must
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be that P = ﬁ; . Hence, the equilibrium firm-level production and employment for all firms is identical
to the ones in the efficient allocation.

LEMMA 2 (Further Implications of constant elasticity of differences.). Suppose preferences u(.) satisfy

Assumption 1. Then
1 (u)Hx) = —fo + fra™"

2 ay =P+ ($155)

S\
3. qrj = —Bo+ b (%%)
for some By > 0,581 > 0.

PROOF OF LEMMA 2. Let g(z) = («/)"}(z) and v = L. From the definition of the elasticity of

differences (3.2), we have

~ Olog (g(xy) — g(x))
— Slog(@) . (A.4)

We can rearrange to obtain:

—nlg(zy) —g()] = gifg(;)) - a?iéfl>'

Taking derivatives and rearranging, we get

=1 (g(zy) = g(x)) =z [¢' (y)y — ¢'(2)]
Differentiating w.r.t. log(v):
—ng'(@y)ay =z (¢" (zy)zyy + 9’ (27)7) ,
which simplifies to
g’ @)y _ (A5)

g'(z7)

Equation (A.5) implies that ¢'(z) is iso-elastic and can be written as
/ _ —n—1
g (l‘) =Nz ’
or

gx) =27 T+ ¢. (A.6)
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This proves part 1 of Lemma 2. Part 2 and 3 then directly follow from the firm’s optimality conditions
(2.4) and (2.5).

Finally, 51 > 0 and By > 0 follow from the fact that we assumed well-behaved preferences, i.e.
that u(q) satisfies v/(¢) > 0Vg >0 and v’(qg) <0Vg>0 m

ProoOF oF LEMMA 1.
Using Lemma 2,
Cj -
4 =g+ (1= 7)q; = —Bo+ A ) 7 (A7)

where 7 = w77 + (1 — m)177(1 — 77r)". Given the linear affine form of ¢;; and ¢,;, these can then be

rewritten as

1—7m\"1 1—7m\"1

Q1j—50(<1_7r) 7A_1>+(1_7T> =45 (A.8)
N N

qrj = Bo (%—1> +?Qj (A.9)

and Lemma 1 follows with

7_/’7
aor = Bo <% - 1) (A.10)
1—77\"1
alT_(l—ﬂ') ; (All)
7_/’7
apl = 50 <7A_ — 1) (A.12)
1—77\"1
0401—(1_7_‘_> ; (A13)

The sign restrictions are directly implied by Lemma 2 as well as the fact that 7> 1. m

PrOOF OF PROPOSITION 3. Consider a uniform subsidy to the sales of low-taste consumption goods,

denoted by s. The firm’s problem can then be written as follows

max Tqrj (Prj — ¢5) + (1 = m)qu; (1 + s)p1; — ¢5) (A.14)
{Q1j7qrj7plj7prj}
s.t u(quy) — ]% ~0 [IRy]
Pridrj
Tu(qrj) — % = (17 = Dul(gj1) [1C7]

Taking first order conditions, we implicitly obtain the equilibrium quantities from the following
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optimality conditions

r i (4r) = 2 (A.15)
1—mn7 Ci
u’(qu) (8 + 1= ) = Fg (A.16)
If s = W(IT__;), the latter optimality condition becomes
/ Cj
u (qu) = F (A17)

Note that equations (A.15-A.17) are identical to the optimality conditions in the efficient allocation.
w(r—1)

Therefore, a uniform sales subsidy of s = ——

to the sales of low-taste consumption goods implements
the efficient allocations.

PROOF OF PROPOSITION 4.

Let’s first set up the planner’s problem using the primal approach. The planner chooses taxes
and subsidies to all firms, {t;}, such that its budget is balanced. By choosing taxes and subsidies the
planner has control over the firm-level employment of all firms in the economy. We take the primal

approach and write the planner’s problem as follows:

1
max [ an) + (- mu(a) 4 (A18)
{lisa15.9r5} =0 0
1—m .
s.t. u (q15) = T u' (grj) for all j
W%r+ﬂ—ﬂmuzgﬁ for all j
5
/ljdj =1.
Taking first order conditions, we obtain
/ l—m "
larsl = mTU (arg) + 4 T’ (qrj) by = 70;, (A.19)
— T
;] (A=) (q17) — v (q15) py = (1 = )05, (A.20)
0.
5] : < =\ (A.21)
Cj

where pj, 0, and A are the Lagrange multipliers on the three constraints, respectively. Multiplying

equation (A.19) by Tl(ifr) Z,l,((qql:;) and adding to equation (A.20), we obtain:

L—7m , u'(q)

1 . u (q’l']) U” (qu)

1—7m 4 (quy)
(1 — ) u” (grj)

3

+ (1 —mu (q1j) = |7 +(1—m)|0;.
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Rearranging we have

0; = vymu’ (gr5) + (1 — ;) v (qu5) s (A.22)
where
i1 1—m .
TR e

Note that v; represents the share of additional production allocated to high-taste consumers when

lj increases. The third optimality condition (A.21) iwmplies that

o] . —~ ! .
T (ar) + (L= )W) g (A.23)
Gj

Equation (A.23) indicates that in the optimal allocation, the planner is indifferent between reallo-
cation a unit of labor from one firm to another firm.
We will now show that the nonlinear pricing equilibrium allocations satisfy equation (A.23). First,

using equations (2.6-2.7), the LHS of equation (A.23) becomes

1—7

i + 1—7m (1 - 7])
P M

for all j.

Using Lemma 2, we have that

u’ (q7) (v (q) K [ L=m M
u” (Q‘rj) B (u/ (%’j)) B (1 7'7T> ’

where the last equality follows from equations (2.4-2.5). From the definition of 7;, we see that ~;

is constant across firms in the equilibrium allocation. Denote its value by . Therefore, the LHS of

equation (A.23) becomes

Ttis(1-9)

l—71m

P 9

for allj.
e e
Setting A = w, we have that equation (A.23) holds for all j. The first order conditions
of the planner then pin down the values of u; and 6;, for all j. We conclude that the equilibrium
allocations coincide with the constrained efficient allocation. Therefore, the optimal firm-level taxes
and subsidies are all zero.

A.2 Endogenous labor supply

PROOF OF PROPOSITION 6. Let LP(P) denote total labor demand by firms given an aggregate price
index P. Since all firm-level quantities are increasing in P, L”(P) is an increasing function of P. In

general equilibrium, labor supply equals labor demand, so that

vLP(P)¥ = (A.24)

1
j2h
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Note that the LHS of the equation above is increasing in P, while the RHS is decreasing in P. So
there is a unique level of P that clears the labor market.

Denote by P¥'B the inverse Lagrange multiplier on the aggregate resource constraint of the planner’s
problem. From the planner’s optimality conditions we have that

FB\?¥ - 1

First, we show that P > P"B. Suppose by contradiction that P = PFB. This directly implies
that for all j ¢-; = quB and q1; < qf}B, so that LP(PFP) < L¥B. Labor supply on the other hand
is equal between the market allocation and the first-best When P = P¥5. Hence the labor market
cannot clear if P = PB. Since the LHS is increasing in P and the RHS is decreasing in P, we can
similarly rule out any P < PP It must therefore be that P > PI'B,

Finally, we use the optimal labor supply condition together with P > P¥B to show that aggregate

labor supply is lower than L¥5:
1
< v PFB

=

=LFB, (A.26)

Il
7/~
Sl
~——
€=

PROOF OF PROPOSITION 7. The excess employment (w;) is given by

() )es
o (mgryt(Lomai)e; _ 7+ (1 —-m)gy L™ (A.27)
I (7"B+(1-m)qFB)c; wquB +(1- w)quB L .

LFB

where L and LFP are aggregate labor. Using Lemma, 2,

B (%)"7—pBo LFP
J i -n .
Bi(pis)  #FB—By L

(A.28)

where 7 =7 (7)""+ (1 —7) (11:;;)—77 and 7B =x(r)7"+ (1 - 7).

Taking derivatives wrt c;

by 5P 51 ()

N (51 (pcsz)_n%FB—ﬁoy -

Rearranging (A.29) and using the fact that 5> 0,5 > 0 and ¢; > 0
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We now prove that this condition holds. Let P be the price index that equates labor demand

of firm j to its labor demand in the efficient allocation. Using the CED assumption, and following
exactly the same steps as Proposition 2, we know that such price index also equates the labor demand
of all other firms to their labor demand in the efficient allocation. In such case, w; = 1 for all j and
%i = 0. So that

Cj

PrB Po\"

13:<ﬁm) (A.30)
Note that P > PFB gince as long as 7 > 1, 7 < #F'B. But with P > PFB labor supply by households
is lower than in first-best. This follows directly from the consumers’ intratemporal FOCs (A.24) and
(A.25). Therefore, to clear the labor market it must be that P < P and we have

> —= “FB (A.31)

PFB._pFB 1 7 Ny
P P_< )

PROOF OF PROPOSITION 8.

Let’s first set up the planner’s problem using the primal approach. The planner chooses taxes
and subsidies to all firms, {¢;}, such that its budget is balanced. By choosing taxes and subsidies the
planner has control over the firm-level employment of all firms in the economy, as well as the aggregate

quantity of labor. We take the primal approach and write the planner’s problem as follows:

L [ )+ (1= mu (a1
max —v +/ U (qr5) + (1 — 7w (q14)] dj,
{lj7q1j»QTj7L}j1~:0 1 + ()0 0 / J
s.t u/( ) = 1o Tu’( ) for all j
-L. q1j T 1 qdrj) i
l:
Tqrj + (1= m)qi; = =, for all j
c

J

/zjdj — L.
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Taking first order conditions, we obtain

1—m
largl = e (arg) + T T (4r) 1y = 7O,
[q15] : (1 —m)u' (quj) — u" (quj) pj = (1 — )0,
0;
UJ] . g - )‘7
(L] vL¥ =\

where pj;, 6;, and A are the Lagrange multipliers and the three constraints, respectively. As in the

case of fixed labor supply, we can combine the first two conditions to obtain:

0; = v;mu (gr5) + (1 — ) v (q15) (A.32)
where
1—m

1—rm w'(q1;)
(=) 72 )

Using the third optimality condition, we obtain

1 1
A= —7u (grj) + (1 =) —u' (q15) (A.33)
Cj Cj
Let t; denote the tax levied on production by firm j, such that the marginal cost it faces is ¢;(1+¢;).

From the firm’s quantity choices in equilibrium, we then have that

.
T (grj) = 5 (1 +15)

C; 1—m

W' (qi5) = ;?(1 + tj)m

where P is the resulting aggregate price index in the economy with firm-level taxes. Plugging this

back into (A.33), we see that the optimal level of taxes are given by

AP

— (A.34)
v+ (11— t=

(1+t)=

Using the final optimality condition of the planner and the labor supply condition in the market

equilibrium we have that A = %, so that

(1+1;) = (A.35)

Vi (1 =) =%
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Using Lemma 2, we can write v; as

= o\
Note first that 7; is independent of ¢;. Hence, (A.35) implies that firm-level taxes or subsidies
L= < 1. Therefore, (A.35) also implies that

l1—7m

are constant across firms j. Further, since v; < 1 and
1+1; < 1. Taken together, we have that t; =t < 0Vj.
|

A.3 Additional propositions and proofs

PROPOSITION 9. Under Assumption 1, an equilibrium exists and is unique.

PROOF OF PROPOSITION 9. Using the optimality conditions of the firm, (2.4) and (2.5), write labor

market clearing directly as a function of P:

/01 ¢ {w(u')l (Zi) +(1—m) ) (% 11—77;)] dj = 1. (A.36)

Using Lemma (2), limy 00 (u/) "} (z) = =By < 0 and lim,_o(uv') "1 (z) = 0o. So when P — 0 , no firm
wants to produce positive quantities, and when P — oo, production goes to infinity. Since u(.) is
continuously differentiable, there exists a P > 0 such that (A.36) holds. Since marginal utility u/(.) is

I m

decreasing everywhere, P is unique.?
Supporting the aggregate price index in equilibrium. Recall that the aggregate price index
P measures the price of obtaining an additional unit of utility. In Proposition 9, we show that there
exists a unique P that clears the labor market. Below, we show how this aggregate price index can be
supported by the pricing decision of firms.

While the price each firm charges for the high- and low-type bundles is unique, the prices firms
charge for quantities that are not purchased in equilibrium are indeterminate. Firms can charge
arbitrary prices for ¢; & {qij,¢-;} as long as neither of the two consumer types wants to deviate
and purchase that quantity. To rationalize the aggregate price index, we assume that firms offer any
quantity g > ¢r; for the overall price p;jq-; + P; (¢ — ¢r;j). That is, firms offer units over and above
the high-type bundle for p;.

We first derive the value of p; that supports the equilibrium level of the aggregate price index P.
The following equation pins down p;,

1 1u'(qr))

= TW ) A.37
= (A.37)

31In the proposition and proof, we maintained the assumption that primitives are such that all firms choose to serve all
consumers in equilibrium, i.e. the solution to (2.4) and (2.5) is weakly positive even for the highest cost firm. A similar
continuity argument proves existence and uniqueness of equilibrium in the absence of this restriction.
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where the LHS is the utility gain from an extra unit of expenditure in equilibrium, and the RHS is

the additional utility of spending an extra dollar on ¢,;. Using the firm’s optimality condition for ¢,;:
Dj = ¢j. (A.38)

Equation (A.38) implies that in order to support the aggregate price index P in equilibrium, firms
need to offer additional units above the high-type bundle for marginal cost.

Finally, note that individual rationality constraint of high-type consumers and incentive compati-
bility of low-type consumers imply that no consumer wants to deviate and purchase a quantity greater

than g¢,; for all j.

PRrROPOSITION 10. Suppose preferences satisfy Assumption 1. Then, firms with higher productivity

7 (p1jq1y)+(1—m) (prqu'))
cj(rqri+(1-m)grj) ’

(i.e., low production costs) charge higher markups at the firm-level (,uj =

PROOF OF PROPOSITION 10. Using the firm’s optimality conditions to substitute out prices, the

inverse of the markup is given by

1 (1= mr)ulgn)/(a) mru(gjr) /v (gjr) (A.39)

pi (L=mm)u(gpn) +mrulgir) (1 —77m)ulgjn) + mru(gsr)

where ¥(q) = U(Q)). Using Lemma 2, we have that

n—1 n—1
Lar(gr: + n 4 1 — 7T o 7
n TTqrj (qrj + Bo) " + (1 = 77)q15 (q15 +5o) "
Let
o= ¢j 1—m
L X
_g 1
T=P1—
Using the expressions for quantities, we get
n—1 n=1 1 n—1
Ui By xi K + (1—m7)B" 1777 —(Bo) "
Hj = n—1_ N
7 (—fo + ﬁm") By "wr + (1 —77) (<Bo+ frai") By "
n—1
n . P "I
_ 2 - L_lﬁl (C]/ ) 50 —, (A41)
TTUBT (/) TTE = (e P) BBy
where
7= (o)l 4 (1—7m)"(1— ), (A.42)



Rewrite this as

U (¢j/P) "o — v

= A4
M= T (G /Py — (e )6 (A43)
where
n-1
a=p"T7 > 0, (A.44)
n—1
=6y =0, (A.45)
1
5= —PoB; " > 0. (A.46)
Since 71%1 < 0, the sign of the derivative is
) an _ ) Cj)ln (Cj>n
sign (0(cj/P)> = —sign (na5 <P +avy(l—n) iz 0 | . (A.47)

=Z(cj)

We need to show that markups are higher for more productive firms (those with lower costs). That is,

(%) <0, or Z(cj) > 0 everywhere. If Z(c;) > 0 at its minimum, then it’s positive everywhere.
J

arggﬁn Z(cj) = % (A.48)
Plugging back in we get that the derivative is positive if and only if

"t > A1, (A.49)
Which simplifies to

F>1. (A.50)

Write 7 as a function of 7. For any (m,7n), 7(1) = 1. Then, as long as 7(7)" > 0, we have that
T>1 Vr>1.

(1) = nrr" — (1 — 7o) (1 — )
=nm [T"_l — (1 —7m)" 1 - W)l_"} ,
which is positive if and only if 7771 > (1 — 77)"~ (1 — 7)}=". Since n — 1 > 0:

1—
7(r)>0 &= 7> . il

— T

<~ 7> 1.
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A.4 Identification

PROPOSITION 11 (Normalization of 81). Holding fixed the set of structural parameters other than (i,
{Bo,n, T, 7,0}, the markups and allocations in the market equilibrium as well as allocations in the

first-best allocation are identical for all 51 > 0.

PrROOF OF PROPOSITION 11. Let E = (1 P". Using Lemma 2, we can re-write the optimal quantities

sold on the market equilibrium as

_ a7

qj = —Po + pic;” <11_ ;;) (A.51)
_ n

arj = —Po+ Pic;” (i) (A.52)

So, for any 31’ there is a P’ such that E/ = Bvl and hence allocations are unchanged. Note that P’
(PF B/) is the unique price index that clears the labor market, and hence the equilibrium level of the
price index.

We have that market allocations are independent of the level of 5;. We now turn to show that

also equilibrium markups do not depend on ;. From Lemma 2, we obtain

(1 n 5(10) _B;%l (¢ +qﬁo)

3=

] . (A.53)

Note that ¢(-) does not depend on f;. Using this fact together with the fact that allocations are
unchanged, we have that markups are also unchanged from equations (2.6) and (2.7).
—~FB

Similarly, we can show that first-best allocations are independent of 8;. Let 51 = (1 <PF B)n.

Using Lemma 2, we can re-write the first-best quantities ((2.11)) as

~FB _
a” =P+ B ¢ (A.54)

~FB _, (1\"
P =-po+p ¢ (T) (A.55)

/ ' ~FB'  —~FB
So, for any 317P there is a PFB" such that j3; = (1 and hence allocations are unchanged.
Note that PFB’ is indeed the inverse Lagrange multiplier on the planner’s problem, as it clears the
labor market.

PrOPOSITION 12 (Normalization of 5y). Consider a set of structural parameters {Bo, B1,nm,T,7,0}. If

we multiply Bo by a constant o > 0 and divide c; for all j by the same constant, then:
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1. Markups in the market equilibrium are identical.
2. Allocations in both the market equilibrium and the first-best are scaled by the constant c.

Proor oF PrOPOSITION 12. Using Lemma 2, we have that the quantities sold in the market equi-

librium are given by

_ 1—7m\"7

q1j = —Po+ p1P"c; " (1 — TW) ; (A.56)
_p (17

Grj = —Po + S Pc;" (T> - (A.57)

1-n
Consider 8y = o, ¢j = acj and P’ = a7 P. Then from the equations above we obtain

Q1 = oquij, (A.58)
Grj = Gz (A.59)

Since all costs are divided by a, the labor (I} = g;c; = a({j ¢j/a = 1) needed to produce the
allocations for the scaled Sy is unchanged. Therefore P’ = o’ P is indeed the equilibrium level of
the price index.

Turning to the markups, we will start by showing that ¢ (g;;) remain unchanged. From equation
(A.53) we have

n=1 1
W) = —— {(1 + 50) - (50) ! (1 + 50) "] (A.60)
n—1 q q q

Since both quantities and fy are scaled by a, we have that v (g;;) are unchanged for all 7 and j.
Using the equilibrium markup levels from equations (2.6-2.7) we have that markups are unchanged in
the new equilibrium.

Finally, let’s show that also first-best allocations are all scaled by «. From Lemma 2 and equation
(2.11) we have

a7 = =P+ A (PFB)n c;” (A.61)

J
n _y (1\7
¢EP = —Bo+ B (PFB) ;" (T> (A.62)
’ 1-n

Similarly, for 8y = a5y we can choose PFB' — o5 PFB_ All first-best allocations are then scaled
by a. With the scaled down production costs, the labor market clears and we confirm that P B’ g
indeed the inverse Lagrange multiplier on the planner’s problem.

|
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B Linear pricing: Setup and proofs
B.1 Linear pricing equilibrium

When firm are restricted to linear pricing, the household’s problem is given by
1
max / Tiju(qij)dj
{eiit Jo

1
s.t. / Djcij = I, (Bl)
0

where [ is the income of households. Taking first order conditions, we obtain
D
Tiju/(%'j) = 537

where P is the inverse Lagrange multiplier.

The firm’s problem is then given by

x| (7qrj + (1 = m)a1;) (pj — ¢5) (B.2)
VRE SV EE V)
s.t Tu'(gri) = bj
L. T P’
D
u(ay) =5
Taking first order conditions, we have
Vij + VUrj
bl (am+ (L=may) = =5,
lar] . m(pj — ) = —7u" (grj)vrs,
lg] . (A =7)(pj — ) = —u" (q1)n;,

where v1; and v;; are the Lagrange multipliers on the demand functions for low- and high-taste

consumers, respectively. Define €(q) to be the inverse elasticity of marginal utility:

We can use the demand function to rewrite the last two first order conditions as follows:

pj 1
(=) — )y = By, (B.4)
TN T P ey

Multiplying each equation by €(g;;)/p; and summing the two conditions, we have

bj—¢ 1
% (mqrje(grj) + (1 — m)qje(q;)) = B (vrj + v1j)
j

43



Using the first order condition with respect to p; we finally obtain

pi  _ mrjegrs) + (1 = m)qije(qr) (B.5)
Pj = ¢ Tqrj + (1 = m)q;
Defining the firm-level markup as y; = ’C’—j, this equation becomes
1L
7 = agelan) + (1= ay) elayg), (B.6)
J

where «; is the production share sold to high-taste consumers:

ﬂ—qu
Tqrj + (1 —7m)quy

Oéj—

PROOF OF PROPOSITION 5.

1. Using Lemma 1,

Using this expression, (B.6) simplifies to

()

—1
o(1-3t) 8
1 0
—_—Jr = —p— <0 B.8
dq; nqj (B8
aq]'

Il
/N
—_

+
~_—
‘w
-

Derivative wrt to g;:

And firms that sell higher g; charge higher markups. Using Lemma 1 together with the con-
sumers’ FOCs, we get that

e\
5 =7y + (1= Wy = 5o+ 61 (10D) e+ (1= m) (5.9)

Since Op;/dq; > 0, (B.9) implies that dq;/0c; < 0 and therefore Omu;/0c; < 0: more productive

firms charge higher markups.

2. The demand function with linear pricing implies
n—1 [ KiCj
= B.10
qij (U ) <Tijp> ) ( )
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while from equation (2.11), we have that in the efficient allocation,

ai® = (W)™ (;FB) : (B.11)

T3 ]

Using Lemma 2 and summing over the two consumer types, we have

G =~ + 6 (nr" + (1= m) (), (B.12)
qJFB =—Lo+ p1 (et + (1 —7)) (PC}ZB,)_n (B.13)

Let i1 be such that &5 = %FB. Since $1 > 0 and n > 0, equations (B.12-B.13) imply that

o=

g <q® i op>
g >q " i p<p

That is, high-markup firms sell too little relative to the efficient allocation while low-markup
firms sell too much. Note that there is a strictly positive mass of firms with markups both below

and above the threshold. Otherwise, the labor market doesn’t clear.

. Consider a planner who can tax and subsidize firm-level production. We will show how the

planner can implement the efficient allocation. The firm’s problem becomes

max (mqrj + (1 = m)q1;) (pj — ¢;(1 +t5))
{pj,q15.9-5}

D;
s.t. T (gr5) = F]’
D,

ula) =5

Following the same steps as in the problem without taxes, we obtain

g
pj —1

= aje(gr;) + (1 — o) e(qry), (B.14)

where «; is the production share sold to high-taste consumers:

Tqrj
7qrj + (1 —7)qu

aj—

The demand function can be written as

i (1 +5)c;

5 (B.15)

Tiu'(qij) =
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Let fi; be defined explicitly as follows:

P = aje(qEP) + (1 ay) e(alF), (B.16)

so that fi; is the markup the firm would like to set when production is equal to the efficient

allocation. Now, let the planner’s tax be such that

1
1+t =—S, (B.17)

Hj

for some positive scalar S. From equations (2.11) and (B.15) we have that if P = SPFB,
equilibrium and efficient allocation coincide and the labor market clears. Since labor demand of
all firms is increasing in P, P = SPFB is the unique equilibrium and the planner successfully
implements the efficient allocations by setting taxes according to equation (B.17). The scalar S

is set so that total taxes are equal to total subsidies.

Finally, we want to show that fi; is decreasing in ¢;. From equation (B.16), we have that fi; is

decreasing in ¢; if and only if ozje(quB) + (1 —ay) e(qﬂB) is increasing in ¢;. Define

rfPe(afl) + (1 - g Pe(alF) (B.18)

T P (- P

From Lemma 2, ¢(q) =7 (% - 1). Plugging the expression into equation (B.18) we obtain

&= —n+ 1nBo
T e (L=

(B.19)

Since both quB and quB are decreasing in c;j, we have that €; is increasing in c¢;. Hence, fi; is
decreasing in c¢;j. Let ¢; be the cost of a firm for which the planner’s optimal tax is equal to zero.
Denote by f1; the markup of that firm. For all ¢; > ¢;, we have that p; < j1; and that ¢; < 0.
Similarly, for all ¢; < ¢;, we have that u; > ; and that ¢; > 0.

PROPOSITION 13 (Normalization of 81). Holding fixed the set of structural parameters other than [,
{Bo,m, T, 7,0}, the markups and allocations in the market equilibrium with linear pricing as well as

allocations in the first-best allocation are identical for all 51 > 0.

PRrROOF OF PROPOSITION 13.
The price p; and the two quantities ¢1; and ¢-; are given by equation (B.5) and the two constraints

in the firm problem (B.2). Let B1 = B P". Using Assumption 1, we can rewrite the three equilibrium
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conditions as

1 _1
ps = B (g1 + o) (B.20)
—~ 1 _1
Pi = P17 (grj + Bo) (B2
pj Tl (f% + /3’0) + (1= m)aqym (% + BO) (B.22)
P — ¢ Tqrj + (1 — m)q;

The first two equations only depend on @’Nl and the third is entirely independent of 8;. So, for any
B1’ there is a P’ such that E/ = E and hence allocations and prices are unchanged. Note that P’
(PF B,) is the unique price index that clears the labor market, and hence the equilibrium level of the
price index.

The first-best allocations also solve Equations (B.20) and (B.21) with PF'P instead. With ¥ B; =
( F B)n, the allocations are independent of 81 by the same argument.

PROPOSITION 14 (Normalization of 5y). Consider a set of structural parameters {5y, B1,n, 7,7, 0}. If

we multiply By by a constant o > 0 and divide c; for all j by the same constant, then:
1. Markups in the market equilibrium with linear pricing are identical.

2. Allocations in both the market equilibrium and the first-best with linear pricing are scaled by the

constant «.

PROOF OF PROPOSITION 14.

The price p; and the two quantities ¢1; and ¢r; are again given by equation (B.5) and the two
constraints in the firm problem (B.2). Let ) = afo, c;
p;» = pj/a. Using Lemma 1, we can again show that the three optimality conditions hold for all o > 0.

= ¢;j/a. Conjecture that qgj = ag;; and

1 _1
b= B P'r (qllj n 56) " (B.23)
1 _1
P 7, i€(qr;) + (1 — m)qye(qy;) (B.25)
Py— wql; + (1 —7)q); |

1—

Setting P’ = aTn, all three conditions hold. For the third optimality condition, we used the
fact that e(¢’) = n (% + 1) and hence independent of «. Since all costs are divided by «, the labor
(l;- = q;-c;- = agjcj/a = lj) needed to produce the allocations for the scaled fy is unchanged. Therefore

21
P' =a’7 Pis indeed the equilibrium level of the price index.
The first-best allocations also solve Equations (B.23) & (B.24), with ¢} instead of p} and the price

index replaced by P3| the Lagrange multiplier on the aggregate resource constraint. For 8 = a3
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/ 1-n
we can choose PFB = a7 PFB. All first-best allocations are then scaled by a. With the scaled down

production costs, the labor market clears and we confirm that PP’ is indeed the inverse Lagrange
multiplier on the planner’s problem.
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Online Appendix

A Continuum of types

In this appendix, we set up the baseline model from Section 2 for an environment in which consumer
tastes are drawn from a continuous distribution. We show that the propositions and proofs remain
the same. We compare the quantitative results to the baseline calibration from Section 5. The implied
price dispersion is somewhat smaller, but the allocation of goods closely resembles the two types model.
In the last part, we restrict firms to offering 2 bundles only. We show that with CED preferences,
the allocation of consumers to the two bundles is independent of firm productivity and quantify the

model.

A.1 Theory: Model setup

Household preferences are as before, with the only difference that taste shifter 7;; are drawn from a

cumulative distribution function G(7) with support on [1, 7]. The CDF G is continuously differentiable,

g(r) 32
1-G(1)"

and has non-decreasing hazard rate, h(7) =

Firms. Each firm j chooses a pricing schedule p(q) that maximizes expected profits. This pricing
schedule also implies a mapping of consumer taste 7 to a quantity purchased ¢(7). Since firms cannot

condition on type, they must ensure that consumers self-select into their type’s bundle.

(a5 (") by (@)} / %(7) (p5{95(7)) =€) dG() i

¢;(7) € argmax [Tu(q) - J(Q)q] , VT
>0 P

The set of constraints in Problem (A.1) states that each consumer type 7 must prefer their alloca-
tion to not buying the good (¢ = 0, the IR constraint) and to buying any other positive quantity (the
set of IC constraints).?> We solve the problem of the firm using standard tools from the mechanism
design literature (see Fudenberg and Tirole (1991)). In the solution to this problem, the individual
rationality constraint binds for the lowest types (7;; = 1), while the set of incentive compatibility
constraints for these consumers are slack. For all other consumers, the only binding constraint is the

downward local incentive compatibility constraint.

Firm-level optimal prices and quantities. The quantity sold to consumers of a particular taste

7 is implicitly given by

32This assumption is common and necessary in order to use the standard mechanism design tools, see Myerson (1981)
33 As before, we assume that the distribution of tastes G(7), the distribution of firm productivities F'(c) and preference
parameters are such that all firms optimally choose to serve all types of consumers.



(A.2)

, cj T
Tu (g;(7)) = ;ﬂ W

Firms choose a quantity ¢;(7) that equates the marginal utility of each consumer, Tu'(g;(7)), to
the effective cost of the good. The effective cost consists of two components. First, the real marginal
cost of producing the good is ¢;/P. Second, selling an additional unit entails a shadow cost. In order
to ensure that consumers with higher taste are still willing to purchase their designated quantity, the
prices these consumers pay must go down.

In choosing the optimal quantity offered to consumers with taste 7, the firm takes into account the
measure of consumers with that given taste, g(7), who will now purchase an additional unit, relative
to the measure of consumers with a higher taste for the good, 1 — G(7), who must now be charged
a marginally lower price. This is the hazard rate h(7). The higher is the hazard rate, the higher is
the measure of consumers with taste 7 relative to consumers with higher tastes, and the lower is the
shadow cost of selling an additional unit to consumers with taste 7.

Markups charged by the firm are given by

Tij k Tka'u@ka')d’“] (A.3)

wig = (i) Tij — h™1(7i;) [1 Tiju(gis)

The term v (q) is the social markup, a term coined by Dhingra and Morrow (2019). If firms could
perfectly price discriminate, they would extract the full consumer surplus from each of their consumers.
The markup charged from each consumer would be equal to the social markup 1(g;;). With nonlinear
pricing, firms are able to extract the full consumer surplus only of the consumers with the lowest taste.
Consumers with a high taste on the other hand have a positive consumer surplus, which is necessary

to achieve separation.

Efficient allocation. The first-best allocation solves the planner’s problem as in Equation (2.10).

The optimal allocations are given by

_4 1

1¢ . FB

where P¥P is the inverse Lagrange multiplier on the aggregate resource constraint.

A.2 Theory: Propositions and proofs

PROPOSITION 15. In equilibrium, there is a cut-off taste T for each good j such that all consumers

with T > 7 are allocated too much, and all consumers with T < 7 are allocated too little of the good.

PROOF OF PROPOSITION 15. From equations (A.2) and (A.4) we have that:



u“((qi]j) = i) (A5)

= W Given that the hazard rate is non-decreasing, w(7) in decreasing in 7. Further,
w(7) =1 and hence w(r) > 1Vr.

As in the model with two types, one of three cases must hold: (i) P¥®/P > 1 and therefore
qrj < qEJB v{r,j}, (ii) PFB/P < w(1) and therefore ¢,; > qf]B V{7, j}, or (iii) PFB/P € (w(1),1) and

therefore, for each j, ¢-; > quB for some 7 and ¢,; < quB for others.

where w(7)

Only (iii) is consistent with labor market clearing. Let 7 be given by w(#) = PFB. Given we are
in case (iii), 7 € (1,7). It follows that first, for all j ¢z; = quB. Second, since w'(7) < 0, gz; > q%B
V7> 7 and ¢z <q£jB V1 <7,

PROPOSITION 16. Suppose preferences satisfy Assumption 1. Then, the equilibrium levels of firm-level

production and employment are identical to the efficient allocation.

PROOF OF PROPOSITION 16.

From equation (A.2), it follows again that there is a unique level of the aggregate price index such
that the labor market clears.

Let f’j be the aggregate price index such that the firm-level production of a firm with marginal

cost ¢; in equilibrium is identical to its overall production in the efficient allocation.

T . T .
/1 (4] B(r) = (7, P)| dG(7) - / l0;(r, P) — ¢/ (7)] dG(r) = 0 (A.6)
T
By the same argument as in the Proof of Proposition 4, Assumption 1 implies that E is independent
of firm cost hence total production is equal to first-best for all firms.
]

PROPOSITION 17. Suppose preferences satisfy Assumption 1. Then, the optimal firm-level subsidies

and tazxes are zero.

PrOOF OF PROPOSITION 17.
Let’s first set up the planner’s problem using the primal approach. The planner chooses taxes
and subsidies to all firms, {¢;}, such that its budget is balanced. By choosing taxes and subsidies the

planner has control over the firm-level employment of all firms in the economy. We take the primal



approach and write the planner’s problem as follows:

max, / / ru (g;(7) g()drdj. (A7)

{l] 7qj

5.t ——u/(q;(7)) = 7u/(q;(7)) v(7.])

w(T)

/ 4i(r)g(rydr = 2 v

G5
1
/ Lidj = 1.
0

Taking first order conditions, we obtain

G T (gy(r) alr) - MMWQW — 0;9(r), (A8)
@) T )9+ [ ) T ) olr) dr = 007, (A.9)
1) ZJ Y (A.10)

where (1;(7), 05, and X are the (sets of)s Lagrange multipliers on the three constraints, respectively.
Combining conditions (A.8) and (A.9), we get

\]

B B . u”(q;i (T o _ fw)d(qi(T
7 037 97) + 7 [ w0y B gryar = g(r) 4 7 [ LD EOD) 3107 g (211
T u (QJ( )) r T U
Substituting out #; using (A.10) and using the fact that, under Assumption 1 «” (g;(7))/u” (¢;7) =
(' (gj(m))/u (g (T )))H", it follows that the optimality condition of the planner (A.11) holds at the
market allocations characterized by (A.2). The resulting Lagrange multiplier A\ on the aggregate

resource constraint is given by

_ Lg(M) + 77" [Lw(r) T g(r)dr
TPy "f )~Tg(T)dT

(A.12)

which is indeed independent of firm j. We conclude that the equilibrium allocations coincide with
the constrained efficient allocation. Therefore, the optimal firm-level taxes and subsidies are all zero.
|

A.3 Quantitative model

We keep all parameters at the values calibrated for the model with 2 types and set T = 7. The distri-
bution of types G(7) is assumed to follow a uniform distribution. Figure 4 in the main text compares
the market allocation under the continuum of types environment to our benchmark environment with
two types. We plot the pricing and allocation of the firm with median productivity, but the results

are similar for firms of all productivity levels. The left panel presents the quantity produced for each



taste and the right panel the relative price charged as a function of consumer tastes. The allocations

in the two models are very similar.

A.4 Two bundles: Theory

Household preferences and production technology are as before. However, firms may only offer two
bundles (g1, p1) and (¢-,p-). Let 7; be the threshold below which consumers buy ¢; and above which
Gr-

A.4.1 Market allocation

The firm’s problem is given by

max  (p1j — ¢;)qi;G(7) + (prj — ¢j)grj(1 — G(7))
{‘Ilj7‘I‘rj7p1j7ijaTj}
P154q15
s.t. u(qu) = %,
A DPrjqrj A P15915
Fiu(grs) — 77;;3 = Tju(q;) — 7JP o

which uses the usual result that the IR constraint only binds for the lowest type and the IC only for
the threshold consumer 7.

The optimal quantities ¢1; and ¢,; solve

?ju’(qu) = % (A.13)
W) = 75 T (A1)

Similar to the baseline model with two types, conditional on the aggregate price index P, the
threshold type 7; is sold the optimal quantity and there is a wedge % > 1 that distorts the
J J
allocation the lowest type downwards.

The threshold type who is indifferent between the two bundles solves:

G <%j _1- (f(@')) u(grj) — ulqi;) (A15)
P 9(%5) qrj — q1;

The threshold type is a function of the hazard ratio associated with the distribution of consumer
tastes G(.). In general, it depends on the productivity of the firm. However, we show that, as long as
preferences feature CED, the threshold type in independent of firm productivity. While all firms might
choose to offer bundles that induce an inefficient allocation of consumers to quantities purchased, this

distortion is constant across firms.

PROPOSITION 18. Suppose preferences satisfy Assumption 1. Then the allocation of consumer tastes

to the low and high bundles in the market equilibrium is identical for all firms. That is, 7j = 7 Vj.



A.4.2 Efficient allocation

Suppose the social planner can also only choose two quantities for each firm, quB and quB. The two

quantities imply a cut-off type %JF B They are the solution to

max / l / ? rugi;)dG(r) + | m(qﬁ)dG(T)] dj

{915,9-5,75} S

S.t. /Cj (quG(’f'j) + qu(l - G(%j))) =1

J

As before,let PF'B be the inverse Lagrange multiplier on the aggregate resource constraint. The

optimal allocations and the cut-off types solve

E {T‘T > TJFB} u'(qﬂB) = PI“ZB (A.16)

E {T‘T < TJFB} u/(quB) _ PPZB (A.17)
FB FB

j qu _ quB PFB

Conditional on a cut-off type ?]F B the planner chooses the quantities that equate expected marginal
utility to marginal cost for the set of households who purchase that bundle. The optimality condition
for the cut-off type %jF B is similar to the market allocation with the exception that only the taste
shifter enters.

From (A.18) it follows that, under CED, the cut-off type is the same for all firms also in the market

allocation.

PROPOSITION 19. Suppose preferences satisfy Assumption 1. Then the allocation of consumer tastes
to the low and high bundles in the first-best is identical for all firms. That is, %JFB = +FByj,

In this environment, there are two dimensions of misallocation across firms. Relative to the social
planner, the market allocation induces a different cut-off type. The set of consumers that purchase the
high vs low-taste bundle are different. In addition, the two quantities offered are different. Consider
for example the large bundle. The social planner chooses it to maximizes the average utility—mnet of
costs—of households purchasing that bundles. The firm chooses it to maximize utility of the cut-off
type.

Importantly, however, our main result of no misallocation across firms remains. Both types of
misallocation across consumers do not depend on firm productivity. As long as preferences are CED,

total production of each firm in the market allocation is identical to first-best.

PROPOSITION 20. Suppose preferences satisfy Assumption 1. Then, the equilibrium levels of firm-level

production and employment are identical to the efficient allocation.



A.5 Two bundles: Proofs
PROOF OF PROPOSITION 18.

Using Lemma 2, we can write the differences in utility and quantities as

Grj = a1y = Bu e/ P) " [7] = 7]

] (A.19)
U 1- -1 -1
ulaes) = ula) = o381 (s P [ = 7] (A.20)
(A.21)
where 7; = %;S(@)) Taking ratios
o n—1 n—1
_n_gn [an=1 _ =n—
u(gry) —ulg;) _ ¢ w11 { i 7T } (A22)
Irj — Q1 P By [%]’7 - iﬂ
Plugging into (A.15), the optimality condition for 7;
1-G() . o [#) 7]
W + Tj = T 1 1 (A23)
J wfl [F =5

which is independent of ¢; and hence 7; = 7 Vj
]

PROOF OF PROPOSITION 19. Using Lemma (2) and the optimality conditions (A.16) and (A.17),
rewrite (A.18) as

.FB_Cj ¢ %51% {E [T|T > @FBV_l ~-E [T\T < %]FB]W—l} A
Tj prB ~ pFB B [E [T|T > %]FB}’? _E [T|T - fJFBm (A.24)

As before, the Pcﬁ cancel and the resulting cut-off type %]F B is constant across firms.
[ |

PROOF OF PROPOSITION 20.

Let IBJ be the aggregate price index such that the firm-level production of a firm with marginal
cost ¢; in equilibrium is identical to its overall production in the efficient allocation:

G(#) q1j(P)) + (1 = G(7)) 4rj (P;)

= G(
G(#) |0y (P) = af’| + (1= G() [ars(Py) — 4] =

By’ + (1 -GEP) ¢f (A25)

63 -GG |ahf — o]

Note that here we already used the fact that 7 and 757 are both independent of cj.
For the remainder of the proof, we follow the exact same steps as in the proof of Proposition 2.

The only difference in the expressions for excess labor is the last term, {G (7) — G(#F'B )} [qf]B - qf;-B }



Under CED, this term is proportional to the firm’s cost, with the same factor of proportionality as
the difference between market and first-best, [qu(]Sj) — quB } Hence, ]3; equates total labor demand
of any firm to the first-best.

|

A.6 Two bundles: Quantification

In order to maximize comparability to the baseline results, we choose a distribution of tastes G(.) such
that, in the market equilibrium, (i) a fraction 7 purchase the large quantity, (ii) the lower bound of
the taste distribution is normalized to 1, and (iii) the cut-off type to which the high bundle is tailored
is equal to the taste shifter 7.

We use a generalized Pareto distribution with location parameter equal to 1, shape £, and scale o.

_1
|- Gz) = (1 S 1)) § (A.27)
o
We choose ¢ and o such that the decentralized equilibrium is equivalent to the benchmark estimation:
1-G(r) =m, (A.28)
_ (1=7(1=G(r)\"
1_G(T) :T_U—l [7-’7 ( G(7) ) } (A 29)
9(7) n g (1=ra=Gen 1 '
[T" (Fer) }

where (A.29) uses the equilibrium condition for 7, (A.15), evaluated at 7.



B Kimball preferences

In this section, we describe the model and its equilibrium with Kimball preferences. The Kimball
preferences do not fall into our additive separable utility specification of Section 2. We therefore start

from the household’s utility before writing down the firm’s problem.

Households. Households have idiosyncratic tastes over a measure 1 of varieties of consumption
goods j € [0,1]. The taste shifter of consumer i towards variety j is denoted by 7;;. The aggregate

consumption is implicitly defined as follows

/Tijr <qu@> dj =1, (B.1)

where ¢;; denotes the quantity consumed of variety j by household i¢. And @; denotes aggregate
consumption of household 1.

As in the benchmark model, the taste shifters 7;; can take one of two values: 1 or 7 > 1. Each
consumer has a high preference 7 for a random subset of goods of measure 7. Taste shifters are iid
across households and varieties, and therefore all households are identical in their aggregate consump-
tion and utility. All firms in the economy are jointly owned by households. Household income consists
of labor earnings as well as any profits rebated by firms.

Household utility is given by

1
—Q " - P i, (B.2)
— KR

U, =
! 1+v

Firms. There is a measure 1 of firms who each produce one of the differentiated varieties j € [0, 1].
Firms produce with a linear technology using labor as the only input. They are heterogeneous in their

labor cost per unit produced, denoted by c;.

LEMMA 3. The additional utility from consuming x of firm j instead of consuming 0 < x’ < x from it

R ORID)

Proof. Aggregate consumption is defined by

/nﬂ <ZJZ> dj =1, (B.3)

Let’s find what’s % If we totally differentiate we get
ij

s given by:

iz 1 1 i
/nzr’ <qQ> dizde 534Q = T <g) Tiida;, (B.4)
which yields
! [ Qi
00 Y (%) 55)
Bq” fTizT (% qizdz



We can now calculate how @) changes when we consume q of g;; instead of ¢q. That is, the gain

from consuming ¢;;. This gain is given by

fiaQ
= dgy;. B.6
| ada (5.6)

We can use the expression for % to obtain:
)

q o q TUT, ki)
[, [t %)
. . . 0

dqij
q 0qij [ 7T (%) izdz !
1 a gi
=Q ] / TijT/ <J) qu
leZT (%) QszZ q Q
1 q
R —

where

D= . (B.7)
fTizT/ (%) qi»dz
|
Given the price schedule, each consumer chooses the quantity that maximizes her utility. The

firm’s problem is given by

max 7qrj (prj — ¢;) + (1 = m)q; (p1j — ¢5) (B.8)
{q15,975.p15.Pr5}
ot QD [T (‘%ﬂ) _r (0)} iy, IR
qrj q1j Pridrj P15915
Dlr (%) v ()| = _ . c.
Q| (Q) (Qﬂ P P =

The second constraint uses the fact that the individual rationality constraint of the low-taste

consumer holds with equality.

Firm-level optimal prices and quantities. Taking first order conditions of the firm’s problem

we obtain:

10



lqri]l = ™ (prj —¢j) + Ar (TDT’ (qQU> — p;) =0 (B.9)

g (1 =m) (p1j — &) = Ar (TDT/ (‘Jlj) - p;j) + M (DT’ (qu) - p;j) =0 (B.10)

Q Q
[pri]: 7arj — Ar (q;) =0 (B.11)
[Pyl (L=m)qy + A <q]1j) ! (q;,f) =0 (B.12)

Using the two FOCs wrt prices, we can solve for the Lagrange multipliers:

A =7P (B.13)
AM=P (B.14)
(B.15)
Plugging into the first two FOC we obtain:

DY’ qu) =4 B.16
rov (%) =%, (B.16)

; 1—7 ¢
DY’ q“) - 4 B.17
( Q 1—7rnP ( )
Define the markups charged to low-taste consumers as p1; = pc—ljj and that charged to high-taste

CONSUINETS as [lrj = pi” The equilibrium markups charged by firms can be written as
1—7

pj =7 vlaig), (B.18)

T (&) —1(0)

Q
frj = (1 — (7‘ — 1) pp w(QTj)a (B'lg)
~(r(%g)-T0)
where ¥(q) is defined by

T(4)—T(0)

Y(g) =Q <Q) (B.20)
)

B.1 Second-best allocation

We use the homotheticity of the Kimball preferences, and set the planner’s problem as minimizing

labor subject to providing a unit of aggregate consumption.

11



Table B.1: Calibrated Moments and Parameters under Kimball

A. Moments B. Parameters
- Parameter Model

Moment Data Model . Benchm. Kimball

_ _ Benchm. Kimball T Share of high-taste consumers 0.51 0.51
Fraction buying large ¢ 51% 51% 51% T High-taste demand shifter 1.17 1.11
E [hl qjr — In (Ijl] 0.65 0.65 0.65 n Elasticity of differences 1.86 -
Sales share top 5% 73% 7% 73% € Degree of superelasticity 0.73
Sales share top 10% 6% 84% 6% o Degree of demand elasticity - 4.37
Sales share top 25% 97% 92% 97% gxtornfﬂlv St Pareto shape 086 1.97

« ahs 0 07 07 50 it Mldhd

Sales share top 50% 99.6% 96.7% 99.5% ” Tverse Frisch elasticity i I

Notes: Panel A presents the model fit. The data column presents the moments we target in our estimation procedure. The sec-
ond column presents the model moments of our benchmark specification. The third column presents the model moments for a
specification with Kimball preferences. Panel B presents the set of calibrated parameters for the two model specifications.

min /ljdj, (B.21)

{15,91,975 };:o

1—-m .

s.t. Y (q1;) = T 7 Y’ (g5), for all j
I

rj + (L= m)q; = =, for all j
J

[t )+ (=T i = 1.

where the first constraint is the implementability constraint from the firm’s problem, the second
constraint is the production costs, and the third constraint is the requirement to provide one unit of

aggregate consumption.

B.2 Quantitative analysis

We use the Klenow-Willis specification for the Kimball aggregator:

YT(z) =1+ (0 —1)exp <1> eo/= 1T (J, 1) -r(2, il : (B.22)
€ e'e e €
where € governs the degree of superelasticity, and o governs the level of demand elasticity.

The model moments and calibrated parameters are displayed in Table B.1. We see that the model
with Kimball preferences is able to match the data moments accurately. Notice that the calibration
with Kimball preferences has one additional parameter relative to our benchmark calibration.

The misallocation costs are summarized in Table B.2. Under the Kimball calibration, the welfare
gains from fixing misallocation are smaller: 0.53% relative to 0.82%.

Proposition 3 shows that under CED, the planner has no incentive to use firm-level taxes and sub-
sidies. Since Kimball preferences do not satisfy CED, the planner can potentially reduce misallocation
by imposing firm-level taxes and subsidies. We find that quantitatively, the planner can improve
welfare by a very modest amount. The optimal allocation with firm-level taxes and subsidies only

improves the decentralized equilibrium by 0.01% in consumption equivalent units. That is, it achieves

12



Table B.2: Welfare Gains of Fixing Misallocation

Baseline Model Kimball Specification
0.82% 0.53%

Notes: This table reports the welfare gains in the equi-
librium with perfect allocative efficiency relative to the
baseline model (column 1), and the model with Kimball
preferences (column 2). All welfare gains are measured in
consumption equivalent terms—that is, the uniform in-
crease in consumption that would make households indif-
ferent between the two equilibria.

very little of the potential welfare gains of allocative efficiency (0.53%).
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