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Abstract

Most product industries are local. In the U.S., firms selling goods and services to local con-
sumers account for half of the economy’s sales and generate sixty percent of jobs. Competition
in these industries occurs in local product markets. I propose a theory of such competition
in which heterogeneous firms have output market power and choose where to operate. Firm
sorting generates endogenous differences in local competition. Variable markups induce more
productive firms to over-concentrate in larger markets, leading to spatial misallocation. I
use U.S. Census microdata to estimate markups in local industries and find significant het-
erogeneity across U.S. markets. Producers in markets in the top decile of the market-size
distribution have markups approximately twenty percent lower than those in the bottom
decile. I then estimate the model and quantify the general-equilibrium effects of place-based
policies. A quasi-optimal policy eliminates markups and reallocates productive firms toward
smaller markets. It generates large local productivity gains and raises aggregate welfare.
In contrast, a wage-bill subsidy targeted to smaller markets produces qualitatively similar
effects, but with substantially smaller magnitudes.
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1 Introduction
Most product industries are local. In the U.S., firms selling goods and services to local consumers
account for 50% of sales and generate 60% of jobs.1 Competition in these industries is inherently
local. For example, restaurants or retail stores in New York do not compete with similar establish-
ments in Chicago or Seattle. As a result, the location choices of firms operating in these industries
are a key determinant of the strength of local competition. Some places attract productive firms
that set low prices, while others attract few producers and face weaker competition. When firms
exert output market power, these differences in local competition can have important consequences
for local welfare and resource allocation. What determines firms’ location decisions in imperfectly
competitive markets, and what are the consequences for local competition? What are the general
equilibrium effects of altering firm location choices through place-based policies?

In this paper, I answer these questions with a quantitative spatial model of firm location and
endogenous variable markups. In the framework, spatial differences in local competition arise
endogenously from the location choices of heterogeneous firms. The equilibrium allocation is
inefficient because more productive firms over-concentrate in larger cities. I then use U.S. Census
micro-data to estimate markups for establishments in local industries. I document substantial
heterogeneity in markups across U.S. cities, with cities in the top decile of the city-size distribution
exhibiting aggregate markups approximately 20% lower than those in the bottom decile. Finally,
I estimate the model and use it to quantify the general-equilibrium effects of place-based policies.
I contrast the optimal policy chosen by a utilitarian social planner with policies that attract firms
to less-developed locations, such as the U.S. Empowerment Zones program.

In the baseline framework, production takes place across locations that I call cities. Workers
are freely mobile and consume local goods, housing, and a traded good. Cities differ ex ante in
traded-good productivity and have a fixed supply of housing. The traded good is homogeneous,
produced competitively in every city, and freely traded across locations. Local goods, in contrast,
are produced by heterogeneous firms that differ in productivity and choose where to locate.

The location choices of heterogeneous local-goods producers are at the core of the framework.
Potential entrants pay an entry cost to learn their productivity and then choose a city in which
to operate. Once located, they produce a differentiated variety using labor and compete monopo-
listically with other local producers. Workers have Kimball preferences (Kimball, 1995) over local
varieties, which make each firm’s demand elasticity depend on its position along the residual de-
mand curve and generate heterogeneous markups. In equilibrium, more productive firms set lower
prices, face less elastic demand, and charge higher markups.

Local producers choose where to locate based on two endogenous city characteristics. The first
is market size, which is determined by workers’ income and governs potential sales. The second
is local competition, which depends on competitors’ prices and local wages and determines firms’
markups conditional on their productivity. In equilibrium, larger cities are more competitive, so
firms face a trade-off between higher sales and lower markups when choosing where to locate. Since
more productive firms charge higher markups, they benefit relatively more from the additional sales

1See Delgado, Porter, and Stern (2015) and my calculations in Table 1.
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available in larger markets. Hence, there is positive assortative matching, with more productive
firms sorting into larger, more competitive cities.

Two opposing forces determine spatial differences in market power. First, local competition re-
strains markups across locations. Because larger markets are more competitive, this competition
force lowers markups in such places. Second, markets that attract more productive firms tend to
exhibit higher markups, reflecting the positive relationship between firm productivity and markups.
Since larger markets attract more productive firms, this selection force pushes markups up in such
places. Hence, the distribution of markups across cities depends on which of these two forces dom-
inates. Intuitively, when selection into larger markets is weak, firms in larger cities are relatively
similar and stronger competition leads to lower markups. In contrast, when selection is strong, a
few productive firms dominate larger markets, raising aggregate markups.

In the model, local producers’ markups generate multiple inefficiencies. I characterize the necessary
conditions that must hold in any efficient allocation and compare them with the conditions in
the decentralized equilibrium. This comparison reveals three margins of inefficiency. First, and
central to my framework, firm location decisions are inefficient, leading to an over-concentration
of productive firms in larger markets. Second, aggregate entry is inefficient. Third, the local-
goods sector is too small because markups distort consumption away from local goods and toward
housing and the traded good. Worker allocation is efficient conditional on firm location because
the framework features no explicit worker-location externalities. Finally, I use these efficiency
conditions to characterize the optimal transfers that implement the efficient allocation.

The spatial misallocation arises because entry generates two opposing externalities. First, con-
sumers value greater variety. Therefore, a firm entering a market creates a positive externality by
lowering the local price index and increasing aggregate expenditure on all local goods. Because
entrants do not internalize the resulting increase in demand for incumbents, this force leads to
insufficient entry. Second, because local varieties are imperfect substitutes, entrants reduce the
profits of incumbents without internalizing this effect. Entry therefore creates a negative business-
stealing externality, which pushes toward excessive entry. The balance between these two forces
determines whether entry in a given location is excessive, insufficient, or efficient.2 I show that the
strength of these externalities varies systematically with local competition. Where competition is
strong, the business-stealing externality is larger. In contrast, where competition is weak, the gains
from additional variety are greater. Because larger cities are more competitive in equilibrium, there
is excessive entry in larger cities and insufficient entry in smaller ones. This imbalance therefore
generates spatial misallocation, with productive firms over-concentrating in larger markets.

I extend the baseline model for the quantitative analysis along five dimensions. First, the pro-
ductivity of local-goods producers is determined in two stages. Firms choose locations based on
their initial productivity and, after locating, draw a final productivity that is correlated with their
initial draw. This extension generates within-city markup heterogeneity while preserving posi-
tive sorting. As a result, markups create an additional inefficiency: within-city misallocation of
production inputs. Second, cities also differ in local amenities that capture non-monetary compen-

2Dixit and Stiglitz (1977) show that in single-market models with monopolistic competition and CES preferences,
these externalities are constant and exactly offset each other, yielding efficient entry.
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sating differentials, such as public goods and weather. Third, workers have idiosyncratic location
preferences, which generate a well-defined migration elasticity with respect to real wages. Fourth,
both traded-good and local-good producers use housing as an input in production. Fifth, housing
supply is elastic in each city. I show that the main results from the baseline model carry over to
this extended framework.

In the second part of the paper, I examine the model’s positive implications. I estimate markups
for U.S. local producers by combining workers’ demand with firms’ production decisions, in the
spirit of De Loecker (2011). I start from the firm’s first-order condition for labor, which links the
labor cost share of sales to the markup and the labor output elasticity. Consumer preferences
imply that markups are also a function of local sales shares and local price indices. I use this
relationship to construct a nonparametric control function for markups and combine it with the
labor first-order condition to jointly estimate markups and the labor output elasticity. Within-city
variation in sales shares and labor cost shares identifies these two objects.

I implement the empirical strategy using U.S. Census microdata. I use the Longitudinal Business
Database (LBD) to construct establishments’ labor cost shares of sales and the Economic Censuses
(EC) to construct their local sales shares. Using 2017 as the baseline year, I estimate markups
for five million local establishments. I then aggregate these estimates to the city level using the
aggregation implied by the model.

I find substantial heterogeneity in markups across U.S. cities. Cities in the top decile of the city-size
distribution have aggregate markups approximately 20% lower than those in the bottom decile.
This finding implies that, in U.S. local industries, the competition force dominates the selection
force. This relationship is stable across census years and remains robust when defining cities as
either commuting zones or counties.

The cross-sectional markup patterns are robust across alternative specifications. First, I extend the
baseline estimation to allow for labor market power and sectoral heterogeneity in technologies and
preferences. Second, I show that the cross-city patterns remain when restricting the sample to firms
operating in a single location. Finally, using the Census of Manufactures, I consider alternative
markup estimates that use cost shares to recover output elasticities, allow for establishment-specific
output elasticities, and treat materials or energy as the flexible input. Across these exercises, the
negative relationship between aggregate markups and market size remains stable.

In the final section, I estimate the parameters of the model to study its normative implications. I
first estimate the local-goods expenditure share and the output elasticities of local- and traded-good
producers using model-implied moment conditions. I then use a Simulated Method of Moments
approach to estimate the parameters governing local producers’ productivity distribution, demand,
and the aggregate entry cost. These parameters are disciplined by average firm size and city-level
markups across the market-size distribution, together with the economy-wide aggregate markup.
I also use a Generalized Method of Moments procedure that exploits the full cross-sectional dis-
tribution of establishment-level markups. Finally, I infer city-specific productivities and amenities
using data on population and average wages in each city.

I use the estimated model to quantify the general-equilibrium effects of two place-based policies. I
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first study a policy that eliminates markups for all firms in all locations. I refer to it as the quasi-
optimal policy because it combines a location-specific output subsidy from the optimal policy,
which is more generous in larger markets, with a proportional wage tax on workers.3 The policy
corrects all inefficiencies associated with markups and, in particular, the spatial misallocation of
local producers. As a result, productive firms relocate toward smaller markets, increasing compe-
tition and generating large local productivity gains. TFP increases across all cities, but the gains
are substantially larger in smaller markets, where productivity rises by as much as 50%. Larger
markets also experience productivity gains from the elimination of within-city markup distortions,
which raises allocative efficiency. Nevertheless, this channel is quantitatively less important. In
addition, higher aggregate entry raises productivity across all locations. In terms of welfare, the
policy generates aggregate welfare gains of 2.2%, with significantly larger gains in smaller markets.

I contrast the quasi-optimal policy with a policy inspired by the U.S. Empowerment Zones (EZ)
program. I introduce a 20% wage-bill subsidy in the smallest commuting zones, which together
account for 2.3% of the U.S. population. The EZ program operates through a spatial mecha-
nism similar to that of the quasi-optimal policy: it attracts firms to targeted locations, increasing
competition and productivity. Its quantitative effects, however, are substantially smaller. TFP
increases at most by 3% in treated locations, while non-treated markets experience small pro-
ductivity losses as firms relocate away. Welfare increases by up to 2% in targeted locations but
falls slightly elsewhere, in part because workers outside targeted markets help finance the program
without receiving direct local benefits. Overall, the EZ program raises aggregate welfare by 0.03%.
Despite its smaller effects, the exercise shows that a relatively simple place-based subsidy can
partially reproduce the spatial reallocation generated by the quasi-optimal policy.

Related Literature. This paper contributes to five strands of the literature. The first studies
competition in local output markets. Hsieh and Rossi-Hansberg (2023), Oberfield et al. (2023), and
Kleinman (2025) analyze competition by multi-establishment firms across regions under CES pref-
erences, which imply constant markups. I contribute to this literature by introducing a framework
with endogenous variable markups. At the cost of abstracting from the multi-location expansion
problem, the model allows me to study richer local pricing dynamics and introduces an additional
force shaping firm location decisions. In related empirical work, Rossi-Hansberg, Sarte, and Tra-
chter (2020) and Autor, Patterson, and Van Reenen (2023) document diverging trends in market
concentration at the national and local levels. My paper complements this work by providing
direct estimates of output market power across local markets.

Relatedly, the second strand studies firm sorting across space. Gaubert (2018), Bilal (2023),
Oh (2023), Lindenlaub, Oh, and Peters (2024), and Lhuillier (2025) examine sorting driven by
agglomeration forces, monopsony power, and labor-market frictions. I depart from these studies
by emphasizing sorting through competitive price pressures. Nocke (2006), Combes et al. (2012),
and Matsuyama and Ushchev (2022) also study sorting through competitive price pressures, but
take market size as exogenous. In my model, market size is endogenously determined, allowing

3The policy does not attain the first best because the resulting allocation of workers across locations is inefficient.
The optimal policy instead requires lump-sum taxes on workers.
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me to study additional general-equilibrium effects of firms’ location choices. Finally, Behrens,
Duranton, and Robert-Nicoud (2014) study the productivity advantages of large cities arising
from agglomeration, firm sorting, and firm selection. I complement their analysis by quantifying
the role of allocative efficiency in explaining cross-sectional productivity differences.

Spatial inefficiencies connect the paper to a third strand studying optimal spatial policies. Fajgel-
baum and Gaubert (2020, 2025), Rossi-Hansberg, Sarte, and Schwartzman (2026), and Donald,
Fukui, and Miyauchi (2026) characterize spatial policies in settings where the allocation of workers
across space is inefficient. I contribute to this literature by focusing on the allocation of firms
and characterizing optimal policies in a setting where spatial inefficiencies arise from firms’ market
power. I show that restoring efficiency requires policies that target firms directly through out-
put subsidies that vary across markets. In this sense, the optimal policy is consistent with Bilal
(2023), whose optimal policy also reallocates firms toward smaller markets. My characterization
also highlights that spatial misallocation arises from endogenous pricing wedges, in contrast to the
exogenous constraints studied by Hsieh and Moretti (2019), leading to different efficient spatial al-
locations. Finally, the optimal policy eliminates within-city markup variation, thereby alleviating
resource misallocation across firms in the sense of Restuccia and Rogerson (2008) and Hsieh and
Klenow (2009).

The role of markups as distortions also connects the paper to a fourth strand studying their ag-
gregate implications. Edmond, Midrigan, and Xu (2023) quantify the aggregate welfare costs of
markups in models of monopolistic competition with Kimball preferences and oligopolistic com-
petition with nested CES demand. I adopt their monopolistic competition structure and extend
it to a spatial setting with many local output markets. My main departure is to quantify the
welfare costs of markups through an additional channel: the inefficient spatial allocation of firms.
Other studies, including Peters (2020), De Loecker, Eeckhout, and Mongey (2022), Aghion et al.
(2023), and Akcigit and Ates (2023), study the implications of markups for business dynamism.
In contrast, I focus on how markups shape regional outcomes, including productivity and prices.

Finally, my empirical analysis relates to a literature studying markups across space. Hottman
(2021), Anderson, Rebelo, and Wong (2023), and Sangani (2025) examine markup differences
across cities within the retail sector. I depart from these studies in two ways. First, I estimate
markups across all local industries rather than focusing only on retail. Second, I embed these
estimates in a general-equilibrium model to evaluate place-based policies. I also find that retail
markups are lower in larger cities, consistent with Hottman (2021). Anderson, Rebelo, and Wong
(2023) and Sangani (2025) instead find higher markups in higher-income places. Their results
therefore speak to a different source of cross-city variation than the market-size differences I study.

The rest of the paper is organized as follows. Section 2 develops the baseline theoretical framework
and studies its efficiency properties, with a focus on the spatial misallocation of firms across cities.
Section 3 extends the baseline framework for the quantitative analysis. Section 4 presents the
empirical analysis, estimating markups across cities and testing the model’s predictions. Section
5 presents the quantitative analysis, where I estimate the model and quantify the welfare effects
of place-based policies. Finally, Section 6 concludes.
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2 Baseline Model
This section develops a theory of spatial differentials in market power, where production takes place
in locations I call cities. The theory abstracts from dynamics and describes a long-run steady state
of the economy. I extend the model along several dimensions in Section 3.

2.1 Environment
Geography. There is a continuum of ex-ante heterogeneous cities, each endowed with one unit of
housing. Cities differ in their local productivity, a, which is distributed according to the cumulative
distribution function F (a) with density f(a) over the connected support [a, a]. I index cities by
their productivity a rather than by their particular name.

Workers. There is a unit mass of freely mobile, identical workers. Each worker has one unit
of labor, which is supplied inelastically. In every city a, workers derive utility from consuming a
bundle of local varieties Y (a), housing H(a), and a freely traded good Q(a), according to

U(a) =
(︄
Y (a)
η

)︄η (︄
H(a)
α

)︄α (︄
Q(a)

1 − η − α

)︄1−η−α

, (1)

where η and α are the expenditure shares on local goods and housing. Workers have symmetric
Kimball preferences (Kimball, 1995) over local varieties. These preferences belong to the Homoth-
etic with Direct Implicit Additivity (HDIA) family, as defined by Matsuyama and Ushchev (2017).
The per-capita consumption of the local goods bundle, Y (a), is implicitly given by

∫︂
z

Υ
(︄
y(z, a)
Y (a)

)︄
dGa(z) = 1, (2)

where y(z, a) is the per-capita consumption of a local variety produced by a firm with productivity
z, Ga(·) is the endogenous local producer productivity distribution, and Υ(·) is a strictly increasing
and concave function satisfying Υ(0) = 0.4 CES preferences are a special case when Υ(q) = q

σ−1
σ .

Kimball preferences offer three key advantages. First, they generate cross-sectional variation in
markups, the central object of this paper. Second, they are homothetic, allowing the analysis to
focus on markup differences across cities driven by price competition rather than income effects.5
Third, despite their flexibility, Kimball preferences remain tractable enough to ensure a unique
characterization of the equilibrium. Oligopolistic models with nested CES demand, such as Atkeson
and Burstein (2008) and Edmond, Midrigan, and Xu (2015), provide an alternative framework for
generating variable markups. However, characterizing entry in these models is challenging because
they often feature multiple equilibria. In my setting, this problem is particularly difficult because
firms make market-specific entry decisions.

4This notation anticipates that, in equilibrium, two firms with the same productivity in the same city make
identical pricing decisions. Hence, workers consume the same amount of each variety produced by each firm.

5Income effects may also shape spatial differences in market power, but I leave them for future research. See
Combes et al. (2012) for a spatial model with endogenous markups generated by non-homothetic preferences.
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Local Goods. A mass of Me potential entrants pays an entry cost ce to learn their productivity
z. This productivity is drawn from a common distribution with cumulative distribution function
G(·), density function g(·), and connected support [z, z]. After learning their productivity, firms
choose a city in which to produce and sell. This location decision determines the set of locally
available varieties. Within a city, local producers compete monopolistically and produce according
to the linear production function

y(z, a) = z l(z, a), (3)

where l(z, a) denotes labor. Local labor markets are competitive, and firms pay a constant wage
W (a). I assume free entry, so firms enter until aggregate profits are exhausted.

Traded Good. A perfectly competitive representative firm produces a homogeneous good in
every location. This good is freely traded and used as the numeraire. Similar to local varieties,
the traded good is produced with a linear production function:

QT (a) = a LT (a), (4)

where QT (a) and LT (a) denote total traded good production and total employment in city a,
respectively. Traded good producers compete with local goods producers in the same local labor
market, paying the wage W (a).

Housing. A representative mutual fund owns housing and rents it to workers at equilibrium rents
R(a). Profits from the mutual fund are rebated back to workers as a lump-sum transfer.

2.2 Consumption and Location Decisions of Workers
We start by characterizing workers’ optimal consumption and location decisions. Workers face the
budget constraint

P(a)Y (a) +R(a)H(a) +Q(a) = W (a) + s, (5)

where P(a) is the price of the bundle of local varieties, R(a) is the housing price, s are the transfers
from the mutual fund, and we have normalized the traded good price to one.6 The homotheticity
of Kimball preferences guarantees the existence of a price index for the bundle of local varieties.
Therefore, workers maximize (1) subject to (2) and (5). The per capita consumption of local
varieties, housing, and the traded good resulting from this maximization is given by

Y (a) = η(W (a) + s)
P(a) , H(a) = α(W (a) + s)

R(a) , and Q(a) = (1 − η − α)(W (a) + s). (6)

Appendix A.1 shows that the per-capita consumption of an individual variety y(z, a) is given by
6Throughout the text, I use blackboard bold font for indices. There are three: the ideal price index P(a), the

price competition index D(a), and the competition index C(a).
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y(z, a)
Y (a) = φ

(︄
p(z, a)
D(a)

)︄
, (7)

where p(z, a) is the price of a variety produced by a firm with productivity z in city a, φ(·) ≡
(Υ′)−1 (·), and D(a) is a price index implicitly defined by

∫︂
z

Υ
(︄
φ

(︄
p(z, a)
D(a)

)︄)︄
dGa(z) = 1. (8)

The expression in (7) represents the residual demand curve faced by local variety producers. For
an individual firm, changes in other firms’ prices are summarized by the price index D(a). Firms in
every location compete against the price index D(a) when choosing their optimal price. Therefore,
D(a) captures the degree of local competition, and I refer to it as the competition price index.

In contrast, the ideal price index, P(a), determines the price of the bundle of local varieties

P(a) =
∫︂
z
p(z, a)φ

(︄
p(z, a)
D(a)

)︄
dGa(z). (9)

While the competition price index D(a) governs the relative consumption between local varieties,
the ideal price index P(a) determines the consumption of the bundle Y (a) relative to housing and
the traded good. These two price indices are proportional when Υ(·) takes the CES form.

Workers’ consumption decisions (6) imply that the indirect utility of workers in city a equals the
real wage in that location. Therefore, the free mobility condition implies that

W (a) + s

P(a)ηR(a)α = U, (10)

for all cities and some common utility level U . Moreover, the local housing market equilibrium
implies that R(a) = αL(a)(W (a) + s). Substituting this expression into (10) and solving for L(a)
yields the labor supply for city a:

L(a) = κ
(W (a) + s) 1−α

α

P(a) η
α

, κ ≡
(︃
αU

1
α

)︃−1
. (11)

All else equal, cities with higher wages or lower local goods prices attract more workers.

2.3 Pricing and Location Decisions of Local Goods Producers
Firms producing local goods pay the entry cost, ce, to learn their productivity. Then, they choose
a city to operate and the price that maximizes profits. We solve this problem backwards.
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2.3.1 Pricing Decision

The production function in (3) implies that a firm with productivity z located in city a chooses
p(z, a) to maximize

π(z, a) = max
p(z,a)

[︄
p(z, a)y(z, a) − W (a)

z
y(z, a)

]︄
L(a) s.t. (7). (12)

The first-order condition of this problem is

p(z, a)
D(a)

⎡⎣1 − 1
σ
(︂
p(z,a)
D(a)

)︂
⎤⎦ = C(a)

z
, (13)

where σ(·) is the price elasticity of demand implied by the residual demand curve (7),

σ

(︄
p(z, a)
D(a)

)︄
≡ −∂ log y(z, a)

∂ log p(z, a) =
−p(z,a)

D(a) φ
′
(︂
p(z,a)
D(a)

)︂
φ
(︂
p(z,a)
D(a)

)︂ , (14)

and C(a) is a competition index summarizing local competitive pressures:

C(a) ≡ W (a)
D(a) . (15)

The competition index C(a) accounts for competition in both local input and output markets.
When wages increase, raising production costs, C(a) rises. Similarly, when other local producers
lower their prices, the competition price index D(a) decreases, leading to an increase in C(a).

Under the concavity assumption of the aggregator Υ(·), the first-order condition (13) defines a
strictly increasing function ψ(·) that determines the optimal relative price p(z, a)/D(a):

p(z, a)
D(a) = ψ

(︄
C(a)
z

)︄
. (16)

The relative price (16) reveals two forces that determine prices within and across cities. First,
within cities, more productive firms charge lower prices. Second, firms charge higher relative
prices in more competitive cities, i.e. those cities with higher C(a).

The profit-maximizing markup is given by the usual Lerner formula that combines (14) and (16),

µ

(︄
C(a)
z

)︄
=

σ
(︂
ψ
(︂
C(a)
z

)︂)︂
σ
(︂
ψ
(︂
C(a)
z

)︂)︂
− 1

. (17)

The extent to which markups vary with relative prices is determined by the curvature of the
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elasticity function (14). When σ(·) is an increasing function, this property is often referred to as
Marshall’s second law of demand (MSLD). In this case, firms charging higher relative prices face
more elastic demand and set lower markups. When preferences are CES, σ(·) is constant, meaning
all firms charge the same markup in all cities, regardless of local competition or their productivity.

We can combine (7) and (16) to solve for the optimal relative quantities and labor demand:

y(z, a)
Y (a) = φ

(︄
ψ

(︄
C(a)
z

)︄)︄
, and l(z, a) =

φ
(︂
ψ
(︂
C(a)
z

)︂)︂
Y (a)L(a)

z
. (18)

Finally, it is useful to define the consumer surplus ratio, δ(·), which we will use later when studying
the framework’s normative implications. Following Baqaee, Farhi, and Sangani (2023), we define
δ(·) as the ratio of the area under the demand curve to firms’ sales:

δ

(︄
C(a)
z

)︄
=

Υ
(︂
φ
(︂
ψ
(︂
C(a)
z

)︂)︂)︂
φ
(︂
ψ
(︂
C(a)
z

)︂)︂
ψ
(︂
C(a)
z

)︂ ≥ 1. (19)

2.3.2 Location Decision

We turn to analyze the location decisions of local goods producers. A producer with productivity
z evaluates potential profits in every city and chooses the location that yields the highest profits.

Let M(a) denote the total expenditure on local varieties in city a:

M(a) ≡ P(a)Y (a)L(a). (20)

We refer to M(a) as the market size of city a, as it represents the potential revenue of local
producers in that location.

Using (16), we can write the location problem of a firm with productivity z as:

a(z) = argmax
a

π(z, a) = M(a)⏞ ⏟⏟ ⏞
Market size

×ψ

(︄
C(a)
z

)︄
φ

(︄
ψ

(︄
C(a)
z

)︄)︄
D(a)
P(a)⏞ ⏟⏟ ⏞

Market share

×
µ
(︂
ψ
(︂
C(a)
z

)︂)︂
− 1

µ
(︂
ψ
(︂
C(a)
z

)︂)︂
⏞ ⏟⏟ ⏞

Profit share

. (21)

Equation (21) reveals three forces shaping the location decisions of local producers. The first is
market size, which reflects total expenditure on local varieties in city a. All producers prefer larger
markets because they offer greater potential sales.

The second force is market share, which determines how much of total local expenditure each firm
captures. The market share of firm z depends on its relative price, ψ (C(a)/z), and on the ratio
D(a)/P(a), which summarizes competitors’ sales.7 Firms that charge lower relative prices capture

7Indeed, note that (9) and (16) imply that: P(a)/D(a) =
∫︁

z
ψ
(︂

C(a)
z

)︂
φ
(︂
ψ
(︂

C(a)
z

)︂)︂
dGa(z).
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larger market shares and therefore greater sales.

The final force is the share of sales that accrues as profits. Under CES demand, this share is
constant, so profits are proportional to sales. Outside CES, demand elasticity varies across firms,
and so does the fraction of sales converted into profits. Firms facing less elastic demand retain a
larger share of their revenue as profits and therefore, all else equal, place greater value on locations
where they can charge higher markups.

2.4 Traded Good Producers
We now characterize the problem of traded good producers. These producers are immobile and
make only production decisions.

The production function (4) implies that the marginal cost of perfectly competitive producers is
W (a)/a. Thus, the zero-profit condition in every city requires

W (a) = a, (22)

implying that, in equilibrium, wages are higher in more productive cities. Finally, (4) determines
total labor demand from traded good producers in city a:

LT (a) = QT (a)
W (a) . (23)

2.5 Equilibrium Definition and Characterization
Having established how workers and firms make consumption, production, and location decisions,
I now define and characterize the conditions for a decentralized equilibrium.

First, define LN(a) ≡
∫︁
z l(z, a)dGa(z), with l(z, a) given by (18). Then, local housing and labor

markets must clear in each city a:

R(a) = αL(a)(W (a) + s), L(a) = LN(a) + LT (a), (24)

where LT (a) is as in (23). The traded good market clears:

∫︂
a
QT (a)dF (a) =

∫︂
a
L(a)Q(a)dF (a) + ceMe. (25)

Free entry ensures that local producers’ expected profits equal the entry cost, and the aggregate
labor market clears:

∫︂
z
π(z, a(z))dG(z) = ce,

∫︂
a
L(a)dF (a) = 1. (26)
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Finally, the mutual fund budget constraint is:

∫︂
a
αL(a)(W (a) + s)dF (a) = s. (27)

A decentralized equilibrium consists of a mass of entering local producers Me, a utility level U ,
transfers s, an optimal price function ψ(·), a location choice function a(z), a local productivity
distribution Ga(·), a wage function W (a), housing prices R(a), a competition index function C(a),
and population distribution L(a) such that: 1) workers make consumption and location decisions
given wages and prices, as in (6) and (11); 2) local producers maximize profits given location
aggregates, as in (16), optimally choose their location, as in (21), and the local productivity
distribution Ga(·) is consistent with these choices; 3) local labor and housing markets clear, as in
(24); 4) the traded good market clears, as in (25); 5) local producers make zero expected profits,
and the aggregate labor market clears, as in (26); and 6) mutual fund transfers are given by (27).

I next characterize the existence, uniqueness, and properties of the equilibrium. Firstly, taking
logs of (21) and deriving the first-order condition reveals the complementarities between firm
productivity and local competition:

M ′(a)
M(a) + D′(a)

D(a) − P′(a)
P(a)⏞ ⏟⏟ ⏞

Marginal benefit from locating
in more productive cities

= C′(a)
C(a) × 1

µ
(︂
C(a)
z

)︂
− 1⏞ ⏟⏟ ⏞

Marginal cost from locating
in more productive cities

. (28)

The left-hand side of (28) captures the benefits of locating in more productive cities. The term
M(a) captures changes in market size, while D(a) and P(a) reflect changes in market share.8 To-
gether, these terms determine the marginal revenue generated by moving toward more productive
cities. Importantly, this component is identical across firms, irrespective of their productivity.

The right-hand side captures the cost of operating in more competitive cities. The first term reflects
changes in the competition index, C(a), while the second determines how these changes affect
firms with different productivity. In particular, stronger competition reduces profits in proportion
to 1/(µ(·) − 1). Under MSLD, more productive firms charge higher markups and are therefore
less affected by stronger competition. I refer to this complementarity between productivity and
markups as pricing complementarities. As a result, more productive firms benefit relatively more
from the additional sales available in larger markets.

In summary, firms face a trade-off when choosing where to locate. Larger markets offer greater
sales but also tougher competition and lower markups, while smaller markets offer lower sales
but weaker competition and higher markups. Pricing complementarities imply that this trade-
off affects firms differentially as more productive firms charge higher markups and are therefore
less affected by stronger competition. Market size and local competition are endogenous, so the
strength of these forces is determined in equilibrium. Proposition 1 shows that, under MSLD,

8The re-optimization of prices across cities has no first-order effect on profits, as shown in Appendix B.1.
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more productive firms self-select into more productive cities, which are larger and endogenously
more competitive.

To formally characterize the problem in (21), I restrict attention to parameterizations of Υ(·)
that satisfy MSLD. Empirical evidence supports this feature of consumer preferences, as shown by
De Loecker and Goldberg (2014) and Amiti, Itskhoki, and Konings (2019).9 For clarity, I adopt
the functional form proposed by Klenow and Willis (2016), which satisfies MSLD. Appendix A.2
derives expressions for σ(·), ψ(·), φ(·), and µ(·) under this specification.

Assumption 1 (Parametric form of Kimball aggregator). The Kimball aggregator Υ(·) is given
by the Klenow and Willis (2016) functional form:

Υ(q) = (σ − 1) exp
(︃1
ε

)︃
ε

σ
ε

−1
[︄
Γ
(︃
σ

ε
, 0
)︃

− Γ
(︄
σ

ε
,
qε/σ

ε

)︄]︄
, (29)

where σ > 1, ε > 0, and Γ(·, ·) is the Upper incomplete Gamma function.

I define an assignment pair as a pair of functions a → (z(a),M(a)), where z(a) is the assign-
ment function mapping local producers to cities, and is the inverse of a(z).10 The function M(a)
represents the equilibrium market size that sustains this location choice.

Proposition 1 (Sorting). Suppose Assumption 1 holds and that α > η/(σ − 1). Then, there
exists a threshold ε such that for all ε ∈ (0, ε], every solution to (21) exhibits positive assortative
matching. The functions z(a), M(a), and C(a) are strictly increasing.

Proof. See Appendix B.1.

Proposition 1 establishes the existence and uniqueness of the assignment between city produc-
tivity a and local producer productivity z, featuring positive assortative matching (PAM): more
productive firms locate in more productive cities, z′(a) > 0, which are larger, M ′(a) > 0, and
more competitive, C′(a) > 0. Intuitively, higher wages in more productive cities attract more
workers, expanding market size. This, in turn, incentivizes local producers to enter, intensifying
competition. Due to pricing complementarities, only the most productive firms can withstand the
heightened competition, while lower-productivity firms settle in smaller cities where competition is
weaker. This proposition extends the sorting results of Nocke (2006) and Matsuyama and Ushchev
(2022) to a setting with mobile workers, where local population is determined in equilibrium.

The parameter restrictions in Proposition 1 ensure the existence of a unique assignment. The term
α captures the only congestion force in this framework: housing. As workers concentrate in a city,
housing costs rise, limiting further in-migration. Conversely, when ε is sufficiently small, workers’
valuation of an additional local variety is η/(σ − 1), representing the main agglomeration force in
this setting. Thus, the condition α > η/(σ − 1) mirrors the standard requirement for uniqueness
of equilibrium in spatial models: congestion forces must outweigh agglomeration forces (Redding

9Melitz (2018) provides a detailed discussion on the implications of violating MSLD.
10As Proposition 1 shows, z(a) is strictly increasing, ensuring that its inverse is well defined.
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& Rossi-Hansberg, 2017). Proposition 2 formalizes this by proving that, under the assumptions of
Proposition 1, a unique equilibrium exists.

Proposition 2 (Existence and Uniqueness). Under the assumptions of Proposition 1, a decentral-
ized equilibrium with positive assortative matching exists. Furthermore, if the supports of G(·) and
F (·) are sufficiently small, the decentralized equilibrium is unique.

Proof. See Appendix B.2.

It is possible to gain additional insight into how differences in local competition depend on the
sorting of local producers by considering a particular limiting equilibrium. Suppose that ex-
ante differences across cities become arbitrarily small, meaning all cities have nearly identical
productivity. In this case, any ex-post differences across cities are solely determined by differences
in the pool of local producers. Corollary 1 below shows that spatial differentials in local competition
can arise even in the absence of ex-ante heterogeneity between locations.

Corollary 1 (Equilibrium with Ex-Ante Identical Locations). Suppose the assumptions of Propo-
sition 1 hold. Then, as exogenous differences in productivity a vanish, there exists a limiting
decentralized equilibrium in which differences in market size and local competition persist, and
more productive firms locate in larger, more competitive cities.

Proof. See Appendix B.3.

Aggregation. Having characterized the sorting equilibrium, we now study its implications for
the spatial distribution of markups and local TFP. Local producers in city a charge a markup
µ (C(a)/z(a)), where z(a) is the assignment function from Proposition 1 and reflects the produc-
tivity of local producers.

Let M(a) and Z(a) denote the city-level markup and TFP, respectively. They are implicitly
defined by the labor share in local-good production and the city-level production function:

W (a)LN(a)
M(a) = 1

M(a) , Y (a) = Z(a)LN(a). (30)

Under Proposition 2, all local producers in city a have the same productivity and charge the same
markup. Therefore,

M(a) = µ

(︄
C(a)
z(a)

)︄
, Z(a) = z(a)Υ (φ(a))

φ(a) , (31)

where φ(a) ≡ φ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂
denotes the equilibrium relative quantity produced by all firms in a.

Equation (31) reveals two opposing forces that determine the city-level markup. On the one hand,
larger cities face tougher competition as C(a) is strictly increasing. This competition force pushes
markups down in larger cities. On the other hand, larger cities attract more productive firms as
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z(a) is strictly increasing as well. This selection force pushes markups up. The relative strength
of these two forces determines whether larger cities have higher or lower markups in equilibrium.

Equation (31) shows that TFP is also driven by two forces. First, it depends on the productivity
of local producers, given by the function z(a). Cities that attract more productive firms exhibit
higher TFP. Second, the term Υ (φ(a)) /φ(a) captures scale effects arising from consumers’ love of
variety. This term is decreasing in relative output φ(a), reflecting that cities where production is
concentrated among fewer firms offer less variety and therefore have lower TFP.

In the extended model, I generalize the expressions in (31) to allow for within-city dispersion in
productivity and markups.

2.6 Spatial Misallocation
Having established the positive implications of the model, I now turn to its normative properties.

I characterize the optimal allocation using a utilitarian social planner who maximizes workers’
utility. The planner chooses the distribution of workers across cities, L(a), and their consumption
of local goods, Y (a), the traded good, Q(a), and housing, H(a), subject to free mobility and local
housing constraints. The planner also allocates labor between traded- and local-good production
and determines the location of local-good producers, z(a). The formal definition of the planning
problem is relegated to Appendix C, while the main text focuses on characterizing the solution.

Inefficiencies arise when decentralized equilibrium outcomes differ with the ones from the planning
problem. Let E(a) denote the per-capita expenditure of workers in location a. In the decentralized
equilibrium, this object is given by the left-hand-side of (5). The following result highlights the
inefficiencies in the distribution of workers and firms across locations.

Proposition 3 (Efficient Allocation). If a competitive equilibrium is efficient, then

W (a) = E(a) + κ,
M ′(a)
M(a) + D′(a)

D(a) − P′(a)
P(a) = C′(a)

C(a) × 1
δ
(︂
C(a)
z(a)

)︂
− 1

, (32)

for some constant κ. Additionally, the value of local output equals the local wage bill, M(a) =
W (a)LN(a), and the mass of entrants satisfies ceMe =

∫︁
M(a) [δ (C(a)/z(a)) − 1] f(a) da.

Proof. See Appendix C.1.

Proposition 3 highlights the sources of inefficiency in the decentralized equilibrium. The first
condition in (32) is a special case of Proposition 1 in Fajgelbaum and Gaubert (2020) and equates
the planner’s marginal benefit of locating a worker in location a to its marginal cost. In my setting,
there are no explicit worker agglomeration or congestion externalities, so the marginal benefit is the
marginal product of labor, W (a). The marginal cost is the per-capita expenditure in that location,
together with κ, the Lagrange multiplier on the planner’s national labor constraint, expressed in
units of the traded good. It captures the opportunity cost of assigning a worker to location a.
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The second condition in (32) concerns firms’ location decisions and is the novel part of my frame-
work. It is the planner’s counterpart to (28) and states that, in the efficient allocation, the social
marginal benefit of locating a firm in a more productive location equals the social marginal cost.
Importantly, the social marginal benefit is still determined by changes in market size and market
share, as in (28). The social marginal cost, however, is proportional to 1/(δ(·) − 1) rather than
1/(µ(·) − 1), where δ(·) is the consumer-surplus ratio defined in (19). This difference reflects the
entry externalities described below and shows that efficiency requires firms’ location decisions to
be governed by the “social markup”, δ(·), rather than by private markups. This result extends the
intuition from previous studies of firm entry and market power to a spatial setting (Zhelobodko
et al., 2012; Bilbiie, Ghironi, & Melitz, 2019; Dhingra & Morrow, 2019; Baqaee, Farhi, & Sangani,
2023; Edmond, Midrigan, & Xu, 2023).

The remaining conditions capture additional margins of inefficiency. Markups distort the relative
consumption of local goods, housing, and the traded good. The condition M(a) = W (a)LN(a)
contrasts with (30) and implies that, in an efficient allocation, firm-level and city-level markups
are eliminated. Finally, markups also distort the aggregate entry margin. As in the firm-location
condition, the efficient free-entry condition uses δ(·) to compute social profits, rather than µ(·),
which determines private profits, as shown in equation (21). Because firms sort perfectly across
cities, there is no within-city markup variation and therefore there is no misallocation of production
inputs. I introduce this margin in the extended model.

Proposition 3 shows that the decentralized equilibrium is inefficient because of firms’ markups.
First, equation (32) shows that the allocation of workers is efficient whenever the transfers in the
decentralized equilibrium satisfy s = −κ. All the inefficiencies in the economy therefore arise from
firms’ market power rather than from workers’ externalities. Second, when consumer demand is
not CES, the location decision of local producers is inefficient, since social returns, δ(·), differ from
private returns, µ(·). In addition, the aggregate entry margin and the relative consumption of
goods are also inefficient. Third, in the limiting case of CES preferences, the location decision of
local producers is efficient given the allocation of workers, since δ = µ. Nevertheless, the aggregate
entry margin and the relative consumption of goods remain inefficient under constant markups.
In this case, the allocation of workers is also inefficient because s does not coincide with −κ.

Hence, firm spatial misallocation is inherently a product of firms’ endogenous markups. This
distinction separates the place-based component of the optimal policy from its uniform component.

Proposition 4 (Optimal Policy). The efficient allocation is attained by:

1. A location-specific output subsidy increasing with market size and firm relative output:

T (y(z, a), a) = τ

(︄
y(z, a)
Y (a)

)︄
ι(a)M(a), (33)

τ

(︄
y(z, a)
Y (a)

)︄
≡ Υ

(︄
y(z, a)
Y (a)

)︄
− Υ′

(︄
y(z, a)
Y (a)

)︄
y(z, a)
Y (a) , τ ′

(︄
y(z, a)
Y (a)

)︄
> 0, ι(a) ≡ D(a)

P(a) .

2. A lump-sum tax to workers, t = −(s+ κ).
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Proof. See Appendix C.2.

Proposition 4 shows that the first-best allocation can be implemented through a location-specific
output subsidy for firms and a lump-sum tax on workers. The subsidy to firms eliminates markups,
thereby correcting the three margins of inefficiency created by market power. The tax finances the
subsidy and, at the same time, corrects the allocation of workers. In the decentralized equilibrium,
firms pay the entry cost out of markup profits. Once the subsidy eliminates markups, entry
is financed with a lump-sum tax on workers. This tax equals the amount by which workers’
expenditure exceeds its efficient level, so it also restores the efficient worker allocation. The two
instruments therefore mirror the two location margins. The tax on workers is uniform across space
because, conditional on the location of firms, worker allocation is efficient. The subsidy to firms is
location-specific because markups vary across space in the decentralized equilibrium.

The transfers that implement the efficient allocation are connected to previous work. The lump-
sum tax on workers is a special case of the transfers in Proposition 2 in Fajgelbaum and Gaubert
(2020). The firm transfers in (33) extend the optimal subsidies of Edmond, Midrigan, and Xu
(2023) under their Kimball specification to a multi-market setting. These transfers contain a
negative component proportional to Υ′ (y(z, a)/Y (a)) (y(z, a)/Y (a)) and a positive component
proportional to Υ (y(z, a)/Y (a)). The first effectively taxes the sales generated under the firm’s
revenue curve, while the second compensates the firm for the consumer surplus generated by its
production. Together, these two components induce firms to produce at marginal cost and set
markups equal to one in all locations. They also replace the markup governing firms’ private
returns with the consumer-surplus ratio governing social returns, thereby correcting the location
and aggregate entry margins. Importantly, the subsidy scales with market size, M(a), giving the
policy a place-based component. Intuitively, holding relative output fixed, firms in larger markets
receive larger transfers because they generate more consumer surplus through greater sales.

Why does output market power lead to spatial misallocation? The answer lies in two externalities
associated with local entry. First, when firms enter a market, they create a positive externality,
known as the variety-gains externality. Because consumers value variety, the entry of a new firm
lowers the ideal price index, increasing aggregate expenditure on local goods.11 Second, because
local varieties are imperfect substitutes, new producers reduce demand for existing varieties, lower-
ing the profits of incumbent firms. This negative externality is referred to as the business-stealing
externality. These externalities are not unique to my framework, as they arise in standard models
of firm entry and differentiated varieties (Dixit & Stiglitz, 1977). With constant markups, how-
ever, the two externalities are constant and offset each other. Once markups vary across firms and
markets, the two externalities no longer offset each other, creating spatial distortions in firm entry.

Whether there is too much or too little entry in a city depends on the relative strength of the
two local externalities. When the variety-gains externality dominates business stealing, there
is insufficient entry, while the opposite leads to excessive entry. The balance between the two
externalities can be understood by comparing (28) and (32). To ease notation, denote δ(a) ≡

11Mankiw and Whinston (1986) provide an alternative interpretation of the variety-gains externality. Entry
increases consumer surplus, but firms capture only part of that surplus in their profits.
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δ (C(a)/z(a)) and µ(a) ≡ µ (C(a)/z(a)). Holding everything else fixed, when δ(a) > µ(a), the
variety-gains externality dominates: locating in more productive cities is relatively more costly for
firms in the decentralized equilibrium than in the efficient allocation, leading to insufficient entry
in these locations. Conversely, when µ(a) > δ(a), the business-stealing externality dominates:
locating in more productive cities is relatively less costly in the decentralized equilibrium, leading
to excessive entry in these locations.

Whether these externalities lead to excessive or insufficient concentration of firms in larger markets
cannot be determined at this level of generality. First, as highlighted by Dhingra and Morrow
(2019), the relationship between δ(a) and µ(a) depends on the exact parametrization of demand.
Second, the differences between (28) and (32) extend beyond the cost of locating in more productive
markets. Aggregate objects generally differ between the decentralized and efficient allocations, so
the benefits of locating in larger markets may differ as well. Finally, transfers differ across the two
allocations, changing the spatial distribution of market size and therefore its gradient, M ′(a)/M(a).

To make progress, I compare the decentralized equilibrium with an allocation that preserves the
same structure of worker transfers while correcting firms’ market power. Consider a version of the
economy in which profits from the national portfolio are rebated to workers through a uniform wage
subsidy, so that income in location a is W (a)(1 + s). Starting from this allocation, I implement
the output subsidy in Proposition 4 and finance it with a uniform tax on labor income, so that
workers’ income becomes W (a)(1+t). I refer to the resulting allocation as the quasi-optimal policy.

The quasi-optimal policy eliminates markups and therefore corrects firms’ location decisions, the
relative consumption of goods, and aggregate entry. It differs from the first best only in the
treatment of workers. Rather than using a lump-sum tax to set the level of workers’ expenditure,
it preserves income proportional to local wages. Because income is proportional to wages in both
the decentralized and quasi-optimal allocations, the comparison preserves the same worker-transfer
structure and isolates the distortions in firms’ location decisions. This is also the policy convention
I adopt in the extended model and in the quantitative analysis. Let z∗(a) denote the productivity
of local producers in location a under the quasi-optimal policy.

Proposition 5 (Spatial Misallocation). Under Assumption 1 and the assumptions of Proposition
1, there exists ˜︁ε > 0 such that, for ε ∈ (0, ˜︁ε),

z(a) < z∗(a), for all a ∈ (a, a). (34)

Proof. See Appendix C.3.

Proposition 5 shows that productive producers are over-concentrated in larger markets. The
quasi-optimal policy reallocates them toward smaller cities, so that every interior city hosts more
productive firms. Under Assumption 1 and when ε is not too large, µ(a) > δ(a), so the private
cost of locating in more competitive markets is lower than the social cost. The business-stealing
externality therefore dominates, leading productive firms to locate excessively in larger markets.
This result is similar to Dhingra and Morrow (2019) and Matsuyama and Ushchev (2021), who
show that entry is excessive in single-market models with homogeneous firms under MSLD. The
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proportional structure of worker transfers is key for this comparison. The elasticity of market size
with respect to productivity does not depend on the level of transfers, so the policy’s financing
does not affect firms’ marginal returns to locating in larger markets.

This section has outlined a general equilibrium model in which spatial differences in markups
arise endogenously from the location choices of heterogeneous local producers. The framework
shows how markups distort the allocation of firms across cities, leading to an overconcentration
of the most productive firms in the largest markets. The baseline model remains intentionally
parsimonious in its treatment of spatial heterogeneity, workers’ idiosyncratic location preferences,
housing supply, and within-city variation in markups across firms. In the next section, I extend
the framework along these dimensions. I then take the extended model to the data in Section 5
and use it to quantify the welfare effects of alternative place-based policies.

3 Extended Model
In this section, I first describe the extensions of the baseline model. Then, I demonstrate how the
results from Section 2 carry over to this richer environment.

3.1 Environment
The extended model is as in Section 2, with the following additions:

Productivity Realization. Local producers’ productivity is now determined in two stages. As
in the baseline framework, firms first pay the entry cost ce and draw an initial productivity z,
based on which they choose where to locate. After locating, firms draw their final productivity
ω from a conditional distribution with CDF G(ω|z) and PDF g(ω|z). Firms then observe ω and
make their pricing and production decisions. This extension generates an ex-post, non-degenerate
productivity distribution among local producers within each city while preserving positive sorting
across cities based on firms’ initial productivity draw, z. It also introduces an additional margin
of inefficiency: within-city markup variation leads to misallocation of production inputs.

Local Amenities. Cities now differ in both traded-good productivity, a, and local residential
amenities, b. I index locations by the productivity-amenity pair c = (a, b), which follows a cumu-
lative distribution function Fc(a, b) with density fc(a, b). Residential amenities capture attributes
that attract workers to particular locations, such as climate or local public goods. This additional
dimension of city heterogeneity allows the model to jointly match the distributions of population
and wages across cities.

Workers’ Idiosyncratic Location Preferences. Workers are now heterogeneous in their val-
uations of specific locations, and I index them by i. Worker i observes a set of idiosyncratic
location-specific preference shocks, ςi(c), and chooses where to reside. If worker i locates in c,
utility is given by
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Ui(c) = b(c)
(︄
Y (c)
η

)︄η (︄
H(c)
α

)︄α (︄
Q(c)

1 − η − α

)︄1−η−α

ςi(c). (35)

The idiosyncratic preference shock ςi(c) is independently and identically distributed across workers
and locations and follows a Fréchet distribution with shape parameter θ. Under the preferences in
(35), real income no longer equalizes across cities in equilibrium. Consequently, θ determines the
migration elasticity with respect to real income in the quantitative model. This heterogeneity also
introduces a redistribution motive for the social planner, since individuals with different preference
draws have different marginal utilities of tradable consumption (Fajgelbaum & Gaubert, 2020).

Housing in Production. Local and traded goods producers now use housing in production,
which I refer to as commercial structures. A local goods producer in city c with final productivity
ω produces according to a Cobb-Douglas production function:

y(ω, c) = ω l(ω, c)βh(ω, c)1−β, (36)

where l(ω, c) is labor input, h(ω, c) is the demand for commercial structures (buildings), and
β ∈ (0, 1) represents the labor elasticity of output.

Similarly, traded goods producers in city c produce according to:

QT (c) = a(c)
(︂
LT (c)

)︂γ (︂
HT (c)

)︂1−γ
, (37)

where LT (c) is employment, HT (c) is commercial structures, and γ ∈ (0, 1) is the labor elasticity of
output. By incorporating housing into production, the quantitative model captures an additional
local congestion force, as a larger local population drives up production costs.

Housing Supply. Perfectly competitive land developers use the traded good to produce housing
and commercial structures in every city, according to the isoelastic production function:

H(c) =
(︄

1 + ϕ

ϕ
Q(c)

)︄ ϕ
1+ϕ

, (38)

where H(c) is the total supply of buildings in city c (housing and commercial structures) and Q(c)
is the amount of traded good used for buildings.

Ownership. The representative mutual fund aggregates profits from land developers and rebates
them to workers through a flat wage subsidy.

3.2 Characterization
Appendix D illustrates how the quantitative extensions preserve the fundamental structure of
local producers’ production and location decisions. On the one hand, the firms’ pricing problem in
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Section 2.3.1 continues to hold, with two key modifications: (i) the competition index now accounts
for local structures prices, and (ii) firms make pricing decisions based on their final productivity.

On the other hand, the location choices of local producers in Section 2.3.2 follow the same structure,
with two modifications. First, firms choose where to locate based on a composite index, x, which
I refer to as a city’s appeal. Although a city is characterized by a traded-good productivity and
local amenities pair, (a, b), Appendix D shows that firms value these characteristics only through:

x ≡ x(a, b) =
(︃
a

1+θ(1−ηβ)
γ bθ

)︃ 1
θξ

, (39)

where ξ is a positive constant defined in Proposition 6 below. Intuitively, traded-good productivity
shapes wages, while amenities influence population. Hence, city size, measured by total expenditure
on local goods, depends on a combination of these two characteristics, and firms therefore sort based
on the appeal index x rather than the pair (a, b).12

Second, given the two-stage realization of productivity, firms make location choices based on
expected profits. Indexing cities by their appeal, x, the location problem (21) becomes

x(z) = argmax
x

Π(z, x) ≡ Eω[π(ω, x)] =
∫︂
ω

M(x)ψ
(︂
C(x)
ω

)︂
φ
(︂
ψ
(︂
C(x)
ω

)︂)︂
δ(x)

σ
(︂
ψ
(︂
C(x)
ω

)︂)︂ dG(ω|z), (40)

where δ(x) is the sales-weighted mean consumer surplus ratio, which is equal to the ratio of the
local price indices.

The location problem (40) is a standard stochastic optimization problem. Because final produc-
tivity is not observed at the time of location choice, firms choose locations based on expected
profits. Using standard tools of monotone comparative statics under uncertainty (Athey, 2002),
Proposition 6 extends the baseline sorting and equilibrium results under the following assumption
on the destination productivity distribution.

Assumption 2 (Log-Supermodularity in Destination Productivity). The PDF of the destination
productivity distribution for local producers, g(ω|z), is strictly log-supermodular in (ω, z).

Proposition 6 (Sorting, Existence, and Uniqueness of Equilibrium in the Extended Model).
Suppose Assumptions 1 and 2 hold. Moreover, assume that ξ > η/(σ − 1), where

ξ ≡
γ
(︂
1 + ϕ+ θ(α + η(1 − β))

)︂
+ (1 − γ)

(︂
1 + θ(1 − ηβ)

)︂
θγ(1 + ϕ) .

Then the results of Propositions 1 and 2 and Corollary 1 carry over to the extended model with
three modifications. First, cities are indexed by their appeal, x, defined in (39). Second, market
size M(x), firm location z(x), and local housing-structure rents R(x) depend only on city appeal,

12Firms are indifferent between locating in cities c = (a, b) and c′ = (a′, b′) whenever x(a, b) = x(a′, b′).
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whereas the price indices D(x, a) and P(x, a), wages W (x, a), and population L(x, a) depend on
both city appeal and local productivity. Third, the competition index is now defined as C(x) ≡
νW (x, a)βR(x)1−β/D(x, a), where ν ≡ 1/[ββ(1 − β)1−β], and depends only on x.

Proof. See Appendix D.

It is worth highlighting how the additional model ingredients affect the sorting and equilibrium
results. First, under Assumption 1, the profit function in (21) is log-supermodular in x and z.
Assumption 2 ensures that expected profits in (40) preserve this property, so the PAM result
carries over to the extended framework.

Second, the parameter ξ generalizes the congestion force in the baseline model. In addition to
the housing expenditure share α, it incorporates the housing supply elasticity ϕ, the dispersion of
idiosyncratic location preferences θ, and the input elasticities β and γ, since production now also
uses housing. Together, these parameters determine how the costs of locating in a city change
with its size. The condition ξ > η/(σ − 1) ensures the existence of the PAM equilibrium in the
extended model when ε is not too large. When β = γ = 1, ϕ = 0, and θ → ∞, ξ converges to α,
and the condition reduces to that in Proposition 1.

Finally, price indices, wages, and population can no longer be summarized solely by city appeal.
Wages are pinned down by the zero-profit condition of traded-good producers and therefore depend
directly on local productivity a. Workers also value amenities directly, whereas local producers
value them only through their effects on market size and structure rents.13

Aggregation. City-level markup and TFP in (31) are now given by

M(x) ≡

⎡⎣∫︂
ω

sy(ω, x)
µ
(︂
C(x)
ω

)︂dGx(ω)
⎤⎦−1

, Z(x) ≡

⎡⎣∫︂
ω

φ
(︂
C(x)
ω

)︂
ω

dGx(ω)
⎤⎦−1

, (41)

where sy(ω, x) ≡ ψ
(︂
C(x)
ω

)︂
φ
(︂
C(x)
ω

)︂
δ(x) denotes the sales share of firm ω in city x. The distribution

Gx(·) denotes the productivity distribution of local producers in city x, with density g(ω|z(x)),
while φ(C/ω) and µ(C/ω) are shorthand for φ(ψ(C/ω)) and µ(ψ(C/ω)), respectively. The aggre-
gate markup is a sales-weighted harmonic mean of firm-level markups, while aggregate productivity
is a firm-size-weighted harmonic mean of firm-level productivity.

Spatial Misallocation in the Extended Model. In principle, Propositions 3 and 4 can be
extended to the richer environment. If cities differ only in local productivity, abstracting from
amenities, the propositions continue to apply with some modifications. In particular, the aggregate
markup and aggregate consumer surplus enter conditions (28) and (32) instead of their firm-level
counterparts. Moreover, worker transfers include a labor tax equal to 1/(1 + θ), as in Section
III.E of Fajgelbaum and Gaubert (2020). When cities differ in both productivity and amenities,
however, characterizing the efficient allocation becomes substantially more difficult. As in the

13Local population initially depends directly on local amenities. For consistency with the notation above, I
express amenities as a function of x and a using (39).
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baseline model, efficiency requires lump-sum transfers to workers. These transfers imply that x
is no longer a sufficient statistic for firms’ location choices, which instead depend separately on
local productivity and amenities. Characterizing the efficient allocation therefore requires solving a
multidimensional assignment problem, which has proved particularly difficult.14 For this reason, in
the extended model I rebate transfers proportionally to wages rather than as lump-sum payments.

In Section 5, I implement the optimal location-specific output subsidy for firms from Proposition 4
within the extended model. As in the baseline model, this policy eliminates markups for all firms,
thereby alleviating the main source of inefficiency. Importantly, relative to the baseline model, the
policy also eliminates within-city markup variation, addressing an additional source of production
misallocation generated by the richer productivity process for local producers. I avoid lump-sum
transfers and instead finance the output subsidy with a flat proportional tax on labor income.
Workers receive the profits of land developers through a flat wage subsidy, together with transfers
from the national portfolio net of taxes. Because this transfer structure does not achieve the first
best, I refer to this allocation as the quasi-optimal policy, as in Section 2.6.

This section extended the baseline model along several dimensions to better capture spatial hetero-
geneity across cities. Relative to the baseline, the extended model features both the misallocation
of firms across cities and the misallocation of production within cities. I study the quantitative
importance of this additional margin in Section 5. Before turning to the model quantification, the
next section introduces the data and estimates markups for local producers across U.S. cities.

4 Empirical Analysis
In this section, I estimate firm-level markups across U.S. cities. I begin by describing the data
and defining local industries. I then present evidence that, consistent with the model, firms in
larger markets appear to be more productive than those in smaller markets. Next, I estimate
markups for firms in local industries. These firm-level estimates constitute the key empirical
input used to estimate the parameters that discipline the quantitative analysis. Finally, I examine
how aggregate markups vary across cities. This cross-sectional analysis provides evidence on the
mechanisms highlighted by the model, but it is not required for the subsequent quantification.

4.1 Data
My primary dataset is the microdata from the U.S. Census Bureau’s Longitudinal Business Database
(LBD). The LBD is constructed from administrative employment records and covers nearly every
nonfarm private-sector establishment in the United States. For my analysis, I use information on
employment, wage bills, geographic location at the county and commuting-zone levels, six-digit
NAICS industries, and establishment identifiers.

I supplement the LBD with sales data from the Economic Censuses (EC), which are conducted
every five years. I use microdata from the 2002, 2007, 2012, and 2017 censuses of Construction

14See Boerma, Ottolini, and Tsyvinski (2025) for a discussion of such problems and a characterization in the
context of workers and firms with general output functions and distributions.
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Industries, Manufacturing, Retail Trade, Services, Wholesale Trade, Finance, Insurance and Real
Estate, and Transportation, Communications and Utilities. I link establishments in the Economic
Censuses to those in the LBD using establishment identifiers. The resulting sample consists of LBD
establishments matched to sales data from the Economic Censuses.15 I use 2017 as the baseline
year and the earlier census years for robustness exercises.

I use the Census of Manufactures to conduct additional markup estimation exercises. It contains
detailed establishment-level information on expenditures on intermediate inputs, capital (equip-
ment and structures), and energy. Comparable information is not available in the other Economic
Censuses. I construct measures of capital, materials, and labor following standard procedures in
the literature (Foster, Grim, & Haltiwanger, 2016).

I map cities in the model to commuting zones in the data, following Autor and Dorn (2013). My
sample covers 722 commuting zones in the continental United States. Under this mapping, each
commuting zone corresponds to a collection of nearby model locations. Formally, a commuting
zone represents an interval [x, x+ dx] in the model’s location space. In some robustness exercises,
I instead define cities at the county level.

4.2 Local Industries
I use the classification of Delgado, Porter, and Stern (2015) to distinguish between local and
traded establishments in the LBD. Broadly, their approach classifies six-digit NAICS industries
as either “Local” or “Traded” based on employment specialization, geographic concentration, and
proximity to final consumers. Local industries are present in most geographic areas and primarily
serve local consumers. By contrast, traded industries serve customers in other regions and may
be geographically concentrated. The classification assigns 310 six-digit NAICS industries to the
local category and 778 to the traded category.16 Using the industry codes in the LBD, I classify
an establishment as a local producer if it belongs to one of the 310 local industries.17

Table 1 displays summary statistics for the baseline sample. The sample includes 85% of all LBD
establishments in 2017. Establishments in local industries are smaller, on average, than those in
traded industries in terms of employment, sales, and wage bill. Nevertheless, there are almost three
times as many local establishments as traded establishments. As a result, local industries account
for more than half of U.S. economic activity, employing 67% of the labor force and generating 52%
of total sales and 59% of total labor income.

To remain consistent with the framework, I treat all establishments belonging to the same firm
within a city as a single establishment. The model abstracts from both within-city geography
and the possibility that a firm operates multiple establishments within the same city. I follow the
same convention in the data by aggregating all establishments of a given firm within a city. This
aggregation is also motivated by the possibility that firms make pricing and production decisions
jointly across their establishments. The results are robust to instead treating these establishments

15The resulting sample is similar to the one constructed by Hsieh and Rossi-Hansberg (2023).
16The full list of 310 local NAICS industries is available through the Cluster Mapping Project.
17This classification is also used by Berger, Herkenhoff, and Mongey (2022) in their study of labor market power.
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Table 1: Summary statistics baseline 2017 sample

All Local Traded
Industries Industries Industries

(1) (2) (3)

Number of establishments 6,655,000 5,075,000 1,579,000
Avg. Employment (# of workers) 17.82 15.70 24.61
Avg. Sales (thousands) 3,463 2,376 6,955
Avg. Wage bill (thousands) 627.4 488.1 1,075

Agg. employment share ... 0.67 0.33
Agg. sales share ... 0.52 0.48
Agg. wage bill share ... 0.59 0.41

Notes: Table 1 displays summary statistics for the 2017 LBD-EC matched sample. The
traded-local industries classification is based on Delgado, Porter, & Stern (2015).

as separate units or excluding multi-establishment firms from the sample.

4.3 Model Validation
Before studying markups across U.S. cities, I provide empirical support for the model’s sorting
prediction. Proposition 1 in the baseline model and Proposition 6 in the extended model imply
that local producers are more productive in larger cities. However, the LBD-EC data do not allow
me to estimate total factor productivity outside the manufacturing sector. I therefore examine
how two proxies for productivity relate to city size.

Sales per worker and city size. My first proxy for productivity is sales per worker. Ideally,
one would use physical output per worker as a measure of labor productivity. However, because I
observe only establishment-level sales, I cannot separately identify prices and quantities. I therefore
use sales per worker as my establishment-level measure of labor productivity.

I next aggregate this measure to the commuting-zone level. Using each establishment’s location
and local-traded classification, I compute sales per worker for establishments in local industries
and average this measure across establishments within each commuting zone. This yields my
commuting-zone measure of labor productivity. Guided by the framework, I define commuting-
zone size as the total income of workers residing in the commuting zone.18

Figure 1(a) presents a bin scatter of log sales per worker against log commuting-zone size. Consis-
tent with the model’s predictions, the relationship is positive. A 10% increase in commuting-zone
size is associated with an approximately 0.3% increase in sales per worker. Moreover, commuting
zones in the top decile of the size distribution have sales per worker about 10% higher than those
in the bottom decile.

18Consistent with the model, this measure includes all workers, regardless of whether they are employed in local
or traded industries.
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Figure 1: Local industries revenue per worker and employment across commuting zones

5
.1

5
.2

5
.3

5
.4

L
o

g
 s

al
es

 p
er

 w
o

rk
er

10 12 14 16 18

Log total labor income

(a) Sales per worker

2
2

.5
3

3
.5

L
o

g
 w

o
rk

er
s

10 12 14 16 18

Log total labor income

(b) Size

Notes: Figure 1(a) shows a bin-scatter of commuting zone log average sales per worker and log total labor
income. Figure 1(b) shows a bin-scatter of commuting zone log average establishment employment and log
total labor income. Both scatters consider 50 equally sized commuting zone bins according to their total labor
income, and bin averages are computed among establishments in local industries. Dashed line is a linear fit.

Establishment size and city size. My second proxy for firm productivity is establishment
size, measured by employment. For each commuting zone, I compute average employment per
establishment among firms in local industries. I then divide commuting zones into 50 equally
sized bins based on total labor income and compute average establishment size within each bin,
following the same procedure used for labor productivity.

Figure 1(b) presents the corresponding bin scatter for average establishment employment. The
relationship is considerably steeper and tighter than that for sales per worker. A 10% increase in
commuting-zone size is associated with an approximately 1.4% increase in average establishment
employment. Establishments in commuting zones in the top decile of the size distribution em-
ploy about two and a half times as many workers as those in the bottom decile. Thus, average
establishment size more than doubles across the commuting-zone size distribution.

One concern with both proxies is that sales and employment at establishments belonging to firms
that operate in multiple commuting zones may reflect within-firm linkages across locations. In
particular, outcomes at an establishment in one commuting zone may depend on the firm’s dis-
tribution of establishments across other locations, as in frameworks such as Kleinman (2025).
Because my model abstracts from this margin, I assess the robustness of the results using a sample
that more closely matches the model’s environment. Appendix Figure F1 reproduces both panels
after restricting the sample to firms operating in a single commuting zone. Both relationships
remain, and, if anything, the labor-productivity gradient is tighter in this restricted sample.

4.4 Markup Estimation
This section outlines the empirical strategy I use to estimate markups for establishments in local
industries. I combine the consumer demand and firm labor demand implied by the model to
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derive an estimating equation from which markups can be recovered, building on the approach in
De Loecker (2011). Before presenting the method, I discuss why existing approaches are difficult
to implement in the matched LBD–Economic Census sample.

4.4.1 Existing Methods

One approach to markup estimation is commonly referred to as the demand approach. This
methodology relies on data on prices and product characteristics, together with information on
quantities sold or market shares, to estimate a system of own- and cross-price elasticities across
products. Given these estimates, markups can be recovered from the pricing first-order conditions
after specifying a model of firm conduct (Ackerberg et al., 2007; Berry, Gaynor, & Scott Morton,
2019). Unfortunately, I do not observe prices or product characteristics in the LBD-EC data, so I
cannot implement the demand approach.

Instead, my method builds on the production approach to markup estimation. Originally developed
by Hall (1988) and extended by De Loecker and Warzynski (2012), this approach combines data
on sales and variable input expenditures with estimates of output elasticities to recover markups.

To introduce this method, I index establishments by j and cities by c.19 Under standard regularity
conditions for the firm’s cost-minimization problem, the markup of establishment j in city c can
be expressed as the ratio of the output elasticity of a flexible input to that input’s expenditure
share in sales.20 The conditions required for this ratio estimator hold in my quantitative setting,
and the labor demand function derived in Section D.1 implies that

µjc = β

αljc
e−νjc , (42)

where αljc = (Wcljc)/(pjcyjc) is the labor expenditure share in total sales, which is observed in the
data. The term νjc captures either an ex-post production shock that firms do not observe when
choosing their inputs or measurement error in quantities.21 Equation (42), known as the ratio
estimator, implies that markups can be recovered with estimates of the labor output elasticity and
the ex-post shock. The main econometric challenge is therefore to estimate these two objects.

A common alternative for estimating output elasticities is the production function approach. Under
this approach, researchers estimate a production function by regressing output on inputs while
controlling for, or otherwise removing, unobserved productivity. Estimation is typically carried out
using control function methods, as in Ackerberg, Caves, and Frazer (2015) and Gandhi, Navarro,
and Rivers (2020), or dynamic panel methods, as in Arellano and Bover (1995) and Blundell and
Bond (1998, 2000). Each approach has its own costs and benefits.22 However, these approaches
generally require data on physical output quantities. When sales are used instead, unobserved
differences in output prices confound the identification of production function parameters (Bond

19In the empirical application, cities are defined as either commuting zones or counties.
20A flexible input satisfies: 1) it can be freely adjusted, and 2) establishments take its price as given.
21Specifically, incorporating this term into (36), the production function takes the form yjc = ωjce

νjc lβjch
1−β
jc .

22De Loecker and Syverson (2021) provide an extensive review of control function and dynamic panel methods.
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et al., 2021; DeRidder, Grassi, & Morzenti, 2024). Data on physical quantities for establishments
across different sectors of the U.S. economy are generally unavailable.23 Hence, I cannot implement
the production function approach to construct the ratio estimator.

A second alternative for estimating production elasticities is the cost-share approach.24 Under
cost minimization, an input’s output elasticity equals its share of total costs multiplied by the
production function’s returns to scale, which some applications normalize to one by assuming
constant returns to scale. Unlike the production function approach, this method does not require
data on physical quantities. It does, however, require data on an establishment’s total costs.
As highlighted by De Loecker and Syverson (2021), such data are rare, with capital costs being
particularly difficult to observe. Indeed, data on total establishment costs in the United States
are generally unavailable outside publicly traded firms and manufacturing establishments. Thus,
I cannot implement the cost-share approach to construct the ratio estimator.

As data limitations prevent me from estimating output elasticities, I adopt an alternative approach
to recover markups using the ratio estimator. Following the insight in De Loecker (2011), I use the
demand structure of the model to address the identification problem. De Loecker (2011) uses a
CES demand system to control for unobserved firm prices when estimating a production function.
I instead use the Kimball demand structure to construct a control function for markups. The
two approaches differ along two main dimensions. First, I use the demand structure to estimate
markups directly rather than to recover production elasticities. Second, the Kimball demand
system allows markups to vary across firms, whereas CES preferences imply constant markups. In
this respect, my approach is closest to Blum et al. (2024), who construct a proxy for markups in
the context of productivity estimation while also allowing for firm-specific markup variation.

4.4.2 Alternative Procedure

To avoid tying the estimates to a particular functional form, I consider a general parameterization
of Υ(·) and impose only the existence of a choke price.

Assumption 3 (Kimball Aggregator for Markup Estimation). Assume Υ(·) is strictly increasing
and concave and satisfies Υ(0) = 0. Moreover, assume that there exists p < ∞ such that

(Υ′)−1 (p) = 0.

Assumption 3 implies that there is a finite price at which workers demand zero quantities. This
condition is satisfied by the Klenow and Willis (2016) parameterization used in Sections 2 and 3.

To illustrate my approach, I begin by rearranging (42) and taking logs:

logαljc = log β − log µjc − νjc. (43)
23Exceptions include manufacturing subsamples in Foster, Haltiwanger, and Syverson (2008) and Atalay (2014).
24De Loecker, Eeckhout, and Unger (2020) and Edmond, Midrigan, and Xu (2023) use this approach to estimate

markups for publicly traded firms and manufacturing establishments, respectively.
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An initial reading of (43) might suggest that markups could be estimated from the residual of a
regression of the labor share on a constant capturing the labor output elasticity. This procedure,
however, faces two important challenges. First, the measurement error νjc is absorbed by the resid-
ual, thereby confounding markup estimates.25 Second, as Appendix E.5 shows, if the production
function is generalized so that output elasticities vary with input usage, the resulting correlation
between markups and inputs invalidates the identification of markups from the residual in (43).
To overcome these challenges, I use the demand system in Assumption 3 to construct a control
function for markups.

Appendix E.1 shows that the markup of establishment j in city c can be expressed as a function
of the firm’s sales share, syjc, and the local price indices Pc and Dc:

µjc = µ

(︄
syjc

Pc
Dc

)︄
. (44)

The exact functional form of µ(·) depends on the parameterization of Υ(·). To keep the estimation
parsimonious, I approximate the markup function semiparametrically using a sieve series estimator,
following Hansen (2014) and its application to production function estimation by Gandhi, Navarro,
and Rivers (2020). In the baseline specification, I approximate the log markup function with
a third-degree polynomial in syjc(Pc/Dc).26 Under this approximation, the resulting estimating
equation takes the form of a heterogeneous-slopes model:

logαljc = log β + ς1,cs
y
jc + ς2,c(syjc)2 + ς3,c(syjc)3 + υjc, (45)

where ς1,c, ς2,c, and ς3,c are city-specific coefficients that absorb the variation in Pc/Dc, and υjc is
a composite error term containing both the measurement error νjc and the approximation error.
Importantly, Assumption 3 implies that the approximation to the markup function has no constant
term. This restriction allows me to separately identify markup levels and the output elasticity β.
The resulting markup estimates are

µ̂jc = exp(−ς̂1,csyjc − ς̂2,c(syjc)2 − ς̂3,c(syjc)3). (46)

Equation (45) clarifies the variation that identifies markups. Conditional on the output elasticity,
β, identification comes from within-city variation in sales shares and labor cost shares. Within
a city, establishments with higher sales shares and lower labor expenditure shares have higher
markups. Because the measurement error νjc may be correlated with contemporaneous sales
shares syjc, I also report robustness exercises that instrument contemporaneous sales shares with
their lagged values in the estimation of (45).

Appendix Table F1 presents summary statistics for the estimated markups. I report results for
25Peters (2020) follows a related strategy but corrects for measurement error using data on all inputs, which

allow him to estimate a nonparametric production function. This correction is not feasible with my data.
26The baseline results are virtually unchanged when higher-order polynomials are used.
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the baseline markups obtained by estimating (45) by ordinary least squares (OLS), as well as
for markups estimated by instrumenting the contemporaneous sales-share terms with their lags.
Overall, the two estimates are very similar. Establishments in U.S. local industries charge an
average markup of 5.6%, while those near the bottom of the markup distribution have markups
close to zero. Consistent with Assumption 3, establishments with very small local sales shares
have markups close to zero. In contrast, establishments near the top of the distribution charge
markups of approximately 10%. These estimates are comparable to those reported by DeRidder,
Grassi, and Morzenti (2024) for French manufacturing firms, but lower than those reported by
De Loecker, Eeckhout, and Unger (2020) for publicly traded U.S. firms.

I defer one technical discussion and two estimation extensions to the appendix. Appendix E.2
derives conditions on Υ(·) under which the regularity conditions in Newey (1997) hold, ensuring
consistency of the sieve estimator in (45). Appendix E.3 then extends the estimation framework to
allow for multiple sectors. The estimating equation (45) carries over with two modifications. First,
the city-specific slopes become city-sector specific because local price indices also vary across sec-
tors. Second, establishment market shares are defined at the city-sector level. Finally, Appendix
E.4 extends the baseline approach to account for potential labor market power. Intuitively, mark-
downs can be recovered using a control function based on local wage-bill shares.

4.5 Markups Across Cities
I now examine the cross-sectional patterns of markups across cities. I estimate markups for es-
tablishments in local industries using (46).27 I then compute the city-level aggregate markup as
the sales-weighted harmonic mean of establishment-level markups. Formally, I define Mc, the
empirical counterpart of (41), as

Mc =
⎛⎝∑︂
j∈c

syjc
µjc

⎞⎠−1

, (47)

where the sum is taken over all establishments located in city c.

Figure 2 shows the relationship between city-level aggregate markups and market size, measured
by total labor income, for both commuting zones and counties. The results reveal a clear empirical
pattern. Larger markets have significantly lower aggregate markups than smaller ones. Figure
2(a) shows that commuting zones in the top decile of the size distribution, including those that
encompass major urban areas such as New York and Chicago, have aggregate markups approxi-
mately 20% lower than those in the bottom decile. Across the size distribution, a 1% increase in
commuting-zone size is associated with an approximately 0.02% decrease in the aggregate markup.
Figure 2(b) documents the same pattern across counties.

The relationship between aggregate markups and market size is stable over time. Table 2 reports
27In principle, (46) could also be used to estimate markups for establishments in traded industries. Doing so,

however, would require taking a stand on the geographic markets these establishments serve and accounting for
imports when computing their market shares.
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Figure 2: Aggregate markup and market size
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(a) Commuting zones
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Notes: Figure 2(a) presents a bin scatter of commuting-zone aggregate markups against log total labor
income. Figure 2(b) presents the corresponding bin scatter for counties. Both panels divide cities into 50
equally sized bins based on total labor income. The city-level aggregate markup is the sales-weighted harmonic
mean of local establishments’ markups, as defined in (47). The dashed line shows a linear fit across bins.

the elasticity of aggregate markups with respect to market size for commuting zones and counties
in each census year from 2002 to 2017, extending the baseline analysis for 2017 presented in the
preceding figures. The negative relationship is present in every specification. For commuting zones,
the estimated elasticity remains relatively stable, ranging from -2% to -3.2%. For counties, the
estimates are of similar magnitude across years, except in 2017, when the elasticity is smaller in
magnitude at -1.4%.

The negative relationship between aggregate markups and market size is robust to alternative
estimation approaches. I first address the concern that contemporaneous sales shares may be cor-
related with the ex post shock, νjc. Appendix Figure F2 presents a bin scatter of aggregate markups
against commuting-zone size when establishment markups are estimated using the instrumental-
variables approach discussed above. Under this alternative specification, aggregate markups levels
slightly decline, but the strong negative relationship documented in Figure 2(a) remains.

I next examine whether the baseline results are affected by potential labor market power. Firms
may exercise market power in local labor markets, which could affect the markups inferred from
(45). To address this possibility, I re-estimate markups using the methodology developed in Ap-
pendix E.4, which allows for firm-specific markdowns. Figure F3 reproduces Figure 2 using these
alternative estimates. The implied city-level aggregate markups increase substantially, but the
negative relationship between market size and aggregate markups becomes even more pronounced.
Furthermore, Table F2 shows that the elasticity of aggregate markups with respect to market size
remains negative across census years for both counties and commuting zones.

As a third robustness exercise, I consider a simpler measure of markups based solely on the
inverse of the labor share. As equation (42) shows, the labor output elasticity is constant across
establishments in my sample. Therefore, in the absence of ex post production shocks, cross-
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Table 2: Average City Markup elasticity with respect to City Size

Dep. var.: Log aggregate markup
2002 2007 2012 2017
(1) (2) (3) (4)

Panel A: Commuting Zones
Log total labor income -0.0209*** -0.0317*** -0.0327*** -0.0207***

(0.0020) (0.0026) (0.0029) (0.0027)
Observations 700 700 700 700
R-squared 0.184 0.285 0.243 0.141

Panel B: Counties
Log total labor income -0.0222*** -0.0322*** -0.0289*** -0.0147***

(0.0016) (0.0018) (0.0020) (0.0017)
Observations 3200 3200 3200 3200
R-squared 0.076 0.126 0.081 0.029

Notes: Table 2 displays the average elasticity of commuting zone aggregate markup and
city size. City aggregate markups is defined as (47) and city size is defined as total labor
income. Panel A shows the mean elasticity defining cities as commuting zones. Panel B
shows the mean elasticity defining cities as counties. Robust standard errors in parenthesis.
*10% level, **5% level, ***1% level.

sectional variation in establishment markups would be driven entirely by variation in the inverse
labor share.28 Motivated by this observation, I construct an alternative markup measure that
abstracts from ex post shocks and normalizes the labor output elasticity to one. I then aggregate
these establishment-level measures to the city level as before. Because this procedure identifies
only relative markup differences across locations, I normalize each city’s aggregate markup by
that of the largest city. Figure F4 shows that the strong negative relationship between aggregate
markups and market size persists. It also implies markup gaps of a similar magnitude across
the size distribution, with smaller markets having aggregate markups approximately 25% to 30%
higher than larger markets. Table F3 further shows that this negative relationship remains stable
over time for both counties and commuting zones.

Having established that the empirical pattern is robust to alternative markup estimates and across
census years, I finally examine whether multi-location firms complicate its interpretation as ev-
idence of local competition. These firms pose two potential challenges. First, retail chains set
nearly uniform prices across their stores (DellaVigna & Gentzkow, 2019). Combined with higher
labor costs in larger markets, uniform pricing could mechanically lower measured establishment
markups in large cities, even in the absence of differences in local market power. Second, because
multi-establishment firms typically originate in large markets and expand into smaller ones (Hsieh
& Rossi-Hansberg, 2023), their prevalence varies systematically with market size. The aggregate
relationship could therefore partly reflect differences in the composition of firms across locations

28This builds on the insight in DeRidder, Grassi, and Morzenti (2024) that the ratio estimator remains informative
about cross-sectional and time-series variation in markups even when output elasticities are measured imprecisely.
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rather than differences in local competition. Both concerns are reduced when the sample is re-
stricted to firms operating in a single commuting zone, whose pricing decisions are more likely to
reflect local market conditions. Figure F5 replicates Figure 2(a) using this restricted sample. The
negative relationship between aggregate markups and market size is, if anything, steeper.

4.5.1 Markups Across Cities and Sectors

Although the primary goal of this section is to present the markup estimates used in the quantita-
tive analysis, I now turn to a sector-specific analysis of markups across cities. The purpose of this
exercise is to illustrate more clearly the variation in the data that identifies markups and to show
that the negative relationship between city-level markups and market size is not mechanical.

I estimate markups for the same sample of local establishments using the multi-sector approach
described in Appendix E.3. Under this extension, conditional on a sector-specific output elasticity,
markups are identified from variation in establishment labor expenditure shares relative to estab-
lishment market shares within each city-sector. I then construct city-sector aggregate markups
analogously to (47). I implement this procedure for fifteen two-digit NAICS industries.

Tables F4 and F5 report the elasticity of city-sector aggregate markups with respect to market
size for counties and commuting zones, respectively. The results reveal substantial heterogeneity
across sectors, with some displaying positive elasticities and others negative ones. Importantly,
two of the three sectors with the largest shares of local employment, Retail and Accommodation
and Food Services, display a negative elasticity under both city definitions. These sectors therefore
contribute largely to the negative aggregate relationship documented in Figure 2.

The sector-level results also show that the negative relationship between aggregate markups and
market size is not mechanical. In particular, because the estimation uses establishment market
shares, one might be concerned that markups decline with market size simply because establish-
ments tend to have smaller market shares in larger markets with more competitors. If this mech-
anism mechanically generated the aggregate relationship, however, the same negative relationship
should emerge across sectors. Instead, the sector-level estimates reveal substantial heterogeneity,
with several sectors displaying positive elasticities. Thus, the relationship between markups and
market size depends on the joint variation in establishment market shares and labor expenditure
shares within each city-sector, rather than on either variable in isolation.

4.6 Robustness Using the Census of Manufactures
I use the manufacturing sector to conduct additional robustness exercises that provide further
empirical support for my markup estimates. Unlike the full sample, the Census of Manufactures
contains detailed information on production inputs, including materials, energy, and capital ex-
penditures. These data allow me to examine the variation in markups across cities using three
alternative markup estimates. Appendix F.4 provides the details of these exercises.

I address two initial concerns simultaneously. First, one potential concern with my markup esti-
mation procedure is that labor may not be fully flexible. Second, the Cobb-Douglas assumption
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may be too restrictive because establishments can differ in the technologies they operate. I ad-
dress both concerns in Appendix E.5 by extending the baseline estimating equation (45) to use
materials and energy, which are generally viewed as more flexible and less subject to adjustment
costs than labor. The extension also allows for a general Hicks-neutral production function with
establishment-specific output elasticities, which I approximate using a flexible polynomial in labor,
materials, energy, and capital, following Gandhi, Navarro, and Rivers (2020).

Table F6 reports the robustness results. It presents regressions of the baseline markup estimates,
which use labor as the flexible input, on alternative markup estimates that use materials or energy
and allow for a general production function. The estimated coefficients are close to one for both
counties and commuting zones, and the regressions display high R2 values, indicating a very tight
relationship across the alternative markup measures.

Finally, I perform a third robustness exercise by computing markups for local manufacturing
producers using a cost-share approach. Under this methodology, one recovers an estimate of the
labor output elasticity by exploiting the firm’s first-order conditions from cost-minimization and
by assuming a level of the scale elasticity. Similarly to De Loecker, Eeckhout, and Unger (2020)
and Edmond, Midrigan, and Xu (2023), I assume constant returns to scale and compute the labor
elasticity at the 2-digit and 4-digit NAICS industry levels. Then, I obtain markup estimates by
plugging back these estimates into (42). Figures F8 and F9 show that these markup estimates
exhibit virtually the same levels and cross-sectional variation as my baseline markup estimates.

This section outlined the empirical approach to estimating markups using U.S. microdata and
presented the resulting estimates. Markups vary substantially across local producers and across
cities, with larger cities exhibiting lower aggregate markups than smaller ones. I now turn to the
quantitative analysis, where I use the firm-level markup estimates to recover key elasticities of the
model. I then use the estimated model to quantify the welfare effects of place-based policies.

5 Quantitative Analysis
In this section, I estimate the extended model and use it to quantify the general equilibrium effects
of place-based policies. The quantitative analysis focuses on the continental U.S. and defines cities
as commuting zones, for a total of 722 locations.

5.1 Model Estimation
To estimate the extended model, I first specify the initial productivity distribution G0(·) and the ex
post productivity distribution G(·|z). For the former, I assume a Beta distribution on [z, z], with
shape parameters g1 and g2. For the latter, I assume a Pareto distribution with shape parameter
1/z and location parameter normalized to one. This specification satisfies Assumption 2.29

Under these functional-form assumptions, the extended model has 13 parameters. I divide them

29The conditional density is g(ω|z) = ω
−( 1

z
+1)

z . Then ∂2 log g(ω|z)
∂ω∂z = 1

z2ω > 0, so g(ω | z) is strictly log-
supermodular in (ω, z).
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Table 3: Externally Calibrated and MDE Parameters

Panel A: External Calibration
Parameter Description Source Value

α Housing expenditure share Davis & Ortalo-Magne (2011) 0.24
ϕ Housing supply elasticity Baum-Snow & Han (2024) 0.29
θ Dispersion location tastes Monte, Redding, & Rossi-Hansberg (2018) 3.3

Panel B: MDE Estimates
Parameter Description Moment and Method Estimate

η Local expenditure share Local sales share (MDE) 0.39
β Labor elasticity (local) Labor demand, local (OLS) 0.25
γ Labor elasticity (traded) Labor demand, traded (MDE) 0.29

Notes: Panel A of Table 3 displays the externally calibrated parameters. Panel B summarizes the MDE
estimates of the second block of parameters.

into three groups according to the estimation approach. First, I calibrate three parameters exter-
nally using standard values from the literature. Second, the model delivers estimating equations
for three additional parameters, which I estimate using Minimum Distance Estimation (MDE).
Finally, I estimate the remaining seven parameters using Simulated Method of Moments (SMM)
and Generalized Method of Moments (GMM) routines. These parameters characterize the initial
local-goods productivity distribution, the demand parameters, and the entry cost.

In addition to these common parameters, I must estimate the city-specific traded-good productiv-
ities and amenities. I recover these fundamentals nonparametrically by exactly matching employ-
ment and average wages in each commuting zone.

Externally Calibrated (3 parameters). This group comprises the housing expenditure share,
α, the housing supply elasticity, ϕ, and the dispersion of idiosyncratic location preferences, θ.

Panel A of Table 3 summarizes the calibrated values. I set the housing expenditure share to
α = 0.24, following Davis and Ortalo-Magne (2011). I set the housing supply elasticity to ϕ =
0.29, the mean estimate in Baum-Snow and Han (2024). Finally, I set the dispersion of location
preferences to θ = 3.3, the baseline estimate of Monte, Redding, and Rossi-Hansberg (2018) for
U.S. commuting zones.

MDE Estimates (3 parameters). This group contains the local-goods expenditure share, η
and the labor output elasticities, β and γ. Panel B of Table 3 summarizes the estimates.

I estimate the local-goods expenditure share, η, using the local-goods sales share reported in Table
1. Given the calibrated housing expenditure share, α = 0.24, an aggregate local-goods sales share
of 52% implies η = 0.39.

For establishments in local industries, I estimate β from the markup estimating equation (45). For
establishments in traded industries, (37) implies that γ equals the labor cost share of sales.

SMM-GMM Estimates (7 parameters). The parameters in the last group govern the local
producers’ productivity distribution, z, z, g1, and g2, together with the Kimball demand parameters
ε and σ̄ and the entry cost ce.
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Table 4: SMM and GMM Estimates and Moment Fit

Panel A: Parameter Estimates
Parameter Description Method Estimate
z Prod. Dispersion, smallest CZ SMM 0.080
z Prod. Dispersion, largest CZ SMM 0.432
g1 Shape of G0, first SMM 10.6
g2 Shape of G0, second SMM 2.96
ce Entry Cost SMM 0.163
ε/σ Demand Super-elasticity SMM 0.034
σ Demand Elasticity GMM 2.83

Panel B: Targeted Moments
Moment Data Model
Avg. Firm Emp., Quintile 2 / Quintile 1 1.29 1.29
Avg. Firm Emp., Quintile 3 / Quintile 1 1.52 1.55
Avg. Firm Emp., Quintile 4 / Quintile 1 1.81 1.78
Avg. Firm Emp., Quintile 5 / Quintile 1 2.16 2.17
Markup, Decile 5 / Decile 1 0.94 0.92
Markup, Decile 10 / Decile 5 0.89 0.94
Aggregate Markup 1.51 1.50

Notes: Table 4 presents the SMM and GMM estimates and goodness of fit.

I estimate six parameters by SMM. Although all parameters are jointly estimated, some moments
are particularly informative about different subsets of parameters. First, within-city productivity
follows a Pareto distribution with shape parameter z−1, so z−1 and z−1 govern productivity disper-
sion in the smallest and largest commuting zones by market size. Moreover, the shape parameters
g1 and g2 determine how mean firm productivity varies with market size. I use the distribution of
firm employment across markets of different sizes to identify this first subgroup. I divide commut-
ing zones into quintiles by market size and compute average firm employment within each quintile.
I then target average firm size in the second through fifth quintiles relative to the first. Second,
the Kimball super-elasticity ε/σ̄ determines how city-level markups vary across markets. I use
the markup estimates from Section 4 to construct two ratios: the city-level markup in the fifth
decile relative to the first and in the tenth decile relative to the fifth. These ratios identify this
elasticity. Finally, I target the economy-wide aggregate markup for local industries, defined as the
population-weighted average of commuting-zone-level markups, to pin down the entry cost ce.

I estimate σ̄ using GMM. The moments used in the SMM procedure do not separately identify
σ̄ and the aggregate entry cost. Therefore, taking my estimate of ε/σ̄, I use an iterative GMM
procedure to estimate σ̄. Appendix G.1 describes this procedure in detail. Under the Klenow-
Willis demand system, relative prices and the ratio of price indices, Pc/Dc, can be expressed as
functions of sales shares and known parameters. Given a guess for σ̄, I solve this system to obtain
relative prices and then use (16) and (44) to compute implied markups. I estimate σ̄ by minimizing
the distance between these implied markups and the markup estimates from (45). Thus, while the
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economy-wide aggregate markup targeted in the SMM procedure pins down the entry cost ce, σ̄
is identified from the full cross-sectional distribution of firm-level markups. Given this estimate, I
repeat the full SMM estimation. Only the estimate of the aggregate entry cost ce changes, while
the remaining SMM parameter estimates are unchanged.

Formally, let Θ = (z, z, g1, g2, ε/σ̄, ce) denote the vector of parameters to estimate. I implement
the SMM by choosing Θ to minimize the sum of squared percentage deviations between the model-
simulated moments, Ψm(Θ), and their empirical counterparts, Ψd. I use the TikTak algorithm of
Arnoud, Guvenen, and Kleineberg (2019) to search globally over the parameter space.30 At each
iteration of the routine, I invert the equilibrium mapping to nonparametrically recover ac and bc
from the labor-supply and wage conditions. Appendix G.2 details the inversion procedure.

Table 4 reports the parameter estimates and moment fit. The estimates imply that productivity
dispersion increases with market size. In particular, the productivity distribution in larger markets
has a thicker upper tail, resulting in mean firm productivity that is 62% higher than in the smallest
markets. The model closely matches all seven targeted moments.

5.2 The Estimated Decentralized Equilibrium
In this section, I solve for the decentralized equilibrium using the estimated parameters and assess
how well the model reproduces key spatial patterns in the data.

First, Figure 3 presents the model-implied markups. Figure 3(a) reports a bin scatter of markups
across commuting zones, which I compare with its empirical counterpart in Figure 2. The model
closely matches the level of markups in the smallest and largest commuting zones. In particular, it
reproduces the fact that commuting zones in the top decile of the size distribution have markups
approximately 20% lower than those in the bottom decile. However, the model predicts slightly
lower markups than observed in the data for mid-sized cities. Figure 3(b) shows the geography of
these markups across U.S. commuting zones. Small commuting zones in the central United States
exhibit markups close to 2, while larger commuting zones exhibit markups below 1.5.

Figure 4 plots the main equilibrium objects in the decentralized equilibrium and shows that the
model reproduces several additional empirical regularities across cities. First, the top-right panel
shows the cross-sectional variation in markups across the support of the appeal distribution, con-
sistent with the reduced-form evidence in Section 4. Second, larger cities are more competitive,
as measured by the competition index, and more productive. This productivity advantage reflects
both the higher mean productivity of firms located in larger cities and the contribution of firm
mass and allocative efficiency captured by the TFP term in (41). Third, the third-top panel re-
ports the price index for local varieties, P(a), which is higher in larger cities, in line with Diamond
and Moretti (2026), who document that the prices of non-housing non-tradables are systematically
higher in such locations. Finally, the model also reproduces the facts that larger commuting zones
have higher housing rents and higher wages.31

30I use 6000 starting points and a gradient-based local search.
31The exception is at the very top of the appeal distribution. Wages peak in high-productivity locations such as

San Jose and then decline for the highest-appeal cities, most notably Los Angeles.
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Figure 3: Markups in the Decentralized Equilibrium
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Notes: Figure 3(a) plots data and model aggregate markups across the 50 commuting zone bins of Figure 2.
Figure 3(b) shows model markups across commuting zones.

Appendix Figure F6 displays the city characteristics recovered from the model inversion. Local
traded-good productivity is shown in the left panel, while local amenities are shown in the right
panel. The two characteristics are highly correlated across commuting zones. Because the inversion
exactly matches wages and population, the model rationalizes high-wage commuting zones as
having high productivity and more populous commuting zones as having higher amenities.

Finally, Figure F7 provides an over-identification exercise by comparing sales per worker in the
model and the data. The estimation does not target differences in sales per worker across locations.
Nevertheless, the model closely reproduces the empirical pattern documented in Figure 1(a).

5.3 Place-based Policy Counterfactuals
This final section studies policy counterfactuals. I quantify the aggregate effects of the quasi-
optimal policy characterized in Proposition 4 and contrast them with those of policies designed
to attract firms to smaller places, in the spirit of the U.S. Empowerment Zones (EZ) program.
Appendix D.5 derives the equilibrium conditions for the extended model under the quasi-optimal
policy, while Appendix D.6 derives the corresponding conditions under the EZ program.

The main policy I study is the location-specific output subsidy in (33), which eliminates markups.
This policy is financed by a flat wage tax on workers rather than by a lump-sum tax. As a
result, it does not attain the first best, and I therefore refer to it as the quasi-optimal policy.
Nevertheless, the policy addresses the three inefficiencies associated with markups in the baseline
model: i) spatial misallocation of firms, ii) inefficient aggregate entry, and iii) inefficient relative
consumption of local goods, housing, and the traded good. In addition, it corrects a fourth
inefficiency introduced in the extended model: iv) within-city misallocation of production inputs
arising from within-city markup variation.

I contrast the effects of the quasi-optimal policy with a wage-bill subsidy targeted to smaller
commuting zones, consistent with the U.S. EZ program. Implemented in the 1990s, the EZ program
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Figure 4: Cross-Sectional Patterns in the Decentralized Equilibrium
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Notes: Figure 4 displays the extended model’s decentralized equilibrium. The x-axis represents the city’s
estimated appeal, x(a, b).

is one of the largest federal place-based policies. Designed to spur economic activity in distressed
urban and rural communities, it combines place-based tax incentives with federal grants tied to
local development plans.32 A central component of the program is the EZ Employment Credit,
which offers a tax credit of up to 20% on wages paid to EZ residents. I model the EZ program
by implementing this wage-bill subsidy in the smallest commuting zones that collectively account
for 2.3% of the U.S. population. For tractability, I abstract from other EZ components, such as
grants and investment incentives.

Figure 5 compares cross-sectional changes in equilibrium outcomes under the quasi-optimal policy
and the EZ program.33 Consistent with Proposition 4, the quasi-optimal policy eliminates markups
in every location. Aggregate markups fall by more than 40% in the smallest locations, where
baseline markups are highest, and by roughly 30% elsewhere. Competition increases everywhere,
with substantially larger effects in smaller locations. In larger locations, this increase mainly
reflects markup removal, which boosts production. In smaller locations, the policy also induces
productive firms to relocate toward these markets. This reallocation sharply increases the mass
of firms in the smallest locations and raises mean firm productivity by about 2% in mid-sized
locations. As a result, local TFP, which captures both firm productivity and the mass of firms,
increases by almost 50% in the smallest locations.

The EZ program generates qualitatively similar effects in the targeted locations. The subsidy
induces incumbent firms to expand production and attracts additional firms to these markets,

32Glaeser and Gottlieb (2008) and Busso, Gregory, and Kline (2013) provide overviews of the EZ program.
33Figure G1 in Appendix G.3 displays the equilibrium outcomes in levels rather than in changes.
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Figure 5: Changes in equilibrium objects under the Quasi-Optimal Policy and EZ Program
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Notes: Figure 5 shows percent changes in equilibrium under the quasi-optimal policy and the EZ program,
relative to the decentralized equilibrium. The x-axis represents the city’s estimated appeal x(a, b).

increasing competition and reducing aggregate markups. Quantitatively, however, the effects are
more modest than under the quasi-optimal policy. Aggregate markups fall by about 6%, while the
increases in average firm productivity and local TFP are roughly an order of magnitude smaller.

Smaller cities expand under both policies. The top-right panel of Figure 5 shows that population
increases by almost 20% under the quasi-optimal policy and by about 5% under the EZ program.
Under the quasi-optimal policy, this expansion is accompanied by a mild decline in population in
big cities. By contrast, the EZ program has little effect on population in non-targeted locations.

Prices move consistently with this population reallocation. Under the quasi-optimal policy, the
local price index falls in all locations as markups are eliminated, with substantially larger declines
of about 60% in smaller cities. Under the EZ program, local prices fall by about 7% in targeted
smaller locations and remain nearly unchanged in larger ones. The reallocation of firms and workers
also affects wages and housing rents. Under the quasi-optimal policy, wages rise by roughly 4% in
larger markets and fall by more than 10% in smaller locations. The EZ program has little effect
on wages in larger places and reduces them by 1% in smaller cities. Housing rents move in the
opposite direction. Under the quasi-optimal policy, rents decline by around 1% in larger cities and
increase by about 4% in smaller ones. The EZ program similarly raises rents in smaller cities by
about 1% while leaving rents in larger places nearly unchanged. Workers nonetheless move into
these locations because the decline in the local price index more than offsets the lower nominal
wages and higher housing rents, resulting in higher real income.

I now turn to decomposing changes in local TFP across space and across channels. Figure 6 presents
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Figure 6: Changes in local TFP under the Quasi-Optimal Policy
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Notes: Figure 6(a) displays the changes in local TFP, as defined in (41), across commuting zones under the
quasi-optimal policy. Figure 6(b) decomposes these changes as a function of city appeal, x(a, b).

this decomposition for the quasi-optimal policy. First, Figure 6(a) illustrates the geography of TFP
changes across commuting zones. The figure reveals substantial heterogeneity. Commuting zones
in the central part of the country, from central Texas to North Dakota and Montana, experience
the largest TFP gains, ranging from 20% to 50%. In contrast, major commuting zones, such as
those containing Houston and Boston, experience smaller but still substantial gains of around 10%
to 15%. The remaining locations fall in between, with TFP increases of about 15% to 20%.

Figure 6(b) decomposes these TFP changes into four channels. Firm relocation accounts for most
of the variation. By correcting spatial misallocation, the policy induces productive firms to relocate
toward smaller markets. This reallocation generates TFP gains of up to 30% in smaller locations
but lowers TFP in larger markets as productive firms move away. The gains from this channel
decrease with market size and turn negative in the largest locations, where TFP falls by 5%.

The remaining channels also contribute to the TFP response in different ways. Aggregate entry
is the second main driver. The quasi-optimal policy increases aggregate entry by almost 20%,
generating relatively uniform TFP gains of around 10% to 15% across locations. Differences in
average firm productivity provide an additional source of gains, contributing around 5% to TFP
in mid-sized to large locations. Finally, the within-city misallocation channel, which captures
the allocative gains from eliminating markup distortions, is quantitatively less important than
the other channels. It generates TFP gains of less than 2% in larger cities and becomes almost
negligible in smaller locations.

The small TFP gains from eliminating within-city markup variation merit some discussion. To
rationalize the markup elasticity across markets observed in the data together with the higher
productivity of local firms in larger cities, the model estimates a very low value of the super-
elasticity, ε/σ̄. With a higher super-elasticity, the markup profile rises at the top of the city-size
distribution, while firm size in large markets rises well above that observed in the data. Hence,
the low estimated value generates little within-city markup dispersion and, consequently, little
within-city misallocation in production. If the model instead implied a higher super-elasticity,
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Figure 7: Changes in local TFP under the EZ Program
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Notes: Figure 7(a) displays the changes in local TFP, as defined in (41), across commuting zones under the
EZ program. Figure 7(b) decomposes these changes as a function of city appeal, x(a, b). Locations to the left
of the vertical dotted line are those treated by the policy.

such as the one reported by Edmond, Midrigan, and Xu (2023), the TFP gains from eliminating
within-city misallocation would be substantially larger. Since the focus of this study is on the
spatial misallocation of firms, a full exploration of alternative frameworks consistent with the data
that can generate greater within-city markup dispersion is left for future work.

Figure 7 presents the decomposition of TFP changes across space and channels under the EZ
program. Figure 7(a) reveals sharper spatial differences in TFP changes, consistent with the more
targeted nature of the EZ program. Most treated commuting zones are located in the central
part of the country, where TFP gains are the largest, ranging from 2% to 3%. Some adjacent
commuting zones also benefit indirectly from the policy, as discussed below, experiencing gains
of 1% to 2%. In contrast, most non-treated commuting zones experience small TFP losses. This
group includes major commuting zones, and the losses remain below 0.1%.

Figure 7(b) decomposes the TFP response across the different channels. Locations to the left of
the vertical dotted line are those treated by the policy. As under the quasi-optimal policy, firm
relocation is the main driver, accounting for most of the gains in treated commuting zones. The
policy also generates spillovers in non-treated locations, as marginal firms relocate toward smaller
markets, increasing selection among the firms that remain and raising average firm productivity.
As a result, firm relocation lowers TFP in non-treated places, but the increase in average firm
productivity nearly offsets these losses, leaving only small net declines. These patterns show that
the EZ program qualitatively replicates the intended effects of the quasi-optimal policy through a
simpler instrument, but with smaller quantitative effects.

The other channels differ more sharply from those under the quasi-optimal policy. Aggregate
entry plays a negligible role, as the mass of entrants barely changes, declining by only 0.04%.
The within-city misallocation channel is also muted because the EZ program does not eliminate
variation in markups within cities, even in treated locations.

I now close the quantitative analysis by comparing the welfare effects of the two policies. Figure 8
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Figure 8: Changes in mean Utility under the Quasi-Optimal and EZ Policies
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Notes: Figures 8(a) and 8(b) show the percentage change in mean utility under the quasi-optimal policy and
the EZ program, respectively, relative to the decentralized equilibrium. Mean utility is defined as real income
scaled by local amenities.

illustrates the geography of changes in local mean utility under the quasi-optimal policy and the
EZ program. Even though workers are freely mobile across locations, local mean utility provides a
useful measure of local welfare for workers who do not change location in response to the policy.34

First, Figure 8(a) shows that the welfare gains from the quasi-optimal policy are somewhat more
localized than the productivity gains. Less populated commuting zones in the central part of the
country benefit the most, with increases in mean utility ranging from 3% to 8%. The remaining
locations also experience welfare gains, ranging from 1% to 3.5%.

Second, Figure 8(b) displays the welfare effects of the EZ program across commuting zones. Over-
all, the EZ program delivers much more muted welfare gains than the quasi-optimal policy. Utility
in targeted locations increases by no more than 2%. In contrast, the remaining locations experience
small welfare losses of about 0.01%. This illustrates that, even though the policy raises welfare
in targeted locations, these gains come at the expense of welfare losses elsewhere. These losses
reflect both the decline in productivity in non-treated locations and the fact that workers in these
locations help finance the program without receiving direct local benefits.

I aggregate local welfare changes to compute the welfare gains from the quasi-optimal policy and
the EZ program. The quasi-optimal policy delivers an aggregate welfare gain of 2.2%. This
effect is consistent with the patterns in Figure 8(a), where most locations experience welfare gains
of this order and only a small number of commuting zones achieve substantially larger gains.
The EZ program increases aggregate welfare more modestly, by only 0.03%. Nevertheless, it is
worth highlighting that this much smaller program still generates positive aggregate welfare gains,
primarily by correcting spatial misallocation in a way that is qualitatively consistent with the
rationale of the quasi-optimal policy.

The two policies also differ substantially in their fiscal requirements. Financing the quasi-optimal
policy requires a proportional tax equivalent to 17.2% of workers’ income, compared with only

34Mean utility is given by real income scaled by local amenities.
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0.11% under the EZ program. The aggregate welfare gain relative to the required tax rate is 0.13
under the quasi-optimal policy and 0.30 under the EZ program. This difference largely reflects the
scale at which the two policies are evaluated. The quasi-optimal policy expands until the relevant
markup distortions are fully corrected. In contrast, the EZ program is evaluated at one particular,
small scale, where its return may be relatively high. The higher ratio for the EZ program does not
necessarily imply that scaling it up would generate the welfare gains of the quasi-optimal policy.

The aggregate welfare gains from both policies are in line with those reported in the literature.
Compared with previous studies of firm misallocation across space, the effects are of similar mag-
nitude to those found by Gaubert (2018) and Bilal (2023). The welfare gains from eliminating
markups under the quasi-optimal policy, however, are considerably smaller than those reported
by Edmond, Midrigan, and Xu (2023). Their framework differs from mine along several dimen-
sions. In particular, it does not feature a spatial component but allows for elastic labor supply.
Introducing an elastic labor-supply margin into the current framework could substantially amplify
the welfare gains from reducing markups, since the aggregate markup effectively acts as a tax on
output and therefore also distorts labor supply.

6 Conclusion
This paper has developed a quantitative theory of competition in local markets in which heteroge-
neous producers have output market power and choose where to operate. The model shows how
market size and local competition jointly shape firm location decisions and markups across space.
Entry externalities associated with variable markups lead productive firms to over-concentrate
in larger markets, generating spatial misallocation. I document substantial spatial heterogeneity
in markups using U.S. Census microdata. Local producers in larger markets charge significantly
lower markups than those in smaller markets. I then use the framework to quantify the effects of
place-based policies. A quasi-optimal policy that eliminates markups reallocates productive firms
toward smaller markets, generates large local productivity gains, and raises aggregate welfare.
A wage-bill subsidy targeted to smaller locations produces qualitatively similar but substantially
smaller effects. A central message of the paper is therefore that local market power generates
spatial misallocation through firms’ location choices, creating a rationale for place-based policies
that redirect productive firms toward smaller markets.

The framework can be extended in two promising directions. First, the current analysis abstracts
from studying specific sectors. Yet, I document that sectors exhibit distinct patterns in markups
across cities, suggesting that the forces shaping firm location and local competition may vary
across industries. The setting could therefore be used to study the joint design of industrial and
spatial policies. Second, the model can be extended to study the spatial expansion of multi-
location firms. Their presence affects local competition and markups across markets. However, it
is not clear whether firms’ expansion decisions are efficient and whether there is scope for policy
to improve the spatial configuration of their establishments.
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A Derivations

A.1 Local Goods Demand
For a given Y (a), consumers minimize total expenditure on local goods subject to the utility
constraint (2). The associated Lagrangian is

LW (a) =
∫︂
z
p(z, a)y(z, a)dGa(z) + λW (a)

[︄
1 −

∫︂
z

Υ
(︄
y(z, a)
Y (a)

)︄
dGa(z)

]︄
,

where λW (a) is the Lagrange multiplier. The first-order condition with respect to y(z, a) is

p(z, a) = λW (a)
Y (a) Υ′

(︄
y(z, a)
Y (a)

)︄
.

Defining the competition price index as

D(a) ≡ λW (a)
Y (a) ,

we can express the inverse demand for a single variety as

p(z, a)
D(a) = Υ′

(︄
y(z, a)
Y (a)

)︄
.

Similarly, defining φ(·) ≡ (Υ′)−1 (·), the demand function for a single variety is

y(z, a)
Y (a) = φ

(︄
p(z, a)
D(a)

)︄
.

Using these expressions, the competition price index D(a) satisfies

∫︂
z

Υ
(︄
φ

(︄
p(z, a)
D(a)

)︄)︄
dGa(z) = 1.

Finally, given D(a) and firm-level prices, the ideal price index P(a) is

P(a) = D(a)
∫︂
z

p(z, a)
D(a) φ

(︄
p(z, a)
D(a)

)︄
dGa(z). (A1)

A.2 Klenow-Willis Derivations
The Upper incomplete Gamma function is given by
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Γ(x1, x2) =
∫︂ ∞

x2
tx1−1e−tdt.

Then, (29) implies that the price elasticity σ(·) takes the form

σ

(︄
p(z, a)
D(a)

)︄
= σ

1 + ε log σ−1
σ

− ε log p(z,a)
D(a)

.

Moreover, the optimal relative price function is

p(z, a)
D(a) = σ

ε

C(a)
z

1
Ω
(︂
λC(a)

z

)︂ ,
where λ is a constant, and Ω(·) is the main branch of the Lambert-W function.35

The optimal relative quantity is

log y(z, a)
Y (a) = σ

ε
log

(︄
1 + ε log σ − 1

σ
− ε log p(z, a)

D(a)

)︄
.

Since local producers operate under monopolistic competition, they never produce in the inelastic
region of the demand curve. Formally, producers set p(z, a)/D(a) such that

σ

(︄
p(z, a)
D(a)

)︄
> 1 ⇐⇒ p(z, a)

D(a) >
σ − 1
σ

exp
(︃

−σ − 1
ε

)︃
.

Similarly, Klenow and Willis (2016) define a choke price, ensuring that optimal relative quantities
remain positive. From the expression for y(z, a)/Y (a), the condition on the relative price is

p(z, a)
D(a) <

σ − 1
σ

exp
(︃1
ε

)︃
.

35λ ≡ σ2

(σ−1)ε exp
(︁

σ−1
ε

)︁
, and Ω(x) is implicitly defined by x = Ω(x) exp(Ω(x)).
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B Proofs of Baseline Model

B.1 Proof of Proposition 1
The proof of Proposition 1 consists of three steps. First, we establish positive assortative matching
conditional on the competition index C(a). Second, we characterize general equilibrium objects
when firms sort based on competition. Third, we show that positive assortative matching holds
when the competition index is determined in general equilibrium.

Step 1: Sorting conditional on the competition index. The optimal relative price and
markup depend on a firm’s location only through the aggregate variable C(a). Following the
insights of Bilal (2023), we index locations by their competition index C rather than by their
productivity a, temporarily considering the inverse function a(C).36 Under this formulation, the
profit function (12) can be rewritten as:

log Π(z,C) = logM(C) + logψ
(︄
C
z

)︄
+ logφ

(︄
ψ

(︄
C
z

)︄)︄
− log P(C)

D(C) + log
⎛⎝1 − C

z

1
ψ
(︂
C
z

)︂
⎞⎠ , (B1)

where we have substituted the optimal relative prices and quantities from the profit maximization
problem. In this alternative formulation, firms choose their location based on the competition
index C rather than directly on city productivity a.

To prove the existence of a strictly increasing assignment between C and z, we apply the standard
methods from the assignment literature (e.g., Galichon (2016)). By the envelope theorem,

∂ log Π(z,C)
∂C

= M ′(C)
M(C) − P′(C)

P(C) + D′(C)
D(C) − 1

zψ
(︂
C
z

)︂
− C

.

Substituting the first-order condition (13), we obtain

∂ log Π(z,C)
∂C

= M ′(C)
M(C) − P′(C)

P(C) + D′(C)
D(C) −

σ
(︂
ψ
(︂
C
z

)︂)︂
− 1

C
.

Differentiating again, we obtain

∂2 log Π(z,C)
∂z∂C

= 1
z2σ

′
(︄
ψ

(︄
C
z

)︄)︄
ψ′
(︄
C
z

)︄
⏞ ⏟⏟ ⏞

>0

> 0 ⇐⇒ σ′ (·) > 0.

Thus, the profit function is log-supermodular if and only if the elasticity of demand is increasing in
the relative price. Since Marshall’s second law holds under the specification of Klenow and Willis
(2016), there exists a strictly increasing assignment function between z and C, denoted by z(C).

36See Bilal (2023), Appendix B.3.3.
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Step 2: General equilibrium objects. We now derive expressions for the general equilibrium
objects under the positive assortative matching (PAM) between z and C. First, given the strictly
increasing assignment z(C), the definition of the competition price index (8) implies:37

z′(C)Meg(z(C))
fC(C) = 1

Υ
(︂
φ
(︂
ψ
(︂

C
z(C)

)︂)︂)︂ , (B2)

where fC(C) is the equilibrium density of C. Using this expression, the ideal price index in (A1)
simplifies to

P(C) = D(C)
ψ
(︂

C
z(C)

)︂
φ
(︂
ψ
(︂

C
z(C)

)︂)︂
Υ
(︂
φ
(︂
ψ
(︂

C
z(C)

)︂)︂)︂ .

Define δ(C/z(C)) as the ratio D(C)/P(C):

δ

(︄
C
z(C)

)︄
≡ D(C)

P(C) =
Υ
(︂
φ
(︂
ψ
(︂

C
z(C)

)︂)︂)︂
ψ
(︂

C
z(C)

)︂
φ
(︂
ψ
(︂

C
z(C)

)︂)︂ .
Then, the ideal price index P(C) is given by:

P(C) = W (C)
Cδ

(︂
C
z(C)

)︂ . (B3)

On the other hand, household consumption and labor decisions, (6) and (11), imply that the
market size M(C) is expressed as:

M(C) = ηκ
(W (C) + s)

1
α

P(C) η
α

. (B4)

Substituting (B3) into (B4) and using the equilibrium wage condition (22), we obtain:

M(C) = ηκC
η
α δ

(︄
C
z(C)

)︄ η
α (a(C) + s) 1

α

a(C) η
α

. (B5)

Step 3: Sorting in general equilibrium. In this final step, we determine under what conditions
more productive cities are also more competitive. Equivalently, we characterize when the function
a(C) is increasing in general equilibrium. The first-order condition of (B1) is

37See Costinot and Vogel (2010) for a detailed exposition of derivatives of assignment functions in monotone
assignments.

53



EM(C) + Eδ(C) = σ

(︄
ψ

(︄
C
z(C)

)︄)︄
− 1,

where Ef (x) denotes the elasticity of any function f(·) with respect to x, defined as Ef (x) ≡ f ′(x)x
f(x) .

Substituting (B5) into this condition yields

η + (α + η)Eδ(C) + (˜︁a(C) − η)Ea(C) = α

[︄
σ

(︄
ψ

(︄
C
z(C)

)︄)︄
− 1

]︄
,

where ˜︁a(C) ≡ a(C)
a(C)+s . Under the Klenow and Willis (2016) specification, when ε = 0, the functions

σ(·) and δ(·) are constant, taking values σ and σ
σ−1 , respectively. In this case, the expression

simplifies to

(˜︁a(C) − η)Ea(C) = α (σ − 1) − η.

To be fully rigorous, we also assume that a/a > αη
(1−α)(1−η) . The mutual fund budget constraint

(27) implies that s ≤ α
1−αa. Then, this condition guarantees that ˜︁a(C) − η > 0 for all cities. It

follows that Ea(C) > 0 if and only if α (σ − 1) > η. This condition can be written equivalently as

α >
η

σ − 1 .

This result implies that there exists a region of the parameter space such that, for sufficiently small
ε, PAM holds in general equilibrium. In particular, both z(C) and a(C) are strictly increasing,
ensuring that more productive firms locate in more productive cities.

B.2 Proof of Proposition 2
The proof of Proposition 2 consists of three steps. First, we derive the system of ODEs that
characterizes the equilibrium for the local goods sector. Second, we prove the existence of a
solution to this system, conditional on the general equilibrium aggregates Me and s. Third, we
establish the existence and uniqueness of general equilibrium objects.

Step 1: ODE system for local goods producers. Imposing Assumption 1 and the assumptions
of Proposition 1, positive assortative matching (PAM) between firm and location productivity
holds. The definition of the competition price index (8) then implies:

z′(a) = f(a)
g(z(a))Me

1
Υ
(︂
φ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂)︂ . (B6)

Furthermore, the first-order condition of the location problem (21) is:
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EM(a) + Eδ(a) = 1
µ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂
− 1

EC(a), (B7)

and the equilibrium expression for market size (B5) simplifies to:

M(a) = ηκC(a)
η
α δ

(︄
C(a)
z(a)

)︄ η
α (a+ s) 1

α

a
η
α

.

Taking logs and differentiating, we obtain:

EM(a) = η

α
EC(a) + η

α
Eδ(a) +

˜︁a− η

α
,

with ˜︁a ≡ a/(a+ s). To derive an expression for Eδ(a), note that under PAM, equations (A1) and
(B6) yield:

δ

(︄
C(a)
z(a)

)︄
=

Υ
(︂
φ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂)︂
ψ
(︂
C(a)
z(a)

)︂
φ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂ . (B8)

Differentiating, we obtain:

Eδ(a) = Θ
(︄
C(a)
z(a)

)︄
Ez(a) − Θ

(︄
C(a)
z(a)

)︄
EC(a),

where

Θ
(︄
C(a)
z(a)

)︄
= ρ

(︄
C(a)
z(a)

)︄
σ

(︄
C(a)
z(a)

)︄⎡⎣ 1
δ
(︂
C(a)
z(a)

)︂ − 1
µ
(︂
C(a)
z(a)

)︂
⎤⎦ . (B9)

For simplicity, we omit the dependence of σ(·) and µ(·) on physical quantities in the notation:

σ

(︄
C(a)
z(a)

)︄
≡ σ

(︄
ψ

(︄
C(a)
z(a)

)︄)︄
, µ

(︄
C(a)
z(a)

)︄
≡ µ

(︄
ψ

(︄
C(a)
z(a)

)︄)︄
=

σ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂
σ
(︂
ψ
(︂
C(a)
z(a)

)︂)︂
− 1

,

and ρ(·) denotes the pass-through rate:

ρ

(︄
C(a)
z(a)

)︄
≡ 1

1 + ψ(C(a)
z(a) )σ′(ψ(C(a)

z(a) ))
σ(C(a)

z(a) )[σ(C(a)
z(a) )−1]

,

where σ′(·) denotes the derivative of the price elasticity with respect to the relative price.
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Substituting the expressions for EM(a) and Eδ(a) into (B7), we obtain:

(α + η)Θ
(︄
C(a)
z(a)

)︄
z′(a)a
z(a) + (˜︁a− η) = C′(a)a

C(a)

⎡⎣ α

µ
(︂
C(a)
z(a)

)︂
− 1

+ (α + η)Θ
(︄
C(a)
z(a)

)︄
− η

⎤⎦ , (B10)

where we explicitly express the elasticities Ez(a) and EC(a). Given Me, equations (B6) and (B10)
define a coupled system of ODEs with boundary conditions z(a) = z and z(a) = z. The first
boundary condition states that the most productive firms locate in the most productive city, while
the second ensures that the least productive firms settle in the least productive city. The solution
to this system determines the assignment function z(a) and the competition index function C(a).

Step 2: Existence and uniqueness of a solution to the ODE system given Me and s.
The system (B6) - (B10) is Lipschitz continuous and, therefore, has a unique solution if two initial
conditions are provided (by the Picard–Lindelöf Theorem). However, this system constitutes a
two-point boundary value problem, as it has one initial and one terminal condition. To address
this, we transform the problem into an initial value problem and apply a shooting method.

Define C ≡ C(a). Given Me and the terminal condition z(a) = z, we show that there exists C
such that z(a) = z. By Lipschitz continuity, z(a) is a continuous function of C. Since both z(a)
and C(a) are strictly increasing, we obtain that as C → ∞, z(a) → 0, whereas when C → 0, we
have z(a) → z > z.

By the intermediate value theorem, there exists at least one C such that z(a) = z. Moreover,
when the supports of F (·) and G(·) are sufficiently small, C is unique. Up to first order, z′(a) is
constant and strictly increasing in C, since Υ (φ (ψ (·))) is strictly decreasing. Hence z(a) is strictly
decreasing in C. Given the unique C, the Picard–Lindelöf Theorem delivers a unique solution to
the ODE system.

Step 3: Existence and uniqueness of Me, s and U . Denote C(a;Me, s) and z(a;Me, s) the
solution to the system (B6) - (B10). First, the aggregate labor adding-up constraint uniquely
determines U :

U
1
α = 1

α

∫︂
a

(a+ s) 1−α
α

P(a;Me, s)
η
α

f(a)da,

where P(a;Me, s) = a

C(a;Me,s)δ(C(a;Me,s)
z(a;Me,s) )

. Now, we establish the existence and uniqueness of Me,
given s. We examine the free entry condition (26):

ceMe =
∫︂
a

M(a;Me, s)
σ
(︂
C(a;Me,s)
z(a;Me,s)

)︂f(a)da. (B11)

For existence, note first that Υ(·) is bounded above by a constant Υ under Assumption 1. Then,
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(B6) implies that any solution requires Me ≥ Mmin
e ≡ (a−a)f

(z−z)gΥ , where f and g bound the densities
f(·) and g(·). The left-hand side (LHS) of (B11) is increasing in Me. As Me → ∞, (B6) implies
that C(a) → ∞ for all a. Otherwise, z′(a) → 0 for all a, violating the initial condition z(a) = z.
Since profits in all locations decrease with local competition, the right-hand side (RHS) of (B11)
tends to zero as Me → ∞. At Me = Mmin

e , competition is at its weakest and the RHS is bounded
away from zero. Provided the entry cost is not too large, the LHS at Mmin

e lies below the RHS.
By the intermediate value theorem, there exists at least one Me ∈ [Mmin

e ,∞) satisfying (B11), for
a given s.

The proof of uniqueness of Me is more challenging. Due to the highly nonlinear nature of the ODE
system (B6) - (B10), characterizing the monotonicity of the RHS of (B11) is difficult without
additional structure. To address this, we assume that the supports of F (·) and G(·) are sufficiently
small. This assumption allows us to use a first-order approximation of the equilibrium conditions.

Up to first order, (B6) can be written as

Mez
′(a) ≈ f(a)

g(z)
1

Υ
(︂
φ
(︂
ψ
(︂
C
z

)︂)︂)︂ ,
where C ≡ C(a). Integrating this expression yields

Me = a− a

z − z

f(a)
g(z)

1
Υ
(︂
φ
(︂
ψ
(︂
C
z

)︂)︂)︂ . (B12)

Similarly, the aggregate labor adding-up constraint implies that L(a) ≈ 1 up to first order. Then,
market size satisfies M(a) ≈ η(a+ s), and the free entry condition (B11) simplifies to

ceMe = η(a+ s)
σ
(︂
C
z

)︂ f(a)(a− a). (B13)

Substituting Me from (B12) into (B13) gives

1
Υ
(︂
φ
(︂
ψ
(︂
C
z

)︂)︂)︂
g(z)(z − z)

= η(a+ s)
σ
(︂
C
z

)︂
ce
. (B14)

The LHS of (B14) is strictly increasing in C, since Υ (φ (ψ (·))) is strictly decreasing. The RHS
is strictly decreasing under MSLD, since the price elasticity rises with local competition. Thus,
(B14) uniquely determines C. Given C, either (B12) or (B13) uniquely determine Me, given s.

Finally, we show existence and uniqueness of s. First, noting that
∫︁
L(a)f(a) da = 1, the mutual-

fund budget constraint is
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s = α

1 − α

∫︂ a

a
aL

(︂
a;Me(s), s, U(Me(s), s)

)︂
f(a) da ≡ T (s) (B15)

Then transfers satisfy the fixed-point equation s = T (s). To show existence, note that because
L(·) is a density over cities, we have a ≤

∫︁
aL(a)f(a) da ≤ a. Therefore, T (s) ∈

[︂
α

1−αa,
α

1−αa
]︂

≡ I
for all s. Hence, T is a continuous map from the compact interval I into itself. Brouwer’s fixed
point theorem implies existence of a fixed point s∗ ∈ I.

For uniqueness, we use the first-order approximation to the system. When supports are sufficiently
small, city-level objects are nearly constant at first order. Then∫︂

aL(a)f(a) da ≈ a.

Plugging into (B15) yields s∗ = (αa)/(1 − α).

B.3 Proof of Corollary 1
The limiting case economy considers a scenario where the support of G(·) is wide, but the support
of F (·) is small. In this case, we index locations by their competition index, C, rather than by
their productivity a. The first-order condition (B7) now takes the form:

EM(C) + Eδ(C) = σ

(︄
ψ

(︄
C
z(C)

)︄)︄
− 1.

Solving for the elasticities EM(C) and Eδ(C) and substituting them into the above expression yields

(α + η)Θ
(︄

C
z(C)

)︄
z′(C)C
z(C) + (˜︁a(C) − η)a

′(C)C
a(C) = α

µ
(︂

C
z(C)

)︂
− 1

+ (α + η)Θ
(︄

C
z(C)

)︄
− η.

In the limiting economy, shrinking the support of F (·) implies that a′(C) → 0. Consequently, the
first-order condition of the local producers defines a non-degenerate assignment z(C):

(α + η)Θ
(︄

C
z(C)

)︄
z′(C)C
z(C) = α

µ
(︂

C
z(C)

)︂
− 1

+ (α + η)Θ
(︄

C
z(C)

)︄
− η.

The supermodularity properties of the profit function Π(z,C) derived in Appendix B.1 remain valid
in this limiting economy. Hence, there is positive assortative matching, z′(C) > 0. Moreover, the
first-order condition implies that (α+η)Θ (C/z(C)) [Ez(C) − 1] = α [σ (C/z(C)) − 1]−η. Then, the
market size elasticity is EM(C) = η/α+ (η/α)Θ (C/z(C)) [Ez(C) − 1] = ησ (C/z(C)) /(α+ η) > 0.
Therefore, more competitive cities are larger, M ′(C) > 0.
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C Efficiency

C.1 Proof of Proposition 3
A utilitarian planner seeks to maximize workers’ utility, U . The planner selects the consumption
of local goods, Y (a), housing, H(a), and traded goods, Q(a), in each location, subject to local
housing market clearing. On the production side, the planner determines the allocation of workers
between the traded and local goods sectors, LT (a) and LN(a), subject to the aggregate population
constraint. For the location of local goods producers, I anticipate that the planner will choose
PAM. Thus, the planner selects the matching function z(a), its slope, and the mass of entrants,
Me. To simplify the derivations, I use an alternative formulation in which, instead of directly
choosing the slope of the assignment function, the planner selects the mass of active firms in city
a, ζ(a) ≡ z′(a)Meg(z(a))

f(a) .38 Thus, the planner’s Lagrangian is given by:

LP = U

+κ1

[︄
1 −

∫︂ a

a

(︂
LT (a) + LN(a)

)︂
f(a)da

]︄

+κ2

⎡⎣ ∫︂ a

a
aLT (a)f(a)da− ceMe −

∫︂ a

a
Q(a)

(︂
LT (a) + LN(a)

)︂
f(a)da

⎤⎦
+
∫︂ a

a
ς1(a)

[︂
1 −H(a)

(︂
LT (a) + LN(a)

)︂]︂
f(a)da

+
∫︂ a

a
ς2(a)

[︄
Υ
(︄

z(a)LN(a)
ζ(a) (LT (a) + LN(a))Y (a)

)︄
ζ(a) − 1

]︄
f(a)da

−
∫︂ a

a
ς3(a)MeG(z(a))f(a)da+

∫︂ a

a
(ς3 − ϑ(a))ζ(a)f(a)da

+
∫︂ a

a
ς4(a)

⎡⎣(︄Y (a)
η

)︄η (︄
H(a)
α

)︄α (︄
Q(a)

1 − η − α

)︄1−η−α

− U

⎤⎦ f(a)da,

where κ1, κ2, ς1(a), ς2(a), ς3(a), and ς4(a) are Lagrange multipliers. The first constraint is aggregate
labor-market clearing. The second is the aggregate resource constraint for traded goods. The third
imposes housing-market clearing in every location, while the fourth is the local resource constraint
implied by the Kimball preferences for local goods. The fifth is an adding-up condition based on
the definition of ζ(a),

∫︁ a
a ζ(r)f(r)dr = MeG(z(a)) for all a. I integrate this constraint by parts,

starting from its original multiplier ς3(a), and define ς3 ≡
∫︁ a
a ς3(a)f(a)da and ϑ(a) ≡

∫︁ a
a ς3(r)f(r)dr.

Finally, the last constraint is the free-mobility condition.

Consumption. The first-order conditions with respect to Y (a), H(a), and Q(a) are given by:
38Given z(a) and ζ(a), one can recover the slope of the assignment function as z′(a) = ζ(a)f(a)/(Meg(z(a))).
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ης4(a)U = κ2P∗(a)Y (a)L(a), (C1)
ας4(a)U = κ2R

∗(a)H(a)L(a),
(1 − η − α)ς4(a)U = κ2Q(a)L(a),

where

P∗(a) ≡ D∗(a)
δ(q(a)) , D∗(a) ≡ ς2(a)

κ2Y (a)L(a) ,

R∗(a) ≡ ς1(a)
κ2

, q(a) ≡ z(a)LN(a)
ζ(a)L(a)Y (a) ,

with L(a) ≡ LT (a) + LN(a). Note that P∗(a), D∗(a), and R∗(a) correspond to the planner’s
ideal price index, the planner’s competition price index, and the planner’s land shadow price,
respectively, all in units of the traded good. Moreover, the first-order condition with respect to U
implies:

1 =
∫︂ a

a
ς4(a)f(a)da. (C2)

Summing the three consumption conditions defines expenditure per worker in units of the traded
good, x(a) ≡ P∗(a)Y (a) + R∗(a)H(a) + Q(a) = ς4(a)U/(κ2L(a)). Integrating over a and using
(C2) gives κ2

∫︁ a
a x(a)L(a)f(a)da = U . This condition determines the level of κ2.

Labor. The planner’s shadow wage W ∗(a), in units of the traded good, is defined as:

W ∗(a) = 1
κ2

[︄
ς4(a)U
L(a) + κ1

]︄
= x(a) + κ, (C3)

with κ ≡ κ1/κ2. With this definition, the first-order conditions with respect to LT (a) and LN(a)
are:

QT (a)
LT (a) = W ∗(a), (C4)

P∗(a)Y (a)L(a)
LN(a) = W ∗(a). (C5)

Given the traded goods production technology, (C4) implies that the planner’s wage is:
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W ∗(a) = a. (C6)

Similarly, given the local goods production technology, (C5) determines the planner’s optimality
condition for q(a):

Υ′(q(a)) = C∗(a)
z(a) , where C∗(a) ≡ W ∗(a)

D∗(a) . (C7)

Condition (C7) is the planner’s counterpart to (13). Importantly, this condition shows that the
planner’s optimal relative quantities, q(a), are determined without any wedge between Υ′(·) and
C∗(a)/z(a). In other words, the planner chooses markups equal to one for all firms in all locations.

Local goods producers’ spatial allocation. The first-order conditions with respect to z(a)
and ζ(a) are:

ς2(a)Υ′(q(a))q(a)ζ(a)
z(a) = ς3(a)Meg(z(a)),

ς2(a) [Υ(q(a)) − Υ′(q(a))q(a)] = ϑ(a) − ς3.

Define J(a) ≡ ϑ(a) − ς3. Then, since J ′(a) = ς3(a)f(a), we can rewrite the first-order condition
with respect to z(a) as:

ς2(a)Υ′(q(a))q(a)ζ(a)
z(a) = J ′(a)

J(a) J(a)Meg(z(a))
f(a) .

Combining this equation with the first-order condition for ζ(a), we obtain:

EJ(a) = Ez(a)
δ(q(a)) − 1 , (C8)

where we use the definitions of ζ(a) and δ(q(a)). Furthermore, rewriting the first-order condition
for ζ(a) yields:

J(a) = κ2M
∗(a)Υ(q(a)) [δ(q(a)) − 1] , where M∗(a) ≡ P∗(a)L(a)Y (a), (C9)

using ς2(a) = κ2D∗(a)Y (a)L(a). Since κ2 is a constant,

EJ(a) = EM∗(a) + Eq(a)
[︄

1
δ(q(a)) + Eδ(q(a)) δ(q(a))

δ(q(a)) − 1

]︄
.

The elasticities Eδ(q(a)) and Eq(a) are given by:
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Eδ(q(a)) = 1
δ(q(a)) + 1

σ(q(a)) − 1, (C10)

Eq(a) = σ(q(a)) (Ez(a) − EC∗(a)) , (C11)

where we use the definition of δ(q(a)) and (C7). Define Θ∗(q(a)) as:

Θ∗(q(a)) ≡ σ(q(a))
(︄

1
δ(q(a)) − 1

µ(q(a))

)︄
. (C12)

where µ(q(a)) ≡ σ(q(a))/(σ(q(a)) − 1). With this notation:

Eδ(a) = Eδ(q(a))Eq(a) = Θ∗(q(a)) (Ez(a) − EC∗(a)) .

Combining these expressions gives:

EJ(a) = EM∗(a) + Eδ(a) + Ez(a)
δ(q(a)) − 1 − EC∗(a)

δ(q(a)) − 1 . (C13)

Equating (C8) and (C13) implies:

EM∗(a) + Eδ(a) = EC∗(a)
δ(q(a)) − 1 . (C14)

Note that equation (C14) is the planner’s counterpart of (B7) in the decentralized equilibrium.

We follow the derivations of Appendix B.1 to derive an expression for the planner’s market size,
M∗(a). The free mobility condition, local housing market clearing, and consumption allocation
(C1) imply:

M∗(a) = ηκC∗(a)
η
α δ(q(a))

η
α

(W ∗(a) − κ) 1
α

W ∗(a) η
α

, (C15)

where W ∗(a) − κ = x(a) is expenditure per worker and κ ≡ (αU1/α)−1. Using (C12) and (C15),
we rewrite (C14) as:

(α + η)Θ∗
(︄
C∗(a)
z(a)

)︄
z′(a)a
z(a) + (˜︁a− η) = C∗′(a)a

C∗(a)

⎡⎣ α

δ
(︂
C∗(a)
z(a)

)︂
− 1

+ (α + η)Θ∗
(︄
C∗(a)
z(a)

)︄
− η

⎤⎦ ,
(C16)
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where ˜︁a ≡ a/(a− κ). We also use (C7) to express q(a) as a function of C∗(a)/z(a).

Finally, the local goods resource constraint implies:

z′(a) = f(a)
g(z(a))Me

1
Υ
(︂
q
(︂
C∗(a)
z(a)

)︂)︂ . (C17)

The system (C16) - (C17), together with the boundary conditions z(a) = z and z(a) = z, uniquely
determines C∗(a) and z(a).

Local Goods Producers Aggregate Entry. The first-order condition with respect to the mass
of entrants Me is:

κ2ce = −
∫︂ a

a
ς3(a)G(z(a))f(a)da.

Integrating by parts the right-hand side of the equation above yields:

κ2ceMe =
∫︂ a

a
(ϑ(a) − ς3) ζ(a)f(a)da.

Using (C9) and the local resource constraint Υ(q(a))ζ(a) = 1, the multiplier κ2 cancels and we
obtain the planner’s free entry condition:

ceMe =
∫︂ a

a
M∗(a)

[︄
δ

(︄
q

(︄
C∗(a)
z(a)

)︄)︄
− 1

]︄
f(a)da. (C18)

Closing the Planner’s Problem. The solution to the planner’s ODE system determines C∗(a)
and z(a). Given these equilibrium objects, the planner’s optimality conditions allow us to recover
the location-specific equilibrium variables, up to the aggregate objects U , κ, and Me.

To solve for these aggregate objects, we first substitute (C15) into (C18):

ceMe =
∫︂ a

a
ηκC∗(a)

η
α δ

(︄
q

(︄
C∗(a)
z(a)

)︄)︄ η
α (W ∗(a) − κ) 1

α

W ∗(a) η
α

[︄
δ

(︄
q

(︄
C∗(a)
z(a)

)︄)︄
− 1

]︄
f(a)da. (C19)

Second, the population adding-up constraint implies:

1 =
∫︂ a

a
κC∗(a)

η
α δ

(︄
q

(︄
C∗(a)
z(a)

)︄)︄ η
α (W ∗(a) − κ) 1−α

α

W ∗(a) η
α

f(a)da. (C20)

Finally, the traded goods resource constraint closes the system. The consumption conditions give
Q(a) = (1−η−α)x(a), and (C5) together with (C1) gives LN(a) = ηx(a)L(a)/W ∗(a). Substituting
into the resource constraint with W ∗(a) = a, x(a) = a− κ, and (C20):
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(1 − α)
(︄∫︂ a

a
aL(a)f(a)da− κ

)︄
=
∫︂ a

a
aL(a)f(a)da− ceMe, (C21)

L(a) = κC∗(a)
η
α δ

(︄
q

(︄
C∗(a)
z(a)

)︄)︄ η
α (a− κ) 1−α

α

a
η
α

.

Using 1/κ = αU
1
α , equations (C19) - (C21) jointly determine the values of U , κ, and Me.

C.2 Proof of Proposition 4
In this section, I explain how the firm subsidy (33) and the worker transfers −(s+κ) implement the
first-best allocation in three steps. First, I establish that the subsidy eliminates markups. Second,
I verify that PAM remains under the optimal policy. Third, I show that the policy induces firms
to choose locations efficiently and that the policy also corrects the aggregate entry margin.

Step 1: Markup removal. First, (12) and (33) imply that profits after transfers are given by:

ˆ︁Π(z, a) =
[︄
Υ
(︄
y(z, a)
Y (a)

)︄
− C(a)

z

y(z, a)
Y (a)

]︄
D(a)
P(a)M(a). (C22)

The first-order condition of this problem determines the optimal relative quantity y(z, a)/Y (a):

Υ′
(︄
y(z, a)
Y (a)

)︄
= C(a)

z
. (C23)

This expression coincides with the social planner’s first-order condition (C7), showing that firms
set a markup equal to one.

Step 2: PAM. Using the envelope theorem, (C22) implies that:

∂ log ˆ︁Π(z, a)
∂C(a) = − 1

C(a)
1

δ
(︂
y(z,a)
Y (a)

)︂
− 1

,

where I use (C23) and the definition of δ (·). Differentiating once more, we obtain:

∂2 log ˆ︁Π(z, a)
∂z∂C(a) = 1

C(a)
[︂
δ
(︂
y(z,a)
Y (a)

)︂
− 1

]︂2 ×
∂
(︂
y(z,a)
Y (a)

)︂
∂z⏞ ⏟⏟ ⏞
>0

×δ′
(︄
y(z, a)
Y (a)

)︄
,

where the second term on the right-hand side is positive by the first-order condition (C23). There-
fore, ˆ︁Π(z, a) is log-supermodular if and only if δ′ (·) > 0, which holds for any Υ(·) satisfying MSLD.
This establishes PAM between z and C(a).
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I now provide conditions under which C(a) is increasing in general equilibrium. The first-order
condition of (C22) with respect to a is:

Eδ(a) + EM(a) = EC(a) 1
δ
(︂
y(z,a)
Y (a)

)︂
− 1

.

The term EM(a) is the same as before, except that worker transfers are now given by the planner’s
lump-sum levy, κ. Hence,

EM(a) = η

α
EC(a) + η

α
Eδ(a) +

˜︁a− η

α
,

with ˜︁a ≡ a/(a− κ). Moreover, (C23) implies that:

Eδ(a) = Θ∗
(︄
C(a)
z(a)

)︄
Ez(a) − Θ∗

(︄
C(a)
z(a)

)︄
EC(a),

with Θ∗ (·) defined as in (C12). Putting everything together, we obtain

(α + η)Θ∗
(︄
C(a)
z(a)

)︄
z′(a)a
z(a) + (˜︁a− η) = C′(a)a

C(a)

⎡⎣ α

δ
(︂
C(a)
z(a)

)︂
− 1

+ (α + η)Θ∗
(︄
C(a)
z(a)

)︄
− η

⎤⎦ . (C24)

When Υ(·) takes the Klenow and Willis (2016) specification and ε → 0, (C24) collapses to

EC(a) [α(σ − 1) − η] = (˜︁a− η).

Note that, given an appropriate normalization of a, ã− η > 0 and the conditions of Proposition 1
coincide with the condition above for EC(a) to be strictly increasing in general equilibrium.

Step 3: Optimal Firm Location and Aggregate Entry. Under the optimal policy, the
competition price index still satisfies (B6). Hence, (B6) together with (C24) determines local
producers’ location decisions under the optimal policy. Note that the resulting system of ODEs
coincides with the planner’s system, (C16)–(C17), provided that the mass of entrants Me under
the optimal policy coincides with that in the planner’s problem.

It remains to show that the optimal policy also generates an efficient economy-wide entry rate.
Combining (C22), (C23), and (B6), we can write the free-entry condition under the policy as

∫︂
a

[︃
δ

(︄
y(z(a), a)
Y (a)

)︄
− 1

]︃
M(a)f(a)da = ceMe,

which coincides with the social planner’s entry condition (C18).
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C.3 Proof of Proposition 5
We compare the decentralized equilibrium with proportional transfers to the quasi-optimal policy
and denote policy objects with an asterisk. We initially hold Me fixed at its decentralized value
and return to free entry at the end.

We organize the proof in six steps. Step 1 states the equilibrium conditions under proportional
transfers. Step 2 derives key demand objects by expanding around the CES case, ε = 0. Step 3
shows that the decentralized and quasi-optimal allocations coincide at the CES benchmark. Step
4 shows that, to first order around CES, the competition index increases more steeply in the
decentralized equilibrium. Step 5 uses this difference to compare firms’ location choices across the
two allocations. Step 6 extends the results to free entry.

Let D0 ≡ α(σ − 1) − η, which is positive under the condition of Proposition 1, and let ∆ ≡
max{a − a, z − z} denote the width of the supports. We prove the proposition to first order in ε

under the small-support assumption of Proposition 2. The threshold ˜︁ε depends on D0 and ∆. We
evaluate all first-order coefficients at the boundary quantity q ≡ q(a), defined in Step 2.

Step 1: Proportional transfers. Expenditure per worker is proportional to the wage in both
allocations:

x(a) = (1 + s)W (a), x∗(a) = (1 + t)W ∗(a). (C25)

The budget of the mutual fund (27) and the government budget under the policy become

(1 − α)(1 + s)W = W, (1 − α)(1 + t)W ∗ = W
∗ − ceM

∗
e , (C26)

where W ≡
∫︁
aW (a)L(a)dF (a) is the average wage and M∗

e = Me when entry is held fixed. The
term ceM

∗
e appears under the quasi-optimal policy because local producers earn zero profits before

transfers. Their profits therefore arise entirely from the policy subsidies, which, under free entry,
must coincide with the entry costs.

The local producers’ problem is unchanged. The firm-location ODEs are therefore (B6) and (B10)
in the decentralized equilibrium and (C17) and (C24) under the policy, with ˜︁a = 1 in both cases.
Conditional on Me, the transfers s and t do not enter these ODEs.

Step 2: Demand objects to first order. Let q(a) ≡ φ (ψ (C(a)/z(a))) denote relative output
in the decentralized equilibrium and q∗(a) ≡ φ (C∗(a)/z∗(a)) its counterpart under the policy, as
given by (C23). Under the CES benchmark, ε = 0, δ(q) = µ(q) = σ/(σ − 1) and ρ(q) = 1.
Expanding to first order around ε = 0 yields:

µ(q) ≈ σ

σ − 1 + ε

(σ − 1)2 log q, and δ(q) ≈ σ

σ − 1 + ε

(σ − 1)2 log q − ε
σ

(σ − 1)3 .

This implies that to the leading order
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1
δ(q) − 1 − 1

µ(q) − 1 = ε
σ

σ − 1 > 0. (C27)

Expression (C27) is the business-stealing externality. The first term on the left-hand side is the
social cost of locating in a more competitive market, as in (C24), while the second is the private
cost, as in (B7). Moreover, the pass-through rate satisfies ρ(q) ≈ 1 − ε/(σ − 1). The super-
elasticities defined in (B9) and (C12) satisfy Θ(q) = ρ(q)Θ∗(q) with Θ∗(q) ≈ ε/(σ − 1). Hence,
Θ∗(q) ≈ Θ(q).

Finally, under PAM, the mass of local producers in city a is 1/Υ(q(a)). Let ϖ denote its elasticity
with respect to the cost ratio C(a)/z(a). Under the policy, d log q∗/d log(C∗/z∗) = −σ(q∗) and
d log Υ(q∗)/d log q∗ = 1/δ(q∗), implying ϖ∗ = σ(q∗)/δ(q∗). Since σ(q) ≈ σ − ε log q, the expansion
of δ(q) above gives

ϖ∗ ≈ σ − 1 + ε

σ − 1 − ε log q∗.

In the decentralized equilibrium, relative prices respond to the cost ratio with elasticity ρ(q), so
ϖ = ρ(q)ϖ∗ exactly. Using ρ(q) ≈ 1 − ε/(σ − 1), to first order,

ϖ∗ −ϖ = [1 − ρ(q)]ϖ∗ = ε > 0. (C28)

Step 3: CES benchmark. We evaluate both allocations at ε = 0 using Step 2. Since δ = µ and
Θ = Θ∗ = 0, the location conditions (B10) and (C24) with ˜︁a = 1 both reduce to

EC(a) = EC∗(a) = 1 − η

D0
.

Since ϖ = ϖ∗ = σ − 1, the mass of local producers is proportional to the cost ratio raised to the
power σ − 1 in both allocations. Hence, the z-ODEs (B6) and (C17) coincide up to a constant.
The boundary conditions z(a) = z and z(a) = z pin down this constant, implying z(a) = z∗(a).
With a common Me, (B6) then gives q(a) = q∗(a). In particular, q and Ez(a) coincide with their
policy counterparts at ε = 0, where q∗ ≡ q∗(a). These differences enter the first-order coefficients
from Step 2 only multiplied by ε, so they contribute at order ε2.

Step 4: Comparison of EC(a). We now let ε > 0. The decentralized allocation satisfies:

EC(a) = (α + η) Θ(q(a)) Ez(a) + (1 − η)
α

µ(q(a))−1 + (α + η) Θ(q(a)) − η
.

The policy counterpart, (C24), replaces µ(q(a)) with δ(q∗(a)), Θ(q(a)) with Θ∗(q∗(a)), and Ez(a)
with Ez∗(a). Define κC ≡ EC(a) and κC∗ ≡ EC∗(a). By Step 2, Θ and Θ∗ vanish at ε = 0 and
coincide to first order. By Step 3, q and Ez(a) coincide with their policy counterparts at ε = 0.
Hence, the products Θ(q)Ez(a) and Θ∗(q∗)Ez∗(a) coincide to first order, as do the two numerators,
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both equal to 1 − η at ε = 0. By (C27), the policy denominator exceeds the decentralized one by
αεσ/(σ − 1) to first order, while both equal D0 at ε = 0.

κC − κC∗ ≈ ε(1 − η)ασ
(σ − 1)D2

0
. (C29)

Because of business stealing, the competition index increases more steeply in the decentralized
equilibrium.

Step 5: Comparison of assignment functions. We now write each assignment in closed form,
reducing the comparison between z(a) and z∗(a) to two objects in each allocation: the elasticity
of the competition index, κC, and the elasticity of firm mass, ϖ. Both are characterized in the
previous steps.

By Steps 3 and 4, EC(a) is constant to first order, so the competition index admits the power-law
form:

C(a) ≈ C
(︃
a

a

)︃κC
, C∗(a) ≈ C∗

(︃
a

a

)︃κC∗

.

By Step 2, the mass of local producers is a power of the cost ratio, 1/Υ(q(a)) ∝ (C(a)/z(a))ϖ,
with ϖ evaluated at q. The z-ODE (B6) implies that z(a) rises with a at a rate proportional to
the mass of firms in city a. Substituting these expressions and using that f(a)/g(z) is constant to
first order in ∆ gives z′(a) ∝ aϖκCz(a)−ϖ. This separable equation integrates to

z(a)1+ϖ = z1+ϖ +K (rm − 1) , r ≡ a

a
, m ≡ 1 +ϖκC,

where K is pinned down by z(a) = z. The exponent m − 1 = ϖκC is the elasticity of firm mass
with respect to city productivity operating through competition. The factor z−ϖ in the ODE
captures crowding: more productive local firms leave room for fewer producers. Raising z to the
power 1 +ϖ absorbs this crowding term.

Because the two assignments share the same endpoints, z and z, it is convenient to normalize both
sides to range from zero to one. Define r ≡ a/a and

h(v;n) ≡ vn − 1
vn − 1 , Hϖ(z) ≡ z1+ϖ − z1+ϖ

z1+ϖ − z1+ϖ = h
(︃
z

z
; 1 +ϖ

)︃
, (C30)

where v denotes the upper bound of v, equal to r when v = r and to z/z when v = z/z. Solving
for K using the terminal condition, the two assignments satisfy

Hϖ (z(a)) = h(r;m), Hϖ∗ (z∗(a)) = h(r;m∗), m∗ ≡ 1 +ϖ∗κC∗ ,

where the second expression follows from applying the same steps to (C17). Each assignment is
therefore characterized by the pair (m,ϖ), so the comparison reduces to (m,ϖ) versus (m∗, ϖ∗).

The pairs differ along two dimensions. First, using ϖ = ρ(q)ϖ∗ and ϖ∗ = σ − 1 at ε = 0 from
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Step 2, together with (C29), to first order

m−m∗ = ϖ∗
[︂
(κC − κC∗) −

(︂
1 − ρ(q)

)︂
κC
]︂

= ε(1 − η) [ασ −D0]
D2

0
= ε(1 − η)(α + η)

D2
0

> 0.

The term ασ captures business stealing, while −D0 captures incomplete pass-through. Second, by
(C28), ϖ∗ > ϖ. Hence, there exists ˜︁ε > 0 such that both inequalities hold for all ε ∈ (0, ˜︁ε).
It remains to show that a larger m and a smaller ϖ both lower the assignment. For v ∈ (1, v)
and n > 0, h(v;n) is strictly decreasing in n, since ∂h/∂n has the sign of Φ(vn) − Φ(vn), where
Φ(u) ≡ u log u/(u− 1) is increasing for u > 1. Applying this property twice, for all a ∈ (a, a):

Hϖ∗ (z(a)) < Hϖ (z(a)) = h(r;m) < h(r;m∗) = Hϖ∗ (z∗(a)) ,

where the first inequality uses ϖ∗ > ϖ and the second uses m > m∗. Since Hϖ∗(·) is strictly
increasing, we obtain:

z(a) < z∗(a) for all a ∈ (a, a).

The first inequality captures the response channel: for a given competition profile, firm mass
responds less to competition in the decentralized equilibrium because pass-through is incomplete,
whereas it is complete under the quasi-optimal policy because markups are eliminated. The second
captures the location channel: business stealing, net of incomplete pass-through, makes firm mass
rise faster with a in the decentralized equilibrium.

Step 6: Free entry. In the previous derivations, only Step 3 imposes Me = M∗
e . We now let

M∗
e be determined by (C18). At ε = 0, markup profits are a share 1/σ of sales, so (26) and (C26)

imply ceMe = ηW/ [σ(1 − α)]. Under the policy, free entry gives ceM∗
e = η(1 + t)W ∗

/(σ − 1),
while (C26) pins down 1 + t. At ε = 0, (B5) with (C25) gives L(a) ∝ a(1−α−η)/αC(a)η/α, and by
Step 3 C(a) ∝ a(1−η)/D0 in both allocations. Hence, W = W

∗ and

M∗
e

Me

= σ(1 − α)
σ(1 − α) − (1 − α− η) > 1,

where the inequality follows from 1−α−η > 0. Let ℓ ≡ log(M∗
e /Me) > 0. At ε = 0, the boundary

conditions still imply z(a) = z∗(a), but (B6) now gives Υ(q∗(a))/Υ(q(a)) = Me/M
∗
e . Since Υ(q) =

q(σ−1)/σ at ε = 0, the boundary quantities no longer coincide: log q∗ − log q = −ℓ σ/(σ − 1).
This difference enters Steps 4 and 5 through the ε log q terms in Step 2, which now contribute at
first order rather than second order. Evaluating 1/(δ − 1) and ϖ∗ at q∗ instead of q raises the
denominator of κC∗ by αεσℓ/(σ−1) and raises ϖ∗ by εσℓ/(σ−1), both to first order. These effects
move m∗ = 1 +ϖ∗κC∗ in opposite directions. Their net effect is

ε(1 − η)σℓ
(σ − 1)D2

0
[D0 − α(σ − 1)] = −εη(1 − η)σℓ

(σ − 1)D2
0
< 0,

so m − m∗ increases, while ϖ∗ − ϖ increases by εσℓ/(σ − 1) > 0. Both inequalities in Step 5
become stronger, so (34) continues to hold.
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D Proofs of the Extended Model
This section proves Proposition 6 by showing how Propositions 1 and 2 and Corollary 1 carry
over to the extended model. The proofs follow the structure of the baseline model, so I omit
some details to keep the appendix concise. Before proceeding to extend the proofs, I derive input
demand and optimal pricing functions in the extended model.

D.1 Relative Price and Input Demand Functions
First, indexing cities by c, workers’ demand for local varieties retains the same expressions as in
Appendix A.1. Second, input demands follow from the firms’ cost minimization problem with
associated Lagrangian:

LF (ω, c) = W (c)l(ω, c) +R(c)h(ω, c) + λF (ω, c)
[︂
y(ω, c) − ωl(ω, c)βh(ω, c)1−β

]︂
,

where λF (ω, c) is a Lagrange multiplier that equals the marginal cost of production and we index
firms by their final productivity ω. Taking first-order conditions and recognizing that µ(ω, c) ≡
p(ω, c)/λF (ω, c) we obtain:

l(ω, c)W (c) = β
p(ω, c)y(ω, c)

µ(ω, c) , h(ω, c)R(c) = (1 − β)p(ω, c)y(ω, c)
µ(ω, c) .

Moreover, the marginal cost is given by νW (c)βR(c)1−β/ω, with ν ≡ 1/(ββ(1 − β)1−β). Then, the
profit maximization problem becomes:

π(ω, c) = max
p(ω,c)

[︄
p(ω, c)y(ω, c) − ν

W (c)βR(c)1−β

ω
y(ω, c)

]︄
L(c) s.t. y(ω, c)

Y (c) = φ

(︄
p(ω, c)
D(c)

)︄
.

As in the main text, this problem implies an optimal relative price function:

p(ω, c)
D(c) = ψ

(︄
C(c)
ω

)︄
, with C(c) ≡ ν

W (c)βR(c)1−β

D(c) . (D1)

D.2 Extension of Proposition 1
We extend the results of Proposition 1 in four steps. First, we show that there is positive assortative
matching conditional on a location’s competition index C(c). Second, we characterize general
equilibrium objects when firms sort based on competition. Third, we construct a single index
of locations that is a sufficient statistic for firms’ location decisions. We then show that there
is positive assortative matching when the location’s competition index is determined in general
equilibrium.
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Step 1: sorting conditional on competition index. As in Section B.1, we index locations by
their competition index C rather than by their productivity–amenities pair c. We obtain the same
functional form as in the baseline model for the profit function conditional on final productivity
ω, denoted π(ω,C). Hence, under Assumption 1, the profit function π(ω,C) is log-supermodular.
Firms make their location decision based on expected profits:

Π(z,C) = Eω[π(ω,C)] =
∫︂
ω
π(ω,C) g(ω|z) dω.

Under Assumption 2, Theorem 1 in Athey (2002) implies that C∗(z) is strictly increasing, where
C∗(z) = arg maxC Π(z,C). Hence, more productive firms ex-ante locate in more competitive cities.

Step 2: general equilibrium objects. We now derive expressions for the general equilibrium
objects under z–C PAM. To ease notation, we drop intermediate arguments and write

Υ
(︄
C
ω

)︄
≡ Υ

(︄
φ

(︄
ψ

(︄
C
ω

)︄)︄)︄
, φ

(︄
C
ω

)︄
≡ φ

(︄
ψ

(︄
C
ω

)︄)︄
.

For any function d(u/ω), define the conditional mean and the conditional sales-weighted mean as

Eω
[︃
d
(︃
u

ω

)︃]︃
≡ Eω

[︃
d
(︃
u

ω

)︃
| z(u)

]︃
=
∫︂
d
(︃
u

ω

)︃
g(ω | z(u)) dω,

Eλ
[︃
d
(︃
u

ω

)︃]︃
≡ Eλ

[︃
d
(︃
u

ω

)︃
| z(u)

]︃
=
∫︁
d
(︂
u
ω

)︂
ψ
(︂
u
ω

)︂
φ
(︂
u
ω

)︂
g(ω | z(u)) dω∫︁

ψ
(︂
u
ω

)︂
φ
(︂
u
ω

)︂
g(ω | z(u)) dω

.

Then the generalized version of (B2) is

z′(C) Me g(z(C))
fC(C) = 1

Eω
[︂
Υ
(︂
C
ω

)︂]︂ , (D2)

where Step 1 allows us to invert C∗(z) and obtain z(C). Using this, the ratio D(C)/P(C), which I
denote by δ(C), is

δ(C) ≡ D(C)
P(C) = Eλ

[︄
δ

(︄
C
ω

)︄]︄
,

where δ(C/ω) is defined in (B8). This and the definition of C in (D1) imply that the ideal price
index is

P(C) = ν
W (C)βR(C)1−β

C δ(C)
. (D3)

Fréchet-distributed idiosyncratic location tastes imply that the number of workers residing in city
C is

L(C) = 1
U
θ

(︄
b(C)W (C)(1 + s)

P(C)ηR(C)α

)︄θ
, (D4)

where U is the average ex-ante utility before idiosyncratic tastes are realized. Hence the market
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size is
M(C) = η(1 + s)1+θ

U
θ

b(C)θW (C)1+θ

P(C)ηθR(C)αθ , (D5)

where s denotes transfers from the national portfolio.

Housing-land market clearing yields

R(C)ϕ = α

η

M(C)
R(C) + (1 − γ) Q

T (C)
R(C) + 1 − β

µ(C)
M(C)
R(C) , (D6)

where the three terms on the right-hand side are total housing consumption of workers, traded-
good producers, and local producers, respectively, and µ(C) is the sales-weighted harmonic mean
of markups:

µ(C) ≡
(︄
Eλ
[︄

1
µ(C/ω)

]︄)︄−1

.

Local labor-market clearing implies

L(C) = β
M(C)

W (C)µ(C) + γ
QT (C)
W (C) .

Using M(C) and solving for traded-good output gives

QT (C) = M(C)
γ

[︄
1

η(1 + s) − β

µ(C)

]︄
. (D7)

Substituting (D7) into (D6) and solving for R(C) yields equilibrium land rents:

R(C) = M(C)
1

1+ϕ χ(C)
1

1+ϕ , (D8)

with
χ(C) ≡

[︄
α

η
+ 1 − γ

γ

1
η(1 + s) + (1 − β)γ − β(1 − γ)

γ µ(C)

]︄
.

The traded-good producers’ zero-profit condition implies equilibrium wages:

W (C) =
(︄

a(C)
R(C)1−γ ϱ

)︄ 1
γ

, (D9)

with ϱ ≡ γ−γ(1 − γ)γ−1. Substituting (D3), (D8), and (D9) into (D5) and solving for M(C) gives

M(C) =
⎡⎣ η (1 + s)1+θ

U
θ
νηθ ϱ

1+θ(1−ηβ)
γ

Cηθ δ(C)ηθ
χ(C)θξ−1 a(C)

1+θ(1−ηβ)
γ b(C)θ

⎤⎦ 1
θξ

, (D10)
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where ξ ≡ γ(1+ϕ+θ(α+η(1−β)))+(1−γ)(1+θ(1−ηβ))
θγ(1+ϕ) , as in Proposition 6.39

Step 3: single index property. The assignment function z(C) and the competition index C are
jointly determined by a coupled ODE system:

z′(C)Meg(z(C))
fC(C) = 1

Eω
[︂
Υ
(︂
C
ω

)︂]︂ ,
1

µ(C) − 1 = Eδ(C) + EM(C), (D11)

where the first equation comes from (D2) and the second from the first-order condition of the
firm’s location problem (40). The first equation only depends on demand parameters, densities,
z(C) and C. On the other hand, to inspect the second equation, we look at (D10). The term on
the left-hand side and the first term on the right-hand side depend on the equilibrium objects,
z(C) and C. On the contrary, the last term on the right-hand side depends on the equilibrium
objects and the combined object, a(C)

1+θ(1−ηβ)
γ b(C)θ. Therefore, the equilibrium objects z(C) and

C depend only on the characteristics of a location through a combined index with specific weights
on productivity and amenities. This result implies that local goods producers make their sorting
decisions based on a uni-dimensional index x(c) rather than considering the two dimensions of
location heterogeneity separately:

x(c) ≡ a(c)
1+θ(1−ηβ)

θγξ b(c)
1
ξ .

Step 4: sorting in general equilibrium. In the last step we characterize under which conditions
more appealing locations have higher competition: i.e. the function x(C) is increasing in general
equilibrium. We can use (D10) to write the first-order condition (D11) as:

1
µ(C) − 1 = Eδ(C) + 1

θξ
[ηθ + ηθEδ(C) − (θξ − 1)Eχ(C)] + Ex(C),

= η

ξ
+ ξ + η

ξ
Eδ(C) + Ex(C) − θξ − 1

θξ
Eχ(C)

Under the Klenow and Willis (2016) specification, when ε = 0, δ(·), χ(·), and µ(·) become constants
and hence the above equation collapses to:

σ − 1 = η

ξ
+ Ex(C),

39Note that θξ − 1 = γθ(α+η(1−β))+(1−γ)(1+θ(1−ηβ))
γ(1+ϕ) > 0.
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which implies that Ex(C) > 0 if (ξ/η) (σ − 1) > 1. Therefore, when

1
σ − 1 <

ξ

η
,

there exists a region of the parameter space where ε is small and PAM is obtained in general
equilibrium: both z(C) and x(C) are strictly increasing, and therefore more productive firms
locate in more appealing cities.

D.3 Extension of Proposition 2
The extension of Proposition 2 is structured in three steps. First, derive the system of ODEs that
determine the equilibrium for the local good sector. Second, show existence of a solution to these
systems conditional on general equilibrium aggregates, Me, U , and s. Third, show existence and
uniqueness of general equilibrium objects.

Step 1: ODE system for local goods producers. Impose Assumption 1, Assumption 2 and
the assumptions of Proposition 6. Then, PAM between firm and location productivity is obtained.
Indexing locations by x, (D11) becomes:

z′(x)Meg(z(x))
fx(x) = 1

Eω
[︂
Υ
(︂
C(x)
ω

)︂]︂ , (D12)

EC(x)
µ(x) − 1 = Eδ(x) + EM(x), (D13)

where fx(·) is the density of the appeal index, x. Market size is given by:

M(x) =
⎡⎣ η(1 + s)1+θ

U
θ
νηθϱ

1+θ(1−ηβ)
γ

C(x)ηθδ (x)ηθ

χ (x)θξ−1

⎤⎦ 1
θξ

x,

which further implies that

EM(x) = η

ξ
EC(x) + η

ξ
Eδ(x) + 1 − θξ − 1

θξ
Eχ(x).

We start deriving expressions for each of the terms in the expressions above. First:

Eδ(x) = Θ1 (x) Ez(x) − Θ2 (x) EC(x),
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with

Θ1(x) = Eλ

⎡⎣Eg(ω, z(x))

[︂
δ
(︂
C(x)
ω

)︂
− δ(x)

]︂
δ(x)

⎤⎦ ,
Θ2(x) = Eλ

⎡⎣ρ(︄C(x)
ω

)︄
σ

(︄
C(x)
ω

)︄⎛⎝ 1
δ(x)

− 1
µ
(︂
C(x)
ω

)︂
⎞⎠⎤⎦

with ρ(·) defined as in the proof of Proposition 2, and Eg(ω, z(x)) the elasticity of the conditional
PDF g(ω|z(x)) with respect to z(x). Second,

Eχ(x) = −Λ1 (x) Ez(x) + Λ2 (x) EC(x),

with

Λ1(x) = (1 − γ)β − (1 − β)γ
γ

Eλ
[︃
Eg(ω, z(x))

(︃
1

µ(C(x)
ω ) − 1

µ(x)

)︃]︃
χ(x) ,

Λ2(x) = (1 − γ)β − (1 − β)γ
γ

Eλ
[︃
ρ(C(x)

ω )σ(C(x)
ω )−1

µ(C(x)
ω )

]︃
− 1

µ(x)Eλ
[︃
ρ(C(x)

ω )σ(C(x)
ω )

µ(C(x)
ω )

]︃
χ(x) .

By plugging back these terms into the first-order condition of the location problem we obtain:

C′(x)x
C(x)

[︄
θξ

µ(x) − 1 + θ(ξ + η)Θ2(x) + (θξ − 1)Λ2(x) − ηθ

]︄

= θξ + [θ(ξ + η)Θ1(x) + (θξ − 1)Λ1(x)] z
′(x)x
z(x) , (D14)

where we explicitly wrote the expression for the elasticities Ez(x) and EC(x). Given Me and s,
equations (D12) and (D14) define a coupled system of ODE’s, with two boundary conditions
z(x) = z and z(x) = z. The first boundary condition states that the most productive firms go to
the most appealing locations, while the second condition implies that least productive firms locate
in the least appealing cities. The solution to this ODE system is the assignment function z(x) and
the competition index function C(x).

Step 2: Existence and uniqueness of a solution to the ODE system given Me and s. The
system (D12) - (D14) is Lipschitz continuous and, therefore, has a unique solution if two initial
conditions are provided (by the Picard–Lindelöf Theorem). However, this system constitutes a
two-point boundary value problem, as it has one initial and one terminal condition. To address
this, we transform the problem into an initial value problem and apply a shooting method.

Define C ≡ C(x). Given Me and the terminal condition z(x) = z, we show that there exists C such
that z(x) = z. By Lipschitz continuity, z(x) is a continuous function of C. As C → ∞, all firms
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are pushed toward the choke price, Eω[Υ] → 0, and z(x) → 0. As C → 0, Eω[Υ] approaches its
upper bound Υ1 ≡ Υ

(︂
σσ/ε

)︂
, so z′(x) remains bounded and z(x) → G−1

(︂
1 − 1

MeΥ1

)︂
> z whenever

MeΥ1 > 1, a condition that any equilibrium satisfies by Step 3. By the intermediate value theorem,
there exists at least one C such that z(x) = z. Moreover, when the supports of Fx(·) and G(·)
are sufficiently small, C is unique. Up to first order, z′(x) is constant and strictly increasing in
C, since Eω[Υ(C/ω)] is strictly decreasing in C. Hence z(x) is strictly decreasing in C. Given the
unique C, the Picard–Lindelöf Theorem delivers a unique solution to the ODE system.

Step 3: Existence and uniqueness of Me, s and U . On the one hand, the aggregate labor
adding-up constraint uniquely pins down U . Local population cannot be solely characterized by the
appeal x, as workers directly value local amenities. In particular, using the equilibrium expression
for market size and wages, population in location c = (a, b) is given by:

L (x(a, b), b) = ϱ
1
γ

η(1 + s) M (x(a, b))
1+γϕ

γ(1+ϕ) χ (x(a, b))
1−γ

γ(1+ϕ) x(a, b)− θξ
1+θ(1−ηβ) b

θ
1+θ(1−ηβ) .

The ex-ante workers mean utility, U , is given then by the economy-wide labor adding-up constraint

∫︂
a

∫︂
b
L (x(a, b), b) f(a, b)db da = 1,

which can also be written as

∫︂
x

∫︂
b
L (x, b) fb|x(b)fx(x)db dx = 1,

where fb|x(·) is the PDF of b given x. On the other hand, the free-entry condition (26) can be
written as

ceMe =
∫︂
x
M(x)Eλ

⎡⎣ 1
σ
(︂
C(x)
ω

)︂
⎤⎦ fx(x)dx. (D15)

For existence, note first that Υ(φ(ψ(·))) is bounded above by Υ1 under Assumption 1. Integrating
(D12) over the support of x implies that any solution requires Me ≥ Mmin

e ≡ 1/Υ1. The LHS
of (D15) is increasing in Me. As Me → ∞, (D12) implies that C(x) → ∞ for all x. Otherwise,
z′(x) → 0 for all x, violating the initial condition z(x) = z. Since profits in all locations decrease
with local competition, the RHS of (D15) tends to zero as Me → ∞. At Me = Mmin

e , competition
is at its weakest and the RHS is bounded away from zero. Provided the entry cost is not too large,
the LHS at Mmin

e lies below the RHS. By the intermediate value theorem, there exists at least one
Me ∈ [Mmin

e ,∞) satisfying (D15), for a given s.

To prove the uniqueness of Me, we assume that the supports of F (·, ·) and G(·) are small enough.
This implies that the support of Fx(·) is also small enough. This assumption makes possible using
a first-order approximation of the ODE system (D12) - (D14). Therefore, to a first order,
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Mez
′(x) ≈ fx(x)

g(z)
1

Eω
[︂
Υ
(︂
C
ω

)︂
| z
]︂ = κ1

1
ΥC(C) ,

where κ1 ≡ fx(x)/g(z) depends only on parameters, and the function ΥC(·) is strictly decreasing.
Integrating this expression gives

Me = κ1(x− x)
z − z

1
ΥC(C) . (D16)

Similarly, the labor adding-up constraint implies that L(x, b) ≈ 1 up to first order. Combin-
ing the equilibrium expressions for market size, wages and rents then yields M(x)1+ζ ≈ η(1 +
s)(a/ϱ)

1
γχ(C)−ζ , with ζ ≡ 1−γ

γ(1+ϕ) . Using Eλ[1/σ] = 1 − 1/µ, the free-entry condition (D15) be-
comes, up to first order,

ceMe = κ2(x− x)
[︄
1 − 1

µ(C)

]︄
χ(C)− ζ

1+ζ , (D17)

where κ2 ≡ fx(x)
[︂
η(1 + s)(a/ϱ)

1
γ

]︂ 1
1+ζ depends only on parameters and s. By equating (D16) and

(D17), one obtains

[︄
1 − 1

µ(C)

]︄
χ(C)− ζ

1+ζ ΥC(C) = ceκ1

κ2(z − z) . (D18)

The LHS of (D18) is strictly decreasing in C. Under MSLD, µ(·) is strictly decreasing, so the
first factor decreases with C. When γ ≥ β, as in the estimated parameters, χ(·) increases with C,
so the second factor also decreases. The last factor is strictly decreasing. Hence, (D18) uniquely
determines C, and (D16) uniquely determines Me, given s.

Finally, we show existence and uniqueness of s. The mutual fund rebates the profits of land
developers as a flat wage subsidy. Using R(x)1+ϕ = M(x)χ(x) and the labor income WL =
M/(η(1 + s)) in every city, the mutual fund budget constraint is

s

η(1 + s)

∫︂
x
M(x)fx(x) dx = 1

1 + ϕ

∫︂
x
M(x)χ(x)fx(x) dx.

Up to first order, χ(x) ≈ χ(C) and the constraint reduces to s
1+s = ηχ(C)

1+ϕ . The LHS is strictly
increasing in s from zero to one. Holding µ(C) at its first-order value, the RHS is strictly decreasing
in s and converges to [α + η(γ − β)/(γµ)] /(1 + ϕ) < 1, a condition that holds at the estimated
parameters. Hence, there exists a unique s. Given s, the first-order system determines (C,Me),
and the adding-up constraint then determines U .
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D.4 Extension of Corollary 1
The proof in the quantitative framework is analogous to the baseline case. We consider a wide
support for G(·) and a small support for F (·), and index cities by their competition index C.
Optimal location choices imply

1
µ (C) − 1 = η

ξ
+ ξ + η

ξ
Eδ(C) + Ex(C) − θξ − 1

θξ
Eχ(C).

Replacing the expressions for Eδ(C) and Eχ(C) from the extension of Proposition 2 yields

θξ

µ (C) − 1 = θξEx(C)+[θ(ξ + η)Θ1 (C) + (θξ − 1)Λ1 (C)] Ez(C)−θ(ξ+η)Θ2 (C)−(θξ−1)Λ2 (C)+ηθ.

In the limiting economy, Ex(C) = 0. Hence, the first-order condition above defines a nondegenerate
assignment z(C):

θξ

µ (C) − 1 = [θ(ξ + η)Θ1 (C) + (θξ − 1)Λ1 (C)] Ez(C) − θ(ξ + η)Θ2 (C) − (θξ − 1)Λ2 (C) + ηθ.

Supermodularity of expected profits also holds in this limiting economy. Therefore, z′(C) > 0
(positive assortative matching). Moreover, combining the first-order condition with the market
size elasticity yields

EM(C) = 1
θ(ξ + η)

[︄
ηθ

µ(C)
µ(C) − 1 − (θξ − 1) Eχ(C)

]︄
,

which is positive whenever (θξ − 1) Eχ(C) < ηθ µ(C)/(µ(C) − 1). When ε = 0, Eχ(C) = 0 and
µ/(µ − 1) = σ, so the condition holds trivially. In this case the market size elasticity reduces to
EM(C) = ησ/(ξ + η). This mirrors the expression in the proof of Corollary 1, with ξ in place of α.

D.5 Equilibrium Conditions Quasi-Optimal Policy
This section derives the equilibrium conditions of the quasi-optimal policy in the extended model.
The policy implements the firm subsidy (33) of Proposition 4, with firms indexed by their final
productivity ω and locations indexed by their appeal x. Contrary to the baseline model, the subsidy
is financed with a flat tax on labor income, constant across locations. As in the decentralized
equilibrium, workers also receive the profits of land developers as a flat wage subsidy. Hence,
workers receive transfers proportional to their wages and their income is W (x)(1 + t), where t
denotes the wage subsidy net of the tax that finances the policy. We only present the conditions
that change relative to the decentralized equilibrium of the extended model.

Markup removal. First, using ι(x) = D(x)/P(x) = δ(x), net profits after transfers are the
extended-model analogue of (C22):
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ˆ︁π(ω, x) =
[︄
Υ
(︄
y(ω, x)
Y (x)

)︄
− C(x)

ω

y(ω, x)
Y (x)

]︄
δ(x)M(x). (D19)

The first-order condition with respect to the relative quantity is

Υ′
(︄
y(ω, x)
Y (x)

)︄
= C(x)

ω
. (D20)

Since relative prices satisfy ψ(·) = Υ′(·) along the demand curve, (D20) implies that p(ω, x)/D(x) =
C(x)/ω. Every firm prices at marginal cost, so µ(ω, x) = 1 for all firms and µ(x) = 1 in all locations.

Location ODE. Firms choose locations based on expected net profits, ˆ︁Π(z, x) = Eω[ˆ︁π(ω, x)]. The
first-order condition of the location problem is

Eδ(x) + EM(x) = EC(x)
δ(x) − 1

,

where the right-hand side follows from applying the envelope theorem to (D19), as in Appendix
C.2. Markup removal makes χ(x) constant across locations:

ˆ︁χ ≡ α

η
+ 1 − γ

γ

1
η(1 + t) + (1 − β)γ − β(1 − γ)

γ
.

Hence, Eχ(x) = 0 and the terms Λ1(x) and Λ2(x) vanish. Market size retains the form (D10), with
t in place of s and ˆ︁χ in place of χ(·), which implies

EM(x) = η

ξ
EC(x) + η

ξ
Eδ(x) + 1.

Moreover, since firms price at marginal cost, the pass-through of the competition index to relative
prices is one. Then, Eδ(x) = Θ1(x)Ez(x)− ˆ︁Θ2(x)EC(x), with Θ1(x) as in the extension of Proposition
2 and

ˆ︁Θ2(x) = Eλ

⎡⎣σ (︄C(x)
ω

)︄⎛⎝ 1
δ(x)

− 1
µ
(︂
C(x)
ω

)︂
⎞⎠⎤⎦ ,

where µ(·) denotes the markup function implied by the demand elasticity and not the equilibrium
markup, which equals one. Combining these expressions yields the location ODE under the policy:

C′(x)x
C(x)

[︄
θξ

δ(x) − 1
+ θ(ξ + η) ˆ︁Θ2(x) − ηθ

]︄
= θξ + θ(ξ + η)Θ1(x)z

′(x)x
z(x) . (D21)

The assignment ODE (D12) is unchanged, with all Kimball objects evaluated at the relative prices
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C(x)/ω. Relative to (D14), the term δ(x) replaces µ(x) because firm profits are now given by the
consumer surplus they create.

Free entry. Net profits are given by (D19) evaluated at (D20). Using Eλ [δ (C(x)/ω) − 1] =
δ(x) − 1 and following the same steps as in (D15), the free-entry condition becomes

ceMe =
∫︂
x
M(x)

[︂
δ(x) − 1

]︂
fx(x) dx, (D22)

which is the extended-model analogue of the entry condition under the optimal policy in Appendix
C.2.

Government budget constraint. Since firms price at marginal cost, operating profits are zero
and net profits equal the transfers received. Then, (D22) implies that the aggregate cost of the
firm subsidy is ceMe. Using R(x)1+ϕ = M(x)ˆ︁χ and labor income WL = M/(η(1+ t)), the national
portfolio budget constraint is

t

η(1 + t)

∫︂
x
M(x)fx(x) dx = 1

1 + ϕ

∫︂
x
M(x) ˆ︁χ fx(x) dx− ceMe. (D23)

The left-hand side is the net transfer to workers. The right-hand side collects the profits of land
developers net of the subsidy paid to firms. Given Me and t, the ODE system (D12) and (D21)
determines z(x) and C(x) with the same boundary conditions as in the decentralized equilibrium.
Conditions (D22) and (D23) determine Me and t, and the labor adding-up constraint determines
U .

D.6 Equilibrium Conditions EZ Policy
This section derives the equilibrium conditions of the EZ program in the extended model. Local
producers receive a wage-bill subsidy S(x), a smooth function of appeal that starts at 20% in
the targeted locations and declines continuously to zero in untargeted locations. As in the quasi-
optimal policy, the subsidy is financed with a flat tax on labor income, and workers receive the
profits of land developers as a flat wage subsidy. Worker income is W (x)(1 + t), where t denotes
the wage subsidy net of the tax that finances the policy. We only present the conditions that
change relative to the decentralized equilibrium of the extended model.

Production costs. Local producers pay (1 − S(x))W (x) per unit of labor. The marginal cost
becomes ν[(1 − S(x))W (x)]βR(x)1−β/ω and the competition index is

C(x) = ν
[(1 − S(x))W (x)]βR(x)1−β

D(x) .

The pricing problem is otherwise unchanged, so markups and all Kimball objects retain their form,
evaluated at the relative prices C(x)/ω. By the labor first-order condition, the gross wage bill of
local producers is βM(x)/[(1 − S(x))µ(x)], while their structures bill is unaffected. Wages retain
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the form (D9) because traded-good producers are not subsidized.

Market clearing. Local labor-market clearing implies traded-good output

QT (x) = M(x)
γ

[︄
1

η(1 + t) − β

(1 − S(x))µ(x)

]︄
,

and housing-land market clearing yields R(x)1+ϕ = M(x)χS(x), with

χS(x) ≡ α

η
+ 1 − γ

γ

1
η(1 + t) + (1 − β)γ(1 − S(x)) − β(1 − γ)

γ(1 − S(x))µ(x) .

Since the ideal price index picks up the factor (1 − S(x))β, market size becomes

M(x) =
⎡⎣ η(1 + t)1+θ

U
θ
νηθϱ

1+θ(1−ηβ)
γ

C(x)ηθδ (x)ηθ

(1 − S(x))ηβθ χS (x)θξ−1

⎤⎦ 1
θξ

x.

Location ODE. The location first-order condition retains the form (D13), as the subsidy affects
profits only through the competition index. The subsidy adds a direct channel to the elasticities
of market size and χS(·):

EM(x) = η

ξ
EC(x) + η

ξ
Eδ(x) + 1 − θξ − 1

θξ
Eχ(x) + ηβ

ξ

S ′(x)x
1 − S(x) ,

Eχ(x) = −ΛS
1 (x) Ez(x) + ΛS

2 (x) EC(x) − (1 − γ)β
γ(1 − S(x))2µ(x)χS(x)S

′(x)x,

where ΛS
1 (x) and ΛS

2 (x) are given by Λ1(x) and Λ2(x) with χS(x) in place of χ(x) and the coefficient

(1 − γ)β − (1 − β)γ(1 − S(x))
γ(1 − S(x))

in place of [(1 − γ)β − (1 − β)γ]/γ. Collecting terms, the location ODE becomes

C′(x)x
C(x)

[︄
θξ

µ(x) − 1 + θ(ξ + η)Θ2(x) + (θξ − 1)ΛS
2 (x) − ηθ

]︄

= θξ +
[︂
θ(ξ + η)Θ1(x) + (θξ − 1)ΛS

1 (x)
]︂ z′(x)x
z(x) + Λ3(x)S ′(x)x, (D24)

with
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Λ3(x) ≡ ηβθ

1 − S(x) + (θξ − 1)(1 − γ)β
γ(1 − S(x))2µ(x)χS(x) .

Since S ′(x) ≤ 0, the new term lowers the growth of competition around the targeted locations.

Free entry. Firm profits are still a fraction 1/σ(C(x)/ω) of sales, so the free-entry condition
retains the form (D15).

Government budget constraint. The national portfolio collects the profits of land developers
and pays the net transfer to workers plus the wage-bill subsidy, which costs S(x) times the gross
wage bill of local producers in each location. Using R(x)1+ϕ = M(x)χS(x) and labor income
WL = M/(η(1 + t)), the budget constraint is

t

η(1 + t)

∫︂
x
M(x)fx(x) dx+ β

∫︂
x

S(x)
(1 − S(x))µ(x)M(x)fx(x) dx = 1

1 + ϕ

∫︂
x
M(x)χS(x)fx(x) dx.

(D25)

Given Me and t, the ODE system (D12) and (D24) determines z(x) and C(x) with the same
boundary conditions as in the decentralized equilibrium. The free-entry condition (D15) and the
budget constraint (D25) determine Me and t, and the labor adding-up constraint determines U .
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E Markup Estimation
This section expands on the details for markup estimation of Section 4.4.2.

E.1 Derivations for Estimating Equation
Let pjc denote the price charged by establishment j in city c. Let Pc and Dc denote the ideal and
competition price indices in city c, respectively. By the Lerner formula, the markup of establish-
ment j in c can be written as a function of its relative price:

µjc = µ
(︃
pjc
Dc

)︃
.

I use the demand system to express the relative price as a function of the establishment’s sales
share. Define the sales share of establishment j in city c as

syjc ≡ pjcyjc∑︁
j′∈c pj′cyj′c

.

Using that total expenditure on local goods in c is given by PcYcLc, this share can be written as

syjc = pjcyjcLc
PcYcLc

,

= pjcyjc
PcYc

.

Using the residual demand curve (7), this expression becomes

syjc = pjc
Dc

yjc
Yc

Dc

Pc
,

= pjc
Dc

φ
(︃
pjc
Dc

)︃ Dc

Pc
.

To express the relative price pjc/Dc as a function of the sales share syjc and the ratio Pc/Dc, it is
sufficient to show that the function xφ(x) is strictly monotone. Indeed,

d (xφ(x))
dx

= φ(x) + xφ′(x),

= −φ(x) (σ(x) − 1) ,

where I use (14) for the definition of σ(·). Since firms choose prices such that σ(x) > 1, it follows
that xφ(x) is strictly decreasing and therefore invertible. Let ζ(·) denote its inverse.

It then follows that the relative price can be written as a function of the sales share and the price
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indices, and therefore markup can be expressed as

µjc = µ

(︄
ζ

(︄
syjc

Pc
Dc

)︄)︄
.

Considering a third-degree polynomial in syjc(Pc/Dc), I approximate this markup function as

log µ
(︄
ζ

(︄
syjc

Pc
Dc

)︄)︄
= ς1sjc

Pc
Dc

+ ς2

(︄
syjc

Pc
Dc

)︄2

+ ς3

(︄
syjc

Pc
Dc

)︄3

+ ν∗
jc,

where ν∗
jc is an approximation error that goes to zero once one considers higher polynomial terms.40

Crucially, Assumption 3 implies that the approximation above does not have a constant term.
Intuitively, because of the choke price, firms with zero sales share face an infinite elasticity of
demand and, therefore, have markups equal to one. Replacing back the markup approximation
into the estimating equation gives:

logαljc = log β + ς1,cs
y
jc + ς2,c(syjc)2 + ς3,c(syjc)3⏞ ⏟⏟ ⏞

≡− logµjc

−(νjc + ν∗
jc),

where ς1,c ≡ −ς1(Pc/Dc), ς2,c ≡ −ς2(Pc/Dc)2, and ς3,c ≡ −ς3(Pc/Dc)3.

E.2 Consistency of Sieve Estimator
This section outlines the necessary conditions for the consistency of the sieve estimator used in (45)
for the markup estimation. Theorem 4 in Newey (1997) provides conditions for root-n consistency
of a polynomial (power series) sieve estimator. It is straightforward to extend these conditions to
the current setting.

First, note that Assumption 3 implies that firms charge finite prices. Therefore, the price index
Dc is bounded. Moreover, this assumption also implies that active firms have a strictly positive
market share, syjc > 0. Thus, the object syjc (Pc/Dc) is bounded away from zero and Assumption 8
in Newey (1997) is satisfied.

Second, note that the derivative of the markup function is given by

dµ(ζ(a))
da

= µ′(ζ(a))
φ(ζ(a)) + ζ(a)φ′(ζ(a)) ,

where we used the fact that ζ(·) is the inverse of the function xφ(x). Note that the order of
differentiability of the functions µ(·) and φ(·) is given by the order of differentiability of the Kimball
aggregator Υ(·). In particular, if Υ(·) is differentiable of order d, the functions µ(·) and φ(·) are
differentiable of order d− 1. Hence, Assumption 9 in Newey (1997) is satisfied with s = d− 1.

40The error term is given by ν∗
jc = logµ

(︂
ζ
(︂
sy

jc
Pc

Dc

)︂)︂
− ς1sjc

Pc

Dc
− ς2

(︂
sy

jc
Pc

Dc

)︂2
− ς3

(︂
sy

jc
Pc

Dc

)︂3
.
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Lastly, we are required to impose the condition that Var(µ|sy,P,D) is bounded. Under these con-
ditions, Theorem 4 applies and the error term υ = O(K−d+1) where K is degree of the polynomial
approximation. Higher smoothness of Υ(·) guarantees a quicker convergence rate.

E.3 Multi-Sector Estimation
In this section, I extend the baseline estimation framework to allow for multiple sectors.

The multi-sector estimation procedure assumes that consumers have Cobb-Douglas preferences
over sector-specific bundles of local varieties. Formally, the bundle of local varieties Y (a) is a
Cobb-Douglas aggregator of sector-specific bundles:

Y (a) =
N∏︂
n=1

Yn(a)θn ,
N∑︂
n=1

θn = 1,

where n denotes the sector. Each sector-specific bundle Yn(a) is, in turn, implicitly defined by a
Kimball aggregator:

∫︂
ω

Υn

(︄
yn(ω, c)
Yn(a)

)︄
dGn,c(ω) = 1,

where yn(ω, c) is consumption in city c of a variety produced by a firm with productivity ω in
sector n, Gn,c(ω) is the productivity distribution of sector n in city c, and the Kimball aggregator
Υn(·) is sector specific. Under this formulation, all derivations from Section 4 extend, with the key
difference that the markup function, sales shares, and price indices are now sector specific:

µjnc = µn

(︄
ζn

(︄
sjnc

Pnc
Dnc

)︄)︄
. (E1)

Moreover, I allow production functions to differ across sectors:

yjnc = ωjnce
νjnclβn

jnch
1−βn
jnc . (E2)

Equations (E1) and (E2) imply the multi-sector estimating equation

logαljnc = log βn + ς1,ncs
y
jnc + ς2,nc(syjnc)2 + ς3,nc(syjnc)3 + υjnc, (E3)

where ς1,nc, ς2,nc, and ς3,nc are city-sector-specific coefficients that absorb the variation in Pnc/Dnc.

E.4 Labor Market Power
This section extends the estimation framework to allow local producers to exercise market power
in local labor markets, mirroring the product-market derivation in Appendix E.1.
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Workers in city c view jobs at different local producers as imperfect substitutes. Total labor
supplied to local producers, LNc , is implicitly defined by a Kimball aggregator,

∫︁
j∈c Υl

(︂
ljc/L

N
c

)︂
dj =

1, where Υl(·) is strictly increasing and convex with Υl(0) = 0. Workers allocate hours across
establishments to maximize labor income subject to this constraint, yielding the labor supply to
establishment j:

ljc
LNc

= φl
(︄
wjc
Dl
c

)︄
, (E4)

where φl(·) ≡
(︂
Υl′
)︂−1

(·) is strictly increasing and Dl
c is a wage competition index implicitly

defined by
∫︁
j∈c Υl

(︂
φl
(︂
wjc/Dl

c

)︂)︂
dj = 1. The ideal wage index Wc is defined through the local

wage bill, WcL
N
c ≡

∫︁
j∈cwjcljc dj. The wage elasticity of labor supply to an establishment, σl(x) ≡

xφl′(x)/φl(x) evaluated at x = wjc/Dl
c, is finite and varies with the relative wage whenever Υl(·)

is not CES. Establishments take (E4) as given when choosing employment, so the first-order
condition for labor equates the wage to a markdown over the marginal revenue product of labor,
βpjcyjc/(µjcljc). The ratio estimator (42) therefore becomes

αljc = β

µjc ϱjc
e−νjc , ϱjc ≡ 1 + 1

σl (wjc/Dl
c)

≡ ϱ

(︄
wjc
Dl
c

)︄
, (E5)

where ϱjc ≥ 1 is the markdown, defined as the ratio of the marginal revenue product of labor to
the wage, and αljc = (wjcljc)/(pjcyjc) is the establishment’s payroll share of sales.

Let sljc ≡ wjcljc/
∑︁
j′∈cwj′clj′c denote the wage-bill share of establishment j among local producers

in city c. By (E4) and the definition of Wc, sljc = xφl(x)Dl
c/Wc with x = wjc/Dl

c. The function
xφl(x) is invertible, with inverse ζ l(·), so the markdown can be written as a function of the
wage-bill share and wage indices, ϱjc = ϱ

(︂
ζ l
(︂
sljcWc/Dl

c

)︂)︂
, the labor-market analogue of (44).

Approximating the log markdown with a third-degree polynomial in sljc(Wc/Dl
c), as in Appendix

E.1 for the log markup, and taking logs of (E5) yields

logαljc = log β +

≡− logµjc⏟ ⏞⏞ ⏟
ς1,c

(︂
syjc
)︂

+ ς2,c
(︂
syjc
)︂2

+ ς3,c
(︂
syjc
)︂3

+ ς l1,c
(︂
sljc
)︂

+ ς l2,c
(︂
sljc
)︂2

+ ς l3,c
(︂
sljc
)︂3

⏞ ⏟⏟ ⏞
≡− log ϱjc

+υjc, (E6)

where ς lk,c ≡ −ς lk
(︂
Wc/Dl

c

)︂k
are city-specific coefficients that absorb variation in the wage indices,

and υjc collects measurement and approximation errors.
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E.5 General Production Function
This section derives the markup estimating equation under a general production function. Because
data on production inputs are limited outside Manufacturing, I derive the estimating equation using
the more detailed data available for this sector. Formally, consider a Hicks-neutral production
function in labor, materials, energy, and capital:

yjc = ωjce
νjcF (ljc,mjc, ejc, kjc) , (E7)

where F (·) is a continuously differentiable function, mjc denotes materials, ejc denotes energy and
kjc denotes capital. For Manufacturing, capital includes commercial structures, consistent with
the baseline markup estimation. Under this specification, the elasticities of output with respect to
labor, materials and energy are given by

∂ log yjc
∂ log ljc

= ∂F (ljc,mjc, ejc, kjc)
∂ljc

ljc
F (ljc,mjc, ejc, kjc)

∂ log yjc
∂ logmjc

= ∂F (ljc,mjc, ejc, kjc)
∂mjc

mjc

F (ljc,mjc, ejc, kjc)
,

∂ log yjc
∂ log ejc

= ∂F (ljc,mjc, ejc, kjc)
∂ejc

ejc
F (ljc,mjc, ejc, kjc)

.

In all three cases, the Hicks-neutral specification implies that the output elasticity with respect to
a variable input is a function only of the inputs of production:

∂ log yjc
∂ log ljc

≡ βl (ljc,mjc, ejc, kjc) ,
∂ log yjc
∂ logmjc

≡ βm (ljc,mjc, ejc, kjc) ,
∂ log yjc
∂ log ejc

≡ βe (ljc,mjc, ejc, kjc) .

Therefore, under the production function (E7), the markup estimating equation (45) becomes

logαxjc = βx (ljc,mjc, ejc, kjc) + ς1,cs
y
jc + ς2,c

(︂
syjc
)︂2

+ ς3,c
(︂
syjc
)︂3

+ υjc, (E8)

where x denotes the input of production, x ∈ {l,m, e}. As with the markup function, I approximate
βx (ljc,mjc, ejc, kjc) semi-parametrically using a third-order polynomial in its arguments, following
Gandhi, Navarro, and Rivers (2020).
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F Empirical Appendix

F.1 Additional Figures

Figure F1: Revenue per worker and average employment across commuting zones: firms operating
in a single commuting zone
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(a) Sales per worker and total labor income
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(b) Average employment and total labor income

Notes: Figures F1(a) and F1(b) reproduce Figures 1(a) and 1(b) restricting the sample to establishments
belonging to firms that operate in a single commuting zone. Both bin-scatters consider 50 equally sized com-
muting zone bins according to their total labor income, and both averages are computed among establishments
in local industries. The dashed line is a linear fit across bins.

Figure F2: Aggregate markup and market size, lagged-share instrument
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Notes: Figure F2 reproduces the commuting zone panel of Figure 2 with establishment markups estimated
from (45) using lagged sales shares as instruments for contemporaneous sales shares. Commuting zone size
is defined as total labor income. The bin-scatter considers 50 equally sized commuting zone bins according
to their total labor income. Commuting zone aggregate markup is the sales-weighted harmonic mean in (47).
The dashed line is a linear fit across bins.
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Figure F3: Aggregate markup and market size, controlling for labor market power
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(a) Commuting zones
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(b) Counties

Notes: Figures F3(a) and F3(b) reproduce Figure 2 with establishment markups estimated from (45) control-
ling for labor market power through a flexible polynomial in the establishment’s wage-bill share. City size is
defined as total labor income. Both bin-scatters consider 50 equally sized bins according to total labor income;
in the county panel, disclosure rules pooled the smallest bins. City aggregate markup is the sales-weighted
harmonic mean in (47). The dashed line is a linear fit across bins.

Figure F4: Aggregate markup (inverse labor share) and market size
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(a) Commuting zones
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(b) Counties

Notes: Figures F4(a) and F4(b) reproduce Figure 2 with establishment markups defined as the inverse of
the labor share, µjc = 1/ωjc, with ωjc ≡ ℓjcwjc/(pjcyjc). Because markup levels are not identified under this
measure, each panel is normalized by the aggregate markup of the largest-market bin. City size is defined as
total labor income. Both bin-scatters consider 50 equally sized bins according to total labor income; in the
county panel, disclosure rules pooled the smallest bins. City aggregate markup is the sales-weighted harmonic
mean in (47). The dashed line is a linear fit across bins.
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Figure F5: Aggregate markup and market size: firms operating in a single commuting zone
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Notes: Figure F5 reproduces the commuting zone panel of Figure 2 restricting the sample to establishments
belonging to firms that operate in a single commuting zone. Commuting zone size is defined as total labor
income. The bin-scatter considers 50 equally sized commuting zone bins according to their total labor income.
Commuting zone aggregate markup is the sales-weighted harmonic mean in (47). The dashed line is a linear
fit across bins.

Figure F6: Local Productivity and Local Amenities
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Notes: Figure F6(a) shows the model implied local traded good productivity and Figure F6(b) shows the
model implied local amenities. Commuting zones omitted in the analysis are not colored.
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Figure F7: Sales per Worker: Model and Data
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Notes: Figure F7 plots data and model average sales per worker across the 50 commuting zone bins of Figure
1(a).
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F.2 Additional Tables

Table F1: Summary Statistics: Markups

Mean p10 p90
(1) (2) (3)

Baseline - OLS 1.055 1.001 1.085
Lagged-share IV 1.056 1.001 1.094

Notes: Table F1 displays summary statistics for
the establishment-level markups according to (46).

Table F2: Markups Controlling for Labor Market Power

Dep. var.: Log aggregate markup
2002 2007 2012 2017
(1) (2) (3) (4)

Panel A: Commuting Zones
Log total labor income -0.1579*** -0.1469*** -0.1530*** -0.1532***

(0.0044) (0.0039) (0.0046) (0.0045)
Observations 700 700 700 700
R-squared 0.79 0.773 0.764 0.766

Panel B: Counties
Log total labor income -0.1603*** -0.1520*** -0.1657*** -0.1561***

(0.0047) (0.0048) (0.0051) (0.0047)
Observations 3200 3200 3200 3200
R-squared 0.41 0.386 0.426 0.396

Notes: Table F2 displays the average elasticity of city aggregate markup and city size.
Establishment markup is estimated from (45) controlling for labor market power through
a flexible polynomial in the establishment’s wage-bill share. City aggregate markup is the
sales-weighted harmonic mean in (47), and city size is defined as total labor income. Panel
A shows the mean elasticity defining cities as commuting zones. Panel B shows the mean
elasticity defining cities as counties. Robust standard errors in parenthesis. *10% level,
**5% level, ***1% level.
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Table F3: Markups as Inverse Labor Share

Dep. var.: Log aggregate markup
2002 2007 2012 2017
(1) (2) (3) (4)

Panel A: Commuting Zones
Log total labor income -0.0230*** -0.0257*** -0.0284*** -0.0195***

(0.0027) (0.0032) (0.0035) (0.0032)
Observations 700 700 700 700
R-squared 0.167 0.163 0.17 0.101

Panel B: Counties
Log total labor income -0.0301*** -0.0313*** -0.0312*** -0.0076**

(0.0030) (0.0029) (0.0028) (0.0030)
Observations 3200 3200 3200 3200
R-squared 0.076 0.081 0.067 0.005

Notes: Table F3 displays the average elasticity of city aggregate markup and city size.
Establishment markup is defined as the inverse of the labor share, µjc = 1/ωjc, with
ωjc ≡ ℓjcwjc/(pjcyjc). City aggregate markup is the sales-weighted harmonic mean in (47),
and city size is defined as total labor income. Panel A shows the mean elasticity defining
cities as commuting zones. Panel B shows the mean elasticity defining cities as counties.
Robust standard errors in parenthesis. *10% level, **5% level, ***1% level.

F.3 Markups Across Cities for additional Sectors
Table F4 reports the estimated elasticity of county-sector aggregate markups with respect to county
size across two-digit NAICS sectors. Establishment-level markups are estimated using equation
(E3). The results reveal substantial heterogeneity across sectors. Construction, Manufacturing,
Wholesale, Real Estate, Information, and Healthcare display positive elasticities, while the remain-
ing sectors display negative elasticities. The elasticity is statistically different from zero in every
sector, suggesting substantial variation in local competition across counties within sectors.

The results also shed light on which sectors drive the negative aggregate relationship between
markups and city size documented in Figure 2. The bottom row of each panel reports the average
employment share of each sector in total local-industry employment across counties. Healthcare,
Retail, and Accommodation and Food Services account for the largest employment shares. Re-
tail and Accommodation and Food Services display negative elasticities, suggesting that they are
important drivers of the aggregate relationship in Figure 2, while the small positive elasticity in
Healthcare partially offsets these effects.

Table F5 repeats the analysis using commuting zones instead of counties to define cities. The
pattern is similar. Construction, Wholesale, Real Estate, and Healthcare display positive and
statistically significant elasticities, while the elasticities for Manufacturing and Information are
not statistically different from zero. Importantly, the three sectors with the largest shares of local
employment display the same signs as in the county-level analysis.
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Table F4: County Aggregate markup and County Size Regressions by Sector

Panel A
Construction Manufacturing Wholesale Retail Transportation

(1) (2) (3) (4) (5)
Log total labor income 0.0417*** 0.0152*** 0.0972*** -0.0243*** -0.0481***

(0.0025) (0.0052) (0.0047) (0.0020) (0.0035)

Observations 3100 1800 2400 3100 2800
R-squared 0.089 0.004 0.118 0.056 0.07
Avg. Local Emp. Share 0.0798 0.013 0.0206 0.241 0.0259

Panel B
Information Finance Real Estate PST Services AWR Services

(1) (2) (3) (4) (5)
Log total labor income 0.0090*** -0.0038** 0.0385*** -0.0377*** -0.0583***

(0.0028) (0.0018) (0.0036) (0.0023) (0.0030)

Observations 2700 3100 2800 3000 2900
R-squared 0.004 0.001 0.039 0.086 0.105
Avg. Local Emp. Share 0.0163 0.0464 0.0156 0.0273 0.055

Panel C
Education Services Healthcare Arts, Entertainment Accommodation Other Services

and Recreation and Food Services
(1) (2) (3) (4) (5)

Log total labor income -0.0378*** 0.0207*** -0.0104*** -0.0218*** -0.0255***
(0.0050) (0.0014) (0.0026) (0.0017) (0.0026)

Observations 1400 3100 2100 3100 3100
R-squared 0.034 0.058 0.007 0.068 0.032
Avg. Local Emp. Share 0.00378 0.274 0.0112 0.143 0.0499

Notes: Table F4 displays the average elasticity of county aggregate markup and county size. County aggregate markup is defined as (47) and
county size is defined as total labor income. Dependent variable in all columns and panels is log county aggregate markup. County aggregate
markup is computed using establishments in local industries within the specific sector. Sectors are defined as 2-digits NAICS sectors. PST Services:
Professional, Scientific, and Technical Services. AWR Services: Administrative and Support and Waste Management and Remediation Services.
Average local employment share is the average employment share of the sector across counties among the total employment of local industries.
Robust standard errors in parenthesis. *10% level, **5% level, ***1% level.
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Table F5: Commuting Zone Aggregate Markup and Commuting Zone Size Regressions by Sector

Panel A
Construction Manufacturing Wholesale Retail Transportation

(1) (2) (3) (4) (5)
Log total labor income 0.033*** 0.001 0.086*** -0.020*** -0.038***

(0.004) (0.007) (0.006) (0.003) (0.006)

Observations 750 600 700 750 700
R-squared 0.126 0 0.236 0.086 0.093
Avg. Local Emp. Share 0.0709 0.0104 0.0186 0.237 0.0217

Panel B
Information Finance Real Estate PST Services AWR Services

(1) (2) (3) (4) (5)
Log total labor income -0.003 -0.005** 0.024*** -0.032*** -0.050***

(0.004) (0.003) (0.005) (0.004) (0.005)

Observations 750 750 700 750 700
R-squared 0.001 0.007 0.048 0.141 0.171
Avg. Local Emp. Share 0.0177 0.0409 0.0167 0.0267 0.0527

Panel C
Education Services Healthcare Arts, Entertainment Accommodation Other Services

and Recreation and Food Services
(1) (2) (3) (4) (5)

Log total labor income -0.034*** 0.013*** -0.015*** -0.014*** -0.027***
(0.006) (0.002) (0.003) (0.003) (0.004)

Observations 550 750 650 750 750
R-squared 0.05 0.078 0.028 0.056 0.08
Avg. Local Emp. Share 0.00374 0.282 0.0107 0.146 0.0396

Notes: Table F5 displays the average elasticity of commuting zone aggregate markup and commuting zone size. Commuting zone aggregate
markup is defined as (47) and commuting zone size is defined as total labor income. Dependent variable in all columns and panels is log commuting
zone aggregate markup. Commuting zone aggregate markup is computed using establishments in local industries within the specific sector. Sectors
are defined as 2-digits NAICS sectors. PST Services: Professional, Scientific, and Technical Services. AWR Services: Administrative and Support
and Waste Management and Remediation Services. Average local employment share is the average employment share of the sector across commuting
zones among the total employment of local industries. Robust standard errors in parenthesis. *10% level, **5% level, ***1% level.
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F.4 Robustness Using the Census of Manufactures
This section presents the robustness exercises for the empirical analysis section. To perform these
exercises, I use Manufacturing as it is the only sector with detailed data on different inputs of
production other than labor.

F.4.1 General Production Function

I estimate markups for Manufacturing using the equation (E8) derived in Appendix E.5. In
particular, I use materials and energy as flexible inputs. As highlighted by Yeh, Macaluso, and
Hershbein (2022), when there is labor market power, the markdown firms charge in the labor
market appears in the first-order condition for labor. Arguably, the materials and energy markets
are such that firms do not have any market power in those input markets. Moreover, the data
in Manufacturing also allow me to relax the assumption of constant output elasticities. Then, I
follow Foster, Grim, and Haltiwanger (2016) and construct measures of labor, materials, energy,
and capital usage at the establishment level. Equipped with these measures, I estimate markups
using (E8), where a third-order polynomial in labor, materials, energy, and capital approximates
the elasticities for materials and energy.

Estimating markups for Manufacturing using (E8) then serves for two robustness checks: 1) using
an input for which producers do not have input market power, and 2) considering a general
production function for which output elasticities are not constant and does not necessarily exhibit
constant returns to scale.

On the one hand, Table F6 displays the results of regression between the baseline manufacturing
markups estimated using (45) and the estimates using (E8). The baseline markups are estimated
pooling all establishments in local industries while the estimates using (E8) only include estab-
lishments in local manufacturing industries. Moreover, I consider two definitions of a city: a
county and a commuting zone. Columns indicate the baseline markups, whereas rows indicate the
alternative estimates.

The results show that baseline markups highly correlate with the alternative estimates. Strikingly,
the regression coefficients are close to one, suggesting that the baseline and the alternative markups
move almost one-for-one. Nonetheless, the constant terms are positive and statistically different
from zero in all columns, suggesting that the baseline markups exhibit slightly higher levels than
the alternative estimates.
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Table F6: Regressions baseline markups and extensions for Manufacturing

Baseline County Baseline CZ Baseline County Baseline CZ
(1) (2) (3) (4)

Flex. PF, Energy (County) 1.036***
(0.004)

Flex. PF, Energy (CZ) 1.022***
(0.005)

Flex. PF, Materials (County) 1.075***
(0.005)

Flex. PF, Materials (CZ) 1.061***
(0.005)

Constant 0.341*** 0.281*** 0.304*** 0.243***
(0.009) (0.007) (0.009) (0.007)

Observations 27500 27500 27500 27500
R-squared 0.745 0.782 0.738 0.778

Notes: Table F6 displays coefficients of a regression between the baseline markups and the alternative markup
estimates for Manufacturing. The baseline markups are the ones estimated by equation (45) and pool establishments
in all local industries. Alternative markup estimates are estimated using (E8) and consider only establishments in
local manufacturing industries. Columns indicate the baseline markups and rows indicate the alternative estimates.
Different columns and rows consider two definitions of a city: county and commuting zone (CZ). Robust standard
errors in parenthesis. *10% level, **5% level, ***1% level.
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F.4.2 Cost-Shares Approach

As an alternative procedure, I compute markups for local producers in Manufacturing by estimating
the labor output elasticity from the firm’s cost minimization problem. As discussed in De Loecker
and Syverson (2021), under the assumption that producers operate under a constant return to
scale technology, the labor output elasticity for establishment j in city c and industry n is given
by:

βjc = Wjcℓjc

Wjcℓjc +Wm
n(j)mjc +W e

n(j)ejc +W k,e
n(j)k

e
jc +W k,s

n(j)k
s
jc

, (F1)

where similarly to Foster, Haltiwanger, and Tuttle (2022), I consider five inputs in production:
labor, ℓjc, materials, mjc, energy, ejc, capital equipment, kejc, and capital structures (buildings), ksjc.
Wages, wjc, are directly observed in the data. To construct industry-level prices for materials and
energy I follow the methodology of Foster, Haltiwanger, and Tuttle (2022) described in Appendix
B. For the capital cost, I follow Foster, Grim, and Haltiwanger (2016) and construct rental prices
for equipment, W k,e

n(j), and structures, W k,s
n(j) as:

W k,e
n(j) = EQKYn(j)

EQPKn(j) × EQKCn(j)
, W k,s

n(j) = STKYn(j)

STPKn(j) × STKCn(j)
,

where EQKYn(j) and STKYn(j) denote capital income for equipment and structures, EQPKn(j)

and STPKn(j) denote productive capital stock, and EQKCn(j), STKCn(j) denote capital compo-
sition, for equipment and structures respectively.

To reduce the role of measurement error, I estimate the labor output elasticity by averaging the
expression given in (F1) within each 2-digit and 4-digit NAICS sector. This also follows from the
fact that materials, energy, and capital costs are estimated at the sector level. I allow for these
elasticities to vary over time by constructing them for every Census year. Then, after estimating
these elasticities for every Census year, I compute markups by plugging them into (42). Figures F8
and F9 display the correlation between markups estimated using the control function approach in
(45) and markups via cost-shares with the labor output elasticity, β, estimated within 2-digit and
4-digit NAICS industries, respectively. Both figures represent a bin-scatter with 50 equally-sized
bins according to the establishment-level control function markup. For each bin, the figures display
the average control function markups and the average cost-shares markup. Markups estimated via
cost-shares with output elasticity at the 2-digits NAICS industry exhibit slightly higher levels but
highly correlate with the control function markup. In contrast, markups estimated via cost-shares
with output elasticity at the 4-digits NAICS industry exhibit levels that are close to the ones of the
control function markups. Moreover, there is a correlation of one between both markup estimates.
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Figure F8: Control Function and Cost-Shares based Markups (β at 2-digits NAICS industry)

Notes: Figure F8 shows a bin-scatter of the control function markups obtained from (45) and the cost-shares
markups obtained from (F1) by averaging within 2-digit NAICS industries. The bin-scatter considers 50
equally sized establishment bins according to their control function markup.

Figure F9: Control Function and Cost-Shares based Markups (β at 4-digits NAICS industry)

Notes: Figure F9 shows a bin-scatter of the control function markups obtained from (45) and the cost-shares
markups obtained from (F1) by averaging within 4-digit NAICS industries. The bin-scatter considers 50
equally sized establishment bins according to their control function markup.
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G Quantitative Appendix
This section provides additional details and derivations for the quantitative analysis in Section 5.

G.1 GMM Estimation
This section provides the details of the GMM estimation in Section 5. The Klenow and Willis
(2016) aggregator implies the following system of equations in the relative quantities yjc/Yc and
the ratio of price indices Pc/Dc

41

yjc
Yc

=
⎡⎣−σΩ

⎛⎝−
(︄
syjc

Pc
Dc

σ

σ − 1

)︄ ϵ
σ exp

(︂
− 1
σ

)︂
σ

⎞⎠⎤⎦
σ
ϵ

,

Pc
Dc

=
∑︂
j∈c

σ − 1
σ

exp
⎛⎝1 − yjc

Yc

ε
σ

ε

⎞⎠ yjc
Yc
.

With the ε/σ estimate, the data on sales share, and a given value of σ, the above system gives
relative quantities yjc

Yc
(σ). With the implied relative quantities, I compute the implied markups:

µ̌jc(σ) = 1
1 − 1

σ

yjc

Yc
(σ)

ε
σ

Then, I estimate σ such that we minimize the distance between the predicted and the estimated
markups:

ˆ︁σ = argmin
σ

∥µ̌jc(σ) − µ̂jc∥

G.2 Estimation of City Fundamentals
Within each iteration of the SMM estimation, I invert the model to recover local productivities
and amenities. Given a set of parameters, I solve the decentralized equilibrium over a grid for the
appeal index x. I then use the zero-profit condition for traded-good producers in (D9) to recover
traded-good productivity

a(c) = ϱW (c)γ R (x(c))1−γ ,

where W (c) is data on the commuting zone average wages and R(x) is the model-implied housing-
structure rent, evaluated at the city’s appeal x(c) defined in (39). Similarly, I recover local amenities

41One can also work directly with relative prices instead of relative quantities. However, using relative quantities
simplifies the system of equations.
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from the labor supply condition (D4). Substituting the ideal price index (D3) into this condition
yields

b(c) = νη U
L(c) 1

θ R (x(c))α+η(1−β)

(1 + s)W (c)1−ηβ
[︂
C (x(c)) δ (x(c))

]︂η ,
where L(c) is data on commuting zones population, expressed as a share of the total workforce.

Because the appeal index depends on the recovered fundamentals, the expressions above define a
fixed-point problem. Given (a, b), I construct the grid for x and solve the decentralized equilib-
rium. Given the resulting equilibrium objects, I then update (a, b). I iterate this mapping until
convergence.

The inversion recovers city fundamentals up to two scale normalizations. I normalize local produc-
tivity by its geometric mean because the units in which wages are measured provide one degree of
freedom. Similarly, I normalize local amenities by their geometric mean because the units in which
U is measured provide a second degree of freedom. Under these normalizations, the inversion
matches population shares exactly and wages up to a common scale factor.

G.3 Additional Figures

Figure G1: Equilibrium objects in levels under the Quasi-Optimal Policy and EZ Program
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Notes: Figure G1 shows equilibrium outcomes in levels under the decentralized equilibrium, the quasi-optimal
policy, and the EZ program. The x-axis represents the city’s estimated appeal x(a, b). Mean firm productivity
and local TFP are reported in logs.
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