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Abstract

Multi-location firms increasingly dominate the U.S. economy. I study the implications of

this change to labor-market inequalities. I document that multi-region service firms account

for most of the increase in wage inequality since the 1980s, and show that the expansion of

their headquarters-branch networks played a key role in this trend. I integrate this structure

into a general equilibrium model, in which (a) firms open branches to serve local markets; (b)

the output of headquarters workers is non-rival across branches; (c) firms have wage-setting

power. The resulting wage distribution depends on the full network of firm spatial activity,

and inequality rises with firms’ geographical scope. The model admits tractable aggregation

despite its complex micro-structure and I estimate it for hundreds of U.S. local labor markets,

inferring frictions to spatial expansion from the universe of cross-region headquarters-branch

linkages. Quantitatively, the decline in these frictions since the 1980s can account for multiple

trends in U.S. labor markets, including rising wage dispersion – between and within firms –

and higher inequality and segregation across space.
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1 Introduction

The U.S. economy is increasingly dominated by multi-region firms that operate es-

tablishments across multiple local markets. This trend is evident across a wide range of

service sectors, from retail and food services to finance and healthcare. In this paper, I

study the labor market implications of this trend, and link it to the evolution of the wage

distribution in the economy. I argue that the spatial expansion of firms has played an

important role in the rise of wage inequality in recent decades, and that it can account

for multiple dimensions of the rise in inequality, speaking simultaneously to growing wage

dispersion across establishments, across firms, and across space.

I conceptualize multi-region firms as networks of local branches linked by national

headquarters – see Figure 1 – in which the output of branches is non-tradable, and the

output of headquarters is non-rival across the firm’s locations. Examples include banks,

retail chains, healthcare networks, real-estate management companies and telecommu-

nications firms. I investigate the distributional implications from the expansion of these

firms in several steps. First, I provide evidence for the increased prevalence of this class of

firms in the economy and for their central role in the rise of inequality. Second, I develop

a general equilibrium model that incorporates this form of organization. Third, I provide

an analytical characterization of the relationship between firm structure and inequality

in the model. Fourth, I estimate the model and recover costs to spatial firm expansion.

Fifth, through a series of model counterfactuals, I show that the decline in these costs can

account for multiple trends in U.S. labor markets since the 1980s. Finally, I demonstrate

how this model can be used to evaluate the aggregate and distributional implications of

policies that affect the ability of firms to expand in space.

Figure 1: Illustration - the structure of multi-region service firms

I begin by documenting key facts about multi-region firms in the U.S. economy since

the 1980s. To this end, I utilize administrative data from the U.S. Census Bureau on

the structure, geography, and payroll of U.S. firms, as well as commercial datasets on the

organization of multi-location firms from Dun & Bradstreet and the online job-postings of

multi-location firms from Lightcast. I first confirm previous findings about the substantial

spatial expansion of firms in service sectors over the covered period, and then document

new facts about their central role in the rise of inequality. In particular, I show that: (a)

multi-region service firms account for most of the increase in the variance of log wages in

the U.S. economy, including within narrowly defined industries; (b) much of their role is
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due to rising dispersion across different establishments within these firms, highlighting the

importance of their internal structure for the study of inequality; (c) a substantial part of

these trends can be accounted for by the expansion of these firms’ headquarters-branch

networks.

To rationalize these trends and analyze the labor market implications of firm expan-

sion, I develop a spatial general equilibrium model with the above form of organization at

its core. In the model, firms grow by expanding the network of their branches across local

markets, subject to downward-sloping demand and upward-sloping labor supply curves in

each of these markets. In addition, firms can improve the productivity of their branches by

hiring workers at their national headquarters, such that the output of their headquarters

workers is non-rival across the firm’s locations. These headquarters-branch linkages are

subject to spatial frictions, capturing for example travel and communication costs that

limit the firm’s ability to provide its headquarters output in distant branches. Finally,

factor intensities differ between headquarters and branches, with higher skill-intensity at

the headquarters. Firms thus choose where to locate their headquarters and branches,

how many workers to hire in all of these locations, and which wages to pay them. Despite

this complex micro-structure, the model admits tractable aggregation, and its equilibrium

can be represented as a set of non-linear equations only in terms of region-level aggregates.

In the model’s equilibrium, the distribution of wages depends on the structure of

multi-region firms and their geographical scope. Larger firms serve more markets and

pay higher wages on average, both due to exogenous differences in productivity, and due

to endogenous productivity improvements through their non-rival headquarters output.

At the same time, larger firms are also characterized by higher inequality within them,

particularly between their headquarters and their branches: compensation to headquarters

workers scales with total firm revenues across all locations, whereas compensation to

branch workers scales only with local revenues. As a result, headquarters-branch wage

differentials rise as firms get access to more markets. An increase in firms’ ability to

expand in space can thus raise inequality both across firms and within them, consistent

with the data.

The model also generates implications for regional inequality. Firms demand more

skilled labor and pay higher wages in their headquarters locations, and local markets can

specialize in hosting these headquarters (supplying services to other regions), resulting in

spatial differences in income and skill intensity. The scope for such specialization depends

on the ability of firms to expand in space. The model can thus generate an increase in

regional inequality and segregation following a reduction in frictions to firm expansion,

consistent with the data.

To quantify these effects, I estimate the model for 391 labor market areas of the con-

tiguous U.S. in 1980. I recover the frictions to firm spatial expansion from the universe

of headquarters-branch linkages in the data. To estimate the main parameters of the
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production block of the model, I employ a Simulated Method of Moments (henceforth

SMM) approach, targeting the variance decomposition of wages and the importance of

multi-region firms for wage inequality from my reduced-form analysis. Region-level funda-

mental parameters are recovered through inversion of the model’s equilibrium conditions,

nested in the SMM loop. The estimated model is able to capture key features of the

spatial distribution of economic activity and of the wage structure of multi-region firms.

In the main counterfactual analysis, I focus on three shocks to the baseline equilib-

rium, capturing key changes in the economic environment since the 1980s. The first shock

is a decline in the frictions to operate headquarters-branch linkages over space. I mea-

sure an average decline of approximately 30% in these frictions between 1980-2017, and

relate them to improvements in communication technologies and air-travel. Part of this

decline is also due to weaker state-border effects, potentially reflecting the deregulation

of cross-state firm activity in some services sectors in the 1980s and the 1990s, such as

banking and transportation services. The second shock is a change in demand, motivated

by the significant increase in the aggregate expenditure on services in the data (“struc-

tural transformation”). The third shock is a homogenous increase in the skill-intensity of

production, in line with the literature on skill-biased technical-change.

Quantitatively, I find that lower frictions to firm expansion can account for multiple

secular changes in U.S. labor markets since the 1980s. Wage inequality rises by around

20% of the equivalent within-industry change in the data. In line with the data, inequality

rises both within firms – across their different establishments – and between them. Also in

line with the data, part of the rise in inequality is across local labor markets, with greater

wage gains in markets that ex-ante specialize in providing headquarters services. These

markets also experience an increase in the relative price and quantity of skilled labor,

raising the urban wage premium and intensifying spatial segregation. Furthermore, these

effects are amplified when lower frictions to expansion are interacted with the increase in

demand for services or with the homogenous increase in the skill intensity of production.

To assess the welfare implications of these changes, I use the model-based measure

of real income, reflecting wage-gains as well as local prices of housing and non-tradable

services. Holding preferences constant, the measured reduction in spatial frictions to

firm expansion is associated with average employment-weighted welfare gains of around

4%, resulting from higher economy-wide productivity and variety of jobs and services.

However, these gains exhibit substantial heterogeneity. Real income increases the most

for households that reside in locations with ex-ante specialization in hosting headquarters

– e.g. New York City – and particularly so for skilled labor in these locations. Regional

income growth is associated with an increase in housing prices, but also with an increase

in the variety of local jobs and services.

As a final exercise, I demonstrate how the model can be used to evaluate the aggregate

and distributional consequences of policies that relate to firms’ ability to expand in space.
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I focus on the deregulation of cross-state firm activity, as captured by the decline in

the importance of state border effects between 1980 and 2017, mimicking the wave of

deregulation in multiple service industries in the 1980s. I recover a 10% decline in the

frictions to operate cross-state firm linkages for this period, resulting in average welfare

gains of 0.4%. These average gains mask vast heterogeneity, ranging between -1.5% to

+6% across local labor markets.

I conclude with a brief comparison of the above mechanism to other theories in the

literature on rising wage inequality, highlighting four key benefits of my approach. First,

the model can simultaneously rationalize several dimensions of inequality that have been

studied in the literature. Second, it generates distinctive predictions that existing studies

do not speak to. Third, it offers a connection between rising inequality and the substantial

changes in firm organization observed in recent decades. Finally, it provides a natural

framework to understand inequality in services sectors, wherein the majority of the surge

in inequality has occurred.

This paper connects to several strands of recent literature. First, I relate to the re-

cent literature that documents empirically the spatial expansion of firms, such as Cao et

al. (2017), Aghion et al. (2019), Jiang (2021), Rossi-Hansberg et al. (2021), and Hsieh

and Rossi-Hansberg (2022). Building on this literature, I turn to study the labor mar-

ket implications of firm expansion, with a focus on the relationship between the spatial

organization of firms and the distribution of wages in the economy.

Second, I relate to the empirical literature that studies the role of firms in the growth

of wage inequality. Barth et al. (2016), Song et al. (2019) and Haltiwanger et al. (2022)

document rising wage dispersion across firms and establishments in the U.S.. Relative to

these studies, I provide new evidence on the central role of multi-region firms and their

organization in generating these trends, and rationalize them by modelling the expansion

of multi-region firms in a spatial general equilibrium setting.

Third, this paper relates to the literature on “the great divergence” in the spatial

economics literature which studies the increased skill differentials in allocations and wages

across space, e.g. Berry and Glaeser (2005), Moretti (2012), Diamond (2016), Giannone

(2017), Eckert (2019), Rubinton (2020), Card et al. (2021), and Eckert et al. (2022). I

contribute a new mechanism to explain these patterns that focuses on within-firm trade

across regions and its increased importance due to firm geographical expansion.

From a theoretical perspective, I relate to studies that model the expansion of firms

through space, including Jia (2008) and Holmes (2011) in the industrial organization

literature; Argente et al. (2020), Oberfield et al. (2020), and Giroud et al. (2021) in the

macroeconomics literature; and Helpman (1984), Ramondo and Rodŕıguez-Clare (2013),

Tintelnot (2017), and Arkolakis et al. (2018) in the literature on trade and multinational

firms. My two main innovations are to model endogenous headquarters-level decisions

that shape branch-level productivity and wages; and to study spatial firm expansion
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in an economic geography setting that allows for location decisions by both firms and

workers, with firms determining locations of both headquarters and branches.

I also relate to the theoretical literature that connects within-firm wage inequality to

firms’ hierarchical organization, e.g. Garicano and Rossi-Hansberg (2004) and Garicano

and Rossi-Hansberg (2006). In contrast to these papers, I model firm headquarters as a

set of tasks for which the output is non-rival within the firm, and not as a hierarchical

layer that arises due to managers’ limited span-of-control. This theoretical distinction

is empirically important, since it allows me to speak to broader patterns of inequality

than those captured by firm hierarchies, rationalizing wage increases for occupations that

span multiple layers of organization (consider for example programers, designers, and

financial analysts). In addition, adding the spatial aspect to firm organization allows me

to naturally link these trends to the literature on rising spatial disparities.

Fifth, I relate to the large literature that documents and models the flows of intan-

gible knowledge and know-how within firms, including Atalay et al. (2014), Fort (2017),

Alviarez et al. (2020) and Ding et al. (2022). I emphasize the role of skilled-labor at

the firm’s headquarters in the production of such knowledge. In addition, I show that

this structure has important implications for the rise of wage inequality, in light of firms’

growing ability to spread intangible knowledge to their branches through space. I use

the structure of the model to overcome the challenge in measuring these flows, and re-

cover frictions to within-firm communication using the empirical network of HQ-branch

linkages.

Finally, I relate to the empirical literature on firm-wage setting in multi-location firms,

e.g. Derenoncourt et al. (2021) and Hazell et al. (2021). I contribute to this literature

by providing micro-foundations for why branch-level wages across space are more similar

within firms than across firms, while also highlighting the importance of wage differentials

between firm headquarters and branches.

The remainder of the paper is structured as follows. In Section 2, I provide evidence

for the spatial expansion of firms in recent decades and for the centrality of multi-region

service firms in the growth of wage inequality. In Section 3, I lay out a model of multi-

region service firms in spatial general equilibrium. I characterize the equilibrium in Section

4, highlighting how this type of firm structure shapes labor market inequalities. In Section

5, I estimate the model, matching key aspects of the United States in 1980, and evaluate

the model’s fit to the data. Section 6 analyzes the labor market implications of firm

expansion through the lens of the model using a series of counterfactuals, with a focus

on declining within-firm communication frictions and rising expenditure on services. In

Section 7, I discuss how the mechanism put forward in this paper relates to existing

mechanisms in the literature on wage inequality. Section 8 concludes.
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2 Descriptive evidence

In this Section, I provide evidence on the spatial expansion of firms in recent decades

and its link to the rise of U.S. wage inequality.

2.1 Data and definitions

The analysis uses four main data sources, described more thoroughly in Appendix Sec-

tion B. First, data on the spatial structure of firms and on wage inequality across firms and

establishments are obtained from the U.S. Census Bureau Longitudinal Business Database

(henceforth LBD). Second, I use data on individual earnings and characteristics from the

U.S. Census Bureau Decennial Census and American Community Survey. In particular, I

use these data to contrast the rise of inequality across firms and establishments to the rise

of inequality across U.S. workers. Third, I use additional data on firm spatial structure

from Dun & Bradstreet, complementing the data from the LBD, especially to distinguish

between firm branches and headquarters. Finally, I also investigate the link between firm

spatial structure and inequality using commercial data on firm online job-postings from

Lightcast. While this last source lacks the historical perspective of the previous data

sources, it provides more detailed information on firms’ demand for different skills and

occupations across space.

In all data sources, I define a region or a local labor market according to 1990 com-

muting zones (CZs) as in Tolbert and Sizer (1996). In the model, I consider a slight

aggregation of these commuting zones that groups together very small neighboring com-

muting zones into labor market areas (henceforth LMAs). I focus on the contiguous U.S.,

excluding Alaska, Hawaii and the American territories, yielding a total of 722 commuting

zones that aggregate into 391 LMAs.

Longitudinal Business Database. I define establishment level wages as the ratio of

annual payroll to establishment employment. My definition of a firm follows the standard

Census Bureau firm identifiers that link different establishments together based on IRS

employer identification numbers (EINs) and ownership data from enterprise-level surveys.

A multi-establishment firm is defined as having at least two establishments, and I define

a multi-region firm as a firm that has establishments in at least two commuting zones.

To classify firms into different sectors, I rely on the industry classification of their

establishments. Specifically, I define firm-level industry and firm-level sector according to

the 4-digits and 2-digits NAICS codes that account for the largest share of the firm’s pay-

roll, respectively. See additional details in Appendix B. I classify firms as “Service firms”

if establishments in services-producing sectors – as defined by the Bureau of Economic

Analysis (BEA) – account for at least half of the firm’s total payroll. Otherwise, firms

are defined as “Goods-producing firms”.

The Census Bureau lacks a clear identifier for headquarters establishments and head-
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quarters locations of multi-establishment firms. To address this problem, I apply two al-

ternative approaches. The first approach uses establishments classified under the NAICS-

55 industry code (“Management of Companies and Enterprises”) to detect headquarters

activity. Under this approach, I define the headquarters location of a firm as the com-

muting zone with the highest share of payroll out of its NAICS-55 establishments. I

restrict this definition to firms in which at least half of their NAICS-55 payroll is in a

single commuting zone. This restriction turns out to exclude only a small percentage

of all firms with any NAICS-55 establishments, since payroll in this sector tends to be

highly spatially-concentrated within firms. The main problem with this approach is that

most firms do not have any NAICS-55 establishments, including a high percentage of the

multi-establishment firms.1 Therefore, as an alternative approach, I define the headquar-

ters market of a firm based on the commuting zone that includes the firm-level mailing

address from the Business Register. For the subset of firms with both a firm-level mailing

address and NAICS-55 establishments, there is a very high correlation in the identity of

the headquarters commuting zone across these two approaches.

Data on Firm Spatial Structure from Dun & Bradstreet. I use data from

the Dun & Bradstreet individual business files as another source of information on firm

geographical structure. This source includes establishment-level data with firm linkages

and classification of establishments according to their role within the firm. In general,

it is less accurate than the LBD – especially for data on establishment-level employment

– and it lacks data on wages. However, a key advantage relative to the LBD is that it

clearly distinguishes between firm headquarters and branches. Therefore, I use this data

to compute cross-region headquarters-branch linkages. See Barnatchez et al. (2017) for

additional discussion of this dataset, including evidence on its good coverage of the spatial

allocation of firms.

Online Job Postings Data from Lightcast. A limitation of the LBD data is the

lack of job-level or worker-level information. Therefore, I complement the analysis using

online job-posting data from Lightcast,2 which provides information about the spatial

distribution of jobs within firms. In these data, a firm is defined based on the set of

job postings that share the same codified employer name.3 The Lightcast data lacks

establishment identifiers, but the geographic location of the posting is known, allowing me

to compare firms’ postings across different commuting zones and LMAs. These data are

only available since 2010, but it is nevertheless useful for understanding how multi-region

1This is not due to lack of headquarters activity in these firms. The absence of NAICS-55 establish-
ments in the Census data can indicate that the headquarters establishments are engaged in additional
activities and are classified accordingly. This seems to be particularly common in the information and
finance sectors, in which firms seem to classify headquarters establishments in accordance to their core
activity. Alternatively, it could just indicate measurement errors in the industry classification.

2See https://lightcast.io/.
3Lightcast claim to invest much effort into name codification to ensure that they capture the same

entities.
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service firms are structured. To distinguish between firm headquarters and branches, I

merge the Lightcast data with firm geography from Dun & Bradstreet using name and

location matching. This process results in around 75,000 multi-region firms, out of which

around 64,000 are in service sectors.

I now provide a set of stylized facts on the structure of multi-region service firms and

their centrality in the rise of inequality. These facts will guide features of the model that

I develop below.

2.2 The spatial expansion of firms

I begin by revisiting key facts on the substantial expansion of firms in recent decades,

as been documented for example by Hsieh and Rossi-Hansberg (2022) and Cao et al.

(2017). Table 1 shows that between 1980 and 2017, the employment share of multi-region

service firms has increased from 24% of the total workforce to 41% of the total workforce.

This reallocation reflects both the general transition from goods to services (“structural

transformation”) and the evolution of services from single-region to multi-region firms.

Looking only within the services sector, the share of multi-region firms has increased from

35% to 48%.

Table 1: Statistics on firm spatial expansion

Type of firm Year Firms % of workforce Emp. per firm Estabs. per firm CZs per firm

Goods-producing firms 1980 639800 31% 38.0 1.2 1.1

Goods-producing firms 2017 778400 14% 23.3 1.1 1.1

Services, single estab. 1980 2407000 40% 12.7 1.0 1.0

Services, single estab. 2017 3769000 38% 13.1 1.0 1.0

Services, multi-estab. and single-CZ 1980 69000 5% 53.2 2.9 1.0

Services, multi-estab. and single-CZ 2017 72500 7% 125.3 3.5 1.0

Services, multi-estab. and multi-CZ 1980 43500 24% 432.6 12.2 5.0

Services, multi-estab. and multi-CZ 2017 72500 41% 748.2 20.4 6.4

Note: Data from the Census Bureau Longitudinal Business Database. Goods- and services-producing
firms stand for firms with at least half of their wage bill across all establishments in goods- and services-
producing sectors, respectively. Multi-estab. stands for a firm with at least two establishments, and
multi-CZ stands for a firm with establishments in at least two 1990 commuting zones. See Section 2.1
for additional details on sample selection and definitions.

In the services sectors, spatial expansion accounts for much of the growth in average

firm size. Employment in single establishment service firms has increased by 3% from

an average of 12.7 employees to 13.1 employees, whereas the average multi-region firm

has expanded its employment by over 70%, from 432 to 748 employees. Moreover, the

expansion in employment in multi-region firms reflects mostly an increase in the average
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number of establishments per firm, not an increase in employment per establishment.

Much of this expansion took place across local markets, with the average number of

commuting-zones per firm increasing by almost 30%. Finally, note that in contrast to

services, average firm size and average number of establishments per firm in the goods

sector have both declined.4 Finally, note that this pattern of spatial firm expansion is

common to a wide range of services sectors, ranging from 0.13 in Accommodation and

Food Services, to 1.19 in Real Estate, Rental and Leasing. See appendix Figure 12 for

additional details. For the sake of brevity, Table 1 combines all types of firms in the goods

sector together, but additional breakdown by firm type is reported in Appendix Table 12.

I summarize these patterns in the following:

Fact 1. Firm spatial expansion: Between 1980-2017, the average number of markets

per firm and the share of employment in multi-region firms have both increased in services-

producing sectors.

2.3 Multi-region firms and wage inequality

I now turn to provide new facts on the central role of multi-establishment and multi-

region firms in the rise of U.S. wage inequality, and the importance their internal structure

for this trend. In line with past literature, I focus on the variance of log wages in the

economy as my leading measure of wage inequality.

I first establish that inequality across establishments accounts for most of the increase

in overall inequality in the economy. Consequentially, I will be able to use data on estab-

lishments in the LBD to further decompose the rise in inequality. To this end, Table 2

compares the change in the variance of log wages between 1980 and 2017 across multiple

data sources. The first row in Table 2 shows the change in this variance using data on

individual-level reported wage earnings in the Decennial Census and the American Com-

munity Survey. Between 1980-2017, this variance has increased by 0.17 points. Similar

magnitudes have been found by Song et al. (2019) using data from the U.S. Social Security

Administration, and by Barth et al. (2016) using data from the BLS Current Population

Survey (CPS). The second row in Table 2 repeats this exercise for establishment-level

wages in the LBD, weighting different establishments by their employment. Evidently,

both sources yield the same increase in the variance of log wages. Formally, let wi be the

log of earnings for individual i, and let e(i) be the establishment that employs individual

i. By the law of total variance, the total change in variance equals to the sum of change

4Holmes and Stevens (2014) provide one potential explanation for this trend, based on the idea that
rising international trade has shifted the production of large-scale standardized goods to other countries,
leaving the domestic production of manufacturing goods more concentrated on custom or specialty goods.
In any case, in this paper I do not analyze the decline in the size and scope of manufacturing firms, and
focus mostly on the expansion of firms in services.
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in variance across establishments and the average change within establishments,

∆Var [wi]︸ ︷︷ ︸
Total change in variance

= ∆Var [E [wi|e (i)]]︸ ︷︷ ︸
Change in variance across establishments

+ ∆E [Var [wi|e (i)]]︸ ︷︷ ︸
Change in variance within establishments

.

Both the left-hand-side of this equation and the first term on its right-hand-side equal to

approximately 0.17. Therefore, the last term that captures rising within-establishment

variance is found to be close to zero.

The second Column in Table 2 repeats these findings for within-industry inequality,

by demeaning detailed industry fixed-effects from log individual and establishment wages

before computing the increase in the variance. Again, I find similar magnitudes across

the Census/ACS and the LBD datasets, reinforcing the small role of within-establishment

variance in the overall increase in inequality. Overall, rising within-industry wage disper-

sion accounts for slightly over half of the total increase in inequality.5 Similar magnitudes

for the role of within-industry trends are obtained when utilizing data from the CPS.6

Table 2: Rising variance of log wages in the U.S. economy

Change in the variance of log wages (1980-2017)

Data Total change Within-industry change

Decennial Census / ACS - across U.S. workers 0.17 0.1
LBD - across all establishments 0.17 0.09

Note: This table summarizes changes in the variance of log wages in the U.S. economy between 1980-2017.
The first row computes this measure from individual-level reported wage earnings in the Decennial Census
and the American Community Survey. The second row reports this measure for average establishment-
level payroll in the LBD. The first column shows the overall change, and the second column reports this
change after controlling for industry-level fixed effects.

Based on these findings, I now turn to investigate which firms drive the increase in

the variance of log wages across establishments in the LBD, starting with a visual rep-

resentation of the importance of multi-establishment firms. Figure 2 shows the change

in within-industry variance of log wages across all establishments (solid black line), and

then shows the same change for two separate subgroups: establishments that belong

to multi-establishment firms (dashed red line) and establishments that belong to single-

establishment firms (dotted gray line). The figure shows a sharp increase in this vari-

ance for establishments that belong to multi-establishment firms. In contrast, for single-

establishment firms, there is only a mild increase in the 1980s, and if anything, a declining

trend since then. Note that I focus here on within-industry inequality since this will be

5Haltiwanger et al. (2022) find that a slightly higher share – around 60% – of the rise in total inequality
in the LEHD is due to differences between industries starting from the late 90s. Indeed, as can be seen in
Figure 2, the importance of differences between industries becomes larger in the latter part of the sample,
reconciling the figures reported here with their findings.

6Comparing these moments to the Social Security Administration data as in Song et al. (2019) is
infeasible due to the lack of high-quality industry identifiers in that data.
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the main moment of interest when I turn to the quantitative model, but the same pattern

holds when considering raw wages without demeaning industry fixed effects, as can be

seen in Appendix Figure 13.

Figure 2: The role of multi-establishment firms in the rise of wage inequality
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Note: this figure shows changes in the employment-weighted variance of log average payroll across estab-
lishments in the Longitudinal Business Dataset (LBD) in selected years relative to 1980, after demeaning
industry fixed effects (4 digits NAICS code) from establishment log wages. The change in variance for
the universe of all establishments is given by the solid-black line. The dashed-red line shows this change
for establishments in multi-establishment firms, and the dotted-gray line for single-establishment firms.

More formally, I quantify the importance of multi-establishment firms for the rise in

inequality using a variance decomposition of log wages. To this end, consider a partition

of the universe of establishments into G distinct groups. The total change in variance

equals to the sum of several components:

∆σ2
t︸︷︷︸

Change in variance

= sg′,0
(
∆σ2

g′,t

)︸ ︷︷ ︸
Variance within group g′

+
∑
g∈G

(∆sg,t)σ
2
g,0︸ ︷︷ ︸

Emp. reallocation across groups

+
∑
g∈G

(∆sg,t)
(
∆σ2

g,t

)
︸ ︷︷ ︸

Comovement of variance and emp.

+
∑
g∈G/g′

sg,0
(
∆σ2

g,t

)
︸ ︷︷ ︸

Variance within other groups

+
∑
g∈G

∆sg,t
(
µ2
g,t − µ2

t

)
︸ ︷︷ ︸
Variance between groups︸ ︷︷ ︸

Residual

(1)

where sg,t is the employment-share of group g in period t; µg,t is the employment-weighted

mean of log-wages in group g, period t; σ2
g,t is the employment-weighted variance in group

g, period t; µt is the aggregate mean; and 0 and 1 mark the initial and the final period.

In this equation, the first term captures the rise in variance for a particular group g′ ∈ G,
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e.g. establishments that belong to multi-establishment firms, multiplied by its initial

share of total employment. The second term captures reallocation of employment across

groups, keeping constant the variance of each group at its base level. The third term

captures cross-changes: it adds a positive value to total variance when a group with rising

variance also sees an increase in its employment share. Finally, I include all other terms

in a residual, which comprised of the rising variance within all other groups g ∈ G/g′ and

rising variance between groups.

Table 3 shows this decomposition for the total rise in within-industry wage inequality.

Column (1) considers this decomposition when singling out multi-establishment firms as

the group g′. Consistent with the pattern in Figure 2, Over 80% of the rise in overall

(within-industry) wage inequality is due to rising variance across establishments that

belong to multi-establishment firms.

Table 3: Decomposition of the rise in wage inequality

(1) (2) (3)

% of the overall increase in variance (1980-2017) Multi-
estab. firms

Service
firms

Multi-CZ

services

Rising variance within the group of firms 83% 70% 40%

Changes in employment shares b/w groups (reallocation) -4% 6% 8%

Comovement of variance and employment shares 9% 10% 20%

Residual 12% 13% 32%

Total change across all firms in the economy 100% 100% 100%

Note: Data from the Census Bureau Longitudinal Business Database. Each column is a separate decom-
position of the total increase in within-industry wage inequality across all establishments between 1980
and 2017. The first row shows the share of total increase in variance due to rising variance in the group
of firms that is mentioned at the top of each column, matching the first RHS term in Equation (1). The
second row shows the share due to changes in employment between that group and the other firms in
the sample (employment reallocation), holding constant the change in variance in each group, matching
the second RHS term in Equation (1). The third row shows the share that is due to the cross-product
of rising variance and rising employment share, matching the third RHS term in Equation (1), and the
fourth row is a residual so that the sum for each column is 100%. See Section 2.3 for additional details.

With an eye towards my theoretical model, I now employ the same decomposition

to highlight two additional points about the role of multi-establishment firms in the rise

of inequality. First, I show that most of the increase in inequality is driven by firms in

services-producing sectors. To see this, Column (2) repeats the decomposition in 1 when

singling out the group of service-sector firms. In this case, the reallocation and cross-

changes terms play a bigger role, due to the rising role of services in the economy: 70% of

the increase is accounted by rising variance for services firms, and 16% due to reallocation

to services. Second, I highlight the particular importance of multi-region service firms

(i.e., multiple commuting zones) in the universe of multi-establishment firms. To see this,

Column (3) repeats the decomposition in 1 when narrowing down the focus group to only
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multi-region service firms. In this case, 40% of the overall increase in inequality is due

to rising inequality for this group, and 28% is due to the reallocation to this group and

the cross effect of reallocation and rising variance. The first term is smaller relative to

Column (1) since as we have seen in Table 1, multi-region service firms accounted for

only 24% of total employment in 1980. Still, even holding this share constant, the rising

variance in the group of multi-region service firms accounts for 40% of the overall change.

Together with the reallocation of employment to this group, it accounts for 68% of the

total rise in inequality. I summarize these findings in:

Fact 2. Multi-region firms and inequality: Multi-region firms, particularly in ser-

vices sectors, account for most of the increase in U.S. wage inequality between 1980-2017.

This reflects both an employment reallocation to these firms and rising inequality for this

group of firms.

2.4 The importance of internal firm structure

Having established that multi-establishment firms – particularly multi-region service

firms – account for most of the increase in wage inequality, I now turn to emphasize

the importance of their internal structure for this trend. Specifically, I demonstrate the

relevance of the distinction between firm headquarters and branches for the question of

rising inequality.

2.4.1 Rising wage dispersion within firms

First, I show that rising dispersion within firms plays an important part of the overall

role of multi-region service firms. To see this, we can further decompose the above increase

in the variance for multi-region service firms, ∆σ2
MR-serv,t, to changes within firms and

changes between firms:

∆σ2
MR-serv,t = ∆tV

[
¯lnwf
]︸ ︷︷ ︸

Between-firms - 55%

+ ∆tV
[
lnwfj − ¯lnwf

]︸ ︷︷ ︸
Within-firms, between establishments - 45%

where wfj is the average wage in establishment j in firm f and ¯lnwf is the employment-

weighted average of log wages across all establishments in firm f . Rising differences within

firms – between their different establishments – explain around 45% of the overall change

∆σ2
MR-serv,t. I have thus established:

Fact 3. Close to half of the rise in inequality for multi-region service firms is across

different establishments within these firms.

While the model presented below does not focus exclusively on this part of growing

inequality (and addresses rising dispersion across firms as well), establishing this fact is
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useful for two reasons. First, it highlights that it is not enough to have a theory with

single-unit firms, and that one needs to model the firm’s different establishments to get at

the full picture of rising inequality. Second, it contrasts the theory in this paper relative

to some other firm-based theories of rising inequality. For example, rising outsourcing

has been suggested as one potential explanation for rising dispersion across firms - see

e.g. the discussion in Song et al. (2019). If anything, rising outsourcing should lead to

lower wage dispersion within firms, as firms increasingly focus on their core activities.

However, in the data, we observe rising inequality both between and within firms. The

theory presented in this paper is well suited to address these patterns.

Next, I turn to demonstrate the specific relevance of the headquarters-branch distinc-

tion. This will serve two purposes: first, to show that this distinction is meaningful for

the question of wage inequality. Second, to motivate how I later construct my theoretical

model. The challenge here is to cleanly classify different establishments as belonging to

the theoretical labels of headquarters and branches. To deal with this challenge, I take

two complementary approaches. I first look at the industry composition of firms based

on establishment-level industry identifiers at the LBD. I then look at the occupational

composition of firms by analyzing their online job postings using the Lightcast data.

2.4.2 Firms industry composition

To characterize the structure of firms through the lens of their industry composition, I

utilize establishment-level NAICS industry identifiers in the LBD. For each firm, I divide

its establishments into three categories. First, I classify establishments as belonging to

the firm’s core sector if they have the same 2-digit industry classification as that of their

firm. Second, I classify establishments as performing headquarters activity if they do not

belong to the firm’s core sector, and are classified in one of the business-services sectors

(NAICS sectors 51, 52, 53, 54, and 55). Note that most of this category – 80% of the

total payroll in this category – is accounted for by explicit headquarters activity, i.e.

establishments in the NAICS 55 sector (“Management of Companies and Enterprises”),

so narrowing the definition to NAICS 55 establishments does not affect the results. The

remaining establishments are classified as “other establishments”. This last group would

typically include wholesale and retail establishments for firms outside of the wholesale

and retail sectors, as well as some manufacturing establishments.

Table 4 shows how total payroll in multi-region service firms is distributed across these

three categories. I focus on the group of firms with a clear headquarters location based

on NAICS-55 activity as defined in Section 2.1.7 The typical firm spends around 85%

7This group of firms has the advantages of: (a) providing informative industry classifications; and
(b) have a clear headquarters location. Multi-unit service firms outside of this group tend to be smaller
and report very homogenous industry classifications across all of their establishments, which prevents us
from using industry classification to analyze the firm’s structure. In particular, it is not clear if in these
firms all establishments perform the same activity, or if they report a generic industry code for all their
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of its payroll on establishments in its core sector, 11% on headquarters activity, and 4%

on other types of establishments. Columns 2 and 3 in the same table reveal that the

distribution of headquarters activity within the firm is highly spatially concentrated in its

headquarters market: 30% of the payroll in the firm’s HQ commuting zone is accounted by

establishments that perform headquarters activity, relative to 3% in all other commuting

zones. Evidently, headquarters activity is characterized by high spatial concentration

within firms, and almost all of the firm’s operations outside of its HQ commuting zone is

accounted for by establishments in its main sector of activity.8

Table 4: The industry composition of multi-region service firms

(1) (2) (3)

Firm activity % of firm payroll % of HQ-CZ payroll % of non-HQ-CZ payroll

Establishments in the firm’s core sector 84.4% 67.7% 92.1%

Headquarters activity 11.2% 29.2% 3.0%

Other establishments 4.4% 3.1% 4.9%

Total 100% 100% 100%

Note: Data from the Census Bureau Longitudinal Business Database. The table shows how the total
payroll of multi-region service firms is distributed across different activities, in firms with clearly iden-
tifiable headquarters location, as discussed in Section 2.1. Column (1) shows the distribution of firm
payroll across these activities for the firm as a whole; Column (2) shows it for establishments in the firm’s
headquarters commuting zone; and Column (3) shows it for all other commuting zones. Establishments
in the firm’s core sector are those with an industry classification identical to the firm-level 2-digit main
NAICS code, as discussed in Section 2.1. Headquarters activity is defined by establishments that do not
belong to the firm’s core sector and are classified in one of the business services sectors (2-digit NAICS
codes 51, 52, 53, 54, 55). Most of this category (80%) is accounted for by establishments in the NAICS-55
sector (“Management of Companies and Enterprises”).

To see what role does this partition play in the rise of wage inequality, I further de-

compose the rise in within firm wage dispersion from Subsection 2.4. Recall that out

of the overall increase in variance for multi-region service firms, close to half is within

these firms, across their different establishments. We can compute how much of this

within component arises due to differences between headquarters and branches, i.e., how

much is explained by the fixed effects for the above categories of establishments. For

the subsample of firms with headquarters identifiers as defined above, the share of rising

within-firm variance explained by these fixed effects stands on 41%. Unlike the decompo-

sitions in previous sections, this computation applies only to the subsample of firms with

clear identification of headquarters. Nevertheless, it suggests a meaningful role for this

headquarters-branch distinction for the overall rise in inequality.

establishments regardless of the activity performed in the establishment.
8Table 14 in the appendix reports a similar decomposition at a more granular level, including a

breakdown of the firm’s core sector into the core 4-digit industry and other establishments in the core
sector; and a breakdown of headquarters activity into NAICS-55 establishments and a residual. The
main takeaways remain similar to the analysis in this section.
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2.4.3 Firms occupational composition

My second approach to demonstrate the importance of the headquarters-branch dis-

tinction is to utilize the heterogeneity in firms’ occupational structure. To this end, I

first construct a measure for the position of each occupation within firms, capturing the

tendency of an occupation to be in firms’ headquarters. I label this measure the “HQ-

intensity” of an occupation, and then ask how much of the overall rise in inequality in

the economy can this simple measure account for.

I utilize firms’ online job-postings data from Lightcast, merged with firm headquar-

ters locations from Dun & Bradstreet, as described above in Subsection 2.1. For each

firm f and occupation o, I compute the share of job-postings in the firm’s headquarters

commuting zone, Hfo. I then take the occupational fixed effect from the projection of

Hfo on occupation and firm fixed effects as the occupation-level measure of headquarters

intensity. This procedure ensures that my measure of headquarters intensity truly cap-

tures differences in the position of an occupation within firms, and not the tendency of

some occupations to be hired in particular firms or industries. I compute these measures

for 158 distinct occupational codes in the Lightcast data.

Figure 3 shows basic characteristics of these occupational HQ-intensity measures. The

right panel plots the HQ-intensity measure against a simple measure of skill-intensity: the

share of online-job postings in an occupation that explicitly require a college degree. A

strong positive relationship emerges between these two measures, confirming that head-

quarters activity is highly skill-intensive. The left panel plots it against a simple measure

of within-firm spatial concentration, given by the geographic Herfindahl-Hirshmann in-

dex for each occupation, averaged across firms.9 Similarly to the findings in Subsection

3, headquarters activity exhibits substantial spatial-concentration within firms. These

characteristics of headquarters activity serve a “sanity-check” for the computation of the

headquarters-intensity measures, and will guide the modelling of firms in the theoretical

part of this paper.

Going back to the question of rising inequality, I now investigate how much of the over-

all increase in the variance of log wages can this headquarters-intensity measure account

for. To this end, I again decompose the overall increase in variance in the Census-ACS

data from Subsection 2.3. I merge the headquarters-intensity measures to the Census-

ACS data using workers’ occupation codes, and then compute how much of the rise in

variance is explained by the increasing importance of this measure between 1980-2017.

9I calculate a Herfindahl-Hirshmann index using data on firm job postings in different markets. High
concentration means that an occupation tends to be hired only in a small subset of the firm’s locations,
while low concentration means that an occupation tends to be hired in most of the firm’s locations.

Specifically, I define this measure as HHIfo ≡

(∑
j

(
nfoj
nfo

)2
)
− 1
Jfo

1− 1
Jfo

, where nfoj is the number of job-

postings for firm f , occupation o in commuting zone j over the years 2010-2019, nfo is the sum of nfoj
across the firm’s markets, and Jfo is the total number of markets with fo postings.
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Figure 3: The spatial distribution of occupations within firms
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Note: This figure shows key characteristics of the occupational headquarters-intensity measures from
Section 2.4.3. Panel (a) relates the geographical concentration of each occupation within firms to the
tendency of the occupation to be hired in firm headquarters. The y-axis shows the share of job-postings
that are located in the headquarters market (commuting zone) of firms. The x-axis shows the average
across firms in the log of within-firm normalized Herfindahl–Hirschman index (HHI). Both measures are
shown after demeaning NAICS-2 sector-level effects. Panel (b) shows the share of job-postings that
require a college degree for each occupation against the above measure of occupational headquarters-
intensity. In both panels, the size of the circle represents total job-postings for an occupation.

Specifically, I project log individual wage earnings on my HQ-intensity measure and other

selected individual characteristics, and compute the share of the overall rise in variance

this measure accounts for. I include in this projection a series of fixed effects capturing

individual educational attainment, geography (commuting zones), and their interactions,

in order to highlight the strength of my HQ-intensity measures on top of these other

factors. Results from this variance decomposition can be seen in Table 5. As we have

seen before, the overall increase in the variance of log wages in the economy over the cov-

ered period stands at 0.17 points (recall Table 2 from above). Out of this increase, 46%

can be accounted for by my occupational HQ-intensity measure; 18% by the combination

of education and geography; and additional 20% by their covariance. Of course, this is

only an accounting decomposition, and the substantial role for my HQ-intensity measures

could be reflecting other mechanisms that are not related to firm expansion. However,

it provides further evidence that the HQ-branch distinction seem to be quantitatively

important for the question of rising wage inequality.

I conclude these findings with the following fact:

Fact 4. The distinction between firm headquarters and branches – measured through the

industry classification of firms’ establishments or through workers’ occupations – accounts

for a substantial part of the rise in wage inequality.
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Table 5: Decomposition of the rise in variance of individual earnings

Component of log individual earnings ∆ Variance 1980-2017 % of total ∆

HQ-intensity of the occupation 0.08 46%

Commuting zone and college attainment 0.03 18%
Covariance 0.03 20%
Residual 0.03 16%

Total 0.17 100%

Note: this table shows a variance decomposition of individual wage earnings from the 1980 Decennial
Census and 2015-2019 American Community Survey. Individual earnings are regressed on the interaction
of commuting-zone and college attainment fixed effects, and on the continuous measure of occupational
headquarters intensity from Section 2.4.3 of the paper. The table shows changes over time in the variance
for the predicted part of earnings based on each of these components, and the residual change in variance.

To recap, I have shown that: (a) multi-region service firms have experienced substan-

tial spatial expansion between 1980-2017; (b) they account for most of the increase in

wage inequality between 1980-2017, and specifically the increase in within-industry wage

inequality; (c) much of the increase in wage inequality is across different establishments

within these firms; (d) much of the increase in wage inequality can be accounted for by

the distinction between firm headquarters and branches in these firms. Taken together,

these evidence provide the motivation to model multi-location firms and their expansion

in the analysis of growing inequality.

Independently of the question of wage inequality, I have also documented key patterns

in the structure of multi-region service firms, that will guide the construction of the model.

In particular, these firms tend to organize as networks of spatially-dispersed branches

linked by spatially-concentrated headquarters. In addition, activity in firm headquarters

is more skill intensive.

3 A spatial model of firm expansion

In this section I develop a model to analyze how changes in the spatial scope of

firms shape labor market outcomes. The model introduces two novel features into an

otherwise standard quantitative spatial general equilibrium framework. First, I introduce

a production function for multi-region service firms, according to which firms need to

open a branch to serve any given market, and the output of their headquarters labor

is a non-rival input across branches. Second, I assume that workers have idiosyncratic

preferences for different employers,10 generating monopsony power for the firm in each of

its markets.11

10See e.g. Card et al. (2018).
11In appendix H, I recast the model with a different mechanism to generate firm-specific wages that

allows for unobserved worker heterogeneity. While this implies an alternative interpretation for why
workers are paid different wages conditional on their skill group and location (focusing on workers’ ability
and not on preferences), it maintains the wage structure of multi-region firms and their role in the rise
of wage inequality over time.
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3.1 Setup

The economy consists of N regions, indexed by i and j. There are S types of workers

who differ in skill and indexed by s, with an aggregate supply of L̄s workers of type s.

All households consume services and tradable-goods, and can choose their region i and

employer ν.12 For simplicity, I assume that tradable-goods are homogenous, freely traded

and produced using constant returns to scale (henceforth CRS) technology. Since the price

of goods is identical in all regions, I choose it as the numeraire. In the services sector,

households consume a continuum of varieties in a setting of monopolistic competition.

These varieties are partially non-tradable in the sense that part of the value added is

generated near the consumer, by hiring local labor; while another part is tradable and

generated by hiring workers at a potentially distant headquarters.

3.2 Households

Households choose their region i, employer ν, consumption of tradable-goods Qg
i and

the bundle of local services Qi to maximize

Uisν = biν (Qi)
β (Qg

i )
1−β , Qi =

[∫
ω∈Ωi

(qi (ω))
σ−1
σ dω

] σ
σ−1

, (2)

where biν is an household-specific idiosyncratic preference shock for region i and employer

ν; β ∈ (0, 1) is the expenditure share on services; Qg
i is a homogenous quantity of goods;

and the bundle Qi aggregates all service varieties ω available in market i, using a constant

elasticity of substitution σ > 1. I denote the price index for local services by Pi, and the

price index that aggregates goods and services by P̄i.
13

Labor supply. Households draw the set of idiosyncratic shocks biν from a nested

Fréchet distribution,14 which guides their sorting decisions across space and across em-

ployers. The upper nest reflects preferences across locations with dispersion given by ξ,

capturing a regional labor supply elasticity. The lower nest reflects preferences across

employers15 with dispersion given by ϵ, capturing an employer-level labor supply elastic-

ity. As a result, an employer ν in region i that wishes to hire lis (ν) workers of skill s is

12An employer can be the local branch of some firm or its headquarters.

13The services price index is given by Pi =
(∫

ω∈Ωi
Pi (ω)

1−σ
dω
) 1

1−σ
. Since the price of goods is set

to unity, P̄i = P βi . In the quantification of the model in Section 5 I add local housing, which also enters
into the formula for the regional final price index P̄i.

14Specifically, I assume that F (b) = exp

(
−
∑N
i=1

(∫
ν∈Vi b

−ϵ
iν dν

) ξ
ϵ

)
.

15An employer in the model is a combination of a firm (i.e. a variety ω) and a local market. For
example, agents draw different shocks biν for a Starbucks branch in New-York and a Starbucks branch in
Seattle. In addition, I assume that headquarters jobs and branch-level jobs for the same firm are distinct
jobs: working for the Starbucks HQ in Seattle is not the same as working for one of its branches there.
Therefore, firms face multiple labor supply curves: one for each market in which they have a branch, and
another one for their headquarters.
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required to pay a wage

wis (ν) = L
− 1
ϵ

is Wislis (ν)
1
ϵ , Wis =

(∫
ν∈Vi

wis (ν)
ϵ dν

) 1
ϵ

, (3)

where Lis is the measure of type-s workers that choose location i16 andWis is the regional

wage index for type-s workers.17 When the employer-specific labor supply elasticity is in-

finite (ϵ→ ∞), all local employers pay a common wage equal to the indexWis. Otherwise,

firms need to pay higher wages to attract more workers.

3.3 The services production function

The production structure of multi-region firms is the key novel element of the model. I

define a firm in the services sector by its technology to produce a unique variety. Consider

a firm headquartered in market i with the capability to produce a variety ω. The firm

can choose to open a branch in any market j by paying a fixed cost f in units of the local

final good. A firm that hires lijs workers of type s produces qij (ω) units of output in that

market according to

qij (ω) = φij (ω)
S∏
s=1

lαsijs, (4)

where φij (ω) is the productivity of the firm in market j conditional on having its head-

quarters in market i; and αs is the output-elasticity of type-s labor in branch-level pro-

duction. For example, consider the case of Starbucks branches in San Francisco. In this

case, ω stands for Starbucks; i for Seattle – the headquarters location of Starbucks; j for

San Francisco; and lijs for Starbucks worker of skill s in its San Francisco branches.18

The productivity term φij (ω) captures the importance of multi-region firms and com-

prises four parts:

φij (ω) = Aijzω,iϕω,j

(
S∏
s=1

hρsis

)γ

. (5)

First, all firms that are headquartered in market i and serve market j share a common

productivity shifter Aij. This shifter captures all exogenous factors that affect the ability

16The probability that workers of type s choose location i is given by Lis∑N
j=1 Ljs

=
(Wis/P̄i)

ξ∑N
j=1(Wjs/P̄j)

ξ . It

increases with real income in location i, given by the ratio of the local s-specific wage index Wi,s to the
local price index P̄i.

17This index aggregates wages across all available employers in market i, Vi. It takes into account
both the level of wages and the variety of jobs.

18When I quantify the model in Section 5, I define a region in the model as a U.S. commuting zone.
Accordingly, a branch in the model aggregates all establishments of a given firm in a commuting zone.
One of the advantages of this approach is that the model can remain generic with respect to the specific
industry and types of firms that it considers. For example, Walmart might choose fewer establishments
to serve a local market relative to Starbucks, but the model encompasses both by aggregating all activity
within a local market.
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to operate a HQ-branch relationship between i and j, such as distance, availability of

transportation and communication infrastructure, and the regulatory environment.19,20

In the quantification of the model below, I will assume that Aij ≡ Ai/τij, where Ai is a

unilateral productivity component, and τij is a bilateral and symmetric term that captures

spatial frictions for operating HQ-branch linkages. The second term, zω,i, is firm-level

productivity, affecting production across all of firm ω branches. The subscript i captures

the dependency of this firm-level component on the firm’s headquarters location.21 The

third term, ϕω,j, is a branch specific shock, reflecting all factors that make location j a

particularly successful branch for the firm. In the Starbucks example, Aij captures the

ability of any Seattle-based firm to operate branches in San Francisco; zω,i captures the

productivity of Starbucks across all its branches; and ϕω,j is a shock unique to Starbucks

in San Francisco.

The final component in the productivity composite (5) reflects the firm’s choice of

inputs in the headquarters. Firms choose the measure of workers his to hire in their

HQ, where ρs is the elasticity of the HQ composite to type-s labor. The output of these

workers is non-rival across branches, with the parameter γ governing the elasticity of

branch productivity to HQ inputs. In the Starbucks example, his represents workers in

its Seattle HQ, such as Starbucks designers, food-scientists, and programers.

For future reference, the four productivity components are summarized in Table 6

below.

Table 6: Firm productivity components

Firm productivity term Interpretation

Aij Exogenous bilateral shifter, common to all firms with HQ at i and a branch at j

zω,i Firm-specific draw, common to all the firm’s branches if it is HQed at i

ϕω,j Firm-branch-specific draw in location j - no direct effect on other branches(∏S
s=1 h

ρs
is

)γ
Endogenous choice of HQ labor, affecting all the firm’s branches

Note: Productivity components for a firm ω wih headquarters at market i and a branch at market j.

19Inter alia, it also includes all unilateral exogenous features that make location i particularly attractive
for firms to place their headquarters there. For example, the availability of an airport might make it easier
for businesses to manage their branches from i throughout all destinations j. Note that the supply of labor
(including the relative supply of skilled labor) and the size of the market are endogenously determined
in the model, so they are excluded from this term.

20The U.S. banking sector provides an example in which regulations were responsible for particularly
low Aij , since in the early 1980s banks in many states were still forbidden from operating branches in
other states. In the model, this would be captured as Aij → 0 when i and j are in different states. The
removal of these regulations would be interpreted as a transition to positive Aij .

21The firm has a single productivity zω,i once its headquarters location is set. However, as we will see
later, it faces multiple zω,i – one for each market – when making its headquarters location decision.
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3.4 Firm’s production problem

From this point on, I omit the reference to the firm’s variety ω, since all firms with

the same headquarters location i and productivities zi and ϕ ≡ {ϕj}Nj=1 make the same

decisions. The firm’s problem is to choose branch-level labor l ≡ {ljs} across all markets j

and HQ-level labor h = {his} to maximize profits πi (zi,ϕ). Profits are given by the sum of

sales across all markets, after deducting variable and fixed costs across all active branches

and payments to headquarters labor. The firm internalizes that it faces a downward-

sloping demand curve in each market, with demand elasticity σ; and an upward-sloping

labor supply curve for each branch and for the HQ, with labor supply elasticity ϵ. Profits

for a i-headquartered firm are thus given by22

πi (zi,ϕ) = max
h,l

∑
j

E
1
σ
j P

σ−1
σ

j qij (zi,ϕ)
σ−1
σ︸ ︷︷ ︸

Sales in market j

−
∑
j

Ij

(∑
s

WjsL
− 1
ϵ

js l
ϵ+1
ϵ

js − P̄jf

)
︸ ︷︷ ︸

Costs in market j

−
∑
s

WisL
− 1
ϵ

is h
ϵ+1
ϵ

is︸ ︷︷ ︸
HQ costs in market i

,
(6)

where Ij is an indicator that equals to 1 if the firm is active in market j.

I impose two additional assumptions to facilitate tractable aggregation of the model.

First, I assume that firms choose their HQ inputs h before the branch-level shocks ϕ are

observed, and that they make branch-level decisions l after ϕ are observed. Therefore,

firms decide on h by forming expectations about which markets they will serve, based

on their knowledge of the HQ location i and their firm-level productivity zi. Second, I

assume that the branch-level shocks ϕ are drawn independently from a common Pareto

distribution with shape parameter θ.23

3.5 Entry and headquarters location decisions

Firms can enter freely in any initial market n by paying fe units of the local final good.

Upon entry, firms observe their firm-level productivities z across all potential markets and

choose where to locate their headquarters to maximize profits πi (zi,ϕ),

max
i

Eϕ [πi (zi,ϕ)] . (7)

22Note that under this specification, every firm has headquarters and branches. A single-establishment
firm in the data is therefore captured in the model by a combination of small headquarters and a single
branch in the same location. This can be thought of as combination of workers and management in a single
establishment. The model remains agnostic on whether these activities occur in the same establishment
or different establishments, conditional on occurring in the same labor market.

23In practice, I assume that the shape parameter is scaled by θ and given by
(

σ
σ−1 − ϵ

1+ϵ

)
θ for

analytical convenience, and that this term is greater than one. Note that since σ > 1 and ϵ > 1, it is
always the case that σ

σ−1−
ϵ

1+ϵ > 0. Also note that σ and ϵ remain constant throughout the counterfactual
analysis.
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Firms thus sort in space based on the knowledge of their potential productivity in each

location. However, I introduce a simple friction in this process that allows for a lasting

effect of the initial entry location.24 Specifically, I assume that firms retain only a share c ∈
(0, 1) of their productivity if they chose a HQ location i that is different from their initial

entry location n. The productivities z are thus a product of some baseline productivity

z0,i that is drawn upon entry, and the parameter c if i ̸= n.25 This friction creates a

link between the entry location and the headquarters location, while still allowing for

sorting: As c → 1, the entry cost is sunk, and firms sort independently of their initial

entry location; as c → 0, ex post sorting is impossible, and the headquarters location is

determined by the initial entry location, before firms observe their HQ-level productivities.

The loss of productivity expressed in c captures all kinds of advantages that entrepreneurs

face when deciding on keeping their main location of operations in their home market,

including familiarity with local economic conditions and regulations, as well as home-bias

in preference that might affect the productivity of the firm’s management. This structure

allows to encompass a range of assumptions on entry and headquarters location by varying

the parameter c.26 Finally, I assume that the baseline productivities z0,i are drawn from

an i.i.d Fréchet distribution with shape parameter η > 1.

To recap, the entry and headquarters-location block of the model introduces three

parameters: entry cost fe, the dispersion of HQ-level shocks η, and the productivity loss

from moving headquarters away from the firm’s entry location, c.

3.6 The tradable-goods sector

Tradable goods are produced under conditions of perfect competition and constant

returns to scale, and are freely traded across locations. Firms produce using a Cobb-

Douglas production function that combines different types of labor with skill-intensities

αg,s, such that
∑S

s=1 αg,s = 1. I allow productivity to differ across locations, such that

goods-producing firms in region i have a total factor productivity of Ag,i. Similarly to the

services sector, firms can enter freely after paying fe units of the local final good.27

This completes the set-up of the model. I now turn to characterize key properties of

the equilibrium, focusing on the structure of wages and inequality.

24As I discuss later, this allows more variation in firm size across space, which is a key feature of the
data.

25Specifically, zi = cz0,i for market i if i ̸= n, and zi = z0,i if i = n.
26In Section 5 below I estimate c and find it to be closer to 0, implying a strong connection between

headquarters locations and the initial entry locations.
27Note that since firms in this sector operate in the same labor markets as service firms, they also

face the same firm-specific upward-sloping labor supply curves and earn rents due to labor market power.
The free entry condition ensures that net profits are zero in equilibrium.
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4 Equilibrium characterization

4.1 Aggregation

A key property of the model is that it admits tractable aggregation despite the complex

firm micro-structure. Specifically, as I show in detail in Appendix Section F, equilibrium

can be expressed in terms of region-level variables, without keeping track of firm-level

decisions. Firm-level decisions are then obtained as power functions of these regional vari-

ables and the exogenous firm productivity terms z and ϕ. The set of equilibrium regional

variables is regional employment and wage indices – Lis and Wis – for all markets and

skill-groups; the mass of service-sector entrants, service-sector headquarters and goods-

producing firms in each market – Me,i, Mi and Mg,i, respectively; aggregate revenues for

i-headquartered service firms and goods-producing firms, Ri and Rg,i; the services price

index Pi; and average productivity indices Zi, capturing the average HQ-level productiv-

ity zi of firms that place their headquarters in i. I summarize this property of the model

in the following Lemma:

Lemma 1. The model’s equilibrium can be expressed as a set of non-linear equations that

include as variables only region-level aggregates.

Proof : see Appendix Section F.

4.2 Firm wages and inequality

I now turn to characterize wages and inequality. I begin with the structure of branch-

level wages, as summarized in the following proposition:

Proposition 2. Consider a firm headquartered in market i with a branch in market j,

characterized by firm-level productivity z and branch-level productivity ϕ. The wages that

this firm pays for workers of type s admit a log-linear structure given by

logwijs (z, ϕ) =consts +
1

ϵ+ 1
log
(
W ϵ
jsL

−1
js P̄

θ−1
θ

j Υ
1
θ
j

)
︸ ︷︷ ︸

Local market effect

+
χ

ϵ
log ϕ︸ ︷︷ ︸

Branch-specific shock

+
χ

ϵ

1

1− γχθ
log z︸ ︷︷ ︸

Fundamental firm productivity

+
γχ

ϵ+ 1
log

Λi
Γi︸ ︷︷ ︸

HQ market effect

+
χ

ϵ
logAij︸ ︷︷ ︸

HQ-branch frictions

,

with χ ≡
ϵ
ϵ+1

σ−1
σ

1− ϵ
ϵ+1

σ−1
σ

and where Υj, Λi and Γi are regional aggregates that capture the

market-potential of operating a branch in j, the attractiveness of operating headquarters

in i, and the cost of headquarters labor in i, respectively.28

28See Appendix Section F for a discussion of these terms. The market potential term is given by
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Proof : see Appendix Section F.

Proposition 2 highlights how wages in this model differ from more standard settings

without multi-region firms. I discuss the five terms included in this wage decomposition

in turn. The first term is the local market effect that exists in every spatial model - both

competitive and monopsonistic - due to the segregation of labor markets across space.

When the labor supply elasticity ϵ is infinite, this is the only term that remains, and

the wage wijs (z, ϕ) collapses to the market wage index Wjs.
29 The second term is the

branch-specific effect, that exists in every model with wage differentiation across (single-

establishment) firms, and depends on the branch productivity draw ϕ.

The other three components are unique to the current setting of multi-region firms.

First, firms with higher fundamental productivity z pay higher wages across all of their

branch locations. When the HQ-branch elasticity γ is zero, the effect of higher z is the

same as higher branch productivity ϕ.30 With a positive γ, the effect of higher z is

amplified: the greater market size of more productive firms leads them to hire more HQ

workers, raising productivity across all branches by a magnitude determined by γ. Second,

conditional on z, being headquartered in a more attractive location i – either due to

larger market size or cheaper HQ labor – also leads to more HQ hiring and higher branch

productivity. This is the headquarters market effect, which disappears when γ → 0.

Finally, the bilateral frictions captured by Aij also affect the branch productivity and

therefore its wages.

Proposition 2 also rationalizes the empirical findings in Section 2 and related find-

ings in the labor literature on wage setting in multi-region firms. Through the firm-level

productivity z and HQ-location effect i, it provides a rationale for why establishments

of the same firm pay similar wages across all of the local labor markets in which they

operate, as documented in Hazell et al. (2021). This is also consistent with the large

role of inequality across firms in accounting for inequality across establishments.31 The

proposition also claims that part of the firm effect that is common to all of its branches

Υj ≡
(
E

1
σ
j P

σ−1
σ

j C
−(1−ψ)
j P̄

−ψ θ−1
θ

j

) θ
ψ

with ψ ≡ 1− σ−1
σ

ϵ
1+ϵ ; the cost shifter of branch-level labor is given

by Cj ≡
∏
s

(
αsW

−1
js L

1
ϵ
js

)−αs
; the cost shifter of headquarters labor is given by Γi ≡

∏
s

(
ρsW

−1
is L

1
ϵ
is

)−ρs
;

and regional headquarters attractiveness is given by Λi ≡ ι̃

(∑N
j=1A

θ
ψ
σ−1
σ

ij Υj

) 1
ι

Γ
− 1−ι

ι
i , where ι ≡ 1 −

γ ϵ
ϵ+1

σ−1
σ

θ
ψ and ι̃ is a constant that subsumes various parameters.

29With a finite ϵ, it decreases in labor supply Ljs since there is less labor market competition for
workers; increases in the market potential from opening branches Υj ; and decreases in the local price
index P̄j , which prices the fixed cost of opening branches.

30This can be seen by the same coefficient χ/ϵ when γ = 0.
31This is true even after controlling for the local labor market effects j that account for the fact

that firms open establishments in different markets. In fact, the rise in variance across commuting zones
accounts for only a very small part of the overall increase in inequality. Accordingly, the role of inequality
between firms in Section 2 cannot be explained purely by differences in the location choices of firms for
their establishments.
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derives from the location of its headquarters. This result is consistent with findings in the

literature on wage setting in multinational firms, in which affiliate wages are increasing

with the average wage in the headquarters country of the firm, as in Setzler and Tin-

telnot (2021). As part of the model estimation in Section 5, I provide evidence for the

quantitative importance of this channel, and show that headquarters locations account

for between 30%-50% of the wage variance across multi-region firms.

Another important aspect of Proposition 2 is that the wage distribution depends

on the spatial equilibrium through two channels: the establishment location j and the

headquarters location i. Therefore, changes in the spatial distribution of economic activity

can affect not only inequality across regions, but also inequality within any region. In

addition, the wage distribution is shaped by the full HQ-branch network, highlighting the

importance of solving for firm headquarters and branch locations when studying changes

in inequality.

Proposition 2 focuses on branch-level wages. I now turn to characterizing the rela-

tionship between headquarters wages and branch wages, as stated in the following:

Proposition 3. Firm size and inequality between headquarters and branches:

a) Across firm types: consider two firms with headquarters in location i and HQ-level

productivities z′i and zi such that z′i > zi. Assume that both are active in market j

and have the same branch-level productivity shock ϕj. Then the ratio of headquarters

wage to the wage in branch j for each skill type s is higher in firm z′i than in firm

zi.

b) For a given firm type: Let rij(zi, ϕj) be firm revenues in some market j. For each

skill type s, the ratio of headquarters wages wHQis (zi) to branch wages in the firm’s

headquarters market i, wiis(zi, ϕi), is increasing in the ratio of total expected firm

revenues across all locations, ri(zi) ≡ Eϕ

[∑
j rij (z, ϕj)

]
, to local revenues in the

headquarters market rii(zi, ϕi).

Proof : see Appendix Section F.

The first part of Proposition 3 states that other things equal, firms with higher zi have

larger wage differentials between headquarters and branches. These firms serve more loca-

tions, and accordingly have a greater incentive to hire headquarters-level labor to improve

the firm’s technology across all these branches. Therefore, the marginal product of head-

quarters labor rises relative to that of workers employed at the individual branch. Using

the same logic, the second part of Proposition 3 states that for a given firm productivity

zi, HQ-branch differentials rise as the firm expands into more markets, captured by the

greater ratio between total firm sales and local firm sales at its headquarters market.
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4.3 Inequality across worker types and spatial segregation

The model also yields predictions for inequality across worker types and how it varies

over space, as summarized in the following:

Proposition 4. Suppose that s is the group of high-skilled workers.

a) The economy-wide payroll-share of high-skilled workers is independent of the spatial

distribution of economic activity, and given by

αs + ρsγ + αg,s
σ
σ−1

1−β
β

1 + γ + σ
σ−1

1−β
β

.

It increases in the share of services β when services as a whole are more skilled-

intensive than production of tradable-goods: γ
γ+1

ρs +
1

γ+1
αs > αg,s; and it increases

in the HQ-branch elasticity γ when headquarters production is more skill-intensive

than branch production: ρs > αs.

b) The payroll-share of high-skilled workers in some region i depends on its specializa-

tion in providing headquarters services, as summarized by the ratio of total sales by

locally-headquartered firms, Ri, to domestic expenditure on services, Ei.

A sufficient condition for it to rise with Ri/Ei is that headquarters are sufficiently

skill intensive: ρs > αg,s +
1
γ
(αg,s − αs); and that the productivity loss from reallo-

cation of headquarters is small (c→ 0).

c) In the limit economy with no multi-region service firms, i.e. Aij → 0 ∀i ̸= j, there

are no differences in the payroll-share of high-skilled workers across space.

Proof : see Appendix Section F.

Proposition 4 highlights the importance of multi-region firms for the distribution of

wage income across skill groups. The ability to operate branches in other markets allows

certain local markets (like Seattle or New York City) to specialize in providing headquar-

ters services. When a local market i hosts many or particularly large headquarters, the

revenues by all i-headquartered firms, Ri, are large relative to local spending on services,

Ei. If headquarters activity is very skill-intensive (high ρs) – as in the data – it yields a

high payroll share for skilled labor in market i. This result gives a natural explanation

for the empirical co-location of headquarters activity and skilled labor, and for the rise

in the skill premium and the relative supply of skilled labor in local labor markets that

specialize in providing headquarters services.32 In the limit economy with no multi-region

firms, the high-skilled payroll share is equalized across all labor markets. More generally,

32Note that for this effect to take place, the model does not require for services as a whole to be
more skill-intensive than the goods sector, but only the tradable part of value-added that crosses regional
borders.
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a reduction in barriers to firm expansion (higher Aij for i ̸= j) increases the scope for

specialization and the resulting spatial differences in compensation for skilled workers.

4.4 Additional features of the equilibrium

I now briefly mention several additional, distinctive features of the equilibrium that

arise from the structure of multi-region firms in the model.

Gravity for provision of services. Total revenues of i-headquartered firms from

branches in market j admit a log-linear gravity structure. They can be represented as a

sum of a headquarters-location fixed effect, a branch-location fixed effect, and the bilateral

frictions Aij.
33 As I discuss in Section 5, this gravity structure provides a good fit for

bilateral HQ-branch flows across local labor markets, when Aij is parameterized as a

function of distance. This pattern is reminiscent of the widely-studied gravity structure

for multinational firms in the international context.

Trade imbalances. Inter-regional trade in goods is often characterized by large

imbalances. The model rationalizes this pattern through cross-region flows in (within-

firm) headquarters services. These flows are typically unobserved, but can be large in

an economy with meaningful activity of multi-region firms, and rise as firms expand in

space. The balance of traded goods – regional expenditure minus revenues – is given in

the model by

1− β

β
Ei −Rg,i︸ ︷︷ ︸

Traded goods balance

=
ψ

θ
(Ri − Ei)︸ ︷︷ ︸

HQ payments balance

+

(
feP̄iMe,i −

ψι

θ
Ri

)
︸ ︷︷ ︸

Firms’ profit transfers

,

such that net-importers of tradable-goods are net-exporters of headquarters services, and

vice versa.34

Headquarters sorting. Recall from Equation (7) that firms choose their headquar-

ters location to maximize expected profits. As I detail further in Appendix F, the proba-

bility that a firm chooses some location i is summarized by the regional HQ-attractiveness

shifter Λi.
35 This shifter reflects large market size (high market potential term Υi); high

connectivity to other large markets (high Aijs vis-à-vis other markets with high Υj); and

33Specifically, they are given by Rij =
A
θ
ψ
σ−1
σ

ij Υj∑N
j′=1

A
θ
ψ
σ−1
σ

ij′ Υj′

Ri, where recall that Υj captures market

potential for location j, and Ri captures total revenues by i-headquartered firms.
34The constants ψ and ι subsume various model parameters. The third source of bilateral flows in

this expression –
(
feP̄iMe,i − ψι

θ Ri

)
– is due to shifting of firm profits across space due to differences

between entry locations and headquarters locations. However, in the quantified model, the net-flows that
arise from this part are small.

35Specifically, it is given by
(cζIn ̸=iΛi)

η
ζ∑N

m=1(c
ζIn ̸=mΛm)

η
ζ
, where ζ is a constant that subsumes various parameters

of the model, reflecting the elasticity of firm profits to changes in Λi; and recall that c is the loss of firm
productivity when choosing HQ location i that is different from the entry location n.
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high supply of labor that is intensive in HQ-level production. This pattern aligns with

results from empirical studies of HQ location decision, e.g., Bel and Fageda (2008).

4.5 Extension: unobserved heterogeneity and worker screening

In the baseline version of the model, workers get different wages conditional on location

and skill group due to their idiosyncratic preferences for employers. In Appendix Section

H, I develop the model with alternative micro-foundations for such differences in wages,

focusing on unobserved worker productivity. Following Helpman et al. (2010), I assume

that workers differ in their productivity, and that it is imperfectly observed by firms. Firms

can screen higher productivity workers in a frictional labor market subject to a convex

screening cost, and wages at any given branch or at the headquarters are determined by

the marginal surplus of the firm from employing another worker there.36 Production in

each branch and in the firm’s headquarters depends on the number of hired workers and

on their average productivity, reflecting complementarities across workers with different

abilities. In Appendix Proposition A.1, I show that the main results about the wage

structure of multi region firms and the connection between firm scope and within-firm

inequality (Propositions 2 and 3) continue to hold. Furthermore, I show that in such an

environment, headquarters are endogenously more skill-intensive than branches, and that

this gap grows as firms expand in space (See Proposition A.2). I choose the version with

worker idiosyncratic preferences as the baseline model for the quantitative analysis due

to its greater tractability.

5 Model Quantification

I now turn to estimate the model and use it to quantify the importance of firm expan-

sion for the overall rise in wage inequality. To this end, I match key features of the U.S.

economy in 1980. In Section 6, I will subject this baseline economy to a series of shocks

that reflect changes in the economic environment between 1980-2017. I define a region in

the model as a 1990 labor market area (LMA) of the contiguous United States, yielding

N = 391 regions.

5.1 Adding regional amenities and housing

I first enrich the model with two additional components that help to discipline the

baseline equilibrium and are common in spatial equilibrium models. First, agents choosing

location i now also enjoy an exogenous amenity component Bi that enters multiplicatively

36This assumption on wage determination is obtained as a solution to the “Rolodex” game in Brüge-
mann et al. (2019), which corrects the Stole–Zwiebel bargaining protocol from Stole and Zwiebel (1996).
See Appendix H, Helpman et al. (2010) and Brügemann et al. (2019) for additional details.
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in their utility function.37 This allows me to match exactly the spatial distribution of

wages and employment in 1980.

Second, I add local housing, which introduces a second dispersion force on top of the

idiosyncratic preference shocks. Agents spend a share δ of their income on housing and a

share 1− δ on the composite of goods and services. I assume a constant housing supply

elasticity ϱ and that the rights to housing rents are owned by immobile absentee landlords

who have a similar structure of preferences for consumption as workers.38

5.2 External calibration of the households block

I divide the model’s parameters into three groups. The first group includes parame-

ters that govern household preferences and the housing market. This group consists of

commonly-used building blocks from the literature and I rely on existing estimates to

calibrate it. The second group includes regional productivity and amenity fundamentals,

which I invert from the model’s equilibrium conditions. The final group includes param-

eters from the production block of the model, which I estimate using Simulated Method

of Moments (henceforth SMM).

I begin with the external calibration of the household block. I calibrate the expenditure

share on services (β) to match the share of services value-added in national accounts. I

set the dispersion of idiosyncratic shocks across regions (ξ) to 2.8, in line with the range

of values in the trade and spatial literature, e.g. Galle et al. (2017). I set the dispersion of

idiosyncratic shocks across employers (ϵ) to 5.0, matching recent estimates of the average

wage markdown in Lamadon et al. (2022), Berger et al. (2022) and Azar et al. (2019),

which is given in the model by ϵ/(1 + ϵ). The elasticity of substitution across varieties

σ is set to 5.0, to match a price markup of 25% over marginal cost. This is also in line

with the range of existing estimates on substitution between goods in the trade literature,

e.g. Costinot and Rodŕıguez-Clare (2014). The expenditure share on housing is set to

0.24, following Davis and Ortalo-Magné (2011). Finally, I set the local housing supply

elasticity to the population-weighted estimate of 1.75 in Saiz (2010). Table 7 summarizes

the calibration of this part of the model.

37In this case, the probability that an agent of type s chooses location i is Lis∑N
j=1 Ljs

=
(BiWis/P̄i)

ξ∑N
j=1(BjWjs/P̄j)

ξ ,

where P̄i is the price index of the local final good.
38The only change in the set of equilibrium conditions following the introduction of housing is that

the aggregate price index, previously given by P βi , is now equal to

P̄i =

(
δ

β (1− δ)

) δ
(1+ϱ)−δϱ

P
β(1− δ

(1+ϱ)−δϱ )
i E

δ
(1+ϱ)−δϱ
i .

I.e., conditional on the price of services Pi, local cost of living is increasing in expenditure Ei due to
higher cost of housing, where recall that Ei is the local expenditure on services. The exponent on local
expenditure is higher when agents spend more on housing (higher δ) or when housing supply is relatively
inelastic (lower ϱ).
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Table 7: Calibration of the households block of the model

Parameter Interpretation Source Value

ξ Dispersion of location preference shocks Galle et al. (2017) 2.8

ϵ Dispersion of employer preference shocks Lamadon et al. (2022), Berger et al. (2022) 5.0

σ EoS between varieties Costinot and Rodŕıguez-Clare (2014) 5.0

βk Sectoral expenditure shares Direct computation - BEA NIPA (1980) [0.64,0.36]

δ Housing expenditure shares Davis and Ortalo-Magne (2011) 0.24

ϱ Housing supply elasticity Saiz (2010) 1.75

I also compute the skill elasticities in production directly from the data. I set S = 2

and choose the skill groups to represent workers with and without a college degree. I

compute the skill elasticities ᾱ ≡ {αs, ρs, αg,s}Ss=1 according to the respective shares of

total compensation in the data. To this end, I use the BEA KLEMS Integrated Industry-

Level Production Account (KLEMS) statistics39 that provide sectoral accounts of the

distribution of labor compensation by college attainment over 1987-2019. I extrapolate

the time series backward to get values for 1980. The resulting compensation shares for

college graduates out of total compensation in the headquarters bundle (ρs), branch-level

bundle (αs) and goods-production (αg,s) are 0.36, 0.26 and 0.2, respectively.40

5.3 Model inversion

The set of location fundamentals A ≡
{
{Aij}Nj=1 , Bi, Ag,i

}N
i=1

includes bilateral pro-

ductivity shifters in the services sector, regional amenities, and regional productivity in

tradable-goods. I obtain A by inverting the model’s equilibrium conditions, conditional

on all other parameters.41

To recover Aij, I first assume that it is a product of a unilateral productivity term Ai

and symmetric bilateral frictions τij,

Aij = Ai/τij, (8)

such that τij > 1 for i ̸= j and τii = 1. The set of τij captures frictions for operating

branches away from the headquarters market. These frictions can be recovered in a similar

procedure to the method proposed by Head and Ries (2001) to recover trade costs in the

international trade literature. The main difference with respect to trade flows is that

the flows of value added within firms - between their headquarters and branches - are

typically unobserved. However, bilateral activity in the form of HQ-branch relationships

39https://www.bea.gov/data/special-topics/integrated-industry-level-production-account-klems.
40These are the values for 1980. In one of the counterfactuals, I consider a change in these parameters

and update them to their 2017 level, given by 0.8, 0.58, and 0.44.
41Therefore, I implement this inversion for every guess of the model’s parameters when estimating the

production block below.
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is observed, since many datasets report firm linkages and ownership structures. Let Mij

be the measure of firms with headquarters in location i and a branch in location j.

τij can be computed by double-differencing this expression and applying the symmetry

assumption:42

τij =

(
MijMji

MiiMjj

)− 1
2θ
ψ
σ−1
σ
. (9)

When mappingMij to the data, I compute the number of firms that have headquarters

in region i and any amount of branches in region j. In practice, I augment the raw data

by using a smoothed version of Mij, taken as the fitted values from a Poisson regression

of Mij on key geographical determinants between i and j, using the Poisson Pseudo-

Maximum Likelihood estimator from Silva and Tenreyro (2006). This procedure helps

me to deal with two problems when taking the model to the data: first, the prevalence of

zeros in the data on Mij; second, the improvement in the quality of the data over time,

which introduces varying degree of measurement error for different years. To this end, I

use the following specification:

Mij = exp (ϑi + ςj + βDist log Distij + βTravel log Travelij +AirLinkij + Stateij) + εij,

where ϑi is a fixed effect for the origin headquarters location; ςj is a fixed effect for

the destination branch location; Distij is the distance between regions i and j; Travelij

is potential travel time between i and j that incorporates both driving time for short-

distances and air-travel time for long-distances; AirLinkij is an indicator that captures

the existence of bilateral air-travel activity between i and j in 1980; Stateij is an indicator

that equals to one if the two regions belong to the same state (or share state borders, in

case of regions that belong to more than one state); and εij is a residual. This specification

accounts for most of the variation in the raw Mij, with a pseudo R-squared of 0.79 in

1980 and 0.82 in 2017. Note that the addition of Travelij and AirLinkij on top of distance

is aimed to capture the importance of air-travel for internal cross-region firm activity, as

documented for example in Giroud (2013).

I implement this procedure using the Dun & Bradstreet data, which has two main

advantages relative to the LBD in this context. First, in Dun & Bradstreet, every multi-

establishment firm has a clear headquarters location, while in the LBD the headquarters

42In the model, Mij can be shown to equal

Mij =
θ − 1

θ

ψ

P̄jf

A
θ
ψ
σ−1
σ

ij

(
Λi
Γi

)1−ι
ZiMi∑N

n=1A
θ
ψ
σ−1
σ

nj

(
Λn
Γn

)1−ι
ZnMn

Ej .

Multiplying by Mji and dividing by MiiMjj yields an expression that depends only on τij and model
parameters.
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location cannot be inferred for a large share of firms, especially in earlier periods.43 Sec-

ond, since the number of bilateral frictions increases exponentially with the number of

locations, using the LBD data would require to restrict the number of regions in the

model or the output from the model to avoid disclosure risk. The Dun & Bradstreet data

is well-suited for this purpose, since it puts great emphasis on documenting firm linkages,

and since the spatial distribution of firms and establishments is one of the dimensions in

which it compares well to administrative datasets.44

To get a sense of how these frictions evolved over time, Table 8 presents the results

from the above Poisson regression for the baseline estimation year of 1980, as well as for

selected future years - 1990, 2000, 2010, and 2017. Unsurprisingly, in all years, the amount

of bilateral linkages is decreasing in distance and potential travel time, and increasing if

the two regions are in the same state or if they share a direct air-travel connection. In

addition, the importance of these determinants has changed over time. Most strikingly,

the role of distance exhibits a gradual decline from 1980 to 2017. The role of travel time

that incorporates air travel, and of the availability of direct air link, exhibits a smaller

decline, concentrated in the 1980s. This might reflect the expansion of the existing air-

travel network in the early parts of the sample. In addition, the state border effect also

declines slightly in the 1980s, potentially reflecting the deregulation of cross-state activity

in multiple service sectors in the 1980s, such as banking and transportation.

Figure 4 provides a visual representation of the resulting frictions (τij), plotting them

against against the distance between i and j for 1980 and 2017. In line with results from

table 8, these frictions are increasing in distance, but declining over time - especially for

large distances. On average, the spatial frictions τij decline by 30%. I will later use this

average decline as a key shock to the baseline 1980 equilibrium.

I recover unilateral fundamentals Ai, Ag,i, Bi by solving for the model’s equilibrium

with inversion of specific equilibrium conditions. I briefly discuss here the moments in

the data that I match as part of this procedure, and leave additional details on the in-

version for Appendix G. I obtain the set of unilateral productivity shifters in services

Ai by targeting the specialization in services relative to the production of goods in each

region i. In the model, a sufficient statistic for that specialization is the ratio of payroll in

headquarters-tasks within the service sectors to the payroll in branch-level tasks within

the service sectors. To get this moment in the data for each region, I utilize my occupa-

tional headquarters-intensity measures from Section 2.4.3. To get regional productivity

in production of goods Ag,i, I match exactly the aggregate wage bill in each LMA from

the BLS Quarterly Census of Employment and Wages (QCEW). Finally, I recover the set

of amenities Bi by exactly matching the distribution of 1980 employment across regions.

43In 1980, inferring headquarters locations using the NAICS-55 establishments as described in Section
2.1 is possible for a smaller share of the overall sample relative to 2017. In addition, inferring it using
the firm-level mailing address of firms is impossible since this data doesn’t exist for the earlier decades.

44See Barnatchez et al. (2017) for additional details.
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Table 8: Determinants of cross-region firm activity

Outcome: HQ-branch linkages (1) (2) (3) (4) (5)

Year: 1980 1990 2000 2010 2017

Log distance -0.426*** -0.393*** -0.230*** -0.191*** -0.145***
(0.0575) (0.0384) (0.0303) (0.0274) (0.0290)

Log potential travel time -1.235*** -0.978*** -1.051*** -1.008*** -1.106***
(0.0827) (0.0634) (0.0546) (0.0529) (0.0539)

Direct air link in 1980 0.273*** 0.217*** 0.191*** 0.182*** 0.204***
(0.0502) (0.0411) (0.0343) (0.0329) (0.0348)

Same state 1.013*** 0.899*** 0.902*** 0.875*** 0.893***
(0.0406) (0.0347) (0.0299) (0.0285) (0.0288)

Origin and destination fixed effects Y Y Y Y Y
Number of observations 152490 152490 152490 152490 152490
Pseudo R-squared 0.788 0.802 0.826 0.812 0.820

Note: this table shows the results from a Poisson regression of the number of cross-region headquarters-
branch linkages on selected bilateral regional determinants for the years 1980, 1990, 2000, 2010, and 2017.
Regions are defined by 391 labor market areas (LMAs) of the contagious U.S. and the linkages of a region
with itself are excluded, such that the number of observations is N = 391 × (391 − 1). Cross-region
linkages are defined as the number of service firms that have headquarters in origin region i and a branch
in destination region j in a given year in the Dun & Bradstreet Data. See main text for further details
on the regressors. All regressions include origin and destination fixed effects. Robust standard errors in
parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Overall, this procedure makes sure that the model matches average employment, average

wages, and specialization in headquarters activity for each region.

5.4 Simulated method of moments for the production block

The vector of production parameters Θ ≡ (γ, θ, η, c, f, fe) includes the elasticity of

branch productivity to headquarters inputs, γ; dispersion of branch-level and firm-level

productivity shocks, θ and η; productivity loss from reallocation of headquarters, c; and

fixed production and entry costs, f and fe. I estimate these parameters by matching key

moments on firm organization and wage structure from Section 2. Below I provide brief

intuition for which empirical moment helps to identify each of these parameters, though

recall that in practice all moments are jointly determined in equilibrium by all of these

parameters.

To facilitate the identification of f and fe, I target the average number of markets

per multi-region firm and the average size of firms. To facilitate the identification of γ, θ

and η, I use the model-based decomposition of wages from Proposition 2. First, since η

governs the dispersion of zi, it relates directly to the role of firm-level wage effects, and
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Figure 4: The reduction in frictions to cross-region firm linkages (1980-2017)
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Note: This figure shows a binscatter plot of the frictions to operate headquarters-branch linkages between
regions i and j (τij) against the distance between regions i and j. Both variables are in logs. The black
line shows this relationship for 1980, and the red line for 2017. See Section 5.3 for additional details on
the computation of τij .

therefore to the importance of between-firm variance of log wages. Second, γ affects the

magnitude of market size effects: as γ → 0, the HQ-market effect from Proposition 2

disappears. I therefore target the part of between-firm variance that is due to variation

between headquarters markets (as opposed to variation across firms with headquarters in

the same market). Third, θ affects the dispersion of branch-level wages within the firm,

so I target the overall variance of log wages. Finally, the productivity loss from setting

the headquarters away from the entry market, c, affects the allocation of headquarters

across space and the responsiveness of the number of headquarters to the regional HQ-

attractiveness shifter Λi, so I inform this parameter by the covariance of the mass of

headquarters and average wages across space.

To estimate Θ, I minimize the loss function L (Θ) ≡ (m (Θ)− m̃1980)
′
W (m (Θ)− m̃1980)

where m (Θ) is the vector of simulated moments from the model; m̃1980 are the equivalent

moments for 1980 in the data; and W is a weighting-matrix, which I set to be diago-

nal and inversely proportional to the squared values of m̃1980, expressing the moments in

percentage-deviation terms.45

Results from this estimation procedure are provided in Table 9. I estimate a value

of 0.13 for the HQ-branch elasticity parameter γ. This value reflects a payroll-share of

approximately 12% for headquarters-level labor, and as such aligns with the expenditure

share implied by the distribution of firms payroll from Section 2.3. I also estimate a

45In practice, I employ the TikTak algorithm for global optimization from Arnoud et al. (2019) with
500 starting points, setting the Nelder–Mead method as the local minimizer.
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high value for the productivity loss from moving headquarters away from the initial entry

location (captured by a low value for c), reflecting limited HQ sorting and important role

for the initial firm entry location.

Table 9: Parameters for the production block of the model

Parameter Interpretation Estimate Main targeted moment Model Data (1980)

θ Shape parameter of branch-level shocks 1.3 Var. of log. wages, MR firms - overall 0.22 0.22

η Shape parameter of firm-level shocks 5.53 Var. of log. wages, MR firms - between firms 0.12 0.11

γ Elasticity of branch productivity to HQ inputs 0.13 Var. of log. wages, MR firms - between HQ markets 0.05 0.05

c Productivity loss from moving HQ 0.18 Regional covariance of headquarters and wages 0.16 0.2

f Fixed cost of operating a branch 8.31 Average number of markets per multi-region firm 5.04 5.02

fe Fixed entry cost 301 Average employment per multi-region firm 462 484

5.5 Characterization of the baseline equilibrium

In this section, I report features of the baseline 1980 equilibrium, and show how the

model compares to the U.S. economy in 1980 when addressing moments that were not

targeted in the estimation procedure. I begin with the spatial distribution of economic

activity. By construction, the model matches exactly the distribution of employment

and average wages across space. Figure 5 shows the variation across space of other vari-

ables predicted by the model. Each subplot shows a single moment across all LMAs, in

the model (x-axis) and in the data (y-axis). The size of each circle reflects total LMA

employment. Panel (a) focuses on the distribution of headquarters across locations and

reveals a tight fit between the model and the data. Panel (b) shows the regional share

of employment in services sectors (out of total regional workforce). The corresponding

measure in the data is computed from the Census Business Dynamics Statistics (BDS).

The model yields too little specialization in tradable-goods for the small LMAs, but still

the relationship is strong and positive. In particular, the model captures well the positive

association between local market size and specialization in services.

Panel (c) shows the share of employment in headquarters tasks as a share of the

total regional workforce. I choose as the corresponding measure in the data the employ-

ment share in the most HQ-intensive occupations, as computed in Section 2.4.3. In line

with panel (b), larger markets tend to specialize in providing headquarters services, with

greater employment share in the associated occupations. Finally, panel (d) shows the (log)

ratio of skilled to unskilled labor across markets. In the model, the only reason for differ-

ences in this measure across space is specialization in providing headquarters services, as

summarized in Proposition 4. All other reasons such as within-sector specialization, skill-

specific amenities, and regional differences in the factor-bias of technology are excluded.

Nevertheless, there is a strong and positive correlation for spatial skill-intensity between

the model and the data. Quantitatively, this single mechanism can account for slightly

over 20% of the differences in skill-intensity across space.
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Figure 5: Regional characteristics in the baseline equilibrium
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Note: Each subplot shows a single labor market characteristic across labor market areas (LMAs), in the
model (x-axis) and in the data (y-axis). Circle size captures total employment in each labor market. Panel
(a) shows the distribution of headquarters across locations. Panel (b) shows regional share of employment
in services sectors. Panel (c) shows the share of employment in headquarters tasks. The corresponding
measure in the data is the share of employment in the most headquarters-intensive occupations, as defined
in Section 2.4.3, with the threshold chosen such that the total share of employment in headquarters (across
all locations) is equal to its share in the model. Panel (d) shows the (log) ratio of skilled to unskilled
labor across markets.

Another key feature of the model is its predictions for the distribution of wages within

firms. Figure 6 shows how branch-level wages and headquarters-level wages are related

to a firm’s geographical scope. I cluster firms into 10 equal-sized bins that capture geo-

graphical scope (1 reflects the smallest number of markets; 10 reflects the largest number

of markets). The left panel plots separately wages in branches and wages in headquarters

of simulated firms from the model. The right panel plots an empirical equivalent using

posted wages of multi-region service firms from Lightcast. In both cases, wages rise with

firm size, but this increase is much steeper for headquarters jobs, and the HQ-branch

wage gap is higher for large firms - in line with Proposition 3. Quantitatively, this gap is

somewhat larger in the model for the highest bin (around 70% difference in the model,

relative to around 40% in the data), but this might also reflect the fact that job postings

in the data capture only part of expected worker compensation, especially in HQ jobs of

very large firms. Overall, the model captures well the structure of wages in multi-region

firms and the relation of HQ-branch wage dispersion to firm size.

6 Counterfactual analysis of firm spatial expansion

I now turn to evaluate how different shocks to the baseline 1980 equilibrium affect

the evolution of firm structure and inequality. I focus on three main shocks that capture

key changes in the economic environment between 1980-2017. As described below, these

shocks can be measured directly from the data, without a full re-estimation of the model

for 2017. In particular, I measure them without using data on the evolution of the wage

distribution.
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Figure 6: Within-firm inequality in the model and in the data
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(b) Within firm inequality - data
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Note: Panel (a) plots average simulated log. wages from the model against 10 equally-sized bins that
capture the geographical scope of firms, with bin number 1 representing firms that operate in the smallest
number of markets and bin number 10 representing firms that operate in the largest number of markets.
The red line captures average headquarters wages and the black line captures average branch wages. Panel
(b) repeats this exercise with posted wages of multi-region service firms from Burning Glass, where a job
posting is classified under “headquarters” if: (a) it is hired in the headquarters market of a multi-region
firm; and (b) its occupational headquarters intensity as defined in Section 2.4.3 is above a threshold that
guarantees the same overall share of HQ jobs in the data and in the model.

The first shock that I consider is a change in the ability of firms to expand in space, as

captured by the bilateral frictions τij which were recovered in Section 5.3.46 Recall that a

reduction in these frictions captures improvements in transportation and telecommunica-

tion infrastructure, as well as the removal of regulations that impede firms from operating

branches across multiple markets. Rather than feeding in the full matrix of changes in

τij that reflects both a common trend and idiosyncratic changes, I lower every τij by the

average recovered change across all location pairs.47

Next, I consider a change in households preferences in the form of higher expendi-

ture share on services (β), motivated by the large reallocation of economic activity from

goods-producing to services-producing sectors over this time period (“structural trans-

formation”). I measure an increase in β from 64% to 79% in national accounts.48 On

top of the realistic nature of this change, it has direct implications for the expansion of

46Note that while I used the market-clearing block of the model to recover these shocks, it did not
require estimation of the full model or its parameters. I used no data on wage inequality in this procedure,
and these shocks reflect only changes in the geographical structure of firms over time, as measured by
changes in the number of branches per firm across markets in Equation 9.

47Note that since τii equals to unity for all i, this shock captures a common reduction in the cost of
operating branches away from the headquarters location, and it does not constitute a positive productivity
shock across all firm’s markets.

48In the growth and development literature on structural transformation, the change in β is endoge-
nized, e.g. using non-homothetic preferences or non-unitary elasticity of substitution between consump-
tion of goods and services. Since this is not the main subject of the paper, I retain the Cobb-Douglas
preferences structure and consider a simple exogenous change in β. An interesting extension of the current
study would be to study the interaction between richer preference structure and spatial firm expansion.
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firms, since the payoff of opening an additional branch is higher relative to the cost of

doing so in an environment with more demand for services.49 Intuitively, when demand

for services is particularly low (β close to 0), firms have no incentive to pay the fixed cost

f to operate branches.

Finally, I consider a shock that reflects homogenous skill-biased technical change

(henceforth SBTC). Recall that the skill-intensities α ≡ {αs, ρs, αs,g}Ss=1 are constant

by construction in the model. However, in the data, they rise over time for the group of

college graduates. This change has been studied extensively as a driver of wage inequality

in the SBTC literature, and therefore is a natural shock to investigate.50

The effects of lower frictions to expansion (τ). I begin with the effect of a

decline in τij and summarize the results of this shock to the baseline equilibrium in Table

10. Column (1) in this table shows changes in selected moments in the data between

1980-2017. Column (2) shows changes in these moments in the model, following the

reduction in τij. Column (3) repeats these changes in the model as percentages of the

1980-2017 empirical changes. First, as a result of this shock, firms expand in space: the

number of markets served by the average firm rises by 0.3 log points (equivalent to over

100% of the empirical change). Inequality also rises: simulating individual earnings in

the model before and after the shock, we obtain a 0.016 points increase in the variance

of log wages, rationalizing approximately 20% of the rise in the equivalent moment in the

data.51 The variance of log wages across establishments52 rises by 0.025 points (18% of

the change in the data). Roughly half of this change is within firms, in line with results

from Proposition 3. Inequality also rises between regions, capturing 21% of the increase in

variance of log wages across local labor markets in the data. These spatial disparities take

a particular form in the data and in the model: wage growth is larger in more populated

labor markets, especially skilled labor, captured by the regression slopes of (log) average

wages and college premium on (log) regional employment.

To gain more intuition into the effects of lower τ , I investigate how the spatial equilib-

rium responds to small changes that reveal the first order effects of such a shock. Figure

7 plots the resulting changes in key regional aggregates against ex-ante specialization in

supplying headquarters services (log of Ri/Ei in the model). This measure is an important

sufficient statistic for the regional impact of changes in τ . Locations with high specializa-

tion in services gain the most from this change: firms in these regions experience a market

49Recall that the fixed cost of opening a branch is denominated in terms of the local final good, both
of which do not scale proportionally with β as the demand for services does.

50In this exercise, I study how firm spatial expansion interacts with SBTC using the structure of the
model: first by evaluating the effect of higher α in the current setting, and secondly by comparing it to the
effects of lower τ . In Section 7 below, I provide additional reduced-form analysis of how the mechanism
in this paper differs from SBTC.

51Recall that the model does not include narrowly-defined industries, so I compare these changes to
the rise in within-industry inequality in the data.

52Recall that an establishment in the model is either the combined headquarters of the firm or the
representative branch in a single labor market area.
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Table 10: The effect of a reduction in communication frictions τ

(1) (2) (3)

Moment Data: ∆1980-2017 ∆τ - levels ∆τ - % of ∆Data

Firm expansion

Log number of markets per firm 0.246 0.300 122%

Economy-wide wage inequality

Variance of log wages: across individuals (within-industry component) 0.085 0.016 19%
Variance of log wages: multi-region service firms - between and within firms 0.140 0.025 18%
Variance of log wages: multi-region service firms - within firms 0.070 0.015 21%

Spatial inequality and segregation

Variance of log regional wages 0.034 0.007 21%
Regression slope: log wage on log size 0.060 0.005 8%
Regression slope: log skill-premium on log size 0.052 0.011 22%
Regression slope: log skill-ratio on log size 0.051 0.014 28%

Note: this table shows changes in key moments from the model following a shock to the baseline 1980
equilibrium. Column (1) shows changes in the data. Column (2) considers changes in the model following
a homogenous decline in the HQ-branch frictions τ according to the average decline recovered in Section
5.3. Column (3) repeats Column (2) as percentage changes relative to the 1980-2017 empirical trends.

size effect and expand into new markets, yielding greater demand for headquarters ser-

vices in their home location. Each circle represents a labor market area (weighted by 1980

employment), with the rightmost circle capturing the New-York City LMA (henceforth

NYC), which is revealed to be particularly specialized in services. The left panel of the

figure shows the impact on local wages and prices. Locations like NYC experience higher

wage growth, greater decline in the price index of services (due to increased variety), and

an increase in housing prices. The middle panel decomposes average wage growth into

its different components in the model. In line with the model’s logic, headquarters wages

rise the most in locations like NYC, following the elevated demand from firm expansion;

and wages in the tradable-goods sector experience a relative decline. Finally, the ratio of

skilled to unskilled wages rises in these locations since headquarters activity is relatively

skill-intensive, as can be seen in the right panel of that figure. Overall, these changes

are consistent with key patterns in the rise of spatial disparities in recent decades, and

provide intuition for the spatial effects of lower τ in Table 10.

I now turn to compare the decline in the spatial frictions to expansion (τ) to other

shocks to the baseline equilibrium, and study also the combined effects of these shocks.

I summarize the results in Table 11. The upper panel of the table displays changes in

levels following each shock – or combination of shocks – relative to the 1980 equilibrium,

and the lower panel displays changes in terms of percentages of the respective empirical

trends over 1980-2017. I start by analyzing each of the other shocks separately, as well as

the effect of interactions between pairs of shocks (Columns 2-6 in Table 11). This allows

me to provide intuition for the sign and magnitude of the effects of each shock and asses

their relative importance, and to connect to the analytical results from Section 4. I then

conclude with the joint effect of all three shocks combined (Column 7).

The effects of higher expenditure on services (β). Higher β yields quite

similar effects to a reduction in the spatial frictions τ (Column 3 in Table 11). To see
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Figure 7: The spatial impact of a small reduction in τ
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Note: This figure shows regional changes in the model following a small reduction in communication
frictions τ . The x-axis in all three subplots is regional specialization in services in the 1980 equilibrium,
given by the log of Ei/Ri in the model. Each circle represents a labor market area and the size of the
circles capture total LMA employment in the baseline equilibrium. The left panel shows log changes in
the regional average wage index (solid red circles), regional price of housing (empty blue circles), and
regional price index of services (shaded gray circles). The center figure shows log changes in the three
components of the regional wage index: headquarters wage index (solid red circles), branches wage index
(shaded gray circles), and tradable-goods wage index (empty blue circles). The right panel shows changes
in the log ratio of skilled to unskilled wages.

this, recall from Proposition 4 that it raises the aggregate skill-premium.53 Therefore, the

price of headquarters labor rises relative to branch-level labor, leading to higher inequality

within firms. In addition, inequality rises across space, with wages again going up the

most in locations like NYC that specialize in services.54 One key difference relative to the

reduction in τ is that the urban wage premium (the regression slope of log regional wage

on log size) goes down. This difference comes from the fact that higher β makes locations

with greater variety of services – typically large markets – relatively more attractive,55

resulting in greater supply of labor following an influx of workers from other markets.

Higher expenditure on services also amplifies the impact of lower spatial frictions τ

when both shocks are considered together (Column 4 in Table 11). There are two reasons

for this amplification. First, in this scenario, HQ wages rise both due to the market-size

effect of firm expansion (since HQ labor is non-rival across branches) and due to the

higher price of skill (since HQ labor is skill-intensive). Second, the market size effect of

firm expansion is greater when there is more demand for services; at the extreme case of

β → 0, a decline in τ has no effect. Jointly, these shocks generate a greater increase in

wage inequality than their individual effects – across firms and space.

The effects of a homogeneous SBTC shock (α). The main effect of the SBTC

53This follows from the fact that services as a whole are more skill-intensive than tradable-goods in
the data.

54See Appendix Figure 19 for a replication of Figure 7 with a small change in β.
55Recall that without housing, the regional price index is given by P βi . Therefore, the cost of living

changes across space even before general equilibrium effects take place. This change can be thought of
as an increase in amenities in locations with ex-ante lower Pi.
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Table 11: Model counterfactuals - shocks to the 1980 equilibrium

(1) (2) (3) (4) (5) (6) (7)

Changes in levels

Data: ∆1980-2017 ∆τ ∆β ∆(τ, β) ∆α ∆(τ, α) ∆(τ, β, α)

Cross-section of firms

Log number of markets per firm 0.246 0.300 0.038 0.182 0.029 0.298 0.181

Variance of log wages: multi-region service firms 0.140 0.025 0.008 0.055 0.023 0.046 0.074

Variance of log wages: within-firms 0.070 0.015 0.021 0.045 0.031 0.035 0.055

Cross-section of labor market areas

Variance of log regional wages 0.034 0.007 0.003 0.022 0.002 0.012 0.038

Regression slope: log wage on log size 0.060 0.005 -0.016 0.011 0.005 0.017 0.025

Regression slope: log skill-premium on log size 0.052 0.011 0.009 0.012 0.003 0.023 0.025

Regression slope: log skill-ratio on log size 0.051 0.014 0.010 0.013 0.005 0.028 0.029

% of changes in data (1980-2017)

Cross-section of firms

Log number of markets per firm 100% 122% 16% 74% 12% 121% 74%

Variance of log wages: multi-region service firms 100% 18% 6% 39% 17% 33% 53%

Variance of log wages: within-firms 100% 21% 30% 64% 44% 50% 79%

Cross-section of labor market areas

Variance of log regional wages 100% 21% 10% 65% 7% 35% 112%

Regression slope: log wage on log size 100% 8% -26% 19% 8% 29% 41%

Regression slope: log skill-premium on log size 100% 22% 17% 23% 7% 44% 48%

Regression slope: log skill-ratio on log size 100% 28% 20% 26% 10% 56% 57%

Note: this table shows changes in key moments from the model following a shock to the baseline 1980
equilibrium. The upper panel includes changes in levels, and the lower panel includes percentage changes
relative to the 1980-2017 empirical trends. Column (1) shows changes in the data. Column (2) considers
changes in the model following a homogenous decline in the HQ-branch frictions τ according to the
average decline recovered in Section 5.3. Column (3) considers an increase in the aggregate household
spending on services β. Column (4) considers the joint effect of a change in τ and a change in β. Column
(5) considers the effect of changes in the skill-intensities in production α, and Column (6) considers the
joint effect of changes in τ and α. Finally, Column (7) considers the joint effect of all three shocks.

shock (Column 5 in Table 11) is to increase inequality within firms, since it boosts the

price of the skill-intensive HQ labor. However, the effects on other measures of inequality

are milder relative to the previous two shocks. In addition, similar to higher β, it also

amplifies the effect of declining τ (Column 6 in Table 11). The same logic applies in

this case: the price of HQ labor rises due to high skill-intensity and due to the market

size effect from greater expansion. As before, this effect is stronger in markets with ex-

ante specialization in services like NYC. Overall, the joint effect of higher α and lower τ

accounts for much of the rise in inequality across firms and across space. Combining all

three shocks generates even larger effects (Column 7 in Table 11), accounting for most

(74%) of the spatial expansion of firms; over half of the rise in inequality across and within

firms; all of the rise in spatial inequality; and around half of the increase in the association

between skill-intensity and market size.
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To recap, through these counterfactuals, the model is able to jointly account for multi-

ple trends in U.S. labor markets since the 1980s. It highlights a quantitatively significant

role for the reduction in spatial frictions that impede firm expansion (τ). The role of these

frictions is amplified when combined with greater demand for services or homogenous skill

biased technical change.

6.1 Policy application: deregulating cross-state firm activity

As a final counterfactual, I demonstrate how the framework developed in this paper

can be used to analyze the aggregate and distributional implications of policies that affect

firms’ ability to expand in space. Specifically, I focus on the deregulation of cross-state

firm activity, mimicking the wave of deregulation in the 1980s which expanded firms’

ability to conduct interstate operations in sectors such as banking and transportation.

To this end, I evaluate the implications of a reduction in the state-borders component

of the spatial frictions τij. Recall from Section 5 that these state border effects have

declined by 10% between 1980-2017. Then, starting from the baseline 1980 equilibrium, I

compute a counterfactual economy in which I allow these state border effects to decline,

holding everything else constant.

As a result of the decline in these state border effects, the number of markets for

the average firm in the economy increases by 0.4%, and household expenditure share on

services from non-local firms increases from 23.9% to 28.2%. Consequentially, average

welfare rises by approximately 0.4%, reflecting both increased variety of services and pro-

ductivity gains from greater investments at firms’ headquarters. However, these welfare

gains mask vast heterogeneity, with regional welfare gains56 ranging from -1.5% to +6%.

The positive gains are concentrated in local markets with ex-ante specialization in supply-

ing headquarters services to other markets. For example, gains at New York City stand

at close to 6%. Negative gains occur in regions that lose significant market share to the

non-local expanding firms, thus losing regional income to locations such as NYC.

7 Connection to existing theories of rising inequality

In this section, I briefly discuss how the above model relates to other selected mecha-

nisms discussed in the literature on wage inequality.

Skill-Biased Technical Change (SBTC). Tracing back to Katz and Murphy (1992),

SBTC has been seen as a key driver of wage inequality. My model complements this lit-

erature in two senses. First, it provides a particular form of SBTC that aligns with recent

56Since workers are mobile, regional welfare gains should be interpreted as the average change in
welfare to workers that continue to reside in the same region across equilibria due to strong idiosyncratic
preference shocks.
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Figure 8: Residual wages in headquarters-intensive tasks
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Note: This figure shows a binscatter plot of individual wages against the headquarters-intensity of their
occupation, after controlling for individual location and educational attainment.

changes in the spatial organization of firms. Therefore, it can speak to changes in the dis-

tribution of income across skill groups as summarized in Proposition 4. Second, the model

provides a set of predictions that go beyond changes in skill-premium, and are quantita-

tively important for the overall rise in inequality. Inter alia, the model predicts that (a)

conditional on worker skill and location, workers at headquarters-level jobs earn higher

wages (due to the non-rival nature of their output); (b) this relationship has a systematic

connection to firm size, with greater HQ-branch gaps in larger firms; (c) this conditional

headquarters wage premium has risen over time, given the increase in the geographical

scope of firms. Evidence for these patterns can be found in the discussion in Section 2

and Appendix D. As an additional visual representation of these patterns, Figure 8 shows

a binscatter plot of the relationship between individual wages in the Census-ACS data

and my headquarters-intensity measures from Section 2.4.3, conditioning on individual

educational attainment, location, and their interaction. The slope from a pooled regres-

sion of this residual wage on the HQ-intensity measure in 1980 is 1.26 (standard error of

0.027), and the slope has increased between 1980 and 2017 by a magnitude of 0.75 (stan-

dard error of 0.037). Therefore, in line with the model’s predictions, we find that there

is a clear positive relationship between wages and the likelihood that a job is performed

in firm headquarters, even after controlling for location and educational attainment. In

addition, this relationship has strengthened over the past decades, as would be expected

in response to firms’ spatial expansion. Finally, recall from the wage decompositions in

Section 2.4.3 that this relationship is quantitatively important for the overall increase in

wage inequality.

Outsourcing. The literature on outsourcing has documented a decline in wages for

outsourced workers relative to peers with similar characteristics who remain within the

boundary of the firm – see e.g. Goldschmidt and Schmieder (2017). Therefore, the growth

of outsourcing has been proposed as a potential explanation for the rise in inequality.
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While outsourcing can raise wage dispersion across firms, it does not account for rising

dispersion within firms. If anything, simple models of outsourcing would imply reduced

within-firm inequality, following outsourcing of workers that do not take part in the firm’s

core activity. However, as discussed in Section 2.3, inequality has risen within firms in

parallel to its increase between firms. A mechanism that relies on the spatial expansion

of firms can speak to these patterns jointly.

Firm hierarchies. Another related literature on firm hierarchies links within-firm

wage inequality to firms’ hierarchical organization, e.g. Garicano and Rossi-Hansberg

(2004) and Garicano and Rossi-Hansberg (2006). Theoretically, my mechanism differs

from this literature by highlighting the distinction between two types of tasks within firms:

tasks with non-rival and tradable output, mapped into the notion of firm headquarters;

and tasks with rival and non-tradable output, mapped into the notion of firm branches.

In contrast, the key theoretical building block in the hierarchies literature is the limited

span of control of managers. While similar in some contexts, this theoretical distinction

is empirically important. It allows me to explain wider patterns of rising wage inequality

that go beyond management occupations, and rationalize significant wage gains across

multiple layers of organization, e.g. in occupations such as programers, designers, and

financial analysts. In addition, adding the spatial aspect to firm organization allows me

to naturally link these trends to the literature on rising spatial disparities.

Functional specialization. A closely related literature on functional specialization

studies the separation of production into headquarters and plants across space,57 providing

a rationale for the observed increase in spatial segregation by skill. I emphasize the

increase in the geographical scope of firms – conditional on the ability to separate branches

from headquarters – which arises naturally in the context of non-tradable sectors. Such

expansion can also generate a rise in segregation, along with other dimensions of inequality

that are important in the data.

8 Conclusion

This paper argues that the spatial expansion of service firms is important to un-

derstand observed changes in U.S. labor markets in recent decades. I document that

multi-region service firms account for most of the increase in U.S. wage inequality, and

highlight a key role for the expansion of their headquarters-branch networks. I integrate

this structure into a spatial general equilibrium with firm wage setting, in which firms hire

branch-level workers across multiple local markets, and the output of headquarters work-

ers is skill-intensive and non-rival across branches. The model generates distinctive labor

market implications, including rising within-firm inequality as firms expand in space, and

a link between firm expansion and the rise of spatial inequality and segregation. The es-

57See e.g. Duranton and Puga (2005).
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timated model can account for a substantial share of the observed rise in inequality along

these dimensions. It also highlights an important role for the interaction between declin-

ing within-firm communication frictions and rising demand for services in generating the

rise in inequality.

I highlight four main benefits of the focus on firm expansion in explaining the rise

in inequality. First, my model generates distinctive predictions that are quantitatively

important in the data and are not covered by existing theories in the literature on wage

inequality, such as the growth of wage dispersion across establishments within firms. Sec-

ond, it is able to simultaneously account for multiple trends in the U.S. labor market.

Third, it aligns with the observed trends in the organization of production and the ex-

pansion of multi-establishment firms. Finally, it provides a natural explanation for the

concentration of these trends in services, due to the non-tradable nature of output in

these sectors.

More broadly, the model demonstrates the importance of multi-region firms and the

network of HQ-branch linkages for many economic questions, including inequality, the

propagation of shocks across space, and the effects of structural transformation. Another

relevant topic is the interaction of this firm structure with globalization, since many of

the major U.S.-based service firms have parallel operations overseas. Finally, the model

offers a framework to investigate policies that shape the location decisions of these firms,

including regional business and tax incentives to attract firm headquarters (e.g. as in

the case of Amazon’s second headquarters), and policies to mitigate the social costs of

inter-region competition for these companies.
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Appendices

A Case studies for firm spatial expansion

In this section, I provide two case studies that demonstrate the heterogenous labor

market implications of the spatial expansion of firms. Note that in both examples, I use

only publicly available data and make no use of the confidential Census Bureau data.

A.1 The expansion of Shake-Shack

The first case study is the expansion of Shake Shack, an American fast casual restau-

rant chain based in New York City, which opened its first restaurant outside of New York

in 2010. I explore its demand for labor through the lens of its online job postings, as col-

lected by Lightcast. Panel (a) in Figure 9 below shows the number of cities with postings

by Shake Shack in the Lightcast data over time, which has risen in parallel to its expansion

into more cities across the U.S.. Panel (b) shows that most of these postings were in Shake

Shack’s new locations, with a significant share of them still posted in the original market

of New York City. Panel (c) shows the skill intensity of these jobs, as measured by the

share of total postings that explicitly require a college degree. While most of the posted

jobs are low-skilled according to this measure, the jobs that Shake Shack opens in New

York City are increasingly high-skilled, in line with the expansion of its headquarters in

that location. By 2019, 60% of the New York City job postings required a college degree.

A closer look reveals that these jobs include traditional headquarters-level occupations,

such as management, design, marketing and information-technology specialists.

Figure 9: Example: the expansion of Shake Shack (online job-postings data)
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This example demonstrates the heterogenous effects of firm expansion across the two

main dimensions that are considered in the model: first, in the cross-section of estab-

lishments, between firm headquarters and its branches; secondly, across space, between

New York City and other locations in the U.S.. This example suggests potentially mean-

53



ingful distributional implications at the economy as a whole, given that the average firm

in the economy has exhibited this kind of spatial expansion in recent decades, as was

demonstrated in Figure 12 of the paper.

A.2 The expansion of Walmart

The second example is the expansion of the retail corporation Walmart, headquartered

in Benton county (Bentonville City), Arkansas. Walmart is an outlier in the sense that

it is a particularly large firm with headquarters in (what used to be) a relatively remote

location. However, precisely because of this property, it provides a good example for the

regional effects of firm spatial expansion at its headquarters market. Panel (a) of Figure

10 below shows the spatial expansion of Walmart as measured by its total number of

stores (data from Walmart Inc.). The chain’s expansion outside of Arkansas started in

the late 1960s and has been growing exponentially since then. Panel (b) and (c) show

regional outcomes for Benton county, Arkansas, relative to the Arkansas average. In the

early 1970s, Benton county used to be an average Arkansas county, with a similar wage to

the rest of the state and with similar skill-intensity, as measured by the ratio of workers

with a college degree to workers with only high-school diploma. Since then, in parallel to

the expansion of Walmart’s headquarters in that county, the average wage has diverged

from the rest of the state, such that by now it is more than double the average Arkansas

wage. At the same time, it has experienced an influx of college graduates, leading to

stronger skill-deepening than the rest of the state. These predictions are all in line with

the central mechanism of the model, in which the aggregate spatial expansion of firms

leads to greater growth of income and demand for skilled labor in locations that specialize

in providing headquarters services.

Figure 10: Example: the expansion of Walmart (Walmart inc. data)
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This example demonstrates the heterogenous effects of firm spatial expansion once

aggregated to the regional level, with divergence in income and demand for skill across

different areas within a single state. As in the case of the previous example of Shake
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Shack’s expansion, it is suggestive of potentially important heterogenous effects for the

economy as a whole given the observed spatial expansion of the average firm in the data.
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B Additional details on the data

B.1 LBD

Sample selection. I follow a similar sample selection procedure to Barth et al. (2016).

I drop observations with non-positive employment or payroll, as well as establishments

with over 100,000 employees which are likely to capture miscoded records. I compute

average wages as the ratio of total annual payroll to total establishment employment. I

convert wages to 1982 dollars using the Consumer Price Index and exclude establishments

that have an average wage less than half the yearly equivalent of the 1982 minimum wage

of $3.35 an hour for a 40-hour week. I also omit firms in the utilities sector.

Firm-level industry code. In the LBD, establishments are classified into industries,

but multi-establishment firms do not have a unique industry identifier. I define the firm’s

industry according to the 4-digit NAICS code that accounts for the largest share of the

firm’s payroll.58 For example, a firm’s industry is classified as “Restaurants and Other

Eating Places” if establishments with a NAICS code of 7225 constitute most of the firm’s

total wage bill.59 Similarly, I define firm-level sector as the 2-digit NAICS sector that

accounts for the largest part of its payroll. In the example above, the firm’s sector would

be “Accommodation and Food Services” (NAICS 72). To classify firms into goods and

services, I follow the standard Bureau of Economic Analysis (BEA) definitions for “goods-

producing industries” and “services-producing industries”.60 I define a firm as a “service

firm” if establishments in services-producing sectors account for at least half of its total

payroll.

B.2 Dun & Bradstreet

I use the Dun & Bradstreet Historical Records which provide data on U.S. private

and public companies going back to 1969, with the exception of 1981 and 1984. Each

establishment in a multi-establishment firm is linked to its headquarters establishment,

and therefore it is possible to infer the headquarters location for all establishments in the

data. I combine establishments from different headquarters into the same firm identifier

if they share a common parent company and company name. I omit observations with

missing firm linkages. I omit establishments in Public Administration and other selected

industries that are beyond the scope of the LBD dataset such as Membership Organiza-

58Throughout the paper, I employ the longitudinally consistent industry codes from Fort and Klimek
(2018) that address changes in U.S. industry classification schemes over time.

59I construct a separate category for firms without a clear industry classification when no single
industry covers at least 40% of the firm’s payroll. This group of firms accounts for only a small share of
total employment and wage bill, so most firms in the data have a clear firm-level industry identifier.

60“Goods-producing industries” include agriculture, mining, construction and manufacturing.
“Services-producing industries” include all other sectors with the exception of utilities which are ex-
cluded from the analysis.
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tions. I employ similar geographic definitions as described for the LBD data in Section

2.1.

B.3 Lightcast

Data on online job postings is obtained from Lightcast, a business analytics company,

which extracts information from the near-universe of online job postings from a variety of

online sources such as job boards and company websites. Lightcast employs a designated

algorithm to avoid double counting of postings across multiple sources. The data covers

2010-2019, and includes extracted information on employer, job location, occupation,

education-requirement, and for a small subset (approximately a fifth of total observations)

also posted wages. See Azar et al. (2020) for additional information on this data.

To analyze the spatial structure of firms with this data, I merge information on firm

organization from the above Dun & Bradstreet dataset. I do so using name and location

matching for firms that operate in at least two commuting zones in both datasets. I

can then deduce for each job posting where is the headquarters of its firm located, and

whether the job is located at the firm’s headquarters market or not.
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C Additional figures and tables

Figure 11: Firm expansion through the extensive margin
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Note: This figure shows that changes in the average number of establishments per firm account for all the
increase in average firm size (defined as employment per firm) since 1980, while average establishment
size (employment per establishment) remained constant. Data from the U.S. Census Business Dynamics
Dataset for firms with at least five employees.

Figure 12: Firm expansion by sector
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Note: This figure shows the log change in the average number of establishments per firm relative to 1980
by economic sector, for firms with at least 5 employees. Data from the Business Dynamics Statistics
dataset.
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Figure 13: The role of multi-establishment firms in the rise of inequality - raw wages
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Note: This figure shows changes in the employment-weighted variance of log average payroll across es-
tablishments in the Longitudinal Business Dataset (LBD) in selected years relative to 1978: for all estab-
lishments (solid-black line), for multi-establishment firms (dashed-red line) and for single-establishment
firms (dotted-gray line). Relative to Figure 2 in the paper, this figure shows this decomposition without
first demeaning industry fixed effects.
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(a) HQ-branch linkages against distance
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Figure 14: HQ-branch linkages: Panel (a) shows the log of bilateral number of headquarters-
branch linkages across 1990 labor market areas against the log of distance after controlling for
headquarters-location and branch-location fixed effects. Panel (b) shows these bilateral linkages
on the x-axis against the predicted part from a Poisson regression of the bilateral linkages on
headquarters-location fixed effect, branch-location fixed effect and a polynomial of distance on
the y-axis. The data comes from the 1980 venue of the Dun & Bradstreet establishments dataset.
Additional details are provided in Section 5.3.
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Figure 15: The spatial distribution of headquarters in the data
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(b) HQs serving at least 5 states
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Figure 16: Note: This figure shows the log number of headquarters and main offices from the Dun and
Bradstreet data against the log number of total establishments from the Business Dynamics Statistics
dataset across commuting zones. Both measures are relative to the national average. Panel (a) shows
this relationship for all headquarters in the D&B dataset, and panel (b) shows this relationship only for
“large” firms that serve at least five states.
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Figure 17: HQ-branch gravity for firm job-postings across services sectors
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Figure 18: Note: This figure reports binscatter plots for the volume of online job postings against
the distance between the posting’s location and its firm headquarters location. A location is defined as
a 1990 commuting zone, and the figures control for headquarters-location and job-location fixed effects.
The job postings data is from Lightcast, after merging it with firm headquarters locations from the D&B
dataset. Each subplot represents a different NAICS sector (2-digits code).
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Figure 19: The spatial impact of a small increase in β
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Note: This figure shows regional changes in the model following a small increase in the expenditure share
on services β. The x-axis in all three subplots is regional specialization in services in the 1980 equilibrium,
given by the log of Ei/Ri in the model. Each circle represents a labor market area and the size of the
circles capture total LMA employment in the baseline equilibrium. The left panel shows log changes in
the regional average wage index (solid red circles), regional price of housing (empty blue circles), and
regional price index of services (shaded gray circles). The center figure shows log changes in the three
components of the regional wage index: headquarters wage index (solid red circles), branches wage index
(shaded gray circles), and tradable-goods wage index (empty blue circles). The right panel shows changes
in the log ratio of skilled to unskilled wages.

Figure 20: The spatial impact of a small increase in ρs
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Note: This figure shows regional changes in the model following a small increase in the intensity of college
graduates in headquarters production ρs. The x-axis in all three subplots is regional specialization in
services in the 1980 equilibrium, given by the log of Ei/Ri in the model. Each circle represents a labor
market area and the size of the circles capture total LMA employment in the baseline equilibrium. The
left panel shows log changes in the regional average wage index (solid red circles), regional price of housing
(empty blue circles), and regional price index of services (shaded gray circles). The center figure shows
log changes in the three components of the regional wage index: headquarters wage index (solid red
circles), branches wage index (shaded gray circles), and tradable-goods wage index (empty blue circles).
The right panel shows changes in the log ratio of skilled to unskilled wages.
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Figure 21: The composition of firm revenues in the model

Note: This figure shows how the expected sales of a i-headquartered firm in some market j are distributed
across locations and different types of costs. “Outward income flow” stands for the residual of local
revenues after paying local variable and fixed costs. The figure considers two types of worker skills, such
that S = {1, 2}. The composite parameters ψ and ι are given by ψ ≡ 1− σ−1

σ
ϵ

1+ϵ and ι ≡ 1−γ ϵ
ϵ+1

σ−1
σ

θ
ψ .

Table 12: Additional statistics on firm structure in goods-producing sectors

Type of firm Year Firms % of workforce Emp. per firm Estabs. per firm CZs per firm

Goods, single estab. 1980 623000 11% 49 1.00 1.00

Goods, single estab. 2017 762000 7% 38 1.00 1.00

Goods, multi-estab. and single-CZ 1980 6900 1% 210 1.78 1.00

Goods, multi-estab. and single-CZ 2017 5400 1% 230 1.03 1.00

Goods, multi-estab. and multi-CZ 1980 9900 19% 8942 69.66 18.73

Goods, multi-estab. and multi-CZ 2017 11000 6% 3535 48.22 11.50

Note: Data from the Census Bureau Longitudinal Business Database. The table includes statistics for
firms with at least half of their wage bill in establishments in goods-producing sectors. Multi-estab.
stands for a firm with at least two establishments, and multi-CZ stands for a firm with establishments
in at least two 1990 commuting zone. See Section 2.1 for additional details on sample selection and
definitions.
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Table 15: The distribution of demand for skill within firms

NAICS code Sector % Postings in HQ-CZ
% College

∆
HQ CZ Other CZs

42 Wholesale Trade 15% 54% 16% 38%

44-45 Retail Trade 9% 42% 7% 35%

48-49 Transportation and Warehousing 10% 36% 7% 30%

51 Information 30% 63% 43% 20%

52 Finance and Insurance 22% 52% 39% 12%

53 Real Estate and Rental and Leasing 12% 30% 11% 19%

54 Professional, Scientific, and Technical Services 25% 65% 53% 11%

56 Administrative and Support, Waste Management 15% 33% 13% 20%

62 Health Care and Social Assistance 37% 32% 25% 8%

71 Arts, Entertainment, and Recreation 26% 26% 14% 13%

72 Accommodation and Food Services 12% 15% 5% 10%

81 Other Services 24% 38% 19% 19%

Note: Data from Lightcast online job-postings. The table is based on online job postings by firms in
service sectors that are active in at least two commuting zones and have a matched headquarters location
from Dun & Bradstreet data, according to the procedure described in Section 2.1. The sector of a
firm is determined by the main 2-digit NAICS code in its job postings, and the table shows sectoral
aggregates across all firms in a given sector. The third column shows the percent of job postings in the
headquarters commuting zones of firms out of their total postings. The fourth column shows the percent
of postings in the headquarters location of firms that require a college degree. The fourth column shows
the corresponding figure in all other non-headquarters commuting zones in which firms are active.
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Table 14: The industry composition of multi-region service firms

(1) (2) (3)

Firm activity % of firm payroll % of HQ-CZ payroll % of non-HQ-CZ payroll

Core industry (main 4-digit NAICS) 34.8% 25.4% 39.2%

Core sector (main 2-digit NAICS) 49.6% 42.4% 52.9%

Explicit headquarters activity (NAICS-55) 9.0% 26.8% 0.9%

Non-core business services (NAICS-5*) 2.2% 2.4% 2.1%

Other non-core activity 4.4% 3.1% 4.9%

Total 100% 100% 100%

Note: This table extends Table 4 from Section 2.4.2 with more granular categories of firm activity. Data
from the Census Bureau Longitudinal Business Database. The table shows how the total payroll of multi-
region service firms is distributed across different activities, in firms with clearly identifiable headquarters
location, as discussed in Section 2.1. The categories of activities are: Core industry - establishments
in the same 4-digits NAICS code as the firm-level classification; Core sector - establishments in the
same 2-digits NAICS code as the firm; Explicit headquarters activity - establishments in the NAICS-
55 sector (“Management of Companies and Enterprises”); Non-core business services - establishments
outside of the core sector with a 2-digit NAICS-code of 51, 52, 53 or 54; Other non-core activity - all
other establishments. The HQ-market of a firm is the commuting zone with the highest share of NAICS-
55 activity.
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D The headquarters wage premium

In this section, I provide further evidence for the wage differentials between HQ-level

tasks and branch-level tasks. To this end, Table 16 reports regressions of log posted wages

in the Burning Glass data against the occupational HQ-intensity measure developed in

Section 2.4.3 of the main text. Column (1) reports this relationship when controlling for

whether the job posting requires a college degree, its commuting zone and its industry

(NAICS-3 code). Comparing the least HQ-intensive occupation to the most HQ-intensive

occupation is associated with a wage differential of around 25% that is not explained by

educational attainment, location, or industry. Column (2) shows that this relationship

is even stronger when comparing only occupations within the same firm by controlling

for firm fixed effects. Column (3) further shows that the difference between headquarters

wages and branch-level wages is larger in firms that serve more markets (more commuting

zones), in line with Proposition 3 from Section 4. Columns (4)-(6) repeat Columns (1)-(3)

in a multi-year setting with year fixed effects. In particular, Column (6) reports also the

coefficient on the Log average number of markets served by the firm, which is no longer

constant at the firm level when different years are considered. Firms post higher wages

as they expand in space, but particularly so for headquarters-level tasks.

Table 16: The headquarters wage premium

(1) (2) (3) (4) (5) (6)

Outcome: log posted wage Single-year Multi-year

Occupational HQ-intensity 0.249*** 0.437*** 0.228*** 0.362*** 0.455*** 0.315***
(0.0753) (0.0380) (0.0350) (0.0713) (0.0357) (0.0323)

College requirement 0.406*** 0.348*** 0.347*** 0.387*** 0.335*** 0.335***
(0.0105) (0.00768) (0.00774) (0.0108) (0.00783) (0.00782)

HQ-intensity × Log CZs 0.0730*** 0.0129*
(0.0239) (0.00743)

Log CZs 0.0503**
(0.0216)

Commuting zone FE Y Y Y Y Y Y
Industry FE Y N N Y N N
Firm FE N Y Y N Y Y
Year FE N N N Y Y Y

Observations 3281863 3281863 3281863 7253996 7253996 7253996

Note: This table shows the results from a regression of a log posted wages in the Burning Glass data
on various job characteristics. Columns (1)-(3) consider only 2019 - the year with the largest number of
postings that include wages. Columns (4)-(6) consider a multi-year setting covering 2015-2019. Earlier
years (2010-2014) are omitted due to limited information on posted wages. “Occupational HQ-intensity”
captures the measure developed in Section 2.4.3. “College requirement” is an indicator that equals to one
if a posting explicitly requires a college degree. “Log CZs” is the average number of commuting zones
in which the firm is active. Standard errors in parentheses, clustered at the firm level. ∗ p < 0.1, ∗∗

p < 0.05, ∗∗∗ p < 0.01.
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E A shift-share analysis of firm expansion

In this appendix, I provide additional evidence for the mechanism in the model by

exploring the differential exposure of different regions to national industry-level expan-

sion trends. In the model, locations with ex-ante specialization in providing within-firm

headquarters services see the greatest increase in income and demand for skill following

a decline in frictions to firm expansion. I extend this logic to a multi-industry setting,

in which locations that ex-ante specialize in providing headquarters-services in indus-

tries with greater decline in such frictions should see the greatest increase in income and

demand for skilled labor. A simple example to this logic can be seen in the case of Ben-

tonville, AR from Appendix Section A. In 1970, this local market already specialized in

providing headquarters services to retail branches. Since then, the Retail Trade sector

witnessed significant technological changes that led to substantial spatial firm expansion,

as can be seen in the rise of the average establishments per firm for this sector as a whole

in Figure 12 of the main text. Accordingly, this local market experienced greater income

growth and skill deepening than the rest of Arkansas.

Specifically, for each commuting zone i and period t, I define the following regional

exposure to firm spatial expansion EEit:

EEit ≡
∑

k∈Industries

(
NHQ
ik,1980∑

k′ N
HQ
ik′,1980

)
× log

(
CZk,t

CZk,1980

)
,

where NHQ
ik,1980 is the number of firm headquarters located in region i for industry k in the

Dun and Bradstreet dataset; and C̄Zk,t is the national average number of commuting-

zones per firm in industry k for period t. This shift-share variable yields a high value for

region i, period t, when the headquarters that region i hosted in 1980 tend to be from

industries that have witnessed greater national spatial expansion between 1980 and t.

Table 17 below shows the results from a regression of a series of regional outcomes

on these expansion-exposure measures. I omit small commuting zones with less than

5000 workers, and I include the years 1980, 1990, 2000, and 2017. The first outcome is

log average wages from the BLS Quarterly Census of Employment and Wages (QCEW).

The second outcome is the regional log college premium (average wage for college grad-

uates relative to workers without a college degree), computed from the decennial census

files for 1980-2000, and from the 2015-2019 American Community Survey for 2017.61

Due to the noisier nature of this data, this outcome has less observations, and smaller

commuting zones are omitted. The third outcome is the log regional ratio of college-

graduates to workers without a college degree.62 Columns (1)-(3) report the coefficients

61Data taken from Ruggles et al. (2021).
62This data is obtained from the USDA county-level data: https://www.ers.usda.gov/data-

products/county-level-data-sets/.
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from regressions of these three outcomes on the expansion-exposure measure, controlling

for commuting-zone and year fixed effects, and weighting by commuting zone 1980 em-

ployment. Columns (4)-(6) add controls for total (log) commuting zone employment and

establishments; and for the manufacturing employment share in a commuting zone, to

control for differential structural transformation, though adding these controls does not

affect much the estimated coefficients.

In line with the rationale of the mechanism in the model, commuting zones that were

more exposed to national firm expansion trends by hosting headquarters of relevant indus-

tries in 1980 have witnessed greater income growth. In addition, they have experienced

greater increase of the relative price and the relative quantity of skilled-labor, indicating of

an upward shift in the demand for skilled labor in these markets relative to less-exposed

markets. Note that all initial commuting-zone characteristics such as its size or skill

intensity in 1980 are absorbed in the commuting zone fixed effect.

Table 17: Expansion Exposure

(1) (2) (3) (4) (5) (6)
Log. Wage Log. SP Log. HL Log. Wage Log. SP Log. HL

Expansion Exposure 1.150∗∗∗ 0.668∗∗ 0.670∗∗∗ 0.867∗∗∗ 0.674∗∗ 0.616∗∗∗

(0.188) (0.275) (0.224) (0.208) (0.284) (0.208)

Log. Employment 0.121 -0.287∗∗∗ 0.0393
(0.103) (0.0900) (0.174)

Log. Establishments 0.0850 0.236∗∗ 0.0287
(0.0882) (0.0933) (0.201)

Manufacturing Share -0.332 0.582∗∗ -0.904∗∗∗

(0.300) (0.232) (0.191)
N 2332 1650 2332 2332 1650 2332
CZ and Year FE Yes Yes Yes Yes Yes Yes

Note: This table shows the results from a regression of a series of regional outcomes on the expansion-
exposure measures described in the text. Small commuting zones with less than 5000 workers are omitted.
The included years are 1980, 1990, 2000, and 2017. SP is the regional college premium (average wage for
college graduates relative to workers without a college degree), computed from the decennial census files
for 1980-2000, and from the 2015-2019 American Community Survey for 2017. Due to the noisier nature
of this data, this outcome has less observations. HL is the ratio of college-graduates to workers without
a college degree. Columns (1)-(3) report the coefficients from regressions of these three outcomes on the
expansion-exposure measure, controlling for commuting-zone and year fixed effects, and weighting by
commuting zone 1980 employment. Columns (4)-(6) add controls for total (log) commuting zone employ-
ment and establishments, and for the manufacturing employment share. Standard errors in parentheses,
clustered at the commuting zone level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

69



F Additional model derivations

F.1 Additional derivations for the households block

Recall that households maximize

Uisν = biν (Qi)
β (Qg

i )
1−β , Qi =

[∫
ω∈Ωi

(qi (ω))
σ−1
σ dω

] σ
σ−1

,

where biν is an household-specific idiosyncratic preference shock for region i and employer

ν; β ∈ (0, 1) is the expenditure share on services; Qg
i is a homogenous quantity of goods;

and the bundle of services Qi aggregates all service varieties ω available in market i,

Ωi, using a constant elasticity of substitution σ > 1. The ideal price index dual to the

composite of services is given by

Pi =

(∫
ω∈Ωi

Pi (ω)
1−σ dω

) 1
1−σ

,

and I denote the total expenditure on services in market j by Ej. Note that Ej includes

expenditure by households, i.e. a share β of total household income, as well as additional

expenditure by firms that will be specified later. The aggregate regional price index faced

by each consumer is given by

P̄i = P β
i .

The idiosyncratic shocks b are assumed to be independently draw from

F (b) = exp

(
−

N∑
i=1

(∫
ν∈Vi

b−ϵiν dν

) ξ
ϵ

)
, (A.1)

where the parameter ξ governs the dispersion of shocks across different markets and thus

captures the region-level labor supply elasticity; ϵ governs the dispersion of shocks across

different employers within each location and thus captures the employer-specific labor

supply elasticity; and Vi is the set of available employers in location i.

The implied regional labor supply, given by the probability that an agent of type s

chooses region i, equals to:

Lis∑N
j=1 Ljs

=

(
Wis/P̄i

)ξ∑N
j=1

(
Wjs/P̄j

)ξ (A.2)

where Lis is the measure of households of type s that choose location i, and Wis is the
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regional skill-specific ideal wage index, aggregating the employer-specific wages wis(ν):

Wis =

(∫
ν∈Vi

wis (ν)
ϵ dν

) 1
ϵ

. (A.3)

Wis is the welfare-relevant wage-index, accounting for the level of wages and for the variety

of available employers.

Conditional on choosing location i, the mass of type-s workers that choose employer

ν is given by

lis (ν) = Lis

(
wis (ν)

Wis

)ϵ
. (A.4)

F.2 Solving the branch problem

I start by deriving closed-form solutions for the firm’s branch-level decisions. First,

conditional on the composite of headquarters labor hi ≡
∏S

s=1 h
ρs
is and on activity in

market j, we solve for the optimal production decisions in that market:

π0,ij (z) = max
{ls}Ss=1

E
1
σ
j P

σ−1
σ

j (qij (z))
σ−1
σ −

S∑
s=1

WjsL
− 1
ϵ

js l
ϵ+1
ϵ

ijs . (A.5)

The implied j-market revenues rij (zi, ϕj), type-s employment lijs (zi, ϕj) and type-s wages

wijs (zi, ϕj) are given by

rij (zi, ϕj) = (1− ψ)
1
ψ
(1−ψ)

(
E

1
σ
j P

σ−1
σ

j

) 1
ψ

C
− 1−ψ

ψ

j φj (zi, ϕj)
1
ψ
σ−1
σ ,

lijs (zi, ϕj) =W
− ϵ
ϵ+1

js L
1
ϵ+1

js ((1− ψ)αsrij (zi, ϕj))
ϵ
ϵ+1 ,

wijs (zi, ϕj) =W
ϵ
ϵ+1

js L
− 1
ϵ+1

js ((1− ψ)αsrij (zi, ϕj))
1
ϵ+1 ,

(A.6)

where ψ captures the share of operating profits from sales in market j63

ψ ≡ 1− σ − 1

σ

ϵ

1 + ϵ
,

Cj is a regional cost-shifter that summarizes the price and availability of labor for branch-

level production in that market

Cj ≡
∏
s

(
αsW

−1
js L

1
ϵ
js

)−αs
,

and ϕj is the firm’s productivity at market j. Intuitively, the firm has greater revenues in

market j when the market size is larger (higher Ej), there is less competition (higher Pj),

branch-labor is cheaper (lower Cj), and the firm’s productivity is higher. Branch-level

63I define operating profits in this context as revenues minus local labor costs, excluding fixed costs
and headquarters labor costs.
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employment and wages are both increasing in the firm’s local revenues, and branch-level

wages are decreasing in the local supply of labor Ljs and increasing in the local wage index

Wjs. Note that in the limit of perfectly competitive labor markets, ϵ → ∞, branch-level

wages are given by the market j skill-specific wage index Wjs, which itself becomes the

average wage for group s in that market.

F.3 Solving the branch activity decision

The firm serves market j if these operating profits are greater than the fixed cost P̄jf ,

where P̄j is the aggregate price index in market j which we use to price the fixed costs f .

This decision takes place when the realization of the market-specific idiosyncratic shock

ϕj is large enough, or ψrij (z) > P̄jf . I.e. we require

ϕ
1
ψ
σ−1
σ

j >
P̄jf

ψ (1− ψ)
1
ψ
(1−ψ)

(
E

1
σ
j P

σ−1
σ

j

) 1
ψ

C
− 1−ψ

ψ

j (Aijφi (z))
1
ψ
σ−1
σ

. (A.7)

For convenience, denote

r0,ij (z) ≡ (1− ψ)
1
ψ
(1−ψ)

(
E

1
σ
j P

σ−1
σ

j

) 1
ψ

C
− 1−ψ

ψ

j (Aijφi (z))
1
ψ
σ−1
σ . (A.8)

The threshold productivity for activity is thus equal to

ϕ̃
1
ψ
σ−1
σ

j =
P̄jf

ψr0,ij (z)
, (A.9)

and the probability for activity is

Pr

(
ϕ

1
ψ
σ−1
σ

j >
P̄jf

ψr0,ij (z)

)
=

(
P̄jf

ψr0,ij (z)

)−θ

. (A.10)

The resulting unconditional sales are

r̄ij (z) =
θ

θ − 1

(
P̄jf

ψ

)1−θ

(r0,ij (z))
θ , (A.11)

which can also be written as

r̄ij (z) = ψ̃f 1−θΥj (Aijzih
γ
i )

θ
ψ
σ−1
σ , (A.12)

where

ψ̃ ≡
(

θ

θ − 1
ψθ−1 (1− ψ)

θ
ψ
(1−ψ)

)
,

72



and the regional aggregate Υj captures market potential in location j

Υj ≡
(
E

1
σ
j P

σ−1
σ

j P̄
−ψ θ−1

θ
j C

−(1−ψ)
j

) θ
ψ

. (A.13)

The market potential term Υj conveniently summarizes all terms that make some market

j more attractive for operating branches, including greater market size Ej, the degree of

competition (captured by Pj), the cost of hiring branch-level labor in that market Cj, and

the price of the fixed branch cost P̄j.

The resulting unconditional revenues r̄j (zi) are a power function of j’s market poten-

tial, the bilateral friction between i and j, Aij, and the firm-level productivity components

affecting all branches: fundamental firm productivity zi and endogenous headquarters-

level bundle hi. We thus get a standard gravity structure for firm-level expected sales,

and they are log linear in a firm-level component (zih
γ
i )

θ
ψ
σ−1
σ , the destination j market

potential Υj, and bilateral frictions between the firm’s headquarters location i and market

j. Similarly to unconditional sales, expected unconditional employment and wage levels

are given by

l̄ijs (z) = W
− ϵ
ϵ+1

js L
1
ϵ+1

js ((1− ψ)αs)
ϵ
ϵ+1

θ − 1

θ − ϵ
ϵ+1

(
P̄jf

ψ

) ϵ
ϵ+1

−1

r̄ij (z) , (A.14)

w̄ijs (z) = W
ϵ
ϵ+1

js L
− 1
ϵ+1

js ((1− ψ)αs)
1
ϵ+1

θ − 1

θ − 1
ϵ+1

(
P̄jf

ψ

) 1
ϵ+1

−1

r̄ij (z) . (A.15)

F.4 Headquarters and firm-wide solutions

With the above branch-level solutions, I now continue to derive closed-form solutions

for headquarters-level decisions. Based on its expected revenues across all markets, the

firm solves for optimal headquarters-level hiring {his}Ss=1 and the implied headquarters

wages {wis}Ss=1:

max
{hs}Ss=1

ψ̃f 1−θ

(
N∑
j=1

A
θ
ψ
σ−1
σ

ij Υj

)(
z

(∏
s

hρsis

)γ) θ
ψ
σ−1
σ

−
S∑
s=1

WisL
− 1
ϵ

is h
ϵ+1
ϵ

is . (A.16)

The first order conditions yield

ρs γ
ϵ

ϵ+ 1

σ − 1

σ

θ

ψ︸ ︷︷ ︸
1−ι

ψ

θ
r̄i (z) = WisL

− 1
ϵ

is h
ϵ+1
ϵ

is , (A.17)
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and the resulting firm choices are

his (z) =

(
ρs (1− ι)

ψ

θ
W−1
is L

1
ϵ
isr̄i (z)

) ϵ
ϵ+1

, (A.18)

wis (z) = W
ϵ
ϵ+1

is L
− 1
ϵ+1

is

(
ρs (1− ι)

ψ

θ
r̄i (z)

) 1
ϵ+1

. (A.19)

where r̄i (zi) captures expected firm revenues across all markets, internalizing optimal

branch-level and headquarters-level decisions, and on which I elaborate further below.

According to the above expressions, the firm hires more headquarters workers and pays

them higher wages when firm-level revenues across all markets are higher. This depen-

dency captures the non-rival nature of the HQ output. Accordingly, firms with better

expansion opportunities (i.e., higher r̄i (zi) conditional on zi) have larger headquarters

and higher branch-level productivity. As the elasticity of branch-productivity to HQ-

hiring γ approaches zero, the firm has no incentive to hire HQ labor. Finally, the firm

hires more s-type workers and pays them lower wages when the market-level supply Lis

is higher and the ideal wage index Wis is lower.

Internalizing these optimal decisions, the above expected total revenues r̄i (zi) take a

simple form

r̄i (zi) =Λiz
σ−1
σ

θ
ιψ

i . (A.20)

where ι is a constant capturing the share of operating profits that ends up going to the

firm’s owners.

The regional aggregate Λi conveniently captures all forces that make location i more

attractive for operating headquarters, and is given by

Λi ≡ ι̃

(
N∑
j=1

A
θ
ψ
σ−1
σ

ij Υj

) 1
ι

︸ ︷︷ ︸
HQ market access

(∏
s

(
ρsW

−1
is L

1
ϵ
is

)−ρs)− 1−ι
ι

︸ ︷︷ ︸
Cost and supply of HQ labor

, (A.21)

where ι̃ is a constant that subsumes various parameters, and we define the headquarters-

labor cost shifter

Γi ≡
∏
s

(
ρsW

−1
is L

1
ϵ
is

)−ρs
. (A.22)

Expected firm sales to specific market j are thus given by

r̄ij (z) =
A

θ
ψ
σ−1
σ

ij Υj∑N
j′=1A

θ
ψ
σ−1
σ

ij′ Υj′

Λiz
σ−1
σ

θ
ιψ . (A.23)
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Figure 21 summarizes the breakdown of expected revenues in the model to different

types of costs and to profits. A share 1− ψ of the firm’s expected sales in each market j

are paid as compensation to local branch labor, divided across the different skill groups in

accordance to the branch-level production function. A share ψ(1−1/θ) of sales is expected

to be spent on fixed branch costs in each market. The residual ψ/θ of revenues is split

between payments to HQ labor ((1− ι) percentage of this residual), in the headquarters

location i, and between firm profits (ι percentage of this residual).

F.5 Entry and headquarters locations

The equilibrium allocation of headquarters across space admits a simple solution.

Recall that the individual firm chooses headquarters location i to maximize its expected

profits from Equation (7).

We now obtain a simple expression for these profits, given by

Eϕ

[
πi
(
cIi̸=nz0,i,ϕ

)]
=
ψι

θ
Λiz

σ−1
σ

θ
ιψ

i ,

which is just a constant share ψι/θ of expected revenues from Equation (A.20). This

share captures the market power of the firm in output and labor markets, captured by

the elasticities σ and ϵ, both of which appear in the composite constants ψ and ι. In

addition, it captures the dispersion of branch-level shocks θ that governs the probability

of serving individual markets and the HQ-branch elasticity γ that appears in ι and governs

the ability of the firm to raise revenues across all markets through the non-rival HQ inputs.

The log-linearity of expected profits in the headquarters-productivity term zi, together

with the assumption that the baseline HQ productivity draws z0,i are Fréchet-distributed,

yield a simple expression for the probability that a firm that entered in location n chooses

i as its headquarters base, denoted by λni:

λni =
cηIn̸=iΛ

η/(σ−1
σ

θ
ιψ )

i∑N
m=1 c

ηIn ̸=mΛ
η/(σ−1

σ
θ
ιψ )

m

. (A.24)

According to this expression, locations with higher Λi attract a greater share of entrants

from each market n. Note that in the extreme case that the productivity lose from moving

the HQ away from the entry market is particularly high, c → 0, we obtain that all firms

stay in their entry market, and there is no sorting based on the set of productivity draws

{z0,i}Ni=1. In this case, λni = 1 for n = i and is zero otherwise.

Finally, ex-ante expected profits for market n are given by

πe,n = π̃

[
(1− cη) Λ

η/(σ−1
σ

θ
ιψ )

n +
N∑
i=1

cηΛ
η/(σ−1

σ
θ
ιψ )

i

](σ−1
σ

θ
ιψ )/η

, (A.25)
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with π̃ ≡ ψι
θ
Γ
(
1−

(
σ−1
σ

θ
ιψ

)
/η
)
, where Γ(·) is the Gamma-function. This expression

shows that ex-ante profits depend on the HQ-attractiveness shifters Λi across all locations

given the ability to place headquarters away from the firm’s entry market n. In the

extreme case when such reallocation is associated with a great productivity loss, i.e.

c → 0, expected profits simply scale with the value of Λn in the entry location n. When

c→ 1, expected profits become a standard power mean of Λi across all locations, and the

entry location does not matter for the firm’s headquarters choice (i.e., the entry cost is a

sunk cost).

F.6 Characterization of firm wages - Propositions 2 and 3

Armed with solutions to the firm’s problem, we can now obtain results for Propositions

2 and 3. Consider a firm headquartered in location i with a branch in location j, firm-level

productivity z and branch-level productivity ϕ. Combining the expressions for branch

wages and revenues from Equation A.6, the wages that it pays for workers of type s in

market j are given by

wijs (z, ϕ) = W
ϵ
ϵ+1

js L
− 1
ϵ+1

js

(
(1− ψ)αs (1− ψ)

1
ψ
(1−ψ)

(
E

1
σ
j P

σ−1
σ

j

) 1
ψ

C
− 1−ψ

ψ

j φij (z, ϕ)
1
ψ
σ−1
σ

) 1
ϵ+1

.

Based on the solution for the firm headquarters workers from Equation A.18, the produc-

tivity term φij (z, ϕ) equals to

φij (z, ϕ) = Aijzϕ

(
S∏
s=1

hρsis

)γ

= Aijϕ

(
(1− ι)

ψ

θ

Λi
Γi

) ϵ
ϵ+1

γ

z
1
ι .

Plugging it into the expression for branch wages yields an equation for wages in terms of

regional aggregates and firm productivities

wijs (z, ϕ) = constsW
ϵ
ϵ+1

js L
− 1
ϵ+1

js

((
E

1
σ
j P

σ−1
σ

j

) 1
ψ

C
− 1−ψ

ψ

j

) 1
ϵ+1

(A.26)

×

(Aijϕ(Λi
Γi

) ϵ
ϵ+1

γ

z
1
ι

) 1
ψ
σ−1
σ


1
ϵ+1

. (A.27)

Substituting
(
E

1
σ
j P

σ−1
σ

j C
−(1−ψ)
j

) 1
ψ

= Υ
1
θ
j P̄

1
θ
−1

j from the definition of the market potential

term Υj, taking logs and rearranging yields the expression from Proposition 2. Recall

in this step that for the sake of expositional clarity, the proposition defines the constant

χ ≡
σ−1
σ

ϵ
ϵ+1

1−σ−1
σ

ϵ
ϵ+1

= 1−ψ
ψ

.

To get the first result in Proposition 3, recall first the headquarters-level wages are
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given by

wis (z) = W
ϵ
ϵ+1

is L
− 1
ϵ+1

is

(
ρs (1− ι)

ψ

θ
Λiz

σ−1
σ

θ
ιψ

) 1
ϵ+1

.

Using this expression and the expression from Equation A.26, I compute the ratio of

headquarters wages to branch wages wis(z)
wijs(z,ϕ)

. Now consider two i-headquartered firms

with firm productivities z and z′ that are active in market j and have the same branch

level productivity ϕ. Dividing the expression for wis(z)
wijs(z,ϕ)

by the one for wis(z
′)

wijs(z′,ϕ)
yields

(
wis (z)

wijs (z, ϕ)
/
wis (z

′)

wijs (z′, ϕ)

)
=
( z
z′

)(θ−1)σ−1
σ

1
ιψ

1
ϵ+1

.

Since θ > 1, this ratio is increasing in z/z′. Therefore, the HQ-branch wage differential is

higher in the more productive firm, yielding the first part of Proposition 3.

For the second part of Proposition 3, simply divide Equation A.19 by the expression

for branch wages from Equation A.18, setting i = j. Then we get that the ratio of

headquarters wages to branch-level wages in the firm’s headquarters market is increasing

in the ratio of total expected firm sales across all markets to local branch sales in the

headquarters market.

F.7 Aggregation of firm revenues

First, we express aggregate bilateral sales Rij, which capture the total revenues of

i-headquartered firms from establishments in market j, by aggregating Equation (A.23)

above:

Rij =
A

θ
ψ
σ−1
σ

ij Υj∑N
j′=1A

θ
ψ
σ−1
σ

ij′ Υj′

ΛiZiMi, (A.28)

where Mi is the mass of firms with headquarters in market i, and Zi is an aggregate term

capturing the average productivity of firms with headquarters in location i:

Zi ≡
∫
z

z
σ−1
σ

θ
ιψ dGi (z) , (A.29)

where Gi (z) is the distribution of firm productivity z for firms with headquarters in

location i. Total sales by firms headquartered in location i are thus given by

Ri =
N∑
j=1

Rij. (A.30)
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We can also express bilateral sales in terms of the expenditure shares of location j on

varieties headquartered in location i, χji, given by

χji =
A

θ
ψ
σ−1
σ

ij

(
Λi
Γi

)1−ι
ZiMi∑N

n=1A
θ
ψ
σ−1
σ

nj

(
Λn
Γn

)1−ι
ZnMn

, (A.31)

so that

Rij = χjiEj. (A.32)

F.8 Services price index

To get the services price index, first note that

Ej =
∑
i

Rij = Υj

∑
i

ψ̃f 1−θA
θ
ψ
σ−1
σ

ij

(
(1− ι)

ψ

θ

Λi
Ci

)1−ι

ZiMi. (A.33)

Then from the definition of Υi

P
− θ
ψ
σ−1
σ

i = P̄ 1−θ
i E

θ
ψ

1
σ

i C
− θ
ψ
(1−ψ)

i Υ−1
i

= P̄ 1−θ
i E

θ
ψ

1
σ
−1

i C
− θ
ψ
(1−ψ)

i

Ei
Υi

= ψ̃

(
(1− ι)

ψ

θ

)1−ι

P̄ 1−θ
i E

θ
ψσ

−1

i C
− θ
ψ
(1−ψ)

i

∑
n

f 1−θA
θ
ψ
σ−1
σ

ni

(
Λn
Γn

)1−ι

ZnMn

= ψ̃

(
(1− ι)

ψ

θ

)1−ι

P̄ 1−θ
i E

θ
ψσ

−1

i C
− θ
ψ
(1−ψ)

i

∑
n

f 1−θA
θ
ψ
σ−1
σ

ni

(
Rn

Γn

)1−ι

(MnZn)
ι ,

Where the last line uses the fact that

Rn = ΛnMnZn,

So that

Pi =

[
ι̃P̄ 1−θ

i E
θ
ψσ

−1

i C
− θ
ψ
(1−ψ)

i

∑
n

A
θ
ψ
σ−1
σ

ni

(
Rn

Γn

)1−ι

(MnZn)
ι

] 1

− θ
ψ
σ−1
σ

, (A.34)

where recall that

ι̃ ≡

(
ψ̃f 1−θ

(
(1− ι)

ψ

θ

)1−ι
) 1

ι

.
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F.9 The tradable-goods sector

Firms in the tradable-goods sector in location i solve the following profit-maximization

problem

max
{lis}Ss=1

Ag,i

S∏
s=1

l
αg,s
is −

S∑
s=1

WisL
− 1
ϵ

is l
ϵ+1
ϵ

is . (A.35)

The first order condition yields

Ag,ilis =
ϵ+ 1

ϵ
WisL

− 1
ϵ

is l
ϵ+1
ϵ

is . (A.36)

The aggregate revenues of the tradable-goods sector in market i are thus given by

Rg,i =Mg,i

((
ϵ

1 + ϵ

1

Cg,i

) ϵ
1+ϵ

Ag,i

)1+ϵ

, (A.37)

where Mg,i is the mass of goods-producing firms that are active in location i, and Cg,i is

the tradable-goods cost shifter:

Cg,i ≡
∏
s

(
αg,sW

−1
is L

1
ϵ
is

)−αg,s
. (A.38)

Free entry in the goods sector equates the average local entry cost P̄ife to the average

sectoral profit, and is given by the following equation

Mg,iP̄ifg,i =
1

1 + ϵ
Rg,i. (A.39)

F.10 Aggregate wage index

Recall that the aggregate wage index for labor of type s in region i is given by

Wis =

(∫
ν∈Vi

wis (ν)
ϵ dν

) 1
ϵ

,

where Vi is the set of local employers, comprised of local branches, headquarters and

goods-producing firms. I compute W ϵ
is for each of these groups separately, and then

combine them.

I begin with the part of the wage index due to branch-level wages. Consider a firm

with headquarters in location n that has a branch in location i, characterized by firm-level

productivity z and branch-level productivity ϕ. From the solution of the branch problem,
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it pays the following wages to workers of type s

wnis (z, ϕ) = W
ϵ
ϵ+1

is L
− 1
ϵ+1

is ((1− ψ)αsrni (z, ϕ))
1
ϵ+1 ,

where the branch revenues are given by

rni (z, ϕ) = (1− ψ)
1
ψ
(1−ψ)

(
(1− ι)

ψ

θ

) ϵ
ϵ+1

1
ψ
σ−1
σ
γ

×
(
E

1
σ
i P

σ−1
σ

i

) 1
ψ

C
− 1−ψ

ψ

i A
1
ψ
σ−1
σ

ni

(
Λn
Γn

) 1
ψ
σ−1
σ

ϵ
ϵ+1

γ

z
1
ι

1
ψ
σ−1
σ ϕ

1
ψ
σ−1
σ .

The part of the regional wage index due to branch-level wages is obtained by aggregating

the expected value of wnis (z, ϕ)
ϵ across all firms in the economy

(
WBranches
is

)ϵ ≡ N∑
n=1

MnEz,ϕ [Ini (z, ϕ) (wnis (z, ϕ))ϵ] ,

where Ini (z, ϕ) equals to one if a firm with productivities (z, ϕ) serves market i, thus

taking care of the fact that only a subset of n-headquartered firms serve market i for each

n. This expression in turn is given by

(
WBranches
is

)ϵ
=((1− ψ)αs)

ϵ
ϵ+1

θ − 1

θ − ϵ
ϵ+1

(
ψ

f

) 1
ϵ+1

×
N∑
n=1

W
ϵ ϵ
ϵ+1

is L
− ϵ
ϵ+1

is P̄
− 1
ϵ+1

i

A
− 1
ψ
σ−1
σ

ni Υi∑N
i′=1A

− 1
ψ
σ−1
σ

ni′ Υi′

Rn.

Next, recall from the solution to the headquarters problem that a firm with productivity

z with headquarters in i pays the following wages for type-s HQ workers:

wis (z) = W
ϵ
ϵ+1

is L
− 1
ϵ+1

is

(
ρs (1− ι)

ψ

θ
Λiz

σ−1
σ

θ
ιψ

) 1
ϵ+1

.

Aggregating wϵis across all i-headquartered firms yields the HQ component of the wage

index (
WHQ
is

)ϵ
≡MnEz [(wis (z))ϵ] .

Performing the integration yields

(
WHQ
is

)ϵ
=MiZw,iW

ϵ ϵ
ϵ+1

is L
− ϵ
ϵ+1

is

(
ρs (1− ι)

ψ

θ
Λi

) ϵ
ϵ+1

,

where Zw,i is an aggregate productivity measure that accounts for labor market power
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and given by

Zw,i ≡
∫
i

z
θ
ι
1−ψ
ψ dGi (z) .

Note that when ϵ → ∞, Zw,i → Zi. Finally, the component of the wage index that

accounts for goods-producing firms can be show to equal

(
WGoods
is

)ϵ
= W

ϵ ϵ
ϵ+1

is L
− ϵ
ϵ+1

is Mg,i

(
αg,s

ϵ

1 + ϵ

Rg,i

Mg,i

) ϵ
ϵ+1

.

Combining all three terms yields the regional wage index

Wis =
[(
WBranches
is

)ϵ
+
(
WHQ
is

)ϵ
+
(
WGoods
is

)ϵ] 1
ϵ

. (A.40)

F.11 Equilibrium in regional aggregates (Lemma 1)

I now present the full set of non-linear equations that determine the model’s equilib-

rium. I separate this set of equations into four blocks.

Labor market clearing. First, the labor market clearing block determines the wage

levelsWis and employment levels Lis. This block includes the wage-index Equation (A.40)

above and the sorting of household across space:

Lis∑N
j=1 Ljs

=

(
Wis/P̄i

)ξ∑N
j=1

(
Wjs/P̄j

)ξ
Services market clearing and regional balance of payments. Secondly, services

price indices Pi, expenditure levels Ei, and revenues Ri, are determined by market clearing

in the services market,

Ri =
N∑
j=1

A
θ
ψ
σ−1
σ

ij

(
Λi
Γi

)1−ι
ZiMi∑N

n=1A
θ
ψ
σ−1
σ

nj

(
Λn
Γn

)1−ι
ZnMn

Ej

the expression for the services price index

Pi =

[
ι̃P̄ 1−θ

i E
θ
ψσ

−1

i C
− θ
ψ
(1−ψ)

i

∑
n

A
θ
ψ
σ−1
σ

ni

(
Rn

Γn

)1−ι

(MnZn)
ι

] 1

− θ
ψ
σ−1
σ

,

and the regional balance of payments,(
1− β

β
+
ψ

θ

)
Ei = Rg,i + (1− ι)

ψ

θ
Ri +Me,iP̄ife,
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where recall that

Λi ≡ ι̃
N∑
j=1

A
θ
ψ
σ−1
σ

ij Υ
1
ι
j Γ

− 1−ι
ι

i , Γi ≡
∏
s

(
ρsW

−1
is L

1
ϵ
is

)−ρs
and

Υj ≡
(
E

1
σ
j P

σ−1
σ

−βψ θ−1
θ

j C
−(1−ψ)
j

) θ
ψ

, Cj ≡
∏
s

(
αsW

−1
js L

1
ϵ
js

)−αs
,

and that the aggregate price index P̄i in the equilibrium with housing is given by

P̄i =

(
δ

β (1− δ)

) δ
(1+ϱ)−δϱ

P
β(1− δ

(1+ϱ)−δϱ)
i E

δ
(1+ϱ)−δϱ
i .

Tradable-goods production and entry. Third, the regional mass of tradable-goods

firms Mg,i and revenues Rg,i are determined by the optimality and free entry conditions

for this sector:

Rg,i =Mg,i

((
ϵ

1 + ϵ

1

Cgi,

) ϵ
1+ϵ

Ag,i

)1+ϵ

, Cg,i ≡
∏
s

(
αg,sW

−1
is L

1
ϵ
is

)−αg,s
and

Mg,iP̄ifg,i =
1

1 + ϵ
Rg,i

.

Entry and optimal headquarters-location decisions in the services sector. Fi-

nally, all remaining aggregates Mi, Me,i, Zi and Zw,i are determined in the entry and

HQ-location block for the services sector. The aggregate productivity index Zi is given

by

Zi = Γ

(
1− 1/

(
η

ζ

))∑
o

Me,o

Mi

cζIo ̸=iλ
1− ζ

η

oi , (A.41)

and the labor market productivity term Zw,i is given by

Zw,i = Γ

(
1− 1/

(
η

ζw

))∑
o

Me,o

Mi

λ
1− ζ

η

oi cζwIo̸=i , (A.42)

where Γ(·) is the Gamma-function, ζ is a constant of parameters given by ζ ≡ σ−1
σ

θ
ιψ
, and

the headquarters probability shares λni are given by

λni =

(
cζIn ̸=iΛi

) η
ζ∑N

m=1 (c
ζIn ̸=mΛm)

η
ζ

.

The mass of entryMe,i for each market can be recovered from the condition that balances
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the flow of firms across locations

Mi =
∑
n

λniMe,n,

and the mass of headquarters Mi is given by Mi = Ri/(ΛiZi).

This completes the set of non-linear equations that are required to characterize all regional

aggregates in the model.

F.12 Aggregate and regional skill-intensity (Proposition 4)

First note that the total compensation for labor of type s in location i is given by

LisWa,is = αs
σ − 1

σ

ϵ

ϵ+ 1
Ei︸ ︷︷ ︸

Branch-level compensation

+ ρsγ
ϵ

ϵ+ 1

σ − 1

σ
Ri︸ ︷︷ ︸

HQ compensation

+ αg,s
ϵ

1 + ϵ
Rg,i︸ ︷︷ ︸

Tradable-goods compensation

, (A.43)

where note that Wa,is is the arithmetic mean regional wage for group s, which is different

from Wis when ϵ ∈ (1,∞). To get the share of group s in total aggregate labor compen-

sation, we sum the above across all regions, and divide by the sum across all regions and

skill groups, to obtain

Wa,sLs
WaL

=
αs + ρsγ + αg,s

σ
σ−1

1−β
β

1 + γ + σ
σ−1

1−β
β

, (A.44)

where we have used the market clearing condition
∑

iRi =
∑

iEi and the fact that∑
iRg,i = ((1− β)/β)

∑
iEi.

Now suppose that c → 0, i.e. firms are headquartered in their entry market. The

regional balance of payments becomes

1− β

β
Ei −Rg,i =

ψ

θ
(Ri − Ei) .

Plugging it into Expression (A.43) to eliminate the tradable-goods revenues yields

LisWa,is =
ϵ

ϵ+ 1

(
σ − 1

σ
αs + αg,s

1− β

β
+ αg,s

ψ

θ

)
Ei +

ϵ

ϵ+ 1

(
σ − 1

σ
ρsγ − αg,s

ψ

θ

)
Ri.

Summing across all skill groups yields

LiWa,i =
ϵ

ϵ+ 1

(
σ − 1

σ
+

1− β

β
+
ψ

θ

)
Ei +

ϵ

ϵ+ 1

(
σ − 1

σ
γ − ψ

θ

)
Ri,

and taking the ratio of the above expressions yields the share of group s in total regional
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labor compensation:

LisWa,is

LiWa,i

=
αs + αg,s

σ
σ−1

(
1−β
β

+ ψ
θ

)
+
(
ρsγ − αg,s

σ
σ−1

ψ
θ

)
Ri/Ei(

1 + σ
σ−1

1−β
β

+ σ
σ−1

ψ
θ

)
+
(
γ − σ

σ−1
ψ
θ

)
Ri/Ei

. (A.45)

The above expression increases with the regional specialization in services Ri/Ei when(
σ − 1

σ
ρsγ − αg,s

ψ

θ

)(
σ − 1

σ
+

(
1− β

β
+
ψ

θ

))
−
(
σ − 1

σ
αs + αg,s

(
1− β

β
+
ψ

θ

))(
σ − 1

σ
γ − ψ

θ

)
> 0.

Rearranging this expression, we get

(αg,s − αs) γ
σ − 1

σ
+ [(ρs − αg,s) γ − (αg,s − αs)]

ψ

θ
+ (ρs − αg,s) γ

(
1− β

β
+
σ − 1

σ

)
> 0.

When type-s intensity in services is greater than in goods, i.e. both αs > αg,s and

ρs > αg,s, the above always holds. When branch-level type-s intensity is smaller than in

the goods sector, αs < αg,s, Expression (A.45) increases in Ri/Ei if the following condition

holds:

ρs > αg,s +
1

γ
(αg,s − αs) , (A.46)

i.e. when ρs is large enough relative to αg,s. In particular, consider the case that when

the services sector and the tradable-goods sector are equally intensive in type s labor at

the aggregate, which is obtained when

αg,s =
1

γ + 1
αs +

γ

γ + 1
ρs.

Then the regional compensation share for type s labor is increasing in Ri/Ei if ρs > αg,s.

Finally, in the limit equilibrium without multi-region service firms, i.e. Aij → 0 for

i ̸= j, the share of type s in regional labor compensation is equalized across all locations,

and given by the aggregate share in Expression (A.44).
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G Additional details on model inversion

In this appendix, I provide additional details on the inversion procedure that allows

me to recover the set of unilateral regional fundamentals {Ai, Bi, Ag,i}Ni=1.

First, market clearing in the services sector implies that the total sales of all i-

headquartered firms, Ri, must equal to the total spending on them across all locations

Ri =
N∑
j=1

(Ai/τij)
θ
ψ
σ−1
σ

(
Λi
Γi

)1−ι
ZiMi∑N

n=1 (An/τnj)
θ
ψ
σ−1
σ

(
Λn
Γn

)1−ι
ZnMn

Ej. (A.47)

Now, note that the aggregate payroll to all headquarters workers in region i is given

by γ ϵ
ϵ+1

σ−1
σ
Ri, and the aggregate payroll to all branch workers in region i is given by

σ−1
σ

ϵ
1+ϵ

Ei. Therefore, total sales of all i-headquartered firms is equal to

Ri = ςi
Ei
γ
, (A.48)

where ςi is the ratio aggregate headquarters-payroll to aggregate branch-payroll in region

i’s service sectors. Armed with data on ςi in all regions, I recover a guess for Ai (up

to scale) from the above set of equations, and iterate over it as part of the solution for

equilibrium.

To get the set of regional amenities {Bi}Ni=1, I invert the equilibrium conditions for

worker sorting across space. Recall that the probability that a worker of type s chooses

region i is given by

Lis
L̄s

=

(
BiWis/P̄i

)ξ∑N
j=1

(
BjWjs/P̄j

)ξ , (A.49)

where L̄s is the aggregate exogenous measure of type-s workers in the economy. Multi-

plying by L̄s and summing across all skill groups, we obtain an expression for the total

equilibrium level of employment in each region,

Li =
S∑
s=1

(
BiWis/P̄i

)ξ∑N
j=1

(
BjWjs/P̄j

)ξ L̄s. (A.50)

Armed with the observed allocation of employment across space, {Li}Ni=1, we can use the

above expression to exactly recover {Bi}Ni=1. Then, recovering the group-specific measures

of workers from (A.49) is immediate.

The final set of fundamentals to recover is regional productivities in production of

tradable-goods, {Ag,i}Ni=1. I use this set of model residuals to exactly match the distribu-

tion of average wages across space. To this end, I first note that the total regional wage
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bill in the model can be written as

LiWa,i =
ϵ

ϵ+ 1

σ − 1

σ
(Ei + γRi)︸ ︷︷ ︸

Regional wage bill from services

+
ϵ

ϵ+ 1
Rg,i︸ ︷︷ ︸

Regional wage bill from tradable-goods

, (A.51)

whereWa,i is the employment-weighted arithmetic mean of wages in location i, equivalent

to the average regional wage measured in the data. Therefore, conditional on parameters

and values for Ri and Ei, I recover the implied revenues in the tradable-goods sector Rg,i.

Then, we use the equilibrium condition for tradable-goods revenues from Equation A.37

Rg,i =Mg,i

((
ϵ

1 + ϵ

1

Cg,i

) ϵ
1+ϵ

Ag,i

)1+ϵ

, Cg,i ≡
∏
s

(
αg,sW

−1
is L

1
ϵ
is

)−αg,s
,

to recover the set of productivities {Ag,i}Ni=1.

To conclude, we recover the set of unilateral model fundamentals {Ai, Bi, Ag,i}Ni=1,

by inverting the equilibrium conditions for services market clearing; worker sorting across

space; and aggregate revenues in the tradable-goods sector. To this end, we utilize regional

data on employment Li, average wage Wa,i, and the headquarters-to-branch aggregate

payroll ratio ςi.
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H Model extensions

H.1 Unobserved worker heterogeneity and worker screening

In this section, I develop another version of the model with alternative micro-foundations

for wage inequality across workers in the same region. Instead of idiosyncratic preference

shocks, households now differ by unobserved ability. I further assume that this ability is

imperfectly observed by potential employers, and that firms need to pay a screening cost

to recruit higher ability households. This formulation follows Helpman et al. (2010), and

it allows me to demonstrate how the main results about the role of multi-region firms

arise with alternative assumptions on the source of wage heterogeneity. In this setting,

higher wages no longer reflect compensating differentials, and instead capture the screen-

ing of higher ability workers by firms. Nevertheless, the main results from Section 4 go

through, as stated in Proposition A.1 below. An additional benefit of this formulation is

that differences in skill intensity between headquarters and branches are now endogenous.

In Proposition A.2 below, I show that similarly to wages, the difference in average worker

ability between headquarters and branches is also higher for larger firms, and rises as

firms expand in space.

H.1.1 Households

Households maximize the same bundle of consumption as in the baseline model, but

no longer have idiosyncratic preferences for employers. In addition, households are no

longer divided to groups. Instead, households are differentiated by ability a, unobserved

to firms before households and firms are paired. I assume that a is drawn from a Pareto

distribution with shape parameter k and scale parameter amin.

H.1.2 Production function

The production function is similar to the baseline specification, with the following

changes. A firm with HQ in location i, HQ productivity z and branch-level productivity

ϕ in some market j, can supply

qij (z, ϕ) = φij (z, ϕ) āl
ϱ (A.52)

units of output in that market. The composite of branch-level inputs from the baseline

specification (
∏

s l
αs
js ) is now replaced with ālϱ, where ā is the average ability of workers

in that branch, l is the measure of workers in the branch, and ϱ captures branch-level

decreasing returns. The productivity term φij (z, ϕ) is now given by

φij (z, ϕ) = Aijzϕ
(
b̄hϑ
)γ
. (A.53)
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The components Aij, z and ϕ remain as in the baseline specification. The fourth compo-

nent replaces the headquarters bundle of labor (
∏

s h
ρs
is ). It is now given by b̄hϑ, where b̄ is

the average ability of the headquarters workers, h is the measure of headquarters workers,

and ϑ captures HQ-level decreasing returns.

H.1.3 Labor market frictions

The labor market is characterized by search and matching frictions. Firms randomly

match with workers, and can choose the measure of workers to consider for each branch,

n, and for the headquarters, m. The cost of meeting a random worker is cn. Firms then

screen these workers by their ability. The firm can choose a minimal ability level of ac at a

given branch and bc at its headquarters, such that that only workers with ability a > ac (or

a > bc in the HQ) are hired. This process is costly, and requires the firm to pay a convex

cost of δ0a
δ
c (or δ0b

δ
c in the HQ). For simplicity, I assume that the job-posting costs cnn

and cnm, and the screening costs δ0a
δ
c and δ0b

δ
c, are all paid in units of the tradable goods,

with price Pg (normalized to 1 in the baseline model). Once the firm hires new workers,

wages at any given branch or at the headquarters are determined by the marginal surplus

of the firm from employing another worker there. This reflects a solution to a “Rolodex”

bargaining game between the firm and its workers as in Brügemann et al. (2019).64

H.1.4 Branch-level problem

The firm’s problem at the level of the branch is to maximize local sales minus payroll,

screening and job-posting costs, and the fixed cost of opening a branch, and is given by

max
ā,l

E
1
σ
j P

σ−1
σ

j (φij (z, ϕ) āl
ϱ)

σ−1
σ − w (ā, l) l − Pg

(
cnn+ δ0a

δ
c

)
− P̄jf

Subject to:

w (ā, l) =
∂
(
E

1
σ
j P

σ−1
σ

j (φij (z, ϕ) āl
ϱ)

σ−1
σ − w (ā, l) l

)
∂l

(Wage setting)

ā =
k

k − 1
ac, l = n

(
amin
ac

)k
(Worker screening) .

(A.54)

The solution to the bargaining problem yields:

w (ā, l) =
ϱσ−1

σ

ϱσ−1
σ

+ 1
E

1
σ
j P

σ−1
σ

j φij (z, ϕ)
σ−1
σ ā

σ−1
σ lϱ

σ−1
σ

−1.

Solving the above problem yields the following expressions for average branch-level ability

āij (z, ϕ), branch-level employment lij (z, ϕ), and branch-level wages wij (z, ϕ), in terms of

64This bargaining protocol is a natural generalization of Nash bargaining to the multiple workers and
it modifies the Stole–Zwiebel bargaining protocol so that the resulting wages are Shapley values. See
Stole and Zwiebel (1996), Helpman et al. (2010), and Brügemann et al. (2019) for additional details.
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branch-level revenues, rij (z, ϕ):

āij (z, ϕ) = ā0rij (z, ϕ)
1
δ , ā0 ≡

(
1

δ0

ϱσ−1
σ

ϱσ−1
σ

+ 1

1− ϱk

ϱδ

1

Pg

) 1
δ

lij (z, ϕ) = l0rij (z, ϕ)
1− k

δ , l0 ≡
1

cn

(
k−1
k

1
amin

)k
āk0

ϱσ−1
σ

ϱσ−1
σ

+ 1

(
1

Pg

)1− k
δ

wij (z, ϕ) = w0 (rij (z, ϕ))
k
δ , w0 ≡

1

l0

ϱσ−1
σ

ϱσ−1
σ

+ 1
P

1− k
δ

g .

(A.55)

And branch-level revenues are given by

rij (z, ϕ) = ψ0E
1
ψ

1
σ

j P
1
ψ
σ−1
σ

j φij (z, ϕ)
1
ψ
σ−1
σ , ψ0 ≡ (ā0l

ϱ
0)

1
ψ
σ−1
σ , (A.56)

where ψ is a parameter subsuming various constants:

ψ ≡ 1− σ − 1

σ

(
ϱ+

1− ϱk

δ

)
.

This yields a similar structure for branch-level revenues in the baseline model. Ac-

cordingly, expected firm revenues in market j are now given by

r̄ij (z, ϕ) = ψ̃f 1−θΥj

(
Aijzb̄

γhϑγ
) θ
ψ
σ−1
σ , (A.57)

where Υj stands a similar market potential term as in the baseline version of the model,

and total expected firm sales (conditional on headquarters choices b̄ and h) are given by

r̄i (z, ϕ) = ψ̃f 1−θ

(∑
j

A
θ
ψ
σ−1
σ

ij Υj

)(
zb̄γhϑγ

) θ
ψ
σ−1
σ .
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H.1.5 Firm-level decisions

The firm’s problem at the headquarters level becomes to maximize expected operating

profits across all markets, minus headquarters payroll, hiring and screening costs:

max
b̄,h

ψ̃f 1−θ

(∑
j

A
θ
ψ
σ−1
σ

ij Υj

)(
zb̄γhϑγ

) θ
ψ
σ−1
σ − w

(
b̄, h
)
h− Pg

(
cmm+ δ0b

δ
c

)
Subject to:

w
(
b̄, h
)
=

∂

(
ψ̃f 1−θ

(∑
j A

θ
ψ
σ−1
σ

ij Υj

)(
zb̄γhϑγ

) θ
ψ
σ−1
σ − w

(
b̄, h
)
h

)
∂h

(Wage setting)

b̄ =
k

k − 1
bc, h = m

(
bmin
bc

)k
(Worker screening) .

(A.58)

Solving the above problem yields the following expressions for average HQ-level ability

b̄i (z), HQ-level employment hi (z), and HQ-level wages wHQi (z), in terms of total firm

expected revenues, r̄i (z):

b̄i (z) = b̄0r̄i (z)
1
δ

hi (z) = h0r̄i (z)
1− k

δ

wHQi (z) = wHQ0 (r̄i (z))
k
δ ,

(A.59)

where b̄0, h0, and w
HQ
0 are constants that subsume model parameters. The firm-wide sales

assume a similar expression to the one in the baseline model, r̄i (z) = Λiz
θ
ιψ

σ−1
σ , where

now

Λi ≡

[
ψ̃f 1−θ

(∑
j

A
θ
ψ
σ−1
σ

ij Υj

)(
b̄γ0h

ϑγ
0

) θ
ψ
σ−1
σ

] 1
ι

,

and

ι ≡ 1− γ
θ

ψ

σ − 1

σ

(
1

δ
+ ϑ

(
1− k

δ

))
.

H.1.6 Results

The role of multi-region firms for the structure of wages remains similar in this model

to the baseline formulation from Section 3. In the following, I re-state some of the main

results from Section 4 in the current setting:

Proposition A.1. In the model with unobserved worker productivity and costly screening:

1. Branch-level wages admit a similar log-linear structure as in Proposition 2 of the

baseline model, and depend on a local market effect j, branch-level productivity ϕ,
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firm-level productivity z, headquarters-market effect i, and bilateral HQ-branch fric-

tions ij.

2. Proposition 3 from the baseline model continues to hold as stated: wage inequality

between headquarters and branches is higher for larger firms.

In addition, this formulation endogenizes branch-level and HQ-level skill intensity,

which rise as firms expand in space. I obtain the following result:

Proposition A.2. The ratio of average worker ability in the headquarters b̄ and the

average worker ability in branches ā is higher for larger firms:

1. Consider two firms with headquarters in location i and HQ-level productivities z′i

and zi such that z′i > zi. Assume that both are active in market j and have the same

branch-level productivity shock ϕj. Then the ratio of headquarters average skill b̄i (z)

to the average skill in branch j āij (z, ϕ) is higher in firm z′i than in firm zi.

2. Let rij(zi, ϕj) be firm revenues in some market j. The ratio of average worker skill

b̄i (z) to branch wages in the firm’s headquarters market āii (z, ϕ) is increasing in the

ratio of total expected firm revenues across all locations, ri(zi) ≡ Eϕ

[∑
j rij (z, ϕj)

]
,

to local revenues in the headquarters market rii(zi, ϕi).
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