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Abstract

How does collocating with firms in one’s industry affect firm performance? The
existing evidence is mixed. I introduce a novel empirical approach that exploits changes
in effective collocation driven by road improvements. Using comprehensive firm-level
data from Brazil, I find that the effects of collocation differ starkly depending on the
spatial scope of industries’ product markets. In locally traded manufacturing industries,
collocation leads to increased exit among the smallest firms but improved survival
prospects for the largest. When collocation increases, firms react strategically, relocating
and switching their primary industry in ways that lower exposure to competitors.
In contrast, when collocation increases in nationally traded industries, survival rates
improve for firms of all sizes and fewer firms relocate. While existing research focuses
on the average effects of collocation, the findings of this study suggest that collocation
intensifies both spatial competition and agglomeration forces, and that its effect on
firm performance depends on the relative strength of these mechanisms in different
industries.

∗Georgetown University, McDonough School of Business. Email: jasmina.chauvin@georgetown.edu. I
am grateful to Juan Alcácer, Laura Alfaro, Joel Baum, Kirill Borusyak, Jeffry Frieden, Marco Giarratana,
Dan Gross, William Kerr, Tarun Khanna, Hong Luo, Brian McCann, Santiago Mingo, Frank Neffke, Haris
Tabakovic, Neil Thakral and Claudia Steinwender for valuable comments. Special thanks to Newton de
Castro and Eduardo Haddad for sharing data and to the Harvard Center for Geographic Analysis for technical
support. This project received funding from Harvard Business School and the David Rockefeller Center for
Latin American Studies.



1 Introduction

Given the high concentration of economic activity in cities and clusters, famously documented

by Jacobs (1969), Porter (1990), and more recently by Ellison and Glaeser (1997), an extensive

literature in multiple research fields has developed to explain the performance effects of

collocation. However, a conclusive answer has proven difficult to establish. While studies

of the manufacturing sector as a whole have generally found positive but small average

effects of collocation on firm-level productivity (e.g., Martin, Mayer and Mayneris 2011),

industry specific studies have yielded a range of results, including positive (Chung and Kalnins

2001), negative (Baum and Mezias 1992, Sorenson and Audia 2000), mixed (Henderson 2003,

Beaudry and Swann 2009), and null (Buenstorf and Klepper 2009). Reviews of the literature

have referred to all conclusions as “tentative” (McCann and Folta 2008, p. 540). This study

introduces two novel features, one addressing causality and the other firm- and industry-level

heterogeneity, to shed new light on the performance effects of collocation.

One key challenge existing research on collocation has faced is that, theoretically, spatial

proximity between firms may be a double-edged sword. Well-known theories from urban

economics predict that collocated firms generate agglomeration economies, which are positive

externalities that arise from denser local pools of workers, inputs, ideas (Marshall 1920), or

demand (Krugman 1991). Seminal theories in industrial organization, on the other hand,

predict that proximity increases competition, eroding firms’ ability to spatially differentiate

and charge markups over marginal cost (Hotelling 1929, Salop 1979, Vogel 2008). While

empirical research in these two fields has evolved separately, in practice, firms may be affected

by both, agglomeration and spatial competition effects, when collocating. Consistent with

this argument, Baum and Haveman (1997) and Alcacer (2006) find evidence that firms appear

to balance agglomeration and competition forces when choosing where to locate. However, it

remains unclear to what extent spatial competition versus agglomeration subsequently shape

the performance of collocated firms.

I argue that the performance effect of collocation, which is effectively a net effect of both

agglomeration and spatial competition forces, should vary predictably, depending on the

spatial scope of an industry’s product markets. In some industries, for example, bottled
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beverages, semi-processed foods, wood products, and primary metal products, competition is

highly localized. Firms in these industries ship their output at a median distance of 250 miles

or less according to data from the U.S. Commodity Flow Survey (Figure 2). For firms in

such “locally traded” industries, the adverse competitive effects that collocation generates are

likely to overshadow any positive agglomeration benefits. Meanwhile, for firms in industries

that tend to serve national or international markets, for example, chemicals, apparel, and

electronics, spatial competition forces are weak. In such “nationally traded” industries, the

net effect of collocation will more likely reflect the positive agglomeration spillovers that the

industry generates.

I test the argument that the spatial scope of product markets shapes the effect of

collocation on firm performance by leveraging the insight illustrated in Combes et al. (2012)

that the two underlying mechanisms — spatial competition and agglomeration — carry

different predictions for the outcomes of firms at different points of the firm productivity

distribution.1 Specifically, in heterogeneous-firm models, such as Melitz (2003) and Syverson

(2004), increased competition leads to a process of selection and reallocation, i.e., increased

exit of the least productive firms from a market and reallocation of their market power to the

most productive firms. If we envision a distribution of firms ordered by initial productivity,

this effectively results in a left-truncation of the distribution. Meanwhile, agglomeration leads

to improved performance for all collocated firms, effectively a rightward shift of the firm

productivity distribution. Leveraging this insight and proxying productivity with firm size,

I test the prediction that in locally traded industries collocation increases exit among the

smallest firms but improves the survival rates of the largest firms (selection and reallocation),

while in nationally traded industries, collocation improves the survival rates of firms of all

sizes (rightward shift).2

On the empirical side, two traditional sources of endogeneity have plagued existing research

1Testing this argument directly would require observing the extent of agglomeration spillovers and degree
of spatial competition across multiple industries. The data required for such an exercise rarely exists even for
single industries and a single mechanism at a time.

2Indeed, in nationally traded industries, small firms may benefit from collocation proportionally more than
large firms, i.e., a larger rightward shift. The possibility that small firms benefit more from agglomeration
than large ones has received repeated support in the agglomeration literature, most recently in Faggio, Silva
and Strange (2017).
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— unobserved heterogeneity and simultaneity. Because smaller, less capable firms are more

likely to collocate than larger, more capable firms, as was shown by Shaver and Flyer (2000)

and Alcacer (2006), a simple relationship between collocation and performance may appear

negative due to unobserved heterogeneity. In recent years, research has largely addressed

this problem through the use of panel data, where identification proceeds from changes in

collocation around a focal firm. However, the simultaneity problem remains. Entry and

exit of other firms, which is the source of variation in standard collocation measures, are

likely correlated with factors that also affect the focal firm’s performance, for example, local

demand shocks. According to Combes and Gobillon (2015), the standard solution to this

problem calls for a compelling time-varying instrument for collocation, which has proven

difficult to find.

I propose a different solution to this challenge by introducing the notion of effective

collocation, and by leveraging a source of exogenous variation in it driven by road upgrades.

While standard measures of collocation are constructed as raw or distance-weighted counts of

firms in a focal firm’s radius, effective collocation weights firms by their travel time, rather

than geographic distance, to the focal firm. This choice has two distinct advantages. First, it

yields a more micro-founded proxy of the mechanisms underlying agglomeration and spatial

competition because it measures more closely the actual probability of interaction between

firms.3 More importantly, it can generate variation in collocation from changes in travel

times among a fixed set of firms, rather than from potentially endogenous firm entry and exit

patterns.

The empirical setting is Brazil, where the government invested roughly US$35 billion in

road upgrades during 2007–2014 under a national investment program.4 I collect detailed

geospatial data on the condition of the federal and state road network before and after

the program and combine it with data on the location and activities of all formal sector

manufacturing firms from a high-quality administrative dataset. I find that the investments

3A number of recent studies provide direct causal evidence of the effects of roads on the likelihood of
knowledge flows (Agrawal, Galasso and Oettl 2017), labor flows (Morten and Oliveira 2016), the quality of
supplier matches (Bernard, Moxnes and Saito forthcoming), and price-cost markups (Asturias, García-Santana
and Ramos forthcoming).

4Appendix Figure 4 illustrates the spatial distribution of the road investments under the Programa de
Aceleração do Crescimento, (PAC).
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lowered travel times across the set of Brazilian municipalities included in the analysis by 5.2

percent on average.

I exploit the changes in travel times induced by road upgrades for exogenous variation

in effective collocation between a firm and its nearby competitors during the 2007—2014

period. Firms that saw travel times to competitors’ locations fall effectively became more

collocated. To address the possibility that road upgrades may have targeted certain locations

or industries, the identification strategy relies on an extensive set of municipality and industry

fixed effects, which net out any overall correlation between the extent of road upgrades and

subsequent performance of firms in each industry and municipality.5 The residual variation,

then, which I exploit stems only from differences in how a road upgrade affects different firms

in the same municipality. This variation, in turn, is driven solely from differences in the

pre-existing location patterns of firms’ nearby competitors relative to the road upgrades.

To illustrate the intuition behind the identification strategy, consider, for example, a

municipality that receives an upgrade on a road leading westward. An industrial bakery

whose competitors happened to lie to the west would see a larger increase in collocation than

a water bottler whose competitors happened to lie to the east. The identifying assumption

behind the identification strategy is that the differences in the pre-existing location patterns

of firms’ nearby competitors relative to the road upgrades are exogenous to the focal firm’s

performance, conditional on municipality and industry fixed effects. In support of this

assumption, I find that conditional on controls, the change collocation induced by road

upgrades is uncorrelated with a range of firm-level characteristics, including size, average

wages, exporting or importing status, and firms’ contributions to political campaigns.

The estimation results find strong evidence of heterogenous effects of collocation in locally

and nationally traded industries. Using the Ellison and Glaeser (1997) index to define which

industries are locally traded (present everywhere) versus nationally traded (geographically

concentrated), I find that in locally traded industries, doubling collocation reduces the

5Conversations with the government secretariat in charge of the PAC road investment program suggest
that while the initial project choice was largely determined by the existence of feasibility studies and capacity
constraints on the existing network, other considerations also entered investment decisions over time. These
included the desire to distribute investments geographically so that all states received some investment, more
upgrades to a priori less developed parts of the country, as well as the needs of largest exporting sectors, such
as and corn.
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seven-year survival probability by 14.1 percentage points for the smallest firms but increases

it by 2.6 percentage points for the largest firms (over a seven-year survival rate of 46.2 and

64.1 percent, respectively). This first result aligns with the prediction of competition-driven

selection in locally traded industries. In contrast, the results in nationally traded industries

imply that doubling collocation increases firms’ survival probability by 14.9 percentage points

on average (over a seven-year survival rate of 55.4 percent) with no significant differences

across firm size categories. Finally, a placebo test on an intermediate set of industries shows

no statistically significant effects of collocation on firm survival.

To inquire further into how firms reacted to the external shock, I decompose the main

survival effect into cases of full exits, geographic relocations, and switches to a different

primary industry. I find evidence of all three adjustment mechanisms for firms in locally

traded industries. Firms that saw a greater increase in collocation were more likely to

relocate and/or to switch to a different industry. Furthermore, the firms which switched their

primary industry or relocated tended to move away from competitors, decreasing collocation

in their destination relative to their origin. These actions are consistent with the literature

on competitive response and repositioning, for example, Figueiredo and Silverman (2007)

and Wang and Shaver (2014). In contrast, I find evidence that firms which saw a greater

increase in collocation in nationally traded industries became less likely to relocate. When

firms relocated or switched industry, they tended to move toward other firms, increasing

collocation in their destination relative to their origin. These findings are consistent with

agglomeration-seeking location strategies (Chung and Alcacer 2002, Kalnins and Chung

2004).

I perform several robustness checks on these results to consider alternative explanations.

Roads can have effects on firm performance through channels that are distinct from spatial

competition and agglomeration mechanisms, for example, by increasing firms’ access to

previously unserved markets, reducing the price of inputs, or increasing competition from

new firm entry. I address each of these possibilities and find that the original conclusions

remain unchanged.

This study makes two main contributions to the firm location literature. First, it shows

that an observable industry-level characteristic, the spatial scope of product markets, shapes
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the effects of collocation on firm performance. I document that the effects of collocating differ

starkly for firms in industries that compete for customers locally and firms that compete

in broader geographic markets. Specifically, in locally traded industries collocation hurts

some firms. It reduces the survival rate among the smallest firms, with some evidence that it

increases it among the largest firms. In nationally traded industries, collocation improves

firms’ survival rates. The effects of collocation on a range of intermediate industries are

unclear. These findings help to reconcile seemingly conflicting results of existing studies,

which observe positive, negative, and null effects in different empirical contexts. They also

suggest that studies which aggregate data from many heterogenous industries, such as those

of the manufacturing sector as a whole, may find small or null effects depending on the

composition of firms and industries in the sample. However, these muted average effects may

hide significant heterogeneity.

Second, the study develops and illustrates a novel empirical approach in this literature,

relying on plausibly exogenous changes in effective collocation from changes in travel times.

Recently, a number of studies have causally evaluated the effects of road availability on

regional outcomes (e.g., Duranton and Turner 2012, Faber 2014, Donaldson 2018). My

research design is the first to my knowledge to exploit variation in firm-level exposure to roads

in order study the effects of collocation on firm performance.6 The surge in new technologies

and investments in mobility currently taking place provides an opportunity to adapt the

approach developed here to other settings to study how changes in the costs and patterns of

mobility affect firms’ strategic interactions.

2 Theoretical Background

Empirical studies of collocation are frequently rooted in urban economics frameworks in

which collocation increases firm productivity though positive supply-side spillovers. In

a standard Cobb-Douglas production function, where quantity produced is a function of

capital, labor, and total factor productivity (TFP), greater collocation can increase TFP.

6In the existing literature, the current study is most similar to Holl (2016), who provides one of the only
firm-level studies of the effects of road investments but does not use roads as a shock to collocation.
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The theoretical mechanisms behind this hypothesized effect date back to Marshall (1920) and

include positive externalities generated when specialized input suppliers establish themselves

to serve collocated firms, workers invest in industry-specific skills, and knowledge spillovers

become more likely. Collocated firms experience greater productivity as a result of the

increased quality and availability of inputs, workers, and knowledge.

While theoretical models of agglomeration cast predictions on TFP, research has often

tested agglomeration theories on broader empirical outcomes. Typically, firm-level profitability

or survival is highlighted in the case of management research, whereas regional employment,

dynamism, and diversification are the focus of economic geography and urban economics

research. The reasons for this are twofold. First, TFP estimation is fraught with challenges,

including limited availability of plant-level data on input and output quantities, unobserved

differences in input and output quality, as well as endogenous firm investment decisions.

Second, frequently scholars are fundamentally interested in the effects of collocation on

broader economic outcomes. While these can be affected by TFP, they are not necessarily

affected linearly, or even in the same direction, because of competitive and general equilibrium

effects.

However, in moving to broader outcomes, research has not always accounted for all of the

theoretical mechanisms through which spatial proximity between firms can affect performance,

and in particular, demand-side mechanisms like those described in industrial organization

models of spatial competition (Hotelling 1929, Salop 1979). In Hotelling’s framework, distance

creates a barrier to competition and sustains positive profits. The effect here of greater

proximity of firms in the same industry would be to intensify price competition and erode

such profits. When firms are of heterogeneous productivity as in Melitz (2003), Syverson

(2004), and Vogel (2008), heightened competition has precise predictions for firm survival: it

leads to greater exit of the least productive firms and to reallocation of market power to the

most productive firms. At the level of regions or local markets, the result is a lower density

of low-quality firms, i.e., a left-truncation of the firm quality distribution.

A different class of models predict demand side benefits from collocating, through reduced

customer search costs (Fischer and Harrington 1996). This positive mechanism is especially

relevant in business-to-consumer (B2C) industries in which product heterogeneity is high
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Table 1: Theoretical Effects of Collocation

Direction of effect Supply-side Demand-side
Positive Agglomeration externalities Reduced search costs
Negative Congestion and input rivalry Spatial competition

and quality hard to ascertain. This can explain why we often observe diamond retailers,

shoe stores, and vegetable sellers clustered on the same street block. Search costs have also

shown to be relevant for the collocation of hotel establishments (Baum and Haveman 1997).

It is less likely to apply to manufacturing industries, many of which are business-to-business

(B2B) intermediate good providers.

Finally, there may also be negative externalities on the supply side when collocated firms

generate congestion and competition over limited inputs, for example, by raising the cost of

local real estate and pushing up the wages of specialized workers. Firms can also be harmed

if some of their unique and valuable resources, such as specialized workers, technologies, and

IP, become more likely to spill over to competitors.

Considering the theoretical frameworks jointly (Table 1), there is the possibility that, in

any industry, collocation can act as both a positive force on productivity and on demand,

and as a negative force on input- and output prices. What, then, is the effect of increased

collocation on an aggregate outcome like firm revenue, profitability, or survival? In other

words, which of the underlying theoretical forces is likely to be dominant? While this is

ultimately an empirical question, we can consider: under which conditions agglomeration

benefits on the production side are likely to be the more dominant? Under which conditions

agglomeration externalities are likely small, relative to competitive price effects?

One characteristic of manufacturing industries that can shed light on the relative im-

portance of spatial competition versus agglomeration mechanisms is the spatial scope of

the industry’s product markets. While nearly all manufacturing industries are considered

tradeable (Delgado, Porter and Stern 2015), in reality the spatial scope of markets for different

products differ. For example, most electronics, apparel, and advanced machinery products

are shipped nationally or internationally. Meanwhile, food, beverages, wood products, and

metal products tend to be shipped in a radius of 250 miles or less (Figure 2). Rather than

considering all manufacturing industries as tradeable, it is therefore more appropriate to
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consider nationally traded” and “locally traded” industries within manufacturing.7 Firms in

locally traded industries interact in product markets with a significantly lower geographic

scope than firms in nationally traded industries.8

Why would the effect of collocation on firm performance vary by industry for locally and

nationally traded industries? Even without taking into account the extent of agglomeration

externalities in these industries, it is clear that for locally traded industries spatial competition

is likely to be relatively more important than for nationally traded industries. Because these

firms compete over local demand, their pricing strategy is sensitive to the actions of nearby

competitors. A greater number of collocated competitors should lead to a lower average and

less dispersion in prices. When prices fall and firms are of heterogeneous quality, marginal

firms who were just breaking even risk greater exit. As the weakest firms exit, their market

share reallocates to more productive surviving firms. These theoretical mechanisms in locally

traded industries are testable with the following hypotheses:

HYPOTHESIS 1a: In locally traded industries, an increase in collocation will lead to

increased exit of the least productive firms.

HYPOTHESIS 1b: In locally traded industries, an increase in collocation will improve

the survival prospects of the most productive firms.

Meanwhile, in industries that compete nationally, sensitivity of prices to collocation in a

particular market is likely to be negligible and, therefore, demand-side competition effects

are limited. To the extent that firms generate supply-side benefits by collocating, greater

collocation should increase firms’ survival rates. If, as prior literature suggests, weaker firms

benefit from positive agglomeration externalities more than the most productive firms (Shaver

and Flyer 2000, Alcacer 2006), they will see a disproportionally larger positive effect. These

insights lead to two additional hypotheses that are testable in nationally traded industries:

HYPOTHESIS 2a: In nationally traded industries, an increase in collocation will improve

7Note, the classic work by Chandra and Thompson (2000) makes a similar argument, pointing out that
road investments should give rise to spatial competition forces in what they termed “regionally traded” goods.
While their article considers retail and services industries as falling in this regionally traded category, I argue
that many manufacturing industries also constitute locally traded goods.

8While most industries are also traded internationally, I refer to nationally traded rather than internationally
traded industries to indicate the most likely geographic scope of the average firm in my dataset, which are
single-plant manufacturing firms in Brazil. We know that even in the Unites States, exporters are concentrated
among a small percentage of (mostly multi-unit) firms (Bernard, Jensen, Redding and Schott 2007).

10



the survival prospects of collocated firms.

HYPOTHESIS 2b: In nationally traded industries, an increase in collocation will improve

the survival prospects of the least productive firms most.

Next, I describe the identification strategy and institutional setting designed to empirically

test these predictions.

3 Identification Strategy and Institutional Context

The following section describes the identification strategy and institutional context. I discuss

advantages and assumptions inherent in using road upgrades for exogenous variation in

effective collocation. Finally, I describe the data sources and construction of key variables.

3.1 Identification Strategy

Empirical studies of collocation typically measure collocation by counting the number of

firms (or their total employment) in an industry and defined geographic area. The choice of

geographic area is usually an administrative unit (e.g., state, labor market region, county, or

ZIP Code) or a pre-defined spatial distance band (e.g., 10 miles, 50 miles). In some cases,

researchers further depreciate the count of each firm by its geographic distance to each focal

firm (e.g., Sorenson and Audia 2000, Rosenthal and Strange 2003, Haveman and Rider 2014)

to account for the fact that the mechanisms underlying collocation are sensitive to distance.

Though no consensus exists on what the best choice of geographic area is (Singh and Marx

2013), a good guiding principle is to choose the spatial scope that corresponds to the likely

scope of the economic interactions of interest (Alcacer and Zhao 2016).

I define collocation following these established principles but incorporate the travel time,

rather than geographic distance, between firm locations in the measure. Specifically, I define

collocation of firm i in industry s and location m as

CoLocsmi =
∑
k∈M

xskj
τmk

, (1)

where xskj is the object being counted (i.e., firm j in industry s and location k) and τmk
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is the road travel time between locations m and k.9 M is the geographic area over which

collocation is defined.

Incorporating travel time into the collocation measure offers a number of advantages.

First, it allows me to construct a location-specific empirical definition of geographic area over

which to assess collocation, which should reduce measurement error in existing collocation

metrics that rely on uniform distance bands or administrative boundaries. Considering the

nature of the economic interactions that are the focus of this study — localized competition,

input-sourcing, labor-pooling, and knowledge-sharing — I define the geographic area that

corresponds to all of the destinations that can be reached in four hours from each focal firm.

The choice of four hours is motivated after considering that localized interactions (e.g., same

day delivery of a good, travel to work) are likely constrained to occur within one working

day, including the return trip.10 Travel times also enable me to depreciate each firm more

precisely by its effective distance to the focal firm. While in advanced economies, straight-line

distance and travel costs may be highly correlated, this is less the case in emerging markets.

Even if two firms are geographically proximate, if the travel possibilities between them are

limited, they are unlikely to generate competitive pressures or agglomeration externalities.

Beyond the measurement improvements, arguably the most important advantage of the

proposed collocation measure is that it creates a source of variation in collocation that is

independent of firm location choices: changes in travel times. As the Introduction highlights,

it has proven difficult to address identification challenges in research on collocation and firm

performance. One challenge is selection bias, created by the fact that firms of different quality

sort themselves in to more or less collocated places, thus creating an endogenous relationship

between collocation and firm performance. Both Shaver and Flyer (2000) and Alcacer (2006)

find that lower quality firms are more likely to collocate, arguably because they are more

dependent on external agglomeration benefits. Firms can also use location choice to affect

9In this study, locations correspond to the more than 5,500 Brazilian municipalities. Because I do not
observe within-municipality travel times, I set the within-municipality travel time equal to 15 minutes when
counting other firms in the same municipality-industry as the focal firm. This choice is motivated by the
average size of a municipality in Brazil (roughly 1,500 square kilometers) and the expected travel time between
two randomly chosen points in a square of that size.

10This procedure naturally yields a smaller geographic area around the Amazonian city of Manaus than
around the well-connected metropolis of Sao Paulo (Figure 3).
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competitive dynamics, as Ghemawat and Thomas (2008) show in the global cement industry.

Panel data as in Baum and Mezias (1992), Sorenson and Audia (2000), and Henderson

(2003) can partially address selection by identifying effects of collocation from changes in

collocation around the focal firm after its entry. Nonetheless, this approach suffers from

endogeneity if unobserved factors (e.g., a boom in local demand) affect both the dynamics of

firm entry/exit and the performance of the focal firm. Addressing this second concern calls for

instruments or natural experiments that affect collocation. However, beyond one-off empirical

settings (e.g., the fall of the Berlin Wall as in Ahlfeldt et al. (2015)), such instruments have

proven difficult to find.

By leveraging changes in travel times between firm locations as an exogenous source of

variation in collocation, this study illustrates a new empirical strategy which is potentially

more broadly applicable. The rationale behind using changes in travel times is grounded

in the idea that the actual costs and patterns of mobility, rather than distance per se,

affect the underlying economic mechanisms that generate competition and agglomeration

spillovers. Indeed, recent evidence shows that transportation infrastructure investments can

have powerful effects on the extent of supplier-buyer relationships (Bernard, Moxnes and

Saito forthcoming), patterns of worker mobility (Morten and Oliveira 2016), and the flows

of knowledge that support innovation (Agrawal, Galasso and Oettl 2017). Changes in the

costs of spatial interactions can also affect competitive interactions between firms as Asturias,

García-Santana and Ramos (forthcoming) and Haveman and Rider (2014) show. The key

to the identification strategy is that travel times provide the only source of variation in

collocation, and that the measure does not incorporate firm decisions regarding entry and

exit.

Specifically, I define change in collocation for firm i from time t0 to time t1 as

∆CoLocsmi,t0−t1 =
∑

k∈Mt1

xskj,t0
τmk,t1

−
∑

k∈Mt0

xskj,t0
τmk,t0

, (2)

which sums over only the incumbent firms of time t0 in the focal firm’s four-hour radius

(including any which did not survive) and weights each by its respective travel time to

the focal firm at times t1 and t0, respectively. Thus, the only sources of variation in this
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measure come from (i) changes in the weight of each firm in the summation, τmk, and/or (ii)

changes in the geographic region, M , over which collocation for the focal firm is calculated.11

This variation should affect the underlying mechanisms of competition and agglomeration

(relevance), but it does not suffer from the same selection bias and unobserved heterogeneity

as traditional approaches (exogenous to firm location choice).

However, the identification does rely on the assumption that changes in collocation induced

by travel times are a priori exogenous to the performance of the firms in the sample. To

address the validity of this assumption, I next discuss it and the institutional context in

detail.

3.2 Institutional Context

The empirical setting of the study is Brazil during 2007–2014. Following years of positive

economic growth, in 2007 the government launched a national investment program — the

Programa de Aceleração do Crescimento (PAC) — which, among others, invested more than

70 billion reals (roughly US$35 billion) into upgrades for the federal road network.12 This

program provides an excellent setting for the study, not only because it was economically

significant, but also because most economic activity in Brazil relies on roads. Based on recent

firm-level surveys, more than 99 percent rely on roads; other modes of transport (e.g., rail,

waterways) account for a smaller share of traffic than in similar countries (Savaris et al.

2013).13 At the same time, the condition of the road network in Brazil is extremely poor,

and poses a critical constraint to economic activity.14

The stated aim of the PAC road investment program was to relieve key bottlenecks in the

11The metric will ultimately be expressed as a difference of logged values because this has the benefit of
approximating percentage differences for small enough changes. I add 0.1 to the raw measure in order to
include observations that have a zero measure of collocation in any of the years.

12Source: http://www.pac.gov.br/. The figures refer to Phases I and II of the program, which took place
during 2007–2014.

13Information of the surveyed firms was accessed from https://www.epl.gov.br/perfil-de-embarcadores-e-
servicos-demandados.

14In 2015, Brazil ranked 123rd out of 144 countries on the World Economic Forum’s “Quality of overall
infrastructure” index, well behind China (51st) and India (74th). Surveyed executives cite an inadequate
supply of infrastructure as the fourth most problematic factor for business, after tax rates, restrictive labor
regulations, and corruption.
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federal road network. Rather than building new roads, the program focused on improving

existing roads, either by upgrading the road surface type (e.g., duplicating a one-lane highway,

paving a dirt road) or improving the surface condition to enhance performance and capacity

(e.g., re-paving deteriorated stretches and potholes). The program was highly decentralized,

with more than 250 different projects taking place across different parts of the country (Figure

4). Overall, as Tables ?? and ?? in the Appendix show that about 30 percent of the total

federal road network saw some upgrade.

A potential threat to identification is the possibility that road upgrades targeted specific

industries, regions, or firms in ways correlated with their future performance. Interviews

with policymakers in Brazil indicate that special interests were less likely to have shaped the

program in its initial years because project choice was frequently constrained by the existence

of feasibility studies, which can take several years to develop. Thus, the government tended

to allocate funds to projects which were shovel-ready. However, in later stages, industrial

lobbies became more involved in the project selection process, especially the large agricultural

exporters of soy, corn, and sugar. Additionally, over time, regions and municipalities with

worse road conditions at the outset were more likely to receive investments due to equity

concerns.

I tailor the empirical strategy to be robust to the possibility that investments targeted

certain industries or regions based on their expected performance. To do so, I control for the

full set of industry and municipality fixed effects in all empirical analyses. If industries and

regions more likely to receive road investments systematically fared better (or worse) in the

period under study, that trend will be absorbed into the fixed effects. Note that the inclusion

of the fixed effects places a very high bar on the empirical analysis, as the fixed effects for

the roughly 250 different industries and more than 3,700 municipalities represented in the

sample absorb three-quarters of the variation in the change in collocation measure.15

The remaining variation, which is used for identification, stems from differences in how

much different firms in the same municipality were affected. With the municipality and

industry fixed effects in place, this variation is generated not primarily from the placement of

15Specifically, the OLS regression of change in collocation on industry and municipality fixed effects has an
R2 of 0.75.
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the road upgrades, but rather from the pre-existing locations of a firm’s competitors relative

to the road upgrades. This variation — differences in preexisting location patterns of a firm’s

local competitors relative to the roads — is assumed to be plausibly exogenous to the focal

firm’s performance. As a check on this empirical design, I will show that, controlling for

municipality and industry fixed effects, the resulting change in collocation is uncorrelated

to a series of firm-level characteristics. This includes firm size, age, average wage levels,

importing and exporting status, and the amount of funds that the firm contributed to political

campaigns. Before doing so, I discuss the sources of the geographic and firm-level data.

4 Data and Measurement

Travel Times. I collect data from multiple sources to generate a unique dataset of estimated

travel times between all pairs of Brazilian municipalities in 2007 and 2014. While new

platforms such as Google Maps have made it possible to collect travel time estimates in

real-time, historical sources of comparable data allow researchers to observe how the costs

of mobility change are rare. I combine three sources of data in the analysis: (i) geo-

referenced maps of the Brazilian federal and state road network from the Brazilian Ministry

of Transportation; (ii) annual indicators the surface type (e.g., duplicated, paved, dirt) for

each roughly five-kilometer segment of each federal road from the National Department of

Transportation Infrastructure (DNIT); (iii) annual indicators of the condition (e.g., excellent,

good, poor) of each road segment from the Brazilian National Transport Confederation

(CNT), and independent, private-sector industry association.16 I match the annual surface

type and condition data to the geo-referenced map to construct a representation of the road

network in 2007 (at the outset of the PAC program) and in 2014 (after completion of PAC

Phases I and II). Finally, I assign a velocity to each road segment as a function of its surface

type and condition (Table ??).

With the spatial representation of the road network in place, I apply Dijkstra’s algorithm

to the network to calculate optimal routes between all pairs of municipalities. For each

16The Data Appendix describes the data sources and steps taken to process the data in detail. The use
of independently audited road condition and quality indicators, rather than funds allocated or spent, is an
advantage, especially in a setting like Brazil where corruption and misuse of public funds is a concern.
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possible municipality origin and destination pair, the algorithm flexibly searches for the

route that minimizes travel time.17 I separately apply the algorithm to the 2007 and 2014

representation of the road network, thus generating an origin-destination (OD) matrix of

minimum travel times for each of the two years. I perform numerous checks using data from

Google Maps to ensure that the estimates are representative of real-world travel times (see

the Data Appendix for a detailed discussion).

I find that over the entire network, the road investments decreased travel times by 5.2

percent on average. Given the size of the federal and state road network (over 280,000

kilometers), this is a large effect, and comparable to other programs recently evaluated

(e.g., Gibbons et al. 2019). Figure 1 illustrates how travel times change in the spatial range

used in this study corresponding to a four-hour area around any municipality. While the

average decrease in travel times in these local markets is two percent, there is significant

variation, with some municipalities seeing local travel times fall by 15 percent or more. Other

municipalities see net deteriorations in road conditions, leading to an increase in local travel

times.

Firm-Level Data. Detailed firm-level data comes from the Relação Anual de Informações

Sociais (RAIS), an employer-employee matched administrative dataset maintained by the

Brazilian Ministry of Labor (MTE). Because all formal firms are required to report RAIS

(otherwise, employees forego a federally mandated 13th salary), RAIS is effectively an annual

census of all formal-sector employers, one which has been increasingly used for academic

research, especially in the field of international trade (e.g., Helpman et al. 2017). While RAIS

is reported at the worker contract level, I aggregate the data at the firm level using each

firm’s unique tax identifier (CNPJ).18

I restrict the sample to manufacturing firms with a minimum size of three workers during

2007–2014.19 I drop industries which may be directly affected by road construction, industries

17Solving the algorithm is a functionality available in the ArcGIS Network Analyst optimal routing tool.
18To the extent that an establishment is associated with more than one record in the same year (e.g., due

to inconsistencies in field values for industry, legal form, municipality, etc.), I aggregate these records and
associate them with the characteristics featured in the largest number of employee contracts. I drop any
establishments with invalid IDs, CEI entities (these are multi-jurisdiction entities primarily associated with
the construction sector), and any establishments that were not a business entity during the entire period.

19Manufacturing firms are identified with the Classificação Nacional de Atividades
Econômicas (CNAE) version 1.0 industry code in the 15–37 range. For more detail, see
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Figure 1: Change in Local Travel Times Between Brazilian Municipalities, 2007–2014

Notes. Author’s calculations based on data from the Ministry of Transport of Brazil, the National Department
of Transportation Infrastructure (DNIT), and the Brazilian National Transport Confederation (CNT). The
map shows the total percentage change in the average time of traveling from each municipality to each other
municipality in its local market. A local market is defined as any municipality that can be reached in four
hours or less traveling by federal and state roads in 2007. Areas not shaded (white) are municipalities whose
capital lies more than 50 kilometers away from a state or federal road. These municipalities are excluded
from the analysis.
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with fewer than ten firms active in 2007, and three industry categories that are too general to

be meaningful for identifying competition or agglomeration forces.20 In the analyses of firm

performance (but not in the measures of collocation), I also exclude all establishments of

multi-unit firms because for such firms, changes in internal travel times may trigger additional

adjustment mechanisms beyond spatial competition and agglomeration, for example, plant

exit due to internal spatial reorganization (Alcacer and Delgado 2016) or changes in entry and

exit patterns driven by strategic interactions across markets as in Ghemawat and Thomas

(2008).21 I also exclude all manufacturing companies with state ownership to lessen concerns

around the special treatment of such companies. The final sample consists of nearly 130,000

single-plant manufacturing firms.

In the RAIS panel, I observe a firm’s primary industry, its location (municipality), the

size of its workforce, and wages paid. By observing entry and exit, I can deduce a firm’s age

and its survival from one year to the next. I define the variable Survive as an indicator taking

a positive value if a 2007 incumbent firm continues to exist in the same municipality and

four-digit industry in 2014 and a value of zero otherwise. Therefore, in the baseline analyses

of survival, firms that exit a market but relocate, along with firms that exit an industry

but enter a different one, have a Survive value equal to zero. Based on each firm’s unique

CNPJ identifier, I also match RAIS to a list all importing and exporting firms published

by the Brazilian Secretariat of Foreign Trade (SECEX). Finally, I collect data on monetary

donations given by firms to any political parties or candidates for the years 2006, 2008, 2010,

and 2012, published by the Brazilian Superior Electoral Tribunal (TSE).

Locally and Nationally Traded Industries. In the absence of data on internal trade

that shows the distance of firms’ shipments, I follow prior studies (e.g., Delgado, Porter

and Stern 2015, Mian and Sufi 2014) and classify manufacturing industries following the

principle that nationally traded industries concentrate production in a few locations and ship

http://biblioteca.ibge.gov.br/visualizacao/livros/liv2314.pdf.
20The industries excluded are: manufacturing of concrete (2630), stone (2691), cement (2691), construction

bulldozers (2953), construction equipment (2995), earthmoving and paving equipment (2954), heavy military
equipment manufacturing (2972), and three industries relating to chemical products, machine repair, and
motor vehicle parts containing “not elsewhere specified” in the industry name.

21Multi-unit firms account for seven percent of manufacturing establishments in Brazil. While they are
omitted from the analysis for the reasons above, the results are robust to their inclusion.
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their product to more distant markets, whereas locally traded or non-traded industries are

found everywhere. To implement this principle, I calculate the industry-level Ellison-Glaeser

index (Ellison and Glaeser 1997), using data on industry location patterns in Brazil from

RAIS. This well-known measure of spatial concentration counts the share of an industry’s

employment in a geographic unit and compares it to the share of the industry’s employment

nationally, adjusting for the industry Herfindahl index to account for concentrations that are

due to the industry simply having few firms.22 Industries with an index value above zero

exhibit greater geographic concentration than economic activity overall and those with index

values below zero exhibit less concentration than economic activity overall.

I use the cutoffs proposed by Ellison and Glaeser and categorize industries with index

values above 0.05 as nationally traded and those below 0.02 as locally traded. This procedure

yields 52,496 firms in locally traded and 21,930 firms in nationally traded industries. As

expected, the industries classified as locally traded feature food, beverages, construction

materials, and other low value-to-weight products. Nationally traded industries tend to

feature more advanced manufacturers (Table 10).

Table 7 provides descriptive statistics for the firms in the sample. Overall, the firms

represent 252 unique manufacturing industries and are located in 3,724 different municipalities.

The average firm is eight years old and employs 23 full-time workers. Five percent of the

firms in the sample export and 4.8 percent import in any given year. Just over half of all

firms, 55.6 percent, survive during the 2007–2014 period, a survival rate similar to the rate of

survival of U.S. manufacturing firms. Calculating change in collocation per Equation 2, I

find that the average change in collocation is roughly 3.6 percent.

Tables 8 and 9 present the analyses that serve as a check on the identifying assumption,

that the change in collocation is uncorrelated with firm-level characteristics, conditional

on controls. These models regress change in collocation on each of firm size, firm age

categories, the firm’s average annual worker wage, exporting and importing dummies, and

the survival rate of firms in the industry-municipality in the seven-year period preceding the

22The geographic units that I use to calculate the index are Brazilian regional urban divisions (Divisão Ur-
bano Regional - Regioes Imediatas de Articulação Urbana), defined by the Brazilian Statistical Institute (IBGE).
They are exhaustive of Brazil’s land mass, centered around urban areas, and comparable to U.S. economic
areas. https://ww2.ibge.gov.br/home/geociencias/geografia/default_divisao_urbano_regional.shtm.
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PAC program, 2000–2007. The results provide support for the identifying assumption. The

estimated coefficients on the large majority of the variables hover close to zero and are not

statistically significant. Only firm age has some predictive power for the sample of firms

in locally traded industries, suggesting collocation increased marginally more among older

firms, although the size of the effect is very small. Overall, these results suggest that after

conditioning on municipality and industry fixed effects, firm characteristics that are plausibly

correlated with firms receiving preferential government treatment are not predictive of the

residual variation in collocation.

5 Empirical Specification and Results

Here I present the empirical model motivated by the Hypotheses and the choices of control

variables. I present and interpret the results of estimating the empirical model. Finally, this

section presents the results of several robustness test on the main result as well as several

extensions, which consider whether firms strategically react to changes in collocation.

5.1 Empirical Specification

To test the predictions of the effects of collocation on firm survival, I estimate the following

empirical model,

Yi,07−14 = β∆CoLocsmi,07−14 + γXi,07 + θZsm
07 + ind+muni+ εi, (3)

where Yi is a binary variable indicating firm i’s survival over the seven-year period

from 2007–2014. ∆CoLocsmi,07−14 is the log change in collocation for firm i in industry s in

municipality m, and β is the main coefficient of interest, which estimates the average effect

of change in collocation on the probability of firm survival. Xi,07 is a vector of firm-level

controls and Zsm
07 a vector of industry-municipality-level controls, both measured in the

baseline year. ind and muni are industry and municipality fixed effects, and εi is a random,

normally-distributed error term.

In order to test the theoretical prediction of heterogeneous effects, I next estimate a set of
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models per Equation (4), which introduce interaction terms for the change in collocation and

proxies for productivity that are based on firm size in 2007. A strong, positive relationship

between firm size and productivity of manufacturing firms is well-documented, for example

in Haltiwanger, Lane and Spletzer (1999). The first proxy that I use is a measure of firm

size calculated as the number of full-time workers employed at the firm in the baseline year,

Size07. As other proxies, I calculate different quantiles of firm size for each focal firm relative

to all other firms in its industry, as well as relative only to firms in its industry and local

market, Sizeq,07. In models that include interactions of collocation with firm size, β is the

effect of collocation for firms in the omitted category (usually the smallest firms), while βqs

estimate the effects for firms in the larger size categories. I estimate the model as a linear

probability model using ordinary least squares due to the large number of fixed effects and

check that the estimated probabilities rarely fall outside the meaningful [0,1] interval.23

Yi,07−14 = β∆CoLocsmi,07−14 +
∑
q

βq∆CoLoc
sm
i,07−14 · Sizeq,07 + γXi,07 + θZsm

07 + ind+muni+ εi.

(4)

Beyond the variables of interest, the model includes a number of firm-level and municipality-

industry-level controls:

Firm-level controls. All regressions control for the baseline level of a firm’s collocation

in 2007. First, the baseline level may be correlated with unobserved firm characteristics

due to better firms sorting into more or less competitive locations, or because more or less

competitive locations yield more productive firms (e.g., through selection). Second, the

baseline level of collocation is mechanically correlated with the change in collocation because

of convergence effects (relative changes are smaller from a larger baseline). Also, I include

the set of controls analyzed in Tables (8) and (9) also in the baseline models to control for

any potential residual correlation between firm characteristics and collocation.

Municipality-industry-level controls. At the level of each municipality-industry, I control

23A logit model, with more than 3,500 fixed effects, is unable to converge. In robustness checks, I have
performed the analysis using a logit model, leaving out the municipality fixed effects. The direction and
significance of the estimated coefficients is in line with the regressions performed using the LPM. These
analyses are available from the author.
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for a count of firms in the focal firm’s four-hour market, but outside its industry. In the

agglomeration literature, overall density of economic activity, or “urbanization economies,”

can also generate positive agglomeration externalities (Jacobs 1969). I also control for the

level of competition in the market-industry measured as the inverse of the standard Herfindahl

index in order to control for any correlation between the baseline levels of competition in the

market and subsequent trends in firm survival.

5.2 Results

Column (1) in Table 2 shows the results of estimating Equation 3 in locally traded industries.

The beta coefficient, which estimates the average effect of change in collocation on firm

survival, is large and negative but not statistically significant, potentially indicating a large

degree of heterogeneity. Taken at face value, the coefficient size suggests that a doubling in

collocation leads to a 9.1 percentage point lower probability of survival over the seven-year

period, an elasticity of roughly 1/10.

The next several columns directly test for firm-level heterogeneity by interacting change

in collocation and various measures of relative firm size per Equation 4. In Column (2),

which interacts change in collocation with a continuous measure of firm size (log workers),

the coefficient on change in collocation is now large, negative, and significant; the interaction

effect is positive and highly significant. Specifically, the estimated coefficients indicate that

for the smallest firms, doubling the level of collocation leads to a roughly 19 percentage point

decrease in the probability of survival over seven years. This result provides the first evidence

that the effect of collocation is heterogeneous in firm size in locally traded industries.

Columns (3)–(5) report the results of models that interact change in collocation with

increasingly finer quantiles of a firm’s size. In each case the coefficient on the change in

collocation, which measures the effect for the smallest firms (omitted category), is large,

negative, and significant. Its size implies that a doubling of collocation reduces the survival

probability of the smallest firms between 12 and 16 percentage points, depending on the

specification. Meanwhile, the coefficients for the larger size quantiles are positive, significant,

and roughly equal in size, suggesting a net zero effect of collocation on survival for the larger

firms.
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Column (6), where the quantiles are measured relative only to other firms in the focal

firm’s industry and market, provides evidence that the survival rates of the largest firms

in the market actually increase as collocation increases. The marginal effects of this model

suggest that doubling collocation reduces the survival probability of the smallest firms by

14.1 percentage points. The coefficient on the interaction term for the firms in the largest

size quartile is 0.167 and statistically significant at the 5 percent level, suggesting that the

survival rate of these firms increases, by 2.6 percentage points.

The coefficients of other variables in the model conform to expectations. Firm size, age,

and average worker wage are positively associated with survival. The coefficient on firm size

suggests that a doubling in firm size is associated with a roughly 6 percentage point higher

survival rate. Older firms have higher survival rates than younger firms. Firms paying higher

average wages also have a higher probability of surviving while exporters and importers are,

somewhat surprisingly, no more likely to survive than firms that do not trade. Baseline levels

of also have no significant correlation with firm survival in locally traded industries. The

coefficients on urbanization economies appear as positive and significant, suggesting greater

density of economic activity outside the own industry is associated with a higher survival

rate, while the coefficients on the level of competition in the industry-market are either small

and positive or not statistically significant.

Overall, the results in locally traded industries point to significant, negative effects of

increased collocation on the smallest firms, lending support for Hypothesis 1a. The results

in Column (6) also lend some support for Hypothesis 1b, showing small, positive effects of

increased collocation for the largest firms in locally traded industries. Combined, the results

are consistent with the predictions of selection and reallocation.

Table 3 shows the results from estimating the same models in the sample of firms in

nationally traded industries. Immediately, a key difference appears: the average effect of

collocation on survival for firms in nationally traded industries is positive and statistically

significant. The size of the coefficient implies that a doubling of collocation leads to a 14.9

percentage point higher survival rate for firms in nationally traded industries.

When change in collocation is interacted with firm size in Column (2), the positive and

statistically significant effect for the smallest firms remains. The coefficient on the interaction
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Table 2: Effects of Change in Collocation on Firm Survival for Locally Traded Industries

Dependent variable: Baseline Interacted 2 Quantiles 3 Quantiles 4 Quantiles 4 Quantiles
Survive (0/1) with size in industry in industry in industry in ind-mkt

(1) (2) (3) (4) (5) (6)

∆CoLoc07−14 -0.091 -0.194∗∗∗ -0.124∗∗ -0.149∗∗ -0.161∗∗ -0.141∗∗
(0.059) (0.068) (0.062) (0.065) (0.069) (0.071)

∆CoLoc07−14 x Firm size (log workers) 0.056∗∗∗
(0.021)

∆CoLoc07−14 x 2nd quantile 0.113∗∗ 0.119∗ 0.069 0.033
(0.050) (0.061) (0.074) (0.078)

∆CoLoc07−14 x 3rd quantile 0.115∗ 0.133∗ 0.053
(0.066) (0.076) (0.084)

∆CoLoc07−14 x 4th quantile 0.159∗∗ 0.167∗∗
(0.076) (0.079)

Firm level controls (2007):
Firm size (log workers) 0.059∗∗∗ 0.057∗∗∗

(0.002) (0.002)
Firm in 2nd quantile (dummy) 0.113∗∗ 0.082∗∗∗ 0.072∗∗∗ 0.073∗∗∗

(0.050) (0.006) (0.007) (0.007)
Firm in 3rd quantile (dummy) 0.136∗∗∗ 0.115∗∗∗ 0.119∗∗∗

(0.007) (0.009) (0.008)
Firm in 4th quantile (dummy) 0.157∗∗∗ 0.152∗∗∗

(0.008) (0.008)
Firm born prior to 1993 (dummy) 0.089∗∗∗ 0.090∗∗∗ 0.098∗∗∗ 0.095∗∗∗ 0.094∗∗∗ 0.095∗∗∗

(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Firm born during 1993-2000 (dummy) 0.058∗∗∗ 0.059∗∗∗ 0.061∗∗∗ 0.059∗∗∗ 0.059∗∗∗ 0.060∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.006) (0.005)
Average annual worker wage (log reals) 0.029∗∗∗ 0.029∗∗∗ 0.038∗∗∗ 0.034∗∗∗ 0.033∗∗∗ 0.033∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Exporter (dummy) -0.003 -0.003 0.023 0.019 0.017 0.018

(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Importer (dummy) 0.004 0.005 0.047∗∗∗ 0.042∗∗∗ 0.039∗∗∗ 0.041∗∗∗

(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Municipality-Industry Controls (2007):
Baseline collocation (log) 0.006 0.006 0.005 0.005 0.005 0.003

(0.007) (0.007) (0.006) (0.007) (0.007) (0.006)
Urbanization economies (log) 0.137∗ 0.136∗ 0.151∗∗ 0.144∗∗ 0.146∗∗ 0.119

(0.073) (0.074) (0.072) (0.073) (0.073) (0.074)
Herfindahl index, inverse (log) 0.003∗∗∗ 0.004∗∗∗ -0.001 0.000 0.001 0.001

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Firms 52,496 52,496 52,496 52,496 52,496 52,496
Industries 73 73 73 73 73 73
Municipalities 2,982 2,982 2,982 2,982 2,982 2,982

R-squared 0.103 0.104 0.097 0.100 0.100 0.100
Industry FE Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y

Notes. The table presents results of the linear probability model estimating the likelihood of firm survival during 2007–2014
as a function of changes in collocation and baseline controls. Survive is an indicator variable taking the value one if a
2007 incumbent firm continues to exist in the same municipality and four-digit industry in 2014, and a value of zero
otherwise. Identification comes from pre-period industry location patterns. Robust standard errors, clustered at the
industry-municipality level, in parentheses. The omitted categories are the smallest firms and the youngest firms (born
after 2000). ∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01. 25



effect is negative but not statistically significant, providing weak evidence that the positive

effect is smaller for larger firms. This conclusion is again confirmed in Columns (3)–(6) where,

across the specifications, the results continue to show a positive and significant effect of

increased collocation on the survival of the smallest firms, and negative but not statistically

significant coefficients on the interaction terms. Overall, these results support Hypothesis 2a

and the conclusion that collocation has positive effects on the survival of firms in nationally

traded industries. There is only weak evidence for Hypothesis 2b, that small firms benefit

from collocation more than large firms.

The coefficients on all other control variables are very similar, both in direction and

in magnitude, to those estimated for firms in locally traded industries except for one key

difference: the baseline level of collocation. Higher baseline levels of collocation are positively

associated with firm survival among firms in nationally traded industries. But the coefficient

on the level is much smaller than the coefficient on the change. Specifically, it suggests that

a doubling of collocation is associated with a 1.5 percentage point higher firm survival rate.

This effect size indeed falls within the range typically found in agglomeration studies, which

tend to be within the 1–3 percent range. Meanwhile, the causal estimates using the change

in collocation suggest that the actual effects of increased collocation are substantially larger,

at least in the short to medium term. Overall, the contrast between the two is consistent

with the notion that levels of collocation confound causal effects of collocation with selection

of lower quality firms into collocated areas, leading to downward-biased estimates.

Finally, Table 4 presents the result of estimating the parallel models in the sample of

firms that are between the two cutoff points I use to classify industries as nationally or

locally traded (the “neither” set of industries). Here, changes in collocation have no significant

effects on firm survival, consistent with the notion that for firms in this set of industries, no

theoretical mechanism clearly dominates. Rather, the opposing mechanisms may offset one

another.

5.3 Robustness of Main Results

A key challenge lies in distinguishing the effects of increased collocation with competitors

from other potential effects of improved roads. For example, besides changing the nature of
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Table 3: Effects of Change in Collocation on Firm Survival for Nationally Traded Industries

Dependent variable: Baseline Interacted 2 Quantiles 3 Quantiles 4 Quantiles 4 Quantiles
Survive (0/1) with size in industry in industry in industry in ind-mkt

(1) (2) (3) (4) (5) (6)

∆CoLoc07−14 0.149∗∗ 0.217∗∗ 0.201∗∗ 0.188∗∗ 0.178∗ 0.184∗
(0.076) (0.110) (0.083) (0.092) (0.103) (0.106)

∆CoLoc07−14 x Firm size (log workers) -0.030
(0.038)

∆CoLoc07−14 x 2nd quantile -0.106 0.035 0.063 -0.063
(0.097) (0.118) (0.112) (0.116)

∆CoLoc07−14 x 3rd quantile -0.121 -0.030 -0.023
(0.113) (0.134) (0.134)

∆CoLoc07−14 x 4th quantile -0.133 -0.122
(0.134) (0.145)

Firm level controls (2007):
Firm size (log workers) 0.054∗∗∗ 0.055∗∗∗

(0.004) (0.004)
Firm in 2nd quantile (dummy) 0.108∗∗ 0.107∗∗∗ 0.089∗∗∗ 0.078∗∗∗

(0.009) (0.010) (0.011) (0.011)
Firm in 3rd quantile (dummy) 0.152∗∗∗ 0.147∗∗∗ 0.139∗∗∗

(0.011) (0.011) (0.011)
Firm in 4th quantile (dummy) 0.169∗∗∗ 0.153∗∗∗

(0.013) (0.013)
Firm born prior to 1993 (dummy) 0.083∗∗∗ 0.083∗∗∗ 0.089∗∗∗ 0.086∗∗∗ 0.086∗∗∗ 0.087∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Firm born during 1993-2000 (dummy) 0.043∗∗∗ 0.043∗∗∗ 0.046∗∗∗ 0.044∗∗∗ 0.044∗∗∗ 0.045∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Average annual worker wage (log reals) 0.022∗∗∗ 0.022∗∗∗ 0.030∗∗∗ 0.026∗∗∗ 0.025∗∗∗ 0.026∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Exporter (dummy) 0.001 0.001 0.026∗ 0.022 0.022 0.022

(0.015) (0.015) (0.014) (0.014) (0.014) (0.014)
Importer (dummy) 0.019 0.020 0.047∗∗∗ 0.043∗∗∗ 0.044∗∗∗ 0.046∗∗∗

(0.015) (0.015) (0.014) (0.014) (0.015) (0.015)
Municipality-Industry Controls (2007):
Baseline collocation (log) 0.014∗∗ 0.014∗∗ 0.016∗∗ 0.014∗∗ 0.014∗∗ 0.015∗∗

(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Urbanization economies (log) 0.092∗ 0.091∗ 0.094∗ 0.093∗ 0.090 0.085

(0.055) (0.055) (0.057) (0.056) (0.056) (0.055)
Herfindahl index, inverse (log) 0.001 0.001 -0.003∗ -0.001 -0.001 -0.002

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Firms 21,930 21,930 21,930 21,930 21,930 21,930
Industries 99 99 99 99 99 99
Municipalities 2,302 2,302 2,302 2,302 2,302 2,302

R-squared 0.103 0.104 0.097 0.100 0.100 0.100
Industry FE Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y

Notes. The table presents results of the linear probability model estimating the likelihood of firm survival during 2007–2014
as a function of changes in collocation and baseline controls. Survive is an indicator variable taking the value one if a
2007 incumbent firm continues to exist in the same municipality and four-digit industry in 2014, and a value of zero
otherwise. Identification comes from pre-period industry location patterns. Robust standard errors, clustered at the
industry-municipality level, in parentheses. The omitted categories are the smallest firms and the youngest firms (born
after 2000). ∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01. 27



Table 4: Effects of Change in Collocation on Firm Survival for “Neither” Industries

Dependent variable: Baseline Interacted 2 Quantiles 3 Quantiles 4 Quantiles 4 Quantiles
Survive (0/1) with size in industry in industry in industry in ind-mkt

(1) (2) (3) (4) (5) (6)

∆CoLoc07−14 0.010 0.007 0.007 0.007 0.008 0.008
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)

∆CoLoc07−14 x Firm size (log workers) 0.021
(0.019)

∆CoLoc07−14 x 2nd quantile 0.087 0.035 -0.027 -0.011
(0.055) (0.065) (0.066) (0.066)

∆CoLoc07−14 x 3rd quantile 0.107∗ 0.070 0.097
(0.065) (0.071) (0.074)

∆CoLoc07−14 x 4th quantile 0.081 0.109
(0.077) (0.079)

Firms 52,555 52,555 52,555 52,555 52,555 52,555
Industries 80 80 80 80 80 80
Municipalities 2,860 2,860 2,860 2,860 2,860 2,860
R-squared 0.105 0.105 0.105 0.105 0.106 0.106
Industry FE Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y

Notes. The table presents results of the linear probability model estimating the likelihood of firm survival during 2007–2014
as a function of changes in collocation and baseline controls. Survive is an indicator variable taking the value one if a
2007 incumbent firm continues to exist in the same municipality and four-digit industry in 2014, and a value of zero
otherwise. Identification comes from pre-period industry location patterns. Robust standard errors, clustered at the
industry-municipality level, in parentheses. The omitted categories are the smallest firms and the youngest firms (born
after 2000). All controls are included. ∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01.
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spatial competition and affecting agglomeration economies, roads can allow firms to access

previously unserved customers, they can affect the prices of inputs, and lead to the increased

entry of new firms. In this section I test the robustness of the main findings to controls that

address these alternative channels though which road upgrades may affect firm performance.

Establishing the effect that improved roads may have on firms through the demand

channel, i.e., by enabling better access to markets and customers independent of any spatial

competition effects, has been the focus of number of recent studies (e.g., Donaldson and

Hornbeck 2016). The standard empirical approach to measuring changes in market access is

to calculate the change in total GDP or population accessible to a firm. In line with this

literature, I create a variable named Change in local market access, which is the change in the

travel-time weighted sum of the gross domestic product (GDP) of all municipalities that lie

within a firm’s four-hour market from 2007 to 2014. As in the measure of change in collocation,

variation in market access comes from changes in travel time between municipalities and

changes in the market area accessible in four-hours (and not the values of GDP, which are

kept at their 2007 values). But unlike the change in collocation measure, market access varies

at the level of municipalities, not firms or industries, and, hence, can only be included in a

model that excludes municipality fixed effects.

Table 5 shows the results of controlling for change in market access. Here we can compare

the baseline model (Column 1) to a model that excludes the municipality fixed effects (Column

2) and then adds a control for the change in local market access (Column 3). For the locally

traded industries, both the removal of the municipality fixed effects and the inclusion of the

additional control do little to change the main result of a strong negative effect of increased

collocation on the smallest firms. The only difference is that the coefficient for the largest

firms is now smaller in magnitude and no longer statistically significant. In nationally traded

industries, however, the parallel models in Columns (7) and (8) are sensitive to the removal

of the municipality fixed effects, but do not appear sensitive to the inclusion of the market

access control. The sensitivity of the main effect to the removal of the municipality fixed

effects is consistent with the possibility that regions with worse outcome trends in traded

sectors were more likely to receive road investments, i.e., the possibility that the government

directed more investment to lagging regions. Such potential biases emphasize the importance
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of the municipality controls.

Columns (4) and (9) address the sensitivity of the results to controlling for the entry of

new firms. It may be that road improvements attracted new entrants and that both the

competitive and agglomeration effects experienced by incumbent firms are a result of the

change in entry dynamics. To test this possibility, I control for the 2007–2014 municipality-

industry entry rate, calculated as the number of new entrants during 2007–2014 as a share of

the 2007 incumbent firms. The results in Columns (4) and (9) provide evidence that higher

entry has a statistically significant negative association with the survival probability for

incumbents, suggestive of increased competition. However, the inclusion of the entry control

does not impact the main effect of the change in collocation.

Finally, Columns (5) and (10) look for evidence of increased factor prices, by replacing

firm survival with a new dependent variable, which is the growth in the average wage of the

firm from 2007 to 2014. Note that this analysis can only be performed on the set of surviving

firms. The results do not show evidence that the shock to collocation affected wage trends in

incumbent firms, offering little evidence for an input prices channel in the case of labor.

6 Additional Adjustments: Industry Switches and Relo-

cations

To test whether firms exhibit other strategic responses to the unexpected changes in collocation,

I investigate how much the reduction in the rate of survival, as measured, is due to firms

exiting altogether, as opposed to exiting by relocating to a different municipality or switching

to a different industry. A firm facing increased competition in its product and local market can

respond by repositioning (Wang and Shaver 2014), for example, by changing its location or

switching products. Given that they face the more serious competitive threats, I expect that

the smallest firms in locally traded industries would be most likely to respond to increased

collocation by relocating to a different municipality, or switching to a different product.

Meanwhile, in nationally traded industries, increased collocation should make it less likely

that a firm would relocate or switch industry, as the original choice of industry and location
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becomes more attractive due to increased agglomeration spillovers.

I define two additional dependent variables: Switch as an indicator taking positive value

if an incumbent firm reports a different industry code in 2007 and in the last year that it is

observed in the sample, and Relocate as an indicator taking positive value if an incumbent

firm is located in a different municipality in the last year that it is observed.24 The model

is parallel to Equation 4, with the exception of an additional firm-level control for the last

year that the firm is observed in the sample, i.e., the year of “exit” (or the year 2014, in the

absence of exit). This control is important because time is the main predictor of product

switches and relocations and, as we know from the prior analysis, changes in collocation

affect the likelihood of firms surviving and thus remaining in the sample.

Table 6 shows the results of the analyses of industry-switches and relocations in locally

and nationally traded industries. The differences across the two industry types are once again

impressive and in line with theory. In locally traded industries, the results for the sample

as a whole in Columns (1) and (3) show that a positive change in collocation increases the

likelihood that a firm relocates and switches to a different industry, although the effects are

not statistically significant at typical significance levels. The results become more pronounced,

however, after introducing the interactions of collocation with firm size quartiles.

For the smallest firms, both the likelihood of relocating and switching to a different

industry increase as collocation increases. Specifically, doubling collocation increases the

likelihood of relocating by 3.8 percentage points, and the likelihood of industry switching

by 7.4 percentage points among the smallest firms. Given the average likelihood of moves

and product switches of 3.1 and 8.4 percent, respectively, this is roughly a doubling of the

likelihood of these events. The coefficients on the interaction terms with size suggest that

larger firms are less likely to relocate and switch industries, through the differences are not

always statistically significant.

In nationally traded industries, on the other hand, the likelihood of relocating falls with an

increase in collocation. For the smallest firms, doubling collocation decreases the probability

of relocating by 7.4 percentage points, again, more than doubling the baseline probability

24Note that, given the definition of Survive, any firm moving or switching is part of the subset of firms
defined as having not survived in their original location and industry. The main results on survival are robust
to the exclusion of movers and switchers from the sample, i.e., full “exits.”
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of 4.1 percent. The coefficients on the interaction terms suggest that the effect is muted

for large firms. The results on industry switches are ambiguous in the empirical results.

While the coefficients are negative, suggesting lower propensity to switch industries, none are

statistically significant at the standard thresholds.

A final difference becomes apparent when considering the collocation in the origins and

destinations that precede and follow the relocation or industry switch. Figure 5 graphically

depicts the average difference in the levels of collocation between the origin and destination for

all firms that relocate and switch industry. We see that firms that relocate or switch industries

in locally traded industries tend to move away from competitors, while in nationally traded

industries, they move toward competitors. While this last piece of evidence is descriptive, it

lends support for the main hypothesis that proximity to competitors plays a fundamentally

different role in nationally traded and locally traded industries.

7 Conclusion

This study estimates the effect of collocating with firms in one’s industry on firm survival,

leveraging reductions in travel times between firm locations stemming from improved roads as

exogenous variation in collocation. I find that in industries that compete for customers locally,

increased collocation produces effects consistent with heightened competition: doubling

collocation lowers the survival rate of the smallest firms by 14.1 percentage points while

increasing it by 2.6 percentage points for the largest firms. Meanwhile, in industries that

compete in national markets, increased collocation produces effects consistent with increased

agglomeration spillovers. Doubling collocation increases firms’ survival rate by 18.4 percentage

points, with no significant differences across firm sizes. As further evidence consistent with

increased competition in locally traded industries, I observe a higher propensity of firms

to relocate to a different municipality or switch their primary product after being brought

closer to competitors, and when they do so, they tend to evade competition. Meanwhile, in

nationally traded industries I observe fewer relocations and when these occur, they are moves

towards competitors.
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Table 6: Effects of Change in Collocation on Relocations and Product Switches

Locally traded Nationally traded

Dependent variable: Relocate Switch Relocate Switch
(1) (2) (3) (4) (5) (6) (7) (8)

∆CoLoc07−14 0.027 0.038* 0.056 0.074* -0.042 -0.074** -0.065 -0.064
(0.019) (0.022) (0.039) (0.041) (0.031) (0.031) (0.050) (0.061)

∆CoLoc07−14 x 2nd quantile -0.037** -0.053 0.040 -0.002
(0.017) (0.036) (0.041) (0.078)

∆CoLoc07−14 x 3rd quantile -0.001 -0.021 0.073* 0.006
(0.021) (0.039) (0.044) (0.070)

Firm in 2nd quantile 0.009*** 0.027*** 0.008** 0.027***
(0.002) (0.004) (0.004) (0.006)

Firm in 3rd quantile 0.015*** 0.039*** 0.018*** 0.035***
(0.002) (0.004) (0.005) (0.008)

Firms 52,496 52,496 52,496 52,496 21,930 21,930 21,930 21,930
R-squared 0.077 0.078 0.113 0.115 0.114 0.115 0.152 0.154

Industry FE Y Y Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y Y Y

Notes. The table presents the long-differenced analysis of the linear probability model estimating the likelihood
of relocations and product switches during the 2007-2014 period as a function of the changes in co-location
and baseline controls. Relocate and Switch are indicator variables taking the value one if a 2007 incumbent
firm is observed in a different municipality/ industry code in the last year that it appears in the data.
Identification comes from pre-period industry location patterns. Robust standard errors, clustered at the
industry-municipality level, in parentheses. The omitted category in the case of size are firms in the first size
quantile (smallest) and firms born after 2000 in the case of firm age. All specifications include the full set of
controls as well as a control for the last year firm is observed in the data. Some results are sensitive to the
number of firm size categories included; the sharpest results (involving three size categories) are presented.
*** p<0.01, ** p<0.05, * p<0.1.
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The findings of significant differences in the way that firms respond to collocation with

competitors suggest that there is not a single answer to the question how proximity affects

performance, but rather that studies need to be careful to consider both industry and firm-

level heterogeneity. The estimates of the current study suggest that for some industries,

benefits from collocation may be substantially larger than the typical ranges of agglomeration

benefits estimated in prior studies. Meanwhile, other industries experience null or negative

effects from collocating. This study shows that the tradability of an industry’s product, which

determines the spatial scope of the markets for the good, is a key statistic that determines

the nature of the effects from collocation.

The ability of the study to detect effects on firm behavior based only on changes to the

actual cost of mobility also carries the important implication that “space” is not a constant, but

rather it is shaped by the costs and patterns of human mobility. This opens up opportunities

for further inquiry on how changes in technologies and policies that affect the cost of mobility

shape the competitive and collaborative interactions between firms.
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Table 7: Firm Level Descriptive Statistics

Full sample Locally traded Nationally traded
n=129,325 n=52,496 n=21,930

Mean St. Dev. Mean St. Dev. Mean St. Dev.
Size (workers) 23.307 86.272 18.525 53.039 39.002 169.143
Age (years) 8.412 5.099 8.151 5.040 8.858 5.172
Avg. worker wage (reals) 8818.814 6080.362 7794.399 5053.723 9914.935 7295.826
Exporter 0.050 0.218 0.029 0.166 0.088 0.284
Importer 0.048 0.214 0.028 0.165 0.083 0.275

Survive 0.556 0.497 0.557 0.497 0.554 0.497
Relocate 0.037 0.188 0.031 0.173 0.045 0.207
Switch product 0.107 0.309 0.084 0.278 0.110 0.312
Level of collocation (2007) 20.468 51.863 34.101 75.281 5.210 7.258
Change in collocation 0.036 0.082 0.041 0.084 0.026 0.078

Ellison-Glaeser index 0.033 0.040 0.011 0.005 0.095 0.061
Urbanization economies 497.821 625.985 456.378 594.047 526.325 659.296
Herfindahl index, inverse 8.292 3.689 8.586 3.638 7.303 3.813
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Table 8: Predicting Change in Collocation with Firm-Level Characteristics, Locally Traded Industries

Dependent variable: 4Coloc07−14 (1) (2) (3) (4) (5) (6) (7)

Number of workers (log) -0.000
(0.000)

Firm born prior to 1993 (dummy) 0.001**
(0.001)

Firm born during 1993-2000 (dummy) 0.001**
(0.000)

Average annual worker wage (log reals) -0.000
(0.000)

Exporter (dummy) 0.002
(0.001)

Importer (dummy) 0.001
(0.001)

Political donations (log reals) -0.000
(0.000)

Pre-period survival rate -0.000
(0.002)

Baseline collocation (log) -0.015*** -0.015*** -0.015*** -0.015*** -0.015*** -0.015*** -0.016***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003)

Firms 52,496 52,496 52,496 52,496 52,496 52,496 52,496
R-squared 0.846 0.846 0.846 0.846 0.846 0.846 0.846
Industry FE Y Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y Y

Table 9: Predicting Change in Collocation with Firm-Level Characteristics, Nationally Traded
Industries

Dependent variable: 4Coloc07−14 (1) (2) (3) (4) (5) (6) (7)

Number of workers (log) -0.000
(0.000)

Firm born prior to 1993 (dummy) -0.001
(0.001)

Firm born during 1993-2000 (dummy) -0.001
(0.001)

Average annual worker wage (log reals) 0.000
(0.000)

Exporter (dummy) 0.001
(0.001)

Importer (dummy) -0.001
(0.001)

Political donations (log reals) -0.000
(0.000)

Pre-period survival rate -0.002
(0.003)

Baseline collocation (log) -0.018*** -0.018*** -0.018*** -0.018*** -0.018*** -0.018*** -0.018***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Firms 21,930 21,930 21,930 21,930 21,930 21,930 16,738
R-squared 0.692 0.692 0.692 0.692 0.692 0.692 0.754
Industry FE Y Y Y Y Y Y Y
Municipality FE Y Y Y Y Y Y Y
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8 Figures

0 200 400 600 800 1,000
Distance (miles)

Computer and electronic products
Leather and allied products

Apparel
Electrical equipment, appliances, and components

Miscellaneous
Machinery

Textile product mills
Chemicals

Furniture and related products
Printing and related support activities

Transportation equipment
Plastics and rubber products

Textile mills
Primary metal products

Paper
Fabricated metal products

Wood products
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Beverage and tobacco
Petroleum and coal products
Nonmetallic mineral products

Figure 2: Median Distance Goods Shipped, 2-digit NAICS sector

Note: Author’s calculations using the 2012 U.S. Commodity Flow Survey (CFS).
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Figure 3: Select Markets as Defined by Four Hours of Travel Time

Note: Map based on author’s calculations and data from the Ministry of Transport of Brazil, the National

Department of Transportation Infrastructure (DNIT), and the Brazilian National Transport Confederation

(CNT).
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BR-262/MS Construção Contorno Rodoviário de Campo Grande

BR-392/RS Duplicação

BR-135/MA Duplicação

BR-020/CE Duplicação Contorno de Fortaleza

BR-116/BA Adequação de Capacidade

BR-116/RS Duplicação

BR-262/MG adequação Travessia Urbana de Uberaba

BR-367/MG Pavimentação

BR-265/MG Pavimentação

BR-156/AP Construção
Ponte Internacional

BR-156/AP Pavimentação

BR-242/BA Adequação Travessia de Luiz Eduardo Magalhães

BR-050/MG Duplicação Uberlândia - Araguari - Div. MG/GO

BR-365/MG Construção Travessia Urbana de Uberlândia

BR-482/ES Construção Contorno de Cachoeiro do Itapemirim

BR-364/MG Pavimentação

BR-356/RJ Contorno de Itaperuna

BR-040/262/381/MG Construção 
Contorno Sul do Anel Rodoviário de BH

BR-324/BA Construção Acesso Rodoviário Porto de Salvador

BR-285/SC/RS Construção e Pavimentação

BR-101/SC Construção Via Expressa Itajaí

BR-101/SC Duplicação

BR-282/SC Adequação Via Expressa de Florianópolis

BR-448/RS Construção

BR-280/SC Duplicação

BR-429/RO Construção e Pavimentação

BR-317/AM Pavimentação

BR-163/MT  Adequação Travessia Urbana de Sorriso

BR-364/AC Construção e Pavimentação

BR-364/RO Construção Travessia de Ji-Paraná

BR-319/RO Construção Ponte sobre Rio Madeira

BR-155/PA Adequação

BR-230/PA Construção
BR-432/RR Construção

BR-364/RO Adequação Travessia Candeias do Jamari

BR-364/RO Construção Travessia de Ouro Preto do Oeste

BR-470/SC Duplicação

BR-153/TO Adequação Travessia Colinas do Tocantins

BR-153/TO Construção Travessia Urbana de Guaraí

BR-153/TO Construção Travessia Urbana de Miranorte

BR-235/PI Construção e Pavimentação

BR-235/BA Construção

BR-242/BA Construção 

BR-135/BA Construção 

BR-135/MG Pavimentação

BR-242/BA Construção Contorno de Barreiras

BR-230/PB Duplicação
Contorno de Campina Grande

BR-110/RN  Adequação

BR-304/RN  Duplicação

BR-304/RN  Duplicação Reta Tabajara

BR-406/RN  Const. Viaduto do Gancho

BR-101/RN  Construção

BR-101/PE Duplicação
Contorno de Recife

BR-101/SE Obras Complementares Contorno de Aracaju

BR-101 Duplicação PE/AL/SE/BA

BR-101 Duplicação RN/PB/PE

BR-304/RN Adequação Contorno de Mossoró

BR-222/CE Acesso ao Porto de Pecém

BR-242/TO Construção

BR-010/MA Pavimentação Travessia Urbana de Imperatriz

BR-104/PB Adequação

BR-104/PE Adequação

BR-418/BA Construção

BR-440/MG Adequação Travessia Juiz de Fora

BR-146/MG Pavimentação

BR-101/BA Adequação

BR-135/MG Adequação

BR-381/MG Duplicação

BR-262/ES Adequação

BR-226/RN Construção e Pavimentação

BR-116/324/BA Adequação Contorno Norte de Feira de Santana

BR-408/PE Duplicação

BR-101/PE Construção (projeto)
Arco Metropolitano de Recife

BR-415/BA Duplicação

BR-230/PA Construção de Acesso Rodoviário

BR-116/RS Duplicação

BR-101/SC Adequação Acesso ao Porto de Imbituba

BR-277/PR Adequação Acesso Rodoviário ao Porto de Paranaguá

BR-447/ES Construção e Adequação Acesso Rodoviário ao Porto

BR-101/ES Construção de Contorno Rodoviário em Mestre Álvaro

BR-324/BA Adequação Acesso Rodoviário ao Porto de Aratu

BR-135/MA Adequação Acesso ao Porto de Itaqui

BR-423/PE Duplicação

BR-316/AL Pavimentação

BR-251/MG Construção Travessia Urbana de Unaí

BR-101/ES Duplicação Contorno de Vitória

BR-493/RJ Duplicação Arco Rodoviário

BR-101/SP Adequação e Travessia de Ubatuba

BR-365/MG Duplicação Trevão -  Uberlândia

BR-282/SC Adequação Travessia Urbana de Lajes

BR-116/RS Construção de Ponte sobre fronteira Brasil/Uruguai

BR-290/RS Duplicação

BR-158/RS Adequação Travessia de Santa Maria

BR-386/RS Duplicação

BR-163/PR Construção Contorno de Cascavel

BR-277/PR Construção 2ª Ponte Internacional

BR-153/PR Construção

BR-153/PR Adequação

BR-163/PR Adequação de Trecho Rodoviário

BR-163/SC Adequação

BR-480/SC Adequação Contorno de Chapecó

BR-158/MS/SP Construção Acesso à Ponte

BR-487/PR Construção e Pavimentação

BR-163/PR Adequação

BR-158/PR Construção

BR-376/PR Construção Contorno de Maringá

BR-262/MS Construção de Ponte sobre o Rio Paraná

BR-153/GO AdequaçãoBR-153/GO Ponte sobre o Rio Paranaíba

BR-080/GO Construção e Pavimentação

BR-020/DF/GO Adequação

BR-060/DF/GO Duplicação

BR-070/GO Duplicação

BR-060/DF/GO Adequação

BR-262/MS Contorno de Corumbá

BR-359/MS Construção

BR-060/GO Duplicação

BR-158/MT Construção

BR-364/MT Construção Contorno de Cuiabá

BR-080/MT Construção e Pavimentação
Incluindo Pte. sobre o Rio das Mortes

BR-163/364/MT Duplicação

BR-242/MT Construção

BR-163/MT Pavimentação

BR-364/RO Construção Travessia de Presidente Médici

BR-364/RO Construção Travessia de Pimenta Bueno

BR-364/RO Adequação Travessia de Vilhena

BR-174/MT  Construção de Trecho Rodoviário

BR-364/RO Duplicação Travessia de Porto Velho

BR-319/RO Cosntrução Contorno Norte de Porto Velho

BR-364/RO Construção Ponte sobre Rio Madeira/Abunã

BR-163/PA/MT Pavimentação

BR-319/AM Pavimentação
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Camada de Rodovias - Plano Nacional de Viação disponibilizado pelo Departamento Nacional de Infraestrutura de Transportes

Camada de Ferrovias - Retirada da base de dados do PNLT 2010. Fontes: Agência Nacional de Transportes Terrestres - ANTT  e 
Departamento Nacional de Infraestrutura de Transportes - DNIT

Camada de Hidrovias - Retirada da base de dados do PNLT 2010. Fontes: Agência Nacional de Transporte Aquaviário - ANTAQ e
Departamento Nacional de Infraestrutura de Transportes - DNIT 

Camada de Estados, América do Sul, Capitais e Cidades - Retirada da base de dados do PNLT 2010. Fonte: IBGE - Instituto Brasileiro 
de Geogra�a e Estatística 

Camada Portos e Terminais - Retirada da base de dados do PNLT 2010. Fontes: Agência Nacional de Transporte Aquaviário - ANTAQ, 
Departamento Nacional de Infraestrutura de Transportes - DNIT e Secretaria Especial de Portos - SEP

Ministério dos
Transportes

Camada de Obras PAC - Criada e atualizada pela Coordenação Geral de informações Georreferenciadas - CGSIG com o apoio da 
Secretaria de Gestão dos Programas de Transportes - SEGES
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Figure 4: Programa de Aceleração do Crescimento — Programmed Investments

Source: Ministerio dos Transportes de Brasil.
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Figure 5: Origin and Destination Collocation
Note: Author’s calculations.

9 Supplemental Data Appendix

Available from author upon request.
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