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Abstract

This paper examines the effect of expanding transportation networks on

spatial industrial growth across the United States from 1953 to 2016. I use

a new methodological approach that applies network theory combined with

a historic military map to address the two forms of endogeneity present in

expanding transportation networks: route placement and construction timing.

I find that Interstate counties experienced significant growth in employment

and the number of establishments relative to non-Interstate counties. Growth

rates are highest within two decades of receiving an Interstate. Results also

reveal positive spillovers occurred in later decades among adjacent counties

along the metropolitan periphery.
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1 Introduction

Numerous policies focus on stimulating economic development in communities. Evalu-

ating these policies depends on exogenous variation across locations, but when policy-

makers apply selective resource distribution over time it complicates the evaluation by

introducing an additional source of endogeneity. For example, the construction of the

Interstate Highway System in the United States, a major place-based policy, involved se-

lective route determination by Congress and allocation of construction funds over several

decades by state governments. This paper introduces a novel methodology that applies

network theory to address endogeneity along both dimensions. I apply this new ap-

proach to estimate the impact of Interstates on employment and establishment growth in

the entire U.S. from 1956 to 2016.

Interstate construction introduced over 40,000 miles of limited access highways, low-

ering travel costs and improving travel times. By the end of the twentieth century, Inter-

states had reshaped cities by altering the location choices of workers and firms (Baum-

Snow, 2007, 2020; Duranton and Turner, 2012), encouraged trade by connecting regions

and international markets (Duranton et al., 2014; Jaworski et al., 2020; Michaels, 2008), and

raised aggregate welfare (Allen and Arkolakis, 2014, 2022). Despite our growing knowl-

edge, limitations in data and empirical approaches have restricted our ability to assess

spatial spillovers from Interstates and their long-term impact on industrial growth.

I use a reduced form analysis and instrumental variable approach to estimate the

impact of an Interstate’s presence on changes in employment and establishments, ad-

dressing both timing and location endogeneity. Non-random placement of Interstates has

been highlighted in previous literature, which shows that Interstates were often directed

to struggling metropolitan areas to encourage economic growth (Duranton and Turner,

2012; Redding and Turner, 2015). In line with previous literature, I use a proposed but

never constructed historic highway plan as an instrument for eventual Interstate loca-

tions. Once routes were established, state and local officials were in charge of determining
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when particular segments would be constructed, providing another means of encourag-

ing local development. To address endogenous timing, I implement the Newman-Girvan

algorithm on the historic map to predict the timing of Interstate construction. The al-

gorithm prioritizes segment construction based on their importance for network connec-

tivity. I use this priority ranking with a simple social planner’s problem to predict the

construction year for each proposed Interstate segment from the historic plan.

To address concerns about centrality in a network potentially influencing economic

growth independently of Interstates, I apply a correction discussed in Borusyak and Hull

(2021) within the estimation strategy. Additionally, I support the instrument’s validity

through an event study analysis, which confirms a null result for a pre-trends test in the

reduced form and highlights the endogeneity issue in the OLS approach.

This analysis relies on a newly constructed county-year panel dataset covering 1953-

2016. The dataset is compiled from County Business Pattern (CBP) data, providing em-

ployment and establishment counts for all counties in the lower-48 states, as well as the

number of firms across eight employment size categories. Detailed information on Inter-

state construction timing is obtained from the National Archives.

In addition to the novel empirical methodology, this paper bridges the existing empir-

ical literature, which has often focused exclusively on metropolitan areas or rural areas,

by considering all counties in the lower-48 states.1 Including this set of “missing mid-

dle” counties, which were not previously categorized as metropolitan or rural in existing

analyses, leads to comprehensive and broadly applicable findings. Results show that

counties with Interstate Highways experienced higher year-over-year employment and

establishment growth compared to counties without Interstates. Between 1956 and 2016,

findings suggest that Interstates contributed to an increase of 2,400 to 4,200 jobs for the

median Interstate county. Establishment growth was similar in magnitude, with Inter-
1For example, seminal work by Michaels (2007) analyzes ⇡1000 rural counties, and Duranton and

Turner (2012) analyze 227 Metropolitan Statistical Areas which is ⇡ 900 urban counties. This paper uses
⇡3,100 counties, which indicates a large number of counties (⇡1000) have been excluded from prior analy-
sis.

3



state contributing to between 20 and 40 percent of annual growth. However, growth was

concentrated among larger establishments with over 50 employees and came at the ex-

pense of smaller firms with fewer than 20 employees, suggesting that establishments are

able to scale up.

This paper’s inclusion of all counties in the lower 48-states allows for insights into the

spatial spillovers from Interstates. Findings indicate Interstates generate spatial spillovers

into the non-Interstate metropolitan periphery. This growth aligns with decentralized

suburban job growth and strengthens the connection between Interstates and agglom-

eration spillovers at the labor market level (Baum-Snow, 2020). I find no evidence of

spillovers into other adjacent areas, suggesting that the negative spillover effects on In-

terstate adjacent counties documented in Chandra and Thompson (2000) are limited to

shifts between Interstate adjacent rural areas.

By using a time-varying instrument and annual outcome data, I analyze three dis-

tinct eras: the initial expansion (1956-1975), the completion (1976-1995), and the post-

construction era (1996-2016). This approach reveals new dynamic patterns across eras

and locations. Employment and establishment growth in Interstate counties is highest

during the initial expansion era, while the non-Interstate metropolitan periphery experi-

ences stronger growth in later decades. The results indicate significant localized indus-

trial growth due to the Interstates, despite their initial disconnection during the expansion

era.

This paper provides a solution for multidimensional endogeneity that is broadly ap-

plicable to settings where the allocation of resources can be patterned according to a net-

work, where the most direct applications include other forms of infrastructure such as

rail, airports, or electricity. This analysis enables a comparison between my instrument,

which explicitly addresses the endogenous timing of construction, and instruments that

do not. Results show that using an instrument solely for location endogeneity underesti-

mates the impact of transportation on growth, especially during the period of Interstate
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expansion. This finding highlights the potential for similar types of endogeneity in other

contexts including other place-based policies with bureaucratic discretion over funding

allocation.

2 Data and Descriptive Evidence

2.1 Dataset Construction

My analysis examines Interstate Highways’ impact on industry dynamics using Census

Bureau’s County Business Patterns (CBP) data from 1953 to 2016, alongside historic trans-

portation network information. I compiled CBP data from three sources: pre-1964 records

were hand collected from archival documents, 1964-1970 data came from ICPSR (Ody

and Hubbard, 2011), and subsequent years are published by the US Census Bureau.2 The

County Business Patterns consistently tabulate total employment, establishments, and the

number of establishments in six employment size categories, which allows me to consider

changes in the share of establishments within each of the size categories.3 I construct an-

nual information on the location and timing of the construction of the Interstate Highway

System, depicted in Appendix Figure B.1.1a, by combining contemporary route locations

with the PR-511 collection at the National Archives.

To account for factors that are correlated with changing industrial dynamics and the

expansion of Interstate Highways, I include data covering population, market size, ge-

ography, military installations, and alternative methods of transportation. Appendix A.3

provides a detailed description of the variables and how they are constructed.
2For more detail regarding CBP dataset construction and Interstate Highway maps see Appendix A.
3Employment size groups typically include eight categories: 1-4, 5-9, 10-19, 20-49, 50-99, 100-249, 250-

499, and above 500 employees. The thresholds of smaller categories change across eras, so I combine them
into 1-19 employees.
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2.2 Growth Over Time and Evidence of Selection

From the three sources above, I construct a panel dataset from 1953–2016 to evaluate the

effects of Interstate Highways on employment and establishment growth across counties.

Figure 1 plots the mean changes in both outcomes relative to 1953 by eventual Interstate

status. The employment trends in panel (a) and establishments trends in panel (b) reveal

both Interstate and non-Interstate counties grew over the period, with Interstate county

growth outpacing non-Interstate growth. Appendix Table C.1.1 reports summary statis-

tics, revealing average annual employment growth of 2.2 percent in Interstate counties

compared to 1.7 percent in non-Interstate counties, and establishment growth of 1.5 per-

cent in Interstate counties versus 0.9 percent in non-Interstate counties.

Panels (c) and (d) of Figure 1 plot the change in employment and establishments rel-

ative to the initial construction year among Interstate counties. Each figure plots the

growth relationship by the decade of construction. Both panels reveal that by 2016, coun-

ties that constructed their Interstates earlier experienced more relative growth. The fig-

ures also suggest that growth was similar among counties that were built prior to the

mid-1970s, but was much slower among those counties that were built in later decades.

This faster growth among highway counties is coupled with significantly higher lev-

els of initial employment. Appendix Table C.1.2 presents summary statistics of the pre-

Interstate county characteristics by eventual highway type. Not surprisingly, areas that

built Interstate Highways are considerably different from those that did not. The table

shows highway counties were more populated, had a higher share of urban population,

and had better access to alternative forms of transportation. These differences reinforce

the selection concerns regarding Interstate locations.
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2.3 Defining Spatial Adjacency

I assess the importance of adjacency by leveraging the national coverage of the data and

by considering spatial spillovers within labor markets, which are defined by commuting

zone boundaries according to Economic Research Service (2019). Figure 2 illustrates the

spatial adjacencies of interest. The figure plots four commuting zones around Houston,

TX. Each commuting zone is outlined by a dark bold line, and the interior of each com-

muting zone includes the county boundaries. The dashed line marks the eventual path of

the Interstate Highway and the light gray shaded counties are all Interstate counties. The

dark gray shaded counties include both Interstates and the Houston MSA boundaries in

1960.

The lettered counties define the spatial adjacencies of interest. Counties labeled A and

B are defined as Interstate adjacent within the commuting zone, sharing the same local

labor market as Interstate treated counties.4 These are different than the counties labeled

with the letter C, which are a collection of non-Interstate counties, where none of the

counties in the commuting zone were connected to the Interstate system. Finally, I distin-

guish commuting zone adjacent county types A and B because type A is in a commuting

zone that includes an MSA. I define these as non-Interstate counties in the metropolitan

periphery. I incorporate these spatial adjacencies directly into the analysis by including

binary adjacency treatments in some estimation specifications.

3 Empirical Strategy

3.1 Estimating Equation

To estimate the effect of the Interstate Highway System on year over year employment

and establishment growth, I exploit spatial and temporal variation in the location of In-
4The average adjacent county is 46 kms from an Interstate, whereas the average CZ adjacent county is

36 kms away.
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terstate Highways using the following first-difference specification:

ln(Yct)� ln(Yct�1) = � · IHSct + �st + ✓mt + �dt +X
0
⇢ct + ✏ct (1)

where Yct is the outcome of interest in county c at time t. The variable IHSct is an in-

dicator that is equal to one if an Interstate Highway intersects county c at year t. The

coefficient of interest is �, which estimates the average effect of the Interstate Highway

System. The specification includes state ⇥ year fixed effects, �st, so the treatment effect

of an Interstate Highway is identified using variation within a state in a year. It includes

market size ⇥ year fixed effects, ✓mt, to flexibly account for ways that metropolitan and

rural areas grow over time. It also includes CBP adjustment ⇥ year fixed effects, �dt, to

account for minor differences in CBP reporting, d, each year. Standard errors are two-

way clustered by county and commuting zone ⇥ year to account for serial correlation

and spatial correlation in the error term (Kelly, 2019, 2020).5

Although the first-difference specification accounts for fixed county level characteris-

tics and includes a wide range of flexible time varying fixed effects, a concern remains

that time varying county characteristics might be correlated with both Interstate High-

ways and industrial growth. To account for this, I include a set of controls, X 0
⇢ct, that

flexibly account for preexisting differences. The controls, which are described in detail in

Appendix A.3 and are presented in Appendix Table C.1.2, include baseline employment,

establishments, and population measures, as well as additional measures to account for

urbanization, transportation infrastructure, and geographic characteristics. This specifi-

cation identifies the effect of an Interstate Highway for Interstate counties relative to non-

Interstate counties while allowing for subsequent endogenous policy decisions (Kline and

Moretti, 2014). This model does not allow me to separately identify the effect of Inter-

states on growth and relocation, but rather relative differences between the two types of
5OLS results are robust to using spatially weighted standard errors proposed by Conley (2010) and

Hsiang (2010).
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locations.6

3.2 Addressing Highway Endogeneity

The history of highway construction indicates that route placement, construction tim-

ing, and funding of highways was an intensely political process (Rose, 1990). Politicians,

lobbyists, and heads of industry all contributed to the current locations of Interstate High-

ways and state and local officials were in charge of allocating resources for construction

(Kaszynski, 2000; Lewis, 1997). If these outside contributors viewed highway construc-

tion as a place-based economic development policy, they may have been more likely to

add segments of Interstate or reroute planned segments to reach less developed coun-

ties or start construction earlier to promote more growth. Therefore both location choice

and timing of construction are potentially endogenous. To account for this, I construct an

instrument that predicts both the location of an Interstate and the year of construction.

To address endogeneity concerns regarding Interstate locations, I use the 1921 national

network plan developed by the War Department under the supervision of General John

J. Pershing as an instrumental variable to predict eventual Interstate locations. This plan

is commonly referred to as the Pershing Map and was designed to prioritize the military

needs of the early-1920s (Michaels et al., 2019). Proposed Interstate locations, depicted

in Appendix Figure B.1.1b, are based on the digitized Pershing Map from the Bureau of

Public Roads collection at the National Archives.7

I address the endogenous timing of Interstate construction using an application from

network theory to predict the optimal timing of Interstate construction. I implement the

Newman-Girvan Algorithm to determine a construction timing priority for each segment
6For recent examples of quantitative spatial models across different forms of transit infrastructure see

Donaldson and Hornbeck (2016); Baum-Snow et al. (2017); Jaworski and Kitchens (2019); Jaworski et al.
(2020); Jedwab and Storeygard (2022); Fajgelbaum and Schaal (2020).

7The commonly used instrument in the U.S. Interstate literature is the National Interregional Highway
Committee from 1947. However, in Section 3.3.4, I discuss its limitations when applied to a national setting
with extensive margin treatment.
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of the proposed Interstate networks.8 In order to apply the algorithm to the Pershing

Map, I decompose the proposed routes into a mathematical network of nodes and edges,

where each node occurs at the intersection of two edges or at the end of an edge. Each

edge is weighted by its length in kilometers. The Newman-Girvan Algorithm calculates

edge-betweenness for every edge by finding the shortest paths between all node pairs

and counting the number of times each edge is used for these trips. Edges with higher

betweenness values are more important for connecting the network.

Figure 3 presents two stylized highway graphs to illustrate calculating edge-betweenness.

The first panel presents a simplified highway network with ten cities (nodes) connected

by thirteen Interstates (edges). The approximate mileage between each node is printed

along each edge. Consider an example trip between New York and El Paso. The shortest

path between these two nodes passes through Cheyenne and covers 2,460 miles, which is

slightly shorter than passing through Jacksonville (2,540 miles). So the edge-betweenness

value would increase along the edges from New York to Cheyenne and from Cheyenne

to El Paso. This process gets repeated between every pair of nodes. The second panel

presents the resulting edge-betweenness calculation for this network, where the between-

ness score is presented both as the value on the edge and illustrated by the thickness of

the edge, where thicker edges have higher betweenness scores.

To predict a construction year for each Interstate segment, my procedure sequentially

builds the network edges with the highest betweenness value subject to an annual con-

struction budget. I derive the annual budget appropriation based on estimated construc-

tion costs of the entire network equally divided over a fixed construction time horizon.

I calculate the total network construction cost by estimating construction costs for each

segment based on weighted average costs of the urban and rural mileage for that seg-

ment. I use construction cost estimates for urban and rural cost per mile from a 1955
8This algorithm was originally used to identify important connections in biological and social networks

(Girvan and Newman, 2002).
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Congressional highway proposal.9

To determine the annual construction constraint, I divide the total network construc-

tion cost over a twenty five period, approximating actual Interstate construction for the

Pershing Military Plan. I then rank proposed network edges based on betweenness scores

and build them in that order until the construction spending matches the annual con-

straint. Unbuilt edges carry over to the next year, and the process repeats, providing

a construction year for each edge and creating an Interstate instrument predicting both

location and year of construction. Appendix Figure B.1.2 illustrates how the proposed

construction horizon compares to the timing of construction for the Interstate Highway

System. The figures show that the twenty five year construction horizon closely matches

the actual construction horizon.

3.3 Instrument Validity

For my proposed instrument to be valid it must be correlated with the endogenous vari-

able and also only impact the outcomes of interest via its impact on the endogenous vari-

able. In this section, I discuss the first-stage relationship, how the different components of

the exclusion restriction are plausibly satisfied, and present three empirical falsification

tests that support using the Pershing Map as a valid instrument.

3.3.1 First-Stage

To test whether the proposed instrument, that is a network of roads with the associated

year of construction, sufficiently predicts whether a county will have an Interstate High-

way at time t, I estimate the following first-stage regression:

IHSct = ↵ · Planct + �st + ⌧mt + �dt +X
0
µct + �ct (2)

9Estimates derived from House Document 120, submitted to the 84th Congress during the first session.
Urban mileage had an estimated cost of $2,431,818 per mile, while rural costs are significantly lower at
$378,787 per mile, both in 1955 dollars.
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The variable Planct is an indicator for whether a county c is predicted to have an Interstate

from the proposed network in year t. The specification includes the full set of fixed effects

and controls from equation 1. First-stage coefficients and standard errors are included at

the bottom of each set of results in the main specifications. Kleibergen-Paap F-statistics

are reported with every specification (Stock and Yogo, 2005). The first stage is consistently

strong with Kleibergen-Paap F-statistics ranging from 30 - 160.

3.3.2 Exclusion Restriction: Pershing Route Locations

There are several advantages in the design of the Pershing Map that support the argument

for the exclusion restriction. One advantage is the strong military influence in creating the

map and the lack of input from outside political and economic agents. The Pershing plan

originated shortly after World War One and the legacy of the domestic war efforts are ev-

ident in the route decisions, which did not extend into southern Florida and emphasized

coasts and borders (Swift, 2011). The system was designed with straight line connec-

tions, avoiding city centers, and creating a network-style graph akin to those evaluated

by Banerjee et al. (2020) and Faber (2014). Straight line connections remove the possibility

of local officials subtly manipulating the locations of the plan.

My empirical strategy continues to condition on historic population, economic condi-

tions, transportation, geography, and spatial controls to account for county characteristics

that may be correlated with employment growth and industrial development. Addition-

ally, I construct four controls to explicitly account for military interests in the early 1920s.

First, I include nodal fixed effects for counties with nodes in the Pershing Map. Second,

I control for distance from county seats to the nearest node. Third, I calculate proxim-

ity to nearly 700 World War One posts, camps, and stations in the US in 1918 (Center of

Military History, 1931). Finally, I account for distances to pre-World War One military

conflicts. Each of these time invariant controls are interacted with year fixed effects to

flexibly account for changes over time. Given the historic narrative, limitations of mili-
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tary planners to forecast the mid-twentieth century economic environment, and the rich

set of covariates, it seems plausible that the Pershing Map is a suitable instrument for

Interstate locations.

3.3.3 Exclusion Restriction: Centrality and Timing

Predicted construction timing relies on centrality in the proposed Interstate network. This

approach abstracts from the endogenous state level decision-making process. Borusyak

and Hull (2021) show that centrality partially drives the relationship between transporta-

tion expansion and regional economic growth. I address this potential confounding rela-

tionship by constructing a centrality fixed effect based on a 1947 Federal and State High-

way map that is in the spirit of the correction proposed by Borusyak and Hull (2021).10

With these centrality fixed effects in all specifications, the comparisons are identified from

variation in Interstate treatment within similarly central counties. To address the concep-

tual issue differently, I add a continuous market potential control to all specifications

based on Harris’ approach (1954), using 1950 population and straight line distances be-

tween county seats.

3.3.4 Evidence in Support of the Exclusion Restriction

Effects Prior to Construction: An empirical concern is that influential route designers

simply identified places that were poised for growth. To directly test whether Persh-

ing routes affected employment prior to construction, I construct a county level panel

dataset from 1930 to 1954 from Haines et al. (2010)11 and estimate equation 1, using a

time-invariant binary Interstate Highway indicator, with the full set of controls and fixed

effects outlined in Section 3.1 and the new covariates and fixed effects introduced in Sec-

tion 3.3. The outcomes of interest are decade over decade changes in total county employ-

ment, bank deposits, and the number of firms engaged in manufacturing, retail sales, and
10Appendix B.2 describes the measure in detail.
11Coverage includes each decade from the Decennial Census and the 1954 County Data Book.
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wholesale trade.

Panels (A)–(B) of Appendix Table B.3.1 report OLS results and IV results using the Per-

shing IV. OLS coefficients in Panel (A) are positive and statistically significant for several

outcomes reflecting possible selection of faster growing counties or anticipatory growth

based on expectations of highway development. Reassuringly, coefficient estimates using

the Pershing locations as an instrument in Panel (B) are not statistically significant. Panel

(C) replicates the IV results using the 1947 Interregional Highway Committee Plan (See

Appendix Figure B.1.1c). The significant coefficients on employment and retail sales raise

concerns that the 1947 Plan does not sufficiently address the endogeneity concerns when

considering a national set of counties and measuring highway treatment through a binary

indicator.12

Finally, as noted in Section 3.3.3, there is concern that centrality may have a direct ef-

fect on economic growth. I replace the binary Interstate indicator with a continuous Per-

shing centrality measure to assess if centrality predicts pre-Interstate economic growth.

Panel (D) presents results and across all five outcomes, the centrality coefficients result in

precisely estimated zeros, indicating that centrality is not associated with growth in these

outcomes prior to Interstate construction.

Event Study: To enhance the instrument’s credibility, it’s important to verify that the

predicted Interstate locations and timing are not correlated with pre-construction growth

in the construction era. To test this, I leverage the recent advances in event-study method-

ologies by Goodman-Bacon (2021) and Schmidheiny and Siegloch (2020) in conjunction

with the new county-year panel data. Specifically, I estimate the following linear panel

model with dynamic highway treatment effects:

ln(Yct) =
60X

m=�20

�mhwyc,t+m + ↵c + �st + ✓mt + �dt +X
0
⇢ct + ✏ct (3)

12Prior work used urban rays (Agrawal et al., 2017; Baum-Snow, 2007), urban mileage (Duranton and
Turner, 2011, 2012), or binary treatment in rural areas (Herzog, 2021; Michaels, 2008).
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The estimated parameters of interest, �m, separately identify binary highway treatment

effects for each period beginning 20 years prior to construction and extending 60 years

after construction. Following the conventions in Freyaldenhoven et al. (2021), I exclude

the year prior to the Interstate opening, t � 1, so each coefficient is interpreted as the

effect of highways m years after the Interstate opens. The specification includes county

fixed effects, ↵c, and the full set of time varying fixed effects and controls from equation 1

and Section 3.3. Consistent with the prior specifications, standard errors are two-way

clustered by county and commuting zone ⇥ year to account for serial correlation and

spatial correlation in the error term.

Event study figures show there is no relationship between employment and establish-

ment growth prior to the predicted construction of an Interstate. Appendix Figures B.3.1

and B.3.2 plot the coefficients, �m, and 95% confidence intervals that result from esti-

mating equation 3 where the outcomes of interest are the log of employment and log of

establishments, respectively. I present sub-figures for actual and predicted Interstate loca-

tions using the instrument, both for population-weighted and unweighted outcomes. All

figures display a positive effect of Interstates on the outcome after construction.13 When

using the instrument, estimated effects on the outcomes before the year of construction

are not significantly different from zero, satisfying a necessary test of pre-trends and sup-

porting the instrument’s validity.

When the specification is run with population weights the endogeneity concern, first

highlighted in Baum-Snow (2007) and Duranton and Turner (2012), that additional Inter-

state mileage was steered towards lower performing metropolitan areas, becomes more

apparent. With population-weighted outcomes, actual Interstate construction shows a

negative ‘effect’ before their arrival, indicating negative selection among higher popula-

tion counties. However, this negative selection is not present when using the instrument.
13Confidence intervals widen near construction year endpoints due to fewer within-construction year

observations, as seen in panels (e) and (f) of Figures B.3.1 and B.3.2. The reduction in pre-construction years
is due to data gaps caused by the CBP being published every three years between 1953 and 1962.
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The event study figures demonstrate that the instrument is not correlated with significant

employment/establishment growth before predicted construction, even with population

weighting.

4 Results

4.1 Interstates and Firm Dynamics

Table 1 reports OLS and IV results from estimating equation 1 after adding the new co-

variates and fixed effects described in Section 3.3 that address military motives and cen-

trality concerns. Panel A shows total county employment, while Panel B displays total

county establishments. The first two columns use a binary Interstate indicator, while

columns three to eight decompose Interstate effects across space using spatial adjacency

definitions from Figure 2. The lower section of each panel reports the Kleibergen-Paap

F-Statistic, which indicates the instruments are sufficient predictors of highway status.

Interstates induced significant employment and establishment growth. Employment

increased 0.4-0.7 percent faster yearly in Interstate counties relative to non-Interstate coun-

ties (columns 1 and 2 of Table 1). Given the average employment growth rate of 2.2

percent (see Appendix Table C.1.1), this suggests that between 18 and 31 percent of em-

ployment growth in those counties is attributable to Interstates. For the median Interstate

county, between 1956 and 2016, employment increased by roughly 13,700 workers and the

coefficient estimates suggest that Interstates were responsible for between 2,400 and 4,200

jobs. Similar results are seen for establishment growth, as the number of establishments

grew 0.3–0.6 percent faster among Interstate counties (Panel B). With an average growth

rate of 1.5 percent per year among Interstate counties, this indicates that between 22 and

40 percent of the establishment growth could be attributed to Interstates. Transit expan-

sion may influence the size distribution of establishments if they promote economies of

scale (You, 2021). I re-estimate equation 1 to focus on changes in the share of firms within
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each of the six employment size categories and find that Interstates promoted scale in-

creases in employment, leading to fewer small firms and more growth among firms with

50-99 employees and 250-499 employees (Appendix Table C.1.3). The magnitudes of these

estimates are meaningful relative to the average changes (Appendix Table C.1.4) and sug-

gest that Interstates played a significant role in shaping firm location decisions and cre-

ated a local environment that encouraged economies of scale.

Decomposing the effects of Interstates in space is important for understanding the

spatial extent of transportation network benefits. I analyze the definitions of spatial ad-

jacency, visualized in Figure 2, by adding binary adjacency interactions into equation 1.

Columns (3)–(8) of Table 1 incorporate the three different adjacency interactions. Columns

(3) and (4) examine spatial adjacency to treated highway counties. The specification in-

cludes binary interactions for Interstate and adjacent counties, with the comparison group

being counties farther from the Interstate system. The specifications in columns (5) and

(6) introduce a single binary interaction for adjacent counties within a commuting zone

(types A and B from Figure 2). Columns (7) and (8) partition the commuting zone adja-

cency based on whether the commuting zone contains an MSA. This specification intro-

duces two separate binary treatments for county types A and B. In columns (5)–(8), the

relevant comparison set of counties are those in commuting zones with no Interstates.

Results highlight fundamental differences in the spatial spillovers of Interstates, de-

pending on which type of adjacency is being considered. Results from columns (3)–(4)

show there is no change in either employment or establishments for adjacent counties

once endogeneity has been addressed. The null results persist when the definition of

adjacency is altered to be non-Interstate counties within an Interstate treated labor mar-

ket. However, there are significant positive spillovers within the metropolitan periphery.

That is, once we partition counties into those that are adjacent within a labor market

that includes an MSA and those that are adjacent within a labor market that does not,

columns (7)–(8), there are significant positive impacts on industrial growth for both Inter-
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state counties and non-Interstate counties in the metropolitan periphery.

4.2 Time Path of Treatment

I leverage the time-varying instrumental variable to explore the time path of Interstate

development by analyzing three 20 year eras: the expansion era (1956–1975), the comple-

tion era (1976–1995), and the post-construction era (1996–2016). The expansion era had

a largely disconnected network because construction decisions were made at the state

level.14 Roughly 75 percent of the system was complete by 1975, and the original plan

was fully finished in 1992, followed by additional lane mileage in post-construction ex-

pansion (Turner et al., 2020).

I empirically incorporate these eras by modifying equation 1 as follows,

ln(Yct)� ln(Yct�1) =
X

e

�e · IHSct ⇥ Ie + �st + ✓mt + �dt +X
0
⇢ct + ✏ct (4)

where I interact the original Interstate measure with era indicators, Ie, to estimate the

effect of Interstates separately by era. The rest of the estimating equation follows directly

from equation 1.

Results reveal dynamic patterns of growth over time, with the initial expansion pe-

riod experiencing the largest impact. Table 2, columns (1) and (2), report the three era

specific coefficients of interest for OLS and IV specifications. OLS estimates suggest that

Interstates led to stable gains in employment and establishments, with similar coefficients

across the three eras. IV estimates reveal a different pattern, where the largest gains oc-

curred during the expansion era (1956–1975). For employment, these elevated growth

differences decrease slightly during the completion era before tapering off during the

post-construction era. Establishment growth diminishes during the second era, before

recovering in the final two decades.
14Appendix Figure B.1.2c illustrates the disconnected system.
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I extend the analysis in columns (3) and (4) to allow for spatial spillovers in the metropoli-

tan periphery by including era interactions of the non-Interstate counties within Interstate

treated labor markets that contained an MSA (type A from Figure 2). Results reveal that

both employment and establishment growth in the metropolitan periphery was strongest

during the completion and post-construction eras. This suggests that Interstates initially

promote spatially concentrated growth, but over time that growth can spread to non-

Interstate parts of metropolitan areas.

Next, I compare results found with the new methodology that addresses both tim-

ing and location endogeneity with an instrument that addresses only location endogene-

ity, revealing that only addressing location endogeneity underestimates early era growth

gains from Interstates. Table 2, columns (5) and (6), show OLS and IV results if a time in-

variant Interstate indicator is used. Comparing columns (2) and (6), results show smaller

magnitude estimates using a fixed highway status, with the most pronounced differences

during the expansion era.

This analysis reveals dynamic endogeneity patterns across eras. Larger IV estimates

in early eras (Table 2, columns 2 and 6) suggest policymakers targeted lower performing

areas with both Interstate routes and early construction. These results confirm the location

selection found by Duranton and Turner (2012) and document that state and local officials

amplified the negative selection through their decisions to prioritize construction in these

same urban areas, likely contributing to the 1960s highway revolts (Brinkman and Lin,

2022).

5 Bridging Prior Literature

This paper ties together the seminal works of Duranton and Turner (2012) and Chan-

dra and Thompson (2000) by filling the geography gap. The findings are closely related

to Duranton and Turner (2012), which estimated the impact of metropolitan Interstate
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mileage on employment growth during the 1980s and 1990s. While my study doesn’t di-

rectly estimate employment elasticities, using Table 2 estimates, I find that introducing an

Interstate induced 14 percent more employment growth over a similar era (1976-1995).15

I find similar results using Interstate density estimates in Appendix Table C.1.5, where I

estimate four percent more employment growth following a one standard deviation in-

crease in Interstate density. These estimates are similar to Duranton and Turner (2012),

but show that strong employment growth extended beyond metropolitan areas and was

strongest during the initial expansion era (1956-1975).

The national dataset used in this paper allows for the identification of spatial patterns

that prior literature has not been able to consider due to data limitations. In a comparison

among rural areas, Chandra and Thompson (2000) find that Interstates led to earnings

declines in adjacent rural counties relative to non-adjacent rural counties. My paper ex-

pands on that result, extending adjacency to rural and non-rural counties, and shows that

in a broader national sample, there is weak evidence of negative spillovers. The results

in Table 1 instead point to positive spillovers in adjacent areas within labor markets that

included a major metropolitan area.

6 Conclusion

Global investments in infrastructure have increased in recent decades and these invest-

ments have important consequences for the spatial distribution of economic activity within

countries and regions (OECD, 2021). Evaluating the effects of network based infrastruc-

ture over time requires a new empirical approach that addresses the endogenous place-

ment and timing of construction. Analyzing the Interstate Highway System, this study

addresses both dimensions of endogeneity and finds early and persistent growth among

connected counties, with much of the employment growth concentrated among larger
15Result is calculated by compounding the 0.008 percent growth from column (2) of Table 2 over 20 years.
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firms. Interstates also induced positive spatial spillovers in employment and establish-

ments among non-Interstate counties adjacent to metropolitan areas.

The methodology presented in this paper has the potential for broader applications

beyond highways. In general, graph theory based algorithms could be valuable in sce-

narios involving interactions between places or individuals structured as a network, such

as situations where firms are exchanging inputs and outputs or where governments are

allocating project-based funding over time.
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7 Figures

Figure 1: Illustrating Employment and Establishment Growth by Interstate Status and
Construction Era
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(c) Employment Growth by Interstate Con-
struction Era
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(d) Establishment Growth by Interstate Con-
struction Era

Notes: Employment and establishment data from 1953–2016 County Business Patterns annual reports.
Highway designation based on highway status in 2016. Construction date information from PR-511 col-
lection. Top row compares Interstate and non Interstate counties over time relative to their 1953 level of
employment (a) or establishments (b). The bottom row looks compares growth in Interstate counties over
time based on the specific decade the Interstates were constructed.
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Figure 2: Example Spatial Structure

Interstates
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IHS Counties
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Boundaries

County Boundaries
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IHS Adj.
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Notes: Figure presents the spatial structure around Houston, TX, which illustrates the typical adjacency
structure. The small polygons indicate county boundaries, with the bold outlines mapping the commuting
zones. Dark shaded counties indicate the Houston MSA boundaries in 1960. Interstate are recorded with
the dashed line and Interstate counties are shaded in light gray or dark gray. The lettered counties illustrate
the three types of county adjacency identified in Section 2.3.
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Figure 3: Illustrating Edge Betweenness
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Notes: Figure presents stylized highway map illustrating the edge betweenness in a small network. Fig-
ure 3a presents the ten cities with approximate distances between cities listed along each edge. Figure 3b
presents the edge betweenness calculation along each edge and adjusts the line width to reflect higher be-
tweenness values.
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8 Tables

Table 1: Interstate Highways and Growth in Employment and Establishments Across
Locations

Panel A: Employment

(1) (2) (3) (4) (5) (6) (7) (8)
OLS IV OLS IV OLS IV OLS IV

Interstate (0/1) 0.004*** 0.007*** 0.003*** 0.007** 0.004*** 0.006* 0.005*** 0.007**
(0.000) (0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)

IHS Adj -0.001* -0.000
(0.001) (0.003)

IHS Adj in CZ -0.001* 0.001 -0.002*** -0.001
(0.001) (0.002) (0.001) (0.002)

IHS Adj in MCZ 0.002*** 0.003***
(0.001) (0.001)

KP F-Statistic 117.74 44.50 46.35 30.52

Panel B: Establishments

(1) (2) (3) (4) (5) (6) (7) (8)
OLS IV OLS IV OLS IV OLS IV

Interstate (0/1) 0.003*** 0.006*** 0.003*** 0.006** 0.004*** 0.005** 0.004*** 0.006**
(0.000) (0.002) (0.001) (0.002) (0.000) (0.003) (0.000) (0.003)

IHS Adj -0.001* -0.001
(0.000) (0.002)

IHS Adj in CZ -0.001 0.001 -0.001*** -0.002
(0.000) (0.002) (0.000) (0.002)

IHS Adj in MCZ 0.003*** 0.004***
(0.000) (0.001)

KP F-Statistic 117.74 44.50 46.35 30.52
Notes: Every specification reports results from estimating equation 1, where the outcome of interest is the
year over year change in either employment or establishments. Columns (1)–(2) report results with a binary
Interstate Highway indicator. Columns (3)–(4) report results with a binary Interstate Highway indicator,
plus an indicator for counties directly adjacent to Interstates. Columns (5)–(6) report results with both the
binary indicator and an indicator for all broadly adjacent counties within an Interstate treated commut-
ing zone (Type A & B in Figure 2). Columns (7)–(8) partition the broad adjacency to distinguish adjacent
commuting zones that include an MSA (Adj in MCZ). These are type A in Figure 2. Every specification
includes state ⇥ year fixed effects, along with the full set of controls outlined in Appendix A. Employment
and establishment data are from 1956–2016 County Business Patterns annual reports. Panel A has 171,940
observations and Panel B has 171,938 observations. Every model covers 3,071 counties and includes 2,688
state ⇥ year fixed effects. Standard errors are two-way clustered by county and commuting zone ⇥ year.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 2: Interstates and Growth During Three Construction Phases

Panel A: Employment

Time Varying Interstates Fixed Interstates
(1) (2) (3) (4) (5) (6)

OLS IV OLS IV OLS IV

IHS ⇥ I(56-75) 0.004*** 0.013** 0.004*** 0.013* 0.003*** 0.009**
(0.001) (0.007) (0.001) (0.007) (0.001) (0.005)

IHS Adj. MSA CZ ⇥ I(56-75) -0.001 0.002
(0.001) (0.002)

IHS ⇥ I(76-95) 0.003*** 0.008** 0.003*** 0.007* 0.003*** 0.008**
(0.001) (0.004) (0.001) (0.004) (0.001) (0.004)

IHS Adj. MSA CZ ⇥ I(76-95) 0.002** 0.004***
(0.001) (0.001)

IHS ⇥ I(96-16) 0.005*** 0.004 0.005*** 0.003 0.005*** 0.003
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003)

IHS Adj. MSA CZ ⇥ I(96-16) 0.002** 0.003***
(0.001) (0.001)

KP F-Stat 35.23 16.97 32.17

Panel B: Establishments

Time Varying Interstates Fixed Interstates
(1) (2) (3) (4) (5) (6)

OLS IV OLS IV OLS IV

IHS ⇥ I(56-75) 0.003*** 0.010** 0.004*** 0.009** 0.003*** 0.005*
(0.001) (0.004) (0.001) (0.004) (0.001) (0.003)

IHS Adj. MSA CZ ⇥ I(56-75) -0.000 0.002*
(0.001) (0.001)

IHS ⇥ I(76-95) 0.003*** 0.003 0.003*** 0.002 0.003*** 0.004
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003)

IHS Adj. MSA CZ ⇥ I(76-95) 0.003*** 0.005***
(0.001) (0.001)

IHS ⇥ I(96-16) 0.004*** 0.007*** 0.003*** 0.006** 0.004*** 0.007***
(0.000) (0.002) (0.000) (0.002) (0.000) (0.002)

IHS Adj. MSA CZ ⇥ I(96-16) 0.003*** 0.003***
(0.001) (0.001)

KP F-Stat 35.23 16.97 32.17
Notes: Every specification reports results from estimating equation 1, where the outcome of interest is
the year over year change in either employment or establishments. Columns (1)–(2) report results with
a binary Interstate Highway measure interacted with mutually exclusive era indicators. Columns (3)–
(4) extend the prior specifications to include era indicator interactions for the adjacent commuting zone
counties that include an MSA. Columns (5)–(6) replace the time varying Interstate indicator with a time
invariant Interstate indicator. For other details see Table 1.
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Appendix A Data Appendix

Appendix A.1 County Business Patterns
In 1946, the United States Census Bureau began publishing industry-level employment
and establishment counts for nearly every US county. From archival publications, I col-
lected previously undigitized records from 1953 to 1964 using a combination of OCR scan-
ning and hand collection.16 Data from 1964 to 1970 are published for a limited number of
industries on ICPSR (Ody and Hubbard, 2011). The remaining years are available from
the US Census Bureau and the National Archives. The data contain information for to-
tal employment, the total number of establishments, and the number of establishments
in different sized employment bins. Bin sizes vary across CBP reports. From 1953-1973,
there were 8 bins: 0-3, 4-7, 8-19, 20-49, 50-99, 100-249, 250-499, 500+. From 1974-1997,
there were 13 bins: 1-4, 5-9, 10-19, 20-49, 50-99, 100-249, 250-499, 500-999, 1000+, 1000-
1499, 1500-2499, 2500-4999, 5000+. From 1998-2016, there were 13 bins, similar to those
above. I aggregated the bins to the largest consistent bin size to be consistent across every
wave of the CBP. Prior to 1997, CBPs were arranged according to the SIC classification
system. From 1998 to the present, industries are classified by NAICS codes. I follow
Autor et al. (2013) in unifying broad industry codes over time.

From the raw data, I made the following changes for uniformity and completeness:
First, for confidentiality purposes, the Census Bureau censored the county level employ-
ment data for some smaller industries. Similar to Duranton et al. (2014), I impute em-
ployment values using the distribution of establishment count data.17 Second, prior to
1964, some counties were reported as county groups. This occurs in Georgia, Illinois,
Kansas, Kentucky, Missouri, New Mexico, New York, North Carolina, South Dakota,
Texas, and Virginia. It is most common in Georgia, Texas, and Virginia (ICs). There
were fewer cases in the other states. To address this issue, I split the combined data by
the employment shares in 1964 (the first year I observe split counties). For Yellowstone
NP in MT, I use the share of 1950 employment from the US Census. Finally, I adjust for
county boundary changes using 1950 boundary definitions following Hornbeck (2010)
and consolidate independent cities into their surrounding counties similar to Jaworski
and Kitchens (2019).18

Appendix A.2 Interstate Highway System Maps
I use several data sources to construct an annual county level panel dataset with Inter-
state Highway System location and mileage information from 1953 to 2016. The first

16Prior to 1962, published establishment and employment information was combined for some counties
in eight states. I partition the data in these counties using weights from 1964, the first year every county is
reported separately.

17For each industry, I regress the county sectoral employment on the full set of eight establishment count
groups and I use the resulting regression coefficients to impute the number of employees. The R2 for each
regression is between 0.945 and 0.999.

18County boundary locations from 1950 to 1990 are defined from Long (1995). For changes after 1990, I
rely on the reported boundary changes from the US Census Bureau.
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data source is current highway location information from NationalAtlas.gov (2016). To
incorporate construction timing, I combine this file with highway construction informa-
tion from several sources. My primary source is the PR-511 collection at the National
Archives.19 The PR-511 reports were not available prior to 1960, so I digitized annual
Rand McNally highway maps from 1955 to 1959. For years after 2000, I relied on detailed
Interstate Highway expansion information from the US Department of Transportation.

After combining these sources, I have annual information on the location and timing
of the construction of the Interstate Highway System. I intersected this progress with a
map of county locations in 1950, which allows me to know the year a county was con-
nected to the Interstate Highway System.20 For each county, I determine whether an In-
terstate Highway intersects that county and the year of arrival and the completed mileage
constructed in each county in each year. Figure B.1.1a shows the current Interstate High-
way locations.

Appendix A.3 Supplemental Data
To account for factors that are correlated with changing industrial dynamics and the ex-
pansion of Interstate Highways, I supplement the CBP and Interstate location informa-
tion with data covering population, market size, geography, military installations, and
alternative methods of transportation. I use county level population data from the U.S.
Census from 1910 to 1950, including the percent of the population living in urban areas
in 1950 from National Historical Geographic Information System (2011). To account for
differences in market size, I rely on Metropolitan Statistical Area (MSA) boundary defini-
tions from National Historical Geographic Information System (2011) and metropolitan
and rural classifications from Hines et al. (1975). To account for differences in the prox-
imity to major metropolitan areas, I calculated the distance from each county seat to the
centroid of the 1960 MSA boundary.

The historical narrative highlights that national defense and military interests played
a role in the system design. To account for potential confounders caused by these inter-
ests I geo-located the coordinates to major military forts, naval bases, and airfields from
the mid-1940s. With these locations, I calculated the distance from each county seat to
the nearest military facility. To address geographic concerns I calculated the area, lati-
tude, longitude, mean elevation, and ruggedness of each county. To account for potential
spatial spillovers, I assign each county to a local labor market following the commuting
zones definitions in Economic Research Service (2019).

I constructed several measures for alternative methods of transportation that existed
prior to the construction of Interstate Highways, which could have influenced subsequent

19This series contains maps produced quarterly that show the progress of Interstate Highway construc-
tion. I digitized these maps and traced the annual construction progress of Interstate Highways in GIS. I
denoted a segment of Interstate Highway completed once construction of that segment was finished and it
was completely open to traffic. I used the fall quarter of each year when available. While I tried to be careful
to accurately track annual construction progress it is possible that I classified counties as receiving Inter-
state Highways either before or after they actually did. This variation is likely to be random and corrected
within the next year, which leads to short-term noise in the date of arrival.

20I adjust all of the county locations and data to be consistent with the 1950 county borders.
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economic growth or the Interstate construction decision. First, using two newly digitized
historic maps of major highways from 1918 and 1947 and railroad route information from
1911 from Atack (2016), I calculate the distance from each 1950 county seat to the closest
highway from each year and 1911 railroad. I also calculated the length of railroad tracks
present in each county. Next, I collect location information for airports and ports in 1955
and 1956 from the Statistical Abstract of the United States (U.S. Census Bureau, 1958). I
determine the latitude and longitude for each airport and port and calculate the distance
from these locations to each 1950 county seat.

Every specification includes constructed geographic controls for the total area of the
county, to account for the fact that geographically large counties are more likely to be
traversed by the Interstate system or the proposed IVs and are more likely to be located
in growing western states. I also control for both latitude and longitude and their squares
for each county seat.
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Appendix B Exhibits Relating to IV

Appendix B.1 Maps and Interstate Construction
Figure B.1.1: Proposed and Constructed National Highway Network Plans

Interstates

(a) Constructed Interstate Highway Loca-
tions

Pershing Routes

(b) Pershing Military Plan

Proposed Routes from 1947 Plan

(c) 1947 Plan from Interregional Highway
Committee

Notes: Panel (a) plots proposed Pershing routes digitized from the original map housed at the U.S.
National Archives. Panel (b) plots the current Interstate Highway System locations from the Federal
Highway Administration. Panel (c) plots the proposed Interstate system plan produced by the Inter-
regional Highway Committee.
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Figure B.1.2: Timing of Highway Construction and Predicted Construction

0
20

00
0

40
00

0
60

00
0

80
00

0
To

ta
l K

M
s

1955 1975 1995 2015
Year

Highway Pershing (25-yr) Pershing (35-yr)

(a) Construction in KMs over 25 years

0
20

40
60

80
10

0
Pe

rc
en

t C
om

pl
et

ed

1955 1975 1995 2015
Year

Highway Pershing (25-yr) Pershing (35-yr)

(b) Construction as a Share Completed over
25 years

Interstates

(c) Interstate Highway Construction in 1965

Pershing Routes

(d) Predicted Pershing Construction in 1965

Notes: Top figures plot the expansion of Interstate Highways over time (solid black line) with figure (a) pre-
senting mileage and figure (b) presenting the share completed. Dashed lines plot alternative construction
time horizons of the Pershing Map with blue denoting a 25-year construction horizon and green denoting
a 35-year construction horizon. Figures (c) and (d) map completed and predicted segments of the Interstate
Highway system in 1965. Sub-figure (c) maps the completed mileage in 1965 according to the PR-511 re-
ports, and sub-figure (d) maps the predicted Pershing system mileage that would have been completed if
construction had been prioritized according to centrality as defined by Girvan and Newman (2002) and the
described budget allocation process.
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Appendix B.2 Pre-Interstate Centrality
Figure B.2.1 presents two figures related to constructing a centrality correction. Sub-
figure (a) maps the 1947 Rand McNally Atlas of Federal and State Highways. I apply
the Newman-Girvan Algorithm to the full pre-Interstate Highway network to calculate a
betweenness centrality for every route in the network. I assign each county its maximum
betweenness value, approximating a value of network importance to the county. I parti-
tion the distribution of these roughly 3,100 centrality values into 20 bins and assign each
county to a fixed effect based on its bin. I then interact this set of fixed effects with year
dummies to flexibly account for the role of pre-Interstate network centrality over time.

Figure B.2.1: Mapping Pre-Interstate Highway Centrality

Federal and State Highways

(a) Federal and State Highways in 1947

Betweenness
1090014

0

(b) Mapping Centrality from 1947 State and Federal High-
ways

Notes: Panel (a) plots the full set of federal and state highways in 1947. Panel (b) maps centrality
values for this same network based on Newman (2001) and Newman and Girvan (2004) into nine
categories.
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Appendix B.3 Evidence in Support of the Exclusion Restriction
Table B.3.1: Effects of Interstates on Employment, Banking, and Industry Prior to Con-
struction

Employment Bank Deposits Manufacturing Retail Wholesale
(1) (2) (3) (4) (5)

Panel A: OLS Estimates

Interstate (0/1) 0.0022*** 0.0011* 0.0001 0.0013*** 0.0015*
(0.0007) (0.0007) (0.0010) (0.0005) (0.0008)

Observations 12,342 11,666 10,176 12,389 11,887
Counties 3,100 2,932 2,556 3,098 3,013
State X Years 192 188 192 192 192Employment Bank Deposits Manufacturing Retail Wholesale
Panel B: Pershing IV Estimates

Interstate (0/1) -0.0049 -0.0034 0.0050 0.0000 -0.0050
(0.0045) (0.0036) (0.0057) (0.0026) (0.0049)

Observations 12,342 11,666 10,176 12,389 11,887
Counties 3,100 2,932 2,556 3,098 3,013
State X Years 192 188 192 192 192
KP F-Statistic 85.50 74.90 64.61 84.63 80.28Employment Bank Deposits Manufacturing Retail Wholesale
Panel D: IV Specification Using 1947 Plan

Interstate (0/1) 0.0020*** 0.0007 -0.0012 0.0013* 0.0009
(0.0005) (0.0010) (0.0014) (0.0007) (0.0013)

Observations 12,342 11,666 10,176 12,389 11,887
Counties 3,100 2,932 2,556 3,098 3,013
State X Years 192 188 192 192 192
KP F-Statistic 1,460.39 1,410.04 1,176.95 1,438.99 1,415.98Employment Bank Deposits Manufacturing Retail Wholesale
Panel C: Pershing Centrality

Centrality Score 0.0002 0.0002 -0.0001 -0.0000 0.0000
(0.0002) (0.0002) (0.0002) (0.0001) (0.0002)

Observations 5,188 4,967 4,584 5,198 5,101
Counties 1,300 1,247 1,148 1,300 1,284
State X Years 192 188 192 192 192

Notes: Panel A reports results from estimating a modified equation 1, which regresses a time-invariant bi-
nary Interstate Highway indicator on average changes in the log outcome. Panel B reports IV estimates
using the time-invariant Pershing locations. Panel C reports IV estimates replacing the Pershing locations
with the 1947 Interregional Highway Plan. Panel D replaces the binary Interstate treatment with a con-
tinuous measure of the maximum centrality score associated with constructing the Pershing plan in the
county. Every specification includes state ⇥ year fixed effects, along with the full set of controls. Outcome
data from the 1930–1950 decadal censuses and 1954 County Business Patterns reported at the county level.
Employment reflects the total county employment; Bank Deposits are the total inflation-adjusted value of
deposits; Manufacturing, Retail Trade, and Wholesale Trade all reflect the number of establishments. Each
measure is used to calculate the average log change from the prior period. Standard errors are two-way
clustered by county and commuting zone ⇥ year. *** p<0.01, ** p<0.05, * p<0.1.



Appendix – Not for Publication

Figure B.3.1: Employment Changes as an Event Study with Interstate Highways and Pro-
posed Pershing Highways
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Notes: The figure plots event study (eqn 3) estimates of the effects of Interstate Highways (left column) and
the Pershing reduced form locations (right column) on employment. Year t�1 is the excluded year. The top
row presents unweighted estimates. The second row presents population weighted estimates using 1950
county population. The bottom row plots the density of points within each year bin.
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Figure B.3.2: Establishment Changes as an Event Study with Interstate Highways and
Proposed Pershing Highways
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Notes: The figure plots event study (eqn 3) estimates of the effects of Interstate Highways (left column)
and the Pershing reduced form locations (right column) on the number of establishments. Year t� 1 is the
excluded year. The top row presents unweighted estimates. The second row presents population weighted
estimates using 1950 county population. The bottom row plots the density of points within each year bin.
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Appendix C Table Appendix

Table C.1.1: Summary Statistics by Eventual Highway Status

(1) (2) (3)
Non-IHS IHS Difference

Employment 5,848.777 54,950.207 49,101.430***
[11,620.702] [165,709.078] (4,309.363)

Establishments 509.727 3,447.571 2,937.844***
[872.994] [9,514.575] (246.298)

� Ln(Employment) 0.017 0.022 0.005***
[0.120] [0.084] (0.001)

� Ln(Establishments) 0.009 0.015 0.006***
[0.062] [0.049] (0.000)

Highway (0/1) 0.000 0.894 0.894***
[0.000] [0.307] (0.004)

Pershing IV 25yr (0/1) 0.230 0.532 0.302***
[0.421] [0.499] (0.015)

1947 Plan IV 25yr (0/1) 0.050 0.694 0.643***
[0.219] [0.461] (0.011)

Interstate KMs per County Sq KM 0.000 0.026 0.026***
[0.000] [0.027] (0.001)

Pershing IV KMs per County Sq KM 0.005 0.014 0.009***
[0.011] [0.019] (0.001)

1947 Plan KMs per County Sq KM 0.001 0.017 0.017***
[0.004] [0.017] (0.000)

Observations 95,872 76,272 172,144
Notes: Employment and Establishment data from 1953–2016 County Business Patterns annual re-
ports. Columns (1) and (2) report means and standard deviations in brackets. Column (3) presents
the difference in means, with standard errors in parentheses. The standard errors are clustered by
county. *** p<0.01, ** p<0.05, * p<0.1.
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Table C.1.2: Differences in Covariates by Interstate Status

(1) (2) (3)
Non-IHS IHS Difference

Ln(Employment in 1953) 7.053 8.478 1.425***
[1.292] [1.716] (0.056)

Ln(Establishments in 1953) 5.190 6.288 1.098***
[1.012] [1.357] (0.044)

Ln(1950 Population) 9.476 10.433 0.957***
[0.878] [1.224] (0.039)

Ln(1940 Population) 9.502 10.340 0.837***
[0.842] [1.143] (0.037)

Ln(1930 Population) 9.472 10.267 0.796***
[0.823] [1.130] (0.037)

Ln(1920 Population) 9.427 10.161 0.734***
[0.874] [1.095] (0.036)

Ln(1910 Population) 9.366 10.052 0.686***
[0.876] [1.063] (0.036)

Pct of Pop in Urban Area in 1950 0.193 0.391 0.197***
[0.218] [0.280] (0.009)

Market Potential with 1950 Pop 167.223 198.112 30.889***
[56.718] [107.254] (3.213)

Area in sq mi 933.262 1,034.421 101.160**
[1,114.182] [1,549.751] (49.884)

Latitude 38.349 38.210 -0.138
[4.989] [4.682] (0.175)

Longitude -92.811 -90.529 2.282***
[10.730] [12.225] (0.421)

Latitude Sq 1,495.508 1,481.943 -13.565
[385.351] [355.130] (13.392)

Longitude Sq 8,728.927 8,344.860 -384.067***
[2,074.673] [2,347.685] (80.998)

Mean Elevation 470.110 412.169 -57.941***
[525.661] [486.795] (18.313)

Ruggedness 73.730 78.449 4.720
[115.504] [117.105] (4.226)

1911 Railroad KMs per sq mi 0.148 0.235 0.087***
[0.107] [0.178] (0.005)

KM to 1947 Highway System 78.161 104.883 26.721***
[71.494] [96.721] (3.139)

KM to 1911 RR 1,007.970 1,155.971 148.002***
[514.978] [550.670] (19.430)

KM to Nearest 1955 Port 443.168 356.377 -86.791***
[302.016] [303.020] (10.986)

KM to Nearest 1955 Airport 60.470 39.994 -20.476***
[35.063] [31.750] (1.208)

KM to 1918 Military Highways 564.506 574.137 9.631
[391.897] [406.890] (14.535)

KM to MSA 121.258 77.785 -43.473***
[80.839] [70.910] (2.740)

KM to Mexican War Battle 1,298.721 1,495.521 196.799***
[609.662] [702.162] (24.064)

KM to American Rev. Battle 703.216 620.200 -83.015***
[643.406] [708.294] (24.701)



Appendix – Not for Publication

KM to Civil War Battle 366.089 332.371 -33.719**
[400.943] [385.674] (14.252)

KM to French/Indian War Battle 1,305.409 1,168.498 -136.911***
[796.151] [894.995] (30.957)

KM to Indian War Battle 216.142 208.248 -7.894
[137.431] [133.288] (4.907)

KM to Insurrections 484.820 445.393 -39.427***
[279.682] [274.789] (10.056)

KM to War 1812 Battles 655.234 607.431 -47.803**
[583.842] [652.614] (22.623)

KM to WW1 Sites 123.956 79.992 -43.964***
[77.833] [69.987] (2.671)

KM to Naval Bases 575.484 451.964 -123.519***
[332.333] [312.001] (11.661)

KM to Airfields 99.187 78.854 -20.334***
[71.297] [60.170] (2.372)

KM to Military Forts 122.980 93.962 -29.018***
[78.792] [67.286] (2.636)

KM to Pershing Map Nodes 127.516 93.235 -34.281***
[67.972] [72.577] (2.562)

1947 Hwy Betweenness 50,752.914 91,373.211 40,620.293***
[76,019.500] [103,086.656] (3,343.281)

Rural County (0/1) 0.682 0.298 -0.384***
[0.466] [0.458] (0.017)

Metro County (0/1) 0.062 0.383 0.320***
[0.242] [0.486] (0.014)

MSA County in 1960 (0/1) 0.016 0.233 0.218***
[0.125] [0.423] (0.012)

Boundary Adjustment (0/1) 1.001 1.007 0.005**
[0.034] [0.081] (0.002)

Grouped County (0/1) 0.169 0.106 -0.063***
[0.375] [0.309] (0.012)

Indep. City County (0/1) 0.002 0.015 0.013***
[0.042] [0.120] (0.003)

Suppressed Employment (0/1) 0.002 0.000 -0.002*
[0.042] [0.000] (0.001)

Observations 1,712 1,362 3,074

Notes: Detailed source and measurement information in Appendix A.
Columns (1) and (2) report means and standard deviations in brackets. Col-
umn (3) presents the difference in means, with standard errors in parentheses.
The standard errors are clustered by state ⇥ year. *** p<0.01, ** p<0.05, *
p<0.1.
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Table C.1.3: Interstate Highways and Growth in the Share of Establishments of Different
Sizes

Panel A: OLS Estimates

Employ. Employ. Employ. Employ. Employ. Employ.
1-19 20-49 50-99 100-249 250-499 500+
(1) (2) (3) (4) (5) (6)

Interstate (0/1) -0.0135*** 0.0079*** 0.0035*** 0.0014** 0.0002 0.0005*
(0.0025) (0.0018) (0.0009) (0.0006) (0.0003) (0.0003)

Observations 171,951 171,951 171,951 171,951 171,951 171,951
Counties 3,071 3,071 3,071 3,071 3,071 3,071
State X Years 2,688 2,688 2,688 2,688 2,688 2,688

Panel B: Pershing IV Estimates

Employ. Employ. Employ. Employ. Employ. Employ.
1-19 20-49 50-99 100-249 250-499 500+
(1) (2) (3) (4) (5) (6)

Interstate (0/1) -0.0112 -0.0022 0.0126** -0.0022 0.0034* -0.0002
(0.0137) (0.0111) (0.0060) (0.0040) (0.0019) (0.0012)

Pershing First-Stage 0.1824 0.1824 0.1824 0.1824 0.1825 0.1825
(0.0168) (0.0168) (0.0168) (0.0168) (0.0168) (0.0168)

KP F-Statistic 117.73 117.69 117.73 117.75 117.86 117.67
Observations 171,951 171,951 171,951 171,951 171,951 171,951
Counties 3,071 3,071 3,071 3,071 3,071 3,071
State X Years 2,688 2,688 2,688 2,688 2,688 2,688

Notes: Every specification reports results from estimating equation 1, where the outcome of interest is
the year over year change in the share of firms within the size category specified in the column. Panel A
presents OLS results and Panel B presents IV results using a binary Interstate Highway indicator. Every
specification includes state ⇥ year fixed effects, along with the full set of controls. Employment and
establishment data are from 1956–2016 County Business Patterns annual reports. Standard errors are
two-way clustered by county and commuting zone ⇥ year. *** p<0.01, ** p<0.05, * p<0.1.
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Table C.1.4: Summary Statistics of Establishment Size by Eventual Highway Status

Panel A: Differences in 1953

(1) (2) (3)
Non-IHS IHS Difference

Share of Estab. w/ 0-19 95.090 93.101 -1.989***
[3.304] [3.187] (0.118)

Share of Estab. w/ 20-49 3.255 4.387 1.132***
[2.224] [1.994] (0.076)

Share of Estab. w/ 50-99 0.912 1.335 0.423***
[1.184] [0.927] (0.038)

Share of Estab. w/ 100-249 0.492 0.742 0.250***
[0.711] [0.671] (0.025)

Share of Estab. w/ 250-499 0.163 0.253 0.091***
[0.367] [0.352] (0.013)

Share of Estab. w/ 500+ 0.088 0.181 0.093***
[0.243] [0.261] (0.009)

Observations 1,712 1,362 3,074

Panel B: Average Annual Changes Between 1956 and 2016

(4) (5) (6)
Non-IHS IHS Difference

� Share of Estab. w/ 0-19 -0.091 -0.110 -0.019***
[1.428] [0.963] (0.002)

� Share of Estab. w/ 20-49 0.061 0.072 0.011***
[1.373] [0.906] (0.001)

� Share of Estab. w/ 50-99 0.019 0.024 0.004***
[0.740] [0.477] (0.001)

� Share of Estab. w/ 100-249 0.009 0.012 0.003***
[0.465] [0.307] (0.000)

� Share of Estab. w/ 250-499 0.002 0.002 0.000
[0.223] [0.172] (0.000)

� Share of Estab. w/ 500+ 0.001 0.001 0.000
[0.124] [0.099] (0.000)

Observations 95,872 76,272 172,144
Notes: Establishment size data from 1953–2016 County Business Patterns annual
reports. Columns (1), (2), (4), and (5) report means and standard deviations in
brackets. Columns (3) and (6) present the difference in means, with standard
errors in parentheses. The standard errors are clustered by county. *** p<0.01, **
p<0.05, * p<0.1.
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Table C.1.5: Interstate Highways and Growth: Constructed Interstate Density

Panel A: Employment

(1) (2) (3) (4)
OLS IV OLS IV

Interstate KMs per County Sq KM 0.0632*** 0.0765 0.0140 -0.0112
(0.0146) (0.0479) (0.0140) (0.0410)

Interstate (0/1) 0.0037*** 0.0072***
(0.0006) (0.0027)

KP F-Statistic 42.38 58.73

Panel B: Establishments

(1) (2) (3) (4)
OLS IV OLS IV

Interstate KMs per County Sq KM 0.0539*** 0.0777** 0.0126 0.0037
(0.0119) (0.0391) (0.0111) (0.0338)

Interstate (0/1) 0.0031*** 0.0061***
(0.0005) (0.0023)

KP F-Statistic 42.38 58.73
Notes: Every specification reports results from estimating a modified equation 1, where the
outcome of interest is the year over year change in either employment or establishments,
and Interstate treatment is based on the completed kilometers of Interstate per square kilo-
meter of county area. Every specification includes state ⇥ year fixed effects, along with the
full set of controls outlined in Appendix A. Employment and establishment data are from
1956–2016 County Business Patterns annual reports. Standard errors are two-way clustered
by county and commuting zone ⇥ year. *** p<0.01, ** p<0.05, * p<0.1.
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