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Abstract

Is infrastructure construction an effective way to boost employment in distressed local labor markets?
I use new, geographically detailed data on highway construction funded by the American Recovery and
Reinvestment Act to study the relationship between construction work and local employment growth. The
method for allocating funds across space facilitates a plausible selection-on-observables strategy. I find that
highway funding impacted construction employment at the county level: A dollar of additional Recovery
Act spending on local construction increased local construction payrolls by thirty cents during the five
years after the Act’s passage. The magnitude of this effect matches the national labor share of construction
revenues, suggesting that targeted spending did not crowd out other local construction. These effects are
most pronounced among counties with smaller populations and smaller shares of residents that commute
to outside counties for work. However, when testing for general equilibrium effects on local employment
and payroll aggregates, I find effects close to zero with very wide confidence intervals across all specifica-
tions. Although the Recovery Act was a significant enough intervention to have a sizable impact on the
construction sector in counties with low mobility, these findings suggest that the local variation in highway
spending was too small relative to baseline regional volatility to detect a local employment “multiplier.”
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1 Introduction

Within countries, differences in labor market performance across places create a rationale to target labor
demand enhancing policies to underperforming locales. For example, during the Great Recession in the
United States, there were major differences in how different communities felt this downturn: Construction
and total private employment grew by 2.3 and 20.4 jobs per thousand residents in Harris County, TX (home
of Houston), while they respectively fell by 18.1 and 44.4 jobs per thousand residents in Clark County, NV
(home of Las Vegas). In response to these disparities in regional performance, many policymakers believed
government stimulus should be directed to hard-hit areas to facilitate recovery in those areas most in need.
Even if the desire to provide greater support to underperforming communities is well-founded, the use of
targeted stimulus spending to meet that end raises a more fundamental question: in an open economy, how
much scope is there for policy to affect local outcomes using localized spending?

This paper studies spending on public infrastructure construction projects—in particular, “shovel-ready”
projects that can commence immediately upon funding—a frequently proposed policy intended to boost
local construction employment and overall economic health. Such projects can target particular geogra-
phies in a highly visible way, making them intuitively appealing as way to boost employment in distressed
areas. These projects inherently create a demand for construction laborers to go to work in precise loca-
tions. As a result, one might expect approving a project in a place will increase local employment of in the
construction sector, and perhaps increase employment more broadly in turn as construction workers spend
their earnings locally. Despite the intuitive appeal of these arguments, however, it is important to evaluate
whether the data supports them. To test these hypotheses, I study the the 2009 American Recovery and
Reinvestment Act (the “Recovery Act” or ARRA for short), which authorized $27 billion for supplemental
“shovel-ready” road-construction projects that could commence promptly, with priority given to economi-
cally distressed areas. In contrast to standard federal road expenditures, the Recovery Act required detailed
reporting about all stimulus road construction projects nationwide. This provides a unique opportunity to
study the local employment effects of infrastructure spending.

Using the Recovery Act’s spatially-detailed data on infrastructure spending, I test whether places that
received relatively more funding experienced more favorable employment outcomes than those that re-
ceived relatively less using a variable treatment intensity difference-in-differences design. To the extent
that construction worker might have been engaged in other construction work in the absence of the stimu-
lus measure, counting bodies at project sites is insufficient; one must determine causal effects of spending
relative to the no-spending counterfactual. To this end, I use a rich local-level dataset to consider the plau-
sibility of a selection-on-observables methodology. Contrary to concerns that funds were systematically
targeted to places with unobservably worse downturns, I find surprisingly little evidence of any targeting
based on observable employment trends.

There is a clear transmission mechanism by which expenditures should affect local employment: all
local employment effects should stem from the first-order “direct effect” on construction sector employ-
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ment, which may in turn prompt a “local multiplier” effect on broader employment.1 While it would be ex
ante implausible to find a large employment effect with zero effect on the construction sector, whether or
not there is any direct effect on local construction employment—or, given such an effect, whether there are
any multiplier effects—are ultimately empirical questions. Even if many workers are engaged on stimulus
projects, there many be no causal direct effect on local construction employment. This could occur due to
crowd-out: Recovery Act spending on highway projects in a locality may result in the redirection of state
and local funds to other localities—or even other uses—resulting in a small or even zero net increase in total
local construction spending. Alternatively, if firms have mobile employees, then the direct effect could be
dispersed across workers based in diffuse localities, attenuating any localized direct effects on construction
employment. When direct effect does exist, there may in turn be a “local multiplier” effect if the added
construction employment and income supports further jobs in the same locality (Moretti, 2010). If, however,
that income is spent on goods and services produced in dispersed locations, there may “diffuse multiplier”
effects—yet even if such an effect exists, it cannot be identified from cross-sectional comparisons of places.

I find that highway construction did have a direct effect on construction employment at the county
level. In particular, a dollar of additional Recovery Act spending on local construction increased local
construction payrolls by thirty cents during the five years after the Act’s passage, nearly exactly labor’s
share of construction revenues nationwide. These labor-market effects were largest in 2010 and dissipated
gradually over the following years. I find no evidence of differential pre-period trends across differently
treated counties, supporting the identification assumption that all effects are casual results of additional
stimulus spending. The finding that the magnitude of the direct effect is roughly what one would expect
with zero crowd-out suggests that targeted Recovery Act spending during the Recession did not crowd
out other local construction. However, I find that commuting matters in that local spending only impacts
local employment in more isolated locales with smaller populations and smaller fractions of residents who
travel to outside counties for work. When I test for effects in nearby commuting origins or destinations, I
find some evidence of commuting spillovers, but the estimates are highly imprecise.

When I test for general equilibrium effects on the total employment and payroll levels within locales, I
find effects close to zero, with very wide confidence intervals across all specifications. I find evidence sug-
gesting that places with less commuting penetration have larger total employment effects, but the results
are too imprecise to conclude that there is a large local multiplier anywhere. In sum, although I do not
find evidence of large local multipliers, neither can I rule out large local multipliers. A local multiplier of
zero could simply indicate that the multiplier effects of localized spending are highly spatially diffuse; yet,
an imprecise zero estimate may also merely reflect from lack of statistical power. While the Recovery Act
was a significant enough intervention to have a sizable impact on the construction sector in low-mobility
counties, the local variation in highway spending may have been too small relative to baseline regional
volatility to detect a local multiplier.

1There may also be direct effects on construction firm profits, but these are unlikely to have localized multiplier effects, and, because
of data limitations, cannot be directly measured at the local level.
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While previous research has attempted to assess aggregate employment effects of government pur-
chases, this paper stands apart in two respects: its direct focus on local employment effects, and its tests
for distinct direct and multiplier effects of government spending. A growing strand of research, summa-
rized by Chodorow-Reich, (forthcoming) aims to estimate the macroeconomic “multiplier” effects of fiscal
expenditures using cross-regional variation in government expenditures and in economic outcomes across
regional macroeconomies. Most of these studies exploit some exogenous source of variation in state-level
government spending to directly estimate the effect of spending on regional aggregate employment and
income—though typically without providing evidence on the transmission mechanism, as I do. Like this
paper, several of the papers surveyed by Chodorow-Reich, (forthcoming) study cross-state variation in
Recovery Act spending, instrumented by pre-Recession policy obligations Chodorow-Reich et al. (2012),
highway spending and tax obligations (Conley and Dupor, 2013; Wilson, 2012), and seniority of legislators
Feyrer and Sacerdote (2011) among other approaches, and they find the cost per job-year may land any-
where between $25,000 and $150,000.2 Most relevant to this paper is work by Leduc and Wilson (2017) that
directly evaluate the effects Federal highway spending both during and prior to the Recovery Act. Their
work tests transmission mechanisms of highway spending by exploiting institutional rules governing the
allocation of funds, but their primary focus is on the potential crowding-out of state government expendi-
tures by federal expenditures—in fact, they find evidence of crowd-in of state spending. In their Appendix,
however, they do test for direct effects on highway construction-sector employment at the state-level and
find that $1 million creates only two jobs (in 2010 only).

Recently, several papers have studied the employment effects of government spending, including the
Recovery Act, at finer levels of geographic detail. Suarez Serrato and Wingender (2014) studies county-level
spending multipliers using variation induced by Census revisions that result in unexpected adjustments in
Federal spending levels; they estimate a cost per job of $30,000 per year in the affected county, but no effect
in adjacent counties. More closely related to this paper is recent work by Dube et al. (2014) and and Dupor
and McRory (2017) that draw from the same underlying data on Recovery Act awards used in my analysis
to study county-level macroeconomic multipliers. These papers examine all types of awards by location of
recipient—not just highway construction grants—and study effects on total employment both in recipient
counties and nearby counties.3 These studies find an own-county effect of 5-10 job-years per $1 million
dollars, plus an additional 20-30 job-years per $1 million in nearby counties (measured either by commuting
flows or geographic proximity) corresponding to a total cost per job-year of $30,0004. Studying the local

2 Nakamura and Steinsson (2014) demonstrate that the relationship between regional multipliers and aggregate multipliers is
ambiguous in a model with immobile agents, price rigidities, and non-tradable goods. In their model, local spending can drive
up short-run prices for local non-tradables; depending on the monetary policy regime, aggregate multipliers may either be larger
or smaller than local multipliers, in contrast to simple intuition suggesting that aggregate multipliers must be larger than regional
multipliers.

3For many types of Federal awards that support State programs, the recipient location is the headquarters office of the local agency.
4This paper differs from their work in important ways. In general, the site of an “award” is not informative about the location
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employment effects of a national school infrastructure investment program in Germany, Buchheim and
Watzinger (2017) find a comparable effect on local employment. While these papers find large employment
effects, none distinguish between a direct effect of spending on recipients and an implied multiplier effect.
However, other studies in the urban economics literature have attempted to directly estimate the local-
employment multiplier effects of additional jobs, usually motivated by models in which individuals are
partially geographically mobile. Both Moretti (2010) and van Dijk (2016) find that an exogenously-added
job in a county or metropolitan area results in one additional service-sector job in the same locale, with
larger effects when the exogenous job is in a high-skill sector. To be consistent with these latter studies, then,
the studies of expenditure impacts would need to have very substantial “direct” effects to be plausible.

What warrants such explicit focus on local labor-market effects? First, there are substantive reasons:
Place-based policies are commonly employed as strategies that benefit local residents and workers; hence,
is important to know whether or not the impacts of location-based policies effectively target local individ-
uals at all. To that end, this paper joins a growing literature evaluating the local incidence of place-based
policies in open economies, notably the study of the Empowerment Zone program by Busso, Gregory, and
Kline (2013); the classic study of local taxation by Feldstein and Wrobel (1998); and other research surveyed
by Kline and Moretti (2014b). During the Great Recession, there was particular desire to target policy
to specific regions due to the spatially heterogeneous nature of the downturn; for instance, Yagan (2016)
found that where one lived and worked during the onset Great Recession had major implications for one’s
longer-run income and employment prospects. Yagan’s finding reinforces earlier work by Blanchard and
Katz (1992) demonstrating that labor markets are spatially segmented, giving rise to cross-regional varia-
tion in underemployment. In theory, this could create an opportunity for a spatially targeted countercyclical
employment policy to improve on unemployment insurance extensions or Keynesian policies. In models
with price rigidities and labor market frictions, spending and UI create larger aggregate demand external-
ities when labor markets are slack (Farhi and Werning, 2012; Michaillat and Saez, 2015; Kekre, 2016). This
creates a rationale to target stimulus at hard-hit regions—so long as the policy actually boosts local em-
ployment. Recent work by Monte et al. (2016) notes that the local employment elasticity in response to local
expenditures may vary significantly in different settings, depending crucially on commuting behavior.

This paper assesses the plausibility of using targeted infrastructure construction to boost local employ-
ment given the mobility of the agents involved. Such approaches come at a cost, however; while more
disaggregated datasets offer richer variation, the relationship between regional and aggregate outcomes

of the economic activity—for example, purchases of new buses will be listed as an award taking place at the a state’s Department
of Transportation. A large share of stimulus spending is nominally designated as being “spent” in state government offices, even
when these funds are not actual paid to workers are firms nearby. I focus on highway construction because award affected-population
ZIP codes have clear economic meaning—they are the physical construction site. Likewise, the time variation in the data based on
“award date” does not necessarily correspond to the timing of any induced demand increase; rather, it is distinct from the date of any
purchases or performed services. Therefore, I do not rely on this information. Finally, while spending could plausibly have larger
impacts in slack markets, they test this hypothesis by stratifying the sample based on post-2009 slack, which may be an outcome of
the Recovery Act itself. Because stratification on outcomes may confound causal interpretations, I have only examined interactions
of highway spending with slackness in the first year of the recession (that is, the change in the private-sector employment rate from
2006–2008), yet I find no evidence of a differential effect in slack areas to report in this paper.
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becomes less clear at finer levels of aggregation. In county-level analyses, one must also consider the im-
plications of labor mobility: If local job gains are due to in-migration, then one region’s gain is another’s
loss.5 Thus, while the local detail of the data employed here facilitates transparent tests of local employ-
ment effects, I do not directly estimate an aggregate multiplier. Nonetheless, I can and do speak directly to
a crucial step in the transmission mechanism of government spending onto aggregate outcomes.

The rest of the paper proceeds as follows: Section 2 provides background information about the insti-
tutional features of public highway construction funded by the Recovery Act and about the overall per-
formance of the highway-construction sector in the context of the broader construction boom, bust, and
recovery. Section 3 describes the empirical methodology and the data sources. Section 4 presents baseline
estimates effects of direct effects and local multiplier effects at the county level. Section 5 examines how
effects might propagate through space, and how the answer may differ across settings. Section 6 concludes.

2 The Local Distribution of Recovery Act Highway Spending: Back-

ground and Data

2.1 Background

After the 2008 onset of the Great Recession in the United States, the United States Congress passed the
American Recovery and Reinvestment Act (henceforth the Recovery Act or the “stimulus bill”) on January
6, 2009. The bill authorized $821 billion of emergency supplemental expenditure by the United States fed-
eral government as an attempt to stimulate macroeconomic growth and reduce unemployment; by 2011,
nearly $500 billion had been spent directly and $184 billion had been expended through tax reductions
(CBO, 2012). Proponents of the law argued that funds could boost employment expansion in the construc-
tion sector by funding “shovel-ready” infrastructure projects, plans that could be implemented immediately
if public funds were made available.6 The Great Recession and the associated housing bust had particu-
larly impacted the construction sector; between 2006 and 2009, the annual rate of expenditure in residential
construction fell by over $300 billion, representing a fifty percent decline. Over the same period construc-
tion annual employment fell by over a million jobs on, contributing significantly to five million annual
jobs lost in total over the same period. Thus, policymakers hoped that a rapid expansion of government
infrastructure spending might stem these losses.

In practice, only a small fraction of the Recovery Act authorizations (roughly $100 billion in total) were
designated for public infrastructure construction. Of this portion, $43 billion was apportioned for some
type of transportation spending and $27 billion was apportioned for highway construction. While this
$27 billion was small relative both to the overall stimulus both and to the aggregate decline in annual
construction revenues, it representing a substantial increment over typical pre-Recession annual highway

5This point is made formally in Kline and Moretti (2014a)
6The term “shovel-ready” was first used to describe the proposed stimulus measure by President-Elect Barack Obama during a

televised interview on December 8, 2008.
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appropriations, which averaged around $40 billion. It was also large relative to the overall size of the
highway construction sector, the total revenues of which were $102 billion in 2007.7

As with standard Federal highway expenditures, the federal government did not directly execute or
even select the projects funded by Recovery Act. The distribution of Recovery Act highway funds across
states was determined by preexisting apportionment formulas8. While it was up to States to decide which
projects to fund with their allotment, the stimulus bill nonetheless provided several directions as to how
projects should be selected. Specifically, the bill stated that “priority shall be given to projects that are pro-
jected for completion within a 3-year time frame, and are located in economically distressed areas”(US GPO,
2009). The first directive established an enforceable “shovel-readiness” requirement—all funds had to be
obligated (that is, to have had construction contracts signed) within a year or else they would be retracted.
This generally ruled out the use of funds for projects that required extensive new planning or design. In
practice, stimulus funds were spent fairly quickly: By May of 2011, about 60 percent of Recovery Act
transportation infrastructure funds had been spent, and 95 percent had been obligated for specific projects
(GAO, 2011). As a result, the vast majority of Recovery Act highway spending went to pavement improve-
ment, road-widening, and resurfacing projects that could be completed in a short timeframe. Appendix
Figure 1 shows that over two-thirds of spending fell into this category. The second directive was to pri-
oritize spending in “economically distressed areas.” However, the law provided no criteria by which one
might determine whether economically distressed areas had been sufficiently prioritized—no quotas were
set, and there was no prohibition of projects in non-distressed areas. More importantly, states had relatively
free reign in designating cities, towns, and counties as “economically distressed,” and thus they applied the
term liberally.9Although states had to report all selected projects to the Federal Highway Administration
(FHWA) for approval, no projects were rejected in practice.

While publicly funded roadbuilding may evoke memories of Works Progress Administration (WPA)
workers building roads in the 1930s, procurement for Recovery Act projects followed a strikingly different
model. The WPA was an explicit workforce program that directly hired unskilled workers during the Great
Depression. While states and local governments were responsible for selecting and financing construction
projects, the WPA provided them with free labor from workers on its payroll. WPA projects typically
centered around labor-intensive work like clearing simple dirt roads and covering them with gravel using
shovels. As a result compensation of workers accounted for a full 69 percent of spending on WPA projects
(US GPO, 1946).

By contrast, modern public road construction is very rarely conducted by public employees. Rather,
after states authorities choose project sites, they are required to select vendors through standard compet-

7See: https://www.fhwa.dot.gov/policy/olsp/financingfederalaid/approp.cfm.
8See Leduc and Wilson (2017)for detailed discussion of these formulas
9State agencies were generous in designating regions as “distressed,” and therefore particularly worthy of funds. For example,

on a website providing states with implementation guidance, the FHWA posted a map of West Virginia illustrating the designation
of “economically distressed areas” (EDAs) (see Appendix Figure 2) in the state. Likewise, the Commonwealth of Massachusetts lists
towns designated as EDAs on its website—a list which comprises a majority of towns in the state, including Boston and Cambridge.
In this light, the language urging prioritization of projects in EDAs has little bite.
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itive bidding processes. Likewise, during implementation of the Recovery Act, firms for these projects
were chosen strictly on competitive cost-bid bases, not by discretion.10 The Recovery Act did not give
federal, state, or local authorities any special ability to interfere with the procurement process. Moreover,
modern private road construction firms are relatively high-tech and rely heavily on expensive, specialized
machinery. In 2012, compensation of employees represented only 28 percent of the cost of construction11.
Highway construction is now a relatively skill-intensive, high-wage sector; the average annual earnings for
all employees in 2012 was $56,276. At that salary, the mechanical effect (in the absence of crowd-out) of an
additional million dollars of road work on construction employment should be 5.5 job-years.12

Appendix Figures A.1 and A.2 display how total highway construction spending and employment
evolved in the United States in the context of the broader construction boom and bust. Appendix Figure A.1
shows that highway spending rose dramatically during the housing boom and that it actually continued
to grow through 2008—before the Recovery Act was enacted—despite the dramatic decline in residential
construction. However, the years following Recovery Act did not see any net increase in the total level
of highway construction expenditure. In the 2007 Census of Construction, 64 percent of all highway con-
struction was on infrastructure owned by governments (federal, state, or local); by 2012, that number had
risen to 78 percent. Appendix Figure A.2 plots the evolution of employment in the same three categories
during the boom, bust, and recovery. The boom-and-bust cycle is particularly apparent in the construc-
tion sector, where employment grew by 15 percent (about one million jobs) from 2000 through 2006 and
then declined by double that amount between 2006 and 2011, at which point the sector began to recover.
Highway construction employment also grew during the boom period, albeit less rapidly. Interestingly,
although highway spending did not decline in 2009 or 2010, highway employment declined significantly on
net—despite the Recovery Act—shedding 80,000 jobs between 2007 and 2013. It should be observed that
the decline in highway employment was both less rapid and more persistent than the decline in the broader
construction sector, potentially due to cushioning effects of the Recovery Act.

2.2 Data Sources

To study the local distribution of stimulus funds, I use project-level data obtained from the website of

10Title 23 U.S.C. 112 requires that all Federal-aid highway funds be awarded to firms based on competitive bidding, and the Re-
covery Act maintained this requirement. Politicians and bureaucrats may not legally interfere with procurement processes to favor
certain firms, and there is no particular reason to suspect systematic corruption at this point in history.

11This figure is calculated as the total cost of payroll for all employees (including white collar workers) plus the value of fringe
benefits, divided by the total value of receipts net of subcontracts let out. Importantly, netting for sub-contracts amounts to considering
the labor share inclusive of all subcontracts, under the assumption that subcontractors are also in the same sub-sector. Figures are taken
from the 2012 Census of Construction.

12An effect of 5.5 job-years per $1 million spent implies the $27 billion spent during ARRA would have supported 150,000 construc-
tion job-years. If 5.5 is the correct figure, one should note that even in this no-crowd-out case, each additional construction would
need to in turn to support at least five additional jobs to yield an aggregate regional multiplier as large as the ones estimated in
Suarez-Serrato and Wingender(2014).
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the Recovery Act Accountability and Transparency Board.13 Although the federal government does not
generally collect or report data about the projects that state and local governments finance with federal
funds, the Recovery Act explicitly required public disclosure of all awards made under the law to ensure
ongoing transparency. Awardees were required to disclose the ZIP codes where and the purposes for which
the funds were used, so local representatives could account for the amounts and uses of funds spent in
each district and jurisdiction. From this repository, I have assembled a comprehensive dataset of each
highway construction project funded by the Recovery Act, including information on the amount spent, the
precise geographic location of the project, the data of completion and the nature of the project.14 Although
I only observe the date on which the funds were obligated and not the dates of construction, I do observe
whether work was complete by 2013 when the final version of the data was released. To ensure that my
spending measures do not include large amounts of unused funds, I restrict the sample to projects that were
completed by 2013.

In addition, local governments were requested, but not required, to report information about the ven-
dors contracted to work on each project. I am therefore able to determine which firms won general-
contractor bids in most instances.15 Even when projects involved multiple prime vendors, the data reports
how much was paid to each vendor, as well as the name, industry, and address of the responsible office at
the vendor firm.16 This unique dataset allows not only for analysis of project impacts at fine geographic
levels, it also permits one to observe where contracting establishments are located relative to the projects.17

To my knowledge, this is the first such dataset with national coverage.
Table I describes the data on stimulus-funded road construction projects and county-level aggregates.

Comprehensive data on projects are available for 46 of the continental states, accounting for $23 billion in
expenditures.18 Because vendor reporting was voluntary, only $15.4 billion of these funds can be attributed
to contracts with vendors. I drop all projects with no information on vendors from my primary analysis,
because the quality of the location data in these observations is questionable—such cases are frequently
placed in state capitol complexes. This limits my primary sample to $16.8 billion of spending on projects
with at least some vendor information listed. However, for reference, I examine my results with the inclu-
sion of these projects in the Appendix. In order to study the impacts of these projects on local employment,

13While the website, www.recovery.gov, is no longer active, the full award-level dataset is available from the author upon request
14A “project” is a grant sub-award. In the case of highway construction, a sub-award is functionally equivalent to a “project”—that

is, improvements to a specified piece of infrastructure at a specified site. The data lists two ZIP codes for each sub-award, one
corresponding to the location of the “recipient” authority overseeing the project and one corresponding to the “population” affected
by the project. While for many types of purchases these ZIPs are the same and correspond to the local agency overseeing the use of the
grant, in the case of highway construction, the “population” ZIP is intended to reflect the location of the construction work. I therefore
use the “population” ZIP to designate project locations.

15The locations correspond to the regional office of the firm in charge of supervising the project. According to conversations with
industry professionals, these offices are the same locations where the construction workers involved in individual projects would have
been reported as employed.

16The data list recipient ZIPs for each vendor that are distinct from the award recipient and correspond to the location of the office
of the vendor supervising construction.

17An important limitation is the lack of information on subcontractors, who may perform a significant part of the work.
18Michigan is excluded from these data, as most projects were erroneously reported as located in the State Capitol complex, and

Illinois lacks any data on vendors.
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I aggregate spending measures at the county level, which is the finest geographic unit available with de-
tailed industry-level data. However, because individuals frequently commute across county lines, I also
examine effects using alternative definitions of local labor markets, including both Metropolitan Statisti-
cal Areas (MSAs) and Commuting Zones (CZs), which are groups of counties that represent distinct and
self-contained labor markets based on commuting patterns (Tolbert and Sizer, 1996). 19

The data report addresses of the primary vendors for each project, which allows for direct inspection
of where these firms’ offices were reported to have been located. In the analysis sample fully 78 percent
of vendors report offices based in different counties than where their project sites are.20 The county-level
correlation coefficient of total per-capita spending on Recovery Act projects and total per-capita vendor
receipts for Recovery Act projects is only 0.039. Even larger CZs may not be sufficiently self-contained;
in fact, in my data, 55 percent of vendors have offices in different CZ than the project sites. Even at this
broader level, the coefficient of correlation between per-capita spending on projects in a county and per
capita payments to firms in the same county is only 0.079. The mean distance between project sites and
vendor offices in the analysis sample is 79 miles, roughly the same distance as Philadelphia is from New
York City. Though such distances seem large, they are actually consistent with standard bidding behavior
for large construction projects, for which vendors offices routinely bid at considerable distance.21 The state
may be the lowest level of geography at which vendor offices and projects are co-located; indeed, 90 percent
of vendors are in the same state as the project sites in my data. However, it is important to note that the
vendor’s administrative offices may not be the establishments at which the on-site construction workers are
reported as employed; this consideration is even more import to the extent that prime vendors subcontract
out tasks to third-party employers.

The primary outcomes I study are private-sector employment levels within a locality, broken out by in-
dustry. I obtain annual county-by-sector employment totals from the Quarterly Census of Employment and
Wages (QCEW), released by the Bureau of Labor Statistics. The QCEW data is compiled from administra-
tive establishment-level records collected by state unemployment insurance systems. The resulting dataset
includes the annual average employment and salary levels, broken out by county and industry. While data
is available for detailed industries (distinguished by NAICS codes) within counties, data at fine levels of

19These are similar to Metropolitan Statistical Areas, but unlike MSAs CZs cover all counties.
20This figure does not change significantly if it is calculated on a percent-of-spending instead of a percent-of-projects basis. The

reported vendor addresses in these data reflect the location of the office supervising the project—the same office that should be
reporting the employees in the administrative datasets that underly this data. While one might suspect that firms are giving addresses
for a national headquarters office, this does not appear to be the case in the data—vendors who appear more than once in the data often
report from different ZIP codes. Conversations with industry professionals indicate that it is standard for large multi-establishment
firms to have a headquarters and “regional” offices that supervise bids, work, and employment on projects in their area. These regional
offices appear to be what appear in my data.

21It is not uncommon for construction workers to drive 90 minutes to a project site on a daily basis. An illustrative example can be
found at a road construction site near Harvard Square. A worker at the site in Cambridge informed the author that his employer (the
vendor on the project) was about fifty miles north in New Hampshire—and therefore in a separate Commuting Zone. Interestingly,
this worker lived fifty miles to the south in the Providence Commuting Zone. In this case, the worker would appear as employed
in New Hampshire in employer reported data, though the worker actually lived in a CZ different than both the employer and the
project. This case illustrates the difficulty in attempting to define a “self-contained” local labor market where workers, employers, and
worksites would be co-located.
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disaggregation with small numbers of establishments are frequently suppressed for confidentiality reasons.
Thus, my primary analysis focuses on total construction sector figures, which are nearly always available
at the county level. I also study effects on finer sub-industries, though results are likely attenuated due to
censoring.

Importantly, my employment concept is based on place of work, not place of residence. To the extent
that individuals commute beyond counties, the level of employment at local establishments may differ sub-
stantially from the level of employment among local residents. Both concepts are meaningful measures of
local economic health; however, only scant data is available on employment by place-of-residence, which
are primarily collected through household surveys with too few respondents to conduct local-level analy-
ses.22

Additionally, I supplement these data with additional control variables and with outcome variables
from different sources. County-level unemployment and labor-force participation levels and rates are avail-
able in the BLS Local Area Unemployment Series; however, these data are largely imputed from sparse Cur-
rent Population Survey micro-data and should be interpreted with caution. Additional demographic vari-
ables are taken from the 2000 Decennial Census Long Form survey and the combined 2005–2009 American
Community Surveys (Minnesota Population Center, 2011). Data on new permits issued for the construction
of housing units are obtained from the Department of Housing and Urban Development. County-level in-
come data are obtained from IRS Statistics of Income Data. Data on road mileage and quality are assembled
from road-segment data in the Highway Performance Management System compiled by the U.S. Depart-
ment of Transportation. Throughout, I scale variables by 2010 population from the full-county Decennial
Census, which I refer to as “per capita” units.

3 Methodology

Research Design

To evaluate the impact of government construction spending on local labor markets, I implement a difference-
in-differences design allowing for heterogeneity in treatment intensity. The basic principle of this method-
ology is to test how employment outcomes evolved differently in places with higher versus lower levels
of per-capita stimulus construction spending. This approach is valid provided unobserved determinants
of employment evolutions are uncorrelated with spending levels—that is, so long places with different
spending levels would have evolved identically in the absence of the Recovery Act.

I begin with a partial equilibrium approach, testing first for effects in the construction sector. Any
plausible effect on the broader labor market should stem from the project’s direct effect on construction
work, so it is important to verify that local spending does indeed have an effect on local construction
payrolls. As noted above, if the construction sector were large, competitive, and Cobb-Douglas with labor

22The Local Area Unemployment Series is an exception, where household survey data are used to estimate local unemployment
and labor force participation levels by county of residence. My use of these data is discussed below.
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share of 0.28 (the observed labor share in the highway construction sector), then, with no crowd-out, a
marginal dollar spent on construction should boost local construction payroll by 28 cents. Likewise, a
“marginal” million dollars in construction should increase employment by 5.5 jobs. In this no crowd-out
case, letting Yct denote the county-level value of road construction at time t and Wct ≡ wct × Lct denote
the county-level construction wage bill (itself the product of the local wage and employment level), a linear
regression of the construction wage bill (in dollars) on the road construction spending level (in dollars)
should yield a coefficient of .28. Thus, the first task is to verify whether such an effect is obtained in practice.
I then test for local general equilibrium effects on aggregate employment and income.

To motivate the difference-in-differences specification for the partial-equilibrium analysis, consider a
simple two-period scenario in which total non-stimulus road construction spending Gct in county c is sup-
plemented with a additional stimulus amount Sc,post in the second (or “post”) period. While the total
spending in county c in the post period is Sc,post + Gc,post, employers in outside jurisdictions may bid to
work on these projects, and firms in c may be eligible to bid on outside projects. Suppose that νc,t repre-
sents other latent drivers of local construction payroll, such as unobserved productivity attributes. Then,
letting ρout be the average share of local construction work done by employees of firms in other jurisdic-
tions, and ρin be the share of all spending outside of c done by construction employees at firms based in c,
we can obtain a regression equation as follows:

∆Wc = (1− ρout)α(Sc,post + ∆Gc) + ρin(S−c,post + ∆G−c) + ∆νc (1)

Or, in terms of observable variables:
∆Wc = βSc,post + ∆εc (2)

where the ∆ operator indicates pre-post differences. Here, β ≡ (1− ρout)α is the effect on local construc-
tion payroll accounting for outside competition. The error term ∆εc,t ≡ (1− ρout)α(∆Gc,t) + ρin(S−c,post +

∆G−c,t) + ∆νc,t reflects unobserved determinants of local construction payroll. If supplemental stimulus
spending was randomly assigned across space, independently of baseline spending and other components
of the error term so that E[Sc,post∆εc,post] = 0, then this β would be identified by the difference-in-differences
regression in (2).

Empirical Model

I estimate the following dynamic version of the simple equation in 2, normalizing the spending and out-
come variables by the 2008 regional population level:

Outcomec,t

Pop2008
c

= δc + γstate,t + ∑
τ 6=2008

βτ Spendc

Pop2008
c
× 1{t = τ}+ ∑

τ 6=2008
ητXpre

c × 1{t = τ}+ ∆εc (3)
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With the inclusion of the county fixed effect δc, each year-specific β can be interpreted as the effect of $1 of
additional stimulus spending on the level of the outcome in year τ, relative to 2008. While the normalization
by 2008 population allows for a better fit to the data, the interpretation of β is unchanged from equation 2:
if Outcomec,t is average annual employment, then β is the number of job-years added in county c during
year t as per Recovery Act dollar spent on a project in that county.

I restrict my focus to within-state variation in some specifications by including a state-by-year fixed
effect γstate,t. When including covariates, I control for differences in trends that vary with the included
observable variables (reflected in the interaction of the pre-period control with an outcome-year dummy).
Because per-capita spending measures are mechanically correlated with the baseline population level, rep-
resented in the denominator, I include a control for the log of the 2008 region population in all specifications.
Standard errors are clustered at the county level. While some information is available about the timing of
spending authorizations, the data does not provide detailed information about when work took place. Ac-
cordingly, I suppress all time variation in the treatment variable and instead study the dynamic effects of
the total Recovery Act highway construction spending level, which is defined as a time invariant level.

When examining alternative outcomes and specifications, I focus on a simple two-period differences-
in-differences equation using 2008 as the pre-period year and 2010 as the post-period year. Since 2010 is
both the year in which the highest level of Recovery Act construction was reported to have occurred and
the year in which I find the largest construction-sector effects, it is natural to examine the effects in 2010 in
more detail. I estimate the following equation:

Outcomec,t

Pop2008
c

= δc + γstate,t + βpost Spendc

Pop2008
c
× 1{t = 2010}+ ∑

τ 6=2008
ητXpre

c × 1{t = 2010}+ ∆εc (4)

The baseline specification includes state-by-year fixed effects, time-invariant county fixed effects, and a con-
trol for year-specific effects of 2008 population. In practice, estimating βpost from the simple difference-in-
differences specification in 4 will yield nearly identical point estimates to β2010 estimated from the dynamic
specification in 3.

Threats to Identification

Equation (1) points to several limitations and concerns that arise when estimating (2) in actual data, where
Sc,post is not fully randomized. First, even if Sc,post were randomized the local employment effect β will
be less than the full partial equilibrium employment effect α due to a “firm-commuting effect”: If some
contractors working on projects in care be based in other locales, and if Sc,post is uncorrelated with the
amount of stimulus work in other locales that firms based in c are able to win, then the local employment
effect will only be a fraction (1− ρout) of the total partial equilibrium effect.23 This firm-commuting effect

23Separately, any partial equilibrium effect will also omit general equilibrium effects, such as macroeconomic multipliers, not cap-
tured in (1).
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is not an econometric bias but rather an economic effect: As the spatial mobility of firms increases, the
ability to target demand to firms in c using local construction in c will diminish. However, if the level
of geographic aggregation is too fine relative to meaningful concepts of “local” markets, one may obtain
an arbitrarily small employment effect. Thus, I consider robustness to different definitions of local labor
markets in the analysis below.

A second concern is that the level of local stimulus spending Sc,post may not be orthogonal to other
road spending Gc,t if the Recovery crowds out other public or private infrastructure spending. One well-
documented form of crowd-out is “flypaper effects,” as in Knight (2002) and Leduc and Wilson (2017):
Because budgetary funds are fungible, state and local governments may use federal construction grants to
offset their own planned spending and in turn use the additional budgetary resources for different pur-
poses. At the state level, Leduc and Wilson (2017) find that federal highway awards actually lead to a
subsequent increase in state-level spending on highway construction. Nonetheless, crowd-out may exist at
the local level within states if states systematically direct their own funds away from regions with stimulus-
funded projects towards projects in other locales. Unfortunately, there is no nationwide data source on
non-stimulus federal, state, or local government road construction spending that is disaggregated below
the state level; thus, it is not possible to directly test for local flypaper effects. Yet, if such behaviors were
first-order, then one should expect crowd-out to be more severe and effects to be smaller when restricting
the analysis to within-state variation across counties (by including state-by-year fixed effects) compared to
analyses that allow for comparisons of counties across states. I show below that this is not the case.

Another major concern is that authorities might have systematically targeted funds towards regions ex-
periencing different labor market or industry trends in a manner that violates the parallel trends assumption
(i.e., E[Sc,post × ∆νc] 6= 0). This assumption warrants particular scrutiny in the context of counter-cyclical
spending. In particular, if funds are directed towards regions experiencing larger adverse shocks that are
transient and mean-reverting, then the more-treated locales would have grown faster in the absence of
any intervention. In the case of the Great Recession, one might separately worry that harder-hit counties
experienced persistent adverse trend-breaks in 2009 that continued throughout the observation window.

I address this identification concern in several ways. First, I implement a dynamic event study specifi-
cation that facilitates a direct test of whether differently-treated locales experienced different trends prior
to 2009. If the parallel trends assumption is valid, then Recovery Act spending should be uncorrelated with
pre-2009 trends in the outcome variables. However the parallel trends assumption may still be violated,
even in the absence of differential pre-period trends, if state governments targeted funds on the basis of
changes in ∆νc that occurred after 2008. While it is impossible to fully rule out any sorting of this sort, I
probe the validity of the no-selection assumption by testing for robustness to varied control sets. If estimates
are robust as the choice of Xi varies, any unobservable source of bias would have to be both systematically
correlated with the error term εist and systematically uncorrelated with all of the observable dimensions of
heterogeneity. This insight guides my inference below.
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Targeting of Stimulus Spending and Covariate Balance

The Recovery Act encouraged state and local governments to create jobs in distressed areas, but where did
the funds flow in practice? Panel A of Figure 1 plots per-capita spending against the 2007-2009 change
in first-quarter unemployment, netting out state averages and adjusting for population size. Interestingly,
spending was no higher in regions with higher unemployment levels. While these figures from the LAUS
are measured with considerable noise, they nonetheless represent the best information policymakers could
have used on which to base any intentional targeting of spending towards slack markets. Another indicator
of local labor market distress prior to the Recovery Act is the decline in the construction employment rate
from 2006–2008; however, there is once again no clear relationship between a larger decline (i.e., more
negative growth) and local spending.

Figure 2 plots the pairwise standardized correlation coefficients between Recovery Act construction
spending and a broader range of covariates, residualized on state-level covariates in order to isolate within-
state correlations. There is a clear relationship between spending per-capita and 2008 log population; while
this relationship is mechanical in part, it also reflects the substantive fact that rural regions with smaller
populations have disproportionately more roads relative to their populations. As I control for 2008 log
population in all specifications, all other correlations in Figure 2 are adjusted accordingly. Conditional on
population size, there is little relationship between spending and observable indicators of local labor mar-
ket distress. Rather, the clearest determinant of the spatial allocation of spending appears to be how many
frequently-used roads were in each county. Looking within states, primary road lane-miles per capita, av-
erage daily vehicle-miles traveled (VMT) per capita, and land area are the strongest correlates of per-capita
Recovery Act road construction spending.24 This is unsurprising, given that the majority of Recovery Act
road-construction funds went to pavement improvement and road-widening projects—work that naturally
occurs in places where more roads already exist.

The stock of roads is by no means randomly assigned; however, it is hard to imagine what latent drivers
of the boom, bust, and recovery cycle would be correlated with the baseline stock of roads yet not observable
indicators of economic distress. Leduc and Wilson (2017) argue that measures of local road mileage and
usage (VMT and lane-miles, in particular) are completely orthogonal to latent drivers of short-run growth,
and the authors employ these variables to construct instruments for highway spending based on formulary
apportionment rule. I do not take a strong stance on this assumption here, but I will show that the results
below are robust to conditioning on these variables.

4 County-Level Spending Effect

I first examine estimated effects of project spending on local construction employment. In order to de-

24“Major roads” includes all roads designated by the Federal Highway Administration as “principal arterial” or that are part of the
Interstate Highway or National Highway Systems in the Highway Performance Management System data. Lane-miles are a distinct
concept from road-miles; one mile of a road with two lanes running in each direction would constitute four lane-miles of road.
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termine when any effects occur and whether pre-period trends differ with the treatment variable, I estimate
the dynamic specification in equation 3; results are displayed in Table 2. To facilitate inspection of these re-
sults, Figure 3 plots the year-specific effects of local per-2008-capita project spending (in millions of dollars)
on per-2008-capita construction-sector employment in the recipient county, presented in Column 1 of Table
2. This baseline specification includes state-by-year fixed effects and controls for differential trends across
2008 population levels; the coefficients can be interpreted as the number of construction jobs added per
each incremental million dollars spent. Consistent with the parallel trends assumption, construction em-
ployment trends evolve similarly on average across all spending levels. While there is little to no effect in
2009—consistent with an implementation lag—there is a significant effect of two additional jobs per million
dollars in 2010, relative to the counterfactual.25 This within-state, cross-county effect is nearly identical to
the cross-state employment effect on construction employment found in Leduc and Wilson (2017). In 2011,
there is a borderline-significant effect of 1.58 jobs per million, which continues to dissipate in subsequent
years. The magnitude and timing of this effect are highly plausible: Strikingly, the combined 2009-2013
point estimates suggest a combined local effect of 5.9 job-years per million dollars, close to the back-of-the-
envelope closed economy calculation above had predicted.

Table 2 also reports year-by-year point estimates from the dynamic specification in 3 for other partial-
equilibrium outcomes. Column 2 tests for effects on “heavy and civil construction” sub-industry employ-
ment (NAICS 237), in which nearly all general contractors for highway projects would be classified. The
time pattern of results is similar to Column 1, though point estimates are less than one-half of the size
of Column 1’s estimates. This attenuation is primarily due to censoring in the QCEW; tests for effects in
other sub-sectors yield point estimates close to zero in the post-period.26 If construction labor supply is
imperfectly elastic, increased construction demand may be reflected in higher wages, in addition to higher
employment levels. The results in Column 3 indicate that the average annual construction salary did, in
fact, rise in each of 2010 and 2011 by three dollars per construction worker in response to one additional dol-
lar per resident. Column 4 reports the combined effect on construction payrolls, which reflects both wage
and employment increases. The point estimates imply that for each additional dollar of spending, local
construction payroll rose by 10 additional cents from 2008 to 2010. Summing the annual effects over each of
the post-period years 2009-2013, the estimates in Column 4 imply that thirty percent of road expenditures
ultimately wound up in the pockets of construction workers at local establishments.

To probe the robustness of this result, Table 3 presents the 2010 point estimate under a range of alter-
native specifications. Columns 1, 2, and 3 report results with no region-year fixed effects, state-year fixed
effects, and commuting zone-year fixed effects. The magnitude of the effect is invariant to the inclusion

25This suggests that $27 billion in total spending could have supported over 50,000 jobs in 2010. Direct surveys of contractors in-
volved in Recovery Act construction found that number of full-time-equivalent employees at work on Recovery Act highway projects
peaked at 40,000 in September 2010 (CBO, 2012).

26One may be concerned that the construction effect reflects a boost in residential or nonresidential building construction that is
not plausibly due to Recovery Act road spending. However, in Appendix Table A.3 I find this is not the case, and that the combined
2009-2013 effect on employment in these sub-sectors is approximately zero. Nor is the effect driven by the remaining construction
subsectors, where I find a combined 2009-2013 effect of 0.197 (1.796). These results are all consistent with the censoring explanation.
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of state fixed effects. This suggests that within-state crowd-out factors do not have first-order effects on
the results. More surprisingly, the effect is only slightly reduced by the inclusion of commuting zone fixed
effects. This latter finding implies that the local employment effects identified in the county-level analysis
are quite local indeed, and it implies that demand spillovers to neighboring counties are minimal.

In Columns 4 and 5, I test for confounding selection on observables by including state-year fixed effects,
and I add a wide array of covariates including county size and density; the 2007 and 2009 Q1 unemploy-
ment rates; the number of housing permits issued in 2003, 2006, and 2008; the housing density change
between 2000 and 2010; and the 2008 size and 2006–2008 growth of the local construction sector. The point
estimates are largely robust to these inclusions, consistent with a causal effect. Additionally, Column 6
tests whether the effects are driven by the extensive margin (the comparison between places with positive
spending and those with none) or the intensive margin (the comparison among places with different levels
of positive spending) by restricting the baseline specification of Column 2 to the subsample of places that
received positive spending. The point estimates are essentially the same, suggesting that the main effects
occur primarily on the intensive margin.

Having established a clear partial equilibrium effect, I next test whether the gains—or averted losses—in
the construction sector are reflected in countywide industry aggregates. The results are ambiguous. Table 4
summarizes the results, and Figure 4 plots the year-specific effects of local per-2008-capita project spending
(in millions of dollars) on total per-2008-capita private sector employment in the recipient county analogous
to Figure 3. In both the short and long runs, there is no clear effect on aggregate employment. Yet, although
the combined 2009–2013 effect is less than two job-years per million dollars, the confidence interval implied
by the standard error is large, and is consistent with employment effects of anywhere between a loss of
twenty-five jobs to a gain of over thirty jobs per million dollars. Table 4 presents results from tests under
a number of alternative specifications. The 2010 point estimate is not stable to specification, nor is the
estimate economically large in any instance.

The simplest explanation for this small, imprecise finding is a lack of statistical power. Stimulus high-
way spending may have had a first-order impact on the construction sector, yet the intervention was
likely too small relative to the fluctuations in total employment during the Great Recession to detect any
plausibly-sized impact on local employment. Although the small effect is consistent with crowding-out of
non-construction spending by stimulus projects, large effects on the order of those in Suarez Serrato and
Wingender (2014) are also not ruled out by the obtained confidence intervals.

5 Regional Spillovers and Spatial Heterogeneity

This section examines how effects might propagate through space and how those effects may differ
across settings. To the extent that firms and workers are mobile across space, there may be regional labor
market impacts of highway construction projects that extend beyond county borders. As a result, one
may expect to find larger effects when conducting the analysis at levels of aggregation reflecting more
meaningful labor markets, as there will be less “leakage” of labor demand into other jurisdictions. (In the
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context of Equation 1, this corresponds to a higher level of ρout.) I first test for effects at more aggregated
geographies, as well as for localized spillovers using observed commuting flows in the spirit of Dupor and
McRory (2017). I find no evidence of significant regional demand spillovers. I then test for heterogeneity
in the effects and, importantly, I only find significant effects on construction employment in places that are
smaller and less conducive to commuting. This is consistent with effects being detectable only in settings
where an intervention was sufficiently large relative to a local economy.
Tests for Regional Effects

To study how the labor-market impacts of local spending vary at different geographic scales, Table 5
presents results at the county, CZ, MSA, and state levels. While urban agglomerations represented by MSAs
offer the most standard notion of a labor market, an important part of the identifying variation comes from
regions outside urban MSAs, as discussed below. Therefore, CZs offer a comparable alternative that in-
cludes all counties in the data. Since the largest effects occurred in 2010, I use a version of the baseline
difference-in-differences specification in Equation 4 in order to yield a clear basis for comparison with the
baseline results.27

At broader levels of aggregation, the results are less precise due to the small number of observations.
Although the baseline point estimates of the per-dollar effects of spending on construction employment
and payroll effects are indeed larger at the CZ level, these results are less robust to the choice of regression
specification. This supports the hypothesis that stimulus construction work increases demand at construc-
tion firms outside the immediate locale of the project, such that the total regional labor market effect may
exceed those found above. At the MSA and state level,s these results become increasingly imprecise but
remain mostly consistent with that hypothesis. The effects on total employment remain small and highly
imprecise at all levels of aggregation. There is no increase in power, as any increases in potential effect size
at higher levels of aggregation are offset by lost precision due to the smaller sample size.

A more direct test for geographically diffuse demand spillovers would be to examine whether high
levels of spending in proximate areas have effects on local employment. To develop a economically mean-
ingful index of exposure, I use data on 2006-2010 county-to-county commuting flows from the American
Commuting Survey (ACS) to measure how much stimulus road spending occurred in the places where peo-
ple living in the observation counties go to work. Although the primary outcome data is based on place of
work rather than place of residence, worker flows may still provide a useful proxy for firms’ ability to send
their employees to work in projects in another given locale.28 I construct exposure using two alternative
methods: First, I measure average per-capita spending in the places to which residents of the observation
county commute outside of the observation county itself. For an observation county o and each destination
county d, I calculate λout

od , the number of residents in owho commute to county d as a share of all residents

27The specifications includes a control for 2008 population, but exclude state fixed effects. At broader levels of aggregation, the ar-
guments that justified the simple differences-in-differences design for the county-level analysis above may be less valid. Accordingly,
these estimates are presented for comparison.

28While the data is less reliable at fine scales, I also examine employment outcomes for local residents based in treated locales
obtained from the ACS and LAUS in the Appendix
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in o who commute outside of o (so that ∑d 6=o λout
od = 1 ∀ o). I then use these shares to calculate the aver-

age treatment intensity that commuters from o are exposed to, Expout
o ≡ ∑d 6=o λout

od ×
Spendd

Pop2008d
. Second, I

measure how much spending in other counties d would go to local firms in o if the share of projects in d
worked on by firms in o were the same as the number of workers in d who reside in in o and commute. To
do this, I denote the share of workers in d who commute from o as λin

do and calculate the expected outside
revenues (per capita) in o as Expin

o ≡ 1
Pop2008o

∑d 6=o λin
do × Spendd. I then test whether these measures predict

employment outcomes when included in regressions along with the main own-county spending measure.
Results are presented in Table 6. For both measures, there is no evidence of a significant positive con-

struction demand spillover across space. This is consistent with the aggregated results and the finding in
Section 4 that county-level results are insensitive even to the inclusion CZ-level fixed effects. In particular,
any positive “partial equilibrium” effects on construction are either in the project within the locale or are so
highly dispersed across space relative to standard commuting patterns that it is hard to detect under any
standard definition of a broader labor market. However, theory is ambiguous as to whether cross-regional
labor demand spillovers should be positive on net. An alternative explanation may be that spending in
a locale can have negative partial-equilibrium spillovers onto construction employment in other locales if
construction workers leave establishments in neighboring regions in order to work on local projects. Thus,
the lack of observed spillovers may be because spillover effects are actually zero on net, rather than because
they are positive but difficult to identify in the data.29 As with the main own-county spending variable,
effects on total employment are too imprecise to make any definitive conclusion.

Given the high incidence of vendors located outside of project counties, one can also test for effects in
locales where vendors were located. Thus, rather than defining the county-level variable as total per-capita
spending on projects within a county, I define the “vendor treatment” variable as the total per-capita re-
ceipts by vendor firms based in a county. While it is straightforward to use this variable as the treatment
in the differences-in-differences, the no-selection-on-unobservables assumption is much less plausible, and
one should be hesitant to interpret any results as having a causal interpretation. In particular, firms and
regions with better latent productivity trends may be in a stronger position to win competitive bids, which
could bias results upwards. At the same time, firms that work on stimulus projects may be systematically
less likely to work on non-stimulus projects, leading to a possible downwards bias. Appendix Figure A.4
plots the annual coefficients estimated from the dynamic specification in 3, using per-capita vendor pay-
ments as the treatment and per-capita construction employment as the outcome variable. While there is
no clear post-2008 effect, there is a pronounced increase in construction employment in 2008—before the
Recovery Act was passed—that is associated with higher levels of receipts, indicating confounding selec-
tion. Thus, only specifications controls for pre-period evolutions in sectoral employment can plausibly be
interpreted as causal; that said, even with controls, any causal interpretation is suspect.30

29Regardless, these results do not constitute evidence of net negative spillovers.
30There are nonetheless sources of variation in vendors’ receipts of stimulus funds that would satisfy a parallel trends assumption.

For example, if new road construction opportunities were scarce, so that firms that lost stimulus bids had little to do otherwise, and if
the factors that determined which firms won bids were mostly arbitrary, then assignment of contracts could be plausibly exogenous.
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Table 7 displays differences-in-differences estimates of the 2010 effects of both local project spending
per capita and local vendor receipts per capita when both are included jointly in regressions. Interestingly,
inclusion of the vendor variable has little to no impact on the project spending variable relative to Table 3;
this may be unsurprising, given the lower correlation of the two variables. This implies that the county-
level construction employment effect does not operate through the primary vendor, suggesting that many
construction workers on-site employed at establishments other than the prime vendor, either at regional
branch offices of the vendor firms, or at separate subcontracting firms.31 While the size of the estimated
effect of local project spending is mostly robust to controls, the effect of vendor receipts is more sensitive.
With the inclusion of controls, the vendor receipts effect becomes both positive and similar in size to the
local spending effect. Taking the local results at face value, these effects imply that there is a 2010 effect of
roughly two jobs per million dollars in each of the project and vendor counties, suggesting that there may
in fact be an aggregate effect that is larger that the initial effects had implied. The state is the only level
where vendors and projects are sufficiently co-located that the effect only loads onto the spending variable.
Vendor spending is also associated with larger total employment effects conditional on controls; however,
while suggestive, these results are tenuous at best, given the sensitivity to specification.

Treatment Effect Heterogeneity and Nonlinear Effects

Since the effects of spending may not be constant in all places, I next examine heterogeneity in the treatment
effect. In particular, Equation 1 highlights the possibility that effects will be larger in places where local
projects are more likely to be worked on by employees of local establishments. Accordingly, I test whether
the effect is different in counties that are more or less open to commuting, measured by the share in the
ACS who commute from out of state.32 In addition, it is possible that the effects may differ across counties
with larger and smaller populations, as a given change in spending per capita could represent a bigger
proportional shock to demand aggregates in smaller locales.33 Thus, I also test for heterogeneity by 2008
population as well.

The results are presented in Table 8. Focusing on the core effect on construction employment in 2010,
it appears that there is no effect in counties that are above the median population in 2008 or that have an
above-median share of workers who commute outside the county. By contrast, the baseline effects appear
to be driven by a more pronounced effect in smaller counties that are less open to commuting. While
interactions with continuous measures of openness and population yield less precise results, the signs of
the estimate are consistent with a story in which the main effects were driven by smaller, more isolated
counties. These findings are consistent with claims that it is more difficult to detect the impacts of an

31Since data on subcontractors is not available, it is not possible to determine for certain whether this is the case
32To test for heterogeneity in effects, I estimated interacted difference-in-differences specifications of the form Outcomec,t

Pop2008
c

=

δc + γstate,t + βopen,post Spendc
Pop2008

c
× 1{t = 2010} × 1{HiCommute}+ βclosed,post Spendc

Pop2008
c
× 1{t = 2010} × 1{LoCommute}

+γopen1{t = 2010} × 1{HiCommute}+ ∑τ 6=2008 ητ Xpre
c × 1{t = 2010}+ ∆εc

.

33Put differently, the variation generated by Recovery Act road spending may be too small to significantly impact larger economies.
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intervention due to low power in larger local economies and in economies that are more interconnected
with broader regions.

Table 9 and Figure 5 examine heterogeneity across commuting openness levels for a broader range of
outcomes. I find the effects on the construction sector (and on the heavy and civil construction sub-sector in
particular) are much more pronounced in areas with less commuting both in the short run and in the long
run. This is intuitive in the context of the framework laid out above and summarized in Equation 1: When
commuting mobility is lower (corresponding to a lower level of ρout) there will be less “leakage” of labor
demand into other regions and a more concentrated effect in the target area. This commuting effect—which
is really about the ability of firms to send workers to other locales—is somewhat different from the effects
of commuting discussed in Monte et al. (2016). That study considers commuting flows of residents in one
locale (o) to firms in different locales (d), presuming the demand level of firms in locale d is known. As d
becomes more open to commuting, the employment impact of a given local labor demand boost in d will
be greater. Since the local labor supply elasticity is higher when it is more open to commuting, a given
change in labor demand affects the quantity margin (employment) more and the price margin (wages) less.
By contrast, in the scenario studied here, the first-order question is whether local spending has a detectable
effect on local labor demand in the same region; this is the question formalized in the framework above.

One should expect effects to be easier to detect in the upper regions of the treatment distribution if the
absence of an effect in bigger regions is due to of lack of power because the treatment variation is too small.
To test whether effects are more pronounced as the intervention grows, I also include a quadratic term
into the baseline specification in Table 8. Indeed, it appears that the main effect loads onto the quadratic
term, suggestion that even when restricting the focus to construction employment, the spending interven-
tion was only large enough to have a noticeable impact at very high levels. Meanwhile, when looking at
broader employment outcomes, even the upper ranges of per-capita spending fail to identify a precise ef-
fect. Similarly, although Figure 5 provides suggestive evidence that there may be larger payroll multipliers
in more self-contained regions, the results are too imprecise to rule out a multiplier of zero. Given the
massive background fluctuations in regional economies and the relatively small size of the Recovery Act
highway construction program, it is likely that these tests lack the statistical power to detect any plausibly-
sized multiplier effect with a high degree of confidence.

6 Conclusion

In the years following 2009, many highway, tunnel, and bridge projects across the United States were
accompanied by signs bearing the slogan “Putting America to Work.” This paper examined whether this
slogan held true at the local level,and whether construction projects are ultimately an effective way to stim-
ulate local labor markets during slack periods. Should local governments prioritize highway construction
as a way to boost local employment? I used a unique dataset containing detailed information on all projects
funded by the Recovery Act and their contractors to test whether places that had more construction work
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had better local labor market conditions during the recovery period 2009–2013. The siting of these projects
appears to have been uncorrelated with any observable indicators of economic performance, but I examine
robustness of results to a wide array of selection-on-observables of assumptions, as well as an instrumental
variable approach.

I find that highway impacted construction employment at the county level: a dollar of additional Recov-
ery Act spending on local construction increased local construction payrolls by thirty cents over 2009–2013.
The magnitude of this effect matches the national labor share of construction revenues, suggesting that
targeted spending did not crowd out other local construction. These effects are most pronounced among
counties with smaller populations and smaller fractions of residents who commute to outside counties for
work. However, when I test for general equilibrium effects on local employment and payroll aggregates,
I find effects close to zero with very wide confidence intervals across all specifications. Although the Re-
covery Act was a significant enough intervention to have a sizable impact on the construction sector in
counties with low mobility, these findings suggest that the local variation in highway spending was too
small relative to baseline regional volatility to detect a local employment “multiplier.”

My findings suggest the credibility of larger estimates rests on the plausibility of the local transmission
mechanism: if one finds large employment or income multiplier effects, one should also observe first-order
effects on the direct recipients of government funds. I argue that while it is highly plausible that that con-
struction spending has a detectable effect on construction employment yet does not have a detectable effect
on aggregate employment, it is less plausible that there could be a true effect on aggregate employment
without an effect on construction payrolls. If this link is missing, this casts doubt on the validity of the
source of variation used to estimate the multiplier.

Importantly, though the magnitude of the effects on the construction sector is what one might expect
in the absence of crowd-out, the implied cost-per-job I estimate is high relative to other estimates in the
literature. My estimate of five construction job-years per $1 million implies that one construction job-year
requires $200,000 in highway spending to be sustained. While I find a larger impact on construction em-
ployment compared to the state-level findings than in Leduc and Wilson (2017), the cost per construction
job-year is much more expensive than the roughly $30,000 cost per total job year in Suarez Serrato and
Wingender (2014) and Buchheim and Watzinger (2017). In order to reconcile the construction employment
effects I find—which imply a cost per construction job of $200, 000—with a $30,000 cost per total job, a
construction job would have to result in the creation of five additional non-construction jobs. While not
ruled out by my estimated effects on total employment, this is not plausible based on prior studies of local
employment multipliers, which typically find that an exogenous one job-year increase in low-skilled work
supports only one additional job in the same metropolitan area (Moretti, 2010; van Dijk, 2016).

Thus, the primary value of infrastructure improvement work in a community arises in the value of the
infrastructure itself. To this end, the goals of policymakers should be to channel funds toward projects
with high infrastructure value. It is possible that improved highway infrastructure supports robust local
employment growth in the much longer run, although I do not find clear evidence of any effects as of 2013.
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In a classic survey, Gramlich (1994) notes that the returns on investment for road construction work are
potentially quite high, but that they vary significantly depending on the type of project selected: Spending
to build new rural roads has little value, while repair of heavily-used highways can have a rate of return as
high as 35 percent. Thus, while it could be easy to justify repairing aging highway arteries with stimulus
funds, there appears to be little justification for widening sparsely used roads in a rural county hit hard by
the housing bust in hopes of boosting local employment. One should note that concentration of Recovery
Act construction in paving activity rather than in new construction is not inherently problematic in this
view, as the social value of resurfacing crucial roads may exceed that of building a new “bridge to nowhere.”

While most analyses of stimulus spending have studied interventions like the Recovery Act from a
macroeconomic angle, this paper has taken a more microeconomic approach in its investigation of the spa-
tial nature of the transmission mechanism. Further analysis of microeconomic effects of stimulus spend-
ing using disaggregated data in future work and will help supplement theoretical micro-foundations for
macroeconomic models with better empirical content. Even if highway spending did not have effects on
specific local labor markets, it may nonetheless have proved effective in providing the means for individ-
ual firms facing constraints to stay afloat during the construction bust and in keeping individual workers
attached to the labor force during the downturn. If such effects exist, better evidence would point to more
cost-effective counter cyclical policy measures. The data assembled for this paper should be of use to those
pursuing work along these lines.
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Tables and Figures

Figure 1: Relationship between Covariates and ARRA Treatment Variables
Panel A: 2009 First Quarter Unemployment Rate (LAUS)

Panel B: Change in First Quarter Unemployment Rate, 2007-2009 (LAUS)

Panel C: 2008 Per Capita Lane Miles of Primary Roads (HPMS)

Notes: Each diagram is a binned scatter plot: the sample is divided into twenty equally-sized bins corresponding to vingtiles of the
x-axis variable, and the average per capita ARRA road spending level within each bin is calculated and plotted against the y-axis. N
= 2,922 counties included in primary analysis sample.
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Figure 2: Pairwise Correlations of Spending Variables with Covariates
Panel A: Local Project Construction, $ Per Capita

Baseline Correlations Within-State Correlations

Panel B: Local Vendor Receipts, $ Per Capita
Baseline Correlations Within-State Correlations

Notes: Each point estimate is the standardized coefficient of correlation between the Recovery Act exposure measure and the stated
covariate. 95% confidence intervals implied by the robust standard errors for each point estimate are plotted around each correlation
coefficient. Except for the first correlation in each diagram (with 2008 log population), all correlation coefficients are calculated con-
ditional on 2008 log population by including a control in a standardized regression. “Within-state correlations” isolate within-state
variation by including state-level fixed effects in these regressions. N = 2,922 counties included in primary analysis sample.
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Figure 3: Event Study: Dynamic Effects of Local Construction Spending on Construction Employment

-2
0

2
4

Ef
fe

ct
: J

ob
s 

Pe
r M

illi
on

 D
ol

la
rs

 S
pe

nt

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Notes: Figure plots year-specific βt coefficients estimated jointly from the dynamic difference-in-differences specification in equation
3, also presented in Column 1 of Table 2. The outcome is the county-level annual average construction employment level from the
QCEW, both the treatment and the outcome variables are scaled by 2008 population. Each point estimate is the the county-level effect
of $1 Million per capita of Recovery Act road construction spending on construction employment per-capita in the specified year,
relative to the 2008 level of the outcome variable. Regression includes state-by-year fixed effects and year-specific controls for 2008
log population. The treatment variable is not time-varying, rather the same treatment variable is interacted with dummies for each
outcome year. Year dummies and interactions for 2008 are omitted due to inclusion of identify county-level fixed effects. Standard
errors are clustered at the county level, and the implied 95% confidence intervals are plotted around each point estimate. N = 35,052,
reflecting 2,922 counties included in primary analysis sample.
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Figure 4: Event Study: Dynamic Effects of Local Construction Spending on Total Employment
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Notes: Figure plots year-specific βt coefficients estimated jointly from the dynamic difference-in-differences specification in equation 3.
The sum of the 2009-2013 effects is displayed in Table 4. The outcome is the county-level annual average total employment level from
the QCEW, both the treatment and the outcome variables are scaled by 2008 population. Each point estimate is the the county-level
effect of $1 Million per capita of Recovery Act road construction spending on construction employment per-capita in the specified year,
relative to the 2008 level of the outcome variable. Regression includes state-by-year fixed effects and year-specific controls for 2008
log population. The treatment variable is not time-varying, rather the same treatment variable is interacted with dummies for each
outcome year. Year dummies and interactions for 2008 are omitted due to inclusion of identify county-level fixed effects. Standard
errors are clustered at the county level, and the implied 95% confidence intervals are plotted around each point estimate. N = 35,052,
reflecting 2,922 counties included in primary analysis sample.
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Figure 5: Heterogeneity by Commuting Openness
Outcome: Per Capita Construction Payroll
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Outcome: Per Capita Total Payroll
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Notes: Figure plots separate year-specific βt,group coefficients estimated jointly from a variant of the dynamic difference-in-differences
specification in equation () that includes two sets of coefficients, one set interacted with a indicator of whether the county has a higher-
than-median share that commutes outside the county (“High Commuting Openness”), and the other set interacted with an indicator
of the opposite (“Low Commuting Openness”). Each set of coefficients are plotted as a distinct series indicated in the legend, but
are estimated jointly in a regression that includes controls for the indicator variable interacted with year dummies. The sums of
the 2009-2013 effects are displayed in Table 9. The outcomes are the county-level annual average per-capita payroll level, both in
the construction sector and overall, from the QCEW. Each point estimate is the the county-level effect of $1 Million per capita of
Recovery Act road construction spending on payroll dollars per-capita in the specified year„ relative to the 2008 level of the outcome
variable. Dollar figures are in constant 2009 dollars. Regression includes state-by-year fixed effects and year-specific controls for 2008
log population. The treatment variable is not time-varying, rather the same treatment variable is interacted with dummies for each
outcome year. Year dummies and interactions for 2008 are omitted due to inclusion of identify county-level fixed effects. Standard
errors are clustered at the county level, and the implied 95% confidence intervals are plotted around each point estimate. N = 35,052,
reflecting 2,922 counties included in primary analysis sample.
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Table 1: Summary Statistics

Counties (N= 2,922)
Sample 

Total Sum Mean Median
Mean         
if  > 0

Median    
if  > 0

Standard 
Dev.

95th 
Percentile

Nonzero 
Obs

(1) (2) (3) (4) (5) (6) (7) (8)
All Projects
Project Expenditure ($Millions) 23,210 7.94 1.96 9.52 2.99 23.30 32.90 2,437
Project $ Per Capita 83.82 180.97 53.95 216.99 73.43 602.52 603.42 2,437

Projects With Vendor Information
Project Expenditure ($Millions) 16,780 5.70 1.17 7.72 2.53 14.90 32.60 2,174
Project $ Per Capita 60.60 147.26 35.17 197.92 65.42 560.03 528.55 2,174

Notes: Table summarizes county-level Recovery Act highway spending exposure for 2,922 counties in primary analysis sample.
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Table 2: Dynamic County-Levels Effects of Spending on Construction Employment and Pay

All Construction  
Heavy and 

Civil Constr.
Per Capita 

Constr. Payroll
Average Annual 
Constr. Salary

(1) (2) (3) (4)
Effect in:

2004 0.231 0.113 0.015 0.262
(0.831) (0.267) (0.037) (1.529)

2005 -0.229 0.202 -0.005 0.430
(0.815) (0.247) (0.036) (1.522)

2006 0.098 0.017 0.030 1.089
(0.770) (0.237) (0.034) (1.445)

2007 0.662 0.147 0.055 0.858
(0.901) (0.210) (0.040) (1.491)

2009 0.461 0.083 0.025 0.766
(0.676) (0.176) (0.030) (1.234)

2010 2.141*** 0.533** 0.093*** 2.973**
(0.799) (0.229) (0.035) (1.396)

2011 1.584* 0.593** 0.079** 2.539
(0.909) (0.280) (0.039) (1.606)

2012 0.873 0.461 0.050 -0.977
(0.928) (0.286) (0.040) (1.712)

2013 0.864 0.594** 0.054 -0.842
(0.899) (0.294) (0.040) (1.628)

2014 0.357 0.173 0.050 0.832
(0.930) (0.313) (0.042) (1.708)

2015 0.714 0.534* 0.050 0.610
(0.938) (0.307) (0.043) (1.726)

Sum 2009-2013: 5.924* 2.265** 0.301**
(3.462) (1.078) (0.151)

N Counties 2921 2921 2921 2921
Observations 35,052 35,052 35,052 35,052
R-squared 0.864 0.780 0.864 0.768

Effect of  $1 Million Per Capita on  
Constr. Jobs Per Capita: Effect of  $1 Per Capita on:

Notes: Table displays year-specific βt coefficients estimated jointly from the dynamic difference-in-differences specification in equation
(), each column reports the output from a separate regression. In columns 1 and 2, the outcomes are the per-2008-capita county-level
annual average construction (NAICS 23) employment level and “Heavy and Civil Construction” (NAICS 237) employment level,
respectively. The outcome in Column 3 is the per-2008-capita construction total payroll level. The outcome in Column 4 is the average
annual salary in the construction sector, this variable is the only outcome not in per capita units. Dollar figures are in constant 2009
dollars. Each point estimate is the the county-level effect of $1 Million per capita of Recovery Act road construction spending on the
outcome variable in the specified year, relative to the 2008 level of the outcome variable. Regressions include state-by-year fixed effects
and year-specific controls for 2008 log population. The treatment variable is not time-varying, rather the same treatment variable is
interacted with dummies for each outcome year. Year dummies and interactions for 2008 are omitted due to inclusion of identify
county-level fixed effects. The sum of the coefficients for years 2009-2013 are reported with standard errors in the “Sum 2009-2013”
row. Standard errors are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value less
than 5%.
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Table 3: Robustness of 2010 Construction Employment Effects

(1) (2) (3) (4) (5) (6) (7)
Effect of   $1 Million per Capita 2.054** 2.141** 1.874** 2.441** 1.852** 1.854** 1.608**
on Construction Jobs per Capita (0.752) (0.798) (0.896) (0.865) (0.672) (0.669) (0.673)
R-squared 0.935 0.939 0.952 0.945 0.954 0.954 0.954

Effect of   $1 per Capita 0.103** 0.094** 0.085** 0.103** 0.072** 0.070** 0.057*
on Construction Payroll per Capita (0.034) (0.035) (0.039) (0.039) (0.033) (0.033) (0.034)
R-squared 0.935 0.938 0.952 0.947 0.952 0.952 0.952

x x x x x x x
State x Year FE x x x x x
CZ   x Year FE x
Intensive Margin Only x

x x x

x x

x

N obs 5844 5842 5736 4344 5,056 5,056 4,796
N counties 2922 2921 2868 2172 2528 2528 2398

2008 Population Control

Pre-Period Industry and 
Demographic Controls

Pre-Period Road Controls  

Pre-Period Unemployment 
Controls

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4. Each
point estimate is obtained from a separate regression. In all columns the outcome is the per-2008-capita county-level annual average
construction employment level. Each point estimate is the the county-level effect of $1 Million per capita of Recovery Act road
construction spending on the outcome variable in 2010, relative to the 2008 level of the outcome variable. “Intensive Margin Only”
restricts the sample to counties with positive spending levels. “Pre-period Industry and Demographic Controls” include 2006 and
2008 log employment and log payroll, both total and in the construction sector, as well as a control for population density and 2000-
2008 log changed in population. Dollar figures are in constant 2009 dollars. “Unemployment Controls” include 2007 and 2009 Q1
average unemployment from the LAUS. “Road Controls” include 2008 primary road lane miles per capita and 2008 average daily
vehicle miles travelled per capita from the HPMS. Year dummies and interactions for 2008 are omitted due to inclusion of identify
county-level fixed effects. The size varies across specifications due to missing covariates. Standard errors are clustered at the county
level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value less than 5%.
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Table 4: County-Levels Effects of Spending on Total Employment and Pay

(1) (2) (3) (4)

Effect of   $1 Million per Capita -2.257 -0.579 1.997 -2.456
on Total Jobs per Capita (2.708) (2.787) (14.60) (15.39)

Effect of   $1 per Capita -0.019 -0.097 0.685 0.289
on Total Payroll per Capita (0.123) (0.130) (0.671) (0.707)

Controls:
2008 Population x x x x
Full Controls x x

State x Year FE x x x x

N obs 5844 5842 5736 4344
N counties 2922 2921 2868 2172

2010 Effect Total 2009-2013 Effect

Notes: Each point estimate is obtained from a separate regression. In all columns the outcome is the per-2008-capita county-level
annual average total employment level across all sectors. “2010 Effect” indicates estimate is 2008-2010 difference-in-differences co-
efficient estimated from the two-period specification in equation 4. “Total 2009-2013 Effect” is the sum of the 2009, 2010, 2011, 2012,
and 2013 coefficients from the dynamic specification in equation 3, corresponding to the “Sum 2009-2013” estimates in Table 2. “Full
Controls” includes “Pre-period Industry and Demographic Controls,” “Unemployment Controls,” and “Road Controls” as defined in
Table 3. The size varies across specifications due to missing covariates. Standard errors are clustered at the county level. * indicates
two-sided p-value less than 10% , * indicates two-sided p-value less than 5%.
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Table 5: Results at Varying Levels of Spatial Aggregation

(1) (2) (3) (4) (5) (6) (7) (8)
Aggregation Level

County 2.054** 2.185** -2.710 -2.392 0.102** 0.105*** -0.088 -0.129
(0.752) (0.673) (2.757) (2.971) (0.034) (0.034) (0.128) (0.139)

N 2922 2522 2922 2522 2922 2522 2922 2522

Commuting Zone 3.336** 2.235 1.152 -4.390 0.204** 0.168* 0.120 -0.101
(1.511) (1.529) (5.886) (5.273) (0.086) (0.093) (0.290) (0.284)

N 690 668 690 668 690 668 690 668

Metropolitain Area 0.344 -0.310 -2.607 -9.339 0.196 0.041 -0.307 -0.499
(2.680) (2.152) (9.258) (9.520) (0.147) (0.125) (0.497) (0.502)

N 336 322 336 322 336 322 336 322

State 8.062 52.019 0.386 0.531
(10.614) (39.712) (0.462) (3.381)

N 94 94 94 94

Controls
2008 Population x x x x x x x x
Additional covariates x x x x

Effect of  $1 Million Per Capita on  Jobs 
Per Capita:  

Effect of  $1 Per Capita on Total Payroll 
$ Per Capita:  

Construction All Employment Construction All Employment

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4 esti-
mated at differing levels of aggregation. Each point estimate is obtained from a separate regression. Outcomes are as defined in Tables
2-4.Year dummies and interactions for 2008 are omitted due to inclusion of identify county-level fixed effects. . “Additional Covari-
ates” includes “Pre-period Industry and Demographic Controls” as defined in Table 3. Regressions do not include state-by-year fixed
effects. Standard errors are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value
less than 5%.
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Table 6: Effects of Exposure to Spending in Commuting-Proximate Counties

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

1.307 1.452 1.987 -0.023 0.077 0.098 0.241 0.265
(1.416) (1.359) (5.803) (5.950) (0.063) (0.064) (0.287) (0.299)

5.610 4.253 21.840 -12.713 0.353** 0.233 0.117 -0.271
(3.787) (3.801) (15.449) (15.524) (0.170) (0.178) (0.755) (0.760)

Controls
2008 Population x x x x x x x x
Additional covariates x x x x

Expout

Expin

Effect of  $1 Million Per Capita on  
Jobs Per Capita:  

Effect of  $1 Per Capita on Total Payroll 
$ Per Capita:  

Construction All Employment Construction All Employment

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4. Expout

is the weighted average per-capita spending level in counties that residents of county c commute to to work, weighted by how many
residents commute to each outside county and excluding c’s own exposure. That is, Expout

c ≡ ∑d 6=c λout
cd ×

Spendd
Pop2008d

. Expin measures
how much outside construction work would be done by local employees if the probability that a project in outside county d were
constructed by a worker based in observation county c were the same as the probability (the observed share) of workers in d who
commute from c; this amount is then scaled by local resident population in c. That is, Expin

c ≡ 1
Pop2008c ∑d 6=c λin

dc × Spendd. The
inbound and outbound commuting shares are obtained from the 2006-2010 American Community Surveys. Each point estimate is
obtained from a separate regression. Specifications are as in the first row of Table 5, see notes for details. “Additional Covariates”
includes “Pre-period Industry and Demographic Controls” as defined in Table 3. Regressions do not include state-by-year fixed effects.
Standard errors are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value less than
5%.
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Table 7: Vendor Location versus Project Location: Difference in Difference Estimates

(1) (2) (3) (4) (5) (6) (7)
Spending on Projects in Region 2.116*** 2.077*** 2.874* 1.601 2.702 -0.261 8.069
($Millions per Capita) (0.754) (0.675) (1.533) (1.575) (3.251) (2.054) (16.849)

Payments to Vendors in Region -1.319 2.270** 1.033 1.610 3.250* 2.977* -0.010
($Millions per Capita) (1.403) (1.023) (1.542) (1.451) (1.710) (1.791) (17.672)

Region Level County County CZ CZ MSA MSA State

Controls
2008 Population x x x x x x x
Additional covariates x x x

N obs 5,844 5,044 1,380 1,336 672 644 94
N counties 2922 2522 690 668 336 322 47

(1) (2) (3) (4) (5) (6) (7)
Spending on Projects in Region -2.596 -2.776 0.920 -5.025 -2.711 -9.724 -0.014
($Millions per Capita) (2.773) (2.975) (5.930) (5.286) (9.301) (9.577) (56.867)

Payments to Vendors in Region -2.430 8.028* 2.260 5.267 1.227 4.802 74.259
($Millions per Capita) (4.751) (4.773) (5.882) (6.047) (10.801) (9.882) (45.874)

Region Level County County CZ CZ MSA MSA State

Controls
2008 Population x x x x x x x
Additional covariates x x x

N obs 5,844 5,044 1,380 1,336 672 644 94
N counties 2922 2522 690 668 336 322 47

Panel A: 2010 Effect on Construction Jobs Per Capita

Panel B: 2010 Effect on Construction Jobs Per Capita

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4 esti-
mated at differing levels of aggregation, including both treatment variables in each equation. Coefficients in each column of each
panel are estimated jointly. Year dummies and interactions for 2008 are omitted due to inclusion of identify county-level fixed effects .
“Additional Covariates” includes “Pre-period Industry and Demographic Controls” as defined in Table 3. Regressions do not include
state-by-year fixed effects. Standard errors are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates
two-sided p-value less than 5%
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Table 8: Heterogeneity and Nonlinearities in Effects on Construction Employment

(1) (2) (3) (4) (5) (6)
Per Capita Spending 1.852** -2.811 12.274** 5.103**

(0.672) (2.030) (5.577) (1.595)

(Per Capita Spending)2 10.066**
(4.324)

Per Capita Spending x Log (2008 Pop) -1.069*
(0.550)

Per Capita Spending x (Pop >Median) -0.116
(0.838)

Per Capita Spending x (Pop ≤ Median) 2.803**
(0.898)

Per Capita Spending x % Commute -9.632**
(3.877)

Per Capita Spending x (% Commute > Median) -0.104
(0.807)

Per Capita Spending x (% Commute ≤ Median) 3.423**
(0.983)

Controls:
2008 Population x x x x x x
Additional Covariates x x x x x x
Interaction Main Effect x x x x x x

State x Year FE x x x x x x

N obs 5056 5056 5056 5056 5056 5056
N counties 2528 2528 2528 2528 2528 2528

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4, in-
cluding interactions with the treatment effect. All coefficients in a column are estimated jointly. Whenever a variable is interacted with
the treatment variable (times the Post indicator), I also include a control for the interaction of that covariate and the Post indicator.
(Pop > Median) is an indicator for whether the observation county had a 2008 resident population greater than median. Commuting
shares are obtained from the 2006-2010 American Community Surveys. “Additional Covariates” includes “Pre-period Industry and
Demographic Controls” as defined in Table 3. Standard errors are clustered at the county level. * indicates two-sided p-value less than
10% , * indicates two-sided p-value less than 5%.
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Table 9: Effect Heterogeneity across High and Low Commuting Share Counties

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

-0.104 -4.241 -5.495 -32.44 0.066 -0.239 -0.297* -1.371
(0.807) (3.982) (3.666) (20.10) (0.056) (0.193) (0.167) (0.951)

3.423** 10.67** 1.469 17.24 0.116*** 0.510** 0.048 1.378
(0.983) (4.375) (4.258) (21.94) (0.042) (0.212) (0.189) (0.951)

P Value, Coefficients Equal 0.004 0.009 0.189 0.021 0.01 0.008 0.157 0.027
2010 Effect x x x x
Sum 2009-2013 Effect x x x x

Per Capita Spending x   
(% Commute > Median)

Per Capita Spending x   
(% Commute ≤ Median)

Effect of  $1 Million Per Capita on  Jobs 
Per Capita:  

Effect of  $1 Per Capita on Total Payroll $ 
Per Capita:  

Construction All Employment Construction All Employment

Notes: Table displays effects of the primary spending exposure variable interacted with indicator for whether or not the observation
county had an outside-commuting share that exceeds the sample median. The outcomes are payroll dollars per 2008 capita in constant
2009 dollars. All coefficients in a column are estimated jointly. “Total 2009-2013 Effect” is the sum of the 2009, 2010, 2011, 2012, and
2013 coefficients on the corresponding interaction term from an interacted version of the dynamic specification in equation 3, see
Figure 5 for more details. “2010 Effect” indicates the estimates are 2008-2010 difference-in-differences coefficient estimated from the
two-period specification in equation 4, corresponding to the specification in Column 6 of Table 8. Whenever a variable is interacted
with the treatment variable and any year interactions, I also include a controls for that covariate interacted with the corresponding
year indicators. Commuting shares are obtained from the 2006-2010 American Community Surveys. All specifications include control
for 2008 log population and “Pre-period Industry and Demographic Controls” as defined in Table 3. All regressions include state-by-
year fixed effects. Standard errors are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided
p-value less than 5%.
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A Appendix: Supplemental Figures

Figure A.1: Construction Spending by Category, 2002-2013

Notes: Figure plots estimates of construction expenditures in the United States reported by the Census Bureau. Spending figures are
reported monthly at a seasonally adjusted annual rate. Source: Census (FRED 2016)

Figure A.2: Employment by Category, 2003-2013

Notes: Figure plots evolution of US total employment, construction employment, and highway/road construction employment
(NAICS 2373) tabulated from payroll tax returns in the County Business Patterns Data. Each series is normalized to the 2003 value of
that series by dividing by the 2003 levels listed in the legend.
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Figure A.3: Federal Highway Administration Example of “Economically Distressed Areas”

Notes: Figure displays counties in West Virginia designated as “economically distressed” (in red), and “not economically distressed”
(in blue), and was posted on the website of the Federal Highway Administration 2010 as an example of how States might make this
designation. Eighty-five percent of counties were designated as “economically distressed”.
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Figure A.4: Event Study: Dynamic Effects of Local Vendor Receipts on Construction Employment
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Notes: Figure plots year-specific βt coefficients estimated jointly from the dynamic difference-in-differences specification in equation
3, where the treatment is defined as the per-capita amount of Recovery Act highway construction dollars (in $ Millions per capita)
that went to firms located in the observation county according to the vendor records. The outcome is the county-level annual av-
erage construction employment level from the QCEW, both the treatment and the outcome variables are scaled by 2008 population.
Each point estimate is the the county-level effect of $1 Million per capita of Recovery Act road construction receipts on construction
employment per-capita in the specified year, relative to the 2008 level of the outcome variable. Regression includes state-by-year
fixed effects and year-specific controls for 2008 log population. The treatment variable is not time-varying, rather the same treatment
variable is interacted with dummies for each outcome year. Year dummies and interactions for 2008 are omitted due to inclusion of
identify county-level fixed effects. Standard errors are clustered at the county level, and the implied 95% confidence intervals are
plotted around each point estimate. N = 35,052, reflecting 2,922 counties included in primary analysis sample.
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B Appendix Tables

Table A.1: Summary Statistics of Recovery Act Road Construction Projects

All Pavement/Resurfacing 

Bridge and Road 
Construction/ 
Reconstruction

Number of  Projects 6,993 2,452 903

Project Expenditure ($):
Mean 1,666,175 1,734,447 1,880,179
Median 569,490 679,317 666,600
SD 4,013,480 3,302,186 3,690,526
Max 105,000,000 51,200,000 46,900,000

Number of  Contracts Awarded 13,581 3,936 2,386

Contract Value ($):
Mean 805,596 1,043,307 655,777
Median 165,285 275,162 157,154
SD 2,578,052 2,519,135 1,979,237
Max 86,800,000 51,200,000 42,900,000

Distance of  Vendor from Project (Mi):
Mean 77 70 85
Median 42 43 46
SD 133 112 148
Max 2,295 1,827 2,295

Projects by Number of  Vendors
1 4,963 1,840 436
2 1,099 417 148
3 or More 931 195 319

Notes: Table summarizes all individual Recovery Act infrastructure projects (sub-awards) administered by the Federal Highway
Administration (FHWA) in the 48 contiguous states which include information on at least one vendor. These figures are aggregated
to the county level to generate the primary treatment variable summarized in Table 1. “Pavement and Resurfacing Projects” restrict
to the sample of projects with terms in the text field containing the project description that corresponding to resurfacing, paving,
widening, lane addition, or curve improvement. “Bridge and Road Construction” restricts to projects with descriptions that include
words related to building, constructing, bridge work, and tunnel work.
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Table A.2: Robustness to Other Definitions of Recovery Act Road Construction Spending

(1) (2) (3) (4) (5) (6) (7) (8)
Spending Variable

Primary Spending Definition 2.141*** 5.924* -2.257 1.997 0.093*** 0.301** -0.019 0.685
(0.798) 3.462 (2.708) 14.60 (0.035) 0.151 (0.123) 0.671

1.894*** 5.715* -1.001 3.228 0.073** 0.236 0.117 0.685
(0.669) (2.939) (2.640) (13.50) (0.030) (0.131)* -0.755 (0.658)

Paving / Resurfacing Only 2.401* 8.682 1.799 21.77 0.083 0.346 -0.130 1.042
(1.258) 5.727 (4.967) 24.91 (0.057) 0.261 (0.363) 1.097

3.054 4.547 -7.041 -5.281 0.194* 0.407 0.113 0.236
(2.488) 11.01 (7.489) 43.46 (0.112) 0.493 (0.290) 2.126

2010 Effect x x x x
Sum 2009-2013 Effecrts x x x x

All Projects inc. Missing 
Vendors

Bridge and Other Major 
Construction Only

Effect of  $1 Million Per Capita on  Jobs 
Per Capita:  

Effect of  $1 Per Capita on Total Payroll 
$ Per Capita:  

Construction All Employment Construction All Employment

Notes: Table shows robustness of main estimates to other definitions of Recovery Act road construction expenditure. Sample is N =
2921 counties in primary sample. All spending variables are in per-2008-capita units. “All projects including missing vendors” corre-
sponds to the variable summarized in the top rows of Table 1. “Paving/resurfacing only” and “Bridge and other major construction
only” are variables aggregated from the corresponding projects in Table A.1, and restrict to projects with vendor information as in the
primary treatment variable definition. Each point estimate is obtained from a separate regression. “2010 Effect” indicates estimate is
2008-2010 difference-in-differences coefficient estimated from the two-period specification in equation 4. “Total 2009-2013 Effect” is
the sum of the 2009, 2010, 2011, 2012, and 2013 coefficients from the dynamic specification in equation 3, see notes to Table 4 for more
details. All specifications include state-by-year fixed effects and year-specific controls for 2008 log population. Standard errors are
clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value less than 5%.
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Table A.3: Effects on Other Outcomes

(1) (2) (3) (4) (5) (6)
Spending on Projects in County 0.140 0.160 0.194 0.282 -0.219 -0.837
($Millions per Capita) (0.284) (0.332) (0.203) (0.227) (1.189) (1.139)

Controls
2008 Population x x x x x x
Additional covariates x x x

N obs 5,842 5,056 5,842 5,056 1,440 1,418
N counties 2921 2528 2921 2528 720 709

Effect of  $1,000 Per Capita on Unemployment Rate (pp)
 Effect of  $1 Million Per Capita on 

Building Construction  Jobs Per Capita: LAUS ACS

Notes: Table displays 2008-2010 difference-in-differences coefficients estimated from the two-period specification in equation 4. “Ad-
ditional Covariates” includes “Pre-period Industry and Demographic Controls” as defined in Table 3. All regressions include state-
by-year fixed effects. Sample size varies across columns due to missing values of covariate and outcome variables. Standard errors
are clustered at the county level. * indicates two-sided p-value less than 10% , * indicates two-sided p-value less than 5%.
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