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Abstract

How effective are policies aimed at integrating isolated regions? We answer this
question using the construction of a highway system in one of the poorest regions in
the United States. With construction starting in 1965, the Appalachian Development
Highway System (ADHS) ultimately consisted of over 2,500 high-grade road miles.
Motivated by a model of interregional trade we estimate the elasticity of total income
with respect to market access, which we then use to evaluate the overall impact of the
ADHS. We find that removing the ADHS would have reduced the total income by $45.9
billion or, roughly, 1 percent. Ultimately, the population response to improvements in
transportation infrastructure reduced the gains in income per capita, which were equal
to $515 (1.4 percent) in the poorest counties. Today, the region’s performance relative
to the national average is similar to its position in the 1960s. Thus, despite substantial
investment in transportation and some gains in income per capita the region continues
to lag behind the rest of the country.
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1 Introduction

In Night Comes to the Cumberlands, Harry Caudill painted a grim picture of economic
conditions in Eastern Kentucky and, more broadly, Appalachia circa 1960. Caudill high-
lighted the poverty, isolation, exploitation, and destruction of natural resources as well as
political backwardness within the region. These views were supported in 1964 after the Pres-
ident’s Appalachian Regional Commission reported that incomes were three-quarters of the
national average—less than half in Kentucky—which was reinforced by high unemployment

relative to the rest of the country.

This stark contrast led the governors of Appalachian states to lobby the federal govern-
ment for relief. In 1965, President Johnson signed the Appalachian Regional Development
Act, creating the Appalachian Regional Commission—a federal-state partnership aimed at in-
tegrating the region—and fulfilling promises made by the Kennedy Administration. To date,
over $34 billion (in 2015 dollars) of federal expenditures have gone to the region, with the
bulk of funding going to the construction of the nearly 2,500 miles of the Appalachian De-
velopment Highway System.! The new highway system aimed to integrate Appalachia with
industrial markets to both the east and west and complement the new Interstate Highway

System, which largely bypassed the most isolated areas within Appalachia.

In this paper, we examine the impact of the Appalachian Development Highway System
(ADHS) on regional development. Following recent work by Donaldson and Hornbeck (forth-
coming) we use a model of inter-regional trade together with newly digitized network data of

the Appalachian, interstate, and state highway systems in 1960 and 2010. The model guides

!The federal portion of expenditures under the Appalachian Regional Commission (ARC) is similar in
size to the Tennessee Valley Authority (TVA), a large-scale development project initiated as part of Franklin
Roosevelt’s New Deal. Total spending on the TVA was approximately approximately $27.5 billion between
1930 and 2000; its impact on regional development was recently studied by Kitchens (2014) and Kline and
Moretti (2014). There was also a state and local matching component of the ARC that was up to an
additional 30 percent of federal expenditures depending on the year over the program’s history.



the interpretation of our main variable of interest, “market access,” which measures each
county’s proximity to other counties based on travel time through the highway network as
well as market size.? This approach provides a straightforward way to capture how changes
at a particular point in the highway network influence all counties. In this way, our measure
of market access incorporates network-wide improvements in transportation infrastructure

so that our estimates of the effect on total income reflect these general equilibrium effects.

For the empirical analysis we restrict our sample to approximately 1,000 counties in and
around the program area of the Appalachian Regional Commission, although we compute
market access to all counties in the contiguous United States. This ensures that our esti-
mate of the elasticity of income with respect to market access reflects the structure of the
Appalachian region.® Importantly, changes in the measure of market access used in the em-
pirical analysis reflect changes in transportation costs due to improvements in the highway
network as well as changes in a county’s underlying productivity. We use county fixed effects
to address concerns about highway placement with respect to time-invariant local produc-
tivity and include additional variables to control for differences in access to ARC funds as
well as convergence across counties. We also use an instrumental variables strategy to isolate
variation in changes in market access based on physical distance and the change in average
speed between county pairs due to improvements throughout the transportation network.*
This allows us to focus on changes in market access due to reduction in travel time over a

fixed distance, which we combine with lagged market size.

We then estimate the relationship between total income and market access using instru-

mental variables and obtain estimates similar to recent work on the impact of railroads in

2To proxy for market size we use total income, which closely corresponds with the theory, and check that
our results are not sensitive to alternative measures of market size.

3In footnote 70, Donaldson and Hornbeck (forthcoming) report some differences in the estimated rela-
tionship between their main outcome of interest, agricultural land values, and market access across regions.

4Physical distance is the straight-line distance between county-centroid pairs and average speed is the the
total travel time divided the distance travel along each route using the complete highway network.



the United States in the second half of the nineteenth century (Donaldson and Hornbeck,
forthcoming) and modern-day highways in India (Alder, 2015). A key advantage of this
approach is the ability to perform counterfactual exercises using alternative changes in the
transportation network that may alter access to markets. For example, we can ask: Would
total income have been lower in the absence of the ADHS (i.e., using only the Interstate
Highway System) and, if so, by how much? Or, how much of the losses associated with re-
moving the ADHS could have been mitigated by a proposed, but never built smaller highway

system?

To answer the first question, we calculate the market access that would have prevailed
in 2010 incorporating growth in the highway network from 1960 but removing the ADHS.
The counterfactual change in market access together with our estimate of the elasticity
implies losses without the ADHS of $45.9 billion in annual total income with changes in the
program area of the ARC equal to $32.5 billion relative to $13.4 billion in counties outside of
the ARC. Importantly, changes in market access also lead to changes in population. Taking
into account population movement, annual income per capita in ARC counties would have

been $515 lower in the absence of the ADHS relative to just $64 lower in non-ARC counties.

To answer the second question, we consider replacing the ADHS with a smaller highway
system than was ultimately built. This is motivated by the fact that large infrastructure
projects are often the outcome of a process that involves politicking to obtain benefits for
concentrated interests (e.g., states or congressional districts) in exchange for support in pass-
ing legislation. In the context of the Appalachian Regional Commission, several counties in
New York, Mississippi, and elsewhere were added to the initial counties targeted in the ear-
lier plan of the President’s Appalachian Regional Commission (PARC) during the Kennedy
administration. The highway system that was eventually built had almost 1,000 miles that

were not included in the first-draft plan. To assess the impact of the deviation from the



PARC plan, we recalculate market access replacing the ADHS with PARC and find losses of

$22.0 billion.

Relative to overall costs—including federal, state and local expenditures—the aggregate
benefits of the ADHS imply a rate of return between 3.1 and 8.4 percent annually. This is
lower than the 9 percent Allen and Arkolakis (2014) find for the Interstate Highway System
or the 11 to 25 percent Alder (2015) finds for highways in India. Compared to histori-
cal infrastructure projects, earlier improvements in the transportation network due to the
construction of railroads were larger for the United States (Donaldson and Hornbeck, forth-
coming) and India (Donaldson, forthcoming). Overall, the reduction in transportation costs
associated with the ADHS increased economic activity in Appalachian counties, although

the reallocation of population mitigated some of these gains.

In addition to recent work by Allen and Arkolakis (2014), our paper contributes to a
substantial literature focused on quantifying the impact of highway infrastructure in the
United States (Isserman and Rephann, 1994; Chandra and Thompson, 2000; Baum-Snow,
2007; Michaels, 2008; Duranton and Turner, 2012; Duranton, Morrow, and Turner, 2014) and
in developing countries (Banerjee, Duflo, and Qian, 2012; Baum-Snow, Brandt, Henderson,
Turner, and Zhang, 2012; Faber, 2014; Ghani, Goswami, and Kerr, 2015). Importantly, the
Appalachian Development Highway System is still maintained today and the expansion of
similar systems elsewhere is ongoing (e.g., under the Delta Regional Administration). Our
results provide evidence on the size of the potential long-run benefits as well as a comparison
with the costs and policy alternatives.

A related literature focuses on the combined impact of all programs associated with the
Appalachian Regional Commission (Bradshaw, 1992; Black and Sanders, 2004, 2007; Glaeser
and Gottlieb, 2008; Haaga, 2004; Widener, 1990; Ziliak, 2012). We focus exclusively on the

impact of the new highway infrastructure associated with the ARC, which we believe requires



special attention given (i) the high share of appropriated funds going to the ADHS relative
to other programs, (ii) the region’s limited integration internally and with the rest of the
country, and (iii) the theoretical and empirical issues that arise in assessing interventions

with potentially general equilibrium impacts.

The remainder of the paper is organized as follows. Section 2 gives an overview of the
region’s history and background for the creation of the Appalachian Regional Commission.
Section 3 describes the highway network and county-level data used in the empirical anal-
ysis. Section 4 discusses the model of trade among counties, empirical specification, and
identification concerns that arise in our setting. Section 5 presents our estimates of the mar-
ket access elasticity, which we use to quantify the overall impact of Appalachian highways.

Section 6 concludes.
2 Historical Background

In the early 1960s average household income in Appalachia was $5,706 compared to $7,349
nationwide. In addition, one-third of families in the region lived on less than $3,000 per year
compared to one-fifth in the rest of the country and unemployment in the region was pervasive
(Appalachian Regional Commission, 1964; Pollard, 2003). Over the next several decades
differences with the rest of the country in terms of income, poverty, and unemployment
narrowed. Despite these gains, policymakers and scholars remained concerned about the
strength of the labor market, deteriorating infrastructure, rate of structural transformation,

and lack of opportunity and mobility.

To combat poverty in the region, individual states initially used their own welfare systems
to provide for displaced workers and promote growth. For example, Kentucky created the

Agricultural and Industrial Development Board in 1946.° This and similar programs at

5This program was modeled after Mississippi’s Balance Agriculture with Industry program established in
1936. Cobb (1982) provides an excellent overview of state-level policies for industrial recruitment starting
during the Great Depression.



the state level attempted to promote local development and provide subsidies to recruit
industry from the North. In 1956, Kentucky created the Action Plan for Eastern Kentucky,
which emphasized the need for a regional development authority to improve infrastructure,
particularly through new highway construction (Eller, 2008, p. 47). In 1959, the same
group established Program 60 to provide education, job training, health, and transportation

investments, although the proposal failed to receive support from the state legislature.

In 1960, governors from several Appalachian states attended the Conference of Ap-
palachian Governors, to develop strategies to lobby the federal government for assistance
and cooperate in setting their own development goals. In the same year, then Senator John
F. Kennedy visited West Virginia during a campaign stop and witnessed the poverty of the
region first hand. This led to campaign promises to revitalize and invigorate Appalachia.
After his election, Kennedy promoted the passage of the Area Redevelopment Act in 1961,
which promised relief funds for distressed regions. While the Conference of Appalachian Gov-
ernors was eager to receive some funding, it became apparent these funds would not reach
Appalachia due to strict matching requirements. This was true even though 76 percent of

Appalachian counties qualified as “distressed.”

The Conference of Appalachian Governors continued to lobby President Kennedy and,
following severe flooding in the region in 1963, the President’s Appalachian Regional Com-
mission (PARC) was created.® The commission was to provide recommendations to develop
and integrate the region with the nation by January 1, 1964. The PARC report highlighted
the lack of transportation infrastructure within the region as well as the absence of education

and health services.

Following Kennedy’s assassination, Johnson promised to continue efforts begun under the

6The US Geological Survey estimated that the damages associated with the flood totaled $755 million in
real 2015 dollars (USGS, 1968 p. B-56).



previous administration. In the spring of 1964, the Appalachian Regional Development Act
(ARDA) was proposed in Congress. At first the ARDA failed to receive sufficient support,
however, the bill was resubmitted to Congress in 1965 following a few changes, the addition
of Ohio and South Carolina as beneficiaries, and promises to Senator Robert F. Kennedy of
New York to add 13 counties in New York at a later date. The modified ARDA was signed

into law on March 9, 1965.7

The Act created the Appalachian Regional Commission (ARC) and initially designated
counties in Alabama, Georgia, Kentucky, Maryland, North Carolina, Ohio, Pennsylvania,
South Carolina, Tennessee, Virginia, and West Virginia to receive $1.1 billion in federal
grants. Figure 1A shows the program area of the ARC, including counties in Mississippi
and New York that were added in 1967. The largest portion of funds, $840 million, was
earmarked to create the Appalachian Development Highway System (ADHS) and remainder
to be spent on education, health, and job training programs. The new highway system
was intended to complement the expansion of the Interstate Highway System by providing
connections to major population centers outside the region. Figure 1B shows the aggregate
federal ARC spending separately for highway and non-highway programs. By 2010, over $34

billion had been spent on ARC projects with $23 billion going to highways.

The initial PARC report highlighted the perceived importance of new transportation
infrastructure: “Developmental activity in Appalachia cannot proceed until the regional
isolation has been overcome. Its cities and towns, its areas of natural wealth and its areas of
recreations and industrial potential must be penetrated by a transportation network which
provides access to and from the rest of the Nation and within the region itself” (Appalachian
Regional Commission, 1964, p. 32). In the initial authorization, over $489,000 per mile was

authorized to transform steep, winding, narrow two-lane roads into highways with a straight

"In 1967, the ARC boundary expanded to include additional counties in Mississippi, New York, and
others in states already in the program area.



alignment, low grade, additional lanes, and average travel speeds of 50 miles per hour or
more (E.S. Preston & Associates, 1965, pp. 2-4). Many of the proposed segments were
four lane roads that could handle vehicle speeds of up to 70 miles per hour (E.S. Preston &

Associates, 1965).%
3 Data

The data for in the empirical analysis are drawn from several sources. We use a newly
digitized maps of the highway network in 1960 and 2010 to compute the travel time between
all county pairs in the contiguous United States in each year. In this section we discuss our
representation of the highway network using geographic information system software and the
details of calculating travel time. For the empirical analysis we combine the information on
travel times with county-level data on income, population, and employment to examine the

impact of the ADHS.
3.1 Using the Highway Network to Calculate Travel Time

To calculate travel times we start by identifying each county as a point in space using
the latitude and longitude of the county centroid. We then create a set of access roads that
link the county centroids to neighboring counties with straight line connections. These two
parts of the network are fixed in 1960 and 2010 and a constant speed of 10 miles per hour is
assigned to all travel on access roads in both years. Next, we overlay the highway network—
including the Appalachian, interstate, national, and state highway systems—corresponding
to either 1960 or 2010. The relative importance of each portion of the network for a given
route will depend on the distance to be travelled and the assigned speed on each road type.

Figure 2 shows the extent of the highway system in 1960 and 2010.

For 1960, we start with a Shell Oil Company (1956) map for the non-interstate highway

8Ultimately, improvements were substantial enough that three of the ADHS corridors were fully integrated
as part of the Interstate Highway System: Corridor T in New York (I-86), Corridor E in Maryland and West
Virginia (I-68), and Corridor X traversing Alabama and Mississippi (I-22).



system. This map reports major travel routes 1956, which we use to proxy for the highway
network prior to the Interstate system. In addition to indicating routes, the map gives
estimated travel times between points of interest and we use these to assign speeds to different
segments of the network. For the THS in 1960, we obtained paper maps from the Annual
Report Bureau of Public Roads (Bureau of Economic Analysis, 1960). These are shown in

Figure 2A.

For 2010, we use a shapefile obtained by the National Transportation and Highway
Safety Administration.? Figure 2B shows digitized highway network (excluding the ADHS).
In each year, we assign IHS segments a speed of 65 mph, primary highways a speed of 40
mph, secondary highways a speed of 30 mph, tertiary roads have speeds of 25 mph, and
quaternary roads have a speed of 20 mph. In our initial specifications we fix these speed
limits in each year and in robustness checks adopt modern speeds from the National Highway

Travel Safety Administration’s National Traffic Speeds Survey II (2009).

Finally, from the annual reports of the Appalachian Regional Commission (ARC) we
digitized the network of the ADHS in 2010, shown in Figure 2C. For our baseline travel time
calculation we assign a speed of 55 miles per hour when using the ADHS. Our main empirical
analysis combines the network of time invariant access roads together with the Appalachian,
interstate, national, and state highway systems. We then compute the travel time between
all county pairs in each year, which we use to calculate our measure of market acces for the

empirical analysis.!?

9Download the shapefile at http://www.fhwa.dot.gov/planning/processes/tools/nhpn/2011/.

10We compute the travel time between all counties in the contiguous United States. The time involved
in so many (over 9 million) routes is reduced by applying Dijkstra (1959)’s algorithm, which we implement
using the network analyst tool in ArcGIS.



3.2 County-level Income, Population, and Employment

We use county-level data on total income, population, and employment in 1960 and 2010
from Bureau of Economic Analysis (2015). In some specifications we report the impact
on income per worker, which we compute by dividing total income by employment in each
county in a given year. We adjust county-level variables to reflect county boundaries in 2010
following the procedure in Hornbeck (2010) and merge independent cities in Virginia with

the surrounding county to give a total of 3,080 observations in each year.

Although our measure of market access takes into account the change in access to all
counties in the contiguous United States, we restrict the sample used in estimation to 1,070
counties in states with at least one county in the ARC. Importantly this does not intro-
duce bias into our measure of market access, rather our estimates reflect the structure of
the economy in and around Appalachia. This is so our empirical analysis quantifies the
effect of particular improvements in transportation infrastructure that are most relevant for

evaluating counterfactuals in the region.

Table 1 provides summary statistics for all sample counties as well as counties included
in the ARC and counties not included in the ARC, separately. Columns 2 through 4 show
the (log) change in market access, total income, and total population, respectively, between
1960 and 2010. Market access across sample counties increased by 2.43 log points, with
larger gains in ARC relative to non-ARC counties (i.e., 2.39 versus 2.43 log points). Average
total income increased by 1.73 log points: growth was lower for ARC counties at 1.64 log
points than for non-ARC counties at 1.79 log points. Finally, population growth was smaller

in ARC counties than non-ARC counties (i.e., 0.34 versus 0.43 log points).
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4 Theoretical Framework

We use a model of inter-regional trade to derive our main estimating equation and in-
form our identification strategy. This model produces a relationship between total income
and access to markets. In this context, market access provides a straightforward way to
summarize the impact of a change in transportation costs anywhere in the highway network
on total income. Empirically, we exploit changes in market access due to improvements
in the interstate and Appalachian highways. We use an instrumental variables strategy to
isolate changes in transportation costs that are unrelated to changes in local productivity.
This ensures that our estimate of the relationship between total income and market access
is not confounded with the region’s low growth potential, which motivated the passage of
the Appalachian Regional Development Act and the placement of the associated highways.
The model in the remainder of this section follows closely the exposition in Donaldson and

Hornbeck (forthcoming).
4.1  Model Setup

In the model counties are indexed by c if they are the origin of trade and d if they are
the destination. Consumers have CES preferences over a continuum of differentiated goods
varieties, where the elasticity of substitution between varieties is given by o. Producers in
each county combine a fixed factor land (L.) and mobile factors labor (N.) and capital (K.)
using a Cobb-Douglas technology to produce varieties. The marginal cost of each variety j

is:

N gewir T
MC.(j) = ,
z(J)
where ¢, is the land rental rate, w. is the wage, r. is the interest rate, and z.(j) is local

productivity shifter drawn from a Fréchet distribution with CDF F.(z) = exp(—T.z7%). We

11



assume that output markets are perfectly competitive.

Trade costs between an ¢ and d take the “iceberg” form: for each unit to arrive at d from
¢, Teq = 1 must be shipped. That is, if a variety is produced and sold in the same county the
price is pe.(j), while the same variety sold in a different county has price p.q(j) = TeapPec(j)-
In equilibrium, consumers in counties that are farther away from producers will pay higher
prices and, in turn, producers that are farther away from consumers will charge lower prices.
Empirically, we measure bilateral travel costs as the lowest travel time (in hours) between c

and d using the highway network.

The land available for production is assumed to be constant in each year. Capital is
purchased in national, perfectly competitive markets so the returns on capital are the same
in all counties with r. = r. To the extent that this assumption is violated in our setting, our
empirical analysis controls for state-year fixed effects to adjust for variation over time at the
state level as well as additional county-level variables that capture within-state variation in
geography, climate, etc. Finally, workers are perfectly mobile and reallocate across counties

until nominal wages and utility (adjusted for the local price index) are equalized: w, = UP..
4.2 Prices and the Gravity Equation

Assuming perfect competition so that prices and marginal costs (including trade costs)
are equal and letting consumers buy from the cheapest origin county, Eaton and Kortum

(2002) give an expression for the price index at d:
1
Py=p Y [T(reagtwlri )77

with p = [F(OHT"’)]ﬁ, where ' is the Gamma function. Using the assumption that r. = r,

Donaldson and Hornbeck (forthcoming) define x; = p~r(1==¢  We can then use the

12



expression for the price index above to write:

Py’ =ry [Tlqtwd) 7] (1)

C

which is the trade cost-weighted sum of consumers’ access in d to the technology and inputs

of other counties. This is referred to as “consumer market access.”

Eaton and Kortum (2002) also give the following expression for the value of exports from

¢ to d:

Xeg = To(q@w)) P x Yyr ! x ki CM AL
() )
i (i (i)
This expression says that trade flows from ¢ to d are increasing in (i) local productivity of ¢
weighted by input costs, (ii) market size of d weighted by trade costs, and (iii) competition

from firms with access to d.
4.8 Total Income and Market Access

To derive a relationship between total income and market access we assume total income

in ¢ is equal to the sum of all expenditures purchased from d:
Y, = E:Xd—nﬂ‘ Cwl)” x}j [ /CMASY,] (2)

The interpretation of the final term on the right-hand side, called “firm market access,” is the
access of firms at ¢ to all consumers in the economy. With the assumption that trade costs
are symmetric (i.e., 7. = T4c) the relationship between consumer and firm market access
at ¢ must satisfy FMA, = pCMA.. Following Donaldson and Hornbeck (forthcoming), we

define MA, = FM A, = pCM A, for use in our empirical work. A suitable measure of market

13



access solves the system of non-linear equations given by MA, = p>, Tc_deM Aled. The
approximation used in our empirical analysis is M A, =, T;ieYd.

From equation (2), the final steps are to replace > _, [T(jC M A;le] with M A., substitute
the income share for the immobile factor land, apply the assumption that workers move until

they are indifferent across locations, take logs and rearrange:!!

1 af 1+~
logY, = log T, log L. log M A,
og E2+1—|—a9 og +1—|—a6 og +1+a6 og (3)

Total income will be higher if a county has higher productivity, more land, or better market
access. The increase in total income due to changes in market access may reflect firms’
improved access to large markets or consumers with more access to low-cost producers. The
relationship between total income and market access may also reflect effects outside of the
model, for example, due to existing agglomeration economies that are reinforced by lower

trade costs.
4.4 FEstimating Equation and Identification

To assess the impact of the Appalachian Development Highway System (ADHS), we
exploit variation in market access due to the expansion of the highway network from 1960

to 2010. Specifically, we estimate:
logY, = Blog M Ay + Xcor + ¢ + Gst + €t (4)

where Y,; is the total income in county ¢ and year t. Standard errors are clustered at the

state level to allow correlation across counties in the same state over time.

The main variable of interest is (log) market access, which summarizes the proximity of a

11, — 1 - Y Y z
Hgfl_mglogm 1_Melogp 1+a010g0‘ 1+a€10gU.
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county to all other markets in the United States in terms of travel time. We calculate market
access as: MAy =), Lo T;idet, where 7.4 is the travel time between ¢ and d in year ¢, 6 is
the trade elasticity, and Yy is the income other counties.!? The trade elasticity, 0, is assumed
to have a value of 8 in our baseline measure of market access. We present several robustness
checks based on alternative measures of market access, including different values of 6 and
different travel speeds on each portion of the highway network. We exclude a county’s own
contribution when constructing market access to avoid the mechanical relationship between

market access and market size, although our results are not sensitive to this choice.

In X, we include a second-order polynomial in the latitude and longitude of a county’s
centroid interacted with year fixed effects. This controls for the relationship between the
outcome variable and smooth changes in county geography. This may be particularly useful
in addressing the role of topography, climate, etc., in shaping the economic development of
Appalachia, which is stressed by Eller (1982, 2008). All control variables included in X, are
interacted with year fixed effects. As robustness, we also consider specifications that control

for local (i.e., within county) access to the highway network.

County (¢.) and state-year (¢y) fixed effects control for county characteristics that are
fixed over the sample period and changes over time that are shared by all counties in the
same state in a given year. County fixed effects adjust for differences in the productivity and
physical size of counties that are time invariant. Productivity and the land used in production
may vary over time in ways that are both unobserved and correlated with market access. This
would be the case, for example, if improvements in highway infrastructure were targeted to
integrate counties with high (low) growth potential and would suggest upward (downward)
bias for estimates of 5 based on equation (4). Specifically in our setting, the locations that

received ADHS connections may have had low growth potential between 1960 and 2010. The

12We transform travel time into the “iceberg form” by dividing 7.4 by the average travel time in 1960 and
adding one.
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1968 annual report of the ARC indicated, “[the ARC] has given priority to upgrading the
less adequate sections and deferring more serviceable, but still inadequate sections” (p. 41).
Our empirical strategy of focusing on changes over several decades mitigates concerns about

the endogeneity of the ADHS rollout since our estimates do not exploit this variation.

More broadly, from equation (1), market access is a function of the travel time-weighted
sum of access to the technology and inputs of other counties. As described above, fixing
market size in a given year is one approach to addressing concerns about the endogenous
reallocation of economic activity due to changes in productivity that are targeted for highway
improvements. Another approach is to isolate variation in market access that only reflects
changes in transportation costs. To do this we exploit variation due to the change in travel
time from a given county c to all other counties. In particular, we compute the average travel

time from county c¢ to all other counties according to:

hysical distance,,; " population,, s,
average speed, Do population,, s,

(5)

travel time, = Z P
d#

physical distance_,

focuses on changes in travel time due to highway improve-
average speed,.q;

The portion due to

ments that translate into increased average speed holding the distance travelled constant (i.e.,

population; ;5
> 4 populationg ;s

the physical distance).'® The portion due to - gives more weight to histor-
ically important markets—which may have remained important—-but do not reflect changes

between 1960 and 2010 that may have been targeted by policymakers.*
5 Results

In this section we present our estimates for the elasticity of total income with respect

to market access. In addition, we present several robustness checks controlling for local

13We use the geodist command in Stata (Picard, 2010) to calculate the physical distance between county
centroid pairs given latitude and longitude

14\We use population to construct the instrument because county-level data on total income lagged to 1910
are not available.
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measures of highway access, alternative definitions of market access, and instrumenting for
market access using the change in travel time weighted by historical market sizes. We then
use the estimated elasticity to quantify the overall gains due to the ADHS on entire 13
state sample area and consider the robustness to several alternatives for construction market
access. After discussing the aggregate benefits, we then ask how the benefits were distributed
across the ARC and non-ARC counties within our sample area and the impact on income

per capita.

Before discussing our results it is useful to provide evidence for two conditions given
by Donaldson and Hornbeck (forthcoming) for the validity of the counterfactual exercises
reported in Section 5.2. First, for some counties removing the the ADHS or replacing the
ADHS with an alternative proposal results in large changes in market access. Thus, our
counterfactual exercises require the elasticity estimated in Section 5.1 to be based on similarly
large changes in market access. Figure 4A shows a histogram for the residual change in
market access controlling for a second-order polynomial in latitude and longitude and state-
year fixed effects. There is substantial variation in residualized market access: the difference
between the 90" and 10'" percentiles of the change in (log) market access is 0.459. Second,
the relationship between changes in (log) market access and (log) total income is linear in
Figure 4B, which provides some support for the functional form used in the estimation and

counterfactuals.
5.1 The Impact of Market Access

Table 2 shows the baseline results for estimating equation (4). These results focus on
the sample of 1,070 Appalachian counties. Column 1 gives the impact on total income from
estimating equation (4) weighted by total income in 1960, column 2 reports results from an
unweighted version, and column 3 shows the second-stage results when using instrumental

variables. Column 4 provides the first-stage coefficient on the excluded instrument, which is
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highly statistically significant and implies that a 1 percent increase in the predicted travel

time decreases market access by 3.29 percent.

In columns 1 and 2, the coefficient on market access is statistically significant at the 5
percent level. In column 3, the coefficient on market access is statistically significant and
larger in magnitude than the OLS estimates. This suggest that transportation infrastructure
may be targeted at low income and slow growth locations. The magnitude of the IV estimate
suggests that that a 1 percent increase in market access increases total income by 0.814
percent. Overall, the estimates are in line with results obtained in the recent literature for
nineteenth century railroads in the United States (Donaldson and Hornbeck, forthcoming)

and highways in India (Alder, 2015).

Recall that the measure of market access was calculated by assuming a value of 6 equal to
8. Based on the theoretical relationship between (log) total income and (log) market access
from equation (3), we can solve for the implied value of 6.° Doing this, we find a value of 6
that is approximately equal to 8. The consistency between the implied and assumed value
of trade elasticity is comforting. It is also comforting, as we show below, that the results of

our counterfactual exercises are not sensitive to using alternatives values of 6.

Table 3 shows the results from several robustness checks for the estimated relationship
in Table 2. Column 1 reports our estimate using instrumental variables (Table 2, column 3).
Subsequent columns control for whether a county has direct access to a highway (column 2),
IHS and ADHS miles in each county (column 3), whether a county is within 50 miles of an
IHS or ADHS connection (column 4), whether a county is 100, 200, and 500 or more miles
from an IHS or ADHS connection (column 5), as well as all controls for local access (column

6). When we include all covariates, the elasticity decreases to 0.616, which is the estimate

15To do this, note that the estimate of 3 from equation (4) corresponds to 11_:]9 from equation (3). Based

on Caselli and Coleman (2001), we calibrate the share of land («) and labor () in total income to be 0.2
and 0.6, respectively, and obtain a value for 8 of 8.38, which is in line with our assumed value.
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we use in our baseline counterfactual exercise.

In Table 4 we include additional robustness checks for assigned highway network param-
eters and alternative definitions of market access. In Column 1, we allow the speeds of all
roads in 1960 to increase by 5 mph and increase the speeds in 2010 to their modern speeds
as reported by the National Highway Transportation Safety Administration. In Column 1,
we allow the speed of the ADHS segments to increase from 55 to 65 mph to capture the
incorporation of some segments into the interstate system (e.g., I-22, 1-68, 1-86). Estimates

remain statistically significant.

The remaining columns consider alternative definitions of the market access variable. In
our baseline market size is measured using data from 1960 and 2010. In column 3, we let
national income increase but fix the distribution in each year to the distribution of income
in 1960. In column 4, we compute market access replacing total income with population.
Finally, when computing market access, we use 6 equal to 8 based on the previous literature
(Donaldson and Hornbeck, forthcoming, see). Columns 5 and 6 report estimates of the
market access elasticity using 6 equal to 4 or 12 (see Anderson and van Wincoop, 2004;
Simonovska and Waugh, 2014); differences reflect a scaling of market access variable so that,
as we see in section 5.2, the results of the counterfactual exercises are not affected. Columns
7 and 8 reports similar estimates based on a measure of market access that excludes counties
within 100 and 200 miles of the origin county, respectively. In general, results are not

sensitive to alternative highway network parameters and definitions of market access.

Finally, Table 5 shows the results of replacing the outcome variable with different mea-
sures of (log) employment. Column 1 shows the results for total employment: a 1 percent
increase in market access leads to a 0.859 percent increase in total employment. In column 2,
the response of employment in agriculture to market access is negative but not statistically

significant. The estimated coefficients in the remaining columns are positive and statistically
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significant. In the case of manufacturing (column 4) and trade (column 5), the gains may
reflect the role of improved market access in making Appalachia more attractive for new

plant location or relocation.
5.2 Owverall Gains from Appalachian Highways

Together with the estimated elasticity between total income and market access, the
model provides a natural way to evaluate the aggregate impact of alternative transportation
infrastructure policies on the development of the Appalachian region. In particular, this
approach provides a straightforward way to capture how changes at a point in the highway
network influence all counties. In this way, we are able to quantify the aggregate impact
of improvements due to the ADHS throughout the entire 13 state area. We consider two

counterfactual policies.

First, we remove the ADHS from the highway network in 2010, but let the highway
network grow as it actually did between 1960 and 2010. We then recompute market access
exactly as before. That is, we only consider the impact of the change in market access due
to moving from Panel A to Panel B of Figure 2 plus the fixed access road network. Figure
5 shows the difference between the counterfactual scenario of removing the ADHS relative
to actual market access. The figure, which denotes counties with less market access in the
absence of the ADHS with lighter shades, shows that counties in center of Appalachia (i.e.,
those included in the ARC) would have experienced a decline in market access while those

on the periphery continue to be well-served by the rest of the highway system.

Second, we replace the ADHS in 2010 with the smaller highway network initially planned
under the President’s Appalachian Regional Commission and continue to allow the IHS net-
work to expand as it actually did. The PARC plan was approximately 1,000 miles smaller
than the prevailing ADHS network. Many of those miles were added to gain political sup-

port or were patronage for eventual supporters of the ARC. For example, Senator Robert
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Kennedy added an amendment to the 1965 legislation to include 14 counties in New York
in the ARC region, which ultimately paved the way for the construction of Corridor T from
Binghamton, NY to Erie, PA and Corridor U from Elmira, NY to Williamsport, PA. These
added approximately 280 miles to the ADHS. The construction of Corridors V, X, and X-1
in Alabama and Mississippi added more than 400 miles, despite Alabama being purpose-
fully excluded from the initial plan due to substantial coverage by the IHS (Preston and

Associates, 1965).

The rows of Table 6 show the results for each counterfactual. In Column 2, we calculate
the aggregate impact of removing the ADHS by multiplying the counterfactual change in
market access for all counties (both in the ARC and outside of the ARC) with our baseline
estimate of the elasticity of total income with respect to market access. Moving down the
table, we show how the estimated income loss changes under alternative definitions of the
market access variable. For example, we allow the speeds of the roads in the network to
increase to their modern speeds and the income loss associated with the ADHS falls from
$45.9 billion to $23.8 (row 1) and $27.7 (row 2) billion. Fixing the distribution of income (row
3) or using population (row 4) to construct market access, leads to losses of $37.6 billion and
$50.4 billion, respectively. Replacing 6 with alternative values (rows 5 and 6) or excluding
counties within 100 or 200 miles (rows 7 and 8) when constructing market access does not
alter the counterfactual estimates. To provide a sense of the magnitude of this effect, we
compare it to the aggregate income of the region. In 2010, total income was $4.43 trillion
in our sample of 1,070 counties. Thus, losses of $45.9 billion associated with removing the

ADHS represents approximately 1 percent of the region’s total income.

In Column 3, we calculate the loss in income of using the PARC network in lieu of the
ADHS network. In each row the results in column 3 are roughly half the results reported in

column 2, which suggests that PARC would have mitigated half of the losses from removing
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the ADHS. In some cases, the confidence intervals of the ADHS income loss and PARC
income loss overlap, suggesting that it is possible that some of the income gains could have

been achieved with a network smaller than the ADHS.

The last issue we examine is whether the people targeted by the program were the actual
recipients of the benefits. Our sample includes all counties in the states that have at least
one county in the ARC. It is possible that some share of the benefits accrued to locations
outside the targeted area. In Table 7 we examine the distribution of the counterfactual effect
between the ARC and non-ARC counties. In Panel A, the first row reports the decrease in
income associated due to the removal of the ADHS (column 1) as well as the distribution
of losses across ARC and non-ARC counties (columns 2 and 3). From this exercise we see
that approximately 70 percent of the benefits are concentrated in counties that are part of

the ARC and the remainder to people outside of the ARC.

The loss of $32.5 billion—approximately 3.7 percent of total income-is large given the
lower total income in ARC counties relative to non-ARC counties. Importantly, workers are
mobile and so endogenously reallocate across counties in response to a change in transporta-
tion infrastructure. To the extent that Appalachian counties looked more attractive due to
improved market access, some of the potential gains in income per capita will be mitigated
by population change. The second row of Table 7 shows that across all counties the average
person would have earned $171 less in the absence of the ADHS. This effect was larger in
the ARC counties (i.e., $515) relative to non-ARC counties (i.e., $63). This is roughly 1.4
percent of income per capita in ARC counties or, alternatively, approximately one-third the
value of current food stamp benefits. In Panel B, we find similar effects given the size and

corresponding change in market access under the PARC plan.

In addition to our estimated benefits we also collected information on the fiscal costs of

the ADHS, which allows us to calculate a back-of-the-envelope rate of return. We start with
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benefits of $45.9 billion (in 2015 dollars). The fiscal costs of the ADHS reflect expenditures
from two sources. The federal government provided roughly 70 percent of funds for the
ADHS, while state and local government provided the remainder. Together, expenditures on
highway from federal and non-federal sources were $35.1 billion (in 2015 dollars). Applying
a 7.5 percent cost of capital (i.e., equal to the average market return over the period), adding

costs of maintenance, and compounding annually gives annualized costs of $10.9 billion.'6

45.9-10.9

Taken together this suggests a rate of return of 8.4 percent (=33

) annually. When we
allow for modern travel speeds the rate of return decreases to 3.1 percent. This rate is just
below the 9 percent Allen and Arkolakis (2014) find for the Interstate Highway System and

the 11 to 25 percent Alder (2015) finds for highways in India.

When the ADHS is replaced with the highway network proposed by PARC the losses in
total income were $22.0 billion. The PARC plan included 1,500 highway miles instead of the
2,500 miles in the ADHS. We assume that the cost of PARC would have been proportional
(in miles) to the ADHS, i.e., the marginal benefit of each additional mile is the same, and
obtain a counterfactual rate of return on PARC of approximately 7.5 percent. Alternatively,

assuming an increasing cost or a decreasing benefit of additional miles would increase the

rate of return of PARC relative to the ADHS.
6 Conclusion

In 1965, President Johnson signed legislation creating the Appalachian Regional Com-
mission, which aimed to reduce poverty in isolated pockets of West Virginia, Kentucky,
and the surrounding states. Central to the Commission’s approach to improving economic
conditions in the region was the construction of high quality highways to complement the

Interstate Highway System. Between 1965 and 2010, $35.1 billion in federal and state funds

16We let maintenance costs equal $535,000 per mile based the Office of Highway Policy Information
estimates at https://www.fhwa.dot.gov/policyinformation/pubs/hf/pl111028/chapterl.cfm.
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were spent to construct approximately 2,500 highway miles. In this paper, we examine the
impact of the Appalachian Development Highway System (ADHS) on regional development.
We use a model of inter-regional trade together with newly digitized data of the Appalachian

and interstate highway systems in 1960 and 2010.

Due to the ADHS, Appalachia has experienced a substantial decrease in transportation
costs over the last 50 years. In this paper, we estimate the aggregate and per capita income
benefits associated with the ADHS. We find that removing the ADHS would have reduced
the total income by $45.9 billion, i.e., roughly 1 percent, and approximately two-thirds of
this effect were concentrated in counties included in the ARC. The benefits of the ADHS

relative to federal, state, and local expenditures suggest a rate of return up to 8.4 percent.

In addition to the increase in total income, the ADHS created new employment opportu-
nities and attracted new residents to region. To some extent this mitigated gains in income
per capita. We find that income per capita would have been $171 lower without the ADHS
and this effect was $515 in the ARC counties versus $63 in non-ARC counties. Still, ag-
gregate indicators today are similar to those that prevailed in the recent past; income per
capita (including transfers) was 75 percent of the national average in the ARC and just 50
percent of the national average in Kentucky in 2010. For the same geographies, the compa-
rable figures were 74 and 44 percent in 1965. Thus, despite improvements in transportation
infrastructure and some gains in income per capita the region continues to lag behind the

rest of the country.

Overall, our findings contribute to an ongoing debate in urban and regional economics
regarding the impact of transportation infrastructure (Redding and Turner, 2015). In addi-
tion, we contribute to a recent literature examining the impact of the Appalachian Regional
Commission (see Bradshaw, 1992; Ziliak, 2012) and, more generally, War on Poverty era pro-

grams (see Bailey and Danziger, 2013). Our results are the first to address the transportation
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portions of federal government spending on regional development during this period. Finally,
the results are useful for understanding the long-run implications of place-based policies in
underdeveloped regions in the United States and provide a starting point for evaluating the

efficacy of ongoing policies (i.e., the Delta Regional Administration).
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Figure 1: Appalachian Regional Commission Program Area and Spending
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Notes: Panel A shows the counties included in the Appalachian Regional Commission as of 1967.
Panel B shows aggregate spending by the Appalachian Regional Commission in 2015 dollars sepa-
rately by the highway (unshaded) and non-highway (shaded) components from 1965 to 2010.
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Figure 2: Interstate and Appalachian Highways, 1960-2010
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Notes: The figure shows growth of the highway network between 1960 and 2010. In panels A
and B, the solid black lines show the THS in 1960 and 2010, respectively, and the gray lines show
the other portions of the highway network. In Panel C, the gray lines are the highway network

(including the THS) in 2010 and the dashed black line shows the ADHS.
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Figure 3: Change in Market Access in Appalachian Counties between 1960 and 2010

Notes: The figure shows the change in market access between 1960 and 2010 for the 1,070 counties
in states with at least one county in the Appalachian Regional Commission. The change in market
access is calculated between each county shown and all counties in the contiguous United States. In
the empirical analysis, independent cities in Virginia observations are merged with the surrounding
county. Darker shades indicate larger changes in market access.
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Figure 4: Changes in Market Access and Relationship to Changes in Total Income
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Notes: Panel A shows a histogram for the residual changes in market access between 1960 and
2010 after controlling for a second-order polynomial of latitude and longitude. Panel B shows the
results of a local polynomial regression for the relationship residual changes in total income and
market access between 1960 and 2010.
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Figure 5: Counterfactual Change in Market Access in Appalachian Counties without ADHS
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Notes: The figure shows the difference between the actual change in market access between 1960
and 2010 and the counterfactual change in the absence of the ADHS. In each scenario, the change
in market access is calculated between each county shown and all counties in the contiguous United

States. Darker shades indicate counties that have relatively larger market access in the absence of
the ADHS.
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Table 1: Summary Statistics for Change in Market Access, Income, and Population

All ARC Non-ARC
Counties Counties Counties
(1) (2) (3)
Market Access 2.43 2.39 2.45
[0.36] [0.33] [0.38]
Total Income 1.73 1.64 1.79
[0.58] [0.57] [0.58]
Total Population 0.39 0.34 0.43
[0.51] [0.48] [0.52]
Sample Counties 1070 397 673

Notes: The table shows summary statistics for the change in market access, total income, and
total population from 1960 to 2010 for all sample counties and stratified by whether counties
were included in the Appalachian Regional Commission program area. Standard deviations are in
parentheses.

Table 2: Results for Impact of Market Access on Total Income, 1960-2010

OLS, OLS, 2nd 1V, 1st IV,
weighted unweighted weighted weighted
(1) (2) (3) (4)

log(market access) 0.442 0.290 0.814
(0.175) (0.151) (0.191)

log(travel time) -3.287

(0.940)

First Stage F-stat 12.23

Notes: The table shows the results from estimating equation (4). The first two columns are
estimated using ordinary least squares and the last two columns present second- and first-stage
results using instrumental variables. In columns 1 through 3 the outcome variable is (log) total
income and in column 4 the outcome is (log) market access. Column 1, 3 and 4 are weighted by
total income in 1960. Standard errors (in parentheses) are clustered at the state level. The number
of counties is 1,070.
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Table 3: Impact of Market Access on Total Income with Local Controls, 1960-2010

2nd 1V, direct highway “near” “far” all local
weighted connection mileage highway highway variables
(1) (2) 3) (4) () (6)
log(market access) 0.814 0.813 0.837 0.751 0.810 0.616
(0.191) (0.196) (0.194) (0.208) (0.218) (0.222)

Notes: The table shows results using instrumental variables and additional controls for local market
access. Column 1 is the main result from column 1 of Table 2. The remaining columns add an
indicator if any portion of the interstate or Appalachian highways is within a county’s border
(column 2), the interstate or Appalachian highway mileage (column 3), whether a county is within
50 miles of an THS or ADHS connection (column 4), whether a county is 100, 200, and 500 or more
miles from an THS or ADHS connection (column 5), and all controls for local access (column 6).
All columns are weighted by total income in 1960 and include county and state-year fixed effects
as well as a second-order polynomial in latitude and longitude. Standard errors (in parentheses)
are clustered at the state level. The number of counties is 1,070.

Table 4: Robustness for Impact of Market Access on Total Income, 1960-2010

increase increase fixed adjusted
IHS speed ADHS speed income population
(1) (2) (3) (4)
log(market access) 0.502 0.384 0.473 0.617
(0.178) (0.146) (0.207) (0.225)
set set exclude exclude
0=4 0=12 < 100 miles < 200 miles
(5) (6) (7) (8)
log(market access) 0.418 1.194 0.519 0.511
(0.160) (0.397) (0.165) (0.178)

Notes: The table shows results using instrumental variables and alternative definitions of market
access. Column 1 increases the IHS speed and Column 2 increases the ADHS speed. Column 3
fixes the distribution of total income in 1960 to compute market access. Column 4 uses population
instead of total income in each year to calculate market access. Columns 5 and 6 use alternative
values of . Columns 7 and 8 excludes counties with 100 and 200 miles of the origin county,
respectively, when calculating market access. All columns are weighted by total income in 1960
and include county and state-year fixed effects, a second-order polynomial in latitude and longitude,
and local controls from Table 3. Standard errors (in parentheses) are clustered at the state level.
The number of counties is 1,070.
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Table 5: Results for Impact of Market Access on Employment by Sector

Employment  Agriculture  Construction Manufacturing Trade Other
(1) (2) (3) (4) () (6)
log(market access) 0.859 -1.650 2.033 1.728 1.235 0.637
(0.3997) (1.8981) (0.6856) (1.0127) (0.3385)  (0.3763)

Notes: The table shows the results of equation (4) replacing (log) total income as the outcome
with (log) employment by sector. Column 1 shows the results for total employment and columns
2 through 6 show the results for the sector given in the heading. In Column 6, “Other” includes
the broad category of services, mining, and miscellaneous employment. All columns are weighted
by total income in 1960 and include county and state-year fixed effects, a second-order polynomial
in latitude and longitude, and local controls from Table 3. Standard errors (in parentheses) are
clustered at the state level. The number of counties is 1,070.

Table 6: Counterfactual Impact of Market Access on Total Income

Market Access  Counterfactual (in billions, 2015 $):

Coefficient w/o ADHS w/ PARC
(1) (2) (3)
2nd IV, weighted 0.616 -45.9 -22.0
(0.222) (15.7) (7.5)
1. increase THS speed 0.502 -23.8 -12.6
(0.178) (8.3) (4.4)
2. increase ADHS speed 0.384 -27.7 -12.4
(0.146) (10.3) (4.6)
3. fixed 1960 income 0.473 -37.6 -17.8
(0.207) (15.8) (7.5)
4. adj. 1960, 2010 pop. 0.617 -50.4 -23.9
(0.225) (17.6) (8.3)
5. set 0 equal to 4 0.418 -44.8 -22.1
(0.160) (16.2) (8.0)
6. set 0 equal to 12 1.194 -44.3 -20.8
(0.397) (14.1) (6.6)
7. exclude counties <100 miles 0.519 -41.8 -19.5
(0.165) (12.7) (5.9)
8. exclude counties <200 miles 0.511 -38.1 -16.7
(0.178) (12.8) (5.6)

Notes: The table shows the results and robustness for the impact of counterfactual changes in
market access. Each row shows the estimated market access coefficient (column 1) as well as the
results under the two counterfactual scenarios for all sample counties (columns 2 and 3). Estimates
in Column 1 are weighted by total income in 1960 and include county and state-year fixed effects,
a second-order polynomial in latitude and longitude, and local controls from Table 3. Standard
errors (in parentheses) are clustered at the state level.
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Table 7: Distribution of Counterfactual Impact of Market Access on Income

All ARC Non-ARC
Counties Counties Counties
(1) (2) 3)
A. Counterfactual w/o ADHS, in 2015 $§
total income (billions) -45.9 -32.5 -13.4
(15.7) (10.9) (4.8)
income per capita -170.5 -514.6 -63.5
(69.1) (207.2) (26.2)

B. Counterfactual w/ PARC, in 2015 $§

total income (billions) -22.0 -15.0 -7.0
(7.5) (5.0) (2.5)

income per capita -81.4 -236.9 -33.1
(33.1) (95.5) (13.6)

Notes: The table shows results from the two counterfactual scenarios. We use the estimate of the
elasticity of total income with respect to market access from Table 3, column 6. Column 1 shows
the counterfactual change in total income for counties in the ARC and column 2 shows the change
for counties not in the ARC. Column 3 shows the counterfactual change in total income for all
sample counties. Standard errors (in parentheses) are clustered at the state level.
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