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1 Introduction

The construction of the Interstate Highway System in the United States and
its impact on local industries continues to be part of American folklore and
popular culture, over 50 years after construction started and over 25 years after
it was essentially completed. The plot of Disney/Pixar’s 2005 animated feature
"Cars" concerns a town ("Radiator Springs") whose population had severely
declined after it was bypassed by an Interstate highway. Radiator Springs is
nearly empty and devoid of through traffic, and had been so for years. However,
several local businesses had yet to exit the market, including a gas station and
an auto repair shop.

For economists interested in industry dynamics, the construction of Inter-
state Highways offers an interesting opportunity: completion of highways is
observable, and represents permanent demand shifts for highway-related ser-
vices. They increase the growth rate of traffic along a corridor and shift traffic
spatially. The spatial shift is small when the new highway is right next to
the old route — traffic clusters more around exits — but large when it is located
miles away. From the perspective of local businesses that serve highway trav-
elers such as gas stations (and potential entrants), the opening of a highway
is an observable, anticipated change in the level of demand and sometimes de-
manders’ locational tastes. Casual empiricism indicates obvious changes in
industry structure that are associated with such changes: many highway ex-
its have nearby service stations whose location can clearly be explained by the
highway’s presence. The industry dynamics, however, are less clear: how large
are the supply-side changes, along what margins do these changes take place,
and what is the timing of these changes? These questions are the topic of this
paper.

We examine how industry structure adjusts to anticipated permanent de-
mand shocks, and how the adjustment differs depending on the extent to which
locational tastes shift, by examining how the number and size distribution of
service stations changes in hundreds of counties during the time surrounding



the completion of Interstate Highway segments in these counties. We find that
the timing and margin of adjustment of industry structure differs, depending on
whether the new highway is located close to or far from the old route. When
the new highway is close to the old one, there is no evidence that the number of
stations changes around the time it opens, but average station size increases by
6%, all of which takes place in the two years leading up to when the highway is
completed. In contrast, when the new highway is far from the old one (say, 5-10
miles), the number of stations increases by 8% but there is no significant in-
crease in average station size. Unlike the station size adjustment when the new
highway is close, all of this increase takes place after the highway is completed.

These results provide evidence on how this industry, which is characterized
by high location-specific sunk costs, adjusts to demand changes. Demand in-
creases that have a limited spatial effect are met by increases in station size, not
additional stations. Our results indicate that this expansion — measured as in-
creases in employees/station — takes place ahead of the demand increase. They
are consistent with theories in which firms have strategic investment incentives
to preempt competitors, to the extent that increases in employees/station are
correlated with irreversible investments (perhaps in new pumping capacity). In
contrast, demand increases that are accompanied by spatial shifts are met pri-
marily by new stations, not larger stations, and this happens only once demand
increases.

The difference in the margin of adjustment is consistent with that predicted
by a broad class of industry structure models incorporating product differen-
tiation, such as Dixit and Stiglitz (1977) and Salop (1979), in which demand
increases are met disproportionately by increases in the number of firms in
markets where entry would leave price-cost margins unchanged (such as when
buyers are sensitive to spatial differences) and by increases in firm size when
entry would lead price-cost margins to drop substantially. The difference in the
timing of the adjustment provides evidence against the proposition that spatial
shifts — by opening new submarkets — increase firms’ propensity to engage in
pre-emptive entry (Spence (1977, 1979), Fudenberg and Tirole (1984), Bulow,
Geanakoplos, and Klemperer (1985)) in this industry. This is interesting in light
of the fact that opening a new service station near a new highway interchange
involves industry- and location-specific sunk investments; such investments can
function as credible commitments for firms not to exit in the face of competi-
tion. Such a proposition ignores the possibility that uncertainty about demand
or the competitive environment might be greater when demand increases lead
new segments to open than when they do not, and thus the (real options-related)
cost of pre-emptive capacity investments might be higher in such cases. (Dixit
and Pindyck (1994)) Our results indicate that industry adjustment occurs later
when demand shocks are accompanied by spatial shifts than when they are not,
which is consistent with the view that spatial demand shifts increase the cost
of pre-emption relative to its benefits in this industry.!

1t appears unlikely that zoning or other local political constraints explain this result:
contemporary accounts indicate that there was little local government planning associated



Our analysis rests on our collection and combining of several data sets.
These include (a) highly detailed data on when narrowly-defined Interstate
highway segments opened, (b) county-level data from 1964-1992 describing the
number, employment, and size distribution of service stations, and (¢) hand-
collected measurements of the distance between Interstate highways and the
intercity routes they replaced. These data allow a far broader analysis of the
effects of Interstate highway openings on local industry structure than in the
previous literature on this topic, most of which examines the long-run effects of a
small number of highway bypasses.? Our analysis goes beyond these studies by
examining evidence from a far larger sample, examining the margins and timing
of adjustments, and by comparing situations where there was a large and small
spatial effect. These aspects afford us not only the ability to estimate effects
more precisely, but also to shed light on how the adjustment process differs with
the degree to which demand increases are combined with changes in tastes.

Our work is related to several lines of empirical work in addition to the
"highway bypass" literature. Several recent papers, including Chandra and
Thompson (2000), Baum-Snow (2007), and Michaels (2008) independently use
the same highway openings data to investigate other issues such as the effect of
public infrastructural investments on output, the effect of highways on subur-
banization, and whether decreases in transportation costs lead to greater spe-
cialization. Campbell and Lapham (2004) use a similar empirical framework
to ours to research how fluctuations in U.S.-Canada exchange rates — and thus
temporary demand shifts — affect the average size and number of establishments
in various retail segments in U.S. counties bordering Canada. Finally, our use
of rural areas to investigate industry structure is similar in spirit to Bresnahan
and Reiss (1990, 1991) and Mazzeo (2002) (see also Campbell and Hopenhayn
(2005) for an extension of this analysis to larger markets). We are able to
examine industry dynamics in a way these papers cannot, because we are able
to observe the number and size distribution of firms over long periods, and how
these change in response to demand shocks that are similar in nature but take
place at different times in different areas. Our data, however, limits our analy-
sis. Like Bresnahan and Reiss (but unlike Berry (1992)), we have data on the
number of producers but not their identities. This prevents us from investi-
gating the details of the process through which firms expand and contract their
output. Our results indicate that further investigation of this process with
firm-level data is warranted.

The rest of the paper is organized as follows. Section 2 presents the analyt-
ical background to the paper. We summarize what monopolistic competition
models conclude about how industries should adjust to demand shocks, and how
the adjustment should differ according to the extent to which price-cost margins
are expected to fall post-entry. We also discuss the benefits and drawbacks of
capacity expansion, drawing from the pre-emption and real options literatures.
Second 3 presents the institutional background, summarizing important trends

with real estate development at most highway interchanges, particularly those that were not
located near existing downtown areas.
2See for example, Texas Transportation Institute (1966).



in the industry between the 1960s and 1990s. This serves as the backdrop for
our empirical analysis. Second 4 describes the data and shows aggregate re-
lationships between the timing of highway completions and changes in average
service station size. Second 5 presents and discusses our main results. Section
6 concludes.

2 Industry Adjustment to Demand Shocks

2.1 Industry Structure Models

A large class of models in industrial organization sheds light on how industry
structure should adjust in the long run to permanent demand shocks.®> A
general principle from this class of models is that increases in market size can
lead either to more firms or larger firms, depending on the extent to which
price-cost margins decrease as the number of firms increases. In situations
where price-cost margins do not change with entry, increases in market size will
lead to more firms, but not larger firms.* In contrast, if price-cost margins
decrease with entry, increases in market size should tend to lead to larger firms
— industry adjustment will take more of the form of larger firms than if price-cost
margins do not change with entry.

To illustrate this point, consider an industry with S identical potential de-
manders, each with demand ¢(p) for the industry’s good, so that industry-level
demand is Q = Sq(p). Assume that there are a large number of potential
suppliers, each of whom can produce at fixed cost F' and marginal cost c¢. If N
firms enter, each faces a residual demand curve X = Sxz(p, N), where z(p, N)
is the number of units they sell to each of the S demanders. We assume that
zp, <0, zn <0, zpn < 0: firms’ residual demand curves are downward-sloping,
residual demand (weakly) decreases with the number of competitors, and de-
mand is (weakly) more price-sensitive the greater the number of competitors.
These assumptions summarize demanders’ tastes for firms’ goods in this mar-
ket, and therefore substitution patterns. For example, the second and third
of these assumptions imply goods are (weak) substitutes. The cross-derivative
zpN, which indicates the degree to which the slope of a firm’s residual demand
curve (per customer) changes with N is important to the analysis because it
corresponds closely to how much equilibrium price-cost margins fall with V.

A symmetric equilibrium in this industry satisfies:

p(x)+p'(x)z="c
p=c+ F/Sz(p,N)
O=NX

These equations imply that marginal revenue equals marginal cost for each
firm, price equals average costs for each firm, and supply equals demand in the

4We are ignoring here the possibility of endogenous sunk costs a la Sutton (1991).

3Spence (1976), Dixit and Stiglitz (1977), Salop (1979), Sutton (1991).



aggregate. The equilibrium is a triplet (p*,2*,N*) that solves these equations,
subject to the expressions for industry- and firm-level demand above.

We are interested in how this equilibrium changes when S increases. An
increase in S has no direct effect on the first equation: firms continue to produce
at a point where their sales per customer x equates their marginal revenue per
customer and marginal cost. Increases in S rotate firms’ residual demand curves
outward, leading them optimally to sell more at the same price. However, an
increase in S leads the right side of the second equation to increase relative to
the left: firms’ average costs fall below price. At issue is how p, x, and N adjust
to restore this relationship.

First consider the case where x,y = 0: increases in N have no effect on the
slope of firms’ residual demand curves. This would be the case if the increase in
market size elicited the entry of new products that are not substitutes to existing
products. Then increases in N would affect the second equation only through
x, and the condition p = AC would be restored at a point where X = Sx(p, N)
was exactly the same as before. The number of firms would increase, but
quantity per firm would not change.

Next consider the case where x,; < 0: increases in IV lead the slope of firms’
residual demand curves to be shallower, as would be the case if the increase
in market size elicited the entry of new products that are substitutes. Now
increases in N lead to decreases in equilibrium prices; in terms of the second
equation, they affect both the left side through p and the right side through
x(p, N). The decrease in price, and therefore price-cost margins, implies that X
will be greater in the new equilibrium than the old, because if price-cost margins
fall, firms must sell more units in order to satisfy the break-even condition
p = AC. When increases in market size (potentially) elicit the entry of new
products that are close substitutes, industry structure will adjust on different
margins than in the case where such increases do not elicit the entry of close
substitutes: adjustment will involve increases in firm size, not just in the number
of firms.

We apply this to our context straightforwardly. Other studies have shown
that the opening of new Interstate highways increased travel along the corridor
the highway serves.” Suppose that this also increased the demand faced by
service stations.® Consider first situations where new highways are located on
top of the previous route. New highway openings would primarily affect traffic
patterns by forcing vehicles to get on and off the road at exits, thus leading
locations along the highway but between exits to have less traffic. However,
the effect of this spatial change would be limited because service stations already
tended to be located at important intersections between the previous road and

5Summarizing research on the impact of Interstate Highways on traffic in corridors, Federal
Highway Administration (1970) reports that "traffic increases were steady...before opening, 3
to 5 percent annually. After opening, traffic increases on the Interstate accelerated to annual
rates of 10 percent and more for as much as 10 years after opening." The growth rate of
traffic through a county thus tended to increase after Interstates were completed.

6Evidence below will suggest that it did: highway openings are associated with long-run
increases in service station employment in our sample counties.



other important roads, and the exits of the new highways were generally at
these intersections. Such new highways would not lead to the creation of any
new spatial segments: new entrants would be just as close substitutes to existing
firms as in the previous equilibrium. In contrast, new highways might lead to the
creation of new spatial segments when they are located far from their previous
route. Here they would have a more significant effect on traffic patterns, leading
service station demand to shift away from the old route and toward the new
highway exits. Given this new set of spatial tastes, a new entrant could be a
more distant substitute than it could have been given the previous set of spatial
tastes. Its impact on price-cost margins would be less.

It follows that the margin upon which industry structure adjusts should be
more along the lines of the number of stations when highway openings shift
demand spatially and more along the lines of the size of stations when they do
not.

2.2 Pre-emption and Real Options

Other literatures in which models are explicitly dynamic investigate firms’ in-
centives with respect to the timing of new capacity additions or entry. A broad
lesson of these literatures is that there can be strategic benefits from expanding
or entering before competitors do, possibly ahead of demand shocks, but there
are option-related costs of doing so.

The pre-emption literature focuses on the benefit side of the ledger: firms’
strategic incentives for capacity expansion.” The main idea is that firms can
benefit from expanding capacity or entering ahead of competitors to the extent
that doing so weakens competition ex post. The logic, as applied to capacity
expansions, is similar to that in Stackelberg games. If a firm is able to com-
mit to expanding capacity or entering a market, and this diminishes (potential)
competitors’ marginal returns to investment or entry, this will lead to less in-
vestment or entry by competitors. This, in turn, benefits the preempting firm
by leading it to face softer competition on the equilibrium path.® Note that
for this logic to go through, it is necessary that (a) capacity expansions or en-
try involve irreversible market- and industry-specific investments that commit
capacity to stay in the market irrespective of what competitors do, and (b) ca-
pacity expansions or entry diminish competitors’ marginal returns to capacity
additions or entry, perhaps by ensuring that price-cost margins would be low if
competitors expanded or entered.

It follows from this logic that if firms foresee a positive demand shock and
have the opportunity to expand ahead of demand, they may have an incentive
to do so in order to preempt their competitors. Although this has short-run
costs — their profits before the demand shock are lower than they otherwise

"This literature includes, for example, Spence (1977, 1979), Fudenberg and Tirole (1984,
1986), and Bulow, Geanakoplos, and Klemperer (1985).

8Pre-empting firms could also obtain competitive advantages, for example from better
locations, that would persist in the face of entry. If so, the analysis is similar but provides
for additional strategic incentives.






TwoPlDigittHighwaysEin

AllRT woBDigit?H ighways BalancedPP anel@ ounties
Cumulative Cumulative
Year Miles S hare®f otal Miles S hare®f otal
1960 7732 20% 3494 19%
1965 19423 50% 9273 49%
1970 29260 76% 14334 76%
1975 34884 90% 17138 91%
1980 37238 96% 18119 96%
1985 38065 98% 18571 99%
1990 38597 100% 18785 100%
1992 38665 100% 18833 100%

Table 2. Two-Digit Interstate Highway Completion. This Table
depicts cumulative completed mileage of construction of "two-digit" Interstate
highways in all U.S. counties, and for the 677 counties in our balanced panel.
Most of the mileage was completed during the 1960s and 1970s. The pace of
highway completion in our balanced panel counties was similar to that overall.
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Numbe r@bfeF irms /C ounty

by mployment® izel ategory

Total 168 47 8e9 20BrAEnore
1964 45.8 35.7 7.6 2.2 0.4
1965 45.9 34.7 8.4 2.4 0.5
1966 45.8 33.4 9.1 2.8 0.5
1967 45.2 31.8 9.8 3.0 0.6
1968 45.2 30.3 10.7 3.5 0.7
1969 46.0 30.2 11.4 3.8 0.7
1970 45.3 29.2 11.5 3.9 0.7
1971 45.3 29.1 11.7 3.8 0.8
1972 45.7 27.9 12.6 4.3 0.8
1973 44.9 26.4 12.8 4.8 0.9

Numbe rfiis ervice® tations /C ounty

by mployment izel ategory

Total 1™ 5@ 10E19  20@®rBnore
1974 47.4 37.9 7.4 1.6 0.6
1975 44.9 33.3 9.0 2.0 0.6
1976 43.5 31.4 9.2 2.3 0.6
1977 43.3 30.8 9.7 2.2 0.6
1978 40.4 26.4 10.3 3.0 0.8
1979 37.6 23.7 10.2 2.8 0.9
1980 35.6 24.0 8.6 2.2 0.9
1981 33.8 22.2 8.7 2.2 0.7
1982 33.7 21.5 9.0 2.5 0.8
1983 35.9 23.0 9.7 2.5 0.7
1984 34.0 20.5 10.1 2.5 0.8
1985 32.1 18.3 9.9 3.0 1.0
1986 31.5 17.6 9.7 3.2 1.0
1987 33.6 18.2 10.6 3.6 1.1
1988 34.1 16.8 12.0 4.2 1.1
1989 33.4 15.8 11.8 4.5 1.3
1990 33.3 15.1 12.1 4.7 1.3
1991 32.4 14.9 11.7 4.5 1.4
1992 31.9 13.8 12.3 4.6 1.2

Table 3. Number of Firms and Service Stations per County, Over-
all and by Employment Size Category. This Table depicts the average
number of firms per county (in 1964-1973) and service stations per county (in
1974-1992) for counties in our balanced panel. Between 1964 and 1973, there is
a decrease in the number of small firms and an increase in the number of larger
firms. Between 1974 and 1992, the average number of service stations decreased
by one-third, reflecting a large decrease in the number of small stations and a
smaller increase in the number of large ones.
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Date®fHighwayRC ompletion LatelE arly

Early Mid Late R atio
1964 3.0 3.1 2.9 97%
1965 3.2 33 3.1 96%
1966 35 35 3.2 94%
1967 3.6 3.7 3.4 93%
1968 3.9 4.0 3.6 92%
1969 4.0 4.1 3.7 93%
1970 4.2 4.2 3.9 93%
1971 4.3 4.3 3.9 92%
1972 4.4 4.6 4.2 93%
1973 4.7 4.8 4.4 94%
1974 3.6 3.9 3.4 95%
1975 4.2 4.4 4.0 94%
1976 4.5 4.7 4.3 94%
1977 4.7 4.7 4.3 92%
1978 5.4 5.4 5.1 94%
1979 5.6 5.8 53 95%
1980 5.3 5.3 5.0 95%
1981 5.4 5.3 5.2 96%
1982 5.5 5.7 5.3 97%
1983 4.8 5.0 4.8 100%
1984 5.2 5.3 5.2 100%
1985 5.6 5.8 5.8 103%
1986 5.7 5.9 6.0 105%
1987 6.0 6.1 6.2 105%
1988 6.4 6.4 6.5 101%
1989 6.7 6.7 6.9 102%
1990 6.9 6.8 7.0 102%
1991 6.7 6.9 7.1 105%
1992 6.7 6.9 7.0 104%

Table 4. Average Employment Size of Firms/Stations, by Date
of Highway Completion. This Table depicts average employment per firm
(in 1964-1973) and employment per station (in 1974-1992) for counties in our
balanced panel with nonmissing employment for each sample year (N = 470).
Highway completion is "early" if completed in 1965 or earlier, "mid" if completed
between 1966-1971, and "late" if completed in or after 1972. N=167, 150, and
153 for early, mid, and late counties, respectively. The Table shows that while
the employment size of firms and stations increased in each of these categories,
it took place earlier for the "early" counties than the "late" counties.
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Figure 4. Employment Size Ratios: "Late" Counties to "Early"
Counties. This Table depicts the ratio of the average employment per firm (in
1964-1973) and employment per station (in 1974-1992) for "late" and "early"
counties in our balanced panel with nonmissing employment for each sample
year (N = 470). Average firm size increased in "early" counties relative to
"late" counties early in our sample; average station size increased in "late"
counties relative to "early" counties later in our sample.
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Figure 5. Firm and Station Count Ratios: "Late" Counties to
"Early" Counties. This Table depicts the ratio of the average number of firms
(in 1964-1973) or stations (in 1974-1992), by size category, in "late" and "early"
counties in our balanced panel (N = 677). In 1964-1973, "small," "medium,"
and "large" include firms with 1-3, 4-7, and 8-19 employees, respectively. In
1974-1992, "small," "medium," and "large" include stations with 1-4, 5-9, and
10-19 employees, respectively. This Table shows increases in the number of
large, and to some extent medium-sized, firms and stations took place earlier in
the "early" counties than the "late" counties. It shows no evidence that changes
in the number of small firms and stations were related to highway completion
dates.
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