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Objective:

Estimate the effects of US interstate highways on the level and composition
of trade between cities

Main results: Highways within cities promote trade in tons but not in dollar
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Why this matters:

• Trade and specialisation matter for growth

• Large resources are devoted to building and maintaining roads

• Trading cities are an important network
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What we do:

1. Build a simple model of cities and trade

2. Design a two-step empirical strategy

Step 1: Estimate the propensity of cities to trade from bilateral trade
flows

Step 2: Estimate the elasticity of highways within cities on trade

3. Implement this strategy on high quality and rich data
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Our thought experiment

Within-City Thought Experiment:Within-City Thought Experiment: 
Point of Arrival/Departure

Chicago New York

I 80I-80
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Main identification issue

• Highway construction can be more prevalent in cities that trade more or,
alternatively, in cities that trade less

• We exploit exogenous variation in exploration routes between 1528 and
1850, in railroad routes circa 1898, and in a 1947 plan of the interstate
highway network
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Related literature

• Greater infrastructure facilitates trade: Limao and Venables (2001),
Clark et al. (2004), Michaels (2008), Feyrer (2009), Donaldson (2010)

• Transportation costs exist and matter: Hummels (2001,2007), Anderson
and Van Wincoop (2004)

• The effect of infrastructure on domestic outcomes: Gramlich (1994),
Fernald (1999), Baum-Snow (2007), and Duranton and Turner (2010,2011)
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Model

• Estimable gravity model in which importer and exporter fixed effects have
a structural interpretation

• A clear exposition of endogeneity concerns

• Comparative advantage/specialisation predictions
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Model: Geography, technology and preferences

• Large set of cities
(exporter i and importer j)

• A continuum of sectors k

• Labour (N): only factor of production paid wage W and immobile across
cities

• Each city produces a unique variety in each industry: Qki = Ai Nki
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• Varieties are equally substitutable across industries and producers:

Uj =

[
i=n∑
i=1

∫1
0

(qkij)
σ−1
σ dk

] σ
σ−1

• Value of shipments of variety k from i to j:

Xkij ≡ P kij Qkij =

(
Pj
P kij

)σ−1

Nj Wj

• Constant returns, free entry, and iceberg transportation costs⇒

P kij = τkij
Wi
Ai

• Aggregate value of shipments from i to j:

Xij =

(
Ai
Wi

)σ−1[∫1
0

(
τkij
)1−σ

dk

]
Pσ−1j Nj Wj
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Model: more on transportation costs

• Iceberg τkij decomposed as: τkij ≡ τk(Ri,Rij ,Rj) = τkx(Ri) × τxm(Rij) × τm(Rj)
with

– τki : exporting costs (city sector)

– τij : cost of distance between i and j

– τj : importing cost

• Depend on roads within and between cities

• Sectors producing heavier goods are more sensitive to roads when
exporting

• Issues:

– Not all parts of the transportation cost are sector specific

– Everything is multiplicative

– Heavier sectors may or may not be more sensitive to roads
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Implications for trade flows

Proposition:

• A reduction in road distance between two cities increases the value of
trade between these two cities but does not affect its composition

• An increase in roads within a city causes an increase in the weight and
value of the goods produced in that city

• It also causes a decrease in employment by sectors producing light
goods and an increase in employment by sectors producing heavy goods
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Implications for estimation

• After simplification, trade flows in value are:

ln Xij = δXi + (1 − σ) ln τij + δMj

• Exporter effect:

δXi = ln(Nj Wj) − MAMj = S(Ri) +
σ − 1

σ
lnAi +

σ − 1

σ
lnNi −

σ − 1

σ
MAXi

where: S(Ri) ≡ 1
σ ln
∫1
0

(
τki
)1−σ

dk

and: MAXi = ln
∑j=n
j=1 e

(1−σ) ln τij+δMj

• Importer effect:

δMj = S(Rj) +
σ − 1

σ
ln(Aj) +

σ − 1

σ
ln(Nj) +

σ

(σ − 1)2
MAXj − MAMj
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Implications for estimation (2)

• After simplification, trade flows in weight are:

ln Tij = δTi + (1 − σ) ln τij + δMj

• Exporter effect:
ST (Ri) + lnAi + lnNi − MAXi

where: ST (Ri) ≡ ln
∫1
0

(
τki
)1−σ

V k dk − ln
∫1
0

(
τki
)1−σ

dk

• Analogous expressions when allowing for labour mobility
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Data

• 2007 Commodity Flow Survey: aggregate trade flows by mode between 66

cfs ‘cities’

• 2005 Highway Performance Monitoring Survey: km of highways within and
between cities, measures of network shape

• North American Atlas: km of railroads within and between cities

• 1920, 1950, 1990, and 2000 US Census

• County Business Patterns for 1956, 1967, 1977, 1987, 1997, and 2007

• Various measures of geography

• Historical road data: 1898 railroads, 1528-1850 exploration routes, and
1947 highway plan
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Summary statistics for our main variables
Table 1: Summary statistics for our main variables

Variable Mean Std. Dev. Minimum Maximum

Value of exported shipments, road 50,552 62,810 1,295 406,851
(log) Value of exported shipments, road 10.35 0.99 7.17 12.92
Value of imported shipments, road 50,552 57,213 6,182 360,004
(log) Value of imported shipments, road 10.45 0.83 8.73 12.79
(log) Weight of exported shipments, road 10.52 0.89 7.32 12.60
Weight of exported shipments, road 52,615 49,855 1,512 297,702
% Road in exported value 70.7% 14.4% 17.1% 90.1%
% Rail in exported value 1.1% 2.2% 0% 10.0%
% Road in exported weight 86.2% 16.2% 23.5% 100%
% Rail in exported weight 1.5% 2.4% 0% 13.8%
% export in all shipments, value 62.1% 11.3% 40.6% 91.8%
% export in all shipment, weight 31.3% 15.3% 7.3% 78.2%
Employment, 2007 1,129,117 1,180,287 66,006 6,759,481
Section km of interstate highway, 2007 381 247 61 1,661
Railroad km, 2004 335 228 65 1304
Planned highway km, 1947 252 162 56 1,016
Railway km, 1898 619 405 91 2,104
Exploration routes index, 1518-1850 6,329 5,386 225 36,049

Notes: means across 66 CFS regions for all variables. All trade figures are for 2007. Import and export values
are given in millions of nominal dollars. Weights are in thousands of tons.

The lower 48 contiguous states are covered by 121 non-overlapping cfs regions, each con-
structed as an aggregate of adjacent counties. Our sample of “cities” consists of the 66 cfs regions
organized around the core county of a us metropolitan area. We discard cfs regions like “Rest
of Texas” which mix rural and small urban areas and cfs regions that comprise an entire state
(e.g., Idaho). Our cfs cities are often larger than the corresponding (consolidated) metropolitan
statistical areas. For instance, Miami-Fort Lauderdale and West Palm Beach-Boca Raton in Florida
are two separate metropolitan areas according to the 1999 us Census Bureau definitions but they
are part of the same cfs region. On the other hand, a small metropolitan areas like Gainesville (fl)
is not part of a well identified cfs region. We exclude Washington dc, which the cfs defines as only
the District of Columbia without the rest of its metropolitan region. Figures 2 to 4 below represent
our sample of cfs cities as shaded polygons.

The us federal government administers the hpms through the Federal Highway Administration
in the Department of Transportation. This annual survey, which is used for planning purposes and
to apportion federal highway money, collects data about the entire interstate highway system. To
measure city roads we use the 2005 hpms and calculate kilometers of interstate highway in each cfs
city. To check on the robustness of our results obtained with kilometers of interstate highways and
gain further insight about the importance of highways that are likely to matter more for inter-city
trade, we also construct an index of radial road capacity by developing a procedure that counts the
number of highway ‘rays’ in 2005.
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1898 railroads1898 Railroad Network
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1898 railroads
Figure 2: 1898 railroads

Source: Map based on Gray (c. 1898).
Notes: The lines are 1898 railroads. The shaded polygons are the cfs regions in our sample. The small dots
indicate cfs region centroids.

we obtain a digital image of a map of major railroad lines (Gray, c. 1898) and convert this image
to a digital map with the same format and projection as the map of 2005 interstate highways, as in
Duranton and Turner (2011). Figure 2 is a map representing 1898 railroads and cfs cities. We then
calculate kilometers of 1898 railroad in each cfs city. We use the same map of major railroad lines
in 1898 to compute railroad distance between cities.

Our second historical transportation measure derives from the 1947 plan of the interstate high-
way system. To construct this variable we create a digital map of the 1947 highway plan from
its paper record (United States House of Representatives, 1947). We then calculate kilometers of
1947 planned interstate highway in each cfs city. Figure 3 shows a map of the planned highway
network. We use the same map of the 1947 highway network to compute planned distance
between cities.

Our third historical transportation measure is based on exploration routes in early us history.
The National Atlas of the United States of America (1970) describes the routes of major expeditions
of exploration that occurred during each of five available time periods; 1528–1675, 1675–1800,
1800–1820, 1820–1835, and 1835–1850. We digitize each map and count 1 km by 1 km pixels crossed
by an exploration route in each cfs city. We then compute our index by summing these counts
across all maps. Following this procedure, routes used throughout the 1528-1850 period receive
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1898 railroads, close up on Chicago1898 Railroad Network: Chicago
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1528-1850 exploration routes

Figure 3: 1947 planned highways

Source: Map based on United States House of Representatives (1947).
Notes: The lines are planned 1947 interstate highways. The shaded polygons are the cfs regions in our
sample.The small dots indicate cfs region centroids.

Figure 4: 1528-1850 exploration routes

Source: Map based on United States Geological Survey (1970).
Notes: The lines are exploration routes between 1528 and 1850. The shaded polygons are the cfs regions in
our sample. The small dots indicate cfs region centroids.
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1947 highway plan
Figure 3: 1947 planned highways

Source: Map based on United States House of Representatives (1947).
Notes: The lines are planned 1947 interstate highways. The shaded polygons are the cfs regions in our
sample.The small dots indicate cfs region centroids.

Figure 4: 1528-1850 exploration routes

Source: Map based on United States Geological Survey (1970).
Notes: The lines are exploration routes between 1528 and 1850. The shaded polygons are the cfs regions in
our sample. The small dots indicate cfs region centroids.
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Estimation strategy

• Step 1: gravity with fixed effects

ln Xij = δXi + Dijα + δ
M
j + εij

• Step 2: Estimate the effect of city highways

δ̂Xi = β0 + ρ
X
R lnRi + β

′
Ci + µi

• Main issue: city productivity should appear as a control but is not
observed
(alternatively and equivalently, city roads are endogenous)
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Instrumentation

• 3 historical transportation measures predicting contemporaneous roads
(relevance condition)

• 1898 highways are plausibly unrelated to trade flows today
(built for local traffic or for grain, livestock, lumber, and migrants)
But controls are needed to preclude alternative channels
(exogeneity condition)

• Same type of arguments for old exploration routes and the 1947 highway
map

• But different reasons for why our iv may fail (eg, exploration routes are
less linked to productivity and more to geography): meaningful
over-identification tests
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Other estimation issues

• Functional forms

• Use of an estimate as dependent variable

• Rail?

• Endogeneity of market access

• Logistics platform

• Higher quality (as opposed to ‘just’ lighter goods)

• Direct effect on productivity

25



First step results: weight
Table 2: First-step results

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

Distance 2005 hwy 2005 hwy 2005 hwy 2005 hwy 2005 hwy 2005 hwy Eucl. Eucl.

Panel A. Dependent variable: Weight of bilateral trade flows, road trade.

log distance -1.90∗∗∗ -1.90∗∗∗ -2.86∗∗∗ -2.87∗∗∗ -3.72 0.32 -1.91∗∗∗ -1.01
(0.023) (0.022) (0.17) (0.16) (6.95) (5.89) (0.024) (6.94)

log distance2 0.077∗∗∗ 0.078∗∗∗ 0.76 -0.25 0.079
(0.013) (0.013) (1.77) (1.50) (1.80)

log distance3 -0.13 -0.018 -0.055
(0.19) (0.17) (0.20)

log distance4 0.0071 0.0028 0.0046
(0.0078) (0.0067) (0.0083)

log(distance ratio) -1.54∗∗∗

(0.21)

Mean effect -1.90 -1.90 -1.74 -1.74 -1.63 -1.63 -1.91 -
Median effect -1.90 -1.90 -1.72 -1.72 -1.73 -1.70 -1.91 -

R2 0.86 - 0.87 - 0.87 - 0.86 0.87
First-stage Stat. 153,426 20,514 2,211

Panel B. Dependent variable: Value of bilateral trade flows, road trade.

log distance -1.41∗∗∗ -1.41∗∗∗ -2.18∗∗∗ -2.19∗∗∗ -1.82 -0.95 -1.41∗∗∗ -0.52
(0.019) (0.019) (0.14) (0.14) (5.96) (5.79) (0.020) (6.12)

log distance2 0.062∗∗∗ 0.062∗∗∗ 0.44 0.24 0.11
(0.011) (0.011) (1.52) (1.48) (1.59)

log distance3 -0.092 -0.073 -0.060
(0.17) (0.16) (0.18)

log distance4 0.0057 0.0051 0.0047
(0.0068) (0.0067) (0.0074)

log(distance ratio) -1.08∗∗∗

(0.17)

Mean effect -1.41 -1.41 -1.28 -1.28 -1.18 -1.17 -1.41 -
Median effect -1.41 -1.41 -1.27 -1.27 -1.26 -1.25 -1.41 -

R2 0.83 - 0.83 - 0.84 - 0.83 0.84
First-stage Stat. 161,034 20,163 2,192

Notes: All regressions include importer and exporter fixed effects for all cities. The same regressions are
run in both panels with different dependent variables: weight of trade flows for panel A and value of trade
flows for panel B. Regressions in panel A are based on 2,476 observations and 2,705 observations in panel B.
In columns 1 to 6, distance is 2005 highway distance. Columns 7 and 8 use Euclidian distance. In column 2,
4, and 6, highway distance terms are instrumented by their corresponding 1947 planned highway and 1898
railroad distance terms. Distance ratio is column 8 is the ratio of 2005 highway distance to Euclidian
distance. To measure the distance of a city to itself, we take 0.66(area/π)0.5 as Redding and Venables
(2004). Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.
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First step results: value

Table 2: First-step results

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

Distance 2005 hwy 2005 hwy 2005 hwy 2005 hwy 2005 hwy 2005 hwy Eucl. Eucl.

Panel A. Dependent variable: Weight of bilateral trade flows, road trade.

log distance -1.90∗∗∗ -1.90∗∗∗ -2.86∗∗∗ -2.87∗∗∗ -3.72 0.32 -1.91∗∗∗ -1.01
(0.023) (0.022) (0.17) (0.16) (6.95) (5.89) (0.024) (6.94)

log distance2 0.077∗∗∗ 0.078∗∗∗ 0.76 -0.25 0.079
(0.013) (0.013) (1.77) (1.50) (1.80)

log distance3 -0.13 -0.018 -0.055
(0.19) (0.17) (0.20)

log distance4 0.0071 0.0028 0.0046
(0.0078) (0.0067) (0.0083)

log(distance ratio) -1.54∗∗∗

(0.21)

Mean effect -1.90 -1.90 -1.74 -1.74 -1.63 -1.63 -1.91 -
Median effect -1.90 -1.90 -1.72 -1.72 -1.73 -1.70 -1.91 -

R2 0.86 - 0.87 - 0.87 - 0.86 0.87
First-stage Stat. 153,426 20,514 2,211

Panel B. Dependent variable: Value of bilateral trade flows, road trade.

log distance -1.41∗∗∗ -1.41∗∗∗ -2.18∗∗∗ -2.19∗∗∗ -1.82 -0.95 -1.41∗∗∗ -0.52
(0.019) (0.019) (0.14) (0.14) (5.96) (5.79) (0.020) (6.12)

log distance2 0.062∗∗∗ 0.062∗∗∗ 0.44 0.24 0.11
(0.011) (0.011) (1.52) (1.48) (1.59)

log distance3 -0.092 -0.073 -0.060
(0.17) (0.16) (0.18)

log distance4 0.0057 0.0051 0.0047
(0.0068) (0.0067) (0.0074)

log(distance ratio) -1.08∗∗∗

(0.17)

Mean effect -1.41 -1.41 -1.28 -1.28 -1.18 -1.17 -1.41 -
Median effect -1.41 -1.41 -1.27 -1.27 -1.26 -1.25 -1.41 -

R2 0.83 - 0.83 - 0.84 - 0.83 0.84
First-stage Stat. 161,034 20,163 2,192

Notes: All regressions include importer and exporter fixed effects for all cities. The same regressions are
run in both panels with different dependent variables: weight of trade flows for panel A and value of trade
flows for panel B. Regressions in panel A are based on 2,476 observations and 2,705 observations in panel B.
In columns 1 to 6, distance is 2005 highway distance. Columns 7 and 8 use Euclidian distance. In column 2,
4, and 6, highway distance terms are instrumented by their corresponding 1947 planned highway and 1898
railroad distance terms. Distance ratio is column 8 is the ratio of 2005 highway distance to Euclidian
distance. To measure the distance of a city to itself, we take 0.66(area/π)0.5 as Redding and Venables
(2004). Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.
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First-step results: summary and conclusions

• High coefficient on distance

• Strong correlation of fixed effects across estimations
⇒ the exact first-step specification does not matter for the second
step

• Similarity between ols and tsls

⇒ no endogeneity of roads between cities

• Suggestions that it is road distance that matters

• Little room for improvement given the high correlation between road and
Euclidian distance
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Second-step results, ols for exporter fixed effects
Table 3: Second-step results, OLS for exporter fixed effects

(1) (2) (3) (4) (5) (6) (7) (8)
Exporter fixed effect weight weight weight weight value value value value

log highway km 1.17∗∗∗ 0.53∗∗∗ 0.38∗∗ 0.27∗∗ 1.26∗∗∗ 0.24 0.094 -0.037
Robust s.e. (0.14) (0.18) (0.14) (0.13) (0.16) (0.19) (0.15) (0.15)
Non-robust s.e. (0.12) (0.16) (0.16) (0.14) (0.14) (0.17) (0.16) (0.13)
Corrected s.e. (0.12) (0.18) (0.16) (0.16) (0.14) (0.17) (0.16) (0.16)
log employment 0.55∗∗∗ 0.73∗ 0.49 0.88∗∗∗ 1.19∗ 0.90∗

(0.12) (0.41) (0.36) (0.11) (0.64) (0.46)
Market access (export) -0.45∗∗∗ -0.66∗∗∗ -0.65∗∗∗ -0.18 -0.38∗∗ -0.36∗∗∗

(0.14) (0.15) (0.12) (0.12) (0.15) (0.11)
log 1920 population -0.38 -0.29 -0.35 -0.23

(0.27) (0.25) (0.32) (0.33)
log 1950 population 1.02∗∗ 0.65 0.95∗ 0.49

(0.43) (0.42) (0.52) (0.55)
log 2000 population -0.74 -0.17 -0.85 -0.13

(0.51) (0.49) (0.79) (0.64)
log % manuf. emp. 0.66∗∗∗ 0.83∗∗∗

(0.13) (0.17)

R2 0.59 0.73 0.79 0.84 0.56 0.77 0.81 0.88

Notes: 66 observations per column. All regressions include a constant. Robust standard errors in
parentheses unless otherwise mentioned. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

market access are negative and generally significant as predicted by the theory. Third, correcting
for the sampling error associated with our use of an estimated dependent variable affects only
marginally the standard errors. Hence, we suppress corrected standard errors for our subsequent
estimation. Finally, R-squareds are high and are higher for values than weights.

Table 15 in Appendix C replicates table 3 using importer rather than exporter fixed effects as the
dependent variable.17 The results are weaker than with exporter fixed effects in table 3. As soon
as employment is included, city highway kilometers become insignificant for trade in both weight
and value. The market access term is also insignificant or only marginally significant.

Table 4 mirrors table 3 but, instead of ols, uses tsls estimation and instruments 2005 kilometers
of interstate highways with 1528-1850 exploration routes, 1898 railroads, and 1947 planned high-
ways. Across all the specifications, the coefficient on instrumented lane kilometers of highways
are on average close to the corresponding ols coefficient and in no specification the tsls and
ols coefficients are more than a standard deviation apart. The coefficients of other explanatory
variables also remain unchanged.

17Following the specification derived in Appendix A, regressions in table 15 control for both an importer and an
exporter market access variable, although the 0.97 correlation between importer and exporter market access makes
separate identification of their coefficients impractical.
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Second-step results, ols for importer fixed effects
Table 15: Second-step results, OLS for importer fixed effects

(1) (2) (3) (4) (5) (6) (7) (8)
Importer fixed effect weight weight weight weight value value value value

log highway km 0.92∗∗∗ 0.12 0.13 0.16 0.90∗∗∗ 0.041 0.032 0.067
Robust s.e. (0.25) (0.23) (0.16) (0.15) (0.23) (0.21) (0.15) (0.14)
Non-robust s.e. (0.15) (0.17) (0.17) (0.17) (0.14) (0.16) (0.16) (0.17)
Corrected s.e. (0.15) (0.22) (0.17) (0.17) (0.14) (0.20) (0.16) (0.16)
log employment 0.70∗∗∗ -0.50 -0.42 0.74∗∗∗ -0.23 -0.16

(0.11) (0.56) (0.49) (0.099) (0.54) (0.48)
Market access (export) -0.30 -0.49 -0.58 -0.52 -0.66∗ -0.74∗

(0.37) (0.39) (0.45) (0.36) (0.38) (0.44)
Market access (import) -0.52 -0.32 -0.24 -0.18 -0.055 0.025

(0.34) (0.35) (0.39) (0.34) (0.37) (0.41)
log 1920 population 0.061 0.027 -0.020 -0.053

(0.30) (0.30) (0.29) (0.30)
log 1950 population -0.22 -0.10 -0.046 0.070

(0.47) (0.48) (0.40) (0.42)
log 2000 population 1.43∗∗ 1.25∗∗ 1.10∗ 0.92∗

(0.67) (0.56) (0.61) (0.53)
log % manuf. emp. -0.23 -0.22

(0.41) (0.38)

R2 0.37 0.72 0.75 0.75 0.39 0.72 0.75 0.75

Notes: 66 observations per column. All regressions include a constant. Robust standard errors in
parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.
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Second-step results, summary of ols results

• Robust positive association between exported tons and roads

• No significant association between exported dollars and roads

• No significant association between imports (in tons or dollars) and roads

• Results consistent with the bulk of the effects going through
specialisation across sectors within manufacturing rather than more
overall manufacturing
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Second-step results, tsls for exporter fixed effects
Table 4: Second-step results, TSLS for exporter fixed effects

(1) (2) (3) (4) (5) (6) (7) (8)
Exporter fixed effect weight weight weight weight value value value value

log highway km 1.13∗∗∗ 0.57∗∗∗ 0.47∗∗∗ 0.39∗∗∗ 1.10∗∗∗ 0.17 0.070 -0.028
(0.14) (0.16) (0.14) (0.12) (0.17) (0.16) (0.14) (0.12)

log employment 0.52∗∗∗ 0.69∗ 0.46 0.91∗∗∗ 1.20∗∗ 0.89∗∗

(0.11) (0.39) (0.34) (0.091) (0.59) (0.43)
Market access (export) -0.45∗∗∗ -0.65∗∗∗ -0.63∗∗∗ -0.19 -0.38∗∗∗ -0.36∗∗∗

(0.14) (0.14) (0.11) (0.12) (0.14) (0.11)
log 1920 population -0.38 -0.29 -0.35 -0.23

(0.25) (0.23) (0.31) (0.30)
log 1950 population 1.00∗∗ 0.64∗ 0.95∗ 0.49

(0.40) (0.38) (0.49) (0.52)
log 2000 population -0.74 -0.18 -0.85 -0.13

(0.49) (0.74)
log % manuf. emp. 0.64∗∗∗ 0.83∗∗∗

(0.12) (0.16)

Overid. p-value 0.100 0.043 0.15 0.30 0.081 0.071 0.28 0.55
First-stage Stat. 97.5 90.3 80.4 85.2 97.5 90.3 80.4 85.2

Notes: 66 observations per column. All regressions include a constant and use log 1947 planned highway
km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments for log kilometers of
interstate highways. The Stock-Yogo critical values for the first-stage statistics are 13.91 for the relative IV
bias (at 5%) and 22.30 for the IV size bias (at 10%). Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗:
significant at 1%, 5%, 10%.

In column 2, the elasticity of weight of exports with respect to lane kilometers of highways
is 0.57 and highly significant. For the value of trade, the corresponding coefficient in column 6
is lower at 0.17 and insignificant. In the preferred specification of column 3, the elasticity of the
weight of exports with respect to lane kilometers of highways is 0.47 and significant. For the value
of trade in column 7, the coefficient is again lower and insignificant.

We note that this lack of significance of city highways when trade is measured in value does
not arise from large standards errors. Recall that in our model trade in weight should be highly
sensitive to city highways when differences in weight per unit of value are large which is obviously
the case in contemporary us manufacturing industries. On the other hand, the elasticity of trade in
value with respect to highways should be equal to the elasticity of wages with respect to highways
and is thus expected to be low. Consistent with these predictions, the coefficient on city highways
is statistically higher for trade in weight relative to trade in value.

In column 4 where the share of manufacturing employment is added as a control, the coefficient
on city highways is slightly lower than in column 3 at 0.39 and remains significant at 1%. The
corresponding coefficient for trade in value in column 8 remains insignificant. The small difference
between columns 3 and 4 in the coefficient on city highways is suggestive that most of the effects
of city highways take place within manufacturing on the intensive margin rather than promoting
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Second-step results, summary of tsls results

• Confirm ols results for tons and dollar exported

• Also confirm ols results for tons and dollar imported

• Preferred elasticity of 0.47

• Consider Milwaukee and Indianapolis (same population around 1.7/1.8 m)
Indianapolis has 151% more highways
Our estimates predict that Indianapolis should export 2.510.47 = 1.54

or +54% more tons
Real difference: +56%
But roughly same amount exported in value

• Going from the second to the ninth decile of kilometres of highways is
equivalent to reducing distance to other cities by 23%.
This is equivalent to moving New York close to Chicago with respect to
shipments to San Francisco.
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Robustness check, instruments and instrumenting
method

On the other hand, the values exported by the two cities are approximately equal.
Alternatively, using the -1.63 value of the mean elasticity of trade in tons with respect to distance

estimated in column 6 of table 2, the increase in trade associated with a movement from the second
to the ninth decile of kilometers of highways could also be achieved by a reduction of highway
distance to other cities of 23%. This is equivalent to moving New York close to Chicago with
respect to shipments to San Francisco.

6. Robustness checks and extensions

This section provides a number of robustness checks on our main results and extends them in a
number of directions.

Econometric IV issues

We first check that our estimates of the effects of city highways on exports are robust to econometric
concerns related to our instrumentation and our use of a two-step instead of a one-step approach.

Table 5: Second-step results, robustness to instruments and instrumenting method

(1) (2) (3) (4) (5) (6) (7) (8)
TSLS TSLS TSLS TSLS TSLS TSLS LIML GMM

Panel A. Employment, market access and past populations as controls.

log highway km 0.50∗∗∗ 0.45∗∗∗ 0.55∗∗∗ 0.49∗∗∗ 0.83∗∗∗ 0.11 0.47∗∗∗ 0.41∗∗∗

(0.15) (0.14) (0.17) (0.15) (0.25) (0.31) (0.14) (0.13)

Instruments
log 1528-1850 exploration N Y Y N N Y Y Y
log 1898 railroad km Y N Y N Y N Y Y
log 1947 highway km Y Y N Y N N Y Y

Overid. p-value 0.061 0.24 0.089 . . . 0.043 0.15
First-stage Stat. 70.1 105 46.1 139 45.4 14.9 80.4 80.4

Panel B. Employment, market access, past populations and manufacturing share of
employment as controls.

log highway km 0.39∗∗∗ 0.38∗∗∗ 0.51∗∗∗ 0.38∗∗∗ 0.64∗∗∗ 0.34∗ 0.39∗∗∗ 0.36∗∗∗

(0.13) (0.12) (0.16) (0.13) (0.22) (0.19) (0.13) (0.12)

Overid. p-value 0.12 0.83 0.25 . . . 0.30 0.30
First-stage Stat. 64.1 113 46.7 128 40.9 23.9 85.2 85.2

Notes: 66 observations per column. The dependent variable is exporter fixed effect for weight in all
columns of both panels. Regression in panel A use log 2007 highway kilometers, log 2007 employment,
export market access, and log population for 1920, 1950, and 2000 as explanatory variables and include a
constant. Panel B further adds the log share of 2003 manufacturing employment. Each column of panel B
replicates the instrumentation strategy of the corresponding column of panel A. Robust standard errors in
parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.
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Robustness check, one-step ols estimations
Table 17: Results for one-step estimations

(1) (2) (3) (4) (5) (6) (7) (8)
Bilateral trade flows weight weight weight weight value value value value

Panel A. OLS estimations.

log highway km 1.10∗∗∗ 0.43∗∗∗ 0.31∗∗ 0.21 1.18∗∗∗ 0.18 0.091 -0.030
for exporter (0.13) (0.15) (0.13) (0.14) (0.13) (0.15) (0.14) (0.12)

log highway km 0.83∗∗∗ 0.091 0.054 0.13 0.84∗∗∗ 0.064 0.019 0.052
for importer (0.23) (0.15) (0.14) (0.13) (0.19) (0.13) (0.12) (0.11)

log employment 0.64∗∗∗ -0.66 -0.51 0.69∗∗∗ -0.36 -0.27
for exporter (0.10) (0.35) (0.32) (0.10) (0.48) (0.37)

log employment 0.51∗∗∗ 0.64∗∗∗ -0.69 0.58∗∗∗ 0.69∗∗∗ -0.38
for importer (0.12) (0.61) (0.47) (0.11) (0.52) (0.45)

Market access -0.47∗∗∗ -0.82∗∗∗ -0.75∗∗∗ -0.12 -0.38∗ -0.28∗

for exporter (0.16) (0.21) (0.19) (0.15) (0.20) (0.17)
Market access -1.12∗∗∗ -1.12∗∗∗ -1.17∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.22) (0.17) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

R2 0.70 0.77 0.78 0.80 0.59 0.71 0.72 0.75

Panel B. TSLS estimations.

log highway km 1.08∗∗∗ 0.51∗∗∗ 0.41∗∗∗ 0.35∗∗∗ 1.04∗∗∗ 0.17 0.095 0.026
for exporter (0.13) (0.14) (0.13) (0.12) (0.15) (0.15) (0.14) (0.11)

log highway km 0.81∗∗∗ 0.13 0.092 0.14 0.78∗∗∗ 0.058 0.020 0.034
for importer (0.21) (0.14) (0.14) (0.15) (0.17) (0.13) (0.13) (0.13)

log employment 0.56∗∗∗ 0.47 0.35 0.89∗∗∗ 0.96∗∗ 0.72∗

for exporter (0.095) (0.36) (0.33) (0.096) (0.48) (0.38)
log employment 0.62∗∗∗ -0.67 -0.50 0.69∗∗∗ -0.36 -0.26

for importer (0.13) (0.61) (0.46) (0.12) (0.52) (0.45)
Market access -0.46∗∗∗ -0.79∗∗∗ -0.72∗∗∗ -0.13 -0.38∗ -0.26

for exporter (0.16) (0.21) (0.19) (0.15) (0.21) (0.16)
Market access -1.11∗∗∗ -1.15∗∗∗ -1.22∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.21) (0.16) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

Overid. p-value 0.24 0.11 0.23 0.37 . 0.18 0.39 .
First-stage Stat. 69.3 47.6 58.6 55.8 70.3 45.4 44.1 53.1

Notes: 2,476 observation for columns 1 to 4 and 2,705 for columns 5 to 8. All regressions include a constant
and quartic function of 2005 highway distance between i and j. Columns 3-4 and 7-8 include log
population in 1920, 1950, and 2000 for both exporters and importers. Columns 4 and 8 include log of 2003
manufacturing employment for both exporters and importers. In panel B, we use (same city) log 1947
planned highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments for
log kilometers of interstate highways for both the importer and exporter cities. Robust standard errors in
parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%. In some cases, the overidentification statistics is not
produced because the estimated covariance matrix of moment conditions is not of full rank due to an
insufficient number of clusters using the procedure of Cameron et al. (2010).
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Robustness check, one-step tsls estimations
Table 17: Results for one-step estimations

(1) (2) (3) (4) (5) (6) (7) (8)
Bilateral trade flows weight weight weight weight value value value value

Panel A. OLS estimations.

log highway km 1.10∗∗∗ 0.43∗∗∗ 0.31∗∗ 0.21 1.18∗∗∗ 0.18 0.091 -0.030
for exporter (0.13) (0.15) (0.13) (0.14) (0.13) (0.15) (0.14) (0.12)

log highway km 0.83∗∗∗ 0.091 0.054 0.13 0.84∗∗∗ 0.064 0.019 0.052
for importer (0.23) (0.15) (0.14) (0.13) (0.19) (0.13) (0.12) (0.11)

log employment 0.64∗∗∗ -0.66 -0.51 0.69∗∗∗ -0.36 -0.27
for exporter (0.10) (0.35) (0.32) (0.10) (0.48) (0.37)

log employment 0.51∗∗∗ 0.64∗∗∗ -0.69 0.58∗∗∗ 0.69∗∗∗ -0.38
for importer (0.12) (0.61) (0.47) (0.11) (0.52) (0.45)

Market access -0.47∗∗∗ -0.82∗∗∗ -0.75∗∗∗ -0.12 -0.38∗ -0.28∗

for exporter (0.16) (0.21) (0.19) (0.15) (0.20) (0.17)
Market access -1.12∗∗∗ -1.12∗∗∗ -1.17∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.22) (0.17) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

R2 0.70 0.77 0.78 0.80 0.59 0.71 0.72 0.75

Panel B. TSLS estimations.

log highway km 1.08∗∗∗ 0.51∗∗∗ 0.41∗∗∗ 0.35∗∗∗ 1.04∗∗∗ 0.17 0.095 0.026
for exporter (0.13) (0.14) (0.13) (0.12) (0.15) (0.15) (0.14) (0.11)

log highway km 0.81∗∗∗ 0.13 0.092 0.14 0.78∗∗∗ 0.058 0.020 0.034
for importer (0.21) (0.14) (0.14) (0.15) (0.17) (0.13) (0.13) (0.13)

log employment 0.56∗∗∗ 0.47 0.35 0.89∗∗∗ 0.96∗∗ 0.72∗

for exporter (0.095) (0.36) (0.33) (0.096) (0.48) (0.38)
log employment 0.62∗∗∗ -0.67 -0.50 0.69∗∗∗ -0.36 -0.26

for importer (0.13) (0.61) (0.46) (0.12) (0.52) (0.45)
Market access -0.46∗∗∗ -0.79∗∗∗ -0.72∗∗∗ -0.13 -0.38∗ -0.26

for exporter (0.16) (0.21) (0.19) (0.15) (0.21) (0.16)
Market access -1.11∗∗∗ -1.15∗∗∗ -1.22∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.21) (0.16) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

Overid. p-value 0.24 0.11 0.23 0.37 . 0.18 0.39 .
First-stage Stat. 69.3 47.6 58.6 55.8 70.3 45.4 44.1 53.1

Notes: 2,476 observation for columns 1 to 4 and 2,705 for columns 5 to 8. All regressions include a constant
and quartic function of 2005 highway distance between i and j. Columns 3-4 and 7-8 include log
population in 1920, 1950, and 2000 for both exporters and importers. Columns 4 and 8 include log of 2003
manufacturing employment for both exporters and importers. In panel B, we use (same city) log 1947
planned highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments for
log kilometers of interstate highways for both the importer and exporter cities. Robust standard errors in
parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%. In some cases, the overidentification statistics is not
produced because the estimated covariance matrix of moment conditions is not of full rank due to an
insufficient number of clusters using the procedure of Cameron et al. (2010).
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Table 17: Results for one-step estimations

(1) (2) (3) (4) (5) (6) (7) (8)
Bilateral trade flows weight weight weight weight value value value value

Panel A. OLS estimations.

log highway km 1.10∗∗∗ 0.43∗∗∗ 0.31∗∗ 0.21 1.18∗∗∗ 0.18 0.091 -0.030
for exporter (0.13) (0.15) (0.13) (0.14) (0.13) (0.15) (0.14) (0.12)

log highway km 0.83∗∗∗ 0.091 0.054 0.13 0.84∗∗∗ 0.064 0.019 0.052
for importer (0.23) (0.15) (0.14) (0.13) (0.19) (0.13) (0.12) (0.11)

log employment 0.64∗∗∗ -0.66 -0.51 0.69∗∗∗ -0.36 -0.27
for exporter (0.10) (0.35) (0.32) (0.10) (0.48) (0.37)

log employment 0.51∗∗∗ 0.64∗∗∗ -0.69 0.58∗∗∗ 0.69∗∗∗ -0.38
for importer (0.12) (0.61) (0.47) (0.11) (0.52) (0.45)

Market access -0.47∗∗∗ -0.82∗∗∗ -0.75∗∗∗ -0.12 -0.38∗ -0.28∗

for exporter (0.16) (0.21) (0.19) (0.15) (0.20) (0.17)
Market access -1.12∗∗∗ -1.12∗∗∗ -1.17∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.22) (0.17) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

R2 0.70 0.77 0.78 0.80 0.59 0.71 0.72 0.75

Panel B. TSLS estimations.

log highway km 1.08∗∗∗ 0.51∗∗∗ 0.41∗∗∗ 0.35∗∗∗ 1.04∗∗∗ 0.17 0.095 0.026
for exporter (0.13) (0.14) (0.13) (0.12) (0.15) (0.15) (0.14) (0.11)

log highway km 0.81∗∗∗ 0.13 0.092 0.14 0.78∗∗∗ 0.058 0.020 0.034
for importer (0.21) (0.14) (0.14) (0.15) (0.17) (0.13) (0.13) (0.13)

log employment 0.56∗∗∗ 0.47 0.35 0.89∗∗∗ 0.96∗∗ 0.72∗

for exporter (0.095) (0.36) (0.33) (0.096) (0.48) (0.38)
log employment 0.62∗∗∗ -0.67 -0.50 0.69∗∗∗ -0.36 -0.26

for importer (0.13) (0.61) (0.46) (0.12) (0.52) (0.45)
Market access -0.46∗∗∗ -0.79∗∗∗ -0.72∗∗∗ -0.13 -0.38∗ -0.26

for exporter (0.16) (0.21) (0.19) (0.15) (0.21) (0.16)
Market access -1.11∗∗∗ -1.15∗∗∗ -1.22∗∗∗ -0.89∗∗∗ -0.98∗∗∗ -1.02∗∗∗

for importer (0.19) (0.19) (0.21) (0.16) (0.17) (0.20)
log populations 20, 50, 00 N N Y Y N N Y Y
log % manuf. emp. N N N Y N N N Y

Overid. p-value 0.24 0.11 0.23 0.37 . 0.18 0.39 .
First-stage Stat. 69.3 47.6 58.6 55.8 70.3 45.4 44.1 53.1

Notes: 2,476 observation for columns 1 to 4 and 2,705 for columns 5 to 8. All regressions include a constant
and quartic function of 2005 highway distance between i and j. Columns 3-4 and 7-8 include log
population in 1920, 1950, and 2000 for both exporters and importers. Columns 4 and 8 include log of 2003
manufacturing employment for both exporters and importers. In panel B, we use (same city) log 1947
planned highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments for
log kilometers of interstate highways for both the importer and exporter cities. Robust standard errors in
parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%. In some cases, the overidentification statistics is not
produced because the estimated covariance matrix of moment conditions is not of full rank due to an
insufficient number of clusters using the procedure of Cameron et al. (2010).
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Robustness check, alternative channels of transmission
Table 6: Second-step results for weight exporter fixed effects with extra controls

(1) (2) (3) (4) (5) (6) (7) (8)
Added Water Slope Census % Income % Traffic All
var. div. college p.c. wholesale

Panel A. OLS estimations.

log highway km 0.30∗ 0.38∗∗ 0.28∗ 0.26∗ 0.31∗∗ 0.42∗∗∗ 0.37∗ 0.19
(0.15) (0.15) (0.16) (0.14) (0.15) (0.14) (0.19) (0.17)

R2 0.79 0.79 0.81 0.81 0.80 0.82 0.79 0.90

Panel B. TSLS estimations.

log highway km 0.37∗∗ 0.47∗∗∗ 0.39∗∗∗ 0.36∗∗∗ 0.42∗∗∗ 0.51∗∗∗ 0.49∗∗ 0.45∗∗∗

(0.16) (0.14) (0.15) (0.13) (0.14) (0.13) (0.19) (0.17)

Overid. p-value 0.11 0.20 0.13 0.19 0.14 0.36 0.12 0.46
First-stage Stat. 70.9 86.6 65.5 83.9 81.0 78.5 56.9 27.5

Panel C. TSLS estimations with controls for manufacturing employment.

log highway km 0.34∗∗ 0.41∗∗∗ 0.35∗∗∗ 0.33∗∗∗ 0.36∗∗∗ 0.43∗∗∗ 0.42∗∗ 0.45∗∗∗

(0.15) (0.13) (0.13) (0.12) (0.13) (0.11) (0.16) (0.17)

Overid. p-value 0.27 0.46 0.10 0.25 0.25 0.49 0.27 0.46
First-stage Stat. 79.9 90.3 70.0 87.0 82.7 83.6 62.3 27.5

Notes: 66 observations per column. All regressions include a constant, log 2007 employment, export market
access, and log population for 1920, 1950, and 2000. All TSLS regressions in panel B use log 1947 planned
highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments for log
kilometers of interstate highways. Robust standard errors in parentheses. The TSLS regressions in panel C
also include the log of the share of manufacturing employment in 2003.
As extra controls, column 1 includes average distance to the nearest body of water. Column 2 includes
average land gradient. Column 3 includes dummy variables for census regions. Column 4 includes the log
share of the fraction of adult population with a college degree or more. Column 5 includes the log of
average income per capita. Column 6 includes the log of the share of employment in wholesale trade.
Column 7 includes the log of average daily traffic on the interstate highways in 2005. Column 8 adds all
the extra variables of columns 1 to 7 together. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

The introduction of these two variables leads to marginally lower coefficients on city highways.
However, like in the case of water in column 1, the estimates conditional on these added socio-
economic variables are not statistically different from their corresponding coefficients estimated
without these added controls.

As mentioned above, it is also possible that cities with more highways export more weight
only because they serve logistical centres for the trucking and warehousing industries. As argued
above, it would be odd to observe this only for exported weights but not for exported values nor
for imports. In column 6, we provide further evidence about this possible alternative channel
of transmission by introducing the log share of employment in wholesale trade. Relative to the
results of tables 3 and 4, we find that this extra control leads to slightly higher coefficients for city
highways.

In column 7, we also control for how busy city highways are by introducing a variable that
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Robustness check, alternative measures of highwaysTable 7: Second-step results for weight exporter fixed effects with alternative measures of city
highways

(1) (2) (3) (4) (5) (6) (7) (8)
Measure of log highway log highway log highway log highway
city roads rays lane km, 2007 urban km, 2007 km, 1987

Panel A. OLS estimations.

Road var. 0.30∗∗∗ 0.33∗∗∗ 0.25∗∗ 0.21∗ 0.25 0.27∗ 0.11∗ 0.11∗∗

(0.11) (0.094) (0.12) (0.11) (0.16) (0.15) (0.057) (0.050)
% manuf. emp. N Y N Y N Y N Y

R2 0.79 0.86 0.78 0.84 0.77 0.84 0.78 0.84

Panel B. TSLS estimations.

Road var. 0.41∗∗∗ 0.40∗∗∗ 0.55∗∗∗ 0.44∗∗∗ 0.95∗∗∗ 0.77∗∗∗ 0.41∗∗∗ 0.32∗∗∗

(0.15) (0.12) (0.17) (0.15) (0.34) (0.29) (0.13) (0.12)
% manuf. emp. N Y N Y N Y N Y

Overid. p-value 0.63 0.14 0.47 0.68 0.20 0.32 0.18 0.20
First-stage Stat. 74.8 73.5 21.4 20.4 5.09 4.99 19.2 17.7

Notes: 66 observations per column. All regressions include a constant and log 2007 employment, log
market access, and log past populations in 1920, 1950, and 2000 as controls. The TSLS regressions of
columns 1 and 2 in panel B use log rays of 1947 planned highway km and log rays of 1898 railroad km as
instruments for log rays of interstate highways. The other TSLS regressions use log 1947 planned highway
km, log 1898 railroad km, and log 1528-1850 exploration routes index as instruments. Robust standard
errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

be closer to the spirit of our model, it may also be more prone to measurement error. The ols
coefficient in panel a is slightly lower than its corresponding coefficient in table 3 which uses our
benchmark measure of roads. To estimate the tsls coefficient in panel b, we use the number of
rays of 1898 railroads and 1947 planned intestate highways. This tsls coefficient is also slightly
lower than its counterpart in table 4. In column 2, we retain the same road variable and add the
log share of manufacturing employment as control. The ols and tsls results are extremely close
to the corresponding results of tables 3 and 4 which use kilometers of highways instead of rays.

In columns 3 and 4, we repeat the same exercise using this time lane kilometers of highway
as our measure of roads. While the ols coefficients in panel a are lower than the corresponding
coefficients in tables 3 and 4, the tsls coefficients are marginally higher. We interpret the lower ols
coefficients as measurement error. The reason is the following. We expect lanes to be added when
traffic is more important. Because truck traffic typically represents less than 15% of measured
traffic on interstate highways in metropolitan areas (Duranton and Turner, 2011), the number of
lanes may not be relevant for commercial traffic. Then accounting for it in our measure of roads can
create an attenuation bias. In columns 4 and 5, we measure roads limiting ourselves to kilometers
of interstate highways in the urbanized parts of cities. While the ols coefficients are lower than
the corresponding coefficients in table 3 and marginally (in)significant, the tsls results are much
higher than in table 4. Because our instruments are weak for highways in urbanized areas, we do
not interpret these results further. Finally, in columns 7 and 8 we lag our preferred measure of
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Robustness check, short and long distance trade
Table 8: Second-step results for short and long distance trade

(1) (2) (3) (4) (5) (6) (7) (8)
Exporter fixed effect weight weight weight weight value value value value

OLS OLS TSLS TSLS OLS OLS TSLS TSLS

Panel A. Short distance trade (less than 1,000 km).

log highway km 0.65∗∗∗ 0.56∗∗∗ 0.81∗∗∗ 0.75∗∗∗ 0.31∗∗ 0.20 0.36∗∗ 0.29∗∗

(0.15) (0.15) (0.16) (0.15) (0.15) (0.15) (0.15) (0.13)
% manuf. emp. N Y N Y N Y N Y

R2 0.75 0.79 0.81 0.87
Overid. p-value 0.18 0.39 0.29 0.25
First-stage Stat. 80.8 85.5 80.8 85.5

Panel B. Long distance trade (more than 1,000 km)
log highway km 0.16 0.084 0.23 0.17 -0.098 -0.22 -0.15 -0.24

(0.16) (0.16) (0.16) (0.15) (0.19) (0.19) (0.17) (0.16)

R2 0.73 0.77 0.78 0.84
Overid. p-value 0.025 0.058 0.12 0.22
First-stage Stat. 83.0 87.9 83.0 87.9

Panel C. Long distance trade (more than 750 km)
log highway km 0.28 0.21 0.36∗∗ 0.31∗∗ -0.017 -0.13 -0.039 -0.12

(0.16) (0.16) (0.16) (0.15) (0.19) (0.19) (0.17) (0.16)

R2 0.76 0.79 0.79 0.85
Overid. p-value 0.023 0.055 0.16 0.25
First-stage Stat. 86.2 90.6 86.2 90.6

Notes: 66 observations per column. All regressions use log 2007 employment, export market access, and log
population for 1920, 1950, and 2000 as explanatory variables and include a constant. All TSLS regressions
use log 1947 planned highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as
instruments for log kilometers of interstate highways. Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗:
significant at 1%, 5%, 10%.

findings for trade in weight. Third, the elasticity of exports in value with respect to city highways
remains well below the corresponding elasticity for exports in weight. This confirms our previous
results. Finally, an elasticity of 0.36 for value exported with respect to city roads in column 7 is
large. Even when controlling for the log share of manufacturing employment in column 8, we still
obtain an elasticity of 0.29. We nonetheless remain cautious here because the standard errors are
still fairly large and significance is only at the 5% level.

In a separate web appendix (Appendix E), we replicate table 8 for imports (appendix table 6).
The coefficients on city highways remain generally insignificant except in the case of imported
weights at distance below 1,000 kilometers where they are marginally significant, positive, but
small.

Overall these results suggest that our multiplicative specification for trade costs hides a number
of interesting results suggesting that city highways matter more for trade at shorter distances
which represents more than 90% of all trade in weight in our data. An alternative to our mul-
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Robustness check, internal trade
Table 9: Trade internal to cities

(1) (2) (3) (4) (5) (6) (7) (8)
Exporter fixed effect weight weight weight weight value value value value

Panel A. Dependent variable: log internal trade, OLS.

log highway km 1.26∗∗∗ 0.38∗∗ 0.41∗∗ 0.38∗∗ 1.45∗∗∗ 0.33∗∗∗ 0.26∗∗ 0.20∗

(0.14) (0.17) (0.16) (0.17) (0.12) (0.12) (0.12) (0.11)
Controls. 0 1 2 3 0 1 2 3

R2 0.63 0.82 0.82 0.83 0.66 0.90 0.91 0.92

Panel B. Dependent variable: log internal trade, TSLS.
log highway km 1.22∗∗∗ 0.54∗∗∗ 0.56∗∗∗ 0.54∗∗∗ 1.31∗∗∗ 0.31∗∗∗ 0.27∗∗ 0.22∗

(0.13) (0.15) (0.16) (0.16) (0.13) (0.12) (0.12) (0.11)

Overid. p-value 0.72 0.77 0.67 0.84 0.26 0.21 0.25 0.65
First-stage Stat. 97.5 90.3 80.4 85.2 97.5 90.3 80.4 85.2

Panel C. Dependent variable: log share of internal trade, TSLS

log highway km 0.043 -0.035 -0.030 -0.024 0.13∗ 0.064 0.084 0.10
(0.030) (0.035) (0.034) (0.034) (0.068) (0.081) (0.078) (0.074)

Overid. p-value 0.13 0.20 0.098 0.14 0.073 0.098 0.28 0.42
First-stage Stat. 97.5 90.3 80.4 85.2 97.5 90.3 80.4 85.2

Panel D. Dependent variable: log internal trade, TSLS controlling for internal distances.
log highway km 0.95∗∗∗ 0.33 0.33 0.32 1.09∗∗∗ 0.36∗∗ 0.16 0.13

(0.24) (0.22) (0.24) (0.22) (0.24) (0.17) (0.20) (0.20)
log internal distance 0.61∗ 0.40 0.40 0.39 0.49 -0.081 0.20 0.16

(0.35) (0.26) (0.30) (0.28) (0.40) (0.22) (0.29) (0.26)

Overid. p-value 0.37 0.57 0.54 0.75 0.093 0.21 0.20 0.58
First-stage Stat. 34.9 42.8 31.7 34.9 34.9 42.8 31.7 34.9

Notes: 66 observations per column. The set controls 0 is a constant; 1 adds log 2007 employment and export
market access; 2 further adds log population for 1920, 1950, and 2000; 3 also consider log share of
manufacturing employment. All TSLS regressions use log 1947 planned highway km, log 1898 railroad km,
and log 1528-1850 exploration routes index as instruments for log kilometers of interstate highways.
Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

are smaller. Hence, although city highways have a slightly larger effect on internal trade than on
all trade, this effect is smaller than that on trade taking place at distances below 1,000 km.

Alternative specifications for the first step

As highlighted above, some of our first-step results including the coefficient on distance between
cities are sensitive to the exact gravity specification we estimate. In a separate web appendix
(Appendix E, appendix tables 7, 8, and 9) we perform extensive checks of the robustness of our
results regarding the details of the first-step specification.

We first reproduce our main tables of results 3 and 4 when the first step weighs trade flows
by their weight or their value. Given the stronger effects of city highways for short distance trade
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Robustness check, comparison with rail

Rail

Although rail trade represents only a small fraction of all trade, it is interesting to ask if rail
tracks in cities play the same role as interstate highways and foster rail trade.22 To assess the
effect of rail tracks on trade, we mirror our main analysis using rail variables. In the first step, we
regress bilateral rail trade between cities on a quartic of track distance between them and importer
and exporter fixed effects. The results are reported in our separate web appendix (Appendix D,
appendix table 2). As already highlighted, rail trade is far less sensitive to distance than road trade
(the coefficient on distance for rail trade in weight is -0.57 instead of -1.90 for road trade).

Table 10: Second-step results for rail trade

(1) (2) (3) (4) (5) (6) (7) (8)
Exporter fixed effect weight weight weight weight value value value value

Panel A. OLS estimations.

log railroad km 0.45 0.83∗∗∗ 0.93∗∗∗ 1.00∗∗∗ 0.13 0.074 -0.072 -0.034
(0.32) (0.26) (0.27) (0.25) (0.27) (0.31) (0.31) (0.33)

Controls. 0 1 2 3 0 1 2 3

Observations 40 34 34 34 39 39 39 39
R2 0.09 0.25 0.28 0.38 0.00 0.02 0.21 0.22

Panel B. TSLS estimations.

log railroad km 0.070 0.79∗∗ 0.74∗∗ 1.10∗∗∗ -0.040 -0.34 -0.34 -0.22
(0.35) (0.32) (0.30) (0.29) (0.39) (0.48) (0.42) (0.42)

Controls. 0 1 2 3 0 1 2 3

Observations 40 34 34 34 39 39 39 39
First-stage Stat. 43.7 22.8 17.1 17.4 62.9 36.4 33.6 31.1

Notes: The set controls 0 is a constant; 1 adds log 2007 employment and export market access; 2 further
adds log population for 1920, 1950, and 2000; 3 also consider log share of manufacturing employment. All
TSLS regressions use log 1898 railroad km as instrument for log kilometers of rail tracks. Robust standard
errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

Panel a of table 10 duplicates our main set of ols results of table 3 for railroads. Panel b
repeats our main tsls results of table 4 for railroads using 1898 railroads as an instruments for
2004 kilometers of rail track. The main result that emerges from table 10 is the strong effect of
railroads on rail trade in weight. In column 3 of panel b, the coefficient on railroad kilometers is
0.74 whereas the corresponding estimate for the effect of interstate highways on road trade is 0.47.
Controlling for the manufacturing share of employment in column 4 yields an even larger estimate.
The difference between roads and rail may be even larger than indicated here because rail trade
takes place on average over larger distances than road trade and, as shown above, the effect of
city interstate highways is weaker for road trade over large distance. Otherwise, the results for

22We also investigated possible patterns of complementarities and substitution between road and rail for overall trade.
The strong correlation between railtrack kilometers and interstate highway kilometers leads unfortunately to unstable
results. In addition, we could not find strong enough instruments for the rail-road interaction terms.
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Other robustness checks
• Alternative specifications for the first step

– Weighted least squares

– Censored trade flows (Heckit)

– No internal distance correction

– tsls fixed effects vs. ols

– linear vs. quadratic vs. quartic

– all trade vs. road trade

• Alternative specifications of market access

– Including or excluding own city

– Ad hoc using contemporaneous incomes

– Instrumented using past populations

• Analogous checks for trade in value and importer effects

• Checks on the appropriate functional form for city roads
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Specialisation: looking at weight per unit value

rail trade are similar to those for road trade. We see no effect of city rail tracks on the value of
rail trade just like the evidence for the effect of interstate highways on the value of road trade is
weak. As with road trade, the difference between ols and tsls coefficients is small. This said we
need to remain cautious in the interpretation of these rail results which rely on much smaller trade
volumes and a smaller number of cities.

7. Results about specialization

So far we have found that highways have a large and significant effect on exported weights and
a small and mostly insignificant effect on exported values. A natural corollary is that highways
should have a positive effect on weights per unit value, i.e., tons per dollar of exports as measured
by total weight divided by total value. In table 11 we verify that this is indeed the case by using
exported weight per unit value (i.e., tons per dollar) as our dependent variable. Columns 1 to
4 of panel a repeat the four ols specifications of table 3 using as dependent variable fixed effects
estimated from a first stage specification using log weight per unit value. Columns 5 to 8 repeat the
same four specifications but estimates them with tsls. These correspond to the four specifications
used in table 4. Panel b duplicates panel a using instead importer fixed effects associated with the
log weight per unit value traded.

Table 11: Second-step results, weight per unit value (tons per dollar)

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

Panel A. Dependent variable: exporter effect, weight per unit value.

log highway km -0.10 0.29∗∗ 0.29∗∗ 0.33∗∗ 0.029 0.43∗∗∗ 0.43∗∗∗ 0.46∗∗∗

(0.092) (0.13) (0.14) (0.15) (0.099) (0.12) (0.13) (0.12)
Controls. 0 1 2 3 0 1 2 3

R2 0.02 0.35 0.36 0.39 0.01 0.34 0.34 0.37
Overid. p-value 0.89 0.97 0.77 0.53
First-stage Stat. 97.5 90.3 80.4 85.2

Panel B. Dependent variable: importer effect, weight per unit value.

log highway km 0.0071 0.060 0.082 0.086 0.028 0.080 0.095∗ 0.097∗

(0.030) (0.048) (0.055) (0.057) (0.031) (0.053) (0.057) (0.058)

R2 0.00 0.15 0.20 0.21
Overid. p-value 0.26 0.17 0.26 0.17
First-stage Stat. 97.5 90.3 80.4 85.2

Notes: 66 observations per column. The set controls 0 is a constant; 1 adds log 2007 employment and export
market access; 2 further adds log population for 1920, 1950, and 2000; 3 also consider log share of
manufacturing employment. All TSLS regressions use log 1947 planned highway km, log 1898 railroad km,
and log 1528-1850 exploration routes index as instruments for log kilometers of interstate highways.
Robust standard errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

38

43



More on specialisation

• First, measure elasticity of employment with respect to roads for each
sector:

lnNki = βk0 + ρ
N,k
R lnRi + β

k′Ci + ε
k
i

• Second, regress on weight per unit value:

ρ̂N,kR = γ0 + γ1 ln UW
k + υk
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Specialisation plot

estimation of equation (22).23

As before, we observe a stable positive correlation between weight per unit value by sector and
the elasticity of sector employment with respect to highways. Figure 5 plots the data underlying
column 2 of Panel d. This figure shows that in sectors producing heavy goods, employment
increases with city highways whereas in sectors producing light goods, it decreases with city
highways.24 These results correspond exactly to the prediction of Proposition 1.

Figure 5: Specialization
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Notes: The horizontal axis plots log weight unit per dollar by sector. The vertical axis plots the elasticity of
industry employment with respect to section kilometers of interstate highways estimated as in column 2 of
table 12.

The results of table 12 follow the approach described by equations (22) and (23) where we
estimate first the elasticity of employment for each sector with respect to kilometers of interstate
highways and then regress this quantity on log unit weight. It is also possible to estimate the
same type of complementarity in a single step by regressing log employment in each industry on
log highways and log highways interacted with log unit weight. In a separate web appendix
(Appendix G), we report the results corresponding to panel a of table 12 using a single step
(appendix table 11). The results of that supplementary table are very close to those of table 12.

In the separate web appendix (Appendix G, appendix table 12), we also provide further checks
on these results and insight into the dynamics of specialisation by exploiting changes in employ-

23We include the initial level of employment in industry k in city i on the right-hand side as opposed to constraining its
coefficient to one and the placing it on the left hand side due to evidence that mean reversion in city-sector employment
is a major feature of the data as found by Simon (2004) and Duranton (2007). Duranton and Turner (2012) also find that
aggregate city employment only adjusts gradually with city highways. This requires controlling for initial levels.

24 Results are robust to the exclusion of the point in the lower left hand corner which is naics industry 334 which is
“Computer and Electronic Product Manufacturing."
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Main specialisation results
Table 12: Main specialization results

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: industry specific coefficient on interstate highways
estimated with: OLS TSLS TSLS TSLS TSLS TSLS TSLS TSLS

using additional controls: - - Water & Census % Mining Income Wholesale
Slope Div. College pc.

Panel A: Baseline

log weight per 0.13∗∗ 0.16∗∗∗ 0.22∗∗ 0.12∗∗ 0.16∗∗∗ 0.14∗∗ 0.17∗∗∗ 0.16∗∗∗

unit value (0.047) (0.051) (0.082) (0.055) (0.048) (0.049) (0.053) (0.050)

R2 0.28 0.33 0.26 0.18 0.34 0.29 0.34 0.32

Panel B: With 2007 manufacturing employment

log weight per 0.16∗∗∗ 0.18∗∗∗ 0.22∗∗ 0.13∗∗ 0.16∗∗∗ 0.16∗∗∗ 0.18∗∗∗ 0.17∗∗∗

unit value (0.038) (0.044) (0.079) (0.050) (0.045) (0.043) (0.048) (0.043)

R2 0.46 0.44 0.28 0.24 0.39 0.40 0.41 0.45

Panel C: With 1956 sectoral employment

log weight per 0.12∗∗ 0.16∗∗∗ 0.11∗∗ 0.10∗∗ 0.18∗∗∗ 0.17∗∗∗ 0.19∗∗∗ 0.16∗∗∗

unit value (0.045) (0.042) (0.043) (0.044) (0.037) (0.048) (0.039) (0.043)

R2 0.26 0.42 0.26 0.22 0.54 0.39 0.54 0.42

Panel D: With 1956 sectoral and 2007 manufacturing employment

log weight per 0.14∗∗∗ 0.17∗∗∗ 0.13∗∗∗ 0.12∗∗ 0.13∗∗∗ 0.18∗∗∗ 0.17∗∗∗ 0.17∗∗∗

unit value (0.041) (0.041) (0.039) (0.047) (0.033) (0.043) (0.040) (0.041)
R2 0.37 0.47 0.35 0.23 0.45 0.47 0.49 0.47

Notes: 22 observations per column for each panel. Standard errors in parentheses. The dependent variable
is the industry specific coefficient on interstate highways estimated from regression (22) using log
kilometers of interstate highways, log 2007 employment, log 1920, 1950, and 2000 population and log
market access. Column 1 is estimated with OLS whereas columns 2-7 are estimated with TSLS using log
1947 planned highway km, log 1898 railroad km, and log 1528-1850 exploration routes index as
instruments for log kilometers of interstate highways. The regression estimating the highways elasticity of
employment also includes log distance to water and log slope (column 3), census region dummies (column
4), log share college graduates (column 5), log share mining employment (column 6), log share
manufacturing employment (column 7), and log share employment in wholesale (column 8). Robust
standard errors in parentheses. ∗∗∗, ∗∗, ∗: significant at 1%, 5%, 10%.

of employment specialization to highways. Panels c and d address this concern. Panel c replicates
panel a except that it controls for 1956 employment in industry k in city i in the estimation of
equation (22). This is equivalent to a specification in first differences in which the difference in
employment is regressed on the difference in roads and the initial level of employment but in
which initial roads are set to zero as construction interstate highway system began in 1957. Panel
d further includes 2007 manufacturing employment in city i as additional control variable in the
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Summary of specialisation results

• Complementarity between roads and production in heavy sectors

• Confirmed by a one step estimation

• Robust to controls for sectoral employment at earlier dates (but effect
become smaller)
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Results about the dynamics of specialisation

ment by sectoral between 1956 and 1997 in the cbp. More precisely, we replicate panel d of table
12 above controlling for increasingly data employment that are increasingly recent in time. The
results show clearly that our estimate of the coefficient on log weight per unit value declines as we
include more recent employment controls.

Instead of assessing the effects of interstate highways on sectoral employment in 2007 control-
ling for employment the same sector in 1956, 1967, 1977, 1987, and 1997, it is also possible to look
at how the development of the us interstate highway system gradually led us cities to specialize.
A simple way to do this is to estimate equation (22) in first difference between 1956 and 1967, 1977,
1987, 1997, and 2007. The dependent variable is thus a change in sectoral employment and it is
regressed on the corresponding change in highway kilometers. This regression can be estimated
with ols or with tsls taking advantage of the fact that the construction of the us interstate system
starts after 1956 so that instrumenting for the difference in highway kilometers between 1956 and
a posterior date is equivalent to instrumenting the level for this posterior date which can be done
with the same historical road instruments as before. Then at the second step we can regress the
estimated sensitivity of sectoral employment changes with respect to roads on log weight per unit
value.

Table 13: Specialization results, dynamics

(1) (2) (3) (4) (5)
1956-1967 1956-1977 1956-1987 1956-1997 1956-2007

Panel A. Dependent variable: industry specific coefficient on interstate highways

in first-difference, OLS

log weight per unit value 0.0057 -0.0082 0.093∗∗ 0.15∗∗∗ 0.15∗∗∗

(0.038) (0.026) (0.042) (0.036) (0.045)

R2 0.00 0.01 0.19 0.46 0.36

Panel B. Dependent variable: industry specific coefficient on interstate highways

in first-difference, TSLS

log weight per unit value 0.096∗ 0.037 0.15∗∗∗ 0.21∗∗∗ 0.20∗∗∗

(0.050) (0.031) (0.044) (0.040) (0.045)

R2 0.16 0.07 0.37 0.57 0.50

Notes: 22 observations per column for each panel. Standard errors in parentheses. The dependent variable
is the industry specific coefficient on interstate highways estimated from a first-differenced version of
regression (22) using log kilometers of interstate highways. The regressions in panel A are estimated with
with OLS whereas those of panel B are estimated with TSLS. Robust standard errors in parentheses. ∗∗∗, ∗∗,
∗: significant at 1%, 5%, 10%.

Table 13 reports results for increasingly long differences starting in 1956. In panel a, the depen-
dent variable, i.e., the sensitivity of the changes to sectoral employment with respect to changes
in highways is estimated using ols in the first step. In panel b it is estimated with tsls using
planned 1947 highways, 1898 railroads, and old exploration routes as instruments. The results
of table 13 show that the effects of changes in interstate highways on sectoral employment is not
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Conclusions

• More highways in a city cause more exports in volume

• But only weak evidence about exports in value

• Consistent with strong patterns of increased specialisation in
heavier sectors

• No evidence about imports
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