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Abstract
Quantitative trade models used to evaluate the effects of policy changes have largely abstracted
away from modeling the transportation industry. This paper extends a standard Armington trade
model to incorporate an oligopolistically competitive transportation industry in which shippers
endogenously choose a transportation technology. I collect detailed data on the containerized
maritime transportation industry to calibrate the parameters of the model. I then conduct
quantitative experiments in which there is a symmetric increase in tariffs. On average, changes
in transportation costs account for almost half of the changes in welfare. These findings suggest
that the endogeneity of transportation costs can substantially affect the estimated welfare effects
of such a policy change.
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1 Introduction
Quantitative trade models have been used to study significant issues in international trade, such as
determining the welfare effects of enacting policy changes. These models have largely simplified the
modeling of the transportation industry through the use of iceberg costs. This notion dates back to
Samuelson (1954), in which the rationale is stated as: “The simplest assumption is the following: To
carry each good across the ocean you must pay some of the good itself. Rather than set up elaborate
models of a merchant marine,. . . we can achieve our purpose by assuming that. . . only a fraction of ice
exported reaches its destination as unmelted ice.” Since then, little work has been done to quantify
how welfare predictions would change if policy changes were evaluated using a model that matches
micro-level facts about the transportation industry (e.g., the market structure of the transportation
industry or economies of scale in the transportation technology). This issue matters all the more as
transportation costs are a major barrier faced by firms when exporting their products.1
To address this issue, the goal of this paper is twofold. First, this paper aims to build a general
equilibrium trade model with a transportation industry that matches micro-level facts. The second
goal is to calibrate the model to measure welfare changes as a result of an increase in tariffs.
To achieve these goals, I first collected detailed data on the containerized maritime transportation
industry. Focusing on one form of transportation allows for the collection of detailed data on that
industry. This particular form of transportation has two advantages. First, it is an important mode of
transportation in international trade. Second, this form of transportation uses standardized shipping
containers. The standardization of shipping containers provides a clean form in which to compare
transportation costs across destinations.
I collected data on the cost to ship a standardized container from U.S. to foreign ports. I also
collected data on the number of shippers that operate between these ports, the value of containerized
trade flows, and distance. I do not find a strong relationship between transportation costs and distance.
However, larger markets consistently have lower costs. There is suggestive evidence that the market
structure of the transportation industry and the scale of shippers play a role in explaining why these
larger markets have lower costs: larger markets tend to have more shipping firms, and these shipping
firms tend to be significantly larger.
I build a two-country Armington (1969) trade model with a transportation industry. The transportation industry has two key features. The first feature is that the industry is characterized by
oligopolistic competition among shippers. The second feature, which is novel to the literature, is that
shippers face a technological trade-off in which they can choose a lower marginal cost in exchange for
a higher fixed cost. This feature of the model is consistent with the transportation industry in which
shippers can adopt larger ships to lower the average cost per container. The result is that, as market
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size grows, transportation costs may decline for two reasons. First, more shippers enter, which lowers
the markups that firms charge. Second, firms find it optimal to invest in a technology that has a
lower marginal cost.
Another novel feature of the model is that each country can have multiple ports and that goods
can be transported between countries using different ports. The result is that there is competition
across shippers operating in different port pairs, and ports are imperfectly substitutable.
I find analytical expressions that characterize the transportation industry equilibrium. Markups
are a function of the number of shippers that operate between two ports as well as a function of the
importance of the trade flows between these two ports. For example, all else equal, if a port pair
accounts for a small fraction of overall trade between two countries, then markups are lower than for
a port pair that accounts for a large fraction of overall trade. The expression for the markups, along
with the pricing data, also allows me to find the marginal cost. I also derive analytical expressions
that characterize the profitability (before the payment of fixed costs) of shippers. Since a continuous
number of shippers is assumed, along with a free entry condition, the profitability of shippers allows
me to find the fixed cost of shippers.
Next, the model is taken to the data. I also determine the analytical expressions that characterize
the transportation industry equilibrium to find the marginal and fixed costs in each market. Larger
markets consistently have higher fixed costs and lower marginal costs relative to smaller markets.
These findings support the idea that shippers face a technological trade-off. As market size grows, they
find it worthwhile to adopt technologies with a higher fixed cost and lower marginal cost. Furthermore,
the differences in transportation costs are attributed to larger markets having a lower marginal cost
and not to differences in markups. These findings suggest that the technological choice of shippers is
a key driver in the empirical results.
The two-country model is calibrated separately for each U.S.-foreign country pair. I use the
calibrated model to simulate a symmetric 1 percent increase in tariffs in both the United States and
the foreign country. I find that changing transportation costs due to the smaller trade flows account
for almost half of the welfare losses due to higher tariffs: the increases in transportation costs account
for 46 percent of the losses in real income in the United States on average; in the foreign country,
transportation costs account for 43 percent of the losses in real income on average. Thus, endogenously
changing transportation costs are almost as important as the effects arising directly from tariffs.
I also investigate some of the model’s predictions about the transportation industry after an
increase in tariffs. The model predicts that, on average, a 1 percent increase in trade flows is associated
with a 0.25 percent decline in transportation costs from U.S. to foreign ports. This prediction of the
model is compared with estimates using an instrumental variables (IV) approach from the empirical
literature. This approach predicts that a 1 percent increase in trade flows is associated with a 0.23
percent decline in transportation costs. The model also predicts that increases in trade flows lead
primarily to an increase in the scale of shippers. On average, a 1 percent increase in trade flows in
the model is associated with a 0.85 percent increase in average shipper size. There is also a 0.16
2

percent increase in the number of shippers. Methods that use an IV approach imply that a 1 percent
increase in trade flows is associated with a 0.94 percent increase in the average size of shippers and a
0.06 percent increase in the number of shippers.
I find that the increase in transportation costs is due entirely to increases in the marginal cost.
I also find that the markups decline and mitigate the change in the marginal cost. To explain this
finding, consider two contradictory forces that affect markups. First, the increase in tariffs reduces the
number of shippers, which increases markups. Second, shippers also choose a technology with a lower
fixed cost and higher marginal cost. The increase in the marginal cost lowers the markups of shippers
due to imperfect pass-through: only a fraction of the increase in the marginal cost is reflected in the
change in prices. The latter effect dominates, and shippers have lower markups after the increase in
tariffs.
Finally, the model abstracts from many of the complexities of the transportation industry. The
advantage of this approach is that it yields a tractable model of the transportation industry that can
be embeded in a general equilibrium model. However, it is useful to examine whether the model gives
reasonable predictions as to how the industry changes with market size. I show that the model does a
good job in quantitatively accounting for how changes in market size affect the number of shippers and
prices within the transportation industry. I also compare the quantitative implications of the model
with a detailed study from the transportation literature that studied the cost savings associated with
adopting larger ships. The quantitative results from the model yield similar elasticities of how average
cost changes with respect to the size of trade flows.

2 Related Literature
This paper contributes to various strands of literature in international trade. First, there is a large
literature that uses quantitative trade models to study the welfare effects of policy changes, such
as tariffs. This literature includes Eaton and Kortum (2002) and Alvarez and Lucas (2007), and is
also related to the workhorse models considered by Arkolakis, Costinot, and Rodriguez-Clare (2012)
since these models can be used to perform quantitative experiments on policy changes. In contrast
to the existing literature, this is the first paper to study how welfare predictions change if a model of
the transportation industry is incorporated into a quantitative trade model. The quantitative results
show that, on average, changes in transportation costs account for almost half of the changes in real
income when tariffs change. Thus, these results show that the inclusion of a transportation industry
can have quantitatively relevant effects on the estimated welfare effects of a policy change.
This paper also contributes to the literature that studies the determinants of transportation costs.2
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Hummels and Skiba (2004b) and Skiba (Forthcoming) focus on “scale economies” in the maritime
transportation industry. They find empirical evidence that transportation costs decline as trade flows
increase. Another set of papers study the market power of shippers. Hummels, Lugovskyy, and Skiba
(2009) study the quantitative importance of market power among shippers and its effect on trade
flows. Francois and Wooton (2001) study theoretically how the market structure of the transportation
industry affects the estimated welfare effects of tariff changes. Fink, Mattoo, and Neagu (2002)
and Moreira, Volpe, and Blyde (2008) find evidence consistent with oligopolistic competition in the
shipping industry.
This paper contributes to this literature along two dimensions. This is the first paper that models
the technological choice of shippers in which there is a trade-off between the fixed cost and the marginal
cost. This technological choice plays an important role in explaining the negative relationship between
transportation costs and the size of trade flows. For example, when tariffs increase, the main driver of
changing transportation costs is the technological choice of firms. A second contribution is that this
paper extends the existing literature by allowing for goods to be transported between countries using
different ports, which alters the competition shippers face. In this model, the level of competition
that shippers face when operating between a given port pair (e.g., Los Angeles to Callao, Peru) is
determined by the shippers that operate between these two ports, as well as by the shippers that
operate along other port pairs (e.g., Oakland to Callao). The markups of shippers are characterized
under this new framework.
Other contemporaneous works have built trade models in which transportation costs and trade
flows are jointly determined.3 For example, Wong (2018) builds a model that focuses on trade imbalances and how they affect transportation costs using data from containerized maritime shipping.4
Trade imbalances can play a role in determining transportation costs: if two countries have imbalanced trade, then shippers face the problem that ships are at full capacity in one direction but not
in the opposite direction. In Appendix E, I show that the empirical results relating to market size
are robust to including measures of trade imbalances. In another paper, Brancaccio, Kalouptsidi,
and Papageorgiou (2017) develop a model based on dry bulk shipping, which is the shipping of noncontainerized goods, with an emphasis on search costs between exporters and shippers. In both of
these works, transportation costs are endogenously determined and respond to changes in trade flows.
In contrast to these papers, I aim to understand the quantitative importance of modeling the transportation industry when evaluating the welfare effects of a change in tariffs. Since a change in tariffs
affects the size of trade flows, my work emphasizes the relationship between the size of trade flows
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and transportation costs. I build a model with the aim of capturing this relationship, so as to conduct
quantitative experiments.
This paper also contributes to the literature in international trade that identifies transportation
costs. Indeed, as Anderson and van Wincoop (2004) state in their survey paper on trade costs: “An
important theme is the many difficulties faced in obtaining accurate measures of trade costs.” Few
papers in the literature use a direct measure of transportation costs as I do, such as a price quote to
ship a container. One exception is the work of Wong (2018), who uses similar data in this paper on
transportation costs. Another exception is Limao and Venables (2001), who obtain the price to ship
a standard container from Baltimore to 64 destinations. Most commonly, the literature has relied on
differences in the price of a good across locations (e.g., differences in salt prices across locations in
India), including Asturias, García-Santana, and Ramos (Forthcoming), Atkin and Donaldson (2015),
and Donaldson (Forthcoming). The work of Atkin and Donaldson (2015) points to three shortcomings
in using price differences: 1) there may be unobserved product differences across locations (such
as quality), 2) it is necessary to know which locations trade in order for price differences to be
informative, and 3) price differences contain both transportation costs and markups, which may vary
across locations.5 The price quotes that I use allow me to circumvent all of the issues faced by the
literature that uses price differences across locations.6

3 Data
I collected detailed data on the containerized maritime transportation industry at the port-to-port
level. The data include transportation costs, number of shippers, value of trade flows, and distance.
The data show that large markets have lower transportation costs. There is suggestive evidence that
market structure and the scale of shippers play a role in explaining these lower prices: large markets
have more shippers, and the average shipper size is larger.
I focus on maritime transportation since it is a leading mode of transportation in international
trade. Maritime shipping is used most intensively when countries do not rely on land trade (noncontiguous countries). For example, when excluding land trade, approximately 60 percent of U.S.
manufacturing imports by value are transported via maritime shipping and 40 percent by air, which
is calculated using the Census data used by Hummels (2007). The reliance on maritime shipping
for manufacturing imports is stronger in Latin American countries. Excluding land trade, maritime
shipping accounts for 74 percent of trade in Argentina, 66 percent in Colombia, 64 percent in Mexico,
82 percent in Peru, and 75 percent in Venezuela by value, according to trade data from the INTrade
database from the Inter-American Development Bank. It is important to note that by weight, maritime
5
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shipping accounts for 98 percent of U.S. manufacturing imports which is calculated using the Census
data used by Hummels (2007).
Finally, containerization is a key method for transporting these manufactured goods. Containerized
shipping makes use of the shipping container, which is a standardized metal box that can easily be
transported across multiple modes of transportation including ships, trains, and trucks.7 The fact
that it is standardized lowers the cost of loading and unloading. In the case of the United States, 72
percent of manufactured goods using maritime transportation are containerized (by value) according
to the Waterborne Databank issued by the U.S. Maritime Administration.
3.1 Transportation Costs
Data on transportation costs are obtained from the freight forwarder Air Parcel Express (APX).
A freight forwarder is a third-party logistics provider that helps to arrange shipments and related
paperwork for exporters. Freight forwarders advise exporters on transportation costs and other fees
(port charges, consular fees, costs of special documentation, insurance costs, and handling fees), as
well as on import rules and regulations, methods of shipping, and the necessary documents.
The transportation costs are for transporting a 20-foot container from major U.S. ports to over
300 destinations abroad in October 2014. I use data from the top 10 U.S. ports in terms of number
of containers loaded in the port. These ports account for approximately 85 percent of U.S. container
traffic each year and include Charleston, Houston, Los Angeles/Long Beach, New York/Newark,
Norfolk, Oakland, Savannah, Seattle, and Tacoma.8
3.2 Number of Shippers
I acquired data collected in October 2014 on the number of shippers operating between ports from the
Journal of Commerce (JOC), a respected trade publication in the transportation/logistics industry.
The data come from the JOC Global Sailings Schedule, which includes information on shipping
schedules for containerized shippers.9 For example, the shipping schedules indicate that A.P. MøllerMaersk, the largest shipping firm in the world, operates the ship Maersk Wolfsburg. This ship picked
up cargo in Los Angeles on October 16, 2014, and delivered it to Puerto Quetzal, Guatemala, on
October 23, 2014.
Much like a bus system in a city, shippers have lines that make multiple sequential stops. This is
due to the economies of scope in containerized shipping. In this case, after Los Angeles, the Maersk
Wolfsburg stopped in Lazaro Cardenas, Mexico (October 21) to pick up and drop off cargo before
arriving in Puerto Quetzal. After Puerto Quetzal, the ship stopped in Acajutla, El Salvador (October
7
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23), Corinto, Nicaragua (October 25), and finally Balboa, Panama (October 28). The data also
contain schedules that make use of regional shipping hubs in transporting shipping containers to their
final destination. This is analogous to transferring to another bus to reach a final destination.
3.3 Containerized Trade Flows
Data on port-to-port containerized trade flows come from the Waterborne Databank issued by the
U.S. Maritime Administration for the years 2000-2005. The dataset contains information about U.S.
international maritime trade on a port-to-port level. The data are broken down into the Harmonized
System (HS) six-digit product level, and include the cost of transportation and insurance, weight, and
whether the shipment is containerized.
The Waterborne Databank was discontinued in 2005, and there are no other available sources
that report containerized trade at the port-to-port level. For this reason, I use the reported value of
containerized trade in 2005 between ports and adjust it for the percentage increase in bilateral trade
over the 2005-2014 period between the United States and the countries where the ports are located.
This measure of trade flows is expected to be highly correlated to the true value of trade flows if data
were available for 2014. To illustrate this point, I compute the correlation of the value of containerized
trade flows in 2000 and 2005, and find it to be 0.85.
3.4 Port-to-Port Distance
I use the geospatial information system (GIS) to construct the distance between U.S. ports and foreign
ports. I calculate the shortest navigable distance between the ports. For example, the distance between
Los Angeles and Rotterdam incorporates the fact that ships can use the Panama Canal to minimize
distance.
To do so, I combine two separate sets of geospatial data. First, I use the Global Shipping Lane
Network shapefile provided by the Oak Ridge National Labs CTA Transportation Network Group.
The shapefile contains information on global trading lanes used by maritime shippers. Second, I use
the World Port Index provided by the National Geospatial Intelligence Agency to provide information
on the location of ports. After combining these two sets of geospatial data, I use Network Analyst on
ArcGIS to find the shortest path from the origin to destination port along the commonly used trading
lanes. The final distance measure is given in nautical miles.10
3.5 Summary Statistics
Table 1 shows summary statistics for the assembled data. Each observation is a U.S.-foreign port
pair. In the analysis, I only use observations for which all four data sources are available. Finally,
each observation is referred to as a market.
10
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First, there is a significant dispersion in transportation costs: the ratio between the 90th and 10th
percentiles is 2.59 (2,749/1,063). Second, the industry is characterized by high degree of concentration
among shippers. For example, the median market has only two shippers present. In fact, 46 percent
of markets are serviced by monopolists, and even the markets in the 90th percentile have only four
shippers. This finding is consistent with the work of Hummels, Lugovskyy, and Skiba (2009), who also
document high levels of concentration in the containerized maritime transportation industry. Third,
there is large variation in the size of trade flows across markets: the ratio between the 90th and 10th
percentiles is 295 (1,769/6). Fourth, I define the average shipper size, which is the value of port-toport containerized trade flows divided by the number of shippers. The data show significant variation
in the average size of shippers: the ratio between the 90th and 10th percentiles is 199 (795/4).
3.6 How are Transportation Costs Related to Distance and Market Size?
I first study the relationship between distance and transportation costs since distance is a commonly
used variable in the gravity literature to explain variation in trade costs.11 I find that distance does
a poor job of explaining the overall variation in transportation costs. To see why this is the case, I
estimate the following regression:
log F reighti0 j 0 = δ0 + δ1 log Disti0 j 0 + FEi0 ,R(j 0 ) + i0 j 0 ,

(1)

where F reighti0 j 0 is the price to transport a container from port i0 to j 0 , Disti0 j 0 is the distance between
the ports, and FEi0 ,R(j 0 ) is a fixed effect for the origin port/destination region.12 Table 2 reports the
results of the estimation. The coefficient on distance is positive and statistically significant when fixed
effects are not included. The result implies that a 10 percent increase in distance is correlated to a
1.0 percent increase in transportation costs. To understand the importance of distance in explaining
transportation costs, I sort the predicted values of prices from column 1 of Table 2. The ratio
between the 90th and 10th percentiles is 1.12 (1,857/1,662). Thus, ports that are far away (in the
90th percentile in terms of distance) have only 12 percent higher transportation costs than those that
are nearby (in the 10th percentile in terms of distance). The second column of Table 2 reports the
estimation when fixed effects are included. The significance of the distance coefficient disappears once
the fixed effects are included. Overall, distance does a poor job of explaining the large variation in
transportation costs.
Next, I find that market size does a better job of explaining the variation in transportation costs.
Since all markets in the dataset originate in the United States, I use the GDP of the destination country
where the port is located as the measure of market size. I do not use the value of containerized trade
11
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flows since I mechanically expect lower transportation costs to be correlated with higher trade flows.
The correlation of GDP and containerized trade flows is 0.93, so countries with larger GDPs also
have larger trade flows in the dataset. I estimate equation 1 and include GDP as an independent
variable. The results of this estimation can be seen in Table 3. The coefficient on GDP is negatively
and statistically significant across all specifications. Furthermore, distance is statistically significant
and positive once GDP is included in the regression.
I also investigate the relationship between the number of shippers and the average shipper size
with respect to the market size. I estimate the following regression:
log N umShippersi0 j 0 = β0 + β1 log GDPC(j 0 ) + β2 log Disti0 j 0 + FEi0 ,R(j 0 ) + i0 j 0 ,

(2)

where C(j 0 ) indicates the country where port j 0 is located. I similarly estimate equation 2 except
that average shipper size is the independent variable. The results can be found in Tables 4 and 5.
Larger markets consistently have more shippers, and the average shipper size is larger. The results
are robust across specifications and remain significant with the inclusion of distance.
The recent works of Brancaccio, Kalouptsidi, and Papageorgiou (2017), Ishikawa and Tarui (2018),
and Wong (2018) have studied how unbalanced trade can affect transportation costs. In particular,
if the United States has a trade deficit with another country, then transportation costs tend to be
lower from the United States to that country (and higher in the opposite direction) because of the
capacity constraints of shippers. It is possible that large markets tend to have larger trade deficits,
which could explain these empirical relationships, especially those relating to transportation costs. In
Appendix E, I show that the findings are robust to including measures of bilateral trade imbalances
in containerized trade between the United States and the foreign country.
Using an IV approach To further understand the relationship between transportation costs and
market size, I adopt methods used by the empirical literature that studies the determinants of transportation costs. I estimate the following regression:
log F reighti0 j 0 = φ0 + φ1 log T radeF lowsi0 j 0 + φ2 log Disti0 j 0 + FEi0 ,R(j 0 ) + i0 j 0 ,

(3)

where T radeF lowsi0 j 0 are the total trade flows between ports i0 and j 0 . Notice that this regression
suffers from issues of simultaneity bias that arise when estimating price on quantity. A similar
expression was estimated in Hummels and Skiba (2004b) and Skiba (Forthcoming) in which these
authors use population as an IV for trade flows to address this endogeneity issue. I follow this
approach and use the population of the country where the destination port is located as an IV. There
is a correlation of 0.19 between the population of the destination country and trade flows.13 Table 6
reports the results of the estimation of equation 3. Columns 1-3 report the results without the use of
13
In Appendix F, I report the results of the first-stage estimates. The coefficient on population in the first stage is
statistically significant.
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the IV, and columns 4-6 report the same specifications with the use of the IV. All of the estimates of
the coefficient are negative, and these estimates become more negative once the IV is included. The
last column is the preferred specification in which the elasticity of transportation costs with respect
to trade flows is -0.23 percent.
I now study how the average shipper size and the number of shippers change with the size of trade
flows. I decompose the cross-sectional differences in trade flows using the following equation:
tradef lows =

tradef lows
∗ shippers.
shippers

(4)

Thus, changes in trade flows can be decomposed into those accounted for by the change in the average
shipper size and the change in the number of shippers. For example, suppose that a 1 percent increase
in trade flows is observed and that this increase is accompanied by a 1 percent increase in the trade
flows per shipper. This implies that the number of shippers remains constant. Conversely, if a 1
percent increase in trade flows is accompanied by a 1 percent increase in the number of shippers, then
the value of trade flows per shipper remains constant.
I estimate the regression in equation 3 except that the number of shippers is replaced as the
independent variable. The results of the estimation can be found in Table 7. In the case of shippers,
the IV does not significantly affect the results. The last column is the preferred specification, which
implies an elasticity of the number of shippers with respect to trade flows of 0.06. Finally, I estimate
equation 3 with the average shipper size as independent variable, and the results are reported in Table
8. The last column, which is the preferred specification, indicates an elasticity of 0.94.
A concern may be that the measure of average shipper size does not accurately reflect the size of
shippers due to heterogeneity in shipper size within markets. For that reason, I reestimate equation
2 except that the independent variable is a measure of size of each shipper. I do not have data on the
market share of each shipper. However, I have information about the size of ships used by each shipper
in deadweight tons (DWT). I define the size of a shipper to be the value of trade flows multiplied by a
shipper’s market share in terms of total DWT that it operates. The results can be found in Table A4
in Appendix F. The results are very similar to the baseline specification. Thus, although the focus of
this paper is on the average size of shippers, the results show that larger markets tend to have larger
shippers even when accounting for shipper heterogeneity.
The results using the IV approach show additional evidence that transportation costs decline
with trade flows. This suggests that increases in trade flows lead to increases in both the average
shipper size and the number of shippers. Quantitatively, however, larger trade flows are primarily
accompanied by increases in the average shipper size.
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4 Model
I build a two-country Armington (1969) trade model that incorporates an oligopolistically competitive
transportation industry. I use the Armington (1969) model because it has a simple CES demand
structure for the consumption good. This simple demand structure allows for finding analytical
characterizations of the solution of the transportation industry. These expressions give a better
understanding of how variables, such as markups, are determined in equilibrium. Furthermore, these
expressions are useful when taking the model to the data, as will be shown in Section 6.
This model of the transportation industry has two novel features relative to the existing literature.
The first is that shippers face a technological trade-off: they can choose a lower marginal cost in
exchange for a higher fixed cost. This setup is similar to what is used by Sutton (1991) in which
sunk costs are endogenous. An interview with Nils Anderson, the CEO of shipping firm A.P. MøllerMaersk, reveals that the company has invested in larger ships, such as the Triple E-class container
ship, as a way of lowering the average cost per container. He cites that fuel costs on these larger
ships are $300-$400 lower per 40-foot container for a round trip between Asia and Europe (see Milne
(2013)). The model of the transportation industry is tractable so that it can be embedded in a general
equilibrium model. On the other hand, the choices that transportation firms are complex and it begs
the question of whether it is a reasonable model of the transportation industry and the technological
choices faced by shippers. For that reason, in Section 7.4, I compare the the quantitative results
from the model to a detailed study from the transportation literature of the cost savings associated
with adopting larger ships. Another novel feature relative to the existing literature is that I model
competition across ports. For example, a container that is shipped from the United States to Peru
can travel from Los Angeles to Callao or from Oakland to Callao. Thus, shippers face competition
from firms that operate in other ports.
4.1 Consumer
There are two countries, i and j. Country j is populated by identical consumers of measure Lj . Each
agent supplies one unit of labor to the market and spends her income on goods from both countries.
The representative consumer of country j chooses the quantity of the good purchased from country
j, cjj , and from country i, cij , to solve


max

cjj ,cij

σ−1

1

σ−1

cjjσ + ζ σ cijσ



σ
σ−1

subject to pjj cjj + τij pij cij = wj Lj + Rj ,

(5)
(6)

where ζ ∈ [0, 1] is a home bias parameter; σ is the elasticity of substitution of goods across countries;
τij is the ad valorem tariff on goods from country i traveling to j; pjj is the price of the country j
good paid by country j and similarly for pij ; wj is the wage in country j; and Rj is tariff revenue that
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is rebated to the household lump sum. Consumers in j have the following demand for goods from i:
cij =

ζ (wj Lj + Rj )
,
τijσ pσij Pj1−σ

(7)

wj Lj + Rj
.
pσjj Pj1−σ

(8)

and similarly for cjj :
cjj =
The price index, Pj , is


1−σ 1−σ
Pj = p1−σ
jj + ζτij pij



1
1−σ

(9)

.

I now allow for the possibility that a country has multiple ports. Suppose that country i has Ωi
ports indexed by i0 and country j has Ωj ports indexed by j 0 . The composite good from i to j, cij , is
defined to be

 γ
cij =

Ωj
Ωi X
X



1
γ
i0

1
γ
j0

Ii0 j 0 β β c

γ−1
γ
i0 j 0

γ−1

,



(10)

i0 =1 j 0 =1

where Ii0 j 0 is an indicator function that equals 1 if there is trade between ports i0 and j 0 ; βi0 is an
expenditure weight that is characterized by the importance of port i0 in bilateral trade and similarly
for βj 0 ; ci0 j 0 is the consumption good transported from port i0 to port j 0 ; and γ is the elasticity of
substitution across port pairs.14 Goods shipped from Los Angeles to Callao and Oakland to Callao
are differentiated products, with γ governing their substitutability. This setup is useful when we take
the model to the data in Sections 5 and 6 because it is not uncommon to find trade flows from two
U.S. ports (Los Angeles and Oakland) to the same foreign port (Callao). With the demand structure
characterized above, the model will be able to generate positive trade flows from Los Angeles to Callo
and Oakland to Callao just as in the data.
The demand for goods from port i0 going to port j 0 , ci0 j 0 , is
ci0 j 0 = Ii0 j 0

βi0 βj 0 cij
,
pγi0 j 0 p−γ
ij

(11)

where pi0 j 0 is the price of ci0 j 0 , and the price index, pij , is defined as


pij = 

Ωj
Ωi X
X



Ii0 j 0 βi0 β,j 0 pi1−γ
0j0

1
1−γ

.

(12)

i0 =1 j 0 =1

14
Notice that Ii0 j 0 is exogenous in the model. When going to the data, I will let this indicator function be 1 if trade
between the two ports is observed and the data needed to carry out the analysis are available.
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Combining equations 11 and 7 yields demand for ci0 j 0 :
ci0 j 0 = Ii0 j 0

βi0 βj 0 ζ (wj Lj + Rj )
1−σ ,
τijσ pγi0 j 0 pσ−γ
ij Pj

(13)

Defining cjj using an expression similar to 10 is not necessary since consumers are assumed to receive
the consumption good from the domestic producer with no transportation costs.
4.2 Production Firm
Country i has a representative production firm that operates under perfect competition. The firm
has a linear production technology with a constant unit labor requirement, 1/xi , where xi is the
productivity parameter. Since there are no domestic transportation costs, the firm in country i
charges domestic consumers the factory-gate price, pii = wi /xi . To sell in the foreign country, the
firm must pay Ti0 j 0 per unit of good to the shipper for goods transported from port i0 to port j 0 . Thus,
the firm charges pi0 j 0 = wi /xi + Ti0 j 0 for the product shipped from port i0 to j 0 . The conditions are
similar for goods produced by country j.
4.3 Transportation Industry
The transportation industry is characterized by a three-stage entry game. Here I briefly sketch out the
the stages this entry game. In the first stage, N identical shippers enter the market to transport goods
back and forth between ports i0 and j 0 by paying a fixed cost, f , which is denominated in units of labor.
Paying the fixed cost gives shippers access to a transportation technology with a labor requirement of
1/φ to ship one unit of consumption good. In the second stage, shippers choose an optimal technology
that has a lower unit labor requirement, 1/Φ < 1/φ, and higher fixed cost, F > f .15 In the third
stage, shippers compete à la Cournot in each direction: the quantity to transport from i0 to j 0 and
from j 0 to i0 .16 I consider the pure strategy Nash equilibrium in which, in a given market, all shippers
choose the same technology in the second stage and are symmetric in the third stage.
15

The decision to purchase a ship has important dynamic considerations because the life of a ship spans over
multiple decades (for detailed studies of these considerations, see Kalouptsidi (2014) and Kalouptsidi (2018)). However,
shipping firms have the ability to charter containerships over short periods of time, and it is a common practice among
shipping firms. For example, according to Alphaliner, an intelligence firm that collects data on containerized maritime
transportation, over 53 percent of the worldwide capacity of containerships was from chartered ships, as reported in
the September 2016 Monthly Monitor. This market reduces the dynamic considerations that firms face when making
capital decisions.
16
In the model, shipping firms compete oligopolistically against each other instead of coordinating as a cartel. In the
past, shipping firms have been organized in conferences, which were exempt from antitrust regulations and operated
as cartels. Shipping conferences, however, are no longer relevant in determining shipping prices. The Ocean Shipping
Reform Act of 1998 greatly reduced the importance of conferences for container traffic entering and leaving the United
States. For example, the last major shipping conference that operated in the United States was the Trans-Atlantic
Conference Agreement (TACA), which disappeared in 2008. See Premti (2016) for a discussion of the regulation of
shippers through time.
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The motivation for having a three-stage entry game is that the third stage, in which shippers choose
quantity, corresponds to the short-run decisions of shippers; the second stage, in which shippers make
their technological choice, corresponds to the medium-run decision of shippers; and the first stage, in
which shippers decide whether or not to enter, is the long-run decision.
In this section, I characterize the problem of the transportation industry between two ports. For
ease of exposition, the notation for these two ports is omitted unless it is necessary to indicate the
direction of trade. I also assume that there is a continuous number of shippers that satisfies a zeroprofit condition.17
4.3.1 Third Stage for Shipper’s Problem
I work backward through the entry game. In the third stage, shipping firm n takes the following as
−n
given: the total quantity supplied by competitors, c−n
i0 j 0 and cj 0 i0 ; the nominal income of the representative consumer in each country, characterized by the right-hand side of the budget constraint in
equation 6; wages in both countries; the factory-gate prices of the goods in each country, pii and pjj ;
and price pi0 j 0 of all other port pairs. Shippers use labor from country i to pay both the marginal cost
and the fixed cost.18 The shipper with productivity Φ chooses cni0 j 0 and cnj0 i0 to maximize profits in the
third stage:
−n
π(Φ; c−n
i0 j 0 , cj 0 i0 )

= nmaxn

ci0 j 0 ,cj 0 i0

cni0 j 0



T

i0 j 0



cni0 j 0

+

c−n
i0 j 0





wi
wi
+ cnj0 i0 Tj 0 i0 cnj0 i0 + c−n
,
−
j 0 i0 −
Φ
Φ






(14)

0
0
0
0
where cni0 j 0 + c−n
i0 j 0 is the total quantity supplied by shippers from i to j and similarly from j to i . In
equilibrium, it must be that cni0 j 0 + c−n
i0 j 0 = ci0 j 0 where ci0 j 0 is demand for transportation and is defined
in equation 13. Furthermore, Ti0 j 0 cni0 j 0 + c−n
i0 j 0 is the inverse demand function for transportation. We









−n
n
write the solution to this problem as cni0 j 0 Φ; c−n
i0 j 0 and cj 0 i0 Φ; cj 0 i0 .

4.3.2 Second Stage for Shipper’s Problem
In the first stage, N shippers have entered and have access to a technology with a marginal cost of
wi /φ to transport a unit of consumption good. In the second stage, shippers choose a lower marginal
cost by investing in a more productive technology, Φ ≥ φ, which is associated with a higher fixed cost
of
log F (Φ) = α1 log Φ + α0 .
(15)
17

Notice that a model with a discrete number of shippers and my model give the same answer when my model
predicts a whole number of shippers (e.g., 1, 2, 3, ...). My model tends to overpredict the welfare effects relative to a
model with discrete shippers if there is no entry in the latter model. Similarly, my model tends to underpredict the
welfare effects relative to a model with discrete shippers if there is entry in the latter model. Thus, I consider the
quantitative results to be an average effect of a change in tariffs.
18
In Section 7.1, I discuss why this assumption does not appear to be an important determinant of the quantitative
results.
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The cost F is the total cost of a particular technology. Given that the shipper already paid f in the
first stage, a fixed cost F only requires an additional cost of F −f . It must be that log f = α1 log φ+α0
so that if the shipper chooses technology φ, there would be no additional cost incurred in the second
period. The parameter α1 , which is an important parameter for the quantitative results, governs how
costly it is in terms of the fixed cost to lower the marginal cost.
−n
Firm n takes c−n
i0 j 0 and cj 0 i0 as given and chooses the technology that maximizes its profitability in
the third stage, which must satisfy
−n
dπ(Φ; c−n
dF (Φ)
i0 j 0 , cj 0 i0 )
= wi
.
dΦ
dΦ



(16)


−n
The solution to the second-stage problem can be expressed as Φ c−n
i0 j 0 , cj 0 i0 .

4.3.3 First Stage for Shipper’s Problem
We focus on the equilibrium with N symmetric shippers, which is determined by the free entry
condition. Because of the symmetry condition, we can rewrite all of the solutions as a function of N .
In the first stage, the free entry condition must be satisfied such that the profits in the third stage,
π(N ), equal the total fixed cost from the second stage, F (N ). Notice that even though the shipper
must only pay f in the first stage, the shipper takes into account that there may be an additional cost
incurred in the second stage. Also notice that there are no aggregate profits from the transportation
industry because of the zero profit condition.
4.4 Government
The government gives consumers a lump-sum rebate on all tariff revenue. The tariff revenue in country
j is
Rj = (τij − 1) pij cij .
(17)
There is a similar condition for country i.
4.5 Labor Clearing Conditions
Finally, the labor clearing conditions if only labor from country i is used to operate the transportation
industry is
Ω

Ω

Ω

Ωi X
Ωi X
Ωi X
j
j
j
X
X
ci 0 j 0
ci 0 j 0
cii X
cj 0 i 0
I i0 j 0
I i0 j 0
+
+
+
Ij 0 i0
+ Ni0 j 0 Fi0 j 0 =
xi i0 =1 j 0 =1
xi
Φi0 j 0 i0 =1 j 0 =1
Φi0 j 0
i0 =1 j 0 =1

|

{z

}

Labor used by production firm

|

{z

Labor used by transportation firms
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}

L

i
|{z}

,

Labor endowment

(18)

where Φi0 j 0 is the productivity chosen by shippers that operate between i0 and j 0 in the second second
stage, Ni0 j 0 is the number of shippers that operate, and Fi0 j 0 is the fixed cost that they choose in the
second stage. In country j, the condition is
Ω

Ωi X
j
cjj X
cj 0 i 0
=
+
Ij 0 i0
xj i0 =1 j 0 =1
xj

|

{z

}

Lj

.

(19)

|{z}

Labor endowment

Labor used by production firm

In equilibrium, the balanced trade condition between the two countries is redundant because of Walras’s law.
4.6 Characterizing the Solution for Transportation Industry
I now characterize the solution for the transportation industry. These characterizations will allow a
better understanding of the determinants of the variables, such as markups, in the model. I also use
these expressions when calibrating the model parameters.
Proposition 1. Consider the market to ship consumption goods from i0 to j 0 . Equilibrium transportation costs must satisfy
i0 j 0
wi
Ti0 j 0 =
,
(20)
i0 j 0 − 1
Φ i0 j 0
|

{z

}

| {z }

Markup Marginal Cost

where i0 j 0 is the perceived price elasticity of demand of individual shippers. The perceived price
elasticity of a shipper is
Ti0 j 0
i0 j 0 = Ni0 j 0
κi0 j 0 ,
(21)
pi0 j 0
where κi0 j 0 is determined as follows:
κi0 j 0 = γ − [γ − σ]

p i 0 j 0 ci 0 j 0
τij pi0 j 0 ci0 j 0
− (σ − 1)
.
pij cij
wj Lj + Rj

(22)

We have a similar set of conditions characterizing transportation costs from j 0 to i0 .
Proof. See Appendix B for the full proof.
Equation 20 shows that transportation costs can be expressed as a markup over marginal cost,
where the markup is a function of the perceived price elasticity. The first term of the perceived price
elasticity in equation 21 is the total number of shippers. As this number increases, the perceived
price elasticity of shippers increases. In the case that the number of shippers approaches infinity,
the market structure becomes perfectly competitive, and markups approach 1. The second term,
Ti0 j 0 /pi0 j 0 , is the relative size of transportation costs in the final delivery price of the consumption
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good. As this number declines, transportation costs account for a smaller fraction of the delivery
price, and the perceived price elasticity declines.
The last term, κi0 j 0 , is determined by the importance of trade flows between ports. To understand
this term, consider the following three cases:

κi0 j 0 =




γ




σ




1

if
if
if

pi0 j 0 ci0 j 0
pij cij
pi0 j 0 ci0 j 0
pij cij
pi0 j 0 ci0 j 0
pij cij

= 0 and
= 1 and
= 1 and

τij pi0 j 0 ci0 j 0
wj Lj +Rj
τij pi0 j 0 ci0 j 0
wj Lj +Rj
τij pi0 j 0 ci0 j 0
wj Lj +Rj

=0
=0

(23)

=1

Notice that (pi0 j 0 ci0 j 0 ) / (pij cij ) is the fraction of trade from country i to j that transits from port i0 to
j 0 . Thus, this term considers the importance of a port pair in accounting for total bilateral trade from
i to j. The term (τij pi0 j 0 ci0 j 0 ) / (wj Lj + Rj ) is the fraction of country j’s total expenditure of goods
that transit from port i0 to j 0 .
The first case is one in which trade from port i0 to j 0 accounts for a negligible portion of trade from
country i to j or (pi0 j 0 ci0 j 0 ) / (pij cij ) = 0. Equation 23 shows that in this case, κi0 j 0 is solely determined
by γ. Thus, the γ parameter affects the market power of shippers operating between port pairs that
are not important in accounting for bilateral trade between the two countries: as γ increases, then κi0 j 0
and i0 j 0 increase, and the markup in equation 20 for these shippers declines. The second case is one in
which trade from port i0 to j 0 accounts for all of the trade from country i to j or (pi0 j 0 ci0 j 0 ) / (pij cij ) = 1.
In this case, κi0 j 0 is solely determined by σ. Thus, the σ parameter determines the level of the market
power of shippers that operate between port pairs that are important in accounting for bilateral trade.
In Section 5, I find that γ > σ. Thus, as trade from i0 to j 0 becomes more important, shippers that
operate between these ports charge higher markups. This result arises from shippers internalizing
their ability to influence the pij price index in expression 13.
For example, consider the trade from the United States to Peru. Suppose that a very small fraction
of the goods purchased by Peru are transported from Los Angeles to Callao. Then γ will affect the
market power of the shippers that operate between these two ports. On the other hand, suppose
that all goods purchased by Peru are transported from Los Angeles to Callao. Then σ will affect the
market power of the shippers that operate between these two ports. Because σ < γ, the markup will
be higher in the latter case. The model also allows for intermediate cases: as two ports account for a
larger fraction of bilateral trade between two countries, then κi0 j 0 decreases from γ to σ and markups
increase.
Consider again the case in which shippers operate between port pairs that are important in accounting for bilateral trade. Furthermore, in the third case, trade from i0 to j 0 accounts for a large
fraction of country j’s total expenditure or (τij pi0 j 0 ci0 j 0 ) / (wj Lj + Rj ) = 1. In this case, κi0 j 0 = 1. In
Section 5, I find that 1 < σ. Thus, as country j’s expenditures on goods from i0 to j 0 increase as
a fraction of its total expenditures, the markups of shippers that operate between these two ports
increase. This result arises from shippers understanding that they can influence country j’s aggregate
17

price index, Pj .
If competition arising across ports was not explicitly modeled, then there would be two stark
choices when taking the model to the data. The first would be to define the market as all the
shippers that operate between the same port pair. Thus, a shipper that operates between Oakland
and Callao would not consider the potential competition from shippers operating between Los Angeles
and Callao. The second choice would be to define the market as all the shippers that operate between
two countries. In that case, a shipper would consider competitors operating from Los Angeles to
Callao as exactly identical to those operating from Oakland to Callao.
In this methodology, port pairs are imperfectly substitutable, and the parameter that governs
the substitutability can be estimated in the data. The results are consistent with other models of
oligopolistic competition with CES industry demand in which the market share of a firm is sufficient
information to infer markups, as in Atkeson and Burstein (2008). In my methodology, three different
market shares are needed to determine the markup. The first is the market share of a shipper among
the firms that operate between two ports, which in this case is the same as knowing the number of
firms. The second, for total bilateral trade, is the market share of trade accounted for by two ports.
The third, for a country’s total expenditure, is the market share accounted for by trade between two
ports.
In Proposition 2, I derive a condition that characterizes the profitability of shipping firms as a
function of the value of bilateral trade and the number of shippers.
Proposition 2. The equilibrium profits for shippers in equation 14 can be rewritten as
π i0 j 0 =

ci 0 j 0 p i 0 j 0 cj 0 i 0 p j 0 i 0
+ 2
,
N 2 κi0 j 0
N κj 0 i0

(24)

where πi0 j 0 is the total profit of shippers (before payment of the fixed cost) that operate between ports
i0 and j 0 .
Proof. See Appendix B for the full proof.
Equation 24 shows that profitability is increasing in the equilibrium trade flows between ports and
decreasing in the number of shippers. The profitability of shippers is also decreasing in κi0 j 0 and κj 0 i0 .

5 Transportation Technology
In this section, I use conditions from the model in Section 4 to find the marginal and fixed costs for
each U.S.-foreign port pair in the data. Using this information, I find two results that support the
importance of endogenizing a technological choice for shippers in the model. First, I find that markets
with larger trade flows have higher fixed costs and lower marginal costs. Second, I use the marginal
and fixed costs and determine whether small markets have high transportation costs because of having
high markups or because of high marginal costs.
18

5.1 Elasticities of the Model
As a first step, I describe the values used for the two elasticities of the model: the elasticity of
substitution across port pairs, γ, and the elasticity of substitution across country-level goods, σ.
These elasticities are needed to calculate the marginal and fixed costs for each U.S.-foreign port pair.
5.1.1 Elasticity of Substitution across Port Pairs, γ
To estimate γ, I derive a gravity equation from the model of port-to-port trade flows, which is a result
of the CES demand structure for the final good. I combine equations 7 and 11 to find the following
condition that characterizes the port-to-port value of trade:




−σ σ−1
ζ (wj Lj + Rj ) .
log pi0 j 0 ci0 j 0 = (1 − γ) log pi0 j 0 + log βi0 + log βj 0 + log pγ−σ
ij τij Pj

(25)

I then estimate the following regression using all of the observations in the dataset:
log T radeF lowsi0 j 0 = η0 + η1 log P ricei0 j 0 + Ii0 + Ij 0 + i0 j 0 ,

(26)

where T radeF lowsi0 j 0 is the value of trade flows from port i0 in the United States to j 0 abroad, P ricei0 j 0
is the delivery price of the good at the destination, Ii0 is a U.S. port fixed effect, and Ij 0 is a foreign
port fixed effect. The intuition behind the identification strategy is that, controlling for the size of
the origin and destination ports, I want to compare the changes in trade flows with differences in the
delivery price of the good. If small changes in prices are associated with large changes in trade flows,
then I infer that γ is relatively high. In the estimation, an origin U.S. port dummy is included to
control for βi0 , and a foreign destination port dummy to control for the last two terms in equation 25.
The delivery price, P ricei0 j 0 , is the factory-gate price of the good plus the transportation cost.
Notice that the relative importance of transportation costs in the overall price of the good will affect
the estimation of γ. For example, suppose that the transportation costs are a relatively small part of
the delivery price of the good. Then the delivery price will not vary significantly across destinations.
Consequently, γ would need to be large in order to rationalize the observed variation in trade flows.
In Appendix C, I find that the factory-gate price that is consistent with the ad valorem transportation
cost is 10.7 percent for the average commodity entering the United States, as documented by Anderson
and van Wincoop (2004), as well as the observed trade flows and transportation costs. I find a
factory-gate price of $12,265. Thus, when estimating equation 26, I use the delivery price P ricei0 j 0 =
$12, 265 + F reighti0 j 0 in the regression in equation 26.
Table 9 reports the results of the estimation of equation 26. Across all specifications, there is a
negative correlation between trade flows and the delivery price of the good. In the first specification,
fixed effects are not included. In the second and third specifications, only U.S. port or destination
port dummies are included. The fourth specification includes both U.S. and destination port dummies
and is the preferred specification since it is consistent with the model. The coefficient on the delivery
19

price of the good is η1 = −12.89, indicating that γ = 13.89.
It is useful to note that equation 26 was derived from the model, and the estimation is a modelconsistent way of recovering γ. However, we may still have concerns about the estimation. One
concern is that there are both demand and cost differences across markets that may confound the
estimation of γ. The intuition for how the model overcomes this challenge is that for each U.S. port,
there are multiple observations, so the estimation can control for size with a fixed effect (βi0 in equation
26) and likewise for each foreign port (fixed effect βj 0 ). Thus, the estimation holds fixed these demand
factors and compares how the changes in the delivery price are related to changes in trade flows.
Another concern is that there may be measurement error in the explanatory variable. Measurement
error in the delivery price (e.g., from unobserved costs) will result in attenuation bias and lower the
estimate of γ. Notice that a lower γ implies higher markups for shippers. Thus, I consider my results
to be a conservative estimate on the importance of markups in explaining differences in transportation
costs. In Section 6.2, I report the distribution of markups in the calibrated model.
5.1.2 Elasticity of Substitution across Country-Level Goods, σ
I use a value of σ that generates similar trade elasticities relative to those reported in the international
trade literature. Notice that as σ increases, trade flows become more responsive to changes in tariffs.
In the calibrated model, I use σ = 5. In the quantitative exercise in Section 7, I find that a 1
percent bilateral increase in tariffs trade leads to a decline of 5.42 percent in total bilateral trade flows
in the median U.S.-foreign port pair. This trade elasticity is in line with estimates from empirical
studies. For example, Head and Mayer (2014) carry out a meta-analysis of empirical estimates of
trade elasticity using variation in tariff rates and find a median estimate of 5.03. Thus, the trade
elasticity implied by the model is similar to the findings in the international trade literature.
5.2 Finding Transportation Technology
As a next step, I find the marginal cost and fixed cost for each U.S.-foreign port pair in my data.19
5.2.1 Finding Marginal Cost
The next step is to use the transportation costs from the data in order to back out the marginal
cost of transporting goods from U.S. to foreign ports. As can be seen in equation 20, transportation
costs depend on both the marginal cost and the markup. The markup depends on factors related to
competition, such as the number of shippers, as well as on the importance of the trading route in
19

The strategies used to find the marginal cost and fixed cost have been previously used in the literature of industrial
organization. For example, De Loecker, Goldberg, Khandelwal, and Pavcnik (2016) use markups implied by a system
of demand along with prices to find the marginal cost of firms (see Ackerberg, Benkard, Berry, and Pakes (2007) for
a detailed survey). The use of market size along with the number of producers to measure entry costs has also been
previously used in the literature (e.g., Bresnahan and Reiss (1990) and Bresnahan and Reiss (1991) are early examples
of this methodology).
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accounting for bilateral trade between the two countries. Thus, I adjust for these factors when using
transportation costs to determine marginal cost. To understand the identification strategy, suppose
that there are two markets in which shippers have the same perceived price elasticity. However, if one
market has a higher transportation cost, then the model interprets that market as having a higher
marginal cost.
I first calculate the perceived price elasticity characterized in equation 21. Once the perceived
price elasticity is calculated, I use equation 20 to find the marginal cost.
5.2.2 Finding Fixed Cost
I use the condition in equation 24, along with the zero profit condition, to determine the fixed cost of
entry for each market. The zero profit condition implies that the fixed cost can be determined using
information about the size of trade flows, the number of shippers, and κi0 j 0 . The intuition behind the
identification strategy is that profits are an increasing function of the trade flows between two ports.
Thus, if two markets are the same except that one has larger trade flows, I interpret the latter market
as having a higher fixed cost.
Since the number of shippers is continuous in the model and not in the data, I make an adjustment
to the number of shippers used to find the fixed cost. For example, if there are 2 shippers that operate
between two ports, then there is information about the bounds on the fixed costs: the fixed costs are
low enough for two shippers to enter, but high enough to prevent a third shipper from entering. In
order to capture a middle range of the possible fixed costs, if there are 2 shippers in the data, I use
2.5 shippers to find the fixed cost.
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5.3 Results
I now report two results that emerge from the marginal and fixed costs that I found in Section 5.2.
5.3.1 Result 1: Larger Markets Have Higher Fixed Costs and Lower Marginal Costs
Figure 1 shows a scatterplot of the fixed costs versus marginal costs found. The data were fitted with
a LOWESS regression function, which is non-parametric in order to flexibly characterize the data. I
find a robust pattern in which higher fixed costs are associated with lower marginal costs. In order to
better understand how these findings relate to market size, Panel A of Figure 2 shows the scatterplot
of the fixed cost versus port-to-port trade flows; Panel B shows a scatterplot of the marginal cost
versus port-to-port trade flows. Larger markets have both a higher fixed costs and a lower marginal
costs.
The relationship between fixed and marginal costs relative to market size emerges intuitively from
the results in Section 3. The data show that there are only small increases in the number of shippers
as market size increases. The model interprets this relationship as increasing fixed costs in larger
markets. At the same time, the larger markets also tend to have lower prices, which cannot be fully
accounted for by differences in markups.
5.3.2 Result 2: High Transportation Costs Are Due to High Marginal Costs (and Not
Markups)
As can be seen in equation 20, high transportation costs can be driven by either high marginal costs
or high markups. Thus, the model has two potential forces that can explain why large markets have
lower transportation costs. The first is related to the technological choice of shippers. As market size
grows, shippers find it worthwhile to adopt a technology with a lower marginal cost and a higher fixed
cost. The second is related to the fact that larger markets tend to also have more shippers, which
lowers markups.
To better understand these two forces, I calculate the correlation between transportation costs
and marginal costs and find that it is 0.87, which indicates that differences in marginal costs are
the main driver of differences in transportation costs. As a second step, I calculate the correlation
between transportation costs and markups and find that it is -0.20. Thus, differences in markups are
quantitatively much less important than differences in marginal costs. Furthermore, markups tend to
mitigate the effects of a high marginal cost on transportation costs.
These relationships are based on cross-sectional variation in the data. As discussed below, this
finding is consistent with the quantitative exercise. When tariffs are raised in the quantitative exercise,
changes in transportation costs in the model are driven entirely by changes in marginal cost. Also,
changes in markups mitigate the effect that increases in marginal cost have on transportation costs.
This latter fact is consistent with models in which there is imperfect pass-through of changes in
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Figure 2
Fixed Cost and Marginal Cost vs. Trade Flows
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marginal cost: increases in marginal cost are not fully reflected in transportation costs, and as a
result, markups decline.
5.4 How Do Regulatory Costs Map into Fixed and Marginal Costs?
Suppose that firms face the following technological trade-off between fixed and marginal costs:
log F C T = α0T − α1T log M C T ,

(27)

where F C T is the technological component of the fixed cost, M C T is the technological component of
the marginal cost, and α0T and α1T > 0 are technological in nature. For example, if two ports are very
far away, then α0T is higher.
Shippers may also face non-technological costs. For example, there may be poor regulatory environments that increase costs for firms (e.g., red tape, delays at ports, or strong unions that attempt
to extract rents). I suppose that there are additional costs that affect the total fixed cost, F C, and
the total marginal cost, M C, in the following way:
F C = ξFRC F C T ,

(28)

R
T
M C = ξM
CMC ,

(29)

R
R
R
where ξFRC ≥ 1 and ξM
C ≥ 1. Parameters ξF C and ξM C represent the non-technological costs that
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firms face. I substitute equations 28 and 29 into equation 27 and rearrange to find
log F C = −

h

α1T

i

R
R
log M C + α0T + α1T log ξM
C + log ξF C .

|{z}

|

α1 in equation 15

{z

α0 in equation 15

(30)

}

Thus, the trade-off between the total fixed cost and the total marginal cost is determined by α1T ,
which is technological in nature. For a given marginal cost, the level of fixed costs is determined
by a mixture of technological and non-technological costs. Figure 3 shows an example of the choice
that shippers face in a high- versus low-cost scenario. Notice that the formulation in equation 30 is
R
R
consistent with equation 15 in the model when α1 = α1T and α0 = α0T + α1T log ξM
C + log ξF C .

Figure 3
Simple Example of Fixed Cost versus Marginal Cost
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6 Calibration
In Section 5.1, I have determined the elasticities of the model, γ and σ. I have also determined the
equilibrium fixed cost and marginal cost expressed in dollar terms for each U.S.-foreign port pair. In
this section, I calibrate the two-country model presented in Section 4 for each foreign country in the
dataset. Thus, the focus is on a bilateral reduction in tariffs as opposed to a multilateral reduction.
The α1 is a key parameter in governing the mechanism pertaining to why larger markets tend to
have lower prices. First, suppose that α1 is high. In this case, as market size grows, shippers do not
find it favorable to lower their marginal cost and raise their fixed cost. On the other hand, the entry
of new shippers will lower the markups. Thus, if α1 is relatively high, then differences in markups
account for differences in transportation costs between large and small markets. Second, suppose
that α1 is relatively low. As market size grows, firms find it worthwhile to raise their fixed cost,
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which deters entry. On the other hand, marginal cost declines, which lowers transportation costs.
Thus, if α1 is relatively low, then differences in marginal cost primarily account for the differences in
transportation costs. The previous empirical results suggest that α1 is relatively low. For example,
the results in Section 3 show that increases in market size tend to be primarily accompanied by
larger shippers as opposed to more shippers. Furthermore, the results in Section 5 suggest that the
differences in marginal cost drive the differences in transportation costs.
Table 10 shows a summary of each parameter and how they are pinned down. In each calibration,
the following parameters are normalized to 1 without loss of generality: the labor endowment of the
United States, the productivity of the production firms, xi , in each country, and wages in the United
States. I also use the labor of the United States as the input for the shippers, which implies that the
United States is country i.
It is useful to make a point about how the number of shippers is mapped from the data to the
model. The number of shippers in this model correspond to the number of firms that transport
goods between a U.S. and a foreign port. For example, if A.P. Møller-Maersk and Evergreen Shipping
operate between Los Angeles and a foreign port, then there are two shippers in the model that have
entered that market.
6.1 Calibrating Model Parameters
In this section, I describe the calibration of the model parameters. The calibration takes place in three
separate steps. In the first step, I find the port-level expenditure weights, βi0 and βj 0 . In the second
step, I find the labor endowments, Li , and home bias parameter, ζ. In the final step, I calibrate the
parameter that governs the trade-off between the fixed cost and marginal cost, α1 .
6.1.1 Port-Level Expenditure Weights, βi0 and βj 0
Equation 10 shows that there are port-level expenditure weights βi0 and βj 0 in the determination of
the composite good cij . To better understand how these port-level expenditure weights operate, it is
useful to refer to equation 11, which is the demand for ci0 j 0 . The equation shows that as βi0 increases,
then port i0 becomes increasingly important relative to other ports in i in accounting for the goods
that country j purchases. Furthermore, as βj 0 increases, then port j 0 becomes increasingly important
relative to other ports in j in accounting for the goods that country j purchases. These port-level
expenditure weights are useful because they allow the model to more flexibly match the trade flows
observed in the data. In particular, the expenditure weights enable the model to better capture these
large differences in market shares.
To determine port-level expenditure weights βi0 and βj 0 , I reestimate equation 26 for each U.S.foreign country pair to find the port-level expenditure weights.20 Once I estimate the regression in
20
The omitted variable of the regression implies that the expenditure weight for one U.S. port and one foreign port
is normalized to 1. This is a normalization because the expenditure weights determine the relative importance of each
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equation 26, we have that log βi0 = Ii0 and log βj 0 = Ij 0 . Notice that the intuition for identification
is that, holding fixed transportation costs, the coefficients βi0 and βj 0 are chosen to best match the
importance of ports i0 and j 0 .
When estimating equation 26 in Section 5.1 to find γ, all of the observations are pooled to maximize the amount of variation in the data to identify the substitutability across ports. To find the
expenditure weights of ports, I estimate one regression for each U.S.-foreign country pair. This allows
more flexibility in matching the data and the market shares of ports in accounting for bilateral trade.
For example, the distribution of port-level activity for United States-Peru trade may be different from
that of United States-Germany.
6.1.2 Labor Endowments, Li , and Home Bias Parameters, ζ
The next step is to calibrate the labor endowments and home bias parameters. The labor endowment
determines the size of the foreign economy relative to the United States. Equation 7 shows that the
home bias parameter determines the level of trade between the two countries. To calibrate these two
parameters, I feed into the model the number of shippers and the transportation costs observed in
the data; I use the elasticities, marginal cost, and fixed costs previously found in Section 5; and I use
the port-level expenditure weights from Section 6.1.1.21 I then simulate the model and find the labor
endowment of the foreign country so that the model matches the relative GDP of the two countries.
The home bias parameter, ζ, is also set so that the model matches the ratio of imports to GDP for
both countries.22
Notice that when the model is calibrated, the shippers are not allowed to reoptimize in terms of
number of shippers, technological choice, and transportation costs charged. This calibration, however,
is a model-consistent way of identifying the labor endowments and the home bias parameters. For
example, suppose that a set of labor endowments and home bias parameters are chosen, and data
is simulated from the model, allowing for the decision of shippers to be endogenous. These model
parameters can be recovered using this methodology on the model-simulated data.
6.1.3 Calibrating the Relationship between the Fixed and Marginal Cost, α1
The next step is to pin down the technological choices available to shippers. As seen in Figure 3, the
menu of choices is characterized by the slope of the line, governed by α1 in equation 15, and the level,
governed by α0 .
To calibrate α1 , we use the following procedure. First, I find the α0 for each U.S.-foreign port
observation that is consistent with the marginal and fixed cost that I found in Section 5.2 by report.
21
In Appendix D, I discuss how I map transportation costs, marginal cost, and fixed cost, all of which are expressed
in dollars, into comparable moments in the model.
22
Note that since the GDP of each country is a calibration target, once the home bias parameter is calibrated, the
model matches the import penetration of both countries.
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arranging equation 15. Having a different α0 for each U.S.-foreign port pair aims at capturing the
heterogeneous costs across markets, which, as equation 30 shows, reflects a mixture of technological
and non–technological costs. The marginal and fixed costs that I backed out using the data in Section
5.2, which are in dollars, are mapped to those in the model, as described in Appendix D.
In equilibrium, a higher α1 is associated with a higher average number of shippers.23 The reason
is that as α1 increases, shippers do not find it worthwhile to choose a low marginal cost and high fixed
cost technology, which deters entry. If α1 = 2.60, then there are 2.5 shippers in the average market,
which matches the data, as can be seen in Table 1.
6.2 Distribution of Markups in Calibrated Model
I now discuss the distribution of markups implied by the model. I focus on the markups charged
by shippers from U.S. ports to foreign ports. The markups are weighted by the number of firms in
each market, in order to calculate the average markup charged by shippers. First, I find that the
distribution is normally distributed with a mean of 1.49. The distribution has a standard deviation
of 0.06, and the 90th and 10th percentiles of the distribution are 1.55 and 1.40, respectively. The
distribution is similar for the markups from foreign ports to U.S. ports.
I have not found other studies that calculate the markups of firms in the containerized maritime
transportation industry with which I could compare my results. The only study that I could find
was De Loecker and Eeckhout (2017), which reports weighted markups for broad two-digit NAICS
industry codes in the United States. The closest industry is the transportation industry, which
is code 48. This broad industry category includes diverse modes of transportation including air,
rail, trucking, taxis, and pipelines (transporting oil and natural gas); this industry also includes the
transport of both passengers and goods. For this industry, they find a weighted markup of a little
under 1.25 (see Figure B.6 therein). Thus, the markups in my model are higher than those found
in the transportation industry in the United States. Obviously, the transportation industry includes
many modes of transportation that are not related to containerized maritime transportation. Thus,
it is also useful to compare my markups with the weighted markups for the entire economy, which the
authors find to be 1.67. Overall, the markups from the model are within a plausible range relative to
those found by De Loecker and Eeckhout (2017).
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I use the following algorithm to solve the model given α0 and α1 . First, the model is solved holding fixed the
technological choice of firms in the case that all firms choose a very low fixed cost and high marginal cost. Here, I choose
a marginal cost of $2,000. Given the low fixed cost, there is positive entry in all markets. However, the condition that
characterizes the optimal technology, characterized in equation 16, is not satisfied. Thus, I raise the fixed costs across
markets until the optimal technology condition is satisfied. Furthermore, I drop any markets for which the number
of shippers drops below 1 as the fixed cost is raised. In the final calibration, I drop 19 percent of the markets in the
original sample. However, these markets tend to be small and for the average country constitute 1 percent of total
bilateral trade flows in the data.
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6.3 Comparing the Calibrated Model and Data
In Tables 11-15, I regenerate Tables 1-5 and include the same statistics for the model-generated data.
In order to compare model output and data, I convert the transportation costs and value of trade
flows from the model into dollars using the strategy outlined in Appendix D. The model captures the
key features of the data summarized in Section 3 reasonably well. Table 11 reports the unconditional
distribution of transportation costs for shipping from the United States to foreign ports, the number
of shippers, and trade flows. The distribution of transportation costs and number of shippers is of
special interest, given the goal of the quantitative exercise. The model matches the unconditional
distribution well for both of these variables. Notice that the median number of shippers in the model
is 2.5, which is a calibrated target. The other distribution moments, however, were not targeted in the
calibration. Table 13 shows that the model generates a similar relationship between transportation
costs and the GDP of countries as in the data, and similarly for Table 15 with average shipper size.
Table 14 shows that the model does not generate as strong of a positive relationship between the
number of shippers and GDP as observed in the data.
Figure 4 shows the relationship between transportation costs and distance in both the data and
the model. A LOWESS regression function is also included for both cases. In both cases, there is
not a strong relationship between transportation costs and distance. Figure 5 shows the relationship
between transportation costs and the GDP of the destination country in both the data and the model.
There is a negative correlation between transportation costs and the GDP of the destination country.
Also, in both figures, the model reasonably captures the relationships found in the data.
As an additional robustness exercise, in Sections 7.2-7.3, I compare how transportation costs,
number of shippers, and average shipper size change as trade flows change in the model and compare
those with the results from the reduced form approach presented in Section 3.6.

7 Quantitative Exercise
In this section, I raise tariffs by 1 percent for both the United States and the foreign country. As
mentioned before, I calibrate a two-country model for each U.S.-foreign country pair. I decompose
the changes in real income into what can be accounted for by changes in tariffs, transportation costs,
and wages. I also study changes in the transportation industry as a result of the lower trade flows.
7.1 Changes in Real Income
The real income of a country before the change in tariffs, Y , is defined as
Y =

wL + R
,
P
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where w is wage, L is the labor endowment, R is the tariff revenue, and P is the aggregate price
index. The real income after the change in tariffs, Y 0 , is similarly defined. The percentage change in
real income, ∆Y , is
Y0−Y
∆Y =
∗ 100.
(32)
Y
In all cases, there is a decline in real income for both the United States and the foreign country. On
average, the United States loses -0.000037, percent and the foreign country loses -0.002637 percent.
One concern when conducting the welfare analysis could be that the full cost of new transportation
infrastructure is not taken into account. For example, suppose that two countries liberalize trade and,
as a result, trade flows increase. In the quantitative exercise, more shippers enter, and shippers will
choose a technology with a higher fixed cost and a lower marginal cost. These changes may require
new or improved transportation infrastructure. I argue, however, that the cost associated with the
new transportation infrastructure is considered in the welfare analysis. The reason is that shippers
are usually charged fees to use the port, which in most cases is owned by the government or a related
entity. If the shippers are charged for both the costs of operating the port and the capital costs, then
the cost of infrastructure is captured by the marginal and fixed costs inferred.
The aim is to understand the importance of changing transportation costs in accounting for changes
in real income. As mentioned before, quantitative trade models do not typically account for changes
in transportation costs when evaluating the effects of changing policy. Thus, I decompose ∆Y into the
changes that can be accounted for by transportation costs, tariffs, and wages. To decompose changes
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in real income, first define YT0 arif f s as
YT0 arif f s =

wL + R0
,
PT0 arif f s

(33)

where PT0 arif f s is the price index if all equilibrium variables are left the same when computing the
price index and only tariffs are changed. To compute YT0 arif f s , I change the tariff revenue and adjust
the price index to reflect the new tariff rates. In the case of an increase in tariffs, tariff revenue
increases but the price index also increases. Notice that this is not an equilibrium outcome. For
example, changes in tariffs would imply that wages and transportation costs would adjust, but if
these variables are adjusted to the equilibrium outcome, the relative importance of the changes in
tariffs versus transportation costs and wages cannot be understood. Similarly, let YT0 ransp be
YT0 ransp =

wL + R
,
PT0 ransp

(34)

where PT0 ransp is the price index if transportation costs are changed and everything else is left constant.
Finally, let YW0 ages be
w0 L + R
0
YW ages =
,
(35)
0
PW
ages
0
where PW
ages is the price index if wages are changed and all other equilibrium variables are left the
same. The percentage change in real income accounted for by the change in tariffs is

∆YT arif f s =

YT0 arif f s − Y
Y
30

!

∗ 100,

(36)

and similarly for ∆YT ransp and ∆YW ages , which are the changes accounted for by transportation costs
and wages, respectively. These changes do not necessarily sum to the percentage change in real
income. Thus, a residual term is defined as follows
∆YResidual = ∆Y − ∆YT arif f s − ∆YT ransp − ∆YW ages .

(37)

Quantitatively, this residual term is small in all the simulations.
Transportation costs account for a significant portion of the changes in real income. On average,
changing transportation costs account for 46 percent of the losses in real income for the United States.
The 90th and 10th percentiles are 77 and 21, respectively. Tariffs account for 53 percent of the losses
in real income for the United States. Thus, transportation costs are almost as important as tariffs in
accounting for changes in real income. The changes in wages, on the other hand, are quantitatively
less important. Wages account for 2 percent of the real income losses on average. The 90th and
10th percentiles are 11 and -3, respectively. This last result indicates that changes in wages are not
the main driving factor of the results. It also confirms that using labor from the United States for
the transportation industry does not drive the welfare results. We may be concerned, for example,
that changes in the demand for transportation services may affect the wages of the United States and
consequently affect the estimated welfare effects. Finally, the distribution of these components for the
foreign country is similar to that of the United States. For example, on average, 43 percent of the
losses in the foreign country are accounted for by changes in transportation costs, which is similar to
the losses in the United States.
7.2 Changes in Transportation Costs
I now discuss the changes in transportation costs as a result of the reduction in tariffs. On average,
the increase in tariffs results in a 1.49 percent increase in transportation costs from the United States
to foreign ports. In equation 20, it can be seen that the percentage changes in transportation costs
can be decomposed into the percentage change accounted for by the marginal cost and markups. The
average percentage change in markups is -0.14, and the average percentage change in marginal cost
is 1.64. Thus, the changes in transportation costs are driven entirely by the changes in marginal cost.
Notice that two contradictory forces affect markups. On the one hand, the decrease in the number of
shippers raises markups. On the other hand, the increase in marginal cost lowers markups because of
imperfect pass-through: the full increase in marginal cost is not fully reflected in the transportation
costs. The latter force dominates, which explains why markups decline.
Next, I calculate the ratio of the percentage change in transportation costs and the percentage
change in trade flows for each observation. Doing so yields an elasticity of the responsiveness of
transportation costs to changes in trade flows through an increase in tariffs. In the mean case, a 1
percent decrease in trade flows is associated with an increase of 0.25 percent in transportation costs.
This elasticity varies most consistently with the initial level of the marginal cost. Figure 6 shows the
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elasticity of transportation costs with respect to trade flows compared to the marginal cost before
the change in tariffs. There is a negative relationship between these two variables. Thus, the small
markets that have a high marginal cost also tend to be those with the most responsive transportation
costs. Next, the markets with high marginal costs also have the most responsive changes in technology.
Figure 7 compares the percentage change in the marginal cost with the marginal cost before the change
in tariffs.

Figure 6
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As a robustness check, I compare the elasticity of transportation costs with respect to trade flows
implied by the model and by the IV approach in Section 3.6. In the model, a 1 percent decrease in
trade flows is associated with a 0.25 percent increase in transportation costs, whereas when using the
IV approach, there is an increase of 0.23 percent. Thus, the model and the IV approach imply similar
elasticities for the responsiveness of transportation costs with respect to trade flows.
7.3 Does the Decline in Trade Flows Lead to Fewer Shippers or Lower Average Shipper
Size?
Equation 4 shows that a decline in trade flows can lead to either fewer shippers or a decline in the
average shipper size. Table 16 reports the mean elasticity for these statistics: on average, a 1 percent
decrease in trade flows is associated with a 0.16 percent decrease in the number of shippers and a 0.85
percent decrease in the average shipper size. Thus, the average shipper size, and not the number of
shippers, is more reactive to changes in trade flows.
I compare these results with the elasticities implied by the IV approach in Section 3.6. The IV
approach implies that a 1 percent decline in trade flows is associated with a decline of 0.06 percent in
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the number of shippers and a 0.94 decrease percent in the average shipper size. Thus, the model and
IV approach have similar predictions in terms of how responsive the number of shippers and average
shipper size are to changes in trade flows.
Table 16 summarizes the elasticities from the model as well as empirical methods for the changes
in transportation costs, number of shippers, and average shipper size with respect to trade flows.
The predictions of the two methods are similar. Two points should be made about this comparison.
First, notice that endogenous fixed costs are necessary in the model in order to match the entry
patterns of shippers: a model without endogenous fixed costs would overpredict the entry of shippers
and underpredict the average shipper size. Second, the reduced-form strategy that makes use of the
IV approach provides useful insights as to how the transportation industry responds to changes in
trade flows. The question that I aim to answer, however, is related to the implications of considering
the transportation industry when conducting a welfare analysis. A model is needed for the welfare
analysis for two reasons. First, it is important to consider the fixed and marginal costs in the welfare
analysis. These costs, however, are typically not observed in the data and require an underlying
model to recover them. Second, there are general equilibrium effects that the quantitative model
incorporates when considering a change in tariffs.
7.4 Examination of Transportation Technology
The technological choice that shippers face is modeled in a relatively simple manner as a tradeoff
between fixed cost and marginal cost. This simple formulation, which abstracts from many of the
intricacies of the transportation industry, is useful because it allows for a tractable model that can
be embeded into a general equilibrium model. It is comforting to see that this model can quantita-
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tively account for how changes in market size affects the number of shippers and prices within the
transportation industry as shown in Sections 7.2 and 7.3. However, given the complexities of the
transportation industry, it is also useful to compare the results of this model with more detailed studies of the transportation technology. For that reason, I look to the transportation literature, which
has studied in detail the cost savings associated with adopting larger ships. I rely on the work of
Cullinane and Khanna (1999) and Cullinane and Khanna (2000), who calculated the average cost per
container for various ship sizes. In the language of the authors, as ships become larger, shippers enjoy
economies of scale at sea and diseconomies of scale at port. In particular, the economies of scale at
sea arise from various forces: the average cost per container declines because of lower capital costs
per container, lower operating costs per container (insurance, administration cost, crew cost, and
maintenance), lower fuel costs per container, and faster speed, which allows the ship to spend fewer
days at sea. On the other hand, the diseconomies of scale at port arise from larger ships spending a
longer time in port. The authors’ detailed calculations of average cost take all of these factors into
account.
Table 17 shows the average cost per container as calculated by the authors for three voyages:
trans-Atlantic (4,000 miles), trans-Pacific (8,000 miles), and Europe to East Asia (11,500 miles). The
average cost per container is a function of the number of containers the ship holds. I also calculate
the elasticity of the decline in average cost per container with respect to ship size.
A few important results emerge from the table. First, the table gives an approximate range for the
elasticities: for the trans-Atlantic voyage, the average elasticity is 0.17; for the trans-Pacific voyage,
the average elasticity is 0.26; for the Europe to East Asia voyage, the average elasticity is 0.30. Second,
we find that as capacity increases, there is a decline in the elasticities. Thus, as ships become larger,
the decline in average cost with respect to ship size becomes smaller. Third, the elasticities tend to
be larger for longer voyages. Thus, the cost savings from adopting larger ships are more important
for longer voyages.
To compare these results with the quantitative results from the model, we need to suppose that the
shipper size in the model, which is in terms of value of trade flows transported, is directly proportional
to the ship size that the shipper uses. For example, if the shipper size in the quantitative exercises
doubles, then that would correspond to the ship size used doubling as well. I find that in the average
simulation, the model predicts an elasticity of 0.30 for the decline in average cost with respect to
shipper size. Notice that this elasticity is similar to the elasticities found in Table 17. As a second
step, I estimate a regression using the model output in which the dependent variable is the log elasticity
of average cost with respect to shipper size. The two dependent variables are the log of the value
of trade flows before the change in tariffs and the log distance between the two ports. I find that
the coefficient on the size of initial trade flows is negative and statistically significant: controlling for
distance, the markets in which the shippers were already large experienced smaller declines in average
cost with respect to increases in trade flows. Notice that this result is consistent with the second
result from the previous paragraph. I also find that the coefficient on distance is positive: controlling
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for the size of shippers, the markets that were farther away saw a larger decline in average cost with
respect to increases in trade flows. Notice that this result is consistent with the third result from the
previous paragraph.
The authors also provide details regarding their calculations of fixed cost. First, supposing that
the fixed cost is only related to the cost of capital of the ship, the authors find an elasticity of 0.759 for
the daily capital cost with respect to the capacity of the ship.24 Second, supposing that the fixed cost
includes capital costs as well as repair and maintenance, insurance, administrative, and crew costs,
they report an elasticity of 0.82.25 In the quantitative results, I find an elasticity of fixed cost with
respect to shipper size of 0.85 on average.
The results above seem to indicate that ship size is a driver of the results of the model. We must be
cautious, however, because the model has abstracted from the network structure of the transportation
network which may affect ship size. Understanding how various transportation technologies–the choice
of ship sizes along with the decision of which ports are serviced together–affect transportation costs
and the implied gains from trade is a useful area for future research.

8 Conclusion
In this paper, I have studied the effects of a change in tariffs on the transportation industry and the
implications for the estimated welfare effects of the policy change. The mechanisms analyzed in this
paper, however, apply more broadly to any situation in which there is a change in market size. For
example, policymakers have recently emphasized reducing the procedural delays that shipments face
in customs. Lowering these types of trade costs will increase trade flows and lower transportation costs
in the same manner as tariffs. These effects may be present even in situations that are not directly
related to international trade. For example, if a country improves its road infrastructure, leading to
more international trade, then this country may also enjoy lower international transportation costs.
The study of the transportation industry and of how transportation costs are determined is a
relatively underexplored area in the field of international trade. This paper points to two areas
for future research. First, the analysis has not focused on how shippers decide to structure their
network. As mentioned before, there are strong complementarities across ports: a ship that travels
from the United States to Chile can also make stops at ports in Peru. Thus, the transportation
costs of a country are determined by the size of its own trade flows in addition to the trade flows
of its neighbors. These spillovers across countries can have implications for trade policies that have
24

The authors suppose that the daily capital cost is proportional to the price of the ship. In particular, they apply
a capital recovery factor in the case that the ship has a life of 20 years, a salvage value of zero, and an interest rate of
10 percent.
25
The authors report the total daily fixed cost of ships with a capacity of 200 ($4,280) and 3,400 ($26,860) 20-foot
containers. The midpoint method gives an elasticity of 0.82 ( (22,580 / 15,570) / ( 3200 / 1800 ) ). The authors also
report that these numbers are similar to those reported in the charter markets, where container ships can be rented for
short periods of time.
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not been explored in the literature. For example, a U.S.-Chile free trade agreement could lower the
transportation costs for neighboring countries such as Peru. One exception is the work of Brancaccio,
Kalouptsidi, and Papageorgiou (2017), who study these types of spillovers across countries.
Second, it would be useful to expand the analysis to include other modes of transportation. I have
focused on the containerized maritime transportation industry, which allows for collecting detailed
data about this one mode of transportation and conducting a careful analysis. Goods can, however, be
transported in alternative ways, including by truck, rail, and plane. It would be useful to understand
how sensitive changes in transportation costs are in other modes of transportation. Research suggests
that trade costs decline when total bilateral trade, which includes all modes of transportation, increases. For example, Anderson, Vesselovsky, and Yotov (2016) use a gravity framework and find that
U.S.-Canada trade costs decline with increased trade flows. Breaking down these effects into different
modes of transportation would be informative for policymakers in fully understanding the effects of
changes in trade policy.
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Tables
Table 1
Summary Statistics

Freight ($)
Number of shippers
Trade flows (million $)
Average shipper size (million $)
Distance (nautical miles)

St. dev.

Mean

10

768
1.4
3,830
689
2,944

1,844
2.1
923
308
6,893

1,063
1.0
6
4
3,313

Percentile
50
1,702
2.0
142
87
6,920

90

2,749
4.0
1,769
795
10,686

Table 1 reports descriptive statistics for the assembled dataset, which is described in Section 3. It reports the standard
deviation, mean, 10 percentile, 50th percentile, and 90th percentile for the following: freight prices ($), number of
shippers, total port-to-port containerized trade flows (million $), average shipper size (million $), and distance (nautical
miles). The average shipper size is calculated as the total port-to-port containerized trade flows divided by the number
of shippers.

Table 2
Transportation Costs and Distance

Distance
FE
Observations
R-Squared

(1)

(2)

0.0950∗∗∗
(0.0258)

0.000843
(0.0368)

No

Yes

697
0.0192

697
0.524

Table 2 reports the results of the estimation of equation 1. The dependent variable is the log transportation cost from
a U.S. port to a foreign port, which is described in Section 3.1. The independent variable is the distance, measured
in nautical miles, between the two ports described in Section 3.4. Column 1 reports the results without fixed effects.
Column 2 includes an origin port-destination region fixed effect. Regional fixed effects are defined by the World Bank
and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Table 3
Transportation Costs and Market Size

GDP

(1)

(2)

(3)

(4)

-0.0908∗∗∗
(0.00808)

-0.106∗∗∗
(0.00806)

-0.0725∗∗∗
(0.00703)

-0.0775∗∗∗
(0.00723)

0.177∗∗∗
(0.0239)

Distance
FE
Observations
R-Squared

0.0958∗∗∗
(0.0351)

No

No

Yes

Yes

697
0.154

697
0.216

697
0.591

697
0.595

Table 3 reports the results of the estimation of equation 1 with the addition of the GDP of the destination country
as an independent variable. The dependent variable is the log transportation cost from a U.S. port to a foreign port,
which is described in Section 3.1. The independent variables are the log GDP (U.S. dollars) of the destination country
where the foreign port is located, and the log distance, measured in nautical miles, between the two ports described
in Section 3.4. Columns 1-2 report the results without fixed effects. Columns 3-4 include an origin port-destination
region fixed effect. Regional fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and
* denote significance at the 1%, 5%, and 10% levels, respectively.

Table 4
Number of Shippers and Market Size

GDP

(1)

(2)

(3)

(4)

0.0855∗∗∗
(0.0136)

0.0911∗∗∗
(0.0141)

0.0732∗∗∗
(0.0152)

0.0694∗∗∗
(0.0157)

Distance
FE
Observations
R-Squared

-0.0632
(0.0417)

0.0714
(0.0764)

No

No

Yes

Yes

697
0.0537

697
0.0568

697
0.243

697
0.244

Table 4 reports the results of the estimation of equation 2. The dependent variable is the log number of shippers
between a U.S.-foreign port pair, which is described in Section 3.2. The independent variables are the log GDP (U.S.
dollars) of the destination country where the foreign port is located, and the log distance, measured in nautical miles,
between the two ports described in Section 3.4. Columns 1-2 report the results without fixed effects. Columns 3-4
include an origin port-destination region fixed effect. Regional fixed effects are defined by the World Bank and are
described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Table 5
Average Shipper Size and Market Size

GDP

(1)

(2)

(3)

(4)

0.480∗∗∗
(0.0477)

0.543∗∗∗
(0.0486)

0.409∗∗∗
(0.0432)

0.411∗∗∗
(0.0447)

-0.721∗∗∗
(0.144)

Distance
FE
Observations
R-Squared

-0.0271
(0.217)

No

No

Yes

Yes

697
0.127

697
0.158

697
0.541

697
0.541

Table 5 reports the results of the estimation of equation 2, except that the dependent variable is the log average shipper
size between a U.S.-foreign port pair. To construct average shipper size, the number of shippers, which is described in
Section 3.2, is divided by the total containerized trade flows in U.S. dollars between two ports, which is described in
Section 3.3. The independent variables are the log GDP (U.S. dollars) of the destination country where the foreign port
is located, and the log distance, measured in nautical miles, between the two ports described in Section 3.4. Columns
1-2 report the results without fixed effects. Columns 3-4 include an origin port-destination region fixed effect. Regional
fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the
1%, 5%, and 10% levels, respectively.

Table 6
Transportation Costs and Trade Flows

Trade flows

(1)

(2)

(3)

(4)

(5)

(6)

-0.0950∗∗∗
(0.00489)

-0.0939∗∗∗
(0.00486)

-0.0769∗∗∗
(0.00510)

-0.158∗∗∗
(0.0182)

-0.167∗∗∗
(0.0170)

-0.229∗∗∗
(0.0328)

0.0672∗∗∗
(0.0208)

0.0495
(0.0318)

0.0455∗
(0.0244)

0.146∗∗∗
(0.0514)

No

No

Yes

No

No

Yes

No
697
0.353

No
697
0.362

No
697
0.647

Yes
697
0.198

Yes
697
0.152

Yes
697
0.165

Distance
FE
IV (Population)
Observations
R-Squared

Table 6 reports the results of the estimation of equation 3. The dependent variable is the log transportation cost
from a U.S. port to a foreign port, which is described in Section 3.1. The independent variables are the total value of
containerized trade flows, described in Section 3.3, and the log distance, measured in nautical miles, between the two
ports described in Section 3.4. The results in columns 4-6 use the population of the country where the foreign port
is located as an IV for the value of containerized trade flows (U.S. dollars). Columns 1-2 and 4-5 report the results
without fixed effects. Columns 3 and 6 include an origin port-destination region fixed effect. Regional fixed effects are
defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and
10% levels, respectively.
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Table 7
Number of Shippers and Trade Flows

Trade flows

(1)

(2)

(3)

(4)

(5)

(6)

0.0999∗∗∗
(0.00890)

0.100∗∗∗
(0.00892)

0.128∗∗∗
(0.0110)

0.0895∗∗∗
(0.0298)

0.0829∗∗∗
(0.0271)

0.0595
(0.0473)

0.0367
(0.0382)

0.0755
(0.0686)

0.0315
(0.0390)

0.119
(0.0741)

No

No

Yes

No

No

Yes

No
697
0.153

No
697
0.154

No
697
0.356

Yes
697
0.152

Yes
697
0.150

Yes
697
0.318

Distance
FE
IV (Population)
Observations
R-Squared

Table 7 reports the results of the estimation of equation 3, except that the dependent variable is the log number of
shippers between a U.S.-foreign port pair, which is described in Section 3.2. The independent variables are the total
value of containerized trade flows (U.S. dollars), described in Section 3.3, and the log distance, measured in nautical
miles, between the two ports described in Section 3.4. The results in columns 4-6 use the population of the country
where the foreign port is located as an IV for the value of containerized trade flows. Columns 1-2 and 4-5 report the
results without fixed effects. Columns 3 and 6 include an origin port-destination region fixed effect. Regional fixed
effects are defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%,
5%, and 10% levels, respectively.

Table 8
Average Shipper Size and Trade Flows

Trade flows

(1)

(2)

(3)

(4)

(5)

(6)

0.900∗∗∗
(0.00890)

0.900∗∗∗
(0.00892)

0.872∗∗∗
(0.0110)

0.911∗∗∗
(0.0298)

0.917∗∗∗
(0.0271)

0.940∗∗∗
(0.0473)

-0.0367
(0.0382)

-0.0755
(0.0686)

-0.0315
(0.0390)

-0.119
(0.0741)

No

No

Yes

No

No

Yes

No
697
0.936

No
697
0.936

No
697
0.952

Yes
697
0.936

Yes
697
0.936

Yes
697
0.949

Distance
FE
IV (Population)
Observations
R-Squared

Table 8 reports the results of the estimation of equation 3, except that the dependent variable is average shipper size.
The dependent variable is the log average shipper size between a U.S.-foreign port pair. To construct average shipper
size, the total value of containerized trade flows in U.S. dollars between two ports, which is described in Section 3.3,
is divided by the number of shippers, which is described in Section 3.2. The independent variables are the total value
of containerized trade flows (U.S. dollars), described in Section 3.3, and the log distance, measured in nautical miles,
between the two ports described in Section 3.4. The results in columns 4-6 use the population of the country where
the foreign port is located as an IV for the value of containerized trade flows. Columns 1-2 and 4-5 report the results
without fixed effects. Columns 3 and 6 include an origin port-destination region fixed effect. Regional fixed effects are
defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and
10% levels, respectively.
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Table 9
Estimation of Elasticity of Substitution Across Port Pairs, γ
(1)

(2)

(3)

(4)

-19.89∗∗∗
(1.433)

-18.06∗∗∗
(1.431)

-20.16∗∗∗
(1.634)

-12.89∗∗∗
(1.578)

Origin Port FE

No

Yes

No

Yes

Destintion Port FE

No

No

Yes

Yes

697
0.217

697
0.293

697
0.629

697
0.724

Price at destination

Observations
R-Squared

Table 9 reports the results of the estimation of equation 26. The dependent variable is the log value of containerized
trade flows from the U.S. to the foreign port (U.S. dollars), which is described in Section 3.3. The independent variable
is the log delivery price of the U.S. good (U.S. dollars) at a destination port; the construction of this variable is described
in Section 5.1. Column 1 reports the results without any fixed effects. Column 2 reports the results using only origin
port fixed effects. Column 3 reports the results with only destination port fixed effects. Column 4 reports the results
with both origin and destination port fixed effects. ***, **, and * denote significance at the 1%, 5%, and 10% levels,
respectively.
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Table 10
Summary of Calibration
Parameter

Interpretation

Calibration Target

Parameters Not Common across Calibrations
βi0 , βj 0

Expenditure weights of
origin port i0 in country i and
destination port j 0 in country j

Estimation of equation 25. See Section 6.1.1
for more information.

Li , Lj

Labor endowments of countries i
and j

Foreign endowment is calibrated to match
relative GDP of U.S. and foreign country.
U.S. labor endowment is normalized to 1.
See Section 6.1.2 for more information.

ζ

Home bias parameter

Calibrated to match the import penetration.
See Section 6.1.2 for more information.

α0

Level of fixed cost and marginal
cost relationship (one for each
U.S.-foreign port pair)

Chosen such that the marginal and fixed costs
found in Section 5.2. See Section 6.1.3 for
more information.

Parameters Common across Calibrations
γ

Elasticity of substitution across
port pairs

Estimation of equation 25. See Section 5.1
for more information.

σ

Elasticity of substitution across
goods produced in different countries

Set σ = 5, which is standard in the
international trade literature. This value
results in a quantitatively reasonable trade
elasticity when lowering tariffs in Section
7. See Section 5.2.1 for more information.

α1

Trade-off between fixed cost
and marginal cost of
transportation firms

Calibrated to match the average number of
shipping firms. See Section 6.1.3 for more
information.

Productivity of production firm
in country i and j

Normalized to 1.

xi , xj

Table 10 summarizes all of the parameters used in the calibrated model.
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Table 11
Summary Statistics

Freight ($)
Freight ($)
Number of shippers
Number of shippers
Trade flows (million $)
Trade flows (million $)
Average shipper size (million $)
Average shipper size (million $)

St. dev.

Mean

768
798
1.4
1.2
3,830
2,544
689
505

1,844
1,633
2.1
2.8
923
733
308
197

Data
Model
Data
Model
Data
Model
Data
Model

Percentile
10
50
1,063
810
1.0
1.8
6
5
4
2

1,702
1,501
2.0
2.5
142
119
87
47

90
2,749
2,645
4.0
4.0
1,769
1,516
795
479

Table 11 reports descriptive statistics for the assembled dataset and the model-generated data. The summary statistics
of the data are identical to those in Table 1. The assembled data is described in Section 3. The model and quantitative
work are presented in Sections 4-7. The standard deviation, mean, 10 percentile, 50th percentile, and 90th percentile are
reported for the following: freight prices ($), number of shippers, total port-to-port containerized trade flows (million
$), average shipper size (million $), and distance (nautical miles). The average shipper size is calculated as the total
port-to-port containerized trade flows divided by the number of shippers. The freight, trade flows, and average shipper
size from the model have been converted into dollars using the steps described in Section 6.1.2.

Table 12
Transportation Costs and Distance (Model vs. Data)

Distance
FE
Data/Model
Observations
R-Squared

(1)

(2)

(3)

(4)

0.0950∗∗∗
(0.0258)

0.0998∗∗∗
(0.0359)

0.000843
(0.0368)

-0.0680
(0.0572)

No

No

Yes

Yes

Data
697
0.0192

Model
565
0.0136

Data
697
0.524

Model
565
0.372

Table 12 reports the results of the estimation of equation 1 using both data and output from the model. The results
using the data are identical to those in Table 2. The dependent variable is the log transportation cost from a U.S.
port to a foreign port. The construction of transportation costs in the data is described in Section 3.1. The model
and quantitative work are presented in Sections 4-7. The independent variable is the distance, measured in nautical
miles, between the two ports described in Section 3.4. Columns 1-2 report the results without fixed effects. Columns
3-4 include an origin port-destination region fixed effect. Regional fixed effects are defined by the World Bank and are
described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Table 13
Transportation Costs and Market Size (Model vs. Data)

GDP

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

-0.0908∗∗∗
(0.00808)

-0.0676∗∗∗
(0.0123)

-0.106∗∗∗
(0.00806)

-0.0817∗∗∗
(0.0125)

-0.0725∗∗∗
(0.00703)

-0.0480∗∗∗
(0.0125)

-0.0775∗∗∗
(0.00723)

-0.0475∗∗∗
(0.0131)

0.177∗∗∗
(0.0239)

0.159∗∗∗
(0.0358)

0.0958∗∗∗
(0.0351)

-0.00680
(0.0590)

Distance
FE
Data/Model
Observations
R-Squared

No

No

No

No

Yes

Yes

Yes

Yes

Data
697
0.154

Model
565
0.0507

Data
697
0.216

Model
565
0.0829

Data
697
0.591

Model
565
0.388

Data
697
0.595

Model
565
0.388
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Table 13 reports the results of the estimation of equation 1 with the addition of the GDP of the destination country as an independent variable using
both data and output from the model. The results using the data are identical to those in Table 3. The dependent variable is the log transportation
cost from a U.S. port to a foreign port. The construction of transportation costs in the data is described in Section 3.1. The model and quantitative
work are presented in Sections 4-7. The independent variables are the log GDP of the destination country where the foreign port is located, which in
the case of the data is in U.S. dollars; and the log distance, measured in nautical miles, between the two ports described in Section 3.4. Columns 1-4
report the results without fixed effects. Columns 5-8 include an origin port-destination region fixed effect. Regional fixed effects are defined by the
World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 14
Number of Shippers and Market Size (Model vs. Data)

GDP

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0.0855∗∗∗
(0.0136)

-0.00924
(0.00894)

0.0911∗∗∗
(0.0141)

0.00412
(0.00898)

0.0732∗∗∗
(0.0152)

-0.0217∗∗
(0.00925)

0.0694∗∗∗
(0.0157)

-0.0175∗
(0.00964)

-0.0632
(0.0417)

-0.150∗∗∗
(0.0256)

0.0714
(0.0764)

-0.0658
(0.0434)

Distance
FE
Data/Model
Observations
R-Squared

No

No

No

No

Yes

Yes

Yes

Yes

Data
697
0.0537

Model
565
0.00189

Data
697
0.0568

Model
565
0.0595

Data
697
0.243

Model
565
0.336

Data
697
0.244

Model
565
0.339
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Table 14 reports the results of the estimation of equation 2 using both data and output from the model. The results using the data are identical to
those in Table 4. The dependent variable is the log number of shippers between a U.S.-foreign port pair. In the case of the data, its construction is
described in Section 3.2. The model and quantitative work are presented in Sections 4-7. The independent variables are the log GDP of the destination
country where the foreign port is located, which in the case of the data is in U.S. dollars; and the log distance, measured in nautical miles, between the
two ports described in Section 3.4. Columns 1-4 report the results without fixed effects. Columns 5-8 include an origin port-destination region fixed
effect. Regional fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and
10% levels, respectively.

Table 15
Average Shipper Size and Market Size (Model vs. Data)

GDP

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0.480∗∗∗
(0.0477)

0.427∗∗∗
(0.0551)

0.543∗∗∗
(0.0486)

0.461∗∗∗
(0.0568)

0.409∗∗∗
(0.0432)

0.404∗∗∗
(0.0568)

0.411∗∗∗
(0.0447)

0.405∗∗∗
(0.0594)

-0.721∗∗∗
(0.144)

-0.383∗∗
(0.162)

-0.0271
(0.217)

-0.0104
(0.267)

Distance
FE
Data/Model
Observations
R-Squared

No

No

No

No

Yes

Yes

Yes

Yes

Data
697
0.127

Model
565
0.0964

Data
697
0.158

Model
565
0.105

Data
697
0.541

Model
565
0.403

Data
697
0.541

Model
565
0.403
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Table 15 reports the results of the estimation of equation 2 except that the dependent variable is average shipper size using both data and output from
the model. The results using the data are identical to those in Table 4. The dependent variable is the log average shipper size between a U.S.-foreign
port pair. To construct average shipper size, the total value of containerized trade flows between two ports is divided by the number of shippers. In
the case of the data, the number of shippers is described in Section 3.2 and the value of containerized trade flows in U.S. dollars is described in Section
3.3. The model and quantitative work are presented in Sections 4-7. The independent variables are the log GDP of the destination country where the
foreign port is located, which in the case of the data is in U.S. dollars; and the log distance, measured in nautical miles, between the two ports described
in Section 3.4. Columns 1-4 report the results without fixed effects. Columns 5-8 include an origin port-destination region fixed effect. Regional fixed
effects are defined by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 16
Elasticities with Respect to Trade Flows (Model vs. IV)
Variable
Price
Shippers
Average shiper size

Model (mean)

Regression with IV

-0.25
0.16
0.85

-0.23
0.06
0.94

Table 16 reports the elasticities with respect to trade flows for prices, shippers, and average shipper size implied by the
model and the regression with the IV. In the case of the model, first the percentage change in the variable of interest is
calculated and it is divided by the percentage change in trade flows to find the elasticity for each U.S.-foreign port pair.
The mean elasticity over all U.S.-foreign port pairs is then obtained. In the case of the regression with the IV, the price
elasticity results come from the estimation of equation 3 using the population of the destination country as an IV for
containerized trade flows. Similar equations are estimated for shippers and average shipper size as dependent variables
to find the corresponding elasticities with respect to trade flows for those variables. The results from the estimation
are reported in Tables 6-8. The preferred specification, which controls for distance and origin port-destination region
fixed effects, is in column 6 of these tables.
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Table 17
Average Cost per 20-Foot Container vs. Ship Size
as Calculated by Cullinane and Khanna (2000)

Capacity
(20 foot containers)
1000
2000
3000
4000
5000
6000
7000
8000
Average elasticity

Trans-Atlantic
4,000 miles
Cost (US $) Elasticity
181
142
129
121
117
114
113
113

Trans-Pacific
8,000 miles
Cost (US $) Elasticity
328
249
219
201
190
182
177
174

0.36
0.24
0.22
0.15
0.14
0.06
0.00
0.17

0.41
0.32
0.30
0.25
0.24
0.18
0.13
0.26

Europe-E. Asia
11,500 miles
Cost (US $) Elasticity
457
342
297
270
254
242
233
227

0.43
0.35
0.33
0.27
0.27
0.25
0.20
0.30

Table 17 reports the average cost per 20-foot container as well as the elasticity of the average cost with respect to ship
capacity. The first column shows the capacity of the ship in terms of 20-foot containers. Column 2 reports the average
cost per container for a Trans-Atlantic voyage, as shown in Table 3 in Cullinane and Khanna (2000). Column 3 reports
the elasticity of the average cost with respect to ship capacity. This elasticity is calculated by the author using the
midpoint elasticity formula. For example, increasing capacity from 1,000 to 2,000 containers for a Trans-Atlantic voyage
decreases the average cost from $181 to $142, yielding an elasticity of 0.36 (−((142−181)/161.5)/((2000−1000)/1500)).
Columns 4 and 5 report similar information for a Trans-Pacific voyage. Columns 6 and 7 report similar information for
a Europe to East Asia voyage. The final row calculates a simple average of the elasticities for each of the three voyages.
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A Appendix: Data
In this section, I discuss additional details in the preparation and usage of the assembled data.
A.1 Transportation costs
Transportation costs are collected from the freight forward APX. APX has a shipping rate “calculator” intended for users to receive immediate shipping quotes (http://www.apx-ocean-freight.com/getquote.html). I use quotes for full container load (FCL) in which the exporter is purchasing the use of
the entire container. APX has an option for less than container load (LCL) in which they combine
shipments of various clients. I receive quotes to ship a 20 foot container of textiles from all available
U.S. origins to all available destinations. Although I request the quotes to ship textiles, I tried various commodities and found that there were no differences in transportation costs to ship a 20 foot
container depending on the product I intended to ship.
A.2 Number of shippers
The data on the number of shippers comes from the Journal of Commerce (JOC) Global Sailings
Schedule. This information is used by exporters to determine voyage dates for ships. I download all
of the data for October 15, 2014 to November 14, 2014. Within this date range, I use the “carrier”
field to determine the shipping firm. Furthermore, I combine shippers that form part of the various
alliances: CKYH (Hanjin, Yang Ming, K-Line, COSCO Container Lines), G6 (Hapag-Lloyd, APL,
OOCL, NYK Container Line, Hyundai, Mitsui O.S.K. Lines), and Maresk-Safmarine (Maersk Line,
Safmarine).
A.3 Port-to-Port Containerized Trade Flows
The port-to-port containerized trade flows are derived from the Waterborne Databanks issued by
the U.S. Maritime Administration for the years 2000-2005. The data contains information on U.S.
waterborne international trade. For exports, it contains information about the the U.S. port of
origin, the foreign port where the shipment is headed next, the final destination country. Notice
that the destination port where the shipment is headed next does not need to be located in the final
destination country because a container can be transhipped at an intermediary port before reaching
a final destination. For the same reason, I also have information about the country of origin and
whether the shipment was transshipped in the United States on its way to a foreign destination.
The data also contains HS 6 product code, SITC revision 3 industry code, value of shipment in U.S.
dollars, weight of the shipment in kilograms, percent of shipment value that is containerized, and the
percent of weight that is containerized. For imports, the data is similar except that the data also
contains CIF charges (insurance and freight). I consider trade flows that are U.S. exports (the origin
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is a U.S. port) or U.S. imports (the final destination port is a U.S. port). Thus, I do not consider
trans-shipments through the United States.
Because the Waterborne Databanks are the only source of port-to-port containerized trade flow
data, I scale up the value of both imports and exports by the percent increase in total bilateral trade
between the United States and the foreign country using trade data from the World Integrated Trade
Solutions (WITS) by the World Bank.
I list here some additional notes regarding the trade flows used:
• Section 5.1.1: Notice that T radeF lowsi0 j 0 in equation 26 corresponds to pi0 j 0 ci0 j 0 in the model,
where pi0 j 0 = wi /xi + Ti0 j 0 includes transportation costs. To account for the transportation costs,
I multiply the value of exports in the data by τiT0 j 0 that I found in equation A19 in Appendix C
to find T radeF lowsi0 j 0 .
• Section 5.2.1: From the United States to the foreign port, I use T radeF lowsi0 j 0 for the value
of trade, just as I did in Section 5.1.1. This give us enough information to calculate i0 j 0 , in
equation 21, and κi0 j 0 , in equation 22.
• Section 5.2.2: I have the information needed to calculate the profitability of shipping goods from
the U.S. to the foreign port, found in equation 24. To calculate κi0 j 0 from the foreign port to the
U.S. port, I need to use the value of trade flows that incorporate the transportation costs (as in
the same manner as Section 5.1.1 and Section 5.2.1). To do so, I use the reported import values
plus the CIF charges. With that information, I can calculate the profitability of shippers.
A.4 Shortest Navegable Distance Between Ports
First, I use the Global Shipping Lane Network shapefile that is published by the Oak Ridge National
Labs CTA Transportation Network Group. The shapefile contains geospatial information about the
network of trading lanes used by maritime shippers. Figure ?? shows a map of this network. I also
use the World Port Index provided by the National Geospatial-Intelligence Agency, which provides
the location of each port. I then assign each port to the closest point on the network of shipping
routes. Finally, there are many possible routes that a shipper can take. In order to solve for the least
costly path, I use Dijkstra’s algorithm to find the shortest path between an origin and destination. I
implement this algorithm using the Network Analyst tool in ArcGIS.
A.5 Combining Continguous Ports
I combine the data for Los Angeles port (Census port codes 2704 and 2791) and Long Beach port
(Census port code 2709). The reason is that these two ports, while technically independent, are
adjacent to each other and are considered to be the same port in practice. I similarly combine data
for Newark port (Census port code 4601) and New York port (Census port code 1001).
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B Appendix: Proofs
B.1 Proof of Proposition 1
Proof. I write the maximization problem in the third stage of a shipper operating from i0 to j 0 that
takes as given the quantity supplied by its competitors, c−n
i0 j 0 as






max
cni0 j 0 Ti0 j 0 cni0 j 0 + c−n
i0 j 0 −
n
ci 0 j 0

w1
,
Φ


(A1)

0
0
where cni0 j 0 + c−n
i0 j 0 = ci0 j 0 . As in Section 4.3, I do not denote the i and j unless it is needed to denote
the direction of trade. I can similarly write the maximization problem from j 0 to i0 . Notice that I can
separately solve the problem for each direction because the shippers have a constant returns to scale
technology. The first order condition becomes





Ti0 j 0 cni0 j 0 + c−n
i0 j 0



dTi0 j 0 cni0 j 0 + c−n
w1
i0 j 0
n
+ ci 0 j 0
= 0.
−
n
Φ
dci0 j 0



(A2)

I can show that this implies that the solution, Ti0 j 0 , satisfies
i0 j 0 w1
,
i0 j 0 − 1 Φ

(A3)

dcn0 0
Ti0 j 0
 ij

cni0 j 0 dTi0 j 0 cni0 j 0 + c−n
i0 j 0

(A4)

Ti0 j 0 =
where
i0 j 0 = −

Notice that equation A3 is the same as equation 20.
I now derive the condition in equation 21 for i0 j 0 . I use equations 7 and 11, along with the fact
that cni0 j 0 + c−n
i0 j 0 = ci0 j 0 , to find
−γ γ−σ σ−1
cni0 j 0 + c−n
ζ (wj Lj + Rj ) τij−σ .
i0 j 0 = βi0 βj 0 pi0 j 0 pij Pj

(A5)

I differentiate this expression with respect to cni0 j 0 and subsequently divide both sides by ci0 j 0 to find
1
ci 0 j 0

= −γ

dpi0 j 0
dcn
i0 j 0

pi 0 j 0

+ (γ − σ)

dpij
dcn
i0 j 0

pij

+ (σ − 1)

dPj
dcn
i0 j 0

Pj

.

(A6)

To derive the first term on the right hand side of equation A6, I know that pi0 j 0 = wi /xi + Ti0 j 0 , which
implies that
dpi0 j 0
dTi0 j 0
= n .
(A7)
n
dci0 j 0
dci0 j 0
For the second term, I re-write equation 12 so that shippers take as given the price index of other
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port-pairs


pij = βi0 β,j 0 pi1−γ
0 j 0 + p̄i0 j 0



1
1−γ

,

(A8)

where p̄i0 j 0 is taken as given by the shipper. I differentiate this expression with respect to cni0 j 0 and
subsequently divide both sides by pij to find
dpij
dcn
i0 j 0

pij
I know that

=

βi0 β,j 0 p1−γ
i0 j 0
p1−γ
ij

p−1
i0 j 0

dTi0 j 0
.
dcni0 j 0

βi0 β,j 0 p1−γ
p i 0 j 0 ci 0 j 0
i0 j 0
=
,
1−γ
pij cij
pij

(A9)

(A10)

which I substitute into equation A9 to arrive at
dpij
dcn
i0 j 0

pij

=

pi0 j 0 ci0 j 0 −1 dTi0 j 0
p0 0
.
pij cij i j dcni0 j 0

(A11)

For the third term, I differentiate equation 9 with respect to cni0 j 0 and then divide by Pj to find
dPj
dcn
i0 j 0

Pj
I can show that

=

ζτij1−σ p1−σ
dpij
ij
p−1
.
ij
1−σ
dcni0 j 0
Pj

ζτ 1−σ p1−σ
τij pij cij
= ij 1−σij ,
wj Lj + Rj
Pj

(A12)

(A13)

which I substitute into equation A12 to arrive at
dPj
dcn
i0 j 0

Pj

=

τij pij cij −1 dpij
p
.
wj Lj + Rj ij dcni0 j 0

(A14)

I plug in the condition in equation A11 to find
dPj
dcn
i0 j 0

Pj

=

τij pi0 j 0 ci0 j 0 −1 dTi0 j 0
p0 0
.
wj Lj + Rj i j dcni0 j 0

(A15)

I use the conditions in equations A7, A11, and A15 in equation A6 and apply symmetry across
shippers to arrive at equations 21 and 22.
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B.2 Proof of Proposition 2
Proof. I use the condition in equation 20 to find that
i0 j 0 − 1
w1
=
Ti0 j 0
Φ
i0 j 0

(A16)

As in Section 4.3, I do not denote the i0 and j 0 unless it is needed to denote the direction of trade. I
substitute into the profitability condition in equation 14 the solutions from Proposition 1 to find
π=

cni0 j 0 Ti0 j 0

!

1
i0 j 0

+

cnj0 i0 Tj 0 i0

1

!

j 0 i0

.

(A17)

I then plug in for the expression of i0 j 0 and j 0 i0 characterized in equation 21 to find
π=

pi0 j 0 cni0 j 0
.
Ni0 j 0 κi0 j 0 ,

I use the fact that ci0 j 0 = N cni0 j 0 to find the condition in equation 24.
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(A18)

C Appendix: Determining the Factory-Gate Price
As discussed in Section 4.2, the delivery price is equal to the factory-gate price, pii , plus transportation
costs, Ti0 j 0 . To determine the importance of transportation costs in the final delivery price, I use the
fact that the ad valorem transportation cost is 10.7 percent for the average commodity entering the
United States (see Anderson and van Wincoop (2004)). The ad valorem transportation cost from i0
to j 0 , τiT0 j 0 , is defined as
P riceii + F reighti0 j 0
τiT0 j 0 =
,
(A19)
P riceii
where P riceii is the value in dollars of the factory-gate good in country i. I find P riceii such that it
satisfies
Ωj
Ωi X
X

Sharei0 j 0 τiT0 j 0 = 1.107,

(A20)

i0 =1 j 0 =1

where Sharei0 j 0 is the fraction of exports from country i that is accounted for by exports from i0 to j 0
in the data. To solve for this value, I first guess P riceii and find the ad valorem transportation cost for
each observation using equation A19 along with F reighti0 j 0 from the pricing data. I then use equation
A20 to find the implied aggregate ad valorem transportation cost. The condition in equation A20 is
satisfied when the factory-gate price in the United States is P riceii = $12, 265. Thus, the destination
price used in estimating equation 26 is P ricei0 j 0 = $12, 265 + F reighti0 j 0 .
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D Appendix: Mapping Fixed Cost, Marginal Cost, and Prices, Which
Are Denominated in Dollars, into Model Objects
It is necessary to map the transportation costs observed in the data, which are in dollars, to transportation costs in the model. The ad valorem transportation costs are set to be equal in the model
and data. Goods shipped from a U.S. port to foreign port must satisfy
Ti0 j 0 + pii
F reighti0 j 0 + $12, 265
=
,
$12, 265
pii

(A21)

where F reighti0 j 0 is the transportation costs in the data, as mentioned in Section 3. In equation
A21, I use the formulation for ad valorem transportation costs from equation A19. Notice that the
factory-gate price for the U.S. good, pii = wi /xi , is 1 since I normalize wi = xi = 1. I rearrange to
arrive at
F reighti0 j 0
Ti0 j 0 =
.
(A22)
$12, 265
Once Ti0 j 0 has been determined, the parameter that governs the efficiency of the shippers, φi0 j 0 , can
be backed out. This parameter is directly related to the marginal cost of shippers, as can be seen in
equation 20. I rearrange this equation to find
Φ=

i0 j 0 wi
,
i0 j 0 − 1 Ti0 j 0

(A23)

where I use the perceived price elasticities previously found in Section 5.2.1. Notice that I have
normalized wi = 1, which allows determining Φ without the need for simulating the model.
There is a similar issue of mapping the backed-out fixed costs, which are in dollars, to the fixed
costs in the model. The fixed costs are set in the model, F T , to match the following condition:
wi F T
F C Data
=
,
GDPiM odel
GDPiData

(A24)

where GDPiM odel and GDPiData are the GDP of country i in the model and data, respectively, and
F C Data is the fixed cost inferred from the data. I rearrange equation A24 and solve for F T .
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E Appendix: Trade Imbalances
Trade imbalances can play a role in determining transportation costs. For example, if two countries have imbalanced trade, then shippers face the problem that ships are at full capacity in one
direction but not in the opposite direction. Wong (2018) studies how these trade imbalances affect
transportation costs and finds that “[a] one percent deviation from the average container freight rates
from [port] i to j is correlated across time with a negative deviation of 0.8 percent from the average
container freight rates from j to i.” The author finds that within port pairs, transportation costs move
in opposite directions and that these changes are driven by imbalanced trade.
It may be a concern that the results from Section 3 are driven by these trade imbalances. Recall
that the transportation costs used are to transport a container from a port in the United States to
a foreign port. Thus, the results could be driven by the United States having large trade deficits in
large markets, which implies that the ships arrive in the United States full but return with excess
capacity.
To explore this possibility, I construct a measure of containerized trade imbalances using data from
the USA Trade Online database from the U.S. Census Bureau.26 I create a country-to-country measure
of trade imbalances, which is the value of U.S. containerized imports divided by U.S. containerized
exports in 2014. I include the log measure of trade imbalances in the regression, similar to the one
estimated in equation 1. The dependent variable is the log transportation cost, and the independent
variables are the log GDP of the destination country, the log distance between ports, and the log
trade imbalance. The inclusion of the trade imbalance measure allows for an adjustment to the level
of transportation costs, which depend on the size of the trade imbalances.
The results are reported in Table A1. I find that in all specifications, even those that control for the
trade imbalances, the coefficient on the GDP of the destination country is negative and statistically
significant. I also find that the coefficient on trade imbalances is negative and statistically significant
in columns 2 and 4. Notice that this is the sign that we expect: if the United States has a trade
deficit relative to a particular country (the trade imbalance term is high), then transportation costs
from the United States to the other country should be lower. These results are robust to including
origin port/destination region fixed effects, although the p-value does decline to 0.06.27
I similarly estimate equation 2 in which the dependent variable is the number of shippers. The
measure of trade imbalances used is different from the one used for transportation costs because
I want to examine whether trade imbalances in either direction are correlated with the number of
26

The USA Trade Online database contains data on containerized trade flows from each U.S. port to a destination
country. The advantage of this dataset relative to the Waterborne Databank is that it is regularly updated. The
advantage of the Waterborne Databank is that it contains trade flows on port-to-port containerized trade flows; however,
it was discontinued in 2005.
27
The fixed effects absorb a lot of the variation in the trade imbalance measure. I estimate a regression in which the
dependent variable is the log measure of the trade imbalance and the independent variables are the U.S. port-destination
region fixed effects. I find that the R-squared of this regression is 0.50.
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shippers. Thus, the measure of trade imbalances is the maximum of exports divided by imports and
imports divided by exports. This trade imbalance measure is high if there is an imbalance in either
direction. The results are reported in Table A2. The coefficient on the trade imbalance measure is not
statistically significant in any of the specifications. Table A2 reports the results of a similar regression
except that the independent variable is the log of the average shipper size. The trade imbalance
measure is not statistically significant in any of the specifications.

Table A1
Transportation Costs and Market Size (with Trade Imbalance Control)
(1)

(2)

(3)

(4)

GDP

-0.106∗∗∗
(0.00806)

-0.0891∗∗∗
(0.00894)

-0.0775∗∗∗
(0.00723)

-0.0756∗∗∗
(0.00734)

Distance

0.177∗∗∗
(0.0239)

0.177∗∗∗
(0.0236)

0.0958∗∗∗
(0.0351)

0.0934∗∗∗
(0.0350)

-0.0449∗∗∗
(0.0105)

Trade Imbalance
FE
Observations
R-Squared

-0.0185∗
(0.0100)

No

No

Yes

Yes

697
0.216

696
0.236

697
0.595

696
0.598

Table A1 reports the results of the estimation of equation 1 with the addition of the GDP of the destination country
and a measure of bilateral trade imbalances as independent variables. The dependent variable is the log transportation
cost from a U.S. port to a foreign port, which is described in Section 3.1. The independent variables are the log
GDP (U.S. dollars) of the destination country where the foreign port is located; the log distance, measured in nautical
miles, between the two ports described in Section 3.4; and the log of the bilateral trade imbalance measure described
in Appendix E. Columns 1-2 report the results without fixed effects. Columns 3-4 include an origin port-destination
region fixed effect. Regional fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and
* denote significance at the 1%, 5%, and 10% levels, respectively.
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Table A2
Number of Shippers and Market Size (with Trade Imbalance Control)
(1)

(2)

(3)

(4)

GDP

0.0911∗∗∗
(0.0141)

0.0871∗∗∗
(0.0142)

0.0694∗∗∗
(0.0157)

0.0653∗∗∗
(0.0159)

Distance

-0.0632
(0.0417)

-0.0454
(0.0430)

0.0714
(0.0764)

0.0672
(0.0764)

-0.0500∗
(0.0275)

Trade Imbalance
FE
Observations
R-Squared

-0.0399
(0.0279)

No

No

Yes

Yes

697
0.0568

696
0.0606

697
0.244

696
0.246

Table A2 reports the results of the estimation of equation 2. The dependent variable is the log number of shippers
between a U.S.-foreign port pair, which is described in Section 3.2. The independent variables are the log GDP (U.S.
dollars) of the destination country where the foreign port is located; the log distance, measured in nautical miles,
between the two ports described in Section 3.4; and the log of the bilateral trade imbalance measure described in
Appendix E. Columns 1-2 report the results without fixed effects. Columns 3-4 include an origin port-destination
region fixed effect. Regional fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and
* denote significance at the 1%, 5%, and 10% levels, respectively.

Table A3
Average Shipper Size and Market Size (with Trade Imbalance Control)
(1)

(2)

(3)

(4)

GDP

0.543∗∗∗
(0.0486)

0.552∗∗∗
(0.0491)

0.411∗∗∗
(0.0447)

0.404∗∗∗
(0.0453)

Distance

-0.721∗∗∗
(0.144)

-0.773∗∗∗
(0.148)

-0.0271
(0.217)

-0.0335
(0.217)

Trade Imbalance
FE
Observations
R-Squared

0.132
(0.0948)

-0.0783
(0.0794)

No

No

Yes

Yes

697
0.158

696
0.160

697
0.541

696
0.542

Table A3 reports the results of the estimation of equation 2, except that the dependent variable is the log average
shipper size between a U.S.-foreign port pair. To construct average shipper size, the number of shippers, which is
described in Section 3.2, is divided by the total containerized trade flows in U.S. dollars between two ports, which is
described in Section 3.3. The independent variables are the log GDP (U.S. dollars) of the destination country where
the foreign port is located; the log distance, measured in nautical miles, between the two ports described in Section 3.4;
and the log of the bilateral trade imbalance measure described in Appendix E. Columns 1-2 report the results without
fixed effects. Columns 3-4 include an origin port-destination region fixed effect. Regional fixed effects are defined by
the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels,
respectively.
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F Appendix: Additional Tables
Table A4
Shipper Size and Trade Flows

Size of shipper

(1)

(2)

(3)

(4)

(5)

(6)

0.855∗∗∗
(0.00921)

0.855∗∗∗
(0.00921)

0.836∗∗∗
(0.0120)

0.841∗∗∗
(0.0269)

0.850∗∗∗
(0.0260)

0.908∗∗∗
(0.0357)

-0.0578
(0.0429)

-0.177∗∗
(0.0744)

-0.0577
(0.0428)

-0.218∗∗∗
(0.0765)

No

No

Yes

No

No

Yes

No
1214
0.877

No
1214
0.877

No
1214
0.898

Yes
1214
0.876

Yes
1214
0.877

Yes
1214
0.895

Distance
FE
IV (Population)
Observations
R-Squared

Table A4 reports the results of the estimation of equation 3, except that each observation is a shipper and the dependent
variable is the shipper size. The dependent variable is the log shipper size between a U.S.-foreign port pair. To construct
shipper size, the total value of containerized trade flows in U.S. dollars between two ports, which is described in Section
3.3, is multiplied by the shipper’s market share. To calculate the market share, I find the fraction of total deadweight
tons (DWT) of the ships operated by the shipping firm. The independent variables are the total value of containerized
trade flows (U.S. dollars), described in Section 3.3, and the log distance, measured in nautical miles, between the two
ports described in Section 3.4. The results in columns 4-6 use the population of the country where the foreign port is
located as an IV for the value of containerized trade flows. Columns 1-2 and 4-5 report the results without fixed effects.
Columns 3 and 6 include an origin port-destination region fixed effect. Regional fixed effects are defined by the World
Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Table A5
First-Stage Regression of Equation 3
(1)

(2)

Population

0.446∗∗∗
(0.0485)

0.281∗∗∗
(0.0465)

Distance

-0.683∗∗∗
(0.159)

0.402∗
(0.240)

No

Yes

697
0.113
44.14

697
0.494
13.79

FE
Observations
R-Squared
F Statistic

Table A5 reports the results of the first-stage regression of equation 3. The dependent variable is the total containerized
trade flows in U.S. dollars between two ports, which is described in Section 3.3. The independent variable is the log
of the population of the destination country in 2014 as reported by the World Development Indicators and the log
distance, measured in nautical miles, between the two ports described in Section 3.4. Column 1 reports the results
without fixed effects. Column 2 includes an origin port-destination region fixed effect. ***, **, and * denote significance
at the 1%, 5%, and 10% levels, respectively.

Table A6
Transportation Costs and Trade Flows (Model vs. Data)

Trade flows
Distance
FE
IV (Population)
Data/Model
Observations
R-Squared

(1)

(2)

(3)

(4)

-0.0769∗∗∗
(0.00510)

-0.111∗∗∗
(0.00736)

-0.229∗∗∗
(0.0328)

-0.184∗∗∗
(0.0646)

0.0495
(0.0318)

-0.0212
(0.0478)

0.146∗∗∗
(0.0514)

0.00996
(0.0569)

Yes

Yes

Yes

Yes

No
Data
697
0.647

No
Model
565
0.563

Yes
Data
697
0.165

Yes
Model
565
0.479

Table A6 reports the results of the estimation of equation 3 using both data and output from the model. The results
using the data are identical to those in Table 6. The dependent variable is the log transportation cost from a U.S. port
to a foreign port. The transportation costs in the data are described in Section 3.1. The model and quantitative work
are presented in Sections 4-7. The independent variables are the log total value of containerized trade flows and the log
distance, measured in nautical miles between the two ports as described in Section 3.4. The total value of containerized
trade flows in the data is described in Section 3.3. The results in columns 3-4 use the population in which the foreign
port is located as an IV for the value of containerized trade flows. All specifications include an origin port-destination
region fixed effect. Regional fixed effects are defined by the World Bank and are described in footnote 12. ***, **, and
* denote significance at the 1%, 5%, and 10% levels, respectively.
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Table A7
Number of Shippers and Trade Flows (Model vs. Data)
(1)

(2)

(3)

(4)

Trade flows

0.128∗∗∗
(0.0110)

0.0712∗∗∗
(0.00562)

0.0595
(0.0473)

-0.0856
(0.0715)

Distance

0.0755
(0.0686)

-0.118∗∗∗
(0.0365)

0.119
(0.0741)

-0.0521
(0.0629)

Yes

Yes

Yes

Yes

No
Data
697
0.356

No
Model
565
0.492

Yes
Data
697
0.318

Yes
Model
565
.

FE
IV (Population)
Data/Model
Observations
R-Squared

Table A7 reports the results of the estimation of equation 3, except that the dependent variable is the log number of
shippers, using both data and output from the model. The results using the data are identical to those in Table 7. The
dependent variable is the log number of shippers between a U.S.-foreign port pair. The number of shippers in the data
is described in Section 3.2. The model and quantitative work are presented in Sections 4-7. The independent variables
are the log total value of containerized trade flows and the log distance, measured in nautical miles, between the two
ports as described in Section 3.4. The value of total containerized trade flows in the data is described in Section 3.3.
The results in columns 3-4 use the population in which the foreign port is located as an IV for the value of containerized
trade flows. All specifications include an origin port-destination region fixed effect. Regional fixed effects are defined
by the World Bank and are described in footnote 12. ***, **, and * denote significance at the 1%, 5%, and 10% levels,
respectively.
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Table A8
Average Shipper Size and Trade Flows (Model vs. Data)
(1)

(2)

(3)

(4)

Trade flows

0.872∗∗∗
(0.0110)

0.929∗∗∗
(0.00562)

0.940∗∗∗
(0.0473)

1.086∗∗∗
(0.0715)

Distance

-0.0755
(0.0686)

0.118∗∗∗
(0.0365)

-0.119
(0.0741)

0.0521
(0.0629)

Yes

Yes

Yes

Yes

No
Data
697
0.952

No
Model
565
0.988

Yes
Data
697
0.949

Yes
Model
565
0.970

FE
IV (Population)
Data/Model
Observations
R-Squared

Table A8 reports the results of the estimation of equation 3, except that the dependent variable is the log average
shipper size, using both data and output from the model. The results using the data are identical to those in Table
8. To construct average shipper size, we divide the total value of containerized trade flows in U.S. dollars between two
ports by the number of shippers. In the data, the number of shippers is described in Section 3.2, and the total value of
containerized trade flows in U.S. dollars is described in Section 3.3. The model and quantitative work are presented in
Sections 4-7. The independent variables are the total value of containerized trade flows and the log distance, measured
in nautical miles, between the two ports as described in Section 3.4. The results in columns 3-4 use the population in
which the foreign port is located as an IV for the value of containerized trade flows. All specifications include an origin
port-destination region fixed effect. Regional fixed effects are defined by the World Bank and are described in footnote
12. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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