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Abstract

Entrepots are hubs that facilitate trade between multiple origins and destinations.
We study these entrepodts, the network they form, and their impact on interna-
tional trade. We document that the trade network is a hub-and-spoke system,
where 80% of trade is shipped indirectly—nearly all via entrepots. We estimate
indirect-shipping consistent trade costs using a model where shipments can be sent
indirectly through an endogenous transport network and develop a geography-based
instrument to estimate economies of scale in shipping. Counterfactual infrastruc-
ture improvements at entrepots have on average ten times the global welfare impact
of improvements at non-entrepots.
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1 Introduction

Exchanging goods over borders involves more than production and consumption: ship-
ping, transshipping, and distribution can include multiple agents and additional countries
beyond producers and consumers. These activities are concentrated at entrepots, trading
hubs which goods travel through—from other origins and bound for other destinations.
The idea that entrepots are integral to the trade network and are engines of growth have
been the impetus behind many policies aimed at attaining or maintaining entrepot status
(Financial Times (FT) 2015, Reuters 2016, Wall Street Journal (WSJ) 2021).

This paper studies entrepots, the trade network they form, and their impact on in-
ternational trade. We seck to answer the following questions: (1) How do goods move
from their origins to their destinations and what role do entrepots play in facilitating this
process? (2) What trade costs can explain the observed routes that goods take and the
existence of entrepots? and (3) How does this pattern of trade through entrepots impact
global and regional trade as well as welfare?

Our first contribution documents that trade is indirect and flows from origins to desti-
nations through entrepots. We construct and merge two new datasets that jointly map the
journeys of containerized shipments from their origins to US destinations including stops
in other countries. This microdata grants us a unique, comprehensive look at how goods
move through the global trading network. Previous work observed origin-destination
trade alone or aggregated ship movements, and was unable to examine indirect trade,
which we define as trade journeys that make stops with the shipment either on-board or
transshipped—transferred onto a ship—at additional countries (third-party countries).

We document two stylized facts. First, the majority of trade—80%—is shipped in-
directly.! The median shipment stops at two additional countries before its destination.
On average, most countries trade with the US indirectly. We further show that indirect
trade increases shipping time and distance by 30%. Second, this indirectness is incred-
ibly concentrated, with over 90% of indirect trade channelled through a small number
of entrepots. This establishes that international trade takes place over a hub-and-spoke
network. These facts highlight an inherent trade-off. Indirectness increases the distance
and time costs of trade, but by revealed preference it lowers costs, especially for the

spokes of the network which disproportionately choose to ship via entrepots.

1The majority of trade is also transshipped via a third-party country before its destination.


https://www.ft.com/content/2913363e-09e6-11e5-a6a8-00144feabdc0
http://in.reuters.com/article/india-transshipment-port-adani-idINKCN10828O
https://www.wsj.com/articles/singapore-looks-to-tech-to-bolster-its-role-in-shipping-11617909788

Our second contribution estimates the trade costs that rationalize the documented
direct and indirect trade through the global trading network. To achieve this, we build
a general equilibrium model of trade with entrepots and endogenous trade costs which
flexibly accommodates input-output linkages. Producers choose shipping routes and com-
pete for consumers in destination countries in a generalized Ricardian setting. Low-cost
routes can involve shipments through third-party countries, and entrepots endogenously
arise at locations through which shipping costs are lowest. Crucially, we allow for both
scale economies and dis-economies to govern shipping costs on these network links.

Expanding beyond the US to include global data on shipment flows, we estimate these
trade costs for each leg of the network, generating a new set of origin-destination trade
costs that is consistent with the global trade network. An advantage of our model is
that we need to make very few assumptions on the production and consumption settings;
we recover a trade cost matrix that best rationalizes the observed link-level traffic given
the observed origin-destination-level trade flows. An important contribution is that we
establish the validity of both our estimates and modeling approach by finding a tight
match between our estimated trade costs and external freight rate data, as well as be-
tween our predicted network flows and microdata on US-bound shipment journeys. Our
measures of indirectness, estimates of leg- and origin-destination-level trade costs, as well
as resulting market access measures are available online to researchers.

Our estimation finds the presence of bilateral scale economies—the causal effect of
increasing shipping volumes on decreasing trade cost—using an instrumental variable ap-
proach. Embedded in our model is the intuition that some legs have inherently higher
traffic (higher demand) because they are geographically closer to the shortest path be-
tween origins and destinations. For example, Singapore lies along the Straits of Malacca,
close to the lowest-distance route between many European and Asian countries.? We use
this variation to construct an instrument for shipping quantities: for each leg, we compute
the distance to and from the leg relative to the shortest distance between each origin and
destination, recovering a weighted average of each leg’s proximity to global trade. We
find that increasing traffic volume on a leg by 1% would reduce costs by 0.06%. As the
median journey in our microdata has 3 legs, a 10% increase in overall origin-destination
trade translates into a 0.17% decrease in trade costs.

Our third contribution is to quantify the global trade and welfare impact of the trade

2The emergence of entrepots as hubs in geographically advantageous locations is consistent with the
findings of Barjamovic et al. (2019).



network. Our main counterfactual quantifies the regional and global trade, and welfare
benefits of transport infrastructure improvements for each country in our sample. We
show that entrepots are pivotal to the global trade network: welfare impacts of infras-
tructure investment are on average ten times higher at entrepots than non-entrepots.
Conflating transportation and non-transportation trade costs, or failing to account for
the endogenous response of the network to changes in non-transportation trade costs,
impact estimated effects by an order of magnitude on average. This is especially true
for entrepots, which differentially concentrate the benefits of infrastructure improvements
regionally relative to non-entrepots. We find that scale economies amplify the concen-
tration of benefits, highlighting how scale economies in transportation can be a source
of agglomeration. We establish that Egypt (and the Suez Canal) is the most pivotal
location in the trade network, as reflected by the strain in global supply chains when it
was blocked in March 2021 (Wall Street Journal, Financial Times, AP News, 2021).

Our next two counterfactuals illustrate the magnitude and distributional effects of
transportation network changes, first through the network’s endogenous response to
non-transportation trade cost changes and then through direct changes to the trans-
portation network. Our second counterfactual investigates the ramifications of worsening
trade relations between one hub, the United Kingdom (UK), and its trading partners—
Brexit. In our baselines analysis which only considers the direct impact of increased
non-transportation trade costs, we find that outcomes are affected through direct trade
with the UK or multilateral resistance. When our analysis accounts for the interaction of
network trade costs and scale economies, we find that smaller countries like Ireland and
Iceland that use the UK as an entrepot to access all other trading partners are dispropor-
tionately hurt (as recognized in Financial Times, 2020), illustrating how such interactions
can lead to different distributional outcomes even when the initial changes are unrelated
to transport. Our third counterfactual studies the effects of opening up the Arctic Ocean
to regular year-round shipping, connecting countries in East Asia and Europe. We find
that the network structure of trade distributes gains beyond directly impacted countries
with pre-existing shipping routes. Network spillovers are an order of magnitude above
those observed from input-output linkages, and global welfare impacts are further tripled
by the feedback loop imposed by scale economies.

This paper ties two broad literature together, combining detailed microdata on the

flow of goods through the trade network with a structural model of trade and trans-


https://www.wsj.com/articles/the-suez-canal-is-blocked-by-a-giant-container-ship-11616560437
https://www.ft.com/content/da6c709d-29c3-4f8b-b37d-a3480c6938e7
https://apnews.com/article/business-europe-coronavirus-pandemic-suez-canal-red-sea-f1dcdf5ba1e02990942ef85f9fb56987
https://www.ft.com/content/608d0dbb-c981-4206-ab40-0a980e58c0d6

portation. The first dives deeply into the technology underpinning the fundamentals of
international trade, such as container shipping and infrastructure investment (Cosar and
Demir, 2018). The second considers the geography and cost structures of transporta-
tion networks (Allen and Arkolakis, 2019). After documenting novel aspects of the trade
network by tracing the path of shipments, we estimate the cost structures and scale
economies that are consistent with the technologies underpinning these fundamentals in
order to quantify the global and local welfare effects of the network.

With regards to the technologies underpinning trade, a wide literature shows how
both containerization and infrastructure investments have local outcomes (Heiland et al.,
2019; Ducruet et al., 2019; Wong, 2020; Cosar and Demir, 2018; Bernhofen, El-Sahli
and Kneller, 2016; Rua, 2014).> We model transport costs as part of a global network
of container shipping routes, a setting which accounts for two-thirds of annual trade
moved by sea (World Shipping Council).* Using our general equilibrium spatial trade
framework, our counterfactuals show how endogenous changes in trade costs propagate
via the network and through entrepots as well as quantify their trade and welfare impacts.

Our modeling embeds trade networks within a class of gravity models (Head and
Mayer, 2014). We provide empirical evidence for a growing quantitative literature inves-
tigating the role of trade networks (Allen and Arkolakis, 2019; Fajgelbaum and Schaal,
2017; Redding and Turner, 2015).> We extend the Armington framework in Allen and
Arkolakis (2019)—where route cost shocks are born by consumers—to a general Ricardian
setting—where traffic volumes reflect both route choice and head-to-head competition on
prices at destinations and demonstrate how to estimate the model in a multi-industry
setting in the presence of unobserved traffic flows. Finding a tight match between our
model predictions and external cost estimates, ship sizes, and a sample of observed trade
routes, we establish that our estimates reflect actual costs and indirect flows in the trade

network in addition to serving as a check to the validity of our modelling approach as

3Hummels, Lugovskyy and Skiba (2009),Grant and Startz (2020), and Asturias (2020) study transport
costs in the context of market power. While container shipping firms may hold market power, we
generalize away from the profits of the shipping companies. Models allowing for leg-level oligopoly, fixed
costs and endogenous entry competition fit within our framework (Sutton, 1991), but we leave the study
of how market power works through the hub-and-spoke network for future study.

4Brancaccio, Kalouptsidi and Papageorgiou (2017) estimate endogenous trade costs arising from
search frictions for dry bulk ships carrying homogeneous commodities, where all trade is direct.

SWe provide the first and systematic documentation of indirect trade through the containerized ship-
ping network. Previous work have either imputed indirect trade or just used port of call data alone
(Heiland et al., 2019; Wang and Wang, 2011; Kojaku et al., 2019; Lazarou, 2016). Relative to these
papers, we also quantify the welfare and trade impacts of the trade network using a general equilibrium
model with endogeneous trade costs.



well as the Allen and Arkolakis (2019) framework.

One important aspect of transportation technology in our model is the scale econ-
omy in shipping. For the median route into the US, our leg-level scale economy implies
that a 10% increase in volume leads to a 1.7% decrease in costs, which is about three-
quarters of the estimates in Asturias (2020) and Skiba (2019)While Lashkaripour and
Lugovskyy (2019) and Bartelme et al. (2019) both consider the trade consequences of
production scale economies, we consider scale in transportation. Our paper shows how
scale economies in transportation can interact with the global trade network to concen-
trate economic activity. In this respect, we are also related to a literature in economic
geography which considers the role of localized scale economies in the emergence of ag-
glomerations (Allen and Arkolakis, 2014; Allen and Donaldson, 2018). Scale economies
typically generate agglomerations by acting on the volume of economic activity at loca-
tions. Our counterfactuals show that scale economies can concentrate trade and welfare

gains at entrep6ts by acting on transportation costs over a network.

2 Data

We combine two proprietary data sets in this project. global ports of call data for con-
tainerships, which allows us to reconstruct the routes taken by speci ¢ ships, and United
States bill of lading data for containerized imports, which gives us shipment-level informa-
tion on US imports. Independently, these datasets partially describe the global shipping
network. Merged, they reconstruct the journey of individual shipments as they navigate
the trade network, from their origin to their US port of entry. To our knowledge, we
provide the most comprehensive reconstruction of the global trading network and routes
undertaken by individual shipments into the US’

Our ports of call data captures vessel movements using Automatic ldenti cation Sys-
tem (AIS) transponders® For each vessel, this data captures the vessel's characteristics,
time-stamped ports of call, capacity, and height in the water before and after stopping at
each port. The latter two pieces of information indicates the vessel's load at these ports,

allowing us to observe volumes shipped between port pairs.

6 Asturias (2020) reports an origin-destination country trade-volume trade-cost elasticity of 0.23 while
Skiba (2017) reports an elasticity of 0.26 using product-level import data from Latin America. See also
Alder (2015); Holmes and Singer (2018); Anderson, Vesselovsky and Yotov (2016).

"Data Appendix A.1 explains both data sets and their merge procedure in detail.

8Port receivers collect and share AIS transponder information (including ship name, speed, height in
water, latitude and longitude). Using Astra Paging data, we track global port entry and exit data.



Figure 1: Map of Global Port of Call Network

Notes: Each dot represents a port (total of 1,203 ports). Each line represents a journey between port
pairs undertaken by a containership (total of 4,986 ships). n

Our sample covers 4,986 unique container ships with a combined capacity of 18.1
million twenty-foot equivalent shipping units (TEUs)|over 90% of the global container
shipping eet|making 429,868 calls at 1,203 ports from April to October 2014. Figure 1
shows the coverage of the shipping network in our port of call data. Each line represents
a containership journey. We use this global data along with CEPII global trade data
when estimating our model in Section 5.

With this port of call data alone, shipment journeys within the trading network remain
unobserved. To remedy this, we merge the port of call data with US bills of lading data,
which captures shipment-level information for all containerized imports. We observe
each shipment's origin country, the port where they are loaded onto containerships (also
known as port of lading), and the US port where they are unloaded (port of unlading). We
observe the name and identi cation number of the containership which transported the
shipment as well as the shipment's weight, number of containers (TEUs), and product
information. Over the same six months period, we see a total of 14.8 million TEUs
weighting 106 million tons were imported into the US from 227 origin countries and
loaded onto US-bound containerships (laded) in 144 countries.

Using details on containerships, ports, and arrival times, we reconstruct each ship-
ment's journey from its foreign origin to US destination by matching each shipment to
the containership that it was transported on. Over 90% of containerized TEUs entering
the US can be matched to routes using this method (Appendix Figure A.1 visualizes this

merge)? While the shipments' exact journey between origin and the rst stop (the port

9See Appendix A.1 for further details on each of these datasets as well as the merge process.
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