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Abstract

Maritime transport remains the backbone of global trade, yet the port and ship-
ping network that carries it has been transformed by containerization and related
technological advances. Drawing on newly available granular data—digitized his-
torical shipping records, georeferenced ship movements, and shipment-level rout-
ing information—we present five stylized facts on the structure and evolution of
the maritime network. Global shipping activity is highly concentrated among a
changing lineup of dominant top ports even as lower-ranked ports disperse, while
state-owned Chinese port terminal operators increasingly account for these global
volumes, boosting overall port operations while delivering efficiency gains mostly to
Chinese vessels. We use these facts to organize a synthesis of a fast-growing litera-
ture: containerization reshaped which port cities could expand, reinforced hub-and-
spoke concentration that yields large but localized welfare gains, embedded ports
in multimodal networks that amplify the returns to infrastructure, and generated
market power, congestion, and environmental costs. Together, this evidence shows
how evolving maritime technologies simultaneously deepen global integration and
heighten the economic and geopolitical importance of critical nodes in the transport
network—and of who controls them.
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1 Introduction

Ports have long been recognized as gateways to global trade, offering firms low-cost

connections to international markets while generating significant local economic benefits.

Alexander the Great founded the city of Alexandria to link inland river transport on the

Nile with the Mediterranean Sea, transforming it into a major grain-exporting hub and, in

subsequent centuries, a cultural and intellectual center of the ancient world (Cartledge,

2011).1 But the forces shaping ports have never been purely economic: geopolitical

considerations have always been present. The British East India Company established

the “free port” of Singapore to secure control over the critical trade chokepoint of the

Straits of Malacca (Borschberg and Khoo, 2018).2

While recent decades have witnessed a remarkable increase in the value of goods

traded across the globe, at first glance, little seems to have changed in how the world

moves its goods: they are still loaded onto ships at ports and carried across the seas,

the same basic process that has linked economies for millennia. The sea remains the

backbone of global trade, carrying around 80 percent of world merchandise trade by

volume (UNCTAD, 2024). Yet this apparent continuity masks profound technological

change. Successive innovations—from steamships to containerization—have revolution-

ized maritime transport, reducing trade costs and expanding trade flows (Hummels, 2007;

Bernhofen, El-Sahli and Kneller, 2016; Pascali, 2017; Coşar and Demir, 2018).

By contrast, the economic development of ports and their host cities, and how they

have adapted to shifts in maritime trading technologies, long received surprisingly little

attention from economists—not for lack of interest, but because the necessary data did

not exist. How did the global port network absorb the large increase in shipping volumes

since the Second World War? How did ports manage the transition from bulk cargo to

containerized shipping? What were the economic consequences of these changes for the

trade network and for the cities and regions that host ports? To understand the economic

and geopolitical effects of improvements in maritime transport technology, we should first

understand how these improvements reshaped the trading network itself.

In recent years, a proliferation of granular data on trade and other measures of eco-

1A hub is a central node within the trade network where trade flows are concentrated and redis-
tributed.

2We use the term chokepoint to refer to a strategically critical passage with limited alternative routes.
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nomic activity at the port level has spurred a new wave of research that incorporates

more realistic features of the maritime trading network. These novel data include newly

digitized modern and historical records on port activity, contemporary georeferenced data

on ship movements, and detailed information on the routes commodities take from ori-

gin to destination. The main aim of this article is to provide a synthesis of this rapidly

growing literature. As this literature is recent, the number of articles that have already

reviewed it is limited. Faure and Ducruet (2025) provide an excellent summary of re-

search on maritime shipping networks from a geography perspective, while Ardelean et al.

(2022) document an array of novel economic facts on maritime transportation. Relative

to these articles, our primary focus is on how recent improvements in maritime shipping

technologies have changed not only trade flows and costs, but also the distribution of

economic activity across cities and countries, as well as the geopolitical implications of

these changes.

Three main conclusions emerge from this new body of work. The first is that new

maritime technologies do not affect all places alike. Containerization altered the input

requirements of port activity so that well-positioned cities can capture the new traffic

and transition into important commercial hubs that support the broader trade network.

Concurrently, others bore the cost of accommodating these technologies, with port ex-

pansion competing against alternative uses of scarce local resources. The second is that

concentrating activity at a few dominant ports is double-edged: the same forces that

lower costs, widen market access for even small trading nations, and increase the payoff

to investment in connecting infrastructure also introduce market power, congestion, local

pollution, and exposure when a critical node fails. The third is that control of these

nodes has become a question of geopolitics as much as economics. As ownership of port

infrastructure has shifted toward states—China above all—it has raised the prospect that

ports may also serve military ends, deepen one country’s reliance on another, and confer

leverage over the narrow passages through which much of world trade must flow, most

sharply where that reliance is asymmetric.

In the next section, we provide a set of stylized facts on the spatial distribution of

maritime activity which help organize the remainder of the review.
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2 Stylized Facts

This section presents five stylized facts that illustrate what the granular data described in

the introduction reveal about the structure and evolution of the maritime trade network.

The first three concern the spatial distribution of shipping activity: its concentration,

well documented in earlier work but measured here consistently across six decades, and

the changing lineup of which ports dominate. The last two shift attention from ports

to their operators: state-owned firms, particularly Chinese ones, account for a large and

growing share of global container throughput, and Chinese port ownership raises port

scale broadly while improving efficiency primarily for Chinese vessels. Together, these

facts organize the remainder of the review.

Stylized Fact 1. Global shipping activity is highly concentrated: a small number of ports

account for a disproportionate share of world shipping.

Figure 1 plots the cumulative share of world shipping activity by port. It shows that

maritime trading infrastructure is very unevenly distributed across space, with a handful

of ports accounting for a disproportionate share of world shipping. This feature of the data

is evident in both 1951 and 2008 (blue and red respectively): at both points in time, the

five largest ports in the world accounted for about 20% of world shipping as measured

by the number of ship calls at the port. The existing literature has documented this

uneven distribution of shipping activity and has linked it to the fact that the shipping

network has a strong hub-and-spoke structure (Ducruet, Cuyala and El Hosni, 2018;

Faure and Ducruet, 2025). An implication of this network configuration is that most

trade is indirect: goods rarely move directly from origin to destination and the typical

cargo is likely handled by a hub, as also established empirically by Ganapati, Wong and

Ziv (2024). This large concentration of shipping activity in a few hubs suggests the

presence of scale economies in maritime transportation, consistent with the micro-level

evidence documented in Ardelean et al. (2022); we examine these scale economies and

their consequences for trade and the spatial distribution of economic activity in Section 4.

At the same time, concentration makes the hubs potential bottlenecks—nodes within the

network with no easy substitutes—a vulnerability we return to when discussing congestion

(Section 5) and geopolitical control (Section 7).
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Figure 1: Cumulative distribution of port city shares in number of ships, 1951 and 2008
Notes: Source: Lloyd's Shipping Index (See Appendix A for details on the dataset.)

Stylized Fact 2. Concentration at the top of the port distribution has intensi�ed over

time, while shipping activity among lower-ranked ports has become more dispersed.

This concentrated structure has not been static. At the top of the port distribution,

port activity has become even more concentrated over time, as evidenced by Figure 1.

One important technological change between 1951 and 2008 is the advent of containeriza-

tion in the 1950s and 1960s, which marked a pivotal breakthrough in maritime technology

(Levinson, 2016). By standardizing cargo into easily transferable units, containers cut

loading times by up to 90-95% (Kahveci, 1999; Port of San Francisco, 1971). In addition,

containerization facilitated intermodal transport across ships, trucks, and trains (Bern-

hofen, El-Sahli and Kneller, 2016; Fuchs and Wong, 2026). These e�ciencies slashed

shipping costs and revolutionized supply chains, enabling the rise of global production

networks and just-in-time manufacturing (Ganapati and Wong, 2023). As a result, con-

tainer ports have increasingly become critical nodes in global trade, leading to the in-

creased spatial concentration of maritime activity in a few key entrepôts|trading hubs

where goods are shipped through, from other origins and bound for other destinations

(Ganapati, Wong and Ziv, 2024). In other words, the scale economies that have always

been inherent to maritime transportation have been further reinforced by new maritime

technologies. Consistent with this, Ardelean et al. (2022) document substantial increases
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in scale economies at the ship level.

At the same time, the cumulative distribution has also 
attened out for lower-ranked

ports (right tail of Figure 1), suggestive of potential o�setting costs to concentrating

port activity. Indeed, several scarce inputs are necessary to conduct shipping activity,

including geographic inputs such as deep ports and abundant land, as well as labor.

As containerized trade uses some of these inputs|most notably, port depth (Brooks,

Gendron-Carrier and Rua, 2021) and land (Ducruet et al., 2024b)|more intensively, it

can drive up the cost of scarce local inputs and thus disperse port activity outside the

main hubs. We discuss the changing input requirements of containerization and the local

costs they impose on port cities in more detail in Section 3. Beyond input costs, the

new network structure has also led to additional costs arising from ine�ciencies such

as market power, congestion, and adverse environmental e�ects, which we examine in

Section 5.3

Stylized Fact 3. The identity of the world's largest ports has changed substantially over

time.

There has been substantial churn in terms of which ports stand at the top of the

distribution. The biggest ports in the 1950s, New York and London, have been displaced

by port cities such as Singapore and Hong Kong (and most recently, Chinese ports such as

Shanghai), which were far more peripheral in the 1950s (Levinson, 2016). As we discuss in

Section 3, this churn re
ects the changing input requirements of containerization: many

historically dominant ports lacked the natural depth and available land that the new

technology demands. The churn at the top of the port distribution has been accompanied

by changes not only in where the largest ports are located, but also in who owns and

operates them.

Stylized Fact 4. Among the world's largest container terminal operators, state-owned

companies account for a substantial and growing share of global throughput, driven in

particular by the rapid expansion of Chinese state-owned �rms.

Figure 2 shows that the seven largest ports worldwide in 2024 together account for

almost 40% of global container throughput. Among these seven ports, four of them

3An interesting question is to what extent the changing concentration of port activity has driven, and
has been driven by, the changing concentration of cross-country trade. We leave this question for future
research.
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Figure 2: Top 7 Global Container Terminal Operators in 2024
Notes: China Merchants and MSC were not listed in the top 10 global terminal operators in 2005,
implying that their shares were less than 1.3%. Sources are Drewry's Global Container Terminal
Operators Annual Review and Forecast 2025/26; Drewry Shipping Consultants, Annual Review of
Global Terminal Operators, 2006.

are state-owned: PSA (by Singapore), China Merchants and COSCO (by China), and

DP World/P&O Ports (by the United Arab Emirates). The state-owned ports ac-

count together for 24.4% of global container throughput. The increased prevalence of

state-ownership is particularly driven by China: When China's Belt and Road Initiative

(OBOR) took o� in the early 2010s, China's two state-owned companies COSCO and

China Merchants expanded rapidly, currently ranking as the second- and third-largest

container terminal operators in the world, with a combined market share of 12.4% in

2024 (up from <3% in 2005).

Stylized Fact 5. Chinese public port ownership increases port scale for both Chinese

and non-Chinese carriers, but e�ciency gains accrue primarily to Chinese vessels.

Port ownership may matter not just for the scale of port operations but also for how

e�ciently di�erent ships are served. Zooming into the increase in Chinese public port

ownership, we document its e�ects on port scale and e�ciency using newly assembled

data, combining port call data from Global Fishing Watch with Chinese global port

ownership data from Banach and Gunter (2024) and ship operator information from

EconDB.4

Figure 3a shows that China's public port ownership substantially increases the scale

of foreign port operations. Port calls from COSCO ships almost quadruple by year 3

4See Appendix B for details on the dataset.
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(a) Port calls (b) Ship turnaround times

Figure 3: Port calls and ship turnaround times before and after Chinese ownership, by
shipping company
Notes: Mean port calls in the year before Chinese port ownership: 11.5 (COSCO ships), 301.6
(non-COSCO ships). Sources are described in Appendix B.

after Chinese port ownership. Port calls from non-COSCO ships also increase, though

by a smaller margin|about 40%|from a much higher initial level. Taken together, Chi-

nese ownership increases total port calls by about 50%. These patterns are consistent

with causal evidence for Piraeus showing increased COSCO ship handling after Chinese

control (Koenig et al., 2024), with higher throughput at European ports after Chinese

ownership (Kalkschmied and Stricker, 2025), and with a reorientation of European in-

land trade corridors toward OBOR-aligned routes following Chinese port acquisitions

(Nikalexi, 2025).

Chinese port ownership has often coincided with higher port investment, which can

improve e�ciency. Gains in operational e�ciency may disproportionately bene�t Chinese

ships, either because they receive preferential treatment or because investments occur at

terminals primarily used by Chinese carriers. At the same time, e�ciency improvements

can bene�t other ships and help ports attract additional tra�c (potentially creating de-

pendence on a speci�c port and route, as discussed in the previous section). To obtain a

proxy for e�ciency, we compute ship turnaround times before and after Chinese takeover.

Figure 3b shows that turnaround times fall for COSCO ships but do not change for non-

COSCO ships. Because COSCO ships started with longer turnaround times, this conver-

gence could re
ect e�ciency improvements at COSCO-serving terminals or di�erential

priority for COSCO vessels.

A key conclusion that emerges from these �ve stylized facts is that the structure of

the maritime network matters a great deal for economic and geopolitical outcomes. Scale
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economies in shipping pull activity toward a few global hubs, while rising local costs|land

intensity, congestion, and environmental damage|push it outward, and together these

opposing forces reshape both the distribution and the identity of the world's leading

ports. Port ownership, in turn, gives states a lever over this structure, from maritime

chokepoints to economic leverage over other countries. Understanding the consequences

of maritime transport technologies therefore requires weighing global network e�ciencies

against local constraints|the task of the remainder of this review.

In the following sections, we discuss how recent research, leveraging the types of new

data we have showcased here, has uncovered the economic and geopolitical mechanisms

driving these stylized facts and traced out their e�ects on local and regional economies.

We proceed from the local to the global: we begin with the local forces underlying

the dispersion and churn documented in Stylized Facts 2 and 3, before turning to the

network-wide consequences of the scale economies behind the concentration in Stylized

Fact 1. Section 3 examines the local bene�ts and costs of containerization for port cities;

Section 4 turns to the network it created, where scale economies concentrate trade in a

few hubs; and Section 5 considers the ine�ciencies|market power, congestion, and en-

vironmental costs|that this network structure entails. Because containerization allowed

cargo to move seamlessly across ships, rail, and trucks, ports are now embedded in larger

multimodal transport networks, whose economic implications we examine in Section 6.

Finally, Section 7 moves beyond economic bene�ts and costs: motivated by Stylized Facts

4 and 5, we discuss three mechanisms through which China can use port control to pursue

geopolitical objectives|military dual-use of ports, the creation of economic dependence

for leverage, and control over maritime chokepoints during disruptions.

3 The Local Bene�ts and Costs of Containerization

The relationship between transport technology and trade has long been central to eco-

nomic growth and development (Hummels, 2007; Ganapati and Wong, 2023). However,

while researchers traditionally examined how technologies reduce the friction of distance

in general, recent research highlights that the e�ects of new technologies such as con-

tainerization go far beyond transport cost reductions. For containerization, new research

has found that existing port cities were di�erently suited to adopting the new technol-

ogy, leading to heterogeneous local economic e�ects as a result of a changing maritime
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network.

Research has found that containerization was relatively quickly adopted and increased

trade 
ows substantially. Leveraging detailed data at the port level, Rua (2014) �nds

that 90 percent of countries adopted container-handling technology at their ports by

1983, less than three decades after it was �rst introduced in 1956. Multiple studies

�nd that the adoption of the new technology increased trade 
ows, consistent with the

standard mechanism that reduced trading costs increase trading volume. Exploiting

cross-country variation in the adoption of container facilities, Bernhofen, El-Sahli and

Kneller (2016) estimate that containerization increased trade ninefold across adopting

countries, implying that containerization accounts for a signi�cant portion of global trade

growth in recent decades. According to estimates by Co�sar and Demir (2018), U.S.

maritime exports would be 21 percent lower in the absence of containerization.

While this research suggests that containerization reduced trade costs, perhaps sub-

stantially so, and was almost uniformly adopted, di�erent port cities were di�erentially

impacted. The reason for this is that containerization substantially changed the input

mix necessary to conduct shipping activities. First, faster turnaround times in ports

encouraged demand for the construction of larger ships. As larger ships sit deeper in

the water, containerization shifted port activity towards cities with greater natural port

depth, where costly dredging was not necessary. Natural port depth has been shown to be

a good predictor of which U.S. port cities adopted container technology, and using this

exogenous variation, Brooks, Gendron-Carrier and Rua (2021) �nd that containerization

had positive local economic bene�ts: population in counties near containerized ports grew

twice as much as in other coastal counties between 1950 and 2020. A similar identi�cation

strategy can be used to show that trade has a positive e�ect on GDP per capita, both

in levels and in growth terms (Altomonte, Colantone and Bonacorsi, 2018). Therefore,

geographic endowments may go some way towards explaining the churn documented in

Figure 1. Many historically important ports simply do not have the necessary natural

depth to achieve the status of a global hub in the era of containerized cargo-handling.

Second, since container handling is conducive to automation, demand for port la-

bor, particularly longshoremen, decreased dramatically. Evidence has been provided for

this in the case of U.S. ports (Gomtsyan, 2016). Surprisingly, unemployment in U.S.

port cities decreased with containerization. This suggests that increased port activity
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(a) E�ect of containerization on shipping by land scarcity (b) Port moves within cities

Figure 4: Evidence on the land costs of containerization
Notes: Replicated from Figure 1 and Figure F.2 in Ducruet et al. (2024b). Panel (a) displays the
estimated e�ect of natural port depth, which captures a port city's ability to containerize, on shipping

ows by the port city's land scarcity from a speci�cation in which port depth is interacted with a
canonical measure of land scarcity. Panel (b) shows the kernel density of ports' log distance from the
city center in 1953 (blue) and 2017 (red), for the set of port cities in which a new port was established
after 1953. Source: Ducruet et al. (2024b).

brought about enough economic opportunities to more than o�set the negative direct ef-

fect. Adding further nuance to the picture, total labor costs did not decrease immediately

after containerization (Bridgman, 2024), as organized port workers were able to negotiate

compensation deals, and thus extract rents, after the advent of the new technology.

Third, containerization massively increased the amount of land used by ports and by

complementary transport infrastructure such as road and rail connections (Bernhofen,

El-Sahli and Kneller, 2016). The key reason for the greater land intensity of container

ports is that faster turnaround times can only be achieved at the expense of building

larger terminals. As Corbett (2010, p. 164) writes: \Rows of �nger piers adjacent to

a densely built up city could not adequately serve container shipping, which involved

larger ships that required larger wharves and much larger areas of open space for loading

and unloading." Put di�erently, containerization induced a cost{space trade-o� (Ducruet

et al., 2024b). In fact, Rodrigue (2016, p. 118) names site constraints as the primary

challenge associated with containerization.5

5While land reclamation has been used to expand into the sea, it is typically a very costly investment,
which likely explains why it has not been done extensively outside Asia (Mart��n-Ant�on et al., 2020).
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The general equilibrium implications of the increased land use associated with con-

tainerization have been explored in Ducruet et al. (2024b). They develop a theory in

which port development, conducted by atomistic landlords in port cities, reduces trans-

shipment costs but requires local land as an input. As a result, more port development

is conducted where land prices are low. Two pieces of empirical evidence support this

theoretical prediction. First, containerization led to more port expansion in cities where

land was less scarce (Figure 4a). Second, within cities ports have relocated towards the

outskirts of cities, where land prices are typically lower (Figure 4b). Importantly, in con-

trast to the research discussed above which found reduced form evidence consistent with

positive local economic e�ects of containerization, this mechanism suggests an important

mitigating local cost of containerization: the potential to crowd out economic activity

due to its land-intensive nature. More generally, this mechanism has the potential to

rationalize the post-containerization reallocation of port activity away from the largest

cities (Figure 1), since these are the cities where land tends to be the most expensive.

In addition, this mechanism also has the potential to shed light on the dispersion of

shipping activity witnessed for smaller ports. If containerization entails signi�cant local

costs, outside of hubs, the stronger incentive may be to restrict port expansion beyond a

certain scale. Indeed, in reduced form work, Ducruet et al. (2024b) �nd that cities with

larger increases in shipping had no discernible population response.6

4 Economies of Scale and Its Consequences

More broadly, advances in shipbuilding technology|including the construction of mega-

ships|have further pushed the boundaries of economies of scale in maritime transport.

Over time, their size has increased dramatically, allowing for greater e�ciency and lower

per-unit shipping costs. The average size of newly built container vessels increased by 4

times between 1960 and 1990 (Ducruet et al., 2024b). The largest containership globally

in 2025 (the MSC Irina) is the length of four football �elds and could carry 24,346

containers|more than 30 times the capacity of the earliest containerships (The Maritime

Executive, 2023). By merging global AIS containership port-call data with shipment-

level customs transactions, the movement of goods that are transported can be traced

6While these results are di�erent to those in Brooks, Gendron-Carrier and Rua (2021), they are not
directly comparable as Ducruet et al. (2024b) use a sample of cities from around the world, while Brooks,
Gendron-Carrier and Rua (2021) study U.S. counties.
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from origin to destination, revealing that approximately 80 percent of trade is shipped

indirectly (Ganapati, Wong and Ziv, 2024). The median shipment stops at two additional

countries before reaching its �nal destination. Moreover, this indirect routing is highly

concentrated: over 90 percent of such trade is channeled through a small number of

strategic entrepôts|including Singapore, the Suez Canal (Egypt), and the Netherlands|

establishing that the trade network is a hub-and-spoke system.7

The hub-and-spoke structure in container shipping has important trade and economic

implications. First, because containerships operate on �xed round-trip routes, freight

rates on the outbound and return legs are negatively correlated which inextricably links

a country's imports and exports with trading partners on the same route|the round-trip

e�ect (Wong, 2022).8 On routes with unbalanced trade 
ows, transport faces the addi-

tional challenge of trying to utilize the excess transport capacity on the lower demand

journey, commonly known as the \backhaul problem" in the transportation literature.

This imbalance can in
uence the location of economic activity, especially under agglomer-

ation forces (Behrens and Picard, 2011), and may lead to unintended consequences|such

as reduced capacity for trade in the opposite direction|when trade policy restrictions

like import tari�s are imposed (Ishikawa and Tarui, 2018; Hayakawa, Ishikawa and Tarui,

2020; Wong, 2022). Transport �rms also have to further optimize transport capacity by

repositioning empty containers, which reinforces the logistical interdependence between

countries along shipping routes (Economides, 2024).

Second, since larger ships have lower per-container costs, smaller countries can bene�t

from scale economies in shipping by utilizing the hub-and-spoke trade networks. Figure 5,

replicated from Ganapati, Wong and Ziv (2024), illustrates how routing through entrepôt

hubs can generate market access for smaller countries by allowing them to access larger

vessels. The �gure plots the average ship size coming from each country against their U.S.-

bound tra�c volume, with two circles per country|one for direct shipments to the U.S.

and one for shipments routed via entrepôts. As expected, larger trading countries tend

7Focusing on the hubs within the network, Do et al. (2025) study the economic returns to being a hub
country and show that transshipment not only increases a hub country's imports of the same product,
but also boosts its exports of downstream goods|highlighting broader supply chain bene�ts.

8The round-trip e�ect refers to a phenomenon in the transportation sector where a shock to the
quantity of shipments from locations i to j subsequently a�ects the transport price in the opposite
direction|from j back to i (Wong, 2022). This arises because round-trip routes by transport �rms link
the supply of transport services within routes, so changes in demand on one leg in
uence pricing on the
return leg. This phenomenon is not unique to just container shipping but also applies to air, freight, and
rail transport.
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Figure 5: Link Between Indirect Trade and Ship Size

Notes: Replicated from Figure 10 in Ganapati, Wong and Ziv (2024). The x-axis shows the total
export volume in TEUs from an origin country to the United States. The y-axis shows the average ship
size which arrives from an origin country to the United States. Each country is represented by two data
points, a blue and a red circle. The red circle indicates the corresponding information for trade from an
origin that is routed through an entrepôt while the blue circle is for trade that is not. Circle size
denotes shipping volume speci�c to the route (either through an entrepôt or not). Note that trade that
is not routed through an entrepôt (blue circle) could either be shipped directly to the United States or
shipped via a non-entrepôt. Source: Merged global AIS containership port-call data with U.S.
shipment-level customs transactions, Ganapati, Wong and Ziv (2024).

to use similarly large-sized vessels regardless of routing (right side of Figure 5). However,

smaller countries that route their shipments through entrepôts also access similarly large

ships, e�ectively closing the \ship-size gap" relative to large countries (red circles on

the left side of Figure 5, compared to blue circles for direct shipments).9 For shipments

with the same origin, U.S. destination, and controlling for the total number of stops,

those routed through entrepôts arrive on ships that are on average 15 percent larger

(Ganapati, Wong and Ziv, 2024). In this way, the hub-and-spoke trade network enables

smaller countries to bene�t from the scale economies in shipping that they could not

achieve alone, improving both their market access and competitiveness in global trade.

Third, local changes within hub-and-spoke trade networks can have far-reaching ef-

fects. For instance, the 2016 Panama Canal expansion increased trade by 11 percent

between country pairs using the canal, while it also led to widespread global bene�ts

due to the interconnected structure of shipping networks (Heiland et al., 2025). In a

quanti�cation of the impact of the hub-and-spoke trade network on global trade and wel-

fare, Ganapati, Wong and Ziv (2024) show that infrastructure investments yield welfare

9This network structure can mitigate the transport cost penalties that typically burden smaller,
geographically disadvantaged, or infrastructure-poor countries (Limao and Venables, 2001).
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gains that are on average 10 times higher at entrepôts than non-entrepôts. Moreover,

these bene�ts are highly localized: decaying at �ve times the rate when measured by

their spillover e�ects|via the trade network|on neighboring countries. Scale economies

further concentrate and magnify these gains locally at and around entrepôts, highlighting

that scale economies in transportation can act as a source of agglomeration. A similar

dynamic appears in bulk shipping, where carriers often search for new cargo after delivery,

thereby creating network e�ects between neighboring countries (Brancaccio, Kalouptsidi

and Papageorgiou, 2020).

5 Ine�ciencies Associated with Ports

Beyond their role in concentrating activity around key hubs, scale economies also create

scope for price discrimination across routes, contribute to congestion at ports, and inten-

sify the environmental burdens faced by port cities. We brie
y summarize the growing

literature that examines each of these margins and the policies that might mitigate their

e�ects.

Trade routes involving larger countries tend to have higher volumes and involve

more carriers, while smaller developing countries|often positioned as spokes within the

network|face limited access to carriers and higher transportation costs (Hummels, Lu-

govskyy and Skiba, 2009). Subsequent work on price discrimination and market power has

focused on average shipper size (Asturias, 2020), the sizes and types of �rms demanding

shipping services (Ignatenko, 2025; Ignatenko et al., 2025), informational frictions and

search (Ardelean and Lugovskyy, 2023), as well as the strategic interactions between

carriers and �rms (Cristoforoni et al., 2025).

As bottlenecks in the shipping network, ports are also particularly prone to conges-

tion. Since ships need to queue at ports in order to get loaded and unloaded, even small

demand shocks can make the queue escalate sharply (Brancaccio, Kalouptsidi and Pa-

pageorgiou, 2025), leading to convex costs of congestion. These congestion costs account

for a non-negligible part of overall shipping costs (Abe and Wilson, 2009). Other shocks

to ports, such as extreme weather events, can exacerbate these issues by redirecting traf-

�c to other ports and creating congestion there (Massoni, 2025). It is only recently that

tra�c congestion has started receiving more attention in quantitative general equilibrium

evaluations of the e�ects of transport infrastructure (Allen and Arkolakis, 2022; Redding

14



and Turner, 2015; Fuchs and Wong, 2026).

Finally, port activity often entails severe environmental consequences. Among other

things, shipping can induce air and water pollution as well as noise (Sakib, Gissi and

Backer, 2021),10 and 60 to 90% of maritime emissions occur while ships berth at the port

(Zheng, Zhao and Shao, 2020). Bulk tra�c is a particularly heavy emitter of particulate

matter (PM), linked to tens of thousands of deaths annually (Corbett et al., 2007), while

container shipping causes pollution primarily through congestion in its complementary

road infrastructure (Ducruet et al., 2024a). Ozone emissions are also substantial (Moretti

and Neidell, 2011). Port regions of the world also emit signi�cantly more greenhouse gas

than non-port regions, and such emissions are correlated with lower life expectancy and

higher mortality rates (Ducruet et al., 2024a). Surprisingly, port regions have less PM

emissions than inland regions { this is likely due to local wind dispersion in coastal areas.

Port regions with higher population density, however, feature higher concentrations of

both GHG and PM.

To what extent can policy alleviate the environmental costs of port activity and

shipping? Economides (2025) shows that the global emissions of containership voyages

servicing Los Angeles and Long Beach declined by 10% following the introduction of

a new queuing system. Exploiting the introduction of Emission Control Areas in the

U.S., it has also been shown that counties near heavy ship tra�c saw a 4% decline

in PM, a 1.7% reduction in low birth rate, and a 2.8% reduction in infant mortality

due to the policy (Hansen-Lewis and Marcus, 2025). That said, the positive e�ects of

regulation are mitigated through ship re-routing, substitution toward on-land emissions,

and individuals' increased time spent outdoors. Moreover, policy needs to account for

leakage through mode substitution. Lugovskyy, Skiba and Terner (2025) estimate that,

perversely, the International Maritime Organization's 2023 regulation (IMO2023) capping

CO2 emissions from global maritime shipping will increase total transport-related carbon

emissions in both the short and the long run, as demand substitutes toward air (and land)

transport|with air freight up to two orders of magnitude more carbon-intensive than

10One well-studied aspect is the e�ect of transportation on greenhouse gas (GHG) emissions. Interna-
tional freight transport is responsible for one third of trade-related GHG emissions (Cristea et al., 2013),
although the gains from trade exceed these environmental costs (Shapiro, 2016). Estimating the impact
of a unilateral carbon tax policy on ships by the EU, Ludwig (2025) �nds that EU carbon taxes can
signi�cantly reduce maritime emissions if transport supply is elastic but the resulting trade decline leads
to an overall welfare loss. For a more detailed account of the GHG emissions linked to transportation,
see Copeland, Shapiro and Taylor (2021).
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containerized shipping. These results cast light on the complexity of designing policies

that target environmental externalities in port cities.

6 Multimodal Transport

Modern trade often moves through multimodal transport networks, raising the question of

how their structure shapes welfare and where their vulnerabilities lie. Containerization

reduced the cost of transshipment, the transfer of cargo between vessels or transport

modes en route to its �nal destination, by allowing standardized containers to move

seamlessly across ships, rail, and trucks without unpacking (Levinson, 2016, p. 10). This

decline in transshipment costs was central to the rise of multimodal transport networks:

a container of goods from Asia can now move from a West Coast port onto rail and trucks

bound for interior markets without ever being unpacked.

Central to identifying the importance of these multimodal transport networks are

the ways di�erent modes of transportation interact. When one part of the network

is improved, for example by upgrading a major highway, two competing forces arise.

First, there is a substitution e�ect: because the highway is now relatively cheaper, some

tra�c on rail or ships will be diverted onto trucks instead.11 Second, there is a general

equilibrium complementarity e�ect: because the upgraded highway makes it easier and

cheaper for the connected locations to buy and sell goods, it improves their market

access which increases overall trade and can ultimately increase tra�c across all modes

of transport. Which of these e�ects dominates, or what the net e�ect ultimately is,

depends on the topography of the network and where these transport modes are situated

within it.

Recent quantitative work shows that accounting for the fact that much of trade

11Most of the economics literature on the elasticity of substitution between transport modes has
focused on the substitution between ocean and air transport (Harrigan, 2010; Hummels and Schaur,
2013; Lugovskyy, Skiba and Terner, 2025; Tolva, 2025), or within maritime transport itself, such as
the choice between bulk and containerized shipping (Co�sar and Demir, 2018). Rather than directly
estimating substitution elasticities, some of this work infers substitution patterns from di�erences in
costs and shipment characteristics. Reported elasticities along the air{ocean margin tend to be relatively
large: Hummels and Schaur (2013) estimate values between 2.7 and 6.5, Lugovskyy, Skiba and Terner
(2025) report an IV estimate of 10.3, while Tolva (2025) �nds an estimate of 2.6 using the closure of
Russian airspace as a quasi-natural experiment. Using shipment-level variation, Harrigan (2010) shows
that a 1 percent increase in value per weight raises the probability of air shipment by 0.2 percentage
points. On the elasticity of substitution between rail and truck, Fuchs and Wong (2026) estimate a value
of 1.10. Turning to the rail{sea margin, Mau, Xu and Zheng (2025) estimates a substitution elasticity
of 1.957 for a single-sector version of their model and �nds that transport mode choice for exporters is
more rigid than the choice across di�erent ports.
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is multimodal matters. Evaluating infrastructure improvements without multimodal


exibility|e�ectively collapsing the network to a single mode (roads)|leads to lower

average welfare e�ects by 22.2% compared to the full multimodal network (Fuchs and

Wong, 2026). In their setting, the complementarity in interactions between transport

modes dominates the substitution channel, implying that a unimodal approach under-

estimates total gains because it fails to account for market access bene�ts, particularly

for central links within the network. Complementarities across transport modes are also

re
ected in how di�erent infrastructure investments shape spatial outcomes: Bonadio

(2021) shows that improvements in Indian ports and roads generate distinct distribu-

tional e�ects, with port upgrades bene�ting export-oriented coastal regions and road

investments favoring domestically-oriented ones, while coordinated investments between

ports and roads yield larger gains overall. By contrast, when assessing the impact of

removing China's 100 busiest highway segments, Fan, Lu and Luo (2019) show that fail-

ing to account for tra�c rerouting and the substitution between highways and domestic

roads can overestimate the welfare losses by 21%, highlighting that highways and domes-

tic roads are substitutes for one another. Similarly, Tolva (2025) �nds that allowing for

endogenous mode substitution reduces counterfactual welfare losses from the closures of

Russian airspace and the Suez Canal, as shipments can be reallocated towards una�ected

modes.

At the heart of the rise of multimodal transport networks are the intermodal termi-

nals themselves, key locations where cargo switches between transport modes|like ports.

Precisely because these terminals are where modes connect, lowering their transshipment

costs can yield large returns. Fuchs and Wong (2026) �nd that improving both ports and

inland terminals could generate $0.46-3.85 billion in additional real GDP within a multi-

modal transport network, with these bene�ts being 2.7 times higher on average without

congestion. Figure 6, replicated from Fuchs and Wong (2026), visualizes the intermodal

terminals that generate these large welfare gains. As expected, some of the largest wel-

fare impacts are concentrated in major coastal hubs such as Los Angeles (including Long

Beach) and Houston. However, several highly in
uential terminals are located in the

interior of the country|Chicago, Atlanta, and Kansas City in particular|underscoring

the importance of inland multimodal connections that move goods between coastal ports
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