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Maritime transport is a critical input to global supply chains and international trade

• ∼80% of world trade by volume moves by sea (UNCTAD 2024): maritime routes are the backbone of physical trade.

• Maritime geography and scale economies concentrate flows on a small set of routes and chokepoints; fleet ownership and operations
are also concentrated. These features lower costs in normal times but create strategic leverage points under geopolitical tension.

Control over maritime access is a source of economic power

• Vulnerability arises from asymmetries (Hirschman, 1945): when one country relies on a segment disproportionately more than another,
that dependence makes it vulnerable to strategic disruptions.

This paper asks:
1. How large and asymmetric is foreign dependence across global shipping routes and fleets?

2. When can that dependence be exploited, and what are the welfare effects of geographic closures and operational withdrawals?
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This Paper: When Shipping Exposure Becomes Vulnerability

1. Sufficient statistic for maritime vulnerability Generalizes Allen, Fuchs, & Wong (2025) to an N -country maritime-vulnerability statistic.
• Absolute vulnerability: to first order, a disruption’s cost is the value of the traffic it touches:

Wm,g︸︷︷︸
welfare cost of g

≈ traffic× disruption + ToT

• Relative vulnerability: geopolitics — Foreign disrupts when Home’s harm outweighs its own cost:

VH,F =
Home welfare loss
Foreign welfare loss

≈
Home traffic× disruption + ToT

Foreign traffic× disruption + ToT + rents

2. New data map vessel activity into exposure and disruptions
• Construct lane traffic. Link vessel characteristics to port rotations; consecutive calls define directed lanes, and capacity times trip frequency measures

traffic.

• Measure country exposure. Use the traffic carried on country-connected rotations to map where each country’s trade depends on the shipping network.

• Measure disruptions. Recompute routes after local closures and trace withdrawals of builder- or operator-linked service.

3. Quantitative evaluation: U.S.–China rivalry
• Spatial equilibrium model with endogenous transport equilibrium. Recursive transport demand, rerouting, fleet and operator supply, and producer-price

incidence.

• Counterfactuals. Geographic closures, builder/operator withdrawals, and policy fees map lane-level shocks into welfare losses at home and in third
countries.
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Contribution: Put Foreign Control Into Quantitative Shipping Networks

Transport networks in spatial equilibrium
Head & Mayer (2014), Allen & Arkolakis (2014, 2022), Fajgelbaum & Schaal (2017, 2020), Fan, Lu & Luo (2021), Jaworski, Kitchens & Nigai (2023), Bonadio
(2022), Cosar & Fajgelbaum (2016), Cosar & Demir (2016), Cosar & Thomas (2021), Tsivanidis (2022), Kreindler & Miyauchi (2022), Miyauchi, Nakajima &
Redding (2022), Almagro, Barbieri, Castillo, Hickok & Salz (2022), Fuchs & Wong (2024), Allen, Fuchs & Wong (2025).

⇒ We combine endogenous transport demand and foreign-controlled transport supply in a spatial GE shipping network.

Shipping and maritime trade
Kalouptsidi (2014), Brancaccio, Kalouptsidi & Papageorgiou (2020), Heiland, Moxnes, Ulltveit-Moe & Zi (2023), Chowdhry, Heiland & Mahlkow (2026),
Ganapati, Wong & Ziv (2022), Wong (2022), Brooks, Gendron-Carrier & Rua (2018), Ducruet, Notteboom & Rodrigue (2020), Notteboom & Rodrigue (2008,
2011), Barwick, Kalouptsidi & Zahur (2024, 2025), Shapiro (2016), Lugovskyy, Skiba & Terner (2022), Feyrer (2009, 2011), Hummels & Schaur (2013), Dunn &
Leibovici (2025).

⇒ We measure lane-level strategic exposure, geographic bypass difficulty, and operational service shares.

Geoeconomics, asymmetric dependence, and resilience
Hirschman (1945), Keohane & Nye (1977), Baldwin (1985), Farrell & Newman (2019, 2023), Blackwill & Harris (2016), Clayton, Maggiori & Schreger (2023,
2024), Mohr & Trebesch (2025), Antràs (2020), Antràs & Chor (2022), Bonadio, Huo, Levchenko & Pandalai-Nayar (2021), Grossman, Helpman & Lhuillier
(2023), Javorcik (2024).

⇒ We show how geopolitical incentives can turn asymmetric dependence in transport networks into welfare vulnerability.

3 / 28



SECTION 1

Sufficient-Statistic Analysis of Vulnerability



Setup: Demand, Routing, and the Direct Welfare Object
Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

Setup
• Geography. Locations i ∈ Nm partition into countries m. Each location has productivity Ai, amenity ui, output price pi, and

routed access to other locations through τod.

• Demand, production, and mobility. CES demand maps delivered prices poτod into λod and Xod = λodYd; production is linear in
local labor, Yi = AiLi; mobile workers equalize Wi = Wm within country. For the local statistic, Ai and ui are fixed.

Transport layer
• Edge services. Fleet owners rent capacity; operators allocate those assets across lanes and supply edge services. Their service prices

enter generalized edge costs κe.

• Carrier problem. With additive edge costs Cod(x;κ) =
∑

e
κexe, a competitive carrier assembles an o-to-d delivery at minimum

cost:
τod(κ) = min

x∈Rod
Cod(x;κ).

• Routing envelope. ζod,e = ∂ log τod/∂ logκe = κex
∗
od,e/τod: edge e’s cost share on the optimized route.

Backup: Armington equations Welfare envelope Transport envelope Shipping supply
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Welfare Cost: Exposure Times Disruption Elasticity
Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

To first order, derive country m’s welfare elasticity to disruption g by composing the demand and transport envelopes.

Wm,g =
∑
e

ΞXm,e︸︷︷︸
traffic exposure

φe,g︸︷︷︸
disruption elasticity︸ ︷︷ ︸

Dm,g (direct loss)

+ Tm,g︸︷︷︸
GE/ToT incidence

.

• Exposure. ΞXm,e aggregates baseline expenditures by their optimized loading on edge e.

• Disruption elasticity. φe,g is the scenario-specific response of edge cost κe.

• Envelope logic. Consumer and carrier reoptimization creates no separate first-order term; baseline expenditures and route loadings
suffice.

• Price incidence. Tm,g captures the welfare effect of equilibrium producer-price movements.

Backup: Proof Interpretation Aggregation N-country ToT Armington
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Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

edge eroute o→d via h

The delivered route o→d runs China (o)→ Singapore (h)→ Valencia (d); the maritime leg e = (h, d) is priced by a shortest sea path
κe = minπ:h→d

∑
`
c`.

Backup: Routing & disruptions Transport envelope Armington
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Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

edge eroute o→d via h

Geographic disruption — baseline: the strait is open

h
d

Geographic — baseline: the strait is open; the shortest sea path threads it, demand via h.

Backup: Routing & disruptions Transport envelope Armington
6 / 28



Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

hub h′

edge e

reroute via h′

Geographic disruption: close a chokepoint

detour

h
d

Geographic — disrupted: close the chokepoint⇒ detour⇒ κe ↑; demand reroutes via h′.

Backup: Routing & disruptions Transport envelope Armington
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Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

edge evia h

Operational disruption — baseline: five carriers serve e

h d

all carriers active at capacity Ke

effective κe at its baseline

MSC Maersk CMA Evergreen COSCO

Operational — baseline: five carriers serve e at capacity Ke.

Backup: Routing & disruptions Transport envelope Armington
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Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

hub h′

edge e(1) route unchanged, κe ↑

(2) reroute via h′

Operational disruption: an operator withdraws

h d

COSCO (China) withdraws

Ke ↓: (1) κe ↑ and/or (2) reroute

MSC Maersk CMA Evergreen COSCO

Operational — disrupted: a carrier (COSCO) withdraws⇒ Ke ↓: (1) effective κe ↑ with route unchanged and/or (2) demand reroutes via h′.

Backup: Routing & disruptions Transport envelope Armington
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Disruptions Raise Lane Costs Through Three Channels

Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

A disruption g raises edge costs; φe,g = ∂ logκe/∂dg is the lane’s cost response
1. Geographic disruption (φgeo): a chokepoint closure lengthens the route.
2. Operational disruption (φop): a carrier or fleet partition withdraws capacity.
3. Policy: sanctions or fees add a cost wedge.

China (o)

Singapore (h)

Valencia (d)

edge evia h fee / sanction

Policy wedge: raise the cost of serving edge e

h d

cost wedge

the route remains feasible, but effective κe ↑

Policy wedge: a fee or sanction raises the cost of serving edge e, so κe ↑ even when the route and available capacity are unchanged.

Backup: Routing & disruptions Transport envelope Armington
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Geopolitics: Disruption Is Chosen When Home Loss Is Cheap
Setup | Welfare statistic | Disruption channels | Geoeconomic cutoff

Foreign chooses between open trade and disruption after drawing political weight χ.

VH,F,g ≈

∑
e

ΞXH,e φe,g + TH,g∑
e

ΞX
F,e

φe,g + TF,g
.

• Open. Trade remains at baseline route costs and transport capacity.

• Disrupt. Scenario g closes a corridor, withdraws capacity, or imposes a policy wedge, shifting lane costs κe.

• Political shock χ. χ ∼ Fχ is Foreign’s political value of one unit of harm to Home (Eaton and Engers, 1992; Becko, 2024; Bianchi
and Sosa-Padilla, 2024).

• Cutoff. A lower χ?H,F,g — equivalently, a higher VH,F,g — means greater vulnerability.

• Substituting welfare. For a non-selective disruption, Home and Foreign costs combine traffic exposure, the common disruption
elasticity, and GE/ToT incidence.

Backup: Game details Threshold map Denominator Coalitions
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SECTION 2

Measuring Vulnerability



Measurement: Separate Exposure From the Scenario Cost Response
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption | Combined

The sufficient statistic points to two measured objects on each lane

VH,F,g =

WH,g (Home welfare cost)︷ ︸︸ ︷∑
e

ΞXH,e φe,g + TH∑
e

ΞX
F,e

φe,g + TF
 

ΞXH,e
ΞX
F,e︸︷︷︸

strategic exposure ratio

×
φH,e,g

φF,e,g︸ ︷︷ ︸
disruption-elasticity ratio

This section proceeds in four measurement steps.

1. Absolute exposure. Measure absolute first-order vulnerability by constructing country–lane traffic ΞXm,e from vessel registries and
port rotations. For a small edge-specific shock, Wm,g ≈ ΞXm,eφe,g , abstracting from GE/ToT incidence.

2. Strategic exposure. Measure asymmetric dependence using the country-specific exposure ratio ΞXH,e/Ξ
X
F,e for any country pair or

coalition.

3. Geographic disruption. Measure bypass difficulty by closing local route cells, rerouting the affected port-to-port legs, and computing
the induced route-cost increase.

4. Operational disruption. Measure operational vulnerability using concentration in asset ownership, builders, operators, and lane
supply patterns.
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Data: Vessel Rotations Build the Lane Network
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption | Combined

Containership Registry and Rotations
• Containership registry: builder, operator, TEU

capacity, year of build, and IMO identifier.

• Port rotations: scheduled port calls for the active
containership fleet.

Lane construction
• Each rotation ⇒ directed edges between

consecutive port calls (e.g. MSC Irina).

• Traffic on each directed lane e:

ΞTEU
e =

∑
vessels on e

Vessel TEU× trips per year

• Coverage: 196 ports, 82 countries, 1,375 lanes. Directed port-to-port lanes; color = TEU capacity (log scale). Highlighted line: MSC Irina,
24,346TEU. — Data: ship registry.

With each port call, a country is exposed to the rest of the vessel’s connected lanes ⇒ country-lane traffic exposure Ξc,e

Backup: Hex view Lane traffic Matching
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Country-Lane Traffic Exposure Runs Through Gateways, Hubs, and Partners
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption | Combined

Construction
• Absolute traffic exposure. Identify rotations

visiting country c; their annual capacity on lane e
gives Ξc,e.

• MSC Irina serves East Asia–Europe, exposing
each country on its rotation to the service’s
connected lanes.

From absolute to strategic exposure
• U.S. exposure. Trans-Pacific, North Atlantic,

and lanes touching the U.S.

• China exposure. Intra-East-Asian hubs and
Asia–Europe trunk routes.

• Strategic exposure.
∆ΞUS−CNe = Pct(ΞUS,e)− Pct(ΞCN,e);
blue is more U.S.-exposed and red more
China-exposed.

Route-cell color = U.S. minus China exposure-percentile gap; blue = more U.S.-exposed,
red = more China-exposed. — Data: vessel rotations.

Stylized Fact 1: Hub-and-partner exposure. Absolute exposure follows gateways, hubs, and partners; strategic exposure is the cross-country gap.

Backup: Exposure construction Coalition index Scatterplots
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Traffic Does Not Predict Bypass Difficulty
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption | Combined

Detour evidence
• Severity. Average distance increases: Suez/Red

Sea 121%, Gibraltar 37%, Panama 29%,
Malacca 18%.

• Independence. Traffic and detour severity are
nearly uncorrelated (corr −0.15 raw, ≈ 0 with
port FEs).

• Measure. Geographic bottleneck =
traffic-weighted route-distance increase under
local closure.

Stylized Fact 2: Traffic does not reveal bypass difficulty.
Costly detours are concentrated at a small set of maritime
chokepoints.

Distribution of mean route-distance increases under local closures; colored groups are
major-chokepoint lanes. — Data: observed rotations.

Backup: Suez Panama Taiwan Bottleneck map Traffic vs. detour
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Operational Control: Who Builds and Operates Capacity
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption

Builder country Operator country

• CN & SK build ≈80% of global capacity, top-3 operators run ≈49%: 72% of CN-built vol operated by non-CN carriers.

• Containerships are long-lived (20–30 years): Since 2020, CN+SK build ≈90% of capacity (CN 46%, KR 41%).

• East Asian operators (CN, KR, JP, TW) more than double their operator market share in latest ships (19% → 43%).

Stylized Fact 3: Builder and operator exposure compound one another. East Asia builds and operates increasingly large shares of the new fleet.

Backup: By ship size TEU shares Operator mix
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Chinese Operational Control Concentrated on China-Adjacent Routes
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption

Construction
• Focus on Chinese dominance in shipping

• Operational Controle: share of services from
ships that are Chinese-built, -operated, or both.

Operational service shares
• Builder share. Chinese-built capacity is spread

through the global container network.

• Operator share. Chinese-operated capacity is
more concentrated on China-adjacent routes.

Hex color = Chinese-built and -operated share percentile; darker red = larger share. — Data:
ship registry.

Stylized Fact 4: Chinese Operational Control. Chinese-built ships and operators are heavily concentrated on routes closer to China.

Backup: Separate maps Joint map TEU shares
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Combining Strategic Exposure, Bottlenecks, and Operational Control
Statistic | Absolute exposure | Strategic exposure | Geographic disruption | Operational disruption | Combined

Where do these vulnerability margins align?
• X-axis. Strategic exposure: right = more strategically

important to China.

• Y-axis. Geographic bottlenecks: up = a larger
route-cost increase under closure.

• Color. Operational control: redder = a higher Chinese
built-and-operated service share.

• All 3 align in top-right quadrant: Lanes most
strategically vulnerable for China (right), hard to bypass
(top), are heavily Chinese-controlled.

Stylized Fact 5: Exposure and disruptions align. Links that are
severe bottlenecks and strategically more vulnerable for China rel to
U.S. have higher Chinese operator and built presence.

Color = Chinese built-&-operated TEU-share pct over the exposure-gap (x) ×
bottleneck (y) plane; reddest = jointly exposed. — Data: vessel registry,

LOESS surface.Backup: Control maps TEU shares
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SECTION 3

Quantitative Model



Quantitative Model: Demand, Transport Supply, and Equilibrium
Model | Scenarios | Strategic exposure | Geographic disruption | Operational disruption / policy

Same geography and demand structure as the sufficient-statistic setup
• Geography. Directed transport graph; countries contain locations/ports; labor moves within countries.

• Demand. CES Armington demand maps delivered prices poτod into trade values Xod.

• Supply & welfare. Competitive production and mobility deliver one country welfare index Wm.

Transport layer: demand, supply, and edge costs
• Transport demand. Recursive routing (Fuchs and Wong, 2024) maps edge costs into route access and traffic:

Tij = 1{i = j}+
∑

k∈N+(i)

κ
−θ
ik Tkj , Ξik = κ

−θ
ik PiQk.

• Transport supply and edge costs. Fleets rent at ρn; operators combine builder- and operator-specific capacity in CES nests. Given
distance/time shifter κ̄e, the resulting unit service cost Ge(ρ), fixed non-fleet cost c̄e, and shipment value ve determine

κe = κ̄e

[
1 +

Ge(ρ) + c̄e

ve

]
.

Equilibrium
• Aggregate equilibrium. Goods and labor markets clear; country income equals expenditure.

• Transportation equilibrium. Edge services clear, SSe = SDe = Ξe/ve; rentals ρn clear fleet-capacity markets.
Backup: Overview Transport Equilibrium
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SECTION 4

Quantitative Analysis



Quantification: Inputs and Scenario Families
Model | Scenarios | Strategic exposure | Geographic disruption | Operational disruption / policy

Baseline discipline
• Network. 196 ports, 82 countries, 1,375 observed lanes; model graph uses selected lanes plus accounting nodes to close residual

trade and income.

• Economic scale. Bilateral trade values and port/country economic aggregates pin down baseline demand and welfare weights.

• Fleet layer. Builder and operator records assign service shares and capacity exposure.

Counterfactuals
• Strategic exposure: raise one lane’s route cost and compare U.S. vs. China welfare incidence.

• Geographic disruption: close route cells or corridors and allow endogenous rerouting.

• Operational disruption: withdraw Chinese-operated, Chinese-built, or jointly exposed capacity.

• Policy wedge: impose a stylized fee and compare normal-time costs with disruption-risk reduction.

Backup: Hat system Scenario solver Params
16 / 28



QUANTIFICATION

Strategic Exposure (Ξ)



Different Shipping Lanes Matter for the U.S. and China
Model | Scenarios | Strategic exposure | Geographic disruption | Operational disruption / policy

Experiment
• Raise each international lane cost by 10%, one lane at a time.

• Solve the global equilibrium after each shock.

Lane color = U.S. welfare cost (pp); width ∝ baseline traffic. — Model:
+10% single-edge shock.

Lane color = China welfare cost (pp); width ∝ baseline traffic. — Model:
same shock.

Results
• U.S. Losses center on North American gateways and ocean crossings.

• China. Losses center on East Asian hubs and the Asia–Europe corridor.

• Network propagation. Distant lanes matter through rerouting and equilibrium prices.

Backup: China–U.S. gap Top lanes Validation
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