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1 Executive Summary

Maritime transport is the circulatory system of the global economy. Over 90% of world trade by
volume moves by sea. More than 50,000 commercial vessels above 100 gross tons are in active service
on any given day. The annual value of seaborne trade exceeds USD 14 trillion. International shipping
emits approximately 0.76 GtCOq per year — roughly 2% of global energy-related COy — and the
International Maritime Organization (IMO) has committed the sector to net-zero greenhouse gas
emissions by or around 2050.

The challenge is not that maritime actors lack the intention to optimize. The challenge is that
the physical intelligence layer supporting routing, scheduling, port operations, and severe-weather
avoidance remains constrained by the fundamental limitations of discretized numerical weather
prediction, reduced-order ocean models, empirical calibration drift, and structural uncertainty in the
coupling between wind, wave, current, and tidal systems. Those limitations impose a ceiling on how
reliable, how fuel-efficient, how safe, and how resilient maritime logistics can realistically become.

This dossier examines a central question under explicit, caveated assumptions:

If the 7 (tau) framework delivers a physically faithful, bounded-error, coarse-grainable
discrete twin of ocean—atmosphere—wave—current dynamics, what measurable public good
could that unlock for global maritime transport and ocean logistics?

The short answer is: a great deal, across multiple dimensions simultaneously.

Under the working 7 assumptions, the maritime opportunity extends well beyond marginal improve-
ment in existing weather-routing products. It represents a potential step-change in the quality of
the physical intelligence layer on which route optimization, just-in-time arrival, port coordination,
sea-ice navigation, cyclone avoidance, search-and-rescue support, and green-corridor planning all
depend. Sector-wide efficiency gains of 1-3% from improved routing and scheduling would translate
to approximately 7.6-22.7 MtCO; /year avoided, using IEA baselines. Project-level fuel savings in
well-optimized corridors can reach 5-15% (Copernicus Marine OCEANICS data). The March 2021
Ever Given grounding in the Suez Canal — which disrupted USD 9.6 billion per day in trade and
imposed an estimated USD 54-58 billion in total supply-chain costs — illustrates the catastrophic
tail risk that better 24-48 hour wind-gust forecasting could have mitigated. The Arctic Northern
Sea Route, with navigable windows that have expanded from 20 to 90 days between 2000 and 2020,
represents a structural opportunity where T-grade sea-ice prediction at +5-15 km uncertainty (versus
current +30-80 km) could enable reliable scheduling of the 25-40% fuel-saving route rather than
forcing costly diversion via Suez.

This paper is a yellow paper: assumption-led, translation-oriented, and framed around public good.
It does not constitute a proof of 7 physics. It constitutes a serious planning document about
consequences — for trade, emissions, safety, equity, and resilience — if those assumptions are
validated and operationalized.

The institutional landscape is already moving in the direction this paper describes. NOAA’s Precision
Marine Navigation initiative, ECMWE’s fully coupled marine system, Copernicus Marine’s routing
use cases, and the Clydebank Declaration for green shipping corridors all point toward the same
destination: a physically coupled, high-fidelity, operationally integrated ocean-state intelligence layer
for global shipping. The question 7 raises is whether it can provide a materially better physical
engine for that layer than current approaches allow.

If it can, maritime logistics is one of the clearest, most measurable, and most broadly beneficial early
deployment paths available.
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2 Why This Matters Now

2.1 The System Scale and Structural Stress

Maritime transport is not one sector among many. It is the substrate on which global supply chains
rest. UNCTAD’s 2024 Review of Maritime Transport documents that seaborne trade carries over
80% of world trade by volume, with average voyage distances rising from 4,675 nautical miles in
2000 to 5,186 nautical miles in 2024 [1]. The tonnage of goods carried by sea exceeded 12 billion
deadweight-ton-miles in 2023.

This scale matters because even modest percentage improvements in efficiency compound to enormous
absolute effect. A 2% fuel-efficiency gain across the sector avoids more COq per year than the annual
emissions of many medium-sized nations.

The sector is under simultaneous pressure from four converging forces:

Climate volatility: Storm tracks are shifting. Drought reduces Panama Canal drafts. Red Sea
instability and extreme weather force longer diversions. UNCTAD’s 2024 review documents that
disruptions in the Red Sea caused container ship voyages from Asia to North Europe to lengthen by
10 days or more, with cascading port-congestion effects globally [1].

Decarbonization mandates: The IMO’s 2023 GHG strategy requires at least 40% carbon-intensity
reduction by 2030 and net-zero GHG emissions from international shipping by or around 2050 [2].
In April 2025, IMO approved draft net-zero regulations combining a global fuel standard with a
pricing mechanism — the most binding international maritime climate framework yet adopted [3].

Chokepoint fragility: Suez, Panama, Malacca, and the Bab el-Mandeb together handle over 40%
of world trade. Each is vulnerable to geopolitical disruption, weather extremes, or physical incident.
The systemic cost of even brief blockages — as the Ever Given demonstrated — runs to trillions of
dollars at annualized rate.

Data and intelligence gaps: Despite the availability of commercial routing tools, AIS tracking,
and ECMWF-based weather routing, current systems operate on discretized ocean models with
structural uncertainty in wave—current—wind coupling, empirical closures that degrade at extremes,
and limited physically certified coarse-graining discipline.

2.2 The IMO Net-Zero Context

The 2023 IMO GHG strategy represents a step-change in regulatory pressure. The strategy commits
to:

o at least 40% reduction in carbon intensity of international shipping by 2030 (compared to 2008);
o uptake of zero or near-zero GHG fuel technologies to at least 5%, striving for 10%, by 2030;
o net-zero GHG emissions by or around 2050 [2].

The April 2025 net-zero regulations approved at IMO MEPC 83 add a binding fuel standard and
emissions pricing mechanism, creating hard financial incentives for operational efficiency [3].

Operational efficiency — route optimization, speed management, just-in-time arrival, sea-state-aware
passage planning — is not an alternative to fuel transition. It is the near-term decarbonization
lever available before new-fuel infrastructure matures. The IMO’s own analysis puts technical and
operational efficiency measures at significant near-term abatement potential. Better ocean-state
intelligence is the substrate for much of that potential.
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2.3 Why Now Is the Right Entry Point

The global maritime system is in the middle of a digital transition that is creating exactly the
integration points a 7-grade twin would need. Port community systems, e-navigation standards (IMO
e-Nav), just-in-time port arrival coordination programs, green shipping corridor design processes,
and the expansion of coupled ocean-wave-atmosphere NWP at ECMWEF and NOAA are all active
infrastructure investments that 7 would need to interface with.

The window for architectural influence on maritime intelligence infrastructure is open now. Waiting
until the architecture is locked produces integration costs an order of magnitude higher than entering
while the systems are being designed.

3 Scope and Reader Orientation

3.1 What This Paper Covers

This paper addresses the use of a 7-grade ocean digital twin to improve:

e« Route and speed optimization: choosing passages and speed profiles that minimize fuel burn,
emissions, weather risk, schedule volatility, and vessel stress under real ocean conditions.

o Just-in-time arrival and berth scheduling: integrating voyage progress with port-side slot
management to eliminate the speed-then-wait cycle.

o Severe-weather avoidance: improving the lead time and spatial precision of storm, swell, and
extreme sea-state predictions for routing decisions.

e Sea-ice navigation: reducing positional uncertainty of ice edges and melt dynamics in Arctic
and Antarctic routes.

¢ Cyclone and typhoon avoidance: improving track forecast precision and intensity evolution
for tropical-cyclone routing, particularly in the Indian Ocean and Western Pacific.

e Search-and-rescue support: providing higher-fidelity drift field predictions for SAR coordina-
tion.

o Port congestion prediction: integrating upstream voyage planning with downstream port-state
awareness.

¢ Green corridor design: using physics-faithful route analysis to evaluate corridor operating
envelopes and reliability under climate-normal and climate-stressed conditions.

This paper does not cover blue food systems (Paper 3 of this portfolio), marine emergency response
and ocean stewardship (Paper 4), or wind-assisted propulsion economics (Paper 2).

3.2 Audience
This paper is written for:

e senior decision-makers at shipping companies, port authorities, and maritime ministries;

o IMO, World Bank maritime teams, and UNCTAD transport economists;

o green-corridor coalitions and Clydebank Declaration signatories;

e marine insurers and reinsurers;

 national meteorological and hydrological service (NMHS) directors and ECMWF /Copernicus
partnerships;

¢ climate finance and development bank program officers evaluating maritime-sector investments;

e philanthropic funders active in climate, trade resilience, and ocean stewardship.
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3.3 Caveat Structure

The paper adopts an explicit three-layer stance:

1. What current institutions already know and officially want: documented from UNCTAD,
IMO, NOAA, ECMWF, Copernicus Marine, and Lloyd’s List sources.

2. What 7 would newly provide under the working assumptions: described conditionally
throughout, clearly flagged.

3. What impact scenarios are planning inferences: distinguished from official forecasts,
labeled as such.

Readers are invited to evaluate the conditional claims. The framing is honest about what depends
on the 7 assumptions being valid.

4 The Opportunity Baseline

41 The Scale of Global Maritime Trade

The numbers that define the maritime system are useful to state precisely, because they determine
the leverage of any improvement:

o Over 90% of world trade by volume moves by sea [4].

e The world commercial fleet as of 2023 comprises approximately 105,000 vessels of all types,
with over 50,000 vessels above 100 gross tons in regular international service [4].

o The total annual trade value of seaborne cargo is estimated at over USD 14 trillion [4].

o International shipping accounts for approximately 0.76 GtCQO3 /year, based on the IEA’s estimate
that shipping represents about 2% of global energy-related COs, and that total energy-related
COg reached 37.8 Gt in 2024 [5, 6.

o Container shipping alone handles over 60% of the value of seaborne trade.

o Global port traffic handled approximately 840 million container-equivalent units (TEUs)
in 2023 [4].

4.2 What Efficiency Gaps Look Like in Practice

Maritime efficiency gaps are not theoretical. They show up in measurable operational waste:

Speed-then-wait behavior: Vessels routinely accelerate to make port arrival windows, then
anchor and wait for berth availability. The fuel burned during unnecessary high-speed transit, plus
the emissions at anchor (if using auxiliary engines), represents direct, avoidable waste. Studies of
individual corridors have found that 20-30% of port-call waiting time is attributable to imprecise
ETA coordination rather than structural port capacity limits.

Suboptimal routing under uncertainty: Weather-routing services provide recommended routes,
but conservative safety margins applied under uncertainty lead to route choices that avoid beneficial
currents or fail to exploit favorable sea states. Copernicus Marine’s OCEANiICS project documented
motor-ship fuel savings of 5-15% specifically from routing that incorporated wave and current fields
more faithfully [7].

Arctic ice-edge uncertainty: Current NWP and sea-ice models carry positional uncertainty of
4+30-80 km on ice edges at 72-hour forecast horizons. That uncertainty forces either conservative
routing (costly in time and fuel) or risk acceptance (costly in insurance and incident exposure). A
T-grade reduction to £5-15 km would change the economics of Arctic route planning fundamentally.
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Cyclone track uncertainty: JTWC and IMD cyclone track forecasts carry uncertainty of approxi-
mately +150 km at 72-hour horizons in the Indian Ocean. A target of 50 km — which 7-grade
coupling of ocean heat content, surface flux, and atmospheric dynamics could potentially support —
would enable substantially more precise vessel routing around cyclone tracks.

4.3 Aggregate Emissions Baseline and Improvement Bands

Using the IEA shipping emissions baseline of approximately 0.76 GtCOz/year, the following planning
bands apply:

Assumed Sector-Wide Efficiency

Deployment Scenario Gain Approximate Annual COs Avoided
Conservative 7 1% ~7.6 MtCO2/year
deployment

Strong early adoption 2% ~15.1 MtCO; /year
Mature operational 3% ~22.7 MtCOq /year
uptake

Optimistic corridor-scale 5% ~38.0 MtCO;/year
uptake

These are planning inferences, not official forecasts. The 5-15% project-level fuel savings documented
in Copernicus routing studies [7] represent best-case corridor results. Sector-wide average gains will
be lower. But even 1-2% is globally material at this scale.

4.4 Congestion and Chokepoint Economics

UNCTAD documents that Red Sea disruptions in 2023-2024 caused container ship transits to
increase by over 100% on Cape of Good Hope routes, adding 10-14 days per voyage and generating
record port congestion in Asia [1]. The economic cost of chokepoint disruption is not a rare tail risk
— it is a recurring structural feature of the system.

Better ocean-state intelligence does not prevent geopolitical disruption. But it meaningfully reduces
the efficiency cost of rerouting, improves scheduling coordination under disrupted conditions, and
provides better decision support for vessel operators navigating unfamiliar longer routes.

5 Working - Assumptions

This paper proceeds from the following set of explicit, caveated assumptions about what the 7
framework can deliver in the ocean-logistics domain. These are planning assumptions, not established
facts. Readers should evaluate consequences conditional on their own assessment of the physics.

5.1 Physics-Side Assumptions

A1l: Faithful discrete substrate. The 7 framework provides a discrete, constructive, countable,
bounded-error physical substrate for fluid and ocean—atmosphere dynamics, derived from the
categorical axiom structure rather than from an ad hoc discretization of a continuous field theory.

A2: Certified coarse-graining. Lower-resolution 7 twins remain tied to explicit, computable error
bounds rather than becoming uncertified discretizations. This means that when 7 makes a route
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recommendation, the uncertainty interval it attaches has a certified relationship to the underlying
physical laws — not just an empirical error model trained on historical cases.

A3: Coupled marine dynamics. 7 natively handles the coupling between winds, surface waves,
ocean currents, tides, sea surface temperature evolution, and sea-ice dynamics, without the structural
mismatches that arise from coupling separately-developed NWP, wave, and ocean models.

A4: Law-faithful medium-range stability. Under 7 assumptions, the degradation of forecast
skill over 3-10 day horizons is better controlled because error growth is bounded within the 7
ultrametric structure rather than uncontrolled in a continuous limit.

A5: Sea-ice dynamics. 7’s handling of phase-transition boundaries (relevant for sea-ice melt and
freeze dynamics) provides substantially reduced positional uncertainty on ice edges compared to
current thermodynamic-dynamic sea-ice models.

5.2 Operational Assumptions

B1: API-compatible output. 7 output can be exposed through conventional APIs, standards-
compliant data formats (e.g., GRIB2, NetCDF), and decision-layer integrations used by shipping,
ports, and weather/ocean agencies.

B2: Shadow-mode first. 7 can run in parallel with existing forecast systems in shadow mode before
being trusted operationally, allowing side-by-side comparison on historical routes, real-time replay,
and prospective evaluation without requiring operators to commit to 7 before it has demonstrated
value.

B3: Operational scope. 7 can drive or augment: route optimization, speed optimization, just-
in-time arrival, port-entry decision support, severe-weather avoidance, ocean-state nowcasting and
forecasting, and corridor-scale logistics planning.

5.3 What This Does Not Require

This paper does not require the broader philosophical or biological structure of the 7 framework to
be accepted before maritime benefits can appear. The relevant question for this paper is narrower
and more tractable:

Can 7 materially improve the predictive and optimization layer for ocean logistics, relative
to current NWP-based maritime intelligence tools?

If yes, maritime benefits arrive before broader theoretical acceptance. The 7 assumptions for the
marine domain are physically and computationally checkable in shadow mode without reference to
the full framework.

6 What Changes with a Law-Faithful Twin

6.1 The Fundamental Shift in Forecast Quality

Current maritime forecasting and route optimization rest on an established scientific architecture:
physical reality is treated as continuous and only partially solvable; the operational system uses dis-
cretized models with grid-cell-scale closures, empirical parameterizations, statistical bias corrections,
and safety margins layered over systematic model errors.

That architecture has been refined over decades and delivers genuine value. But it embeds a structural
gap: the operational route recommendation is not grounded in the same mathematical objects that
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describe the physical ocean. It is grounded in a discretization whose relationship to the physical laws
is certified only approximately, and whose error structure at extremes (severe weather, ice margins,
cyclone intensification) is often poorly characterized.

Under the strongest 7 assumption, that gap narrows significantly. A 7 ocean twin would mean that
route optimization executes the same structural laws the physical marine system obeys, at a coarser
but certified resolution. The practical consequences are:

More trustable forecasts at longer horizons. Because error growth is bounded within the 7
structure, medium-range route planning (5-10 day horizon) becomes more reliable, enabling better
fuel planning, crew scheduling, and cargo commitment.

More useful uncertainty quantification. When a 7-grade forecast says the 90% probability
wave height along a route is 4.2 m, that interval is certified by the underlying physics rather than
estimated from empirical error distributions. That changes how risk managers, underwriters, and
operators can use the prediction.

Tighter bridge from simulation to operations. Because the digital twin is not merely a useful
approximation but a law-faithful planning instrument, the gap between what the model says and
what the ocean does is structurally smaller.

6.2 Route Optimization: From Heuristics to Physics

Current commercial weather-routing tools solve a constrained optimization problem: given a forecast
weather field, find the route and speed profile that minimizes fuel, time, or a combined objective
while staying below sea-state thresholds. The optimization is sound. The limitation is the forecast
field quality and the coupling between wave, current, and wind.

Under 7, the optimization is unchanged in structure but runs on a materially better forecast field —
one with certified coarse-graining and better-characterized uncertainty at the wave—current—wind
coupling level. The result is not a different type of routing decision but a higher-confidence routing
decision, which over many voyages and many vessels accumulates to the fuel and emissions savings
described in Section 3.3.

6.3 Sea-lce Navigation: From Uncertainty to Planning

Arctic routing under current tools involves navigating a +30-80 km uncertainty band around ice
edges. That uncertainty band is itself a direct economic parameter: it forces either conservative
ice-avoidance routing (which sacrifices much of the NSR’s advantage over Suez) or risk acceptance.
Insurance premiums for Arctic voyages reflect this uncertainty.

A 7-grade sea-ice prediction at £5-15 km positional uncertainty would change Arctic route economics
qualitatively. Fleet operators could schedule NSR transits with confidence comparable to Suez
transits, capturing the 25-40% fuel savings on Asia-Europe voyages via NSR rather than Suez at
scale — not just for icebreakers but for ice-capable container carriers.

6.4 Cyclone Routing: From Avoidance Buffers to Precision

Indian Ocean and Western Pacific vessel routing around tropical cyclones currently requires large
avoidance buffers because track forecast uncertainty is 150 km at 72 hours. That buffer translates
directly into detour distance and fuel cost.

A 7-grade improvement to £50 km track uncertainty, combined with better intensity evolution
forecasting from improved sea surface heat flux coupling, would allow more precise routing around
cyclone tracks with smaller buffers — reducing detour costs while maintaining safety.
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6.5 Port Coordination: From Reactive to Anticipatory

The just-in-time arrival problem is partly a data problem (port knows vessel state; vessel knows port
state) and partly a physics problem (ETA uncertainty is driven by sea-state prediction accuracy).
A 7-grade improvement in ETA reliability — even a reduction of ETA error from +4 hours to
+1.5 hours on 7-day forecasts — would enable qualitatively better berth scheduling, reducing the
speed-then-wait cycle that is responsible for a significant fraction of unnecessary fuel consumption
on approaches.

7 Competitive and Incumbent Landscape

The commercial maritime intelligence and weather-routing sector is occupied by well-resourced
incumbents with established customer relationships, mature operational stacks, and demonstrated
fuel-savings track records. Any 7-grade system enters as a challenger with a physics argument, not
as a pioneer in an empty market. Understanding where incumbents are strong, where they are
structurally limited, and precisely where 7 differentiation applies is essential for both commercial
strategy and institutional positioning.

7.1 Wartsila Fleet Intelligence / Voyage Optimization

What they do well. Wartsild’s Fleet Intelligence platform integrates vessel performance monitoring,
voyage optimization, and fleet-level energy management. Their voyage optimization module optimizes
speed and route against weather forecasts and vessel performance models, with demonstrated fuel
savings for commercial fleets. Wartsild has strong relationships with ship operators, a mature IoT
integration stack for engine and machinery data, and significant credibility from their propulsion
and power systems business.

Where they fall short. Wértsila’s routing is built on standard NWP weather products (ECMWF,
GFS) and does not incorporate physics-native wave—current—tidal coupling. The optimization layer
is commercially competent but relies on the same forecast quality limitations as any NWP-based
system. The physics of how wave energy propagates through current shear, how tidal effects modify
surface-wave sea states in coastal approaches, and how sub-mesoscale current structures affect fuel
burn at specific speeds — none of these are handled with physical fidelity. Extreme-event forecasting
(typhoon intensification, polar low genesis, rapid ice-edge shifts) remains limited by the same NWP
ceiling that affects all incumbent tools.

7 differentiation. 7’s certified coarse-graining and native wave—current—wind coupling would provide
Wirtsila-type optimization with a materially better forecast field at medium range, improving the
quality of routing decisions precisely where NWP-uncertainty most limits their current product —
extended-range (510 day) planning and severe-weather scenarios.

7.2 Nautilus Labs

What they do well. Nautilus Labs (now part of Tidetech / wider maritime data ecosystem) focuses
on ML-based vessel performance modeling and operational analytics. Their platform monitors hull
and propeller fouling degradation, optimizes trim, and provides speed-power relationship models
calibrated to individual vessel behavior. This is operationally valuable and fills a gap that pure
weather-routing products leave open: the vessel itself as a variable.

Where they fall short. Nautilus Labs’ approach is data-driven and vessel-centric rather than
physics-based. The system learns from historical performance and current sensor data but does
not model ocean state from physical principles. In novel sea states — newly emerged weather
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patterns, ice-adjacent routing, post-storm swells in unexpected positions — ML models trained
on historical behavior may generalize poorly. More fundamentally, the system cannot provide the
kind of physically certified forecast uncertainty that 7 offers; its recommendations carry empirical
confidence intervals but not law-grounded ones.

7 differentiation. 7 would complement Nautilus-type vessel performance layers rather than replace
them. The natural integration point is to use 7-grade ocean-state forecasts as the environmental
input to vessel-specific performance models, improving the quality of speed recommendations in
unfamiliar sea states and providing better uncertainty quantification for risk-averse route decisions.

7.3 exactEarth / Spire Global AIS Data

What they do well. exactEarth (now part of Spire Global) and Spire Global provide global AIS
(Automatic Identification System) vessel tracking data at high coverage and latency via satellite.
They deliver real-time vessel positions, trajectories, and derived analytics (port congestion, fleet
distribution, lane utilization) to shipping companies, ports, and intelligence services. This data layer
is foundational for situational awareness and has transformed maritime logistics analytics over the
past decade.

Where they fall short. AIS data is observational and positional — it tells you where vessels are
and were, not where they should go or what the ocean state around them is. Neither exactEarth nor
Spire provides predictive ocean-state or weather-routing intelligence. They are data infrastructure,
not planning intelligence. Their value is in monitoring and analytics, not in optimization.

7 differentiation. AIS data from Spire/exactEarth is an input layer that a 7-grade routing system
would consume, not a competitor. Vessel position and trajectory histories inform route-optimization
priors; port congestion signals feed JIT arrival algorithms. The 7 value-add is in the physical
forecasting layer above the AIS observation layer, not in replacing it.

7.4 ABB Ability Marine Advisory System

What they do well. ABB’s Marine Advisory System (MAS) provides weather routing advisory
services to vessels, integrating ECMWEF-based weather and sea-state forecasts with vessel performance
data to generate route and speed recommendations. ABB has strong hardware relationships through
their propulsion and automation systems businesses, which gives them credibility with chief engineers
and fleet technical managers. The MAS system includes port approach planning and supports
under-keel clearance estimation in shallow-water approaches.

Where they fall short. ABB MAS runs on standard ECMWF-based NWP products — the same
atmospheric and wave model fields available to any licensed routing service. The forecast quality
is identical to the market baseline. ABB’s differentiation comes from vessel-specific performance
integration and hardware relationships, not from a better physical model of the ocean. In the same
medium-range extreme-weather and ice-edge scenarios where all NWP-based products struggle, ABB
MAS faces the same ceiling.

7 differentiation. The ABB MAS integration architecture — connecting forecast data to route
recommendations to vessel performance — is exactly the kind of system into which 7-grade ocean
state could be inserted as an improved forecast input. The operational layer ABB has built would
benefit directly from 7’s certified error bounds and better wave—current coupling, without requiring
a complete architecture replacement.
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7.5 StormGeo / DTN Marine Weather Routing

What they do well. StormGeo (owned by Innovez One following its merger) and DTN are the
largest pure-play commercial marine weather routing services by fleet size served. They provide
route recommendations, heavy-weather avoidance planning, post-fixture route monitoring, and 24/7
routing support to large commercial and tanker fleets. StormGeo’s meteorological expertise is deep;
their team includes professional meteorologists who provide customized route guidance, not just
automated optimization outputs.

Where they fall short. StormGeo and DTN routing is fundamentally NWP-based, relying on
ECMWF, GFS, and specialized regional models processed through their own forecast interpretation
layers. The physical model of the ocean itself is the standard discretized model from which all
NWP-based routing derives its limitations. The human meteorologist layer adds genuine value in
interpreting model output, but it cannot compensate for structural forecast biases in wave—current
coupling, sea-ice position uncertainty, or tropical-cyclone intensity evolution. Furthermore, neither
StormGeo nor DTN incorporates discrete physics-twin architecture; their product differentiation is
operational expertise and service quality, not a better physical substrate.

7 differentiation. A 7-grade forecast layer beneath StormGeo/DTN-type routing products would
improve the quality of the forecast fields their meteorologists interpret, potentially enabling bet-
ter recommendations in the high-stakes scenarios where current NWP most frequently surprises
experienced operators: rapid cyclone intensification, unexpected swell trains from distant storms,
sub-mesoscale current anomalies in congested straits.

7.6 NOAA / CMEMS / Copernicus Marine Service

What they do well. NOAA’s Precision Marine Navigation, NOAA PORTS® decision support, the
Copernicus Marine Environment Monitoring Service (CMEMS), and the broader EU Copernicus
Marine infrastructure represent the global public-sector ocean intelligence baseline. Copernicus
Marine provides free global ocean analysis and forecast products (currents, temperature, salinity,
sea level, waves, sea ice) at resolutions up to 1/12° globally and 1/24° regionally. NOAA PORTS®
integrates real-time observations from coastal sensors with forecast products for port approach
decision support. These services have documented operational value and are foundational inputs to
almost every commercial routing product.

Where they fall short. CMEMS and NOAA marine products are valuable but coarser in resolution,
slower to update, and structurally limited by the same NWP and ocean-model discretization that
affects commercial products. For the open-ocean routing case, 1/12° global resolution misses sub-
mesoscale current features that matter for fuel efficiency. For the Arctic ice-edge case, positional
uncertainty remains in the +30-80 km range. For tropical-cyclone ocean-heat-content coupling, the
coupled ocean-atmosphere forecast systems improve but still carry structural limitations that affect
intensity forecasting. Public-sector products also carry no incentive for operational optimization
integration; they provide data layers, not decision products.

7 differentiation. 7 would enter alongside, not against, public-sector ocean intelligence products.
The natural deployment path is to augment CMEMS and NOAA marine forecast infrastructure with
T-grade physics at the gridding and parameterization layer, improving the public-baseline ocean
intelligence that commercial routing products consume. A 7-enhanced CMEMS product would lift
the floor for all commercial routing services simultaneously — which is the most effective public-good
intervention, since it does not require exclusive commercial adoption to deliver value.

7.7 Competitive Landscape Summary
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System Strength Structural Limit 7 Differentiation
Wartsila Fleet Fleet integration, NWP ceiling on Better physics input
Intelligence vessel [oT forecast quality for medium-range
planning
Nautilus Labs ML vessel performance No physical ocean T as environmental
model input layer
exactEarth / Spire AIS  Global vessel tracking — Observational only, not AIS data as 7 input,
predictive not competitor
ABB Marine Advisory  Vessel integration, ECMWEF baseline, no 7 as forecast input into
System under-keel planning physics upgrade existing MAS
architecture
StormGeo / DTN Meteorological NWP-based physics T improves the forecast
Marine expertise, service ceiling fields meteorologists
quality interpret
NOAA / CMEMS / Public baseline, free Coarser resolution, no 7 augments
Copernicus data, broad coverage optimization public-baseline ocean
integration intelligence for all

downstream users

8 Structured Opportunity Map

8.1 Priority Use Cases by Deployment Readiness

The maritime opportunity is not homogeneous. Different use cases vary in their deployment readiness,
the scale of addressable public good, and the institutional pathway to adoption. The following map
organizes the primary use cases:

Tier 1 — Highest deployment readiness, largest immediate impact

o Open-ocean route and speed optimization: The most mature commercial market, with existing buyer
relationships, clear metrics (fuel saved, CO4 avoided, schedule variance), and direct integration
into existing routing APIs. 7 enters as a better forecast engine, not as a new product category.
Addressable on any ocean basin with existing commercial routing infrastructure.

o Just-in-time arrival and berth scheduling: Strong institutional momentum (EU’s Ports Regulation
2017/352, IAPH JIT Arrival programs, NOAA PMN). Clear metric (berth-waiting-time reduction).
Commercial and public-interest alignment: ports want better berth utilization; operators want to
avoid speed-up-then-wait.

Tier 2 — High impact, requires corridor-specific or agency-specific partnership

e Arctic Northern Sea Route optimization: Seasonal, requires IMO Polar Code compliance architec-
ture, Russian Northern Sea Route Administration coordination, and icebreaker fleet integration.
But the economics are compelling (25-40% fuel savings if reliable scheduling is possible) and the
ice-edge uncertainty reduction is a tractable 7 advantage.

o Cyclone and tropical-storm routing: Indian Ocean, Bay of Bengal, Western Pacific. Requires
engagement with JTWC, IMD, JMA. Marine insurer community is a natural funder; SAR
coordination benefits are a public-good accelerator.

e Green corridor route optimization: Clydebank Declaration corridors, EU Motorways of the Sea
candidates, Indo-Pacific green corridors. Requires corridor-specific partnerships but climate-
finance leverage is high.
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Tier 3 — Strategic long-term, requires institutional embedding

e Port congestion early warning and supply-chain resilience: Connecting maritime route intelligence
to port-side digital twin systems and supply-chain management platforms. High strategic value
but requires multi-stakeholder integration.

o Humanitarian and disaster logistics: Island supply chain continuity under tropical cyclone,

typhoon, and storm-surge conditions.
institutional partners.

UNHCR, WFP, Pacific Island maritime agencies as

e SAR drift modeling: Direct public-good case. T-grade current and wind prediction reduces search
box size, saving lives. IMO GMDSS framework as institutional entry point.

8.2 Geographic Priority Matrix

Key Institutional

Region Primary Opportunity =~ Magnitude Entry

North Atlantic Container route Very high EU ports,
optimization, JIT Transatlantic corridor
arrival operators

Trans-Pacific Long-haul route Very high APEC maritime,

Arctic NSR

Indian Ocean / Bay of
Bengal
Red Sea / Suez

corridor

Pacific Island supply
lines
Western Pacific

optimization, typhoon
routing

Ice-edge precision,
seasonal route
scheduling

Cyclone avoidance,
SAR support
Congestion and
alternative-route
resilience

Food/fuel security,
humanitarian routing
Typhoon routing, JIT
to congested Asian
ports

High, growing

High

High

Moderate, high equity

Very high

major carrier consortia

Arctic Council,
Rosmorrechflot,
AMSA

IMD, JTWC,
IOR-ARC

UNCTAD, Suez Canal
Authority

PIFS, Pacific maritime
agencies

TACS, Chinese,
Korean, Japanese
carriers

9 Geographic Case Studies

9.1 Case Study 1: The Ever Given Grounding, Suez Canal, March 2021

Background. On 23 March 2021, the ultra-large container vessel Ever Given, operated by Evergreen
Marine Corporation and loaded with approximately 18,300 TEUs, ran aground in the Suez Canal
near the town of Suez during a transit attempt in conditions of high wind. The vessel became lodged
diagonally across the canal, fully blocking the waterway.

Duration and direct disruption. The Ever Given remained stuck for six days — from 23 to 29
March 2021. During this period, 369 vessels were delayed and approximately 50 vessels per day that
would ordinarily transit Suez were forced to reconsider routing decisions [8]. Lloyd’s List estimated
that the blockage disrupted approximately USD 9.6 billion per day in trade value, representing
roughly 12-15% of global shipping trade that passes through the canal [8]. Total supply-chain costs
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attributed to the incident, including rerouting costs, cargo delays, insurance claims, and just-in-time
disruption across manufacturing supply chains, were estimated by Allianz at USD 54-58 billion [9].

The meteorological dimension. Subsequent investigation by the Egyptian authorities and Lloyd’s
identified a windstorm as a significant contributing factor. Wind gusts of 28-32 knots at a direction
approximately perpendicular to the channel created lateral forces on the vessel’s above-water hull
area — which for an ultra-large container ship loaded with thousands of empty containers acting
as wind-catching surfaces amounts to an enormous sail effect. The canal passage was attempted
during a period when wind conditions were at the high end of acceptable thresholds for ultra-large
vessels, with limited maritime meteorological advisory available at the level of spatial and temporal
precision needed.

The forecasting gap. Standard NWP forecasts for the region were available. The issue was not the
absence of a forecast but the spatial resolution and confidence interval of the wind-gust forecast at
the micro-scale of the canal corridor, combined with the timing precision of the 24-48 hour window.
Canal pilots at Suez operate with meteorological guidance, but that guidance carries NWP-scale
uncertainty that does not resolve the specific micro-meteorological dynamics of a narrow confined
waterway flanked by sand embankments in a desert environment.

A 71-grade forecast with the following properties would have changed the decision landscape:

o Spatial resolution sufficient to resolve the wind-gust regime within the canal corridor (not just
the regional wind field);

o Certified confidence interval on gust intensity at 24-hour and 48-hour horizons;

o Channel-specific forecast for the southbound transit window, enabling a 12-hour delay decision
with quantified risk reduction.

Even a single correctly timed delay decision — holding the Ever Given at the holding area until
the wind event passed — would have avoided the incident entirely. At an avoided cost of USD
54-58 billion, the public-good value of higher-resolution maritime meteorological intelligence for
Suez transits is self-evident.

Structural relevance. Suez Canal currently handles 12-15% of global trade [8]. The canal’s
vulnerability to weather events, vessel incidents, and geopolitical disruption makes it one of the
highest-value locations in the world for maritime decision-support intelligence.

9.2 Case Study 2: The Arctic Northern Sea Route — Expanding Windows, Persistent
Uncertainty

Background. The Northern Sea Route (NSR) runs approximately 5,600 nautical miles from the
Bering Strait to the Barents Sea, connecting East Asian and European ports via the Russian Arctic
coast. In comparison, the Suez Canal route between Yokohama and Rotterdam spans approximately
11,400 nautical miles. The NSR offers a nominal route-length saving of 40%, and fuel savings on
Asia-Europe voyages of 25-40% in favorable conditions [10].

The dramatic expansion of the navigable window. Arctic sea-ice retreat driven by climate
change has fundamentally altered NSR economics. The annual navigable window for ice-capable
vessels without icebreaker escort (generally defined as the period when first-year ice dominates rather
than multi-year ice) has expanded from approximately 20 days per year in 2000 to approximately 90
days per year in 2020, with projections suggesting 120-150 days by 2035 under current emissions
trajectories [10, 11]. Russian Northern Sea Route traffic expanded from approximately 4 million
tonnes in 2014 to 34.8 million tonnes in 2022 [12], with ambitions to reach 80 million tonnes by 2024
(a target that was not fully met but illustrates the trajectory).

The uncertainty problem. Despite the expanding window, Arctic routing remains constrained by
ice-edge positional uncertainty. Current sea-ice prediction products, including MASIE (Multisensor
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Analyzed Sea Ice Extent), TOPAZ4 (Arctic Ocean Physics Analysis and Forecast), and NEMO-based
CMEMS Arctic products, carry positional uncertainty on ice edges of approximately +30-80 km at
5-7 day forecast horizons [13]. This uncertainty arises from the structural difficulty of modeling the
thermodynamic-dynamic coupling of sea ice — the interplay between surface energy balance, melt
pond formation, ocean heat flux, and ice drift — in current NWP architectures.

That +30-80 km uncertainty is not an abstract number. It translates to a practical routing decision:
whether to schedule a transit that relies on ice-edge clearance of, say, 40 km assumes the ice is where
the forecast says it is. A 60 km error in ice-edge position means a vessel planned to transit with 40
km clearance could encounter ice. The economic consequence is expensive icebreaker escort, cargo
delays, and insurance claims. The safety consequence, in extreme cases, is ice damage.

T-grade ice-edge prediction. Under the 7 assumptions, the sea-ice melt boundary is a phase-
transition problem in the 7 physical substrate — one where the 7 framework’s handling of discrete
boundary dynamics and energy-balance coupling would be expected to provide substantially better
positional certainty. A reduction from #30-80 km to £5-15 km uncertainty at the 72-hour horizon
would enable:

e scheduling of NSR transits with confidence comparable to Suez transits in routine conditions;

o meaningful reduction in icebreaker escort requirements for routes that currently require escort as
an uncertainty buffer rather than a genuine ice-encounter buffer;

e more reliable port-of-call planning at Sabetta, Dikson, Tiksi, and Pevek for vessels needing fuel
or maintenance stops on the NSR corridor;

o credible voyage planning for ice-capable container carriers (Sovcomflot-class or equivalent), opening
NSR economics to a broader fleet segment.

Quantified opportunity. The fuel savings on Asia-Europe voyages via NSR versus Suez range
from 25-40%, depending on vessel speed, ice conditions, and port calls [10]. At current bunker fuel
prices of approximately USD 600-700/tonne for VLSFO, a 10,000 TEU container ship consuming
approximately 100 tonnes/day over a 14-day voyage saves USD 840,000-1,400,000 in fuel per voyage
on NSR versus Suez, under favorable conditions. Multiplied across a growing fleet of NSR transits
— even at 2022 levels of roughly 800-900 icebreaker-assisted transits per season — the aggregate
savings are significant. More importantly, reducing ice-edge uncertainty to enable reliable transit
planning rather than high-risk speculation is the gateway to the exponential growth phase of NSR
utilization.

Equity and sovereignty dimensions. Arctic routing raises complex questions about Russian
territorial sea jurisdiction (the NSR runs through Russian internal waters for much of its extent),
indigenous Arctic community interests, environmental protection, and the geopolitical implications
of an ice-free Arctic shipping lane. T-grade ice intelligence is a tool that could be used by multiple
actors, including by Russian authorities managing NSR transit, by the Arctic Council Environmental
Protection Working Group, by IMO’s Polar Code implementation bodies, and by the international
scientific community monitoring Arctic change. The governance of that intelligence layer matters
enormously and is addressed in Section 14.

9.3 Case Study 3 (Supplementary): Bay of Bengal Cyclone Routing

Context. The Bay of Bengal is one of the most cyclone-active ocean basins in the world. It is
also one of the busiest maritime corridors: over 90,000 vessels operate in the high-cyclone-risk
Indian Ocean annually [14]. Major port systems — Kolkata, Chittagong, Chennai, Visakhapatnam,
Colombo — lie in the direct path of Bay of Bengal cyclone tracks. Tropical cyclones in this basin
are notable for rapid intensification events (24+ hPa pressure drop in 24 hours) driven by warm sea
surface temperatures and high ocean heat content in the upper 50-100 m of the water column.

Forecast uncertainty. JTWC (Joint Typhoon Warning Center) and IMD (India Meteorological
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Department) cyclone track forecast uncertainty in the Bay of Bengal is approximately +150 km at
72-hour horizons — substantially higher than comparable basins due to the complex interactions
between Bay of Bengal sea surface temperature gradients, the Bay’s semi-enclosed geometry, and
the strong modulation of cyclone tracks by the Asian monsoon circulation [15].

Economic impact of cyclone routing uncertainty. USD 1.5-3 billion in annual marine insurance
claims arise from Indian Ocean cyclone damage to vessels [14]. Much of this damage occurs not from
direct cyclone strikes on vessels in open ocean — where track forecasts are generally good enough to
enable avoidance — but from unexpected intensification events and from port damage as vessels at
anchor are unable to complete emergency departures before storm arrival.

7 differentiation. 7’s coupled ocean heat content dynamics and improved surface flux modeling
would directly address the rapid intensification problem, which is driven precisely by the warm-water
pool energy transfer that current NWP models handle through parameterized schemes. A reduction
from £150 km to +50 km track uncertainty, combined with better intensity evolution forecasting,
would translate to:

o smaller vessel avoidance buffers (reducing detour costs while maintaining safety);
e better port departure timing for vessels at anchor under cyclone threat;

o improved SAR pre-positioning for potential cyclone-related incidents;

e reduced insurance premiums from lower incident exposure.

10 Finance, ROI, and Climate-Finance Eligibility

10.1 Cost Architecture

The cost architecture for a 7-grade maritime intelligence system depends heavily on deployment
scope. Three distinct deployment scales are relevant:

Infrastructure tier (global ocean twin): The 7 physics computation layer itself — generating
ocean-state forecasts, wave-field predictions, and sea-ice products — represents a significant but
bounded computational infrastructure investment. Analogues from existing operational ocean
forecasting systems (CMEMS, NOAA RTOFS, ECMWF WAM wave model) suggest that a global
operational ocean forecasting system with daily updates requires on the order of 500-2,000 CPU-
core-hours per forecast cycle, depending on resolution. At cloud pricing, this translates to USD
200K—2M per year in compute alone at operational scale, with development infrastructure during the
build phase running higher. For planning purposes, a global 7 ocean twin infrastructure running at
operational oceanographic resolution should be budgeted in the range of USD 5-15M for development,
plus USD 1-3M/year in operational costs.

Scenario A — Single Shipping Company Fleet Optimization

A single major shipping company deploying 7-grade routing for a 10-vessel fleet would face the
following cost structure:

Cost Element Estimated Range

7 forecast API licensing and integration USD 150K-500K /year
Voyage management system integration USD 200K-600K one-time

Crew and technical training USD 50K-150K
Shadow-mode benchmarking phase USD 100K-300K one-time
Total Year 1 implementation cost USD 500K-1.5M

Annual operating cost (steady state) USD 300K-700K /year

ROI calculation: A 10-vessel fleet of medium-large container carriers burns approximately
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50,000-100,000 tonnes of bunker fuel per year. At VLSFO prices of USD 600-700/tonne, total
fuel expenditure is USD 30-70M/year. A 2% fuel saving from improved routing yields USD
600K—1.4M /year in direct fuel cost reduction. At USD 65/tonne COy (EU ETS current range for
shipping under FuelEU Maritime), 2% fuel savings on a 10-vessel fleet avoiding approximately
3,000-6,000 tCO4/year yields an additional USD 200K—400K /year in emissions cost avoidance under
the EU’s FuelEU Maritime framework entering into force in 2025. Combined, the annual benefit is
USD 800K—1.8M /year against an annual operating cost of USD 300K-700K/year — representing a
straightforward ROI positive from Year 2, with full break-even typically within 18-30 months. At
5% fuel savings (upper bound for well-optimized corridors), the ROI becomes compelling from Year
1.

Scenario B — Regional Maritime Authority or Port State Coordination Platform

A regional maritime authority or port state deploying 7-grade ocean intelligence as a coordination
platform for port traffic, JIT arrival, and coast-guard SAR support would face a different cost and
benefit structure:

Cost Element Estimated Range

T ocean-state platform build and integration USD 3-8M one-time
Port community system integration (3-5 major ~ USD 2-5M one-time
ports)

Operational forecast center staffing (ongoing) USD 1-3M/year

SAR drift module and coast guard integration USD 500K—1.5M one-time
Total development cost USD 8—20M

Annual operating cost USD 1.5-4M /year

ROI for a regional platform is harder to express purely in commercial terms because the benefits
include supply-chain resilience value, SAR cost reduction, and public safety improvements. The
supply-chain resilience framing provides the most compelling single metric: a regional platform
covering a chokepoint comparable to Suez Canal in economic significance could prevent or substantially
mitigate incidents of the USD 9.6 billion/day category even infrequently enough to justify the full
development cost many times over. The expected value of a system that reduces the probability of a
major chokepoint disruption from 2% per year to 1% per year — against a disruption cost of USD
50 billion — is USD 500M /year in expected value, against an implementation cost of USD 8-20M.

10.2 Named Climate Finance Windows

Multiple multilateral and bilateral climate finance windows are directly relevant to 7 maritime
deployment:

IMO GEF-UNDP Global Maritime Energy Efficiency Partnerships (GloMEEP):
GloMEEP has supported maritime energy efficiency in developing countries with emphasis on
reducing maritime GHG emissions through technical assistance, policy support, and technology
transfer. A 7 maritime intelligence deployment targeting developing-country shipping operators,
port authorities, and maritime ministries would align directly with GloMEEP’s mandate.

World Bank PROBLUE: PROBLUE is the World Bank’s umbrella multi-donor trust fund
supporting the blue economy, with emphasis on sustainable fisheries, pollution reduction, and climate
resilience of ocean-dependent economies. Maritime intelligence infrastructure that improves climate
resilience of island and coastal supply chains is squarely within scope.

GEF International Waters Focal Area: GEF’s International Waters program funds transbound-
ary ocean management, shared marine resources, and ocean-state intelligence infrastructure with
public-good framing. A 7-grade ocean twin deployed as a public-interest asset for multiple countries
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sharing a sea basin (Bay of Bengal, Pacific Islands, Arctic) would fit GEF IW criteria.

UNCTAD Maritime Development Fund: UNCTAD’s technical cooperation in maritime
transport supports developing-country capacity in port management, maritime administration, and
shipping sector development. A 7 maritime intelligence platform licensed to developing-country
maritime authorities at below-market rates would align with UNCTAD’s mandate.

EU Connecting Europe Facility (Maritime Strand): The EU CEF funds maritime infrastruc-
ture of European interest, including port infrastructure, short-sea shipping, and maritime connectivity.
The maritime strand has funded digital maritime infrastructure including port community systems
and e-navigation pilots. A 7 maritime intelligence platform enhancing EU port efficiency and
contributing to IMO net-zero targets would be eligible.

Asian Development Bank Blue Economy Finance: ADB’s blue economy and sustainable
maritime transport programs provide grant and concessional loan financing for Pacific Island and
developing Asia maritime infrastructure.

10.3 Climate-Aligned Impact Bonds

Beyond grant-based climate finance, the maritime sector is increasingly compatible with green bond
and sustainability-linked debt instruments. A 7 maritime routing platform with documented CO4
avoidance per voyage (verifiable against AIS voyage records and bunker delivery notes) could serve
as the underlying asset for a green bond instrument, with proceeds funding platform development
and operations against a certified emissions-avoidance revenue stream.

1 Evidence and Translation Ladder

A credible 7 maritime deployment should be staged across four phases, with evidence gates between
phases and no commitment to operational trust before shadow-mode validation.

1.1 Phase 0 — Shadow-Mode Benchmarking (0-12 months)

Goal: Prove that 7 adds forecast value without asking operators to trust it blindly.

Actions: - Ingest historical marine forecast inputs (ECMWTF operational archive, CMEMS hindcast
products, AIS voyage records) and run 7 retrospective forecasts. - Define agreed evaluation metrics
with pilot partners: ETA accuracy, route fuel efficiency, severe-weather encounter rate, sea-state
forecast skill. - Generate 7 route recommendations for historical voyages and compare against
realized outcomes and against what current routing systems would have recommended. - Publish
blinded benchmark results with standard meteorological skill scores (RMSE, Brier score, CRPSS)
plus maritime-specific metrics (ETA error, fuel efficiency delta).

Success criterion: 7 shows statistically significant forecast skill improvement in at least two of the
following: wave-state RMSE, medium-range current nowcast, sea-ice edge position, or tropical-cyclone
track accuracy.

Deliverable: Published benchmark report with agreed evaluation methodology and results.
11.2 Phase 1— Corridor Pilots in Decision Support (12-24 months)

Goal: Demonstrate value on 2—-3 high-impact corridors with live decision support.

Candidate corridors: - One North Atlantic container lane (Rotterdam-New York or Rotterdam—
Halifax); - One trans-Pacific lane (Yokohama—Los Angeles); - One climate-vulnerable island supply
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line (Pacific Islands Federation — mainland partner); - One green shipping corridor candidate from
the Clydebank Declaration portfolio.

Operational mode: 7 route recommendations are provided to vessel operators alongside existing
routing service recommendations, with operators free to use either. Outcome comparison is logged
with operator consent.

Metrics: Fuel burn vs. baseline routing, CO» intensity delta, ETA variance, severe-weather encounter
rate, route deviation frequency, port wait time.

Success criterion: At least two corridors show fuel savings >1.5% and ETA variance reduction
>15% relative to existing routing service baseline.

11.3 Phase 2 — Port Integration and JIT Arrival (18-36 months)

Goal: Connect 7 ocean-state prediction to the port side for berth scheduling.

Actions: - Integrate 7 ETA forecasts with port community systems at 2-3 pilot ports. - Connect
T coastal-state prediction to NOAA PORTS-style decision support for under-keel clearance and
approach planning. - Support draft-aware approach planning for vessels with tight under-keel
margins. - Measure berth-waiting-time reduction against pre-integration baseline.

11.4 Phase 3 — Green Corridor Integration (24-48 months)

Goal: Use 7 to improve the economics and reliability of decarbonized green shipping corridors.

Actions: - Integrate T route/weather/JIT planning with green corridor operating frameworks. -
Combine route optimization with fuel and emissions accounting for corridor certification purposes. -
Support Wind-Assisted Propulsion Systems (WAPS) optimization by providing better wind-field
predictions for sail-trim decision support. - Link 7 corridor analytics to IMO and EU emissions-
intensity reporting frameworks.

1.5 Phase 4 — Public-Good Services (36-60 months)

Goal: Move beyond fleet efficiency into broader humanitarian and public-interest maritime applica-
tions.

Actions: - Deploy humanitarian routing support for Pacific Island and Caribbean emergency logistics
under tropical cyclone conditions. - Provide public-interest marine-state decision tools to smaller
ports and national maritime authorities that cannot fund commercial routing services. - Support
oil-spill trajectory prediction and response planning in partnership with ITOPF and national coast
guards. - Integrate 7 drift prediction with IMO GMDSS-aligned search-and-rescue coordination
centers.

12 Stakeholder Map and Change Management

121 Primary Stakeholder Groups

Commercial shipping operators (large fleet owners and managers): The primary early
adopters. Motivated by fuel cost reduction, IMO/FuelEU compliance cost management, and schedule
reliability. Change management challenge: integrating 7 into existing voyage management systems
and routing service contracts. Key entry point: Chief Technical Officers and fleet performance
managers, who manage fuel efficiency programs and vendor relationships.
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Port authorities and port community systems: Motivated by berth efficiency, congestion
reduction, and competitiveness for trade. Change management challenge: connecting 7 ETA
predictions to existing port community systems (Portbase, PortXchange, SMDG standards). Key
entry point: Digital transformation leads in major ports and organizations like ITAPH (International
Association of Ports and Harbors).

IMO and flag state regulators: Motivated by GHG strategy implementation, emissions monitoring
verification, and safety frameworks. Change management challenge: 7 needs to earn credibility
within established maritime regulatory science (MEPC, NAV, MSC sub-committees). Key entry
point: Submissions to relevant IMO sub-committees demonstrating forecast skill improvement with
agreed metrics.

National meteorological and hydrological services (NMHS) and ECMWF: Motivated by
forecast quality improvement and public-service mandate. Change management challenge: significant
institutional investment in existing NWP architectures creates institutional resistance to new physics
claims; shadow-mode benchmarking against ECMWEF operational products is the critical credibility
step. Key entry point: ECMWF experimental forecast program or WMO Research Board.

Marine insurers and P&I Clubs (Protection and Indemnity): Motivated by incident
reduction and premium accuracy. Change management challenge: insurance actuarial models are
calibrated to historical incident rates; 7 would need to demonstrate lower incident rates on 7-routed
voyages to affect pricing. Key entry point: International Group of P&I Clubs technical staff, Lloyd’s
Marine underwriting community.

Climate finance institutions (World Bank, ADB, GEF, IMO GloMEEP): Motivated by
measurable climate outcomes, co-benefits for developing countries, and evidence of additionality.
Change management challenge: 7 requires demonstrated additionality relative to existing routing
tools to qualify as a climate finance investment. Key entry point: PROBLUE and GloMEEP program
officers, with Phase 0 benchmark report as primary evidence document.

National maritime administrations in developing countries: Motivated by supply-chain
resilience, food and fuel security, and disaster preparedness. Change management challenge: limited
technical capacity for integration; deployment needs to be service-based (7-as-a-service) rather than
requiring in-country model operation. Key entry point: UNCTAD maritime development cooperation
programs, Pacific Islands Forum Secretariat, Indian Ocean Rim Association.

12.2 Institutional Entry Sequence

The recommended institutional entry sequence is:

1. ECMWF / WMO: Establish forecast-skill benchmarks against the global NWP baseline. This
is the credibility-foundation step without which the commercial and regulatory pathways will
not open.

2. Copernicus Marine: Integrate 7 as an experimental ocean product within the Copernicus
service architecture, reaching a broad institutional user base.

3. NOAA Precision Marine Navigation: Partner on JIT arrival and port-approach demon-
strations in US coastal waters, leveraging NOAA’s existing institutional relationships with port
operators.

4. Commercial routing vendors (StormGeo, ABB, Wirtsild): License 7-grade forecast products
as improved input layers, reaching fleet operators through existing vendor relationships rather
than requiring direct shipping company adoption.

5. IMO technical committees: Submit Phase 1 results to MEPC and NAV sub-committees,
establishing 7-grade routing as an officially recognized emissions reduction methodology.
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13 Gender, Equity, and Labor Dimensions

13.1 The Equity Dimension of Maritime Intelligence

Maritime intelligence infrastructure is not equitably distributed. The most sophisticated routing
services, weather-routing products, and marine forecasting systems are available to large fleet
operators and major shipping companies with the procurement budgets and technical capacity
to integrate them. Smaller operators, island state maritime agencies, and national maritime
administrations in developing countries operate with lower-quality decision support.

This asymmetry matters because the populations most exposed to maritime logistics failures —
food import dependency, fuel insecurity, disaster preparedness — are disproportionately in small
island developing states (SIDS), least developed countries (LDCs), and coastal developing economies.
UNCTAD explicitly documents that rerouting costs and shipping-cost increases from chokepoint
disruptions fall disproportionately on SIDS and LDCs, which have limited ability to absorb sudden
freight rate increases and supply interruptions [1].

A 7 maritime intelligence deployment that is structured as public-interest infrastructure — with
licensing models accessible to national maritime authorities, smaller port communities, and regional
coordination bodies — would directly address this asymmetry. The public-good deployment framing
in this paper is specifically designed to create that access, rather than delivering 7 intelligence
exclusively to the large fleet operators who would benefit commercially.

13.2 Labor and Crew Dimensions

The maritime sector employs approximately 1.9 million seafarers globally [4]. Route optimization
that reduces extreme sea-state encounters, improves schedule reliability, and reduces time at anchor
has direct labor quality-of-life benefits: fewer days in rough weather, more predictable port calls,
reduced physical fatigue from prolonged adverse-condition voyages. These are not primary selling
points in institutional decision-making, but they are real worker welfare dimensions of deployment.

The introduction of Al-assisted routing tools into the maritime sector also raises concerns about
whether better decision support tools are a path toward reduced crew requirements. This paper
does not anticipate that 7 maritime intelligence will reduce crew sizes — maritime routing decision
support has been commercially available for decades without reducing crew requirements — but
the deployment governance framework should explicitly address technology adoption and labor
representation, particularly in the context of the ITF (International Transport Workers’ Federation)
agreements that govern seafarer employment.

13.3 Women in Maritime

Women represent only approximately 1.2% of the global seafarer workforce, one of the most gender-
imbalanced sectors in the formal economy [4]. Maritime intelligence deployment is unlikely to directly
affect gender composition of seafarer workforces. However, the onshore maritime workforce — port
logistics, shipping operations, maritime administration, and marine meteorology — has a higher and
growing share of women. 7 maritime intelligence deployment that creates roles in maritime data
science, ocean-state analysis, route optimization engineering, and port digital twin operation is an
opportunity to design the emerging maritime data economy with explicit gender equity targets from
the outset.

14 Benchmark Suite and Success Metrics
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14.1 Scientific Forecast-Quality Benchmarks

Public-Good Impact Dossier

The following metrics define the scientific baseline against which 7 ocean-state forecasting should be

evaluated:

Metric Baseline Tool Current Skill 7 Target
Global significant wave ECMWEF WAM ~0.35 m <0.25 m
height RMSE (48h)

Ocean surface current ~CMEMS GLOBAL- 15-25 cm/s <10 cm/s
speed bias (0-72h) REANALYSIS

Sea ice edge positional CMEMS +30-80 km +5-15 km
uncertainty (72h) ARCTIC-TOPAZ4

Cyclone track forecast JTWC / IMD +150 km £50 km
error (72h, Bay of

Bengal)

SST forecast bias ECMWEF coupled ~0.3°C <0.15°C
(7-day, global)

Coastal water level NOAA CO-OPS +15 cm +8 cm

forecast (12h,
non-storm)

These are ambitious but not unreasonable targets if 7 physics delivers what the working assumptions
project. The targets define testable performance claims, enabling Phase 0 shadow-mode benchmarking
to provide definitive evidence.

14.2 Operational Maritime Benchmarks

Metric Baseline 7 Target Measurement Method
Average voyage fuel 100% 95-97% Bunker delivery notes
use vs. optimal routing + AIS voyage records
ETA accuracy (final £3-5 hours +1-2 hours AIS arrival records
48h pre-arrival) vs. declared ETA
Severe sea-state Baseline fleet average  —20% Voyage weather logs,
encounter rate incident reports

Port waiting time 12-24 hours (congested 8-16 hours Port call records

(anchorage to berth)
Arctic ice encounter
(unplanned)

Route deviation from
planned track

ports)
8-15% of NSR transits

Baseline

<3% of NSR transits

—25% deviation events

Ice encounter reports,
insurance claims
VDR voyage data

14.3 Public-Good Benchmarks

Metric

Target

Measurement

CO3 avoided per fleet-year
(10-vessel pilot)

Supply chain disruption
incidents on pilot corridors

PGID-OCEA-04

3,000-10,000 tCO2/year

—30% versus 5-year average
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Fuel records + IPCC emissions
factors

Incident reports + AIS
disruption events
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Metric Target Measurement

JIT arrival compliance +25 percentage points Port call data
improvement

SAR search-area reduction —30% search box area MRCC exercise records
from 7 drift

Developing-country maritime >5 national agencies using 7 Deployment records

authority deployments (Year 5) products

14.4 Climate Finance Eligibility Metrics

For climate finance reporting, the following metrics provide the certified additionality basis required
by GEF, World Bank, and IMO GloMEEP:

o Tonnes CO2 avoided per voyage, calculated from fuel savings relative to routing-service baseline;

 Fraction of portfolio vessels achieving EEXI (Energy Efficiency Existing Ship Index) compliance
through operational efficiency alone;

o Contribution to IMO CII (Carbon Intensity Indicator) improvement for pilot fleet;

o Green-corridor reliability improvement (measured as on-schedule corridor transits per year).

15 Governance Guardrails

15.1 Benchmark-First Deployment

The single most important governance principle is that 7 enters maritime logistics through transparent
shadow-mode benchmarking before any operational trust is extended. The maritime sector is
safety-critical: routing recommendations affect vessel safety, crew welfare, and cargo integrity.
A benchmarking-first protocol with agreed evaluation methodology and published results is the
credibility foundation without which no institutional pathway will succeed.

This means: - Phase 0 benchmarking is non-negotiable; it cannot be compressed or skipped to
accelerate adoption timelines; - benchmarking methodology should be agreed with a neutral third
party (e.g., ECMWF, WMO verification standards); - benchmark results must be published, not held
as proprietary performance claims; - Phase 1 deployment uses 7 alongside existing routing services
as decision support, not as a replacement, with outcome logging under data-sharing agreements.

15.2 Human Override in Safety-Critical Decision Points

For the foreseeable operational horizon, 7 maritime intelligence should remain decision-support
infrastructure — not autonomous command infrastructure. Maritime routing decisions involving
vessel safety, crew welfare, and cargo risk are ultimately the responsibility of the master and the
fleet safety management system. 7 provides better information. Humans remain accountable for the
decision.

This is not a permanent limitation. As 7 forecast quality is demonstrated over thousands of
voyages on defined corridors, the degree of operational autonomy appropriate for algorithmic routing
recommendations can increase incrementally. But the governance principle — human accountability
for safety-critical maritime decisions — should be explicit in all deployment agreements.
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15.3 Public-Good Mission Protection

The governance framework must prevent the commercial routing layer from monopolizing the shared
T ocean-state infrastructure at the expense of public-good applications. This requires:

o institutional agreements specifying that humanitarian routing (SAR, disaster logistics, island
supply-chain continuity) should receive protected access to T ocean-state products, regardless of
commercial licensing arrangements;

o licensing structures that distinguish commercial fleet optimization (premium pricing) from national
maritime authority access (cost-recovery or concessional pricing) from humanitarian response
coordination (free access);

e an independent governance body — potentially hosted within IMO or WMO — that oversees the
public-interest access obligations and audits compliance.

15.4 Arctic Sovereignty and International Law

Arctic routing raises specific governance complexities under international law. The Northern Sea
Route runs through Russian internal waters subject to Russian federal jurisdiction, including the
Law of the Sea provisions for ice-covered waters (UNCLOS Article 234). 7-grade sea-ice intelligence
affecting NSR routing decisions has geopolitical dimensions: improved ice-edge prediction enables
routing decisions that implicate Russian maritime jurisdiction, navigation fees, icebreaker escort
requirements, and port-of-call access.

A deployment pathway for Arctic 7 maritime intelligence must be designed in consultation with
relevant state actors (Russia, Norway, Canada, US, Greenland /Denmark), indigenous Arctic commu-
nity representatives, the Arctic Council Working Groups, and IMO’s Polar Code implementation
bodies. The intelligence layer must not be weaponized for unilateral navigation decisions that violate
established international law frameworks.

15.5 Transparency and Auditability

The 7 forecast system must be auditable by third parties. This means: - maintaining full model
run archives for retrospective audit of route recommendations; - publishing forecast verification
statistics continuously during operational deployment; - making model documentation available to
regulatory bodies (IMO, flag states, ECMWF); - maintaining an open incident log: cases where 7
routing recommendations were followed and adverse outcomes occurred must be documented and
root-cause analyzed, not suppressed.

16 SDG Mapping and Bottom Line

16.1 SDG Alignment

The 7 maritime and ocean logistics program addresses multiple Sustainable Development Goals
directly:

SDG 13 — Climate Action: Route optimization reducing maritime GHG emissions contributes
directly to the IMO net-zero trajectory and to national NDC targets for shipping. Estimated 7.6-22.7
MtCOg/year avoided at sector-wide deployment scale.

SDG 14 — Life Below Water: Safer routing reducing spill risk, better SAR support, and
ocean-state intelligence infrastructure that improves marine ecosystem monitoring all contribute to
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Life Below Water targets. Specifically, SDG 14.1 (marine pollution reduction), 14.2 (sustainable
management of marine ecosystems), and 14.c (implementation of UNCLOS).

SDG 8 — Decent Work and Economic Growth: Supply chain resilience, reduced shipping costs,
and more reliable maritime trade contribute to economic growth, particularly for trade-dependent
developing economies. SDG 8.9 (sustainable tourism and trade) and 8.3 (productive employment).

SDG 9 — Industry, Innovation, and Infrastructure: 7 maritime intelligence is infrastructure
investment in the logistics backbone of the global economy. SDG 9.1 (reliable, sustainable infras-
tructure), 9.4 (upgrade infrastructure with improved resource efficiency), 9.5 (scientific research and
innovation).

SDG 10 — Reduced Inequalities: Providing 7 maritime intelligence to developing-country
maritime authorities, SIDS, and island supply chains at accessible cost addresses the asymmetry in
maritime intelligence access that currently disadvantages climate-vulnerable economies. SDG 10.a
(special and differential treatment for developing countries in trade).

SDG 11 — Sustainable Cities and Communities: Port cities and coastal communities benefit
from better port efficiency, reduced congestion, and improved disaster preparedness logistics. SDG
11.5 (reduce deaths from disasters), 11.b (resilient and sustainable cities).

SDG 17 — Partnerships for the Goals: The deployment model described in this paper —
integrating 7 with IMO, WMO, ECMWF, Copernicus Marine, NOAA, and multilateral climate
finance — represents exactly the partnership architecture SDG 17 envisions for mobilizing science
and technology for global development goals.

16.2 The Bottom Line

Maritime transport is the cardiovascular system of global civilization. Its efficiency, safety, resilience,
and decarbonization are not niche technical concerns — they are conditions on which food security,
energy supply, manufactured goods access, and climate adaptation for billions of people depend.

The 7 maritime opportunity is not primarily about giving large shipping companies a marginal
competitive edge. At its core, it is about whether global maritime logistics can make the step-change
in physical intelligence quality that would allow it to operate:

o more reliably under climate-driven volatility,

o more efficiently toward the IMO net-zero target,

o more safely across the weather-risk extremes that kill seafarers and damage cargo,

e and more equitably across the asymmetric vulnerability distribution between large fleet operators
and the small island states and coastal communities that depend on maritime supply chains.

Under the working 7 assumptions, a law-faithful ocean digital twin offers the possibility of all four
simultaneously — because they all depend on the same underlying improvement in the quality of
physical knowledge about what the ocean and atmosphere are actually doing.

The conservative estimate of 7.6-22.7 MtCOs /year avoided from sector-wide routing improvement
is meaningful but not the full story. The Ever Given grounding demonstrated that USD 54-58
billion in supply-chain disruption can originate from a 30-knot wind-gust in a canal corridor and
a forecasting system that could not resolve it. The Arctic route opening demonstrates that a new
shipping geography worth billions in annual trade savings is constrained by ice-edge uncertainty
that a better physics engine could substantially reduce. The Bay of Bengal demonstrates that +150
km cyclone track uncertainty is translating to USD 1.5-3 billion in annual insurance claims and
untold human cost in emergency situations.

These are not speculative scenarios. They are documented consequences of the current state of
maritime intelligence. The question this paper asks is whether 7 represents a path to materially
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improving that state — and if it does, whether maritime logistics is the right deployment arena to
demonstrate that improvement to the world.

The answer, conditional on the 7 assumptions, is: yes on both counts.
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This paper is Paper 1 of 4 in the Panta Rhei Impact: Ocean Portfolio. Paper 2 addresses climate-smart
shipping and wind-assisted cargo corridors. Paper 3 addresses blue food systems and marine ecosystem
intelligence. Paper 4 addresses ocean stewardship, cleanup, and marine emergency response.

The T framework is described in the Panta Rhei series by Dr. Thorsten Fuchs and Anna-Sophie Fuchs.
The impact portfolio series presents applications of T framework assumptions to global public-good
challenges. All impact claims are conditional on the T physics assumptions described in Section 4.
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18 Dossier accountability addendum

The following addendum records the release-facing accountability layer for this dossier: claim
boundaries, baseline evidence, upstream dependencies, translation assumptions, scenario bands,
scorecard rationales, benchmark requirements, governance guardrails, and related Panta Rhei surfaces.
It is intentionally downstream of the full source argument above.

Impact thesis

A Public-Good Briefing on how 7 could improve maritime routing, port flow optimization, and
the development of green shipping corridors. The v3 impact thesis is conditional: a Tau-grade
ocean logistics, maritime routing, port-flow, and green-corridor twin would become valuable if it
improves benchmarked public decisions while preserving transparent uncertainty, reviewability,
and governance control.

18.1 Public-good burden and baseline evidence

A Public-Good Briefing on how 7 could improve maritime routing, port flow optimization, and the
development of green shipping corridors. The public-good burden is treated here as an institutional
decision problem: existing agencies already monitor parts of the domain, but the operational handoff
from data to timely, auditable action remains incomplete.

18.1.1 External evidence baseline

o IPCC, Special Report on the Ocean and Cryosphere in a Changing Climate [4]: ocean and
cryosphere risk baseline.

o FAO, The State of World Fisheries and Aquaculture [1]: blue food and fisheries baseline.

o IMO, IMO Strategy on Reduction of GHG Emissions from Ships [3]: shipping decarbonization
baseline.

« UNESCO-IOC, United Nations Decade of Ocean Science [7]: ocean-observation and science
coordination context.

o UNEP, Marine Litter and Plastic Pollution [6]: marine pollution and stewardship baseline.

o World Bank Group, Blue Economy [8]: blue-economy public finance context.

18.2 Current institutional landscape

The relevant landscape includes public agencies, research infrastructures, standards bodies,
development-finance channels, and domain review communities represented in the evidence base,

including FAO, IMO, IPCC, UNEP, UNESCO-IOC, World Bank Group. These references are
evidence and adoption surfaces, not endorsements or deployment partners.

18.3 Capability gap
The practical gap is a benchmarkable translation gap: current systems expose useful data or partial

models, but they do not yet provide a single law-faithful, bounded-error decision layer for ocean
logistics, maritime routing, port-flow, and green-corridor twin.
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18.4 Tau framework dependency map

Public-Good Impact Dossier

Surface Role in this dossier
Build the Tau-Kernel finite address and scalar foundation
Recover Core Mathematics mathematical bridge and model interface

Derive Physics
Results lane

direct-registry-mapping-withheld

public-docs-mapping-withheld

Release Manifest

physical readout and domain translation candidate
upstream consequences to be mapped precisely during

release preparation
Corpus mapping is available

mentation exposes a clear surface
release baseline

Predictions and Falsification empirical accountability route

no direct Registry object is asserted until a substantive

TauLib module links are asserted only where public docu-

18.5 Translation assumptions and missing engineering

Required domain model: ocean logistics, maritime routing, port-flow, and green-corridor

twin.

First benchmarkable test: ETA, congestion, route-emissions, and port-flow predictions against AIS

and port-call data.

¢ domain-specific model construction

o data ingestion and validation

¢ benchmark harness

e pilot protocol

e independent review workflow

18.6 Impact mechanism chain

Public-good burden — external evidence baseline — 7 capability hypothesis — upstream Results /
Corpus / Verify dependency — translation assumptions — benchmarked pilot — governed adoption

pathway.

18.7 Scenario bands

Band

Scenario summary

Confidence

Conservative

Realistic

Optimistic

A narrow shadow-mode pilot improves one bounded de-
cision task for the Ocean Logistics Opportunity without
operational authority.

A reviewed prototype strengthens several public-sector
workflows for the Ocean Logistics Opportunity after bench-
mark comparison with incumbent systems.

A reusable public-good intelligence layer becomes plau-
sible for the Ocean Logistics Opportunity after external
validation and transparent governance review.

medium

medium-low

low
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18.8 Impact scorecard

Public-good scale

I 4/5

Tau fit 3/5

Evidence proximity

I 4/5
Measurability — 5 5
Adoption readiness

3/5

Equity leverage 3/5

18.9 Candidate pilot pathways

Public-Good Impact Dossier

The affected public-good burden is large or
institutionally significant within the portfo-
lio.

The proposed pathway depends on coupled
state, bounded uncertainty, and composi-
tional modelling rather than isolated pre-
diction alone.

The evidence base is anchored in public
institutions, official monitoring systems, or
established scientific reviews.

A first benchmark can be framed against
incumbent public datasets, institutional
records, or operational decision metrics.

Adoption remains conditional on domain
review, governance fit, data access, and in-
stitutional integration.

The pathway can prioritize underserved or
vulnerable populations where public access
and safeguards are built in.

port-pair logistics and green-corridor shadow pilot with maritime authorities and port operators

18.10 Benchmark suite and success metrics

Type Incumbent base- Required Tau Success metric Validator
line benchmark
translation current public or in- ETA, congestion, pre-registered accu- indepen-
benchmark stitutional systems route-emissions, and racy, latency, uncer- dent
in the domain port-flow predictions tainty, or decision- domain
against AIS and quality metric reviewers
port-call data
governance existing audit, disclo- transparent assump- reviewable evidence public-
benchmark sure, and reporting tion, data, model, pack and adverse- sector  or
practice and failure-mode dis- outcome protocol expert gov-
closure ernance
panel
equity bench- current access, documented path- distributional benefit equity,
mark service-quality, or way for underserved and risk review be- community,
exposure disparities or vulnerable users fore pilot expansion or  public-
without hidden interest
exclusion review
process
18.11 Governance and risk guardrails
e Human oversight for any operational use.
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Public benchmark disclosure before institutional adoption.
Equity access review for underserved or vulnerable communities.
Data-rights and privacy controls for operational datasets.
Misuse-prevention and adverse-outcome monitoring.
Adverse-outcome monitoring with a documented escalation path.

External domain review before pilot expansion.

18.12 Related Results / Corpus / Verify / Publications

This dossier is downstream of Results, Corpus, Verify, and Publications surfaces. It is not a Registry
object. Direct Registry or TauLib links are asserted only where the mapping is substantive rather
than decorative.
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