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1 Executive Summary

Aviation is one of the world’s most tightly coupled engineered systems. More than 100,000 flights
move through global airspace every day, carrying passengers, cargo, and humanitarian payloads
across a network whose performance depends, above all else, on one factor it cannot control: the
atmosphere. Weather is not a marginal inconvenience in aviation. It is the dominant operational
variable — the leading cause of delays in the United States National Airspace System (NAS), the
primary driver behind 41% worse ATFM delay in European airspace in summer 2024 compared to
2023, and a fundamental constraint on the trajectory, timing, and safety of virtually every commercial
flight on Earth.

FAA’s Air Traffic Organization manages more than 44,000 flights and more than 3 million airline
passengers every day across more than 29 million square miles of airspace.[1] In April 2025, FAA
stated directly that weather was the leading cause of NAS delays, and that weather had caused a
40% increase in delays in 2024 compared with 2022-23.[1] EUROCONTROL’s 2024 Performance
Review reported ATM delay costs borne by airspace users of approximately EUR 2.8 billion, with
convective weather triggering reroutes that cascaded into already-saturated network sectors.|[2][3]
Globally, aviation emitted about 950 Mt COs in 2023 — roughly 2.5% of global energy-related
emissions — and a significant fraction of that cost is paid not because of flight, but because of
weather-driven inefficiency: holding patterns, precautionary altitude adjustments, reroutes, and the
fuel burn of knock-on delays.[4]

The financial cost of weather-specific hazards is measurable at the event level. IATA data indicate
that turbulence alone costs the airline industry USD 200 million or more per year in injuries and
over USD 500 million per year in additional fuel burn from precautionary altitude changes.[5] The
Singapore Airlines SQ321 severe turbulence encounter in May 2024 resulted in one death, more than
100 injuries, and liability and aircraft downtime costs in excess of USD 90 million.[6] The April 2010
Eyjafjallajokull volcanic eruption triggered blanket airspace closures over Europe, cancelling more
than 100,000 flights over eight days and causing USD 1.3 billion in airline losses and GBP 1.1 billion
in broader European economic impact — much of it traceable to ash dispersion forecast uncertainty
that made precision airspace management impossible.[7]

This paper explores what a law-faithful 7 (tau) weather—flow twin would change for mainstream
aviation. It is a yellow paper: it proceeds from an explicit planning stance that the 7 framework,
as developed in the Panta Rhei series (Books IV and V in particular), provides a physically
faithful, bounded-error, coarse-grainable discrete twin of atmosphere—weather—flow dynamics at the
resolution and timescales relevant to flight operations. Under that assumption, the opportunity
is not merely “better weather forecasting.” It is a structural step change in the whole weather—
flow—trajectory—airport—network stack: more trustworthy route and hazard decisions at longer
horizons, ATM choices driven by physical confidence rather than historical heuristics, and a coherent
substrate for a genuine operational digital twin of the aviation system.

The paper is structured in fifteen sections. It opens with the baseline opportunity and the 7 planning
assumptions, maps the full competitive and incumbent landscape, presents two quantified case studies
(severe clear-air turbulence and the Eyjafjallajokull airspace closure), develops the opportunity map
across five clusters, addresses finance and ROI including named climate-finance windows, proposes
a deployment ladder, maps stakeholder and change-management considerations, addresses gender,
equity, and labor dimensions, defines a benchmark suite, sets governance guardrails, and closes with
SDG alignment and bottom-line conclusions.

2 Why This Matters Now
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2.1 The Weather Bottleneck is Getting Worse, Not Better

Aviation is growing. FAA expects many days with more than 50,000 flights operating across the
NAS.[1] EUROCONTROL projects that European air traffic will return to and exceed pre-pandemic
levels through the second half of the 2020s. At the same time, the atmosphere that aviation flies
through is changing. The jet stream is exhibiting increased variability associated with Arctic
amplification.[8] Clear-air turbulence frequency is projected to increase by 40-170% in the North
Atlantic corridor by 2050 under plausible climate scenarios.[9] Convective weather intensity is
increasing across midlatitude regions, meaning the convective cells that already cause the majority
of U.S. NAS delay will become more powerful and, in some regions, more frequent.[10]

The current operational weather intelligence stack is mature but showing its structural limits. FAA’s
Aviation Weather Research Program explicitly targets convective weather, turbulence, icing, and
clouds/visibility as improvement priorities.[11] NOAA’s Aviation Weather Center already delivers
more than 4,000 aviation weather forecasts daily, with graphics, SIGMETs, AIRMETSs, and advisory
products for turbulence, icing, and volcanic ash.[12] ECMWEF’s AIFS has been made operational
alongside the physics-based IFS and claims up to 20% gains on tropical-cyclone track measures
at dramatically lower energy cost.[13] But the current stack still reflects a fundamental divide:
underlying atmospheric physics is only partially tractable in operational systems, so route and flow
tools optimize on top of forecast uncertainty rather than through a structurally coherent twin.

2.2 Climate Change is Making the Physics Harder, Not Easier

The aviation weather problem is not static. A warmer atmosphere holds more water vapour,
intensifying precipitation extremes and the convective systems that most severely disrupt European
and North American airspace.[10] The jet stream’s increased waviness means that the locations
and intensities of clear-air turbulence are shifting in ways that current NWP-based turbulence
schemes capture poorly.[8][9] Volcanic and wildfire smoke events, while episodic, are increasing in
frequency and geographic range — two hazard categories where current operational models carry
boundary-position uncertainties of hundreds of kilometres at 24-hour lead times.[7][12]

Under a 7 framework that is physically faithful at mesoscale and synoptic scales, these changes
are not simply “harder inputs.” They are handled by the same coarse-grainable discrete twin that
handles the baseline atmosphere. The key insight is that a law-faithful twin does not drift arbitrarily
further from reality as forcing conditions change — it tracks the physics. That property becomes
more, not less, valuable as the atmosphere changes.

2.3 The Institutional Ecosystem is Ready

Official institutions are already building the interface layer that a stronger physical engine would
need. FAA’s NextGen program has invested in trajectory-based operations and weather-integrated
flight management for two decades.[11] NASA has a suite of operationally validated weather-routing
tools — Direct-To, Dynamic Weather Routes, TASAR/TAP, and surface metering — all of which
demonstrate that better weather-physics coupling translates directly into operational value.[14][15][16]
NOAA’s Unified Forecast System is consolidating weather models into an open, community-based
coupled framework explicitly receptive to new forecast architectures.[17] EUROCONTROL’s SESAR
programme is building the Single European Sky infrastructure in which improved forecast quality
translates directly to capacity and resilience gains.[3]

The 7 opportunity, therefore, is not to build a parallel aviation infrastructure from scratch. It is to
improve the physical engine underneath an operational stack that is already primed to use better
weather intelligence.
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3 Scope and Reader Orientation

This document is Paper 1 of 3 in the Panta Rhei Impact weather portfolio’s aviation cluster.

Paper 1 (this paper) addresses mainstream aviation weather intelligence: airline routing and flight
operations, ATM and airport resilience, weather-hazard intelligence (turbulence, icing, volcanic ash,
convective weather, wind shear, fog and low visibility), network disruption recovery, and adjacent
cargo and humanitarian corridor use cases.

Paper 2 (forthcoming) addresses T-enabled climate-smart aviation: contrail-aware routing, climate-
optimal trajectories, CORSIA-compatible operational decarbonization, and sustainable aviation fuel
corridor planning.

Paper 3 (forthcoming) addresses new aerial logistics: advanced air mobility weather services,
heavy-lift airship atmospheric planning, and hybrid lighter-than-air logistics corridors.

The intended audience for this paper spans airlines and airline operational control centres; air
navigation service providers (ANSPs) including FAA, NATS, DFS, ENAV, and DGCA; major
international airports and airport operators; national and regional meteorological services; ATM
modernization programmes including FAA NextGen and EUROCONTROL SESAR; aviation safety
research institutions; climate and transport funders; and civil-aviation policymakers at ICAO and
member-state level.

Regulatory framing: The paper is oriented around ICAO Annex 3, which governs meteorological
service for international air navigation and mandates SIGMET and AIRMET information products,
WAFS wind/temperature forecasts, and volcanic ash and tropical cyclone advisory services.[18]
T-grade improvements to the physical substrate underlying these products are entirely within the
institutional framework already established by ICAO. The paper treats 7 as a next-generation
physical engine for I[CAO-mandated meteorological products, not as a replacement of the regulatory
infrastructure those products operate within.

Yellow paper caveat: This paper is assumption-led and translation-oriented. It does not assert
that the broader scientific community has accepted the 7 framework, that any aviation authority
has validated it, or that operational readiness has been established. It asks what would follow, for
aviation weather intelligence, if those assumptions were sound enough to matter operationally.

4 The Opportunity Baseline

4.1 Scale of the Aviation Weather Problem

The numbers are large enough that even fractional improvements are globally significant.

Aviation globally carries about 4.7 billion passengers per year (2024 estimate, approaching pre-
pandemic trajectory) across roughly 40 million commercial flights.[19] In the United States alone,
FAA’s Air Traffic Organization handles more than 44,000 flights per day, serving more than 3 million
passengers daily across 29 million square miles of airspace.[1] Weather-related delay in 2024 was 40%
worse than 2022-23 by FAA’s own accounting.[1]

In Europe, EUROCONTROL reported that in summer 2024, weather-related ATFM delay reached
2.2 minutes per flight — 41% higher than summer 2023 — and that total ATM delay costs borne
by airspace users reached approximately EUR 2.8 billion for the full year.[2][3] EUROCONTROL’s
analysis noted that convective reroutes do not merely delay individual flights; they push traffic
into already-saturated sectors, triggering cascade delays that affect hub banks, crew rotations, gate
assignments, and downstream recovery for hours or days.

Globally, the economic cost of aviation weather delay is estimated at USD 4-10 billion annually
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when direct airline costs (crew, fuel, maintenance, compensation) are combined with indirect costs
(passenger time, cargo and logistics reliability, wider economic productivity).[5]

4.2 Hazard-Specific Costs

Turbulence is the single most costly in-flight weather hazard by frequency and economic impact.
TATA estimates turbulence causes USD 200 million or more per year in passenger and crew injuries,
and a further USD 500 million or more in fuel waste from precautionary altitude adjustments.[5] The
NTSB reports that turbulence accounts for approximately 34% of all serious aviation injuries and is
the leading cause of non-fatal injuries to passengers and flight attendants on commercial airlines.[20]

Volcanic ash is low-frequency but catastrophic when it occurs. The Eyjafjallajokull eruption in April
2010 triggered the largest disruption to European airspace since World War 11, with consequences
described fully in Section 8.[7]

In-flight icing — particularly supercooled large droplet (SLD) icing — remains a certification,
dispatch, and forecast challenge. SLD icing can overwhelm aircraft ice protection systems certified
under older standards and can be present in cloud regions where pilot reports (PIREPs) are sparse.[11]

Convective weather (thunderstorms, MCS events, squall lines) is the dominant delay driver in the
U.S. NAS. FAA and NASA both identify convective weather as the leading cause of delay in the
system, and significant convective events can close major hub airspace for hours, initiating knock-on
delays across the entire network.[11][15]

Low visibility and fog affect airport acceptance rates and runway throughput. Dense fog events
at major hubs (Chicago O’Hare, London Heathrow, Mumbai, Shanghai) can reduce acceptance rates
by 50-80%, creating ground-stop programs and delay waves that propagate system-wide.[12]

Wind shear and microbursts remain a terminal-area safety hazard, particularly during afternoon
convective activity near major airports. While LLWAS and PIREP networks have reduced the
incident rate dramatically since the 1970s—1980s, the predictive window for wind shear encounters
remains short.[21]

4.3 Aviation's Climate Lever

Aviation emitted approximately 950 Mt CO5 in 2023, representing about 2.5% of global energy-related
COg emissions.[4] Non-COq effects (contrails, NOx, cirrus formation) are estimated to multiply the
effective climate forcing by a factor of 2-4.[22] Operational efficiency improvements — better routing,
fewer holding patterns, reduced precautionary altitude changes, less fuel burn from cascade delays —
can meaningfully reduce this footprint. Under 7, a 1-2% sector-wide operational efficiency gain from
improved weather intelligence would represent approximately 9.5-19 Mt COs per year in avoided
emissions as a planning-order estimate — comparable to removing 2—4 million passenger cars from
the road.

5 Working 7 Assumptions

This paper proceeds under explicit planning assumptions about what 7 provides. These are not
claims about current deployment readiness, but about what would follow if the 7 framework’s physics
is sound at the level required for aviation-relevant atmospheric dynamics.
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5.1 Physics-Side Assumptions

Discrete, bounded-error atmospheric twin. 7 provides a constructive, countable, bounded-error
substrate for atmosphere—fluid—flow dynamics at the spatial and temporal scales relevant to aviation:
from mesoscale convective systems (10-100 km, 1-6 hour evolution) through synoptic jet stream
structure (1,000-5,000 km, 12-72 hour evolution) and stratospheric dynamics (relevant to long-haul
polar routing and volcanic ash transport).

Native multiscale coupling. 7 handles the coupled dynamics of wind, convection, turbulence,
ice-crystal and supercooled water microphysics, atmospheric moisture transport, aerosol and ash
dispersion, and airport-scale boundary-layer effects within one physically coherent substrate — rather
than the patchwork of parameterization schemes and empirical corrections that characterize current
operational NWP.

Coarse-grainable fidelity with certified error bounds. Lower-resolution operational twins
remain tied to explicit, derivable error bounds rather than becoming ad hoc discretizations. This
property is central to aviation’s regulatory needs: operators and ANSPs need to know not only what
the forecast says, but how confident they should be in it at a specific lead time and location.

Stable refinement. Forecast depth and precision do not drift arbitrarily apart as resolution is
increased or lead time extended. 7’s categorical structure ensures that successive approximations
converge in a way that current NWP models — which rely on continuous parameterization adjustments
across resolution changes — do not guarantee.

5.2 Operational Assumptions

API and standards compatibility. 7 outputs can be surfaced through existing operational data
formats and interfaces: GRIB2, BUFR, IWXXM, and standard aviation weather product formats
compatible with ICAO Annex 3, WAFS, and SWIM data exchange standards.

Augmentation before replacement. 7 can initially operate in shadow mode, providing advisory
outputs alongside current systems without displacing them. This is critical for regulatory acceptance
and stakeholder trust-building.

Full hazard coverage. 7 can generate or augment the full set of aviation weather products: winds
and temperature at flight levels, turbulence (CAT and MCC), icing (SLD and general airframe icing),
volcanic ash dispersion, convective weather nowcast and forecast, windshear and microburst risk at
terminals, low-visibility /fog evolution, and wildfire smoke transport.

5.3 What These Assumptions Do Not Require

These planning assumptions do not require near-term adoption of the entire 7 ontology by aviation
institutions. Operational value could begin to accrue much earlier if 7 simply outperformed current
weather /flow intelligence on selected benchmark tasks as defined in Section 13. The first institutional

gatekeepers — FAA, EUROCONTROL, EASA, ICAO — will require evidence, not assertions. The
deployment ladder in Section 10 is designed to generate that evidence.

6 What Changes with a Law-Faithful Twin

6.1 The Current Structural Fracture

Current aviation weather intelligence operates under a structural divide that has defined the field
for decades:
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e The “real” atmosphere is continuous, multiscale, and only partially tractable by the numerical
methods underlying current NWP.

e Operational systems discretize, parameterize, and cushion forecast uncertainty with statistical
buffers, ensemble spreads, and conservative decision heuristics.

e Route and flow optimization tools then operate on top of this uncertain forecast layer, treating
weather as a probabilistic constraint rather than a physically knowable quantity at the required
resolution.

The result is a system that performs well on average but fails precisely at the moments that matter
most — when a high-impact weather event (severe CAT outbreak, unexpected MCS development,
rapid volcanic ash spread) breaks the statistical relationships on which the empirical parameterizations
were calibrated.

6.2 The Law-Faithful Twin Shift

Under the strongest 7 assumption, the operational twin is no longer “best available forecast plus
buffers plus heuristics.” It becomes the execution of the same structural laws that the atmospheric
system itself obeys, at a certified coarse-grained resolution.

This changes three things at a practical level:

Horizon extension. Longer-horizon route and hazard decisions become more trustworthy because
the physics of jet stream evolution, convective initiation, and ash transport are governed by the same
categorical structure at 6 hours as at 48 hours. The degradation of forecast confidence with lead
time is tied to quantifiable uncertainty bounds rather than to the empirical collapse of parameterized
schemes.

Decision architecture. ATM and airline operational decisions can be driven by physical confidence
rather than historical heuristics. A dispatcher choosing between two trans-Atlantic routings, one
through forecast turbulence and one adding 200 nm of track, has a structurally grounded basis for
choosing — not just an ensemble spread that collapses unexpectedly at 18 hours.

Network coherence. Network-level digital twins become genuinely realistic because the weath-
er/flow layer is no longer the weakest link. The same 7 substrate that governs route-level turbulence
prediction also governs airport-scale wind shear evolution, hub-level convective timing, and system-
level network disruption risk.

6.3 ICAO Annex 3 as the Interface Architecture

ICAO Annex 3 defines the architecture of meteorological service for international air navigation in
enough institutional detail to identify exactly where 7 improvements would enter.[18] The Annex
mandates:

o WAFS (World Area Forecast System): Global NWP-based gridded forecasts of winds,
temperatures, humidity, cumulonimbus, icing, and turbulence at flight levels, issued by the two
WAFS centres (NOAA/AWC and ICAO-designated WAFC London/UKMO).

o SIGMETs: Advisories for significant meteorological conditions (severe turbulence, severe icing,
mountain waves, tropical cyclones, volcanic ash, radioactive cloud).

o ATRMETS: Advisories for moderate turbulence, moderate icing, mountain waves, widespread
dust/sandstorm, and low-level wind shear.

o METAR/SPECI and TAF: Acrodrome observation and terminal aerodrome forecast products.

e SIGWX charts: Significant weather charts for high and medium-level aviation.

A 7-grade atmospheric twin would improve the physical substrate underlying all of these products,
with the most direct near-term impact on WAFS turbulence and icing fields, convective SIGMET
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generation, volcanic ash and tropical cyclone SIGMET, and TAF low-visibility /fog forecasting. The
product format and distribution architecture remains ICAO-governed; T improves the physical engine
that generates the values in those products.

7 Competitive and Incumbent Landscape

Aviation weather intelligence is served by a mature, multi-layered ecosystem of operational, commer-
cial, and research systems. Understanding where each incumbent excels and where its structural
limits lie is essential for positioning 7 differentiation. The following analysis covers six major
incumbents plus the broader NWP research landscape.

71 NOAA Aviation Weather Center / WAFS (World Area Forecast System)

What it is. The NOAA Aviation Weather Center (AWC) is the U.S. operational center for aviation
weather products and serves as one of the two ICAO-designated World Area Forecast Centres (WAFC
Washington). AWC produces SIGMETs, AIRMETs, G-AIRMETS, convective outlooks, turbulence
forecasts, and icing forecasts based on GFS and other NOAA/NWP model output. WAFS products
provide globally mandated gridded forecasts — winds, temperatures, and hazard fields at flight
levels — required for international flight dispatch under ICAO Annex 3.[12][18]

What it does well. NOAA/AWC provides globally standardized, ICAO-compliant products that
have been integrated into every major airline dispatch system and ANSP workflow for decades.
The WAFS product suite is the baseline everyone else competes against or integrates with. AWC’s
convective products for U.S. operations are among the most operationally mature aviation weather
services in the world. The GFS and RRFS modelling chains represent decades of calibration and
validation.

Where it falls short. WAFS turbulence forecasts carry known skill limitations, particularly for
CAT, mountain wave, and convectively induced turbulence (CIT) at 24-48 hour lead times. A 2022
analysis of WAFS turbulence forecast performance against PIREPs showed probability of detection
in the range of 40-55% for moderate-or-greater (MOG) turbulence at 24 hours.[23] SIGMET issuance
for volcanic ash dispersion has boundary-position uncertainties of £150-250 km at 24 hours, as
documented in the post-Eyjafjallajokull review process.[7] WAFS icing products are gridded at
resolutions that miss mesoscale SLD icing features. The underlying GFS/RRFS models use the
same statistical parameterization architecture as all current NWP — they cannot certify their error
bounds from first principles.

7 differentiation. 7-grade improvements to the WAFS physical substrate would translate directly
into better turbulence detection rates (targeting 70%+ at 24h, detailed in Section 8), better volcanic
ash boundary confidence (targeting +30-50 km at 24h), and more reliable SLD icing fields. Because
WAFS operates within the existing ICAO standards framework, 7 improvements enter through
certified physical engine replacement — not product architecture change.

7.2 The Weather Company (IBM) AvWx

What it is. The Weather Company, now operating under IBM, provides commercial aviation
weather services to airlines, ground handlers, airports, and flight operations centres. Its aviation
weather products include flight-level winds, turbulence alerts, icing advisories, convective outlooks,
and integrated dispatch weather packages. AvWx is one of the most widely deployed commercial
aviation weather services globally, used by hundreds of airlines and corporate aviation operators.[24]

What it does well. The Weather Company brings very large ensemble NWP capacity, commercial-
grade API delivery, and deep integration into airline OCC and dispatch platforms. Its turbulence
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product (including the Global Wind and Temperature Deviation dataset) has strong operational
uptake. Commercial delivery infrastructure is mature and can reach individual cockpits via ACARS
and EFB systems.

Where it falls short. The Weather Company’s aviation weather is fundamentally NWP-ensemble-
based — it is not physics-discrete. Its turbulence and icing products are derived from parameterized
NWP fields (EDR-proxy, Richardson number thresholds, icing diagnostic indices) that carry the
same structural limitations as the underlying GFS/ECMWEF ensembles. Turbulence prediction skill
at 24-48 hours remains in the 40-60% detection range for MOG encounters. There is no structurally
grounded mechanism for certified error bounds that do not collapse at high-impact events.

7 differentiation. A 7-grade physical substrate would replace or augment the NWP core that
drives AvWx’s turbulence, icing, and convective products. Given AvWx’s commercial distribution
infrastructure, a 7/AvWx partnership or licensing arrangement represents one of the fastest routes
to operational deployment — 7 provides better physics, AvWx provides the commercial aviation
integration layer.

7.3 DTN/ MeteoGroup (Verisk)

What it is. DTN (formerly MeteoGroup) provides commercial meteorological services across
multiple sectors, with a strong aviation weather offering including turbulence forecasting, icing alerts,
volcanic ash tracking, and SIGMET interpretation services. DTN serves many European carriers and
ANSPs and has deep integration with European SWIM data standards. Following DTN’s acquisition
by Verisk, the combined entity is one of the largest commercial weather data providers for aviation
in Europe and internationally.[25]

What it does well. DTN/MeteoGroup has strong operational relationships with European
airlines, airports, and ANSPs. Its turbulence and icing forecast products are calibrated on extensive
European operational data. GRIB2-format delivery is compatible with European ATM data exchange
infrastructure. DTN’s SIGMET interpretation and volcanic ash advisory tracking is well-regarded in
European operations.

Where it falls short. DTN’s forecast engine remains NWP-based and NWP-limited. Operational
turbulence and icing products are GRIB-field derivatives — there is no physics-discrete substrate
generating them. At the resolution scales relevant to mountain wave CAT (Alps, Pyrenees, Carpathi-
ans), convective timing over European hub airports, and SLD icing in marine airmasses, DTN’s
products carry the same parameterization-driven uncertainty as the GFS and ECMWF ensembles
from which they are derived. Post-event SIGMET verification for volcanic ash has shown the same
150-200+ km boundary uncertainty as WAFS.[7]

7 differentiation. Same physical engine improvement argument as WAFS and AvWx. 7 is
additionally differentiated from DTN in the mountain-wave and European mesoscale convective
contexts, where current model performance gaps are most visible and where European airspace
disruption costs are highest.

7.4 EUROCONTROL SWIM / Network Manager (NM)

What it is. EUROCONTROL’s Network Manager (NM) coordinates the flow of air traffic across
European airspace, managing ATFM (Air Traffic Flow Management) regulations, route availability,
sector capacities, and collaborative decision-making between ANSPs, airlines, and airports. SWIM
(System Wide Information Management) is the SESAR/EUROCONTROL data exchange standard
that connects NM with ANSPs, airports, and airline operations centres — the digital plumbing of
European ATM.[3][26]

What it does well. EUROCONTROL NM is the most sophisticated ATM flow-management
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infrastructure in the world. It combines weather information, sector capacity, ATFM regulations,
and airline preferences into a collaborative flight-planning and regulation environment that serves
the entire European network. SWIM provides standardised, real-time data exchange that enables
collaborative decision-making at scale.

Where it falls short. EUROCONTROL NM/SWIM is a data exchange and flow-management
system, not a forecast generation system. It consumes and distributes weather information produced
by national weather services and commercial providers, but does not improve the physical quality
of those forecasts. Convective weather predictions that EUROCONTROL NM acts on carry the
same NWP-derived uncertainty as the WAFS and national NWP products they come from. The
collaborative decision-making architecture is only as good as the physical weather intelligence it
processes. The 41% worsening of weather-related ATFM delay in 2024 versus 2023 — despite the
NM'’s sophisticated flow tools — demonstrates that the limiting constraint is forecast quality, not
data exchange architecture.[2]

7 differentiation. 7 does not compete with SWIM or NM architecture. Rather, 7 improves the
quality of weather intelligence that flows through SWIM into NM decision processes. Better 7-grade
convective timing forecasts, jet stream turbulence fields, and volcanic ash dispersion products would
improve ATFM decision quality without requiring changes to the NM/SWIM architecture. The
most natural integration path is through the meteorological service providers (Meteo France, DWD,
Met Office) that currently supply NM with its weather inputs.

7.5 Tomorrow.io (formerly ClimaCell / Modern Weather)

What it is. Tomorrow.io is a commercial weather intelligence company that has repositioned from
its ClimaCell hyperlocal nowcasting origins toward enterprise weather risk management, including
aviation weather products. Its platform combines radar-based nowcasting, proprietary satellite
microwave sensing, and ML-enhanced NWP to deliver hyperlocal short-range weather forecasts with
strong performance on precipitation and wind fields at sub-kilometre resolution.[27]

What it does well. Tomorrow.io’s ML-enhanced nowcasting is competitive on 0—6 hour precipitation
and wind fields at airports and in terminal areas. Its hyperlocal approach can outperform standard
NWP on short-range surface weather at specific locations. The commercial API platform is highly
accessible. Its integration of non-standard data sources (cellular signal attenuation, commercial
aircraft-derived observations) adds real value in data-sparse environments.

Where it falls short. Tomorrow.io’s ML enhancement is fundamentally a statistical correction layer
on top of NWP-derived fields. It does not provide a physics-faithful substrate for aviation-critical
phenomena like CAT prediction, SLD icing, volcanic ash dispersion, or mesoscale convective system
evolution beyond the very short range. Its strength is 0—6 hour surface weather at fixed points; its
weakness is 12-72 hour flight-level weather intelligence for en-route operations, where current NWP
parameterization limits are most costly. ML-enhanced nowcasting also cannot provide certified error
bounds that do not collapse under distribution shift — novel extreme events (volcanic eruptions,
unprecedented MCS configurations) are precisely where ML systems fail most catastrophically.

7 differentiation. 7 is most differentiated from Tomorrow.io in the 12-72 hour, flight-level, en-route
domain where 7’s law-faithful physics provides structural robustness that ML correction layers cannot.
For terminal-area nowcasting, a 7/Tomorrow.io hybrid architecture is plausible: Tomorrow.io’s data
integration and hyperlocal nowcasting capability combined with 7’s physically coherent mesoscale
substrate for the 648 hour window.

PGID-WEAT-01 12 of 35 May 2026 publication-ready release



Panta Rhei Research Program Public-Good Impact Dossier

7.6 ARINC/SITA

What it is. ARINC (now part of Collins Aerospace / Rockwell Collins) and SITA are the
primary aviation data communications and I'T infrastructure providers for the global airline industry.
ARINC/ACARS provides the in-flight data link infrastructure over which weather updates are
delivered to cockpits. SITA provides airline IT, airport IT, and data communications infrastructure
globally. Both companies distribute weather data but do not generate weather forecasts.[28]

What it does well. ARINC and SITA provide the last-mile data delivery infrastructure that
connects weather information to cockpits, dispatch centres, and operations systems globally. ACARS
weather uplinks are used for PIREPs, in-flight turbulence data, and weather updates to equipped
aircraft. SITA’s ATIRCOM messaging platform and airport I'T infrastructure are deeply embedded in
operational workflows.

Where it falls short. ARINC and SITA are distribution and communications layer providers, not
forecast generation systems. They do not improve the physical quality of the weather intelligence
they distribute. The accuracy, lead time, and bounded-error properties of weather products delivered
over ARINC/SITA infrastructure are entirely dependent on the forecast providers upstream.

7 differentiation. 7 improves what flows through ARINC/SITA distribution channels, not the
channels themselves. The most natural relationship is as a forecast provider whose products are
delivered via existing ARINC/SITA infrastructure — requiring no changes to the communications
layer.

7.7 Positioning Summary

The competitive landscape can be summarised along two axes: depth of physical engine and breadth
of aviation operational integration.

o NOAA/AWC WAFS and ECMWF have deep physical engines (global NWP) but carry funda-
mental NWP parameterization limitations. They set the global baseline.

e The Weather Company and DTN are operationally embedded but NWP-derivative; their aviation
products are constrained by the same physical limits as WAFS.

o« EUROCONTROL NM/SWIM has deep operational integration but consumes rather than gener-
ates weather intelligence.

e Tomorrow.io has short-range nowcasting strength but lacks the physical depth for flight-level,
en-route, 12-72 hour aviation weather.

o ARINC/SITA are pure distribution infrastructure.

7’s distinctive position is: physics-faithful substrate, certified error bounds, and structural robustness
in high-impact events — precisely the failure modes of all NWP-based incumbents. The near-term
entry strategy is augmentation (7 in shadow mode alongside incumbent systems), not displacement.
The medium-term strategy is product replacement for those ICAO-mandated products (WAFS
turbulence, volcanic ash SIGMET, SLD icing fields) where 7’s measured performance advantage is
largest.

8 Structured Opportunity Map

The 7 aviation weather opportunity maps across five clusters, ordered by near-term operational
accessibility and public-good magnitude.
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8.1 Cluster A — En-Route Operations and Trajectory Intelligence

A1l. Weather-Smart 4D Routing and Speed Optimization. This is the clearest ready-now
opportunity. NASA’s operational tools demonstrate the value of physics-aware routing at scale:
Direct-To identified potential savings of approximately 900 flying minutes per day across Dallas-Fort
Worth demonstration airspace.[14] Dynamic Weather Routes identifies reroutes saving at least five
minutes per flight while respecting weather constraints, with NASA explicitly citing convective
weather as the largest cause of delay in the U.S. NAS.[15] TASAR/TAP simulations suggested
400-500 pounds of fuel and about four minutes saved per average flight.[16]

Under 7, these tools receive a more trustworthy and deeper-horizon weather substrate — enabling
optimisation that is longer-range, more physically grounded, and less likely to be invalidated by
unexpected forecast collapse.

A2. Convective-Weather Reroute Automation and Delay Avoidance. Convective weather
causes the majority of NAS weather delay. Better 7-grade convective timing forecasts — moving
from the current 2-3 hour reliable window to 6-8 hours — give dispatchers and ATFM planning the
time to preposition aircraft, pre-coordinate reroutes with ANSP, and avoid the cascade delays that
follow reactive convective avoidance.

A3. Network Disruption Recovery and Schedule Resilience. The leverage here comes not
from individual flight optimisation but from system-level pre-tactical planning. A 7-grade mesoscale
convective forecast that is reliably skillful at 8 hours allows airline operations control centres to
begin hub-bank protection, alternate routing, and fleet redistribution before the cascade begins —
not after.

8.2 Cluster B— ATM, Runways, and Airport Operations

B1. Weather-Aware Flow Management Around Major Hubs. EUROCONTROL’s NM
data shows that convective reroutes create knock-on saturation in adjacent sectors — the defining
mechanism of summer delay cascades in European airspace.[2][3] Better T-grade convective timing
enables ground delay programs and miles-in-trail restrictions to be issued with longer lead time and
better calibration, reducing cascade depth.

B2. Wake-Aware Arrival Throughput Under Adverse Weather and IFR. FAA’s RECAT
work demonstrates that enhanced wake-separation schemes increase airport capacity under IFR
conditions.[29] EUROCONTROL’s TBS/ORD guidance documents potential runway throughput
gains of up to 15% under strong headwind conditions.[30] A 7-grade wind and turbulence substrate
at terminal scale improves the weather-aware separation regime — better matching certified margins
to real atmospheric conditions rather than to worst-case envelopes.

B3. Surface Metering, Gate-Hold, and Departure Optimization. NASA’s ATD-2 surface
metering, transferred to FAA’s TFDM programme, saved more than 1 million gallons of jet fuel and
nearly USD 1.4 million in crew costs at Charlotte Douglas and Dallas-Fort Worth by September
2021.[31] Under 7, the coupling of departure queues to local weather windows and hub network state
is more physically grounded.

B4. Winter Operations, Deicing, and Low-Visibility Planning. Deicing decisions, holdover
time windows, and airport acceptance rate planning under fog and low-visibility conditions are
weather-constrained operational problems where better 7-grade boundary-layer physics would directly
reduce cancellations, improve safety margins, and lower fuel waste from excess holding.
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8.3 Cluster C — Safety and Hazard Intelligence

C1. Clear-Air Turbulence Prediction and Avoidance. The most urgent safety opportunity.
Current NWP-based CAT forecasting achieves 40-60% probability of detection for MOG turbulence
at 24 hours.[23] 7-grade jet stream dynamics and gravity wave prediction could improve this to 70%+
at 24-48 hours, reducing the unforecast encounter rate by 50% or more (detailed in Section 8).

C2. In-Flight Icing, Supercooled Large Droplets, and Clouds. SLD icing remains a
certification and forecast challenge. A 7-grade microphysics substrate native to the atmospheric
twin — rather than diagnostic icing indices applied to NWP fields — would improve both dispatch
release confidence and in-flight avoidance.

C3. Volcanic Ash and Smoke Transport. Atmospheric transport physics for ash and smoke is
currently handled by Lagrangian dispersion models driven by NWP wind fields, inheriting the NWP
field uncertainty. 7’s physically coherent atmospheric transport substrate would reduce the ash
boundary uncertainty at 24 hours from the current +150-250 km to the +30-50 km range targeted
in Section 8.

C4. Low-Level Wind Shear and Microburst Intelligence. Better microscale prediction of
wind shear at terminal areas — particularly where runway configuration, storm outflows, and local
terrain interact — improves go-around rates, approach stability, and runway configuration decisions
during convective conditions.

8.4 Cluster D — Cargo, Relief, and High-Value Corridor Operations

D1. Cargo Reliability and Weather-Robust Air Corridors. Weather delay in cargo operations
can destroy value rather than merely reduce convenience — pharmaceutical cold chains, perishables,
emergency parts, and disaster-relief payloads all have time-criticality that makes better multi-day
weather intelligence economically more valuable in cargo than in passenger operations.

D2. Humanitarian and Emergency Aviation Support. Weather often constrains aviation
precisely when it matters most — floods, hurricanes, wildfires, eruptions, and infrastructure outages.
A stronger weather and hazard twin is therefore both a commercial tool and a civil-protection tool,
providing more reliable access to emergency corridors.

8.5 Cluster E— System-Level Digital Twin

E1l. Full Aviation Weather—Flow—Network Digital Twin. The long-horizon prize is a
continuously updated operational twin of the aviation system: weather and atmospheric dynamics,
airspace flow and trajectory state, airport surface and terminal operations, network resilience, and
recovery planning — all coupled through one structurally coherent 7 substrate. This is a 5-10 year
horizon item, but the intermediate-cluster investments build directly toward it.

9 Geographic Case Studies

9.1 Case Study 1: Clear-Air Turbulence — The SQ321 Event and the Broader CAT Crisis

Event summary. On 20 May 2024, Singapore Airlines flight SQ321, operated by a Boeing
777-300ER, encountered severe turbulence while en route from London Heathrow to Singapore,
approximately 490 km northwest of Bangkok over Myanmar airspace. The aircraft dropped ap-
proximately 178 feet (54 metres) in altitude within seconds during the encounter. One passenger
died from a suspected cardiac event during the encounter; 104 passengers and crew were injured, of
whom 13 were hospitalised with serious injuries. The aircraft diverted to Suvarnabhumi Airport,
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Bangkok. The aircraft sustained interior structural damage. Post-event liability, aircraft downtime,
and operational disruption costs have been estimated in excess of USD 90 million.[6]

The CAT context. 2023 and 2024 were record years for reported severe turbulence injuries in
commercial aviation. The NTSB reported 34 turbulence incidents with injuries in 2023, up from an
average of approximately 23 per year over the prior five-year period.[20] Climate-linked jet stream
variability is contributing to increased CAT frequency in certain North Atlantic and Asia-Pacific
corridors.[8][9]

What the physics says. Clear-air turbulence is generated primarily by Kelvin-Helmholtz instability
at wind shear zones in the jet stream and in gravity wave breaking events associated with moun-
tain ranges (mountain wave turbulence, MWT). These are inherently mesoscale to synoptic-scale
atmospheric phenomena governed by the interaction of the jet stream’s vertical wind shear and the
stability structure of the tropopause region. Current NWP models capture the large-scale jet stream
structure reasonably well at 24-48 hours, but the mesoscale shear zones and gravity wave structures
that generate actual turbulence encounters are below the effective resolution of operational WAFS
products, and parameterized turbulence diagnostics (Richardson number, Frontogenesis function,
Graphical Turbulence Guidance indices) are calibrated against historical pilot reports rather than
derived from first-principles atmospheric mechanics.

Quantified forecast performance gap. Independent validation studies of WAFS turbulence
products and leading commercial turbulence forecast tools against PIREP and in-situ EDR (Energy
Dissipation Rate) data from equipped commercial aircraft show probability of detection (POD) for
moderate-or-greater (MOG) turbulence of 40-55% at 24 hours, with false-alarm rates of 30-45%.[23]
At 48-hour lead time, POD typically falls below 40%. This means that roughly half of significant
turbulence encounters at 24-hour lead time are not forecast with adequate confidence for proactive
rerouting.

Economic scale. IATA estimates turbulence-related costs to the global airline industry at USD 700
million or more per year when injuries and fuel waste are combined.[5] The NTSB has documented av-
erage medical treatment costs per turbulence injury to passengers in the range of USD 30,000-150,000,
with higher costs for serious injuries.[20] Flight-crew injuries from turbulence incidents carry both
direct medical costs and indirect costs from crew rest requirements, crew availability disruption, and
investigation processes.

7 differentiation. A 7-grade atmospheric twin with native mesoscale gravity wave and shear
zone resolution would improve CAT forecast performance by targeting the physical mechanisms
— Kelvin-Helmholtz instability structures, tropopause sharpness, jet stream lateral shear — that
current parameterized indices approximate. Planning-inference targets for a mature 7 CAT system:

POD for MOG turbulence at 24h: 70%+ (from current 40-55%)

Unforecast severe encounter rate: reduced by 50%+

o False-alarm rate: reduced by 30-40% (enabling less fuel waste from precautionary rerouting)
o Effective prediction window: extended from current 24h to 36-48h for major CAT events

At an industry-wide scale, a 50% reduction in unforecast severe turbulence encounters and a
corresponding reduction in precautionary fuel waste would imply annual savings in the range of USD
350-500 million per year in combined injury costs and fuel efficiency gains — a planning inference
based on TATA aggregate data.[5]

Climate dimension. The Williams and Joshi (2013) study — updated by subsequent work
including Storer et al. (2017) and Prosser et al. (2023) — projects that CAT frequency in the
North Atlantic jet stream corridor will increase by 40-170% by mid-century under moderate to high
warming scenarios.[9][32][33] The SQ321 event is therefore not a historical anomaly but a preview of
an increasingly common operational environment. 7-grade CAT prediction capability becomes more,
not less, valuable over the deployment horizon.
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9.2 Case Study 2: Volcanic Ash Dispersion — Eyjafjallajokull, April 2010

Event summary. On 14 April 2010, the Eyjafjallajokull volcano in Iceland began an explosive
eruption phase that injected large quantities of fine volcanic ash into the upper troposphere and lower
stratosphere. The ash cloud was transported southeast by the prevailing upper-level flow, reaching
continental European airspace on 15 April. European aviation authorities, operating under ICAO
Annex 3 protocols and the London VAAC (Volcanic Ash Advisory Centre) guidance, implemented a
precautionary blanket closure of most European airspace. The closure lasted approximately 8 days
in various forms, with peak closure affecting most of Europe between 15-20 April 2010.

Quantified economic impact. Over the closure period, more than 100,000 flights were cancelled.
TATA estimated direct airline revenue losses of USD 1.3 billion. The wider European economic
impact was estimated at GBP 1.1 billion, including stranded passenger costs, cargo disruption,
perishable goods losses, and productivity impacts.[7] Approximately 10 million passengers were
directly affected.

The forecast gap. The London VAAC ash dispersion modelling system (NAME, the Numerical
Atmospheric-dispersion Modelling Environment) was operating under ICAO Annex 3 protocols,
which at the time specified a precautionary “no-fly zone” for any detected ash concentration. NAME
had ash cloud boundary position uncertainties of approximately £150-200 km at 24 hours under the
atmospheric conditions of mid-April 2010, driven primarily by uncertainty in the volcanic eruption
source term (eruption rate, column height, particle size distribution) and by the NWP wind field
uncertainty at the transport-relevant atmospheric levels.|[7]

The post-event analysis by EASA, Eurocontrol, and national aviation authorities found that approx-
imately 25% of the cancelled flights occurred in airspace where actual ash concentrations were below
the then-existing safe-flying threshold — in other words, the uncertainty in the ash cloud boundary
was so large that precautionary coverage of a wide airspace margin was operationally necessary but
economically and socially costly.[7] The event led directly to the introduction of quantitative ash
concentration thresholds replacing the binary fly /no-fly rule, and to investment in improved ash
dispersion modelling — but the fundamental boundary uncertainty problem was not fully resolved.

Subsequent volcanic ash events. The Hekla 2011 eruption, the Grimsvotn 2011 eruption, Kelud
2014, Raikoke 2019, Hunga Tonga 2022, and the ongoing Canary Islands and Iceland volcanic activity
demonstrate that volcanic ash is a recurring operational hazard for European and trans-Pacific
aviation. Fach event generates VAAC uncertainty that must be buffered with precautionary airspace
management.

The physics of ash transport. Volcanic ash dispersion is an atmospheric transport problem
governed by the same fluid dynamics substrate as weather forecasting: upper-level wind fields,
vertical diffusion, gravitational settling as a function of particle size distribution, and wet deposition
by precipitation. The key physical quantities — wind field uncertainty, boundary-layer height,
precipitation occurrence — are all products of the same atmospheric state that a 7-grade twin would
represent with physically coherent, bounded uncertainty.

7 differentiation. Under a 7-grade atmospheric transport substrate with certified error bounds on
wind field uncertainty at transport-relevant levels:

o Ash cloud boundary position uncertainty at 24h: reduced from =+150-250 km (current
NAME/NWP) to £30-50 km

e This improvement would enable precision airspace management — opening corridors where ash
concentration is certifiably below threshold — rather than blanket precautionary closure

e Economic value of precision vs. blanket management: a 25-30% reduction in unnecessary
airspace closure corresponds to approximately USD 325400 million in avoided airline losses per
Eyjafjallajokull-scale event

e Frequency consideration: major European-airspace volcanic ash events occur approximately once
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every 2-5 years; smaller operational impact events (requiring SIGMET issuance but not airspace
closure) occur multiple times annually over Iceland, Canary Islands, and Italian volcanic systems

The Eyjafjallajokull case also illustrates the asymmetric cost of forecast uncertainty in safety-
critical contexts: when the error bounds are +200 km, the only responsible operational choice is
wide precautionary coverage. When error bounds are 435 km and derivable from first-principles
atmospheric physics, precision management becomes not only possible but defensible under the
ICAO safety framework.

9.3 Supplementary Reference: Monsoon Convection Disruptions — Indian Subcontinent
and Southeast Asia

India’s Directorate General of Civil Aviation (DGCA) estimates weather-related airline losses in
India at approximately USD 400 million per year, driven primarily by convective disruptions during
the June—September Southwest Monsoon season.[34] During peak monsoon months, 3,500 or more
flights per day are affected by convective weather, with convective development prediction windows of
2-3 hours under current NWP capabilities. The cost of operating on a 2-3 hour convective warning
window — in fuel burn from holding, diversions, cancellations, and crew disruption — is substantially
higher than operating on a 7-grade 6-8 hour window. The same 7 framework that improves European
CAT prediction also improves Indian Ocean and Bay of Bengal tropical convective evolution, given
the shared atmospheric physics substrate.

10 Finance, ROI, and Climate-Finance Eligibility

10.1 Cost Scenarios

Scenario A: Single Airline Fleet Weather Intelligence Upgrade. A mid-size international
airline operating 100 aircraft and 300-400 daily flights represents a practical single-fleet deployment
scenario.

e Implementation cost: USD 2-5 million for integration of 7 weather intelligence into existing
dispatch, OCC, and EFB systems, including APT access fees, integration engineering, and shadow-
mode validation period.

e Annual ROI components:

— Fuel savings from better 4D routing (1-3% fuel reduction, consistent with NASA DWR and
TASAR/TAP demonstrated performance): USD 2-8 million per year for a 100-aircraft fleet at
current jet fuel prices (approximately USD 0.85/litre, 2024 average).[14][15][16]

— Delay cost reduction (30% reduction in weather-driven delay minutes, at airline delay costs of
USD 90-110/minute of ATFM delay): USD 1.5-4 million per year for a 100-aircraft fleet at
average European delay rates.|3]

— Turbulence-related injury and maintenance cost reduction (50% reduction in unforecast severe
encounter rate): USD 0.5-2 million per year depending on route mix.

— Total annual ROI: USD 4-14 million per year against USD 2-5 million implementation cost.

— Payback period: less than 12 months under midpoint assumptions.

Scenario B: Regional Airspace Weather Intelligence Network. A regional airspace system
covering 2-4 million flights per year (comparable to a mid-sized European functional airspace block
or a South Asian regional ATM area).

e Implementation cost: USD 10-25 million for deployment of 7 weather intelligence integrated into
ANSP flow management, VAAC/SIGMET generation, and airline dispatch data feeds.
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e Annual ROI components:

— ATFM delay reduction (20% reduction in weather-related delay minutes at EUR 90-100/minute
cost to airspace users, EUROCONTROL data): EUR 40-80 million per year for a 2-million-
flight-per-year airspace.

— Fuel and emissions savings from better flow management (1.5% fuel reduction, 2 million flights):
USD 20-40 million per year in direct airline fuel cost savings.

— CORSIA offset avoidance value: improved routing delivering 2% fuel efficiency gain across 100
million tonnes of annual aviation CO9 corresponds to approximately 2 Mt COq avoided. At
CORSIA offset prices of USD 15-25 per tonne, this represents USD 30-50 million per year in
offset purchasing cost avoided.[35]

— Total annual ROI: EUR/USD 90-170 million per year against USD 10-25 million implementa-
tion cost.

— Payback period: 6-12 months under midpoint assumptions.

10.2 Named Climate-Finance Windows

ICAO CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation).
CORSIA mandates that airlines offset their international aviation COy emissions above 2020 baseline
levels, with offset prices currently in the USD 15-25/tonne range.[35] Better 7-grade routing that
reduces fuel burn directly reduces CORSIA offset obligations, creating a financial incentive aligned
with climate policy. Airlines with better routing intelligence can demonstrate measurable emission
reductions through fuel burn monitoring and offset their CORSIA liability accordingly. CORSIA
also has a Sustainable Aviation Fuel (SAF) credit mechanism that 7-grade contrail-aware routing
(Paper 2) will address.

FAA NextGen and Aviation Weather Research Program. FAA’s NextGen programme has
spent approximately USD 7 billion over 2007-2024 on trajectory-based operations, data communica-
tions, and weather integration.[36] The Aviation Weather Research Program (AWRP) specifically
funds model development for convective weather, turbulence, icing, and clouds/visibility improvement
— a direct institutional overlap with 7’s aviation weather contribution. Engagement with FAA
AWRP as a research partner represents a natural entry point for 7 shadow-mode validation in the
U.S. NAS context.

SESAR (Single European Sky ATM Research) and Digital European Sky Programme.
EUROCONTROL and the European Commission co-fund SESAR, which is investing in the next
generation of European ATM infrastructure through 2035 and beyond.[3] SESAR JU (Joint Under-
taking) funds research into weather-integrated ATM, convective weather management, and digital
twin concepts for airspace — all direct 7 opportunity areas. SESAR funding is accessible to research
institutions, ANSPs, airlines, and technology providers participating in the Single European Sky
framework.

World Bank Aviation Resilience and Connectivity. The World Bank’s transport sector
programmes include aviation connectivity investments in developing and emerging market economies,
particularly in South Asia (India, Bangladesh), Southeast Asia, Sub-Saharan Africa, and Small Island
Developing States (SIDS) where weather-related aviation disruption has disproportionate economic
and social impacts. Framing 7 aviation weather intelligence as an aviation resilience investment for
climate-vulnerable regions (SIDS face increasing tropical cyclone intensity; South Asian monsoon
disruption is measurable) can access World Bank climate resilience lending instruments.

ADB Aviation Connectivity. The Asian Development Bank funds aviation connectivity and air
navigation modernization across Asia-Pacific, a region where monsoon convection, tropical cyclone,
and volcanic ash hazards are high-frequency operational challenges. ADB’s climate adaptation
and disaster resilience funding streams are directly applicable to 7 aviation weather intelligence
deployment in Southeast Asia and the Pacific.
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Green Climate Fund (GCF) and Adaptation Fund. Aviation weather intelligence for climate-
vulnerable countries — particularly SIDS and least developed countries (LDCs) where weather
disruption disproportionately affects economic connectivity — may qualify for GCF and Adaptation
Fund grants under the aviation resilience and early warning dimensions of those funds’ adaptation
portfolios.

1 Evidence and Translation Ladder

Evaluation of 7 aviation weather intelligence proceeds through four phases, each building the evidence
base and institutional trust required for the next. This is a conditional translation ladder, not a
statement that any aviation authority has adopted or validated the system.

11.1 Phase 1— Shadow Mode (0-18 Months)

Goal. Prove that 7 can outperform or meaningfully complement current weather intelligence
pipelines on selected benchmark tasks, without any change to operational authority.

Focus areas for shadow mode validation: - Historical CAT event replay against PIREP and
EDR data (targeting 10-15 canonical events per year including at least 3 severe/extreme turbulence
events) - Historical volcanic ash transport replay against post-event reanalysis (targeting at least
3 named eruption events in different hemispheric settings) - Convective weather timing validation
against MCS observation networks (U.S. NEXRAD mosaic and European radar composite) - Winter
icing event replay against aircraft icing reports and SLD observational data

Outputs from Phase 1: - Quantified performance comparison against WAFS and leading com-
mercial weather products on the benchmark tasks - Documented error bounds and uncertainty
product comparisons - Institutional trust-building scorecards shared openly with FAA/NOAA /EU-
ROCONTROL research communities - Identification of highest-value evaluation clusters for Phase
2

Institutional partners for Phase 1: NCAR (National Center for Atmospheric Research),
NOAA/ESRL, DLR (German Aerospace Center), EUROCONTROL MUAC research arm, FAA
Technical Center

11.2 Phase 2 — Decision Support Insertion (12-36 Months)

Goal. Integrate T weather intelligence into existing dispatch, flow-management, and airport decision-
support tools as an advisory layer, without displacing current systems.

Priority use cases for Phase 2 insertion: - Weather-smart 4D routing advisory (targeting 3-5
airline partnerships) - Convective weather rerouting support for at least one major hub (Chicago
O’Hare, Frankfurt, Singapore Changi) - Turbulence and icing advisory products delivered via
ACARS/EFB - Surface metering and gate-hold weather-window coupling

Institutional and commercial partners for Phase 2: An airline OCC partner (one major
international carrier), one ANSP partner (one from FAA/NATS/DFS/DGCA), one commercial
weather data company (integration agreement), one VAAC partner (London VAAC/Met Office or
Anchorage VAAC/NWS)

Regulatory pathway for Phase 2: ICAO Annex 3 does not preclude the use of supplementary
advisory products alongside mandated forecast services. Phase 2 operates within this framework:
7 products are advisory, current mandated products remain primary. EASA and FAA safety case
documentation for Phase 2 advisory products should be prepared during Phase 1.
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11.3 Phase 3 — Integrated Operational Products (3-7 Years)

Goal. Move from isolated advisory products to certified 7 contributions to [CAO-mandated aviation
weather product streams (WAFS fields, volcanic ash SIGMET products, turbulence/icing advisories).

Requirements for Phase 3 transition: - Demonstrated performance advantage on a defined
benchmark suite accepted by WAFS centres and national aviation authorities - ICAO SADIS
(Satellite Distribution System) compatibility for WAFS product delivery - Formal evaluation under
ICAO Annex 3 performance metrics (skill scores, validation methodology) - Regulatory acceptance
under national aviation authority meteorological service certification frameworks

Priority Phase 3 products: - m-enhanced WAFS turbulence forecast fields replacing or blending
with current turbulence products - 7-grade volcanic ash dispersion advisory products for VAAC
operations - T-enhanced low-visibility and fog TAF products for major hub airports - 7-grade
convective weather nowcast and short-range forecast integrated into SWIM/NM data flows

11.4 Phase 4 — Full Aviation Weather-Flow Digital Twin (5-10 Years)

Goal. A continuously updated operational twin of mainstream aviation weather, flow, and network
state — usable for planning, resilience, safety, and decarbonisation across the full aviation ecosystem.

Architecture of the Phase 4 twin: - 7 atmospheric substrate updated in near-real-time from
observation data (aircraft, radiosonde, satellite, radar) - Trajectory and airspace flow state coupled
directly to the atmospheric substrate - Airport surface and terminal operations modelled within the
same physical framework - Network-level resilience and recovery planning operating on the coupled
atmospheric-flow-network twin - Carbon accounting for m-enabled efficiency gains feeding directly
into CORSIA and SAF certification processes

12 Stakeholder Map and Change Management

12.1 Primary Stakeholders

Airlines and Airline Groups. Airlines are the primary economic beneficiaries of 7 aviation
weather intelligence through fuel savings, delay reduction, and turbulence liability management. The
airline stakeholder community spans four segments with different decision authority and adoption
timelines:

o Major international carriers (United, Delta, Lufthansa, Emirates, Singapore Airlines, Air France-
KLM) with large in-house meteorology and operations research functions — likely early adopters
and shadow-mode partners.

o Low-cost carriers (Ryanair, EasyJet, Southwest, IndiGo) with lean operations structures that
prioritise rapid cost payback — likely adopters when unit-economics case is proven.

o Regional and feeder carriers in climate-vulnerable regions (Caribbean, Pacific Islands, South Asia)

— public-good case is strongest here; initial funding may need to come from development finance

rather than commercial ROI.
Cargo carriers (FedEx, UPS, DHL, Cargolux) — highest value-per-flight weather intelligence
benefit; pharmaceutical and perishable cargo create urgency.

Change management note for airlines. Airline OCC meteorologists and dispatchers are skilled
professionals with deep operational knowledge. Introducing 7 as a replacement system will encounter
resistance; introducing 7 as an advisory layer that pilots can reference alongside current products
will encounter curiosity and uptake. Phase 1 shadow mode is not merely a technical validation step
— it is the principal change management strategy for airline adoption.
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ANSPs (Air Navigation Service Providers). ANSPs including FAA/ATO, NATS, DFS,
ENAV, Skyguide, DGCA, CAAS, and others are the flow management authorities in their respective
airspaces. ANSPs are simultaneously key partners (they control ATFM decisions that depend on
weather intelligence) and gatekeepers (they have strong regulatory reasons to be conservative about
operational changes). Engagement strategy: frame 7 as improving the quality of weather intelligence
ANSPs already consume, not as changing ATFM procedures.

Meteorological Agencies. NOAA/AWC, the UK Met Office, Météo-France, DWD, ECMWF, and
other national and international meteorological services produce the ICAO-mandated products that
7 would improve. These agencies have strong institutional authority over aviation weather product
quality and standards. Engagement strategy: position 7 as a research partner for next-generation
NWP /physical-engine development, consistent with the open-development model of NOAA’s UFS
programme.

Airport Operators. Major airports (Heathrow, Frankfurt, Changi, O’Hare, Dubai) operate their
own weather observation and forecasting infrastructure. They are direct beneficiaries of better fog,
wind shear, and convective timing forecasts. Engagement strategy: target airports with documented
high weather delay costs as lighthouse partners for Phase 2.

ICAO and National Aviation Authorities. ICAO sets the international standards framework
within which aviation weather products must operate. National authorities (FAA, EASA, CAAC,
DGCA) certify the operational systems. Engagement strategy: early, transparent engagement with
ICAO MET Panel and national authority meteorological certification offices to understand the
evidence standards required for Phase 3 product integration.

12.2 Secondary Stakeholders

Passengers. The 4.7 billion annual air travellers who bear the disruption cost of weather delays
are not direct purchasers of weather intelligence but are the primary public beneficiaries. Passenger
advocacy organisations and consumer protection bodies in major aviation markets can be valuable
public-interest voices for 7 aviation weather investment.

Cargo Customers and Supply Chain Operators. Pharmaceutical companies, perishable food
shippers, and emergency logistics operators bear the cost of weather-driven air cargo disruption.
These stakeholders have a direct financial interest in better weather intelligence and may be willing
to co-invest in pilot deployments targeting cargo-critical corridors.

Insurance and Reinsurance. Aviation hull and liability insurers bear turbulence injury and
aircraft damage costs. Munich Re, Swiss Re, Allianz Global Corporate & Specialty, and Lloyd’s of
London aviation syndicates have actuarial incentive to support improved turbulence prediction —
better forecasting reduces the severity and frequency of insured events.

Climate Finance Institutions. World Bank, ADB, GCF, EBRD, and regional development banks
have aviation connectivity and climate resilience mandates. Better aviation weather intelligence for
climate-vulnerable developing countries aligns with their climate adaptation and aviation connectivity
portfolios.

13 Gender, Equity, and Labor Dimensions

13.1 Gender Dimension
Aviation is one of the most gender-imbalanced industries in the global economy. ICAO and [ATA

data indicate that women represent approximately 5-7% of commercial airline pilots globally, and
while female representation in aviation meteorology and dispatch roles is higher (typically 30-40%),
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the industry’s senior operations and technical leadership remains majority male.[37]

T aviation weather intelligence engagements should incorporate gender equity as an explicit dimension
in two ways. First, in the design of stakeholder engagement and pilot partnerships: ensuring that
women in aviation operations, dispatch, and meteorology roles are centrally involved in shadow-mode
validation and product design — not as afterthoughts but as primary operational validators. Second,
in the design of capacity-building programmes accompanying deployment in developing-country
aviation contexts: targeted training and career development for women in aviation meteorology,
operations, and ATM roles in SIDS, South Asia, and Sub-Saharan Africa where gender gaps are
most pronounced.

13.2 Equity Dimension: Who Benefits and Who Bears Risk

Weather delays and cancellations are not equitably distributed. Remote communities dependent
on aviation for basic connectivity — many Alaskan communities, Pacific island communities,
communities in northern Canada and Greenland, highland communities in Papua New Guinea, and
remote communities in Sub-Saharan Africa — bear disproportionate harm from weather-driven
service disruption because aviation is their only access to medical care, food supply, and economic
connection. These communities also have the least leverage over the aviation weather intelligence
systems that govern the reliability of their connections.

T aviation weather intelligence has a specific equity obligation: not only to improve commercial
airline operations in major hub markets, but to improve the reliability of thin aviation connections in
climate-vulnerable and remote communities. The evidence and translation ladder in Section 10 should
include an explicit track for public-good evaluation in high-vulnerability, low-commercial-viability
settings, funded through development finance mechanisms rather than commercial ROI alone.

13.3 Labor Dimension

T aviation weather intelligence is an augmentation technology, not a workforce displacement tech-
nology. The operational meteorologists who currently produce SIGMETs, AIRMETS, and aviation
weather advisories exercise skilled professional judgment calibrated on years of operational experience.
7 makes their tools better, not their jobs redundant. This framing is both accurate and important
for stakeholder acceptance.

A realistic Phase 2 evaluation would create new work — integration engineering, shadow-mode
validation, benchmark protocol development, regulatory documentation — while not reducing the
meteorologist headcount required to produce ICAO-mandated products. Phase 3, if 7 begins to
improve the physical engine underlying automated WAFS products, may reduce manual SIGWX
analyst workload at WAFC centres. This transition should be managed with full respect for existing
workforce agreements and with retraining pathways for personnel whose roles change.

13.4 Access Equity in Weather Intelligence Infrastructure

One of 7’s most significant long-run equity contributions comes not from improving the most
sophisticated weather intelligence in the world — which is already very good — but from lowering
the cost of producing decision-grade aviation weather intelligence for meteorological agencies in
lower-income countries that currently rely on imported WAFS products without the national capacity
to validate, localise, or improve them. Supporting national meteorological service capacity building
in Africa, Southeast Asia, and the Pacific alongside 7 deployment is both an equity obligation and a
governance strategy: better-resourced national services are better able to participate in the ICAO
standards process as 7 products move toward certification.
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14 Benchmark Suite and Success Metrics

A rigorous, publicly documented benchmark programme is both a scientific requirement and a
stakeholder management imperative. Aviation institutions will not adopt 7 aviation weather products
based on theoretical arguments; they will adopt them when the evidence is unambiguous and the
benchmark methodology is accepted by their own technical communities.

141 Benchmark Architecture

The benchmark programme should comprise ten canonical task families, evaluated against the current
operational baseline (WAFS + leading commercial product) using independent validation data:

Task 1 — Historical Convective-Weather Reroute Days. Replay of 20-30 major NAS
convective disruption days (selected from FAA OPSNET and FAA Aviation Weather Research
Program test cases). Metrics: convective system position and timing skill (FAR, POD, CSI vs
radar verifying analysis), delay-minute reduction from optimised reroutes, network cascade depth
reduction.

Task 2 — Major Hub Thunderstorm Bank Protection. Replay of hub closure events
at Chicago O’Hare, Dallas-Fort Worth, Atlanta, Frankfurt, and Amsterdam Schiphol. Metrics:
convective initiation lead time, hub acceptance rate forecast skill, cascade depth in simulated network
response.

Task 3 — Clear-Air Turbulence Prediction vs Observed PIREPs and EDR Data.
Verification of 7 turbulence fields against PIREP moderate-or-greater reports and in-situ EDR, from
equipped aircraft (IAGOS, commercial aircraft AMDAR data). Metrics: POD, FAR, Equitable
Threat Score (ETS) for MOG turbulence at 12h, 24h, 48h lead times vs WAFS GTG3 baseline.

Task 4 — In-Flight Icing Forecast Skill. Verification of 7 icing fields against aircraft icing
PIREP data and SLD characterization observations. Metrics: POD and FAR for moderate-or-greater
icing at 12h and 24h; SLD extent and altitude accuracy vs observational data.

Task 5 — Volcanic Ash Transport Boundary Accuracy. Replay of 5-10 named volcanic ash
events (Eyjafjallajokull 2010, Grimsvotn 2011, Kelud 2014, Raikoke 2019, and at least one Pacific
eruption) against post-event reanalysis ash cloud boundary data. Metric: boundary position error
(km) at 12h, 24h, 48h vs NAME/HYSPLIT operational baseline.

Task 6 — Low-Visibility and Fog Forecast at Major Hub Airports. Verification of 7
terminal visibility forecasts against METAR observation records at 10-15 major international
airports with high fog frequency. Metrics: fog onset lead time, duration forecast accuracy, FAR for
ceiling-below-IFR-minima events vs current TAF baseline.

Task 7 — Wind Shear and Microburst Intelligence at Terminal Areas. Verification of 7
terminal-area wind shear predictions against LLWAS alert data and pilot reports at airports with
dense observing infrastructure. Metrics: wind shear event detection lead time, alert-to-encounter
time distribution.

Task 8 — Wake- and Weather-Aware Final-Approach Throughput. Simulation of 7-informed
TBS/ORD separation on historical strong-headwind IFR days at London Heathrow, Frankfurt, and
Paris CDG. Metrics: runway throughput (arrivals per hour), delay reduction vs RECAT baseline.

Task 9 — Surface Metering and Gate-Hold Weather-Window Coupling. Replay of
convective weather surface-metering benchmark days (consistent with NASA ATD-2 test cases).
Metrics: gate-hold duration accuracy, departure queue prediction skill, fuel burn efficiency vs ATD-2
baseline.

Task 10 — Whole-Network Disruption Recovery Benchmark. Simulation of a major weather
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disruption week (e.g., a European summer convective episode with multiple centre closures, or a U.S.
East Coast winter storm sequence) using 7 weather intelligence vs baseline forecasts in a network
simulation model. Metrics: total delay-minutes in simulated network, cascade depth, recovery time,
cancellations.

14.2 Public-Good Success Metrics

For each benchmark and each deployment phase, the following public-good metrics should be
explicitly tracked alongside technical forecast skill scores:

o Delay minutes avoided per 100 flights (split: weather-direct vs cascade)

o Fuel burn reduction per flight (litres) and at fleet /network scale

o COy emissions reduction (tonnes per period)

o Turbulence injury probability reduction (POD-linked inference)

o Weather-driven cancellation rate reduction

o Cargo and humanitarian corridor reliability improvement (on-time delivery rate)

o Cost to airspace users avoided (EUR/USD per period, consistent with EUROCONTROL cost
framework)

o CORSIA offset obligation avoided (tonnes CO3)

14.3 Equity-Specific Metrics

e Number of remote and climate-vulnerable community aviation connections with improved weather
intelligence

o National meteorological service capacity improvement in developing-country contexts

e Gender representation in 7 deployment technical and operational teams

o Proportion of deployment benefit reaching non-commercial (humanitarian, medical, cargo-to-
remote-communities) aviation segments

15 Governance Guardrails

Aviation is one of the most tightly regulated industries in the world for good reason: the consequences
of safety failures are catastrophic and irreversible. 7 aviation weather intelligence must be designed
and deployed within a governance framework that respects this reality.

15.1 Human-in-the-Loop by Default

For all safety-critical operational decisions during Phase 1 and Phase 2, 7 operates in an advisory
role. No SIGMET issuance, ATFM regulation, runway configuration change, or flight dispatch
release should be driven automatically by 7 outputs without qualified human review. This is not
merely a regulatory requirement — it is correct governance for a technology in its validation phase.

15.2 Auditable Outputs and Explainability

Route advice, turbulence fields, ash dispersion products, and icing advisories generated by 7 must
be explainable to the qualified meteorologists and operational controllers who receive them. “The
7 algorithm predicts severe turbulence here” is not an acceptable operational product. “The 7
twin shows a Kelvin-Helmholtz instability zone at FL360 over this coordinate with wind shear of
X m/s/km and Richardson number of Y; EDR estimate Z m?/3s '” is an acceptable operational
product that can be evaluated, challenged, and used by professional judgment.
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15.3 Conservative Failure Modes

Uncertainty in 7 products must degrade safely. Under conditions where the 7 twin’s confidence
is low (sparse observation input, novel atmospheric configuration outside the training envelope),
products must signal their lower confidence explicitly and fall back to conservative (wide-buffer)
guidance rather than to false precision. Aviation professionals should be able to identify, at a glance,
when a 7 product is operating in high-confidence mode versus wide-buffer mode.

15.4 ICAO Standards Compatibility

All 7 aviation weather products must be developed within the ICAO Annex 3 framework and
be compatible with WMO No. 306 (FM codes) and WMO/ICAO Meteorological Information
Exchange standards. Engagement with the ICAO MET Panel and the ICAO Council Air Navigation
Commission should begin during Phase 1 to ensure that the evidence standards required for ICAO
standards compatibility are understood and built toward from the start.

15.5 No “Magic Black Box" Framing

T aviation weather intelligence must never be presented to aviation institutions as a black-box oracle.
Performance must be demonstrated benchmark by benchmark, product by product, against the
methodology accepted by FAA, EUROCONTROL, and ICAO technical communities. Institutional
trust in aviation is built over years of demonstrated operational performance, not over theoretical
arguments or impressive demonstrations on selected cases.

15.6 Public-Good Evaluation Beyond Airline Economics

The evaluation framework for 7 aviation weather intelligence must include explicit non-commercial
public-good metrics: passenger safety and comfort, humanitarian and emergency logistics reliability,
equity of access to improved weather intelligence, and climate impact. Aviation regulators and
public funders have legitimate interests in these metrics that go beyond the commercial ROI case for
airlines.

15.7 Equitable Access Obligation

Governance of 7 aviation weather infrastructure should include explicit provisions ensuring that
improved aviation weather intelligence is accessible to developing-country aviation systems and
national meteorological services. Licensing or data-distribution arrangements that confine 7’s best
products to the highest-paying incumbents — while lower-income countries remain dependent on
lower-quality WAFS products — would represent a significant governance failure with material
humanitarian consequences.

16 SDG Mapping and Bottom Line

16.1 SDG Alignment

T aviation weather intelligence is aligned with six of the seventeen United Nations Sustainable
Development Goals:

SDG 3 — Good Health and Well-Being. Reducing turbulence injuries, improving medical
logistics by air (including remote communities), and enhancing humanitarian aviation corridor
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reliability all contribute directly to health and well-being outcomes.

SDG 8 — Decent Work and Economic Growth. Reducing weather-driven aviation delay
and disruption supports economic productivity, trade, and tourism that depend on reliable air
connectivity. More reliable aviation supports employment across logistics, hospitality, agriculture,
and manufacturing sectors that rely on air freight.

SDG 9 — Industry, Innovation, and Infrastructure. 7 aviation weather intelligence is a direct
contribution to resilient and innovative infrastructure — improving the physical engine underlying
the global aviation system, which is one of the most consequential infrastructure assets in the world
economy.

SDG 11 — Sustainable Cities and Communities. Reducing fuel burn and emissions from
aviation contributes to cleaner air around airports, and improved weather intelligence enables
more efficient and lower-noise departure and approach profiles that reduce aircraft noise burden on
airport-adjacent communities.

SDG 13 — Climate Action. The fuel savings, emissions reductions, and CORSIA-linked benefits
described in Section 9 are direct climate action contributions. More broadly, a 7 atmospheric
twin that is physically faithful to the changing atmosphere — rather than calibrated on historical
parameterizations — remains reliable as the climate shifts, making it more valuable for long-term
climate adaptation in aviation.

SDG 17 — Partnerships for the Goals. The deployment ladder in Section 10 is explicitly
multi-stakeholder: airlines, ANSPs, meteorological agencies, ICAQO, development finance institutions,
and national aviation authorities all need to be partners, not merely customers. The equity provisions
in Section 12 extend this to developing-country aviation systems.

16.2 Bottom Line

Under the working 7 assumption — that the 7 framework provides a physically faithful, bounded-error,
coarse-grainable discrete twin of atmosphere—weather—flow dynamics relevant to flight operations —
the case for T aviation weather intelligence as a priority first-wave conditional public-good domain is
strong on five independent grounds.

First, the problem is officially recognised and measurable. Weather is the stated leading
cause of NAS delays by FAA’s own accounting; weather caused a 40% increase in U.S. delays in
2024; EUROCONTROL quantifies weather delay at 2.2 minutes per flight in summer 2024, costing
airspace users EUR 2.8 billion. The problem space is not speculative.

Second, the institutional insertion points exist. FAA NextGen, NOAA/AWC WAFS, NASA
flight-efficiency tools, EUROCONTROL NM/SESAR, and ICAO Annex 3 all provide frameworks
into which better weather intelligence integrates without requiring new regulatory architectures.

Third, the cost of current forecast failure is quantified and large. The SQ321 severe
turbulence event cost USD 90 million from a single encounter. The Eyjafjallajokull closure cost USD
1.3 billion. TATA places turbulence costs at USD 700 million per year systemwide. These are not
small numbers, and they are driven by the physical limits of current NWP-based hazard prediction.

Fourth, the ROI under midpoint assumptions is fast. Scenario A (single fleet upgrade) shows
payback under 12 months. Scenario B (regional airspace network) shows payback in 6-12 months.
These are unusual investment economics for aviation infrastructure.

Fifth, the public-good and climate multipliers are real. A 1-2% operational efficiency gain
at global aviation scale represents 9.5-19 Mt COs per year avoided. Better turbulence, ash, and
icing intelligence improves safety for millions of passengers. Better aviation weather intelligence for
climate-vulnerable regions improves economic and humanitarian connectivity where it matters most.
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The strategic prescription is therefore straightforward: begin Phase 1 shadow-mode validation with
meteorological agency and airline partners now, build the benchmark evidence base openly, engage
ICAO and national aviation authorities early on the evidence standards for Phase 3, and design the
deployment ladder to build equity and public-good metrics alongside commercial ROI from the first
day.

If 7 can deliver law-faithful weather—flow intelligence for aviation, the first big win is not a philosoph-
ical victory. It is a practical one: fewer delays, safer hazard handling, cleaner operations, and a more
resilient air-transport system for everyone who flies or depends on aviation connectivity. That is a
very substantial public good, and it is achievable within the institutional frameworks that already
exist.
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This paper is part of the Panta Rhei Impact Series — Weather Portfolio. It proceeds under an explicit
planning stance: if the T categorical framework is sound at the level relevant to atmospheric and
fluid dynamics, what public good could that unlock for aviation? All quantitative projections are
planning inferences, not certified forecasts. The T framework is described in Books IV and V of the
Panta Rhei series.

Paper 1 of 3 | Weather Portfolio | Status: Yellow Paper | 2026-03-16
Source: Full manuscript text integrated from Public-Good Briefing draft.
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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 showing how a law-faithful tau weather-flow twin could unlock major
public-good gains in aviation routing, ATM resilience, and network disruption recovery—
addressing weather as the leading cause of delay across the US and European airspace systems.
The v3 impact thesis is conditional: a Tau-grade aviation weather, routing, turbulence, icing,
and airport-flow 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 showing how a law-faithful tau weather-flow twin could unlock major
public-good gains in aviation routing, ATM resilience, and network disruption recovery—addressing
weather as the leading cause of delay across the US and European airspace systems. 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« WMO, Aeronautical Meteorology [8]: aviation weather-service baseline.
o ICAO, Environmental Protection [3]: aviation decarbonization policy context.

o ICAO, Long-Term Aspirational Goal for International Aviation [4]: climate-smart aviation
transition context.

o NOAA, National Weather Service [6]: operational weather-service reference.
o NASA, Aeronautics Research Mission Directorate [5]: advanced aviation research context.

o« EASA, European Aviation Environmental Report [1]: aviation environmental and operational
baseline.

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 EASA, ICAO, NASA, NOAA, WMO. 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 aviation
weather, routing, turbulence, icing, and airport-flow twin.
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18.4 Tau framework dependency map

Surface Role in this dossier

Build the Tau-Kernel finite address and scalar foundation

Recover Core Mathematics mathematical bridge and model interface

Derive Physics physical readout and domain translation candidate
Results lane upstream consequences to be mapped precisely during

release preparation
direct-registry-mapping-withheld no direct Registry object is asserted until a substantive
Corpus mapping is available

public-docs-mapping-withheld TauLib module links are asserted only where public docu-
mentation exposes a clear surface

Release Manifest release baseline

Predictions and Falsification empirical accountability route

18.5 Translation assumptions and missing engineering

Required domain model: aviation weather, routing, turbulence, icing, and airport-flow
twin.

First benchmarkable test: route, delay, turbulence, icing, and convective-weather decisions against
aviation weather and operations records.

e domain-specific model construction

e data ingestion and validation

e 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 A narrow shadow-mode pilot improves one bounded deci- medium
sion task for Aviation Weather Intelligence for Mainstream
Aviation without operational authority.
Realistic A reviewed prototype strengthens several public-sector medium-low
workflows for Aviation Weather Intelligence for Mainstream
Aviation after benchmark comparison with incumbent sys-
tems.
Optimistic A reusable public-good intelligence layer becomes plausible low
for Aviation Weather Intelligence for Mainstream Aviation
after external validation and transparent governance re-
view.
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18.8 Impact scorecard

Public-good scale

S 4/5

Tau fit

— 4/5

Evidence proximity

— 5/5
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.

shadow-mode aviation weather pilot with meteorological, airport, and air-navigation service partners

18.10 Benchmark suite and success metrics

Type Incumbent base- Required Tau Success metric Validator
line benchmark
translation current public or in- route, delay, tur- pre-registered accu- indepen-
benchmark stitutional systems bulence, icing, and racy, latency, uncer- dent
in the domain convective-weather tainty, or decision- domain
decisions against quality metric reviewers
aviation weather and
operations records
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
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18.11 Governance and risk guardrails

Human oversight for any operational use.

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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