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1 Executive Summary

This paper turns the climate-cluster argument from Earth-system understanding into regional
decision intelligence. Paper 1 argued that, under strong τ assumptions, a climate-scale Earth-system
digital twin could become a more faithful causal-chain policy scenario engine. Paper 2 narrowed that
to driver intelligence around carbon, methane, aerosols, and sinks. Paper 3 asks the next practical
question:

How does a stronger Earth-system and driver-intelligence layer become decision-grade
adaptation intelligence for real regions, real sectors, and real public planning choices?

The stakes are large. IPCC AR6 WG2 estimates that approximately 3.3–3.6 billion people live in
contexts highly vulnerable to climate change. The World Bank warns that climate change could
push 132 million more people into extreme poverty by 2030 without effective adaptation. UNEP’s
Adaptation Gap Report 2023 found that adaptation finance flows are 10–18 times below estimated
needs — a gap expected to reach $300–500 billion per year by 2030. Yet planning capacity remains
thinner still: as of 2024, only 14% of WMO Members are equipped to provide advanced climate
services.

Under the working τ assumptions used throughout this portfolio, the central claim of this paper is:

If τ can provide a bounded-error, coarse-grainable, cross-sector regional twin, then
adaptation planning can move from broad vulnerability framing toward critical-path
intervention design.

That means the main public-good gains would not come from one more generic adaptation strategy
document. They would come from better answers to questions like:

• which climate-impact pathways dominate in a specific basin, city, region, or infrastructure corridor;
• which sectoral adaptations are mutually reinforcing and which are mutually undermining;
• where scarce adaptation finance is most likely to prevent loss, protect services, or preserve

development gains;
• and how to turn climate science into region-specific, sector-specific, monitorable action.

The six opportunity clusters identified here — water and food, health, energy and infrastructure,
urban systems, ecosystems, and adaptation finance triage — collectively span the domains where
underfunded, underintelligenced adaptation is most costly. Two detailed case studies illustrate the
concrete gap a τ -grade regional twin could close: the Netherlands Delta Programme, managing
€1B+/yr in flood protection for 17 million people, and African megacities such as Nairobi and Dar
es Salaam, where adaptation finance cannot yet be precisely targeted. Four deployment phases,
five lighthouse pilots, six benchmark tests, and a governance guardrails framework complete the
operational picture.

This may be the highest-leverage paper in the entire climate cluster, precisely because adaptation is
now where weak causal understanding, institutional fragmentation, and scarce finance most visibly
collide.

2 Why This Opportunity Matters Now

The public institutional baseline already says adaptation has entered a phase where better decision
quality matters as much as more ambition.
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UNEP’s Adaptation Gap Report 2025 says modelled adaptation finance needs in developing
countries reach approximately US$310 billion per year in 2035, rising to approximately US$365 billion
per year when extrapolated from expressed needs in NDCs and NAPs. Meanwhile, international
public adaptation finance to developing countries was only US$26 billion in 2023, leaving a gap of
roughly 12–14 times.1 UNEP also notes that countries have reported more than 1,600 implemented
adaptation actions, mostly in biodiversity, agriculture, water, and infrastructure — sectors that are
exactly where decision-grade regional climate intelligence matters most.

The UNEP Adaptation Gap Report 2023 placed the adaptation finance gap even more starkly: flows
are 10–18 times below estimated needs, with planning capacity consistently ahead of the finance
available to act on plans.2

The World Bank warns that without effective adaptation, climate change could push 132 million
more people into extreme poverty by 2030 — primarily through disruptions to agriculture, water
availability, and human health.3

C40 Cities documents a further dimension of the challenge: cities account for more than 70% of
global GHG emissions and house more than 55% of the world’s population, with urban heat islands,
flooding, and coastal risks accelerating in both frequency and severity.4

WMO’s climate-policy analysis shows that climate services are already embedded in national climate
action. WMO reports that 108 NDCs highlight climate services and 103 highlight early warnings;
climate services are recognized as priorities for supporting adaptation in agriculture and food security
(85%), disaster risk reduction (88%), water resource management (78%), and health (60%).5

And yet, climate-service capacity remains thin where it matters most. WMO’s Climate Services
Dashboard found that in 2024 only 14% of WMO Members were equipped to provide advanced
climate services, and that many Members still do not provide tailored climate projections or
sector-specific planning products.6 This is a structural bottleneck for adaptation planning.

The World Bank’s Country Climate and Development Reports (CCDRs) are a further strong
signal. The Bank now describes CCDRs as a core diagnostic integrating climate and development,
covering 93 economies. It finds that resilience-building investments identified through CCDR work
can generate the equivalent of 25 million more and better-paid jobs across 49 countries, or
about 150 million jobs when extrapolated to all low- and middle-income countries.7

Health systems are moving in the same direction. WHO’s 2025 executive summary on health in
national adaptation planning reports that WHO has now assessed 59 national adaptation plans
and 27 health national adaptation plans, and that ministries of health are increasingly expected
to integrate climate-risk intelligence into formal planning processes.8

1UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

2UNEP, Adaptation Gap Report 2023: Underfinanced, Underprepared, including the 10–18× finance gap estimate
and planning-ahead-of-finance finding. https://www.unep.org/resources/adaptation-gap-report-2023

3World Bank, Poverty and Climate Change: A Framework for Analysis, and related analysis on climate-poverty
nexus: 132 million poverty figure from World Bank Shock Waves model. https://www.worldbank.org/en/topic/cli
matechange/brief/climate-change-and-poverty

4C40 Cities, Cities and Climate Change: The C40 Cities Climate Leadership Group, including 70%+ of global GHG
emissions and 55%+ of world population figures. https://www.c40.org/what-we-do/scaling-up-climate-action/
adaptation-water/

5WMO, Climate Policy page, including NDC analysis showing climate services and early warnings in NDCs and
sectoral percentages for adaptation support. https://wmo.int/climate-policy

6WMO, Climate Services Dashboard Informs Climate Action (2025), including the statistic that only 14% of WMO
Members provide advanced climate services. https://wmo.int/media/news/climate-services-dashboard-informs
-climate-action

7World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy synthesis and
jobs/resilience findings. https://www.worldbank.org/en/publication/country-climate-development-reports

8WHO, Health at the Heart of National Adaptation Planning: Executive Summary (2025), including the review of
59 NAPs and 27 HNAPs. https://www.who.int/publications/i/item/B09395
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Energy systems are also under pressure. The IEA’s climate-resilience analysis for electricity systems
finds that increasing adverse impacts of climate change on power systems create an urgent need
for stronger resilience planning. The IEA cites evidence that every dollar invested in climate-
resilient infrastructure can save six dollars.9

Cities are becoming adaptation actors in their own right. The 2025 European State of the
Climate reports that 51% of European cities now have a dedicated climate adaptation plan, up
from 26% in 2018, while warning that extreme weather increasingly threatens built environments
and the services they support.10

Finally, adaptation is becoming more measurable at the global governance level. UNDRR’s 2026
analysis of the Global Goal on Adaptation notes that the Belém Adaptation Indicators represent
the first comprehensive indicator set making adaptation progress measurable, reviewable, and
trackable over time, and that 171 UN Member States were already reporting against Sendai
indicators as of October 2025.11

Taken together, these signals say the same thing:

• adaptation is no longer a side issue;
• it is dramatically underfunded relative to need;
• it is increasingly expected to be evidence-based and measurable;
• and the world does not yet have enough decision-grade regional climate intelligence to allocate

adaptation capital and political attention as effectively as the situation demands.

That is exactly the gap this paper addresses.

3 Working τ Assumptions

As in the other τ yellow papers, this document is an opportunity analysis under explicit assumptions,
not a proof of the underlying framework.

For the purpose of this paper, we assume that τ can provide:

1. a physically faithful discrete regional twin of climate-relevant Earth-system dynamics;
2. bounded-error coarse-graining from Earth-system scale to regional and sectoral decision scale;
3. stable coupling across water, food, health, energy, urban systems, and ecosystems;
4. stronger decomposition of local and regional causal critical paths than conventional model

stacks;
5. scenario logic that can compare adaptation pathways, not only emissions pathways;
6. and a compute regime that reduces current trade-offs among horizon, spatial detail, and sector

coupling.

We do not assume:

• perfect long-range certainty in regional projections;
• a single optimal adaptation policy applicable across all contexts;
• or the elimination of social, institutional, or political constraints on implementation.

9IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience

10WMO / European State of the Climate 2024 media release (2025), including the statistic that 51% of European
cities have a dedicated climate adaptation plan. https://wmo.int/news/media-centre/european-state-of-clima
te-extreme-events-warmest-year-record

11UNDRR, How the Global Goal on Adaptation Connects Climate and Disaster Risk (2026), including the Belém
Adaptation Indicators and Sendai reporting baseline of 171 UN Member States. https://www.undrr.org/news/how-g
lobal-goal-adaptation-connects-climate-and-disaster-risk
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We do assume that τ materially improves:

• mechanism fidelity in the representation of climate-impact chains;
• regional sector coupling so that water, energy, food, and health risks can be analyzed jointly;
• and the intervention-ranking quality that determines where adaptation finance delivers the most

protection per dollar.

That is enough to create a very large public-good opportunity.

4 What Is Different About Regional Adaptation and Sectoral Impact

Intelligence?

The gap is not that climate science lacks outputs. The gap is that ministries, mayors, basin
authorities, utilities, health systems, insurers, and development banks still often cannot answer the
questions they actually need to answer:

• Which impact pathways are most likely in this region?
• Which are most damaging?
• Which are most preventable?
• Which interventions are robust across plausible futures?
• Which interventions reduce one risk while worsening another?
• Where do sequencing and timing matter more than the ultimate end-state?

Today’s climate-risk landscape still suffers from four practical disconnects.

4.1 Global Outputs Versus Local Decisions

Global and continental projections are improving, but planning is local and sectoral. A ministry does
not make policy on a global mean temperature anomaly; it makes policy on irrigation allocations,
hydropower dispatch rules, hospital cooling protocols, heat-health action plans, urban drainage
upgrades, wildfire management zones, or transmission reinforcement sequences.

IPCC AR6 WG2 projects that 3.3–3.6 billion people live in contexts of high climate vulnerability —
but the policy instrument is always local. The translation layer from global hazard to local action is
where decision quality is still weak.12

4.2 Hazard Lists Versus System Pathways

Many adaptation products describe hazards and vulnerabilities in isolation. Far fewer provide a
system pathway view showing how water, energy, food, health, ecosystems, and cities interact under
changing climate conditions. Compound events — drought combined with heat combined with energy
demand surge, or coastal storm surge combined with river flooding combined with infrastructure
failure — are where the real losses are concentrated, and they are exactly where single-sector hazard
models are most likely to underestimate risk.

12IPCC, Sixth Assessment Report, Working Group II: Impacts, Adaptation and Vulnerability (2022), including the
3.3–3.6 billion people in highly vulnerable contexts estimate and regional projections for food insecurity. https:
//www.ipcc.ch/report/ar6/wg2/
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4.3 Broad Adaptation Needs Versus Scarce Implementation Capacity

UNEP’s adaptation gap figures make the finance bottleneck obvious.1314 Under severe scarcity, the
crucial problem is not only “do more adaptation” but “rank interventions better.” A regional twin
that can reliably identify the highest-leverage interventions per dollar is worth far more than a
generic vulnerability map.

4.4 Reporting Logic Versus Action Logic

Adaptation is increasingly measured and reported, which is good. But measurable adaptation
only becomes useful when the metrics connect to actionable choices. The Belém indicators and
Sendai-aligned reporting systems create a real opportunity — but only if countries can populate
those systems with meaningful, decision-relevant intelligence, not just process indicators.15

A τ -grade regional adaptation twin would aim to reduce exactly these disconnects. It would not
only say that temperatures rise, rainfall changes, or heatwaves intensify. It would also say which
sectoral services fail first, which causal links dominate losses, which interventions move those links
most efficiently, and what residual risks remain after adaptation investment.

5 The Official Architecture We Can Build On

This opportunity is unusually practical because the institutional architecture is already present in
fragments.

5.1 WMO Climate Services and National Climate-Policy Integration

WMO’s current climate-policy work shows that climate services already sit inside national climate
planning, especially for agriculture, disaster risk reduction, water, and health.16 WMO’s dashboard
also shows that service capacity is highly uneven, with only a small minority of Members providing
advanced services.17

This means τ would not need to invent the use case. It would strengthen a use case governments
already recognize and have embedded in their national planning frameworks.

5.2 World Bank CCDRs and Development-Linked Climate Diagnostics

The CCDR programme is effectively a global adaptation-planning bridge between climate science and
development policy.18 It is explicitly built to identify concrete resilience and mitigation pathways,
along with costs, trade-offs, and development gains.

13UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

14UNEP, Adaptation Gap Report 2023: Underfinanced, Underprepared, including the 10–18× finance gap estimate
and planning-ahead-of-finance finding. https://www.unep.org/resources/adaptation-gap-report-2023

15UNDRR, How the Global Goal on Adaptation Connects Climate and Disaster Risk (2026), including the Belém
Adaptation Indicators and Sendai reporting baseline of 171 UN Member States. https://www.undrr.org/news/how-g
lobal-goal-adaptation-connects-climate-and-disaster-risk

16WMO, Climate Policy page, including NDC analysis showing climate services and early warnings in NDCs and
sectoral percentages for adaptation support. https://wmo.int/climate-policy

17WMO, Climate Services Dashboard Informs Climate Action (2025), including the statistic that only 14% of WMO
Members provide advanced climate services. https://wmo.int/media/news/climate-services-dashboard-informs
-climate-action

18World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy synthesis and
jobs/resilience findings. https://www.worldbank.org/en/publication/country-climate-development-reports
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A τ regional twin could serve exactly this layer: stronger regional diagnostics, sharper sectoral
scenario comparisons, better ranking of resilience investments, and more explicit causal justification
for priority actions. The combination of a τ causal-chain engine with CCDR’s development-integration
mandate is among the highest-leverage institutional entry points in the portfolio.

5.3 WHO Climate-Resilient Health Planning

WHO’s health adaptation planning work shows that health is increasingly expected to be embedded
in national adaptation planning through NAPs and HNAPs.19 WHO’s broader health-and-climate
support work emphasizes climate-resilient health systems, health surveillance, and the integration of
climate information into ministry planning cycles.

This creates a very clear sectoral insertion point for τ : a coupled climate-health model that can
show how heat, humidity, air quality, vector ecology, water stress, and health-system infrastructure
interact to determine health outcomes under climate stress.

5.4 IEA Climate Resilience and Power-System Planning

The IEA has laid out a clear operational framework for climate resilience in power systems, empha-
sizing robustness, resourcefulness, and recovery, and stressing that climate resilience supports clean
energy transitions rather than competing with them.20

A τ regional twin could make these resilience concepts much more operational: which grid assets face
the highest compound risk from heat, drought, fire, and flood? In what sequence should hardening
investments be made? Where does water-energy coupling create cascading failure risk?

5.5 Urban Adaptation Planning and Subnational Action

The 2025 European State of the Climate gives a useful benchmark: more cities are adopting
adaptation plans, but built environments remain highly exposed.21 C40 Cities and ICLEI have
developed substantial subnational adaptation networks — but the quality of the climate risk
intelligence underpinning those plans varies widely and is often weakest in the cities facing the most
acute risk.22

5.6 The Global Goal on Adaptation and Sendai Measurement Bridge

UNDRR’s 2026 analysis makes clear that adaptation measurement and disaster-risk measurement
are increasingly converging, especially around early warning, risk assessment, loss accounting, and
infrastructure impact tracking.23

19WHO, Health at the Heart of National Adaptation Planning: Executive Summary (2025), including the review of
59 NAPs and 27 HNAPs. https://www.who.int/publications/i/item/B09395

20IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience

21WMO / European State of the Climate 2024 media release (2025), including the statistic that 51% of European
cities have a dedicated climate adaptation plan. https://wmo.int/news/media-centre/european-state-of-clima
te-extreme-events-warmest-year-record

22C40 Cities, Cities and Climate Change: The C40 Cities Climate Leadership Group, including 70%+ of global GHG
emissions and 55%+ of world population figures. https://www.c40.org/what-we-do/scaling-up-climate-action/
adaptation-water/

23UNDRR, How the Global Goal on Adaptation Connects Climate and Disaster Risk (2026), including the Belém
Adaptation Indicators and Sendai reporting baseline of 171 UN Member States. https://www.undrr.org/news/how-g
lobal-goal-adaptation-connects-climate-and-disaster-risk
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That convergence is important because it means a τ adaptation twin could support both better
real-time decision support and better measurable progress reporting under emerging adaptation-
governance systems — answering simultaneously to planning ministries and to international reporting
obligations.

6 Opportunity Map

6.1 Cluster A— Regional Water, Agriculture, and Food-System Intelligence

This is one of the strongest opportunities because water and food systems are where climate variability
often becomes socially and economically visible first.

A τ regional twin could support basin-scale water allocation under shifting rainfall and heat patterns,
irrigation and storage strategy under drought and variability, crop-window and crop-mix planning
under seasonal changes, food-system logistics under climate stress, and trade-off analysis among
irrigation, hydropower, ecosystems, and urban demand. The agriculture and food-system application
also links directly to the τ agricultural intelligence papers elsewhere in this portfolio (see τ Operational
Agro-Weather Intelligence and τ Climate-Smart Irrigation companion dossiers).

IPCC AR6 WG2 projects that food insecurity will intensify under 1.5–2◦C warming scenarios for
large parts of Sub-Saharan Africa, South Asia, and Central America — exactly the regions where
adaptation finance is scarcest and planning capacity is thinnest.24

6.2 Cluster B — Health Adaptation and Human-Protection Intelligence

WHO’s planning architecture makes health a natural adaptation sector.25 Under τ , the health
opportunity is not only better hazard surveillance. It is a stronger causal map connecting heat,
humidity, air quality, vector ecology, water stress, infrastructure vulnerability, health-system capacity,
and population sensitivity into one coupled model.

That would support heat-health action plans, climate-sensitive disease surveillance, hospital and clinic
resilience planning, cooling and service continuity strategies, and region-specific health adaptation
pathways. The IEA’s estimate of a 6:1 return on resilience investment applies with particular force
to health infrastructure, where service failure during extreme events carries costs far exceeding the
infrastructure investment.26

6.3 Cluster C— Energy, Infrastructure, and Public-Service Continuity Planning

IEA’s resilience framework already shows that energy adaptation needs to be treated as a system
problem, not only a generation problem.27 Under τ , the main opportunities include heat and drought
risk to generation and cooling capacity, hydropower and water-energy coupling, transmission and
substation risk from flood, fire, and heat, demand surges under heat events, and the sequencing of
resilience investments across networks.

24IPCC, Sixth Assessment Report, Working Group II: Impacts, Adaptation and Vulnerability (2022), including the
3.3–3.6 billion people in highly vulnerable contexts estimate and regional projections for food insecurity. https:
//www.ipcc.ch/report/ar6/wg2/

25WHO, Health at the Heart of National Adaptation Planning: Executive Summary (2025), including the review of
59 NAPs and 27 HNAPs. https://www.who.int/publications/i/item/B09395

26IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience

27IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience
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This would support utilities, regulators, public works agencies, and development lenders. The cross-
sector coupling is critical: a water-constrained drought can simultaneously reduce hydropower output,
reduce cooling-water availability for thermal plants, increase cooling demand, and raise irrigation
water demand — a compound stress that single-sector models systematically underestimate.

6.4 Cluster D— Urban Adaptation, Heat, Flood, and Service-Capacity Planning

City adaptation is where climate planning becomes visible to daily life. C40 Cities estimates that
cities account for more than 70% of global GHG emissions and house more than 55% of the world’s
population; urban heat islands, flooding, and coastal risks are accelerating.28

The τ opportunity is to support cities with bounded-error scenario engines for heat-island mitigation,
flood and drainage design, neighborhood-level exposure mapping, shelter and cooling-center planning,
green and blue infrastructure portfolios, zoning and building-code adaptation, and service-continuity
planning for transport, schools, hospitals, and water systems.

This is especially important because cities must often make expensive, irreversible choices — drainage
infrastructure, building codes, coastal-protection setbacks — with incomplete confidence about future
regional climate behavior. A regionally calibrated physics-faithful twin changes the confidence level
of those decisions.

6.5 Cluster E — Ecosystem and Nature-Based Adaptation Intelligence

A stronger regional twin could also improve adaptation planning for ecosystems and nature-based
solutions: watershed restoration, wetland and mangrove protection, forest, fire, and ecosystem
transitions, urban greening strategies, peatland and coastal-zone adaptation, and biodiversity-
resilience co-benefits.

This matters because adaptation investments increasingly need to choose between gray infrastructure,
hybrid infrastructure, and nature-based pathways. The choice depends on how ecosystem services
interact with climate stresses — a coupling that conventional engineering models handle poorly.

6.6 Cluster F — Adaptation Finance Triage and Intervention Ranking

The finance gap means that intervention ranking is unavoidable.2930 Under current resource scarcity,
the difference between well-ranked and poorly ranked adaptation investments is not marginal — it
is the difference between protecting development gains and losing them.

A τ regional twin could help rank adaptation options by: avoided loss per dollar, service continuity
protection, co-benefits across sectors, speed of effect, robustness across scenario ranges, cost and
implementation complexity, and social distributional effects.

UNEP estimates that $1 in adaptation investment returns $10 in avoided damages on average; urban
adaptation studies show ratios of 5:1 to 30:1 depending on intervention type.31 Better intervention
ranking at the margin of those ratios is itself a multi-billion dollar public good.

28C40 Cities, Cities and Climate Change: The C40 Cities Climate Leadership Group, including 70%+ of global GHG
emissions and 55%+ of world population figures. https://www.c40.org/what-we-do/scaling-up-climate-action/
adaptation-water/

29UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

30UNEP, Adaptation Gap Report 2023: Underfinanced, Underprepared, including the 10–18× finance gap estimate
and planning-ahead-of-finance finding. https://www.unep.org/resources/adaptation-gap-report-2023

31UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action
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7 Competitive Landscape

The adaptation intelligence market already contains capable tools. The τ proposition is not to
replace them but to address their structural limitations — the physics-faithful causal coupling that
determines which interventions matter most in which contexts.

C40 Cities Climate Risk Assessment is an urban climate risk assessment framework covering
100+ megacities that has done substantial work translating climate projections into city-level planning
priorities. Its strength is its breadth and its urban focus. Its limitation for the τ opportunity is that
it is a planning framework, not a physics-faithful operational digital twin, and does not provide the
cross-sector causal coupling that distinguishes intervention ranking from hazard description.

WRI Aqueduct provides global water risk mapping with climate scenarios, offering standardized
risk scores that are widely used by investors, companies, and governments. Its strength is its data
accessibility and global coverage. Its limitation is that it aggregates scenario-based water risk
rather than modeling the causal physics of water-energy-food-ecosystem interactions at the regional
planning scale.

Climate Central CoastalDEM has significantly improved global coastal elevation data and
sea-level rise exposure mapping, providing a critical data layer for coastal adaptation planning.
Its limitation is that it operates primarily as an improved exposure layer and does not provide
the coupled socioeconomic impact modeling or sectoral service-failure analysis that decision-grade
adaptation intelligence requires.

CLIMADA (ETH Zurich) is a probabilistic climate risk and adaptation assessment platform
that uses a catastrophe model approach, is open-source, and has a strong academic track record.
CLIMADA can quantify direct damages and has been applied across many hazard types. Its
limitation for the operational adaptation use case is that it is primarily a research and ex-post
assessment tool rather than a real-time planning and intervention-ranking engine, and its sector
coupling remains partial.

NGFS Climate Scenarios (Network for Greening the Financial System) provides forward-
looking climate scenarios designed for the financial sector, enabling portfolio-level climate risk
assessment across transition and physical risk pathways. Its strength is its financial-sector adoption.
Its limitation is that it operates at macro scale with scenario-based aggregation rather than sector-
specific physical-process modeling, making it less useful for ministry-level planning decisions.

UNFCCC NAP Central is a national adaptation plan repository and guidance platform that has
aggregated and standardized an enormous amount of adaptation planning information. Its strength
is its policy architecture and international coordination role. It is explicitly a policy framework, not
a modeling system, and does not provide decision-grade quantitative intervention ranking.

The structural gap that τ addresses is one that runs across all of these tools: none provides a
physics-faithful, coupled multi-sector regional model in which the causal paths from climate stress
to sectoral service failure to intervention effectiveness can be traced and ranked under bounded
uncertainty. That is the capability that converts climate information into adaptation intelligence.

8 Realistic-Optimistic Public-Good Scenarios

These scenarios are planning inferences, not official forecasts.
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8.1 Scenario Band 1 — Better Targeting of Scarce Adaptation Finance

UNEP’s 2025 baseline is stark: current public international adaptation finance is approximately
US$26 billion per year against needs of US$310–365 billion.32 Under a realistic-optimistic τ scenario,
even a modest improvement in decision quality could matter materially. If a stronger regional
causal twin improved the targeting efficiency of just 5–10% of currently flowing international public
adaptation finance, that would correspond to roughly US$1.3–2.6 billion per year of better-directed
capital on the current baseline — without any new money.

This is not a claim that τ creates new finance. It is a claim that, under scarcity, better intervention
ranking is itself a large public good. UNEP’s own estimate that $1 in adaptation returns $10 in
avoided damages means that better-targeted finance multiplies through the economy at a ratio that
dwarfs the cost of the intelligence layer.33

8.2 Scenario Band 2— Faster Conversion of Planning into Implementation

UNEP reports over 1,600 implemented adaptation actions, showing that implementation has moved
beyond the pilot stage but remains uneven.34 Under τ , the gain would be expected less in the number
of adaptation plans written and more in the speed with which plans convert into targeted projects,
financeable investments, sectoral operating rules, and measurable risk reduction. The bottleneck is
not the absence of plans — it is the absence of the decision-grade specificity that converts plans into
bankable project pipelines.

8.3 Scenario Band 3— Larger Resilience Returns in Infrastructure-Heavy Sectors

The IEA notes evidence that every dollar invested in climate-resilient infrastructure can save six
dollars.35 Under a realistic-optimistic τ scenario, a stronger regional twin would help decide where
those infrastructure dollars should go first. Even if only a modest share of public resilience spending
were redirected toward more leverage-rich projects identified through better causal modeling, the
downstream avoided-loss multiplier could be substantial. Infrastructure investments are long-lived
and largely irreversible; the option value of better siting, sequencing, and design decisions is high.

8.4 Scenario Band 4— Better Adaptation Strengthens Jobs and Development Outcomes

The World Bank’s CCDR synthesis says resilience-building investment pathways can generate the
equivalent of 25 million more and better-paid jobs across 49 countries, or about 150 million jobs
when extrapolated to all low- and middle-income countries.36 A τ regional adaptation twin would
not create those jobs by itself. But it could materially improve the quality of country-level decisions
that determine whether adaptation and resilience investments actually deliver those development
gains — or whether they are captured by generic infrastructure spending that does not address the
most climate-critical service points.

32UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

33UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

34UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

35IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience

36World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy synthesis and
jobs/resilience findings. https://www.worldbank.org/en/publication/country-climate-development-reports

PGID-CLIM-03 13 of 28 May 2026 publication-ready release

https://www.unep.org/gan/Climate%20Action
https://www.unep.org/gan/Climate%20Action
https://www.unep.org/gan/Climate%20Action
https://www.iea.org/reports/power-systems-in-transition/climate-resilience
https://www.iea.org/reports/power-systems-in-transition/climate-resilience
https://www.worldbank.org/en/publication/country-climate-development-reports


Panta Rhei Research Program Public-Good Impact Dossier

8.5 Scenario Band 5—Measurable Adaptation Becomes More Actionable

With Belém indicators and Sendai-aligned systems, adaptation is becoming more trackable.37 Under
τ , the value would be that countries and cities could populate these systems with more meaningful,
decision-linked evidence rather than retrospective or weakly connected process indicators. That
would improve learning, accountability, and the international comparisons that enable adaptation
finance flows to be directed toward the highest-need, highest-readiness contexts.

9 Case Studies

9.1 Case Study 1: Netherlands Delta Programme—World’s Most Advanced Coastal Adap-

tation

Scale and context. The Netherlands has approximately 60% of its land area below sea level. The
Delta Programme manages €1B+/yr in flood protection investment and has initiated 2100 scenario
planning for 17 million people. The 2015 Delta Decision set national safety standards expressed as
maximum acceptable flood probabilities. The current 2024–2028 Delta Programme cycle focuses
heavily on freshwater supply security under climate stress — a problem that combines sea-level rise,
drought frequency, saltwater intrusion, river-flow changes, and agricultural and urban water demand
in a way that no single model currently handles well.38

Baseline problem. Dutch flood protection models — including Delft3D and WAQUA — are
engineering-grade hydrodynamic tools with strong international reputations. However, they do not
integrate with economic impact models, ecological constraints, and agricultural water demand within
one physics-faithful framework. Compound event risk — the simultaneous occurrence of storm surge,
river flooding, and drought — is poorly constrained in integrated terms. The Delta Programme also
faces a freshwater allocation challenge where hydropower interests, agricultural irrigation, drinking
water supply, ecological minimum flows, and industrial demand must be jointly optimized under
scenarios with wide uncertainty ranges. These cross-sector coupling problems are exactly where a
physics-faithful multi-sector regional twin would add the most value.3940

τ-enabled change. A τ -grade regional twin for the Rhine-Meuse-Scheldt delta system would
provide a law-faithful coastal-river-hydrology-agriculture-ecosystem twin in which compound event
risk is bounded with explicit uncertainty, economic impact integration allows direct comparison
of investment options, and cross-sector trade-offs are analyzable in one framework. For the Delta
Programme’s investment decisions — which are multi-billion euro, multi-decadal, and largely
irreversible — the value of a more causally complete planning model is very high. Better-ranked
investments, earlier identification of maladaptation risks (e.g., hard coastal defenses that increase
saltwater intrusion), and improved integration of nature-based and gray infrastructure options are
all concrete benefits. The Netherlands provides an ideal institutional environment because the Delta
Programme already has world-class modeling infrastructure, strong data availability, sophisticated
governance, and very high stakes — making it both a feasible lighthouse partner and a globally

37UNDRR, How the Global Goal on Adaptation Connects Climate and Disaster Risk (2026), including the Belém
Adaptation Indicators and Sendai reporting baseline of 171 UN Member States. https://www.undrr.org/news/how-g
lobal-goal-adaptation-connects-climate-and-disaster-risk

38Rijkswaterstaat / Dutch Delta Programme, Delta Programme Annual Report 2024 and Delta Programme Freshwater
2024–2028, including the €1B+/yr investment figures and 2100 planning horizon. https://www.deltacommissaris.n
l/delta-programme/delta-programme-2024

39Rijkswaterstaat / Dutch Delta Programme, Delta Programme Annual Report 2024 and Delta Programme Freshwater
2024–2028, including the €1B+/yr investment figures and 2100 planning horizon. https://www.deltacommissaris.n
l/delta-programme/delta-programme-2024

40Deltares and TU Delft, documentation of Delft3D and WAQUA hydrodynamic modeling systems and Dutch flood
risk assessment methodology (VNK programme). https://www.deltares.nl/en/software-and-data/products/del
ft3d
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visible benchmark.

Reference institutions. Rijkswaterstaat (Dutch national water authority), Deltares (applied water
research institute), TU Delft Water Resources, Netherlands Environmental Assessment Agency
(PBL), Delta Programme Annual Reports.4142

9.2 Case Study 2: African Cities Climate Adaptation — Nairobi and Dar es Salaam

Scale and context. Nairobi (approximately 5 million people) and Dar es Salaam (approximately 7
million people) face acute urban flooding, heat stress, and water security risks with very limited
adaptation finance. IPCC AR6 projects 2–4◦C warming for East Africa by 2100, with increasing
frequency and intensity of extreme rainfall events. Both cities have rapidly expanding informal
settlements in flood-prone areas, limited drainage infrastructure, and high population density in
urban heat-island zones.43

Baseline problem. African cities largely lack physics-faithful coupled climate-urban impact models.
Adaptation planning currently relies on global datasets — Climate Central CoastalDEM, WRI
Aqueduct — that are not calibrated to local topography, informal settlement density, drainage
infrastructure capacity, or social vulnerability patterns. This means adaptation investment decisions
are made under very large uncertainty about which neighborhoods face the highest risk, which
infrastructure investments deliver the most protection per dollar, and which nature-based solutions
(urban tree canopy, permeable paving, constructed wetlands, urban agriculture) are worth prioritizing
given the specific hydrology of each city.4445

The result is that adaptation finance cannot be precisely targeted. Donor agencies and development
banks must allocate resources using coarse risk proxies rather than decision-grade analysis. The
communities most in need — informal settlements in flood plains, densely built neighborhoods
without tree cover — are also the communities most likely to be deprioritized when adaptation
investment decisions rely on insufficient intelligence.

τ-enabled change. A locally calibrated climate-urban-impact twin for Nairobi and Dar es Salaam
would enable: neighborhood-level flood and heat risk mapping calibrated to local topography and
drainage capacity; identification of optimal green infrastructure placement (tree canopy, permeable
paving, constructed wetlands) maximizing cooling and flood reduction per dollar; spatial analysis
of which adaptation investments protect the most people in the most vulnerable communities; and
scenario comparison of how different climate trajectories affect the city’s water, health, and energy
service systems jointly.

Concretely: such a twin could identify that in a specific Nairobi ward, a $2 million investment in
drainage upgrades and riparian buffer restoration would reduce flood-exposed households by 35,000

— while a comparable investment in hard gray infrastructure would protect fewer households at
higher maintenance cost. That is the kind of decision-grade intelligence that currently does not exist,
and whose absence means that adaptation finance is allocated less efficiently than it could be.

41Rijkswaterstaat / Dutch Delta Programme, Delta Programme Annual Report 2024 and Delta Programme Freshwater
2024–2028, including the €1B+/yr investment figures and 2100 planning horizon. https://www.deltacommissaris.n
l/delta-programme/delta-programme-2024

42Deltares and TU Delft, documentation of Delft3D and WAQUA hydrodynamic modeling systems and Dutch flood
risk assessment methodology (VNK programme). https://www.deltares.nl/en/software-and-data/products/del
ft3d

43IPCC, Sixth Assessment Report, Working Group II: Impacts, Adaptation and Vulnerability (2022), including the
3.3–3.6 billion people in highly vulnerable contexts estimate and regional projections for food insecurity. https:
//www.ipcc.ch/report/ar6/wg2/

44World Bank, Cities and Climate Change Programme, including urban adaptation investment in African cities.
https://www.worldbank.org/en/topic/urbandevelopment/brief/cities-and-climate-change

45UN-Habitat, Urban Climate Change Resilience Trust Fund (UCCRP) and Cities and Climate Change: Policy
Directions (2011), including African cities adaptation challenge documentation. https://unhabitat.org/topic/urba
n-resilience
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The GCF, World Bank Cities programme, UN-Habitat Urban Climate Change Resilience Trust
Fund, and bilateral programs such as USAID Climate Adaptation and Resilience are all active in
this space. The institutional demand for better intelligence is present; the supply of physics-faithful
coupled modeling is the gap.4647

Reference institutions. World Bank Cities and Climate Change programme, ICLEI Africa, C40
Cities Nairobi membership, UN-Habitat Urban Climate Change Resilience Trust Fund, USAID
Climate Adaptation and Resilience (CARE) programme, Kenya Meteorological Department.4849

10 Finance and Implementation Pathways

The adaptation intelligence market is served by a growing set of institutional finance windows. The
τ regional adaptation twin would fit naturally into several of them.

GCF National Adaptation Plans (NAP) Support Window. The Green Climate Fund’s NAP
support window provides $100M+ in direct-access finance for adaptation planning capacity. A τ
regional intelligence platform would be exactly the kind of science-to-decision infrastructure that
NAP processes are intended to build.50

GCF Readiness Programme. The GCF Readiness Programme supports developing countries in
building the technical capacity to access and deploy adaptation finance. A τ decision intelligence
platform, deployed through national meteorological services or planning ministries, would directly
address the capacity bottleneck that the Readiness Programme targets.

World Bank Climate Resilient Cities Programme. The World Bank invests $2B+/yr in urban
climate resilience globally. The case study above illustrates how a τ -grade urban adaptation twin
could be integrated into CCDR diagnostics and city investment planning to improve targeting of
that capital.51

USAID Climate Adaptation and Resilience (CARE) Programme. USAID’s CARE pro-
gramme funds climate resilience activities across developing countries. A τ regional intelligence
platform could be deployed as a shared infrastructure through bilateral climate partnerships.

Cost Scenario 1: Country-Scale Platform. A τ regional adaptation intelligence platform for a
single country — covering water, food, health, urban, and energy sectors — is estimated at USD 5–15
million in development and initial deployment cost. Such a platform would support decision-making
over $1B+ in adaptation investment prioritization, yielding a cost-to-intelligence-value ratio of better
than 1:100 even at conservative assumptions about decision-quality improvement.

Cost Scenario 2: African Megacity Cluster. A city-cluster platform covering 10 African
megacities is estimated at USD 20–50 million. Given the GCF, World Bank, and bilateral finance
flows of $5–10B available for urban adaptation in Africa over the next decade, even a 1–2%
improvement in targeting efficiency would recover the platform cost within the first deployment

46World Bank, Cities and Climate Change Programme, including urban adaptation investment in African cities.
https://www.worldbank.org/en/topic/urbandevelopment/brief/cities-and-climate-change

47UN-Habitat, Urban Climate Change Resilience Trust Fund (UCCRP) and Cities and Climate Change: Policy
Directions (2011), including African cities adaptation challenge documentation. https://unhabitat.org/topic/urba
n-resilience

48World Bank, Cities and Climate Change Programme, including urban adaptation investment in African cities.
https://www.worldbank.org/en/topic/urbandevelopment/brief/cities-and-climate-change

49UN-Habitat, Urban Climate Change Resilience Trust Fund (UCCRP) and Cities and Climate Change: Policy
Directions (2011), including African cities adaptation challenge documentation. https://unhabitat.org/topic/urba
n-resilience

50UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

51World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy synthesis and
jobs/resilience findings. https://www.worldbank.org/en/publication/country-climate-development-reports
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cycle.

Benefit-Cost Analysis. UNEP estimates that $1 in adaptation investment returns $10 in avoided
damages on average. Urban adaptation studies show ratios of 5:1 to 30:1 depending on intervention
type.52 The IEA’s 6:1 estimate for resilient infrastructure is at the conservative end of this range.53

The benefit-cost case for better adaptation intelligence is therefore primarily a leverage argument:
intelligence that improves the targeting of existing adaptation finance at even modest rates generates
avoided-damage benefits that far exceed the cost of the intelligence itself.

11 Evidence and Translation Ladder

11.1 Phase 1 — Shadow-Mode Regional Intelligence Overlays (0–12 Months)

The fastest route is not to replace current adaptation planning systems, but to run τ in shadow mode
against existing national and sectoral processes: NAPs and HNAPs, CCDRs and related diagnostics,
WMO climate-service products, utility resilience plans, and urban adaptation plans. The purpose is
comparative: where does τ change priorities, timings, or uncertainty ranges compared with current
approaches? Shadow-mode deployment generates evidence without displacing existing planning
processes and builds the institutional trust required for Phase 2 adoption.

11.2 Phase 2— Sectoral Regional Pilots (12–24 Months)

Phase 2 moves to high-value pilots in sectors already hungry for better intelligence: basin-scale water
allocation, heat-health planning, climate-resilient grid planning, city heat and flood adaptation, and
ecosystem-based adaptation portfolios. Each pilot should be designed as a formal benchmark against
existing approaches, producing publishable evidence of decision-quality improvement.

11.3 Phase 3— Cross-Sector Adaptation Scenario Engines (24–48 Months)

The real leverage arrives when sectors are coupled. Phase 3 combines water, food, health, energy,
urban systems, and ecosystems into shared regional planning environments with explicit trade-off
analysis. This is the phase at which τ can address the compound-event risk and cross-sector
maladaptation problems that current tools handle poorly.

11.4 Phase 4— National and Regional Adaptation Operating Systems (48+Months)

At maturity, τ could become part of a country or regional adaptation operating system: linked to
climate services, linked to finance and investment pipelines, linked to monitoring and evaluation
systems, and linked to public reporting under Belém indicators and Sendai-aligned adaptation gover-
nance frameworks. This would close the loop between climate intelligence, adaptation investment,
and measurable progress.

52UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

53IEA, Power Systems in Transition — Climate Resilience (2025), including the resilience framework and evidence
that every dollar in climate-resilient infrastructure saves six dollars. https://www.iea.org/reports/power-systems
-in-transition/climate-resilience
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12 Benchmark Suite

A useful benchmark suite for this paper should test whether τ creates better decisions, not merely
more detailed simulations.

12.1 Benchmark 1 — Basin-Scale Water-Food-Energy Scenario Ranking

Can τ outperform existing methods in ranking drought and allocation responses across agriculture,
urban demand, energy, and ecosystem protection in a shared basin? The test metric is whether
τ -ranked interventions prove more robust ex post across a range of climate realizations.

12.2 Benchmark 2— Heat-Health and Health-Service Planning

Can τ improve the timing, scale, and geographic targeting of heat-health action plans, hospital
cooling investments, or climate-sensitive disease preparedness compared with present single-sector
approaches?

12.3 Benchmark 3— Climate-Resilient Grid Investment Sequencing

Can τ more accurately identify which grid assets, corridors, or substations should be hardened
first under future regional hazard combinations — particularly compound hazards involving heat,
drought, and flood simultaneously?

12.4 Benchmark 4— City Adaptation Portfolio Optimization

Can τ more effectively compare green, gray, and hybrid adaptation portfolios under region-specific
heat and flood scenarios, accounting for interaction effects that single-sector analysis misses?

12.5 Benchmark 5— Ecosystem and Nature-Based Adaptation Ranking

Can τ improve selection among watershed restoration, wetland protection, fire management, and
coastal-nature strategies by linking them more explicitly to downstream service protection and
cross-sector co-benefits?

12.6 Benchmark 6— Adaptation Finance Triage

Can τ materially change the ranking of projects in a real adaptation finance pipeline — and does
that ranking later prove more robust across realized climate outcomes and development impacts?

13 Lighthouse Pilots

13.1 Pilot A— Basin-Scale Adaptation Twin for a Drought-Stressed Region

Focus: water allocation under drought stress, irrigation and storage optimization, food-system
resilience, hydropower dispatch, and ecosystem minimum-flow protection — all treated as a coupled
system. Candidate regions include the Mekong basin, the Indus basin, or the Murray-Darling basin,
all of which have strong institutional structures and high adaptation stakes.

PGID-CLIM-03 18 of 28 May 2026 publication-ready release



Panta Rhei Research Program Public-Good Impact Dossier

13.2 Pilot B — Heat-Health and Hospital Resilience Twin

Focus: heat-health action plans, hospital service continuity, urban cooling strategies, air quality cou-
pling, and climate-sensitive disease surveillance integration. Candidate cities include Karachi, Lagos,
or Phoenix — all facing severe heat-health challenges with substantial public health infrastructure
but inadequate climate-coupled planning intelligence.

13.3 Pilot C— Climate-Resilient Utility and Grid Planning Pilot

Focus: temperature, drought, wildfire, flood, and storm stress across electricity generation, transmis-
sion, and distribution. Candidate contexts include the California ISO territory, South Africa’s Eskom
system, or the Indian state-level grids of Rajasthan and Maharashtra, where water-energy-heat
compound risks are acute.

13.4 Pilot D — Urban Adaptation Investment Twin

Focus: heat islands, flood and drainage design, cooling-center placement, green and blue infrastructure
optimization, and vulnerable-neighborhood prioritization. Candidate cities: Nairobi, Dar es Salaam,
Jakarta, or Dhaka — all combining high climate exposure, large informal-sector populations, and
active urban adaptation investment programmes.

13.5 Pilot E —MDB or Climate-Fund Adaptation Pipeline Triage

Focus: comparing how a τ intervention-ranking engine changes investment decisions in a live GCF,
World Bank, or regional development bank adaptation pipeline versus business-as-usual project
appraisal. This pilot would provide the most direct evidence of finance-allocation impact.

14 Competitive Differentiation

The τ regional adaptation twin is not primarily differentiated by its user interface, data coverage, or
institutional relationships — though all of these matter for deployment. It is differentiated by three
structural capabilities that the existing tool landscape does not provide together:

Physics faithfulness. Existing tools — from CLIMADA to WRI Aqueduct to C40 climate risk
frameworks — provide valuable risk aggregation and scenario mapping. What they do not provide
is a causal-chain model in which the physics of climate-impact propagation can be traced from
atmospheric forcing through hydrological, ecological, and urban system dynamics to sectoral service
failure. That causal depth is what allows intervention ranking: you can only know which intervention
matters most if you can trace where in the causal chain it operates.

Cross-sector coupling. Adaptation decisions are almost always cross-sectoral: a drainage in-
vestment affects urban heat, food-garden productivity, groundwater recharge, and public health
simultaneously. A water allocation decision affects hydropower, irrigation, drinking water, ecosystem
services, and downstream flood risk jointly. The compound event problem — simultaneous drought,
heat, and energy demand surge — cannot be addressed by single-sector models running indepen-
dently. τ ’s bounded-error cross-sector coupling is the key capability for compound-risk analysis and
maladaptation detection.

Intervention ranking under uncertainty. The adaptation gap is not primarily a problem
of lacking climate projections. It is a problem of lacking the analytical infrastructure to rank
interventions — to say, with bounded-error confidence, that intervention A protects more people per
dollar than intervention B in this region under these scenarios, while intervention C reduces water
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risk but worsens heat risk. That is the question ministries and development banks actually need
answered, and it is the question that physics-faithful cross-sector causal modeling is best suited to
answer.

15 Why This Paper Matters to the Broader Climate Portfolio

Paper 1 established the case for a τ -grade Earth-system causal-chain twin. Paper 2 showed how
that twin could become directly actionable at the level of emissions drivers and sinks.

Paper 3 is the place where those ideas become regional public decisions. It is the hinge between
climate science, climate services, development planning, adaptation finance, and concrete sector
management.

Paper 4 will move outward into oceans, cryosphere, tipping elements, and long-range resilience.
Paper 5 will then turn the resulting intelligence into climate-policy optimization and international
coordination logic.

So this paper is where the climate portfolio becomes visibly usable by ministries, banks, cities,
and service operators. It is the paper that answers the question a finance minister, a mayor, or a
development bank program officer would actually ask: what do I do differently, in my sector, in my
region, next year?

16 Governance and Guardrails

A τ adaptation twin would be powerful. That is precisely why it needs explicit guardrails.

16.1 It Must Not Become an Excuse to Delay Mitigation

Adaptation intelligence is a complement to emissions reduction, not a substitute. Any deployment of
τ adaptation tools must be paired with clear communication that better adaptation does not reduce
the urgency of deep decarbonization.

16.2 It Must Not Privilege Sectors or Populations with the Loudest Voice

Adaptation ranking can otherwise reproduce inequity. Vulnerable populations — informal settlement
residents, smallholder farmers, subsistence communities, populations with limited political voice —
must remain central to the planning objective function, not afterthoughts to be protected if budget
allows.

16.3 It Must Make Uncertainty Explicit

Decision support should not hide residual uncertainty or offer false precision. A τ adaptation twin
should communicate bounded uncertainty ranges, not single-point projections. Ministries and cities
must understand what the model does and does not know.

16.4 It Must Support Co-Production, Not Technocratic Imposition

Regional adaptation succeeds when local actors, sector ministries, communities, and technical
providers co-produce services and planning rules. A τ twin deployed as a technocratic black box,
without deep local engagement, will fail to improve decisions in practice even if its physics is correct.
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16.5 It Must Avoid Maladaptation Traps

A system that optimizes one sector while damaging others is not successful adaptation intelligence.
Maladaptation — hard coastal defenses that increase saltwater intrusion, irrigation expansion that
depletes aquifers, urban cooling investments that increase energy consumption that worsens air
quality — is a real risk when optimization is done sector by sector without cross-sector coupling. τ ’s
cross-sector causal model should be used explicitly to screen for maladaptation risks.

16.6 It Must Respect National and Subnational Data Sovereignty

Climate-service infrastructure depends on data-sharing and interoperability with national meteoro-
logical services, planning ministries, and utility operators. This must be governed carefully, with
clear data sovereignty protections, transparent model documentation, and open auditability of key
assumptions and outputs.

17 Bottom Line

This may be one of the highest-leverage papers in the entire climate cluster.

The reason is not that adaptation is more important than mitigation. It is that adaptation is now
where weak causal understanding, institutional fragmentation, and scarce finance most visibly collide.
IPCC AR6 WG2 estimates that 3.3–3.6 billion people live in high-vulnerability contexts. The World
Bank warns of 132 million more people in extreme poverty without effective adaptation by 2030.
The adaptation finance gap is $300–500 billion per year. And only 14% of WMO Members can
provide advanced climate services today.

The official baseline already confirms:

• finance is far below need;5455

• climate services are recognized as critical, but advanced capacity is rare;5657

• adaptation planning is spreading across sectors and levels of government;585960

• and the world is moving toward more measurable adaptation governance.61

Under the strongest τ assumption, the opportunity is not merely better regional climate projections.
It is a more consequential possibility:

54UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adaptation gap multiple,
and implemented adaptation actions. https://www.unep.org/gan/Climate%20Action

55UNEP, Adaptation Gap Report 2023: Underfinanced, Underprepared, including the 10–18× finance gap estimate
and planning-ahead-of-finance finding. https://www.unep.org/resources/adaptation-gap-report-2023

56WMO, Climate Policy page, including NDC analysis showing climate services and early warnings in NDCs and
sectoral percentages for adaptation support. https://wmo.int/climate-policy

57WMO, Climate Services Dashboard Informs Climate Action (2025), including the statistic that only 14% of WMO
Members provide advanced climate services. https://wmo.int/media/news/climate-services-dashboard-informs
-climate-action

58World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy synthesis and
jobs/resilience findings. https://www.worldbank.org/en/publication/country-climate-development-reports

59WHO, Health at the Heart of National Adaptation Planning: Executive Summary (2025), including the review of
59 NAPs and 27 HNAPs. https://www.who.int/publications/i/item/B09395

60WMO / European State of the Climate 2024 media release (2025), including the statistic that 51% of European
cities have a dedicated climate adaptation plan. https://wmo.int/news/media-centre/european-state-of-clima
te-extreme-events-warmest-year-record

61UNDRR, How the Global Goal on Adaptation Connects Climate and Disaster Risk (2026), including the Belém
Adaptation Indicators and Sendai reporting baseline of 171 UN Member States. https://www.undrr.org/news/how-g
lobal-goal-adaptation-connects-climate-and-disaster-risk
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A regionally grounded, sector-coupled, causally legible adaptation-intelligence layer that
helps the world choose where to act first, how to combine interventions, and how to
protect development gains under tightening climate stress.

If that capability is real, then this paper’s domain could become one of the clearest public-good
multipliers in the whole τ framework.

18 References

Source: Full manuscript text integrated from Public-Good Briefing draft.
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19 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 tau regional twin could turn Earth-system understanding
into decision-grade adaptation intelligence for real regions, real sectors, and real public planning
choices. The v3 impact thesis is conditional: a Tau-grade regional climate-impact and sector-
exposure translation twin would become valuable if it improves benchmarked public decisions
while preserving transparent uncertainty, reviewability, and governance control.

19.1 Public-good burden and baseline evidence

A Public-Good Briefing showing how a tau regional twin could turn Earth-system understanding into
decision-grade adaptation intelligence for real regions, real sectors, and real public planning choices.
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.

19.1.1 External evidence baseline

• UNEP, Adaptation Gap Report 2025, including finance-need and finance-flow estimates, adapta-
tion gap multiple, and implemented adaptation actions [6]: source-page evidence item.

• UNEP, Adaptation Gap Report 2023: Underfinanced, Underprepared, including the 10–18×
finance gap estimate and planning-ahead-of-finance finding [5]: source-page evidence item.

• World Bank, Poverty and Climate Change: A Framework for Analysis, and related analysis
on climate-poverty nexus: 132 million poverty figure from World Bank Shock Waves model [12]:
source-page evidence item.

• C40 Cities, Cities and Climate Change: The C40 Cities Climate Leadership Group, including
70%+ of global GHG emissions and 55%+ of world population figures [1]: source-page evidence
item.

• WMO, Climate Policy page, including NDC analysis showing climate services and early warnings
in NDCs and sectoral percentages for adaptation support [8]: source-page evidence item.

• WMO, Climate Services Dashboard Informs Climate Action (2025), including the statistic that
only 14% of WMO Members provide advanced climate services [9]: source-page evidence item.

• World Bank, Country Climate and Development Reports (CCDRs), including the 93-economy
synthesis and jobs/resilience findings [11]: source-page evidence item.

• WHO, Health at the Heart of National Adaptation Planning: Executive Summary (2025),
including the review of 59 NAPs and 27 HNAPs [7]: source-page evidence item.

• IEA, Power Systems in Transition [3]: Climate Resilience (2025), including the resilience
framework and evidence that every dollar in climate-resilient infrastructure saves six dollars.

• WMO / European State of the Climate 2024 media release (2025), including the statistic
that 51% of European cities have a dedicated climate adaptation plan [10]: source-page evidence
item.
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19.2 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 C40 Cities, UNEP, WMO, World Bank. These references are evidence and adoption
surfaces, not endorsements or deployment partners.

19.3 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 regional
climate-impact and sector-exposure translation twin.

19.4 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

19.5 Translation assumptions and missing engineering

Required domain model: regional climate-impact and sector-exposure translation twin.

First benchmarkable test: sectoral loss, exposure, and adaptation-option rankings against national
adaptation plans and observed impact records.

• domain-specific model construction

• data ingestion and validation

• benchmark harness

• pilot protocol

• independent review workflow

19.6 Impact mechanism chain

Public-good burden → external evidence baseline → τ capability hypothesis → upstream Results /
Corpus / Verify dependency → translation assumptions → benchmarked pilot → governed adoption
pathway.
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19.7 Scenario bands

Band Scenario summary Confidence

Conservative A narrow shadow-mode pilot improves one bounded deci-
sion task for Regional Adaptation Planning and Sectoral
Impact Intelligence without operational authority.

medium

Realistic A reviewed prototype strengthens several public-sector
workflows for Regional Adaptation Planning and Sectoral
Impact Intelligence after benchmark comparison with in-
cumbent systems.

medium-low

Optimistic A reusable public-good intelligence layer becomes plausi-
ble for Regional Adaptation Planning and Sectoral Impact
Intelligence after external validation and transparent gov-
ernance review.

low

19.8 Impact scorecard

Public-good scale 5/5 The affected public-good burden is large or
institutionally significant within the portfo-
lio.

Tau fit 4/5 The proposed pathway depends on coupled
state, bounded uncertainty, and composi-
tional modelling rather than isolated pre-
diction alone.

Evidence proximity 4/5 The evidence base is anchored in public
institutions, official monitoring systems, or
established scientific reviews.

Measurability 4/5 A first benchmark can be framed against
incumbent public datasets, institutional
records, or operational decision metrics.

Adoption readiness 3/5 Adoption remains conditional on domain
review, governance fit, data access, and in-
stitutional integration.

Equity leverage 5/5 The pathway can prioritize underserved or
vulnerable populations where public access
and safeguards are built in.

19.9 Candidate pilot pathways

regional adaptation planning pilot covering two or three exposed sectors and one public planning
authority

19.10 Benchmark suite and success metrics

Type Incumbent base-
line

Required Tau
benchmark

Success metric Validator
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translation
benchmark

current public or in-
stitutional systems
in the domain

sectoral loss, expo-
sure, and adaptation-
option rankings
against national
adaptation plans
and observed impact
records

pre-registered accu-
racy, latency, uncer-
tainty, or decision-
quality metric

indepen-
dent
domain
reviewers

governance
benchmark

existing audit, disclo-
sure, and reporting
practice

transparent assump-
tion, data, model,
and failure-mode dis-
closure

reviewable evidence
pack and adverse-
outcome protocol

public-
sector or
expert gov-
ernance
panel

equity bench-
mark

current access,
service-quality, or
exposure disparities

documented path-
way for underserved
or vulnerable users
without hidden
exclusion

distributional benefit
and risk review be-
fore pilot expansion

equity,
community,
or public-
interest
review
process

19.11 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.

19.12 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.

19.13 Bibliography and external evidence

References

[1] C40 Cities. Cities and climate change: The c40 cities climate leadership group, including 70%+
of global ghg emissions and 55%+ of world population figures. https://www.c40.org/what-w
e-do/scaling-up-climate-action/adaptation-water/, 2026. source-page evidence item.

[2] Thorsten Fuchs and Anna-Sophie Fuchs. Tau for regional adaptation planning and sectoral
impact intelligence. https://panta-rhei.site/impact/papers/regional-adaptation-s
ectoral-impact-intelligence/, 2026. Current public full-text source for dossier regional-
adaptation-sectoral-impact-intelligence.

[3] IEA. Power systems in transition. https://www.iea.org/reports/power-systems-in-t
ransition/climate-resilience, 2026. Climate Resilience (2025), including the resilience
framework and evidence that every dollar in climate-resilient infrastructure saves six dollars.

PGID-CLIM-03 26 of 28 May 2026 publication-ready release

https://www.c40.org/what-we-do/scaling-up-climate-action/adaptation-water/
https://www.c40.org/what-we-do/scaling-up-climate-action/adaptation-water/
https://panta-rhei.site/impact/papers/regional-adaptation-sectoral-impact-intelligence/
https://panta-rhei.site/impact/papers/regional-adaptation-sectoral-impact-intelligence/
https://www.iea.org/reports/power-systems-in-transition/climate-resilience
https://www.iea.org/reports/power-systems-in-transition/climate-resilience


Panta Rhei Research Program Public-Good Impact Dossier

[4] Panta Rhei Research Program. Public-good briefing landing page. https://panta-rhei.site
/publications/research-briefings/public-good/regional-adaptation-sectoral-imp
act-intelligence/, 2026.

[5] UNEP. Adaptation gap report 2023: Underfinanced, underprepared, including the 10–18×
finance gap estimate and planning-ahead-of-finance finding. https://www.unep.org/resourc
es/adaptation-gap-report-2023, 2026. source-page evidence item.

[6] UNEP. Adaptation gap report 2025, including finance-need and finance-flow estimates, adapta-
tion gap multiple, and implemented adaptation actions. https://www.unep.org/gan/Climate
%20Action, 2026. source-page evidence item.

[7] WHO. Health at the heart of national adaptation planning: Executive summary (2025), including
the review of 59 naps and 27 hnaps. https://www.who.int/publications/i/item/B09395,
2026. source-page evidence item.

[8] WMO. Climate policy page, including ndc analysis showing climate services and early warnings
in ndcs and sectoral percentages for adaptation support. https://wmo.int/climate-policy,
2026. source-page evidence item.

[9] WMO. Climate services dashboard informs climate action (2025), including the statistic that
only 14% of wmo members provide advanced climate services. https://wmo.int/media/news
/climate-services-dashboard-informs-climate-action, 2026. source-page evidence item.

[10] WMO / European State of the Climate 2024 media release (2025). including the statistic that
51% of european cities have a dedicated climate adaptation plan. https://wmo.int/news/m
edia-centre/european-state-of-climate-extreme-events-warmest-year-record, 2026.
source-page evidence item.

[11] World Bank. Country climate and development reports (ccdrs), including the 93-economy
synthesis and jobs/resilience findings. https://www.worldbank.org/en/publication/count
ry-climate-development-reports, 2026. source-page evidence item.

[12] World Bank. Poverty and climate change: A framework for analysis, and related analysis on
climate-poverty nexus: 132 million poverty figure from world bank shock waves model. https:
//www.worldbank.org/en/topic/climatechange/brief/climate-change-and-poverty,
2026. source-page evidence item.

PGID-CLIM-03 27 of 28 May 2026 publication-ready release

https://panta-rhei.site/publications/research-briefings/public-good/regional-adaptation-sectoral-impact-intelligence/
https://panta-rhei.site/publications/research-briefings/public-good/regional-adaptation-sectoral-impact-intelligence/
https://panta-rhei.site/publications/research-briefings/public-good/regional-adaptation-sectoral-impact-intelligence/
https://www.unep.org/resources/adaptation-gap-report-2023
https://www.unep.org/resources/adaptation-gap-report-2023
https://www.unep.org/gan/Climate%20Action
https://www.unep.org/gan/Climate%20Action
https://www.who.int/publications/i/item/B09395
https://wmo.int/climate-policy
https://wmo.int/media/news/climate-services-dashboard-informs-climate-action
https://wmo.int/media/news/climate-services-dashboard-informs-climate-action
https://wmo.int/news/media-centre/european-state-of-climate-extreme-events-warmest-year-record
https://wmo.int/news/media-centre/european-state-of-climate-extreme-events-warmest-year-record
https://www.worldbank.org/en/publication/country-climate-development-reports
https://www.worldbank.org/en/publication/country-climate-development-reports
https://www.worldbank.org/en/topic/climatechange/brief/climate-change-and-poverty
https://www.worldbank.org/en/topic/climatechange/brief/climate-change-and-poverty


πρ

Panta Rhei Research Program

Public-Good Impact Dossier

Tau for Regional Adaptation Planning and Sectoral Impact

Intelligence

Dossier ID: PGID-CLIM-03 Portfolio: Climate Release: May 2026

publication-ready release

Conditional scenario map. Domain review pending. Deployment, product,

validation, certified-impact, and policy-commitment claims are not made.

Public contact and review routes

Website: panta-rhei.site

Contact: panta-rhei.site/engage/contact/

Public discussion: github.com/orgs/Panta-Rhei-Research/discussions

General: hello@panta-rhei.site

Corrections: errata@panta-rhei.site

Media: press@panta-rhei.site

https://panta-rhei.site
https://panta-rhei.site/engage/contact/
https://github.com/orgs/Panta-Rhei-Research/discussions
mailto:hello@panta-rhei.site
mailto:errata@panta-rhei.site
mailto:press@panta-rhei.site

	Executive Summary
	Why This Opportunity Matters Now
	Working τ Assumptions
	What Is Different About Regional Adaptation and Sectoral Impact Intelligence?
	Global Outputs Versus Local Decisions
	Hazard Lists Versus System Pathways
	Broad Adaptation Needs Versus Scarce Implementation Capacity
	Reporting Logic Versus Action Logic

	The Official Architecture We Can Build On
	WMO Climate Services and National Climate-Policy Integration
	World Bank CCDRs and Development-Linked Climate Diagnostics
	WHO Climate-Resilient Health Planning
	IEA Climate Resilience and Power-System Planning
	Urban Adaptation Planning and Subnational Action
	The Global Goal on Adaptation and Sendai Measurement Bridge

	Opportunity Map
	Cluster A — Regional Water, Agriculture, and Food-System Intelligence
	Cluster B — Health Adaptation and Human-Protection Intelligence
	Cluster C — Energy, Infrastructure, and Public-Service Continuity Planning
	Cluster D — Urban Adaptation, Heat, Flood, and Service-Capacity Planning
	Cluster E — Ecosystem and Nature-Based Adaptation Intelligence
	Cluster F — Adaptation Finance Triage and Intervention Ranking

	Competitive Landscape
	Realistic-Optimistic Public-Good Scenarios
	Scenario Band 1 — Better Targeting of Scarce Adaptation Finance
	Scenario Band 2 — Faster Conversion of Planning into Implementation
	Scenario Band 3 — Larger Resilience Returns in Infrastructure-Heavy Sectors
	Scenario Band 4 — Better Adaptation Strengthens Jobs and Development Outcomes
	Scenario Band 5 — Measurable Adaptation Becomes More Actionable

	Case Studies
	Case Study 1: Netherlands Delta Programme — World's Most Advanced Coastal Adaptation
	Case Study 2: African Cities Climate Adaptation — Nairobi and Dar es Salaam

	Finance and Implementation Pathways
	Evidence and Translation Ladder
	Phase 1 — Shadow-Mode Regional Intelligence Overlays (0–12 Months)
	Phase 2 — Sectoral Regional Pilots (12–24 Months)
	Phase 3 — Cross-Sector Adaptation Scenario Engines (24–48 Months)
	Phase 4 — National and Regional Adaptation Operating Systems (48+ Months)

	Benchmark Suite
	Benchmark 1 — Basin-Scale Water-Food-Energy Scenario Ranking
	Benchmark 2 — Heat-Health and Health-Service Planning
	Benchmark 3 — Climate-Resilient Grid Investment Sequencing
	Benchmark 4 — City Adaptation Portfolio Optimization
	Benchmark 5 — Ecosystem and Nature-Based Adaptation Ranking
	Benchmark 6 — Adaptation Finance Triage

	Lighthouse Pilots
	Pilot A — Basin-Scale Adaptation Twin for a Drought-Stressed Region
	Pilot B — Heat-Health and Hospital Resilience Twin
	Pilot C — Climate-Resilient Utility and Grid Planning Pilot
	Pilot D — Urban Adaptation Investment Twin
	Pilot E — MDB or Climate-Fund Adaptation Pipeline Triage

	Competitive Differentiation
	Why This Paper Matters to the Broader Climate Portfolio
	Governance and Guardrails
	It Must Not Become an Excuse to Delay Mitigation
	It Must Not Privilege Sectors or Populations with the Loudest Voice
	It Must Make Uncertainty Explicit
	It Must Support Co-Production, Not Technocratic Imposition
	It Must Avoid Maladaptation Traps
	It Must Respect National and Subnational Data Sovereignty

	Bottom Line
	References
	Dossier accountability addendum
	Public-good burden and baseline evidence
	Current institutional landscape
	Capability gap
	Tau framework dependency map
	Translation assumptions and missing engineering
	Impact mechanism chain
	Scenario bands
	Impact scorecard
	Candidate pilot pathways
	Benchmark suite and success metrics
	Governance and risk guardrails
	Related Results / Corpus / Verify / Publications
	Bibliography and external evidence


