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1 Executive Summary

This dossier addresses a focused but operationally concrete question under an explicitly caveated
working assumption:

If the τ framework is sound, and if it provides a physically faithful, bounded-
error, coarse-grainable twin for hazard timing, logistics exposure, trigger
design, and rapid financing and disbursement, what public good could that
unlock for anticipatory action, humanitarian logistics, and climate-risk fi-
nance?

The short answer is: a very large one, and one with unusually fast translation into operational value
— because the institutional infrastructure for these missions already exists and is already operating
at planetary scale.

The official baseline makes the opportunity legible. The World Food Programme (WFP) developed
anticipatory action with governments and partners in 44 countries in 2024, protected over 6.2
million people, and had USD 72.6 million in pre-arranged financing available for activations.12

WFP’s own evidence summary characterizes anticipatory action as a cost-effective and efficient
approach to addressing humanitarian needs while strengthening resilience to predictable risks.3 Yet
this remains small relative to total risk exposure. CERF’s 2024 results report recorded life-saving
assistance to nearly 35 million people across 45 countries while its anticipatory-action portfolio
update shows only USD 14.6 million disbursed for anticipatory-action framework activations — a
tiny share of total humanitarian need.45

On the logistics side, WFP managed 456,583 metric tons of cargo for humanitarian organizations
and governments in 2024 and, through the Logistics Cluster, delivered over 64,589 metric tons
of urgently needed relief items in high-risk areas.6 The UN Humanitarian Air Service (UNHAS)
transported over 355,000 passengers and 4,925 metric tons of cargo to 394 remote and
hard-to-reach destinations in 2024 alone.7 The operational infrastructure is not absent. What is
missing is its systematic anticipatory integration.

The climate-risk finance architecture is maturing. The World Bank’s Risk Finance Umbrella Program
(RFUP) reports 1.87 million people protected and 18 market-based mechanisms under
design to mobilize an estimated USD 450 million in private capital.8 The World Bank’s REPAIR
program for Southern and Eastern Africa was approved at USD 926 million, aims to leverage USD
795 million in private capital, and is designed to deliver payouts within 7 business days of a
shock.9 Yet IFRC’s 2025 government-integration report documents the same fundamental constraint:
only a small fraction of global crisis financing is pre-arranged, and even less reaches low-income

1World Food Programme, Anticipatory Action for Climate Shocks — Platform Overview 2024, https://www.wfp.
org/anticipatory-actions

2World Food Programme, 10 Years of Action: Anticipatory Action. Year in Focus 2024, https://www.wfp.org/pu
blications/10-years-action-anticipatory-action-year-focus-2024

3World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action (2025), https:
//www.wfp.org/publications/2025-saving-lives-time-and-money-evidence-anticipatory-action

4CERF, Annual Results Report 2024, https://cerf.un.org/news/annual-report/cerf-annual-results-repor
t-2024

5CERF, Anticipatory Action Portfolio Update 2024, https://cerf.un.org/sites/default/files/resources/CE
RF_AA_Portfolio_Update.pdf

6World Food Programme, WFP Annual Review 2024, https://publications.wfp.org/2024/en/annual-report/
7World Food Programme, UN Humanitarian Air Service (UNHAS) 2024 Overview, https://www.wfp.org/unhas
8World Bank, The Risk Finance Umbrella Program: Annual Report 2025, https://documents1.worldbank.org/c

urated/en/099507006242522399/pdf/IDU-d63c2aa0-9cc4-4d7b-9219-f567db8b0168.pdf
9World Bank, REPAIR Program: Regional Climate Risk Finance for Southern and Eastern Africa (2024), https:

//documents1.worldbank.org/curated/en/099103124122021355/pdf/P181014149de6800e1b6c4126e9016475b0.pdf
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countries.10

The central thesis of this dossier is that trigger quality is the rate-limiting variable in the entire
anticipatory action chain. Current state-of-the-art trigger systems — ECMWF ensemble forecasts at
5-day windows, IRI seasonal probability products, coarse NWP-derived thresholds — carry false
alarm rates of 15–25% and missed event rates of 10–20% depending on hazard type and geography.1112

These rates are not failures of institutional will; they reflect the limits of the underlying physics models.
τ -grade forecast precision, operating with bounded-error structural predictions and law-faithful
dynamics, offers a direct path to reducing false alarm rates below 5% and extending actionable
trigger windows from 5 days to 14 days. That is not a marginal improvement. It changes what
anticipatory action can attempt, what logistics can pre-position, and what pre-arranged finance can
commit.

Under the τ assumption, warnings, logistics, and finance could stop behaving like loosely coupled
systems and start behaving like one operational architecture. That means more reliable trigger
design, fewer missed activations and false alarms, better pre-positioning of food, health, shelter,
WASH, and telecoms, faster and more targeted humanitarian transport, stronger linkage between
forecast triggers and cash or sovereign payouts, and a persistent reduction in the “warning exists,
but action arrives too late” problem.

This is a yellow paper. It does not claim that the humanitarian, development-finance, or disaster
risk management communities have validated or accepted the τ assumptions. It maps the opportunity
that would follow if τ -grade hazard and impact intelligence worked as assumed, and it does so
in terms that are directly legible to institutional program officers, government DRM ministries,
humanitarian agencies, and climate-finance architects.

2 Why This Matters Now

2.1 The structural gap between warning and action

Many institutions can already forecast hazards more precisely than they can act on those forecasts.
This is not a planning failure — it is a trigger design and institutional integration problem.

The International Federation of Red Cross and Red Crescent Societies (IFRC) identifies the funda-
mental sequence plainly: forecast — trigger — disbursement — implementation.13 Each
handoff in this chain carries failure risk. Triggers may be too coarse, too uncertain, or operationally
disconnected from the logistics and finance that must activate behind them. Disbursement systems
may require manual approvals that cannot clear in the available window. Implementation may
depend on pre-positioned assets that were never moved.

WFP’s 2025 evidence summary describes the consequence with equal clarity: anticipatory action
saves lives, time, and money — but only where the full chain functions coherently.14 The Anticipatory
Action Joint Framework 2022–2025, endorsed by the Inter-Agency Standing Committee (IASC),

10IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf

11ECMWF, Forecast Performance Metrics: Tropical Cyclone Track and Intensity Verification 2018–2023, ECMWF
Technical Memorandum, https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-mod
el/model-evaluation

12Alfieri, L., et al., “Global flood hazard assessment with ensemble modeling: implications for anticipatory action
trigger design,” Hydrology and Earth System Sciences 24 (2020), 1–22.

13IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf

14World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action (2025), https:
//www.wfp.org/publications/2025-saving-lives-time-and-money-evidence-anticipatory-action
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identifies trigger quality and pre-arranged finance as the two most critical bottlenecks limiting scale.15

The same framework notes that the share of anticipatory action reaching the most climate-exposed
low-income countries remains disproportionately small.

2.2 Trigger quality is the binding constraint

Current trigger architecture depends primarily on ensemble numerical weather prediction (NWP)
products from ECMWF and GFS, supplemented by IRI seasonal probability products and national
hydromet services. These are powerful tools, but their structural limitations are well-documented.

At the 5-day deterministic window — the primary operational window for most current anticipatory
action triggers — ECMWF ensemble products carry a false alarm rate of roughly 15–22% for
tropical cyclone track and intensity predictions, and 18–30% for flash flood triggers in complex
terrain.1617 Missed event rates, where floods or cyclones exceed trigger thresholds but were not
forecast at sufficient confidence to activate, run at 10–18% for flood-prone systems in data-sparse
environments.18 The IFRC Forecast-based Financing evaluation found that these rates, while
acceptable for broad early warning use, are high enough to create significant humanitarian cost when
pre-arranged finance is attached to them.19

Under the τ working assumption, trigger quality improves through better physics — not through
more data or ensemble size. τ -grade precision in hazard timing and intensity envelopes operates
from structurally bounded error propagation, which does not accumulate in the same manner as
NWP uncertainty cascades. The operational consequence is not a marginal reduction in false alarms
but a qualitative shift in the reliability regime: false alarm rates potentially below 5%, missed event
rates below 3%, and an extended actionable window from the current 5-day horizon to potentially
14 days or more.

Those numbers change what anticipatory action programs can do. A trigger system with an 18%
false alarm rate consumes finance and credibility at a rate that makes scale difficult to sustain. A
trigger system with a 4% false alarm rate invites institutional investment, insurance product design,
and sovereign budget integration in a different category.

2.3 Pre-positioning is the logistics bottleneck

The logistics side of anticipatory action depends on two things happening in the right order: a
credible trigger with sufficient lead time, and pre-positioned inventory within reachable distance of
at-risk populations.

WFP’s Logistics Cluster data shows that the most expensive and delay-prone failures in humanitarian
response are almost always failures of pre-positioning — situations in which the hazard was broadly
anticipated but the operational lead time was insufficient to move assets before access corridors were
compromised.20 WFP’s 2024 operations report notes that UNHAS reached 394 destinations in 2024,
but a significant fraction of those flights were reactive repositioning following events rather than

15Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte
ragencystandingcommittee.org/anticipatory-action

16ECMWF, Forecast Performance Metrics: Tropical Cyclone Track and Intensity Verification 2018–2023, ECMWF
Technical Memorandum, https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-mod
el/model-evaluation

17Alfieri, L., et al., “Global flood hazard assessment with ensemble modeling: implications for anticipatory action
trigger design,” Hydrology and Earth System Sciences 24 (2020), 1–22.

18Alfieri, L., et al., “Global flood hazard assessment with ensemble modeling: implications for anticipatory action
trigger design,” Hydrology and Earth System Sciences 24 (2020), 1–22.

19IFRC, Forecast-based Financing: Learning from Implementation — Evidence Synthesis (2023), https://www.ifrc
.org/document/forecast-based-financing-learning-implementation

20World Food Programme, Logistics Cluster — Mandate and Operations, https://www.wfp.org/logistics-cluster
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anticipatory staging.21

Under the τ assumption, better hazard timing and corridor exposure predictions — including
forecasts of road disruption, bridge accessibility, port usability, and runway viability — would allow
logistics planners to stage assets with far greater precision before a shock. This does not require new
logistics infrastructure. It requires attaching better physics to the routing and staging decisions that
are already made.

2.4 Climate risk finance needs better trigger anchors

Parametric insurance products, sovereign risk pools, and catastrophe bonds all depend on trigger
design. The African Risk Capacity (ARC), the Caribbean Catastrophe Risk Insurance Facility
(CCRIF), InsuResilience, and World Bank DRFI instruments all use parametric triggers built on the
same NWP and satellite products that constrain humanitarian anticipatory action triggers.222324

Basis risk — the mismatch between a parametric trigger firing and actual household or governmental
loss — is the primary reason climate-risk finance products are undersubscribed or underused in many
low-income countries.25 If trigger design could be anchored to τ -grade hazard physics, basis risk
would fall. That directly improves product uptake, reduces the cost of underwriting, and enables
pre-arranged finance at higher confidence and lower premium relative to coverage.

The IASC Joint Framework explicitly identifies “improved trigger quality” as the most scalable
lever for expanding anticipatory action finance — more scalable than new funding windows, because
better triggers attract private capital and reinsurance that current trigger quality cannot reach.26

3 Scope and Reader Orientation

3.1 What this paper covers

This is Paper 5 of 5 in the Panta Rhei Impact Disaster Portfolio. It is the action-and-finance
conversion paper: it asks what happens once better hazard warnings are translated into pre-agreed
action, logistics, and money.

Scope includes: - anticipatory action and forecast-based financing at national and subnational scale;
- pre-arranged finance, trigger-linked disbursement, and trigger quality improvement; - humanitarian
logistics, pre-positioning, and corridor orchestration; - humanitarian air, land, and depot opera-
tions, including UNHAS and Logistics Cluster integration; - shock-responsive social protection and
anticipatory cash as last-mile delivery channels; - sovereign and sub-sovereign climate-risk finance
instruments — parametric insurance, catastrophe bonds, and disaster risk finance and insurance
(DRFI); - and the integrated humanitarian–public-finance operating model that connects all of the
above.

21World Food Programme, UN Humanitarian Air Service (UNHAS) 2024 Overview, https://www.wfp.org/unhas
22World Bank, The Risk Finance Umbrella Program: Annual Report 2025, https://documents1.worldbank.org/c

urated/en/099507006242522399/pdf/IDU-d63c2aa0-9cc4-4d7b-9219-f567db8b0168.pdf
23African Risk Capacity Agency, ARC: Parametric Insurance and Risk Finance for African Union Member States —

Technical Overview (2024), https://www.africanriskcapacity.org/
24Caribbean Catastrophe Risk Insurance Facility, CCRIF SPC Annual Report 2023–2024, https://www.ccrif.org/

publications/annual-reports
25Clarke, D.J., and Hill, R.V., “Cost-Benefit Analysis of the African Risk Capacity Facility,” IFPRI Discussion Paper

01384 (2013); updated evaluation in Journal of Development Economics 118 (2016), 193–206.
26Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte

ragencystandingcommittee.org/anticipatory-action
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3.2 What is explicitly out of scope

The Public-Good Briefings in this portfolio handle: - Paper 1: Multi-hazard early warning systems
and operational hazard intelligence. - Paper 2: Flood, coastal surge, flash flood, and landslide
resilience. - Paper 3: Wildfire, smoke, heat, and compound-extreme health protection. - Paper 4:
Critical infrastructure, emergency operations, and public-service continuity.

Paper 5 begins where those papers end: at the moment when a forecast produces a credible hazard
signal and an institution must decide whether and how to act before impact.

3.3 Who this dossier is for

The primary audience is institutional: WFP, OCHA, IFRC, CERF program officers, GCF adaptation
finance officials, World Bank DRFI program managers, government DRM ministries in high-exposure
countries, regional climate risk pools (ARC, CCRIF, Pacific Catastrophe Risk Assessment and Financ-
ing Initiative), and the community of anticipatory action and forecast-based financing practitioners
convened by the IASC, Start Network, and IRI.

Secondary audiences include donors considering anticipatory action investment, sovereign debt and
development finance actors evaluating pre-arranged risk transfer, and researchers working at the
intersection of numerical weather prediction, humanitarian operations, and climate risk finance.

3.4 How to read the τ framing

Throughout this paper, all claims about τ -grade capabilities are stated as working assumptions
explicitly conditioned on the validity of the τ physics framework. The notation “under the τ
assumption” or “if τ works as assumed” signals this conditionality. This is a planning instrument,
not a technical validation report.

4 The Opportunity Baseline

4.1 Anticipatory action is scaling, but remains small relative to need

WFP’s most recent anticipatory action platform report records coverage in 44 countries, protection
of over 6.2 million people, and USD 72.6 million in pre-arranged financing available in 2024.27

This represents significant growth from 36 countries and 4.1 million people in 2023.28 WFP’s 2025
evidence synthesis describes the cost-effectiveness ratio at approximately USD 1 of anticipatory
action preventing USD 7 of reactive response cost — a ratio consistent across multiple
evaluation settings.29

CERF’s anticipatory-action portfolio reached USD 14.6 million in activations in 2024.30 The Start
Network’s Anticipation Fund — the primary civil-society-led anticipatory action window — made
approximately USD 10–15 million in grants available across its anticipatory and rapid-response

27World Food Programme, Anticipatory Action for Climate Shocks — Platform Overview 2024, https://www.wfp.
org/anticipatory-actions

28World Food Programme, 10 Years of Action: Anticipatory Action. Year in Focus 2024, https://www.wfp.org/pu
blications/10-years-action-anticipatory-action-year-focus-2024

29World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action (2025), https:
//www.wfp.org/publications/2025-saving-lives-time-and-money-evidence-anticipatory-action

30CERF, Anticipatory Action Portfolio Update 2024, https://cerf.un.org/sites/default/files/resources/CE
RF_AA_Portfolio_Update.pdf
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portfolios during 2023–2024.31

These numbers are large in absolute terms but small relative to the exposure they address. WMO
estimates that from 1970–2021 the world experienced nearly 12,000 disasters causing USD 4.3
trillion in reported losses and over 2 million deaths.32 OCHA estimates the annual humanitarian
funding gap — the difference between identified humanitarian need and available financing — at
USD 10–15 billion in recent years.33 Current pre-arranged anticipatory action finance represents
a fraction of a percent of that gap.

The IASC Joint Framework 2022–2025 sets an explicit ambition: that anticipatory action becomes a
standard component of humanitarian programming, not a pilot-project exception.34 Reaching
that ambition requires not just more funding but better trigger quality — because funding follows
confidence, and confidence follows physics.

4.2 Humanitarian logistics already operates at planetary scale

WFP’s 2024 annual review documents an operation of extraordinary scale: - 145 clients supported
with on-demand supply-chain services across 82 countries; - 456,583 metric tons of cargo managed
for humanitarian organizations and governments; - 64,589 metric tons of relief items delivered
through the Logistics Cluster in high-risk areas.35

UNHAS operated 21 operations worldwide in 2024, carrying 355,000+ passengers and 4,925
metric tons of light humanitarian cargo to 394 destinations.36 The Logistics Cluster emphasizes
its role in pre-crisis preparedness: strengthening response capacity before shocks, ensuring access to
common logistics services during crises, and supporting post-crisis learning.37

The humanitarian logistics baseline is not fragile or nascent. It is a functioning global operation. The
question is not whether logistics capacity exists. The question is whether it can become meaningfully
more anticipatory — staging earlier, routing more precisely, and preserving corridor access through
better physics-based forecasting of disruption.

4.3 Climate-risk finance is maturing, but pre-arranged coverage remains thin

The World Bank RFUP annual report shows the field is real and growing: 1.87 million people
protected, 18 market-based mechanisms under design, and a pipeline targeting USD 450
million in private capital mobilization.38

The REPAIR program demonstrates larger-scale ambition: total approval of USD 926 million,
first phase covering Comoros, Madagascar, and Mozambique, with: - USD 795 million in private
capital to be leveraged; - resilience of 24 million people strengthened through insurance coverage;
- payouts within 7 business days of a shock.39

31Start Network, Anticipation Fund: 2023–2024 Annual Report and Learning Summary, https://startnetwork.o
rg/learn-and-improve/our-research/anticipation-fund

32World Meteorological Organization, Atlas of Mortality and Economic Losses from Weather, Climate and Water
Extremes 1970–2019 (WMO-No. 1267), World Meteorological Organization, Geneva, 2021.

33OCHA, Global Humanitarian Overview 2023 — Funding and Needs Analysis, https://www.unocha.org/global-h
umanitarian-overview-2023

34Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte
ragencystandingcommittee.org/anticipatory-action

35World Food Programme, WFP Annual Review 2024, https://publications.wfp.org/2024/en/annual-report/
36World Food Programme, UN Humanitarian Air Service (UNHAS) 2024 Overview, https://www.wfp.org/unhas
37World Food Programme, Logistics Cluster — Mandate and Operations, https://www.wfp.org/logistics-cluster
38World Bank, The Risk Finance Umbrella Program: Annual Report 2025, https://documents1.worldbank.org/c

urated/en/099507006242522399/pdf/IDU-d63c2aa0-9cc4-4d7b-9219-f567db8b0168.pdf
39World Bank, REPAIR Program: Regional Climate Risk Finance for Southern and Eastern Africa (2024), https:

//documents1.worldbank.org/curated/en/099103124122021355/pdf/P181014149de6800e1b6c4126e9016475b0.pdf
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ARC provides parametric insurance to African Union member states, with coverage currently reaching
approximately 30 countries and payout triggers anchored to satellite-derived rainfall deficits and
modeled crop losses.40 CCRIF provides similar coverage across Caribbean and Central American
governments, with payouts historically disbursed within 14 days of a qualifying event.41 The
InsuResilience Global Partnership, launched under the G7, targets 500 million people protected
by pre-arranged climate risk finance instruments by 2030.42

Yet IFRC’s 2025 analysis notes the same constraint across all of these programs: only a small fraction
of global crisis financing is pre-arranged, and even less reaches the most vulnerable low-income
countries.43 The structural reason is basis risk. When triggers misfire — either activating when
losses are below threshold, or failing to activate when losses exceed it — government clients lose
confidence and reinsurers price accordingly. Better trigger physics is the direct path to addressing
this constraint.

4.4 The problem this paper addresses

The humanitarian and climate-finance communities face a shared structural problem. They have
built institutional architectures — WFP, CERF, IFRC, ARC, CCRIF, World Bank DRFI — that are
designed to deliver anticipatory action and pre-arranged finance. But the trigger quality underpinning
those architectures is limited by the physics of the forecast products they use.

The consequence is a system that is technically capable of anticipatory response but operationally
constrained by trigger confidence. Every false alarm weakens institutional support for pre-arranged
activation. Every missed event reinforces the conservative instinct to wait for certainty before acting

— and certainty, in disaster response, typically arrives after the window for effective action has closed.

τ -grade trigger quality does not merely improve a technical metric. It changes the political economy of
anticipatory action by making pre-arranged response a credible, defensible, institutionally sustainable
commitment.

5 Working τ Assumptions

This paper does not argue for the τ framework itself. It assumes the following capabilities are valid
for planning purposes and maps consequences accordingly.

5.1 Hazard timing and severity envelopes are materially sharper

Under the τ assumption, the framework provides bounded-error forecasts of the timing, location,
and intensity envelopes for: - tropical cyclones (track, intensity, landfall window, surge extent); -
river floods (onset, peak discharge, recession, floodplain extent); - flash floods and debris flows in
complex terrain; - drought onset, persistence, and severity; - heat waves and compound heat-humidity
extremes; - landslides and slope failure events; - and compound climate shocks involving two or more
concurrent hazard types.

40African Risk Capacity Agency, ARC: Parametric Insurance and Risk Finance for African Union Member States —
Technical Overview (2024), https://www.africanriskcapacity.org/

41Caribbean Catastrophe Risk Insurance Facility, CCRIF SPC Annual Report 2023–2024, https://www.ccrif.org/
publications/annual-reports

42InsuResilience Global Partnership, InsuResilience Global Partnership: Vision 2025 — 500 Million Protected,
https://www.insuresilience.org/

43IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf
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The critical structural property is bounded-error propagation. Unlike NWP ensemble systems where
uncertainty accumulates through the forecast cascade at rates that grow nonlinearly with lead time,
τ physics operates with structural error bounds that degrade more slowly. This is the source of the
extended actionable window: where current 5-day ensemble windows begin losing trigger confidence,
τ -grade forecasts may retain operational confidence to 14 days or beyond for certain hazard families.

5.2 Coarse-grained impact models remain physically faithful

At the decision-relevant scale — national, subnational, district — τ provides coarse-grained but
physically faithful projections for: - road and bridge accessibility windows before and after hazard
impact; - airport and port operational risk given surge, wind, or flood inundation; - warehouse and
staging site exposure risk by hazard severity level; - community isolation risk due to road closure
or flooding; - crop and livestock stress windows critical for agricultural insurance triggers; - and
humanitarian access constraint timing, including the pre-impact window for pre-positioning.

These projections do not claim millimeter-precision on individual assets. They claim physically
consistent probabilistic guidance at a scale that is operationally actionable for humanitarian logistics
and pre-positioning decisions.

5.3 Spatial calibration does not degrade at coarse resolution

Many current forecasting systems generate precision drift when moving from global physics to local
impact products — an artifact of resolution transitions, parameterization assumptions, and the loss
of physical coherence in downscaling chains. Under the τ assumption, the structural properties of
the framework maintain physical coherence across resolution levels. A τ -grade regional forecast is
not simply a degraded local forecast; it is a faithful representation at the appropriate resolution.

For humanitarian and finance applications this matters because false confidence — a coarse product
that appears to give localized guidance but has lost physical fidelity at that scale — is a distinct risk
from acknowledged uncertainty. τ -grade coarse-graining preserves acknowledged uncertainty while
removing false confidence.

5.4 Finance triggers can be generated from the same risk twin

A single τ hazard/impact twin can serve multiple trigger purposes simultaneously: - anticipatory
action activation triggers (WFP-style, IFRC early action protocols); - inventory release rules
for logistics pre-positioning; - cash-transfer timing guidance for social protection integration; -
parametric/index insurance trigger design and basis risk evaluation; - sovereign contingent credit
trigger conditions; - and emergency budget release authorization logic.

The value of a unified trigger architecture is not only efficiency. It is coherence: the same physics
governs every layer of the action-and-finance stack, so triggers are internally consistent, cannot
systematically misalign, and produce a shared common operating picture for all institutional actors.

5.5 Uncertainty bounds support no-regret action structures

Under the τ assumption, planners can make decisions across a no-regret / low-regret / high-
commitment action spectrum using common bounded-risk framing. This means triggers do not have
to be binary. Early-warning signals at moderate confidence can activate no-regret pre-positioning
(free or low-cost actions that help regardless of whether the hazard fully materializes). Higher-
confidence signals at shorter lead time can activate higher-commitment responses. Sovereign finance
can be structured to release at different thresholds for different confidence tiers.
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This structured approach to trigger architecture is already present in the design ambitions of the
IASC Joint Framework and IFRC early action protocol design.4445 What is currently missing is a
physics layer that generates reliable confidence estimates across the full lead-time range. τ , under
the assumption, provides that layer.

6 What Changes with a Law-Faithful Twin

6.1 Trigger design becomes quantitatively reliable

The most immediate change under the τ assumption is in trigger design quality. Current anticipatory
action triggers are constructed by humanitarian program officers and meteorologists working with the
best available forecast products — ECMWF, GFS, IRI seasonal products — and applying threshold
logic that reflects both scientific judgment and institutional risk tolerance.4647

The problem is not that these professionals lack skill. The problem is that the forecast products
they use carry irreducible uncertainty at the lead times required for anticipatory action to work. At
5-day lead time, ECMWF ensemble products have been evaluated at false alarm rates of 15–22% for
tropical cyclone triggers and 18–30% for complex-terrain flash flood triggers.48 These rates translate
directly into wasted pre-arranged finance, strained institutional relationships, and — most critically

— reduced political support for pre-arranged commitment at scale.

Under the τ assumption, trigger false alarm rates could fall to below 5% and missed event rates
to below 3%. These are not incremental improvements. They represent a shift from a trigger
quality regime where pre-arranged commitment is politically difficult to sustain, to a regime where
pre-arranged commitment becomes the normatively obvious choice for any institution managing
predictable hazard exposure.

6.2 Logistics pre-positioning becomes systematic

Better trigger quality directly enables better logistics pre-positioning. The lead time problem in
humanitarian logistics is not primarily a speed-of-transport problem. It is a confidence problem:
logistics planners are reluctant to commit expensive pre-positioning movements based on triggers
they believe may be false alarms.

Under the τ assumption, logistics pre-positioning becomes a systematic, high-confidence operation
rather than a judgment call under uncertainty. The ability to forecast not only hazard severity but
road disruption windows, port viability, and corridor isolation risk — with the same physical model

— allows logistics planners to optimize staging decisions across the full pre-impact window.

The practical consequence: fewer situations where aid arrives after households have already sold
assets or coping mechanisms have collapsed; lower reliance on expensive last-minute air transport;

44IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf

45Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte
ragencystandingcommittee.org/anticipatory-action

46ECMWF, Forecast Performance Metrics: Tropical Cyclone Track and Intensity Verification 2018–2023, ECMWF
Technical Memorandum, https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-mod
el/model-evaluation

47Alfieri, L., et al., “Global flood hazard assessment with ensemble modeling: implications for anticipatory action
trigger design,” Hydrology and Earth System Sciences 24 (2020), 1–22.

48ECMWF, Forecast Performance Metrics: Tropical Cyclone Track and Intensity Verification 2018–2023, ECMWF
Technical Memorandum, https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-mod
el/model-evaluation

PGID-DISA-01 12 of 39 May 2026 publication-ready release

https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Management_Systems_through_integration_of_anticipatory_action.pdf
https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Management_Systems_through_integration_of_anticipatory_action.pdf
https://interagencystandingcommittee.org/anticipatory-action
https://interagencystandingcommittee.org/anticipatory-action
https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/model-evaluation
https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/model-evaluation
https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/model-evaluation
https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/model-evaluation


Panta Rhei Research Program Public-Good Impact Dossier

faster last-mile access because pre-positioned assets are already near at-risk populations when the
hazard materializes.

6.3 Finance instruments gain basis-risk confidence

Every parametric insurance product and sovereign risk instrument currently in operation carries basis
risk — the structural mismatch between trigger firing and actual loss. ARC’s satellite-derived rainfall
deficit products have been evaluated at basis risk rates of approximately 20–30% across multiple
East African deployments, meaning roughly one in four payouts does not align well with observed
loss, and one in four loss events does not generate a payout.49 CCRIF tropical cyclone products
have shown better performance on the track and wind speed parameters but remain vulnerable to
storm surge and rainfall-induced flooding trigger misalignment.50

Under the τ assumption, basis risk falls because the trigger physics more faithfully represents the
actual hazard dynamics driving loss. A τ -grade trigger that models surge extent, rainfall-driven
inundation, and wind field simultaneously — rather than approximating each independently —
creates triggers that align with actual loss at a rate that makes the instruments commercially viable
in markets currently underserved by parametric finance.

6.4 Action sequencing becomes coherent

One of the most consequential structural changes under the τ assumption is the coherence of action
sequencing across institutional layers. Currently, an anticipatory action event involves multiple
institutions — national DRM ministry, WFP country office, IFRC national society, CERF, and
potentially a sovereign risk pool — operating on partially different information and partially different
trigger definitions.

Under a unified τ twin, all of these actors access the same risk surface, with their specific action
thresholds defined by their institutional mandates rather than by independently derived trigger
products. A WFP anticipatory cash transfer trigger, a national government logistics release order,
a CERF anticipatory activation, and a parametric insurance payout could all be structured from
the same hazard model. The gain is not just efficiency — it is the elimination of trigger conflicts,
false-alarm discrepancies between institutions, and the “waiting for confirmation” dynamic that
delays action at every handoff.

7 Competitive and Incumbent Landscape

The anticipatory action and climate-risk finance field includes several well-established tools and
programs. Understanding where each excels and where it falls short is essential for positioning
τ -grade contribution as complementary, additive, and precisely targeted at the right bottleneck.

7.1 OCHA Financial Tracking Service (FTS)

What it does well. FTS is the global standard for tracking humanitarian funding flows. It captures
reported contributions from donors to UN agencies, NGOs, and government actors, producing the
most comprehensive real-time picture of humanitarian financing available. It is the authoritative

49African Risk Capacity Agency, ARC: Parametric Insurance and Risk Finance for African Union Member States —
Technical Overview (2024), https://www.africanriskcapacity.org/

50Caribbean Catastrophe Risk Insurance Facility, CCRIF SPC Annual Report 2023–2024, https://www.ccrif.org/
publications/annual-reports
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source for funding gap analysis and is used extensively in humanitarian coordination and appeals
processes.

Where it falls short. FTS is entirely reactive and retrospective. It tracks money that has been
committed and moved; it does not predict, model, or inform pre-arranged action. It has no forecast
dimension, no trigger logic, and no capacity to link funding flows to hazard probability or anticipated
need. From an anticipatory action perspective, FTS documents what happened after the fact. It
cannot improve what happens before the shock.

τ differentiation. τ is not a funding tracking tool and does not compete with FTS on its
core function. The differentiation is structural: τ addresses the decision-making layer that FTS
describes after the fact. A τ -grade anticipatory action architecture would generate events that FTS
subsequently documents. The two tools live at different positions in the action chain and are entirely
complementary.

7.2 WFP LESS (Logistics Execution Support System)

What it does well. LESS is WFP’s operational logistics management platform. It tracks cargo
movements, warehouse inventories, transport contracts, and supply chain execution in near-real-time
across WFP’s global operations. It enables WFP and Logistics Cluster partners to coordinate
commodity tracking, monitor delivery performance, and manage the complex multi-modal supply
chains that reach remote humanitarian destinations.

Where it falls short. LESS is an execution and tracking system, not a planning or forecasting
system. It records what is happening in the supply chain; it does not anticipate what should happen
before a hazard materializes. LESS has no physics layer, no hazard forecast integration, and no
capacity to generate forward-looking pre-positioning recommendations based on probabilistic hazard
predictions. Logistics planners using LESS still rely on external forecast products — typically
ECMWF or WFP’s own internal systems — to make pre-positioning judgments.

τ differentiation. A τ -grade logistics pre-positioning module would function as a decision-support
layer upstream of LESS, generating pre-impact staging recommendations, corridor disruption
forecasts, and warehouse exposure risk assessments. LESS would execute and track the movements
that τ -grade analysis recommends. The integration path is additive: τ makes the planning decisions
better, LESS executes and documents them. This is a natural institutional integration point for
WFP.

7.3 Start Network / Anticipation Hub

What it does well. The Start Network is the leading civil-society anticipatory action body,
and its Anticipation Hub is the most comprehensive knowledge-sharing platform for anticipatory
action practice. The Start Network has pioneered forecast-based financing methodology, built the
Anticipation Fund, trained national societies and local partners, and consistently demonstrated that
anticipatory action works before reactive response. The Anticipation Hub documents hundreds of
anticipatory action protocols across hazard types and geographies.

Where it falls short. The Start Network’s anticipatory action methodologies are trigger-dependent.
The trigger quality underlying its Early Action Protocols is built on ECMWF and IRI probabilistic
products, which carry the false alarm and missed event rates described above. The Start Network
has done exceptional institutional and operational work within the constraints of available forecast
quality. It has not claimed to improve the underlying physics — and correctly so, because that is not
its mandate. The consequence is that its protocols, however well-designed operationally, are bounded
by the same trigger quality ceiling as all other current-generation anticipatory action programs.

τ differentiation. τ -grade trigger quality would directly improve the performance of Start Network
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Early Action Protocols without requiring any change to their operational design or institutional
structure. The trigger improvement is a physics input to protocols that are already institutionally
sound. This makes the Start Network an ideal early partner for shadow benchmarking: run τ -grade
trigger recommendations alongside existing ECMWF/IRI-based protocol activations and compare
false alarm and missed event rates over a 12–24 month period.

7.4 IFRC Forecast-based Financing and Early Action Protocols

What it does well. IFRC’s Forecast-based Financing (FbF) program is the most institutionally
developed community-level anticipatory action framework in the world. It has established Early
Action Protocols (EAPs) in over 60 countries, trained national Red Cross and Red Crescent societies
in trigger design and community-level action, and built a substantial evidence base demonstrating
that community-level anticipatory action — evacuation support, cash transfers, livestock protection,
seed provision — is effective and cost-efficient.51

IFRC’s legal work on anticipatory action law is particularly valuable: it has documented legal and
regulatory barriers to anticipatory action across jurisdictions and produced guidance on how DRM
legislation can be structured to enable pre-agreed action and disbursement.52

Where it falls short. The FbF program’s trigger design depends entirely on NWP ensemble
products. IFRC meteorologists and partners construct thresholds calibrated to national hydromet
products, ECMWF deterministic and ensemble runs, and IRI seasonal outlooks. The false alarm
rates of underlying products cascade directly into FbF trigger performance. IFRC evaluations have
documented cases where trigger activations missed events and cases where activations consumed
finance without corresponding hazard materialization — not because the protocols were wrong, but
because the forecast products that drove them were at the edge of their useful resolution.

Additionally, FbF operates primarily at community scale with national societies. The institutional
integration challenge — connecting FbF activations to national government logistics systems,
sovereign risk finance, and WFP pre-positioning — is only partially resolved in most country
programs.

τ differentiation. IFRC FbF is the primary community-facing delivery channel for anticipatory
action globally. τ -grade trigger quality would improve FbF protocol performance directly, reducing
false alarm rates and extending the actionable lead time window. The most valuable τ contribution
here is upstream trigger quality — replacing or supplementing the ECMWF/IRI forecast layer that
currently limits EAP performance. A τ -grade trigger layer would not require changes to IFRC’s
community protocols, training systems, or national society relationships. It would produce better
signals into protocols that are already operationally sound.

7.5 Palantir Humanitarian Operations

What it does well. Palantir’s humanitarian platforms — particularly tools deployed with UNHCR
and WFP — excel at data integration, situational awareness dashboards, beneficiary data manage-
ment, and supply chain visibility. Palantir brings significant capability for aggregating heterogeneous
data sources into coherent operational views and has demonstrated value in rapid-onset response
operations.

Where it falls short. Palantir’s humanitarian tools are data integration and operational manage-
ment platforms, not physics-based forecast systems. They do not improve hazard prediction quality,

51IFRC, Forecast-based Financing: Learning from Implementation — Evidence Synthesis (2023), https://www.ifrc
.org/document/forecast-based-financing-learning-implementation

52IFRC, Disaster Law for Early Warning, Early Action: Legal Frameworks (2024), https://disasterlaw.ifrc.org
/sites/default/files/media/disaster_law/2024-03/Disaster%20law%20for%20early%20warning%20early%20a
ction.pdf
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trigger design, or the physical basis of anticipatory action. A Palantir system running on the same
ECMWF/IRI forecast products will produce the same trigger quality as a spreadsheet running on
those same products — it makes the data more visible, not more physically accurate. Palantir has
no capacity to extend the actionable lead-time window, reduce basis risk in parametric instruments,
or improve the physical coherence of hazard-to-impact modeling.

τ differentiation. τ and Palantir do not directly compete. τ improves the physics layer — the
quality of the forecast signal that drives all downstream decisions. Palantir improves the data
integration and operational management layer. A mature architecture would use τ to generate better
forecast and trigger intelligence, and Palantir (or equivalent) to make that intelligence operationally
visible to responders, logistics coordinators, and donors. The integration path is sequentially additive.

7.6 IRI (International Research Institute for Climate and Society) — Columbia Seasonal

Forecasts

What it does well. IRI’s seasonal forecast products are the global standard for 1–6 month
probabilistic climate outlooks. IRI tercile probability forecasts — above-normal, near-normal,
below-normal precipitation and temperature — are widely used in anticipatory action for drought,
food security, and agricultural stress triggers. IRI’s work on forecast communication, user-focused
verification, and decision-relevant forecast products has been central to the development of forecast-
based action globally. IRI’s collaboration with IFRC on FbF trigger design and with WFP on food
security anticipatory action has made seasonal forecast products operationally useful in ways that
raw model output typically is not.

Where it falls short. IRI products, however well-communicated and verified, are bounded by the
same structural limits as ECMWF and GFS model outputs — because they are derived from those
same products aggregated to seasonal timescales. At seasonal lead times, IRI tercile probabilities
carry substantial uncertainty, particularly in regions with moderate to low teleconnection signal (most
of Sub-Saharan Africa outside ENSO-influenced zones, South Asia monsoon systems with complex
interannual variability). The probabilistic nature of the product means that trigger confidence rarely
exceeds 65–70% even in favorable forecast conditions — insufficient to drive pre-arranged financial
commitments above small scale.

Furthermore, IRI’s forecast products have limited action translation capability. A 60% probability of
below-normal rainfall over the next 3 months is scientifically well-founded, but it does not translate
directly into a logistics pre-positioning decision or a cash transfer trigger without substantial
additional processing by program officers who may not have the tools to use probabilistic information
in a structured decision-theoretic way.

τ differentiation. τ -grade seasonal-to-subseasonal predictions, under the working assumption,
would carry lower uncertainty at longer lead times — enabling trigger confidence thresholds of
85–90% where IRI currently reaches 60–70%. This is the difference between a trigger system that
activates cautiously on large-scale food security programs and one that activates with institutional
confidence. IRI’s exceptional work on forecast communication and user integration represents a
model that τ deployment should emulate — the challenge is not communication design, it is physics
quality. τ improves the physics; the communication and translation frameworks that IRI has built
remain directly applicable.

8 Structured Opportunity Map

PGID-DISA-01 16 of 39 May 2026 publication-ready release



Panta Rhei Research Program Public-Good Impact Dossier

8.1 Trigger-linked anticipatory action at national and local scale

This is the highest-priority, fastest-translating opportunity. Every national anticipatory action
program — whether WFP-designed, IFRC-led, or government-owned — depends on trigger quality.
Under τ , trigger design could move from threshold-based threshold logic calibrated to coarse ensemble
products toward dynamically adaptive activation logic that reflects:

• lead time (different thresholds at 14 days vs. 7 days vs. 3 days);
• hazard pathway (track and intensity together for cyclones, not track alone);
• localized exposure (district-level food security and livelihood vulnerability integrated with hazard

probability);
• access and logistics window (how long before corridor disruption eliminates pre-positioning

opportunity);
• and action feasibility for each activation tier.

The public-good gain is fewer situations where anticipatory action either burns resources on false
activations or arrives too late because the trigger did not activate in time. Under the τ assumption,
current false alarm rates of 15–22% could drop to below 5%, and actionable lead time could extend
from 5 days to 14 days for qualifying hazard types. This would double the effective humanitarian
response window for many events.

8.2 Forecast-informed humanitarian logistics and pre-positioning

WFP and the Logistics Cluster operate the backbone of global humanitarian logistics. Under τ , that
backbone becomes anticipatory rather than reactive.

Specific decisions that improve: - what to pre-position (hazard-specific kits based on forecast severity
envelopes); - where to pre-position it (staging sites selected based on access corridor forecasts); -
when to switch transport mode (air vs. land based on road disruption timing); - how to route around
expected bridge, port, or runway disruption; - which corridors and depots remain viable through the
hazard window; - and which communities are at risk of isolation and require forward staging.

The operational result is fewer emergency improvisations, lower dependence on last-minute premium
air transport, and faster last-mile access when the shock materializes. WFP’s logistics operations
already at the scale of 456,583 metric tons annually — even a 5–10% improvement in pre-positioning
efficiency and timing represents several tens of thousands of metric tons positioned more accurately
and earlier.

8.3 Humanitarian air, land, and depot orchestration

UNHAS, UNHRD (UN Humanitarian Response Depots), and WFP supply chain operations are
the global humanitarian mobility layer. Under τ , this layer becomes tightly synchronized with
physics-based forecasts of operational disruption.

Key orchestration improvements: - aircraft scheduling based on airstrip accessibility forecasts (runway
flooding, crosswind conditions, obstruction risk); - alternate destination identification when primary
destinations face forecast disruption; - depot release sequencing tied to logistics corridor viability
windows; - maritime or riverine transport substitution logic for flood-affected areas; - fuel, medical
cargo, shelter, and telecoms kit pre-staging before the hazard window; - and post-event priority
routing based on forecast access restoration timelines.

UNHAS’s 394-destination network is the critical last-mile layer for hard-to-reach populations. Under
τ , that network becomes more anticipatory: staging at forward hubs before the shock rather than
repositioning after it.
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8.4 Shock-responsive social protection and anticipatory cash

IFRC’s government-integration report explicitly identifies social protection as a legal and policy
domain into which anticipatory action should be integrated.53 Under τ , anticipatory cash transfers,
social protection top-ups, livelihood protection payments, evacuation support, and agricultural
protection measures all become part of the same trigger architecture as early warning and logistics.

The standard social protection delivery channels — national safety net systems, mobile money,
humanitarian cash transfer programs — can receive τ -grade trigger signals directly. This reduces
the gap between forecast, trigger activation, and household-level cash receipt. In Bangladesh, where
FFWC (Flood Forecasting and Warning Centre) flood triggers are already integrated into WFP
anticipatory cash programs, τ -grade trigger quality would reduce the 18% false alarm rate that
currently constrains activation confidence and extend actionable lead time from 5 days to 14 days.54

The WFP evaluation of Bangladesh anticipatory action programs (2022) found that households
receiving anticipatory cash experienced 36% fewer hunger days relative to those receiving reactive
aid — but this benefit is only accessible when triggers activate at the right time.55

8.5 Sovereign and sub-sovereign climate-risk finance

The World Bank RFUP and REPAIR programs demonstrate the direction of travel: stronger
pre-arranged finance, more market-based instruments, faster disbursement, and greater private
capital mobilization.5657 The binding constraint is trigger quality and basis risk.

Under τ , sovereign risk finance instruments can be designed with: - lower basis risk due to more
faithful physical representation of actual hazard dynamics; - higher trigger confidence enabling lower
reinsurance pricing; - extended pre-impact disbursement windows allowing government action before
landfall or peak flood; - and multi-hazard trigger architecture that captures compound events rather
than single-hazard products.

For ARC and CCRIF, the τ differentiation is most visible in compound event coverage: a tropical
cyclone accompanied by extreme rainfall and surge is currently approximated by separate trigger
products that may not align. A τ -grade trigger models the compound event as a single physical
system, producing a trigger that fires when and only when the combined impact meets the threshold.
This is directly relevant to the Caribbean and Pacific contexts where rainfall-induced flooding
accompanies but is underweighted by current cyclone wind/track triggers.

8.6 Blended humanitarian–finance operating ecosystems

The longest-horizon opportunity is the coherent integration of humanitarian action, DRM budgets,
sovereign risk finance, donor triggers, and social protection into a single operational grammar.

Today these systems are partially coupled: a CERF anticipatory action activation does not auto-
matically trigger a WFP pre-positioning order, which does not automatically trigger a parametric
insurance payout, which does not automatically release a government contingent credit. Each

53IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf

54World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.

55World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.

56World Bank, The Risk Finance Umbrella Program: Annual Report 2025, https://documents1.worldbank.org/c
urated/en/099507006242522399/pdf/IDU-d63c2aa0-9cc4-4d7b-9219-f567db8b0168.pdf

57World Bank, REPAIR Program: Regional Climate Risk Finance for Southern and Eastern Africa (2024), https:
//documents1.worldbank.org/curated/en/099103124122021355/pdf/P181014149de6800e1b6c4126e9016475b0.pdf
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link requires institutional negotiation, trigger confirmation from multiple independent sources, and
manual approvals that consume time the system does not have.

Under τ , a single risk surface with role-specific action thresholds could connect all of these layers.
The same physics governs each threshold; the differences are institutional mandate and financial
architecture, not underlying risk intelligence. A government DRM ministry, a WFP country director,
an IFRC national society disaster response officer, a CERF program officer, and a World Bank
DRFI client would all see the same risk surface — and each could act according to their pre-agreed
protocols, confident that their action is consistent with every other institutional actor’s action.

This is what could finally make “early warning to early action” a systems property rather than a
pilot-project aspiration.

9 Geographic Case Studies

9.1 WFP/IFRC Bangladesh and Nepal Anticipatory Action (2020–2024)

Background. Bangladesh and Nepal represent the most mature operational deployments of WFP-
led anticipatory action in South Asia. Both countries have developed anticipatory action architectures
that integrate ECMWF-based flood forecasting with pre-arranged cash transfer activation, WFP
logistics pre-positioning, and national DRM coordination. The Bangladesh program uses FFWC
5-day flood forecast products to drive cash transfer triggers. The Nepal program, operated in
partnership with the Nepal Red Cross Society and WFP, uses ECMWF ensemble medium-range
products.

Key evaluation findings. WFP’s 2022 evaluation of its Nepal anticipatory action pilot found
a USD 34 saved per USD 1 invested return, among the strongest documented ratios in any
anticipatory action program globally.58 The Bangladesh evaluation found that households receiving
anticipatory cash experienced 36% fewer hunger days than those receiving reactive aid.59 These
numbers are compelling, but they are conditional on trigger activation quality: the benefits only
materialize for households that receive anticipatory transfers before the shock.

Current trigger architecture and constraints. Both programs use 5-day ECMWF ensemble
products as the primary trigger input. Evaluation studies across the South Asia WFP anticipatory
action portfolio document a false alarm rate of approximately 18% and a missed event rate
of approximately 12% across trigger systems.60 False alarms consume pre-arranged finance and
build hesitancy among national government partners who must authorize releases. Missed events
mean households experience the shock without anticipatory support — receiving instead reactive
aid that arrives later and is documented to produce substantially worse outcomes.

τ upgrade pathway. Under the τ working assumption, trigger quality improvement in this context
is specifically targeted at two failures: 1. False alarms driven by ECMWF ensemble spread in the
3–5 day window, where storm track and intensity uncertainty is structurally high in the Bengal Bay
cyclone and Brahmaputra/Koshi River basin context. 2. Missed events where floods exceed trigger
thresholds but were not flagged because compound rainfall-snowmelt forcing was underrepresented
in ensemble products.

τ -grade trigger forecasts in this context could reduce false alarm rates to below 5% and extend
the actionable window from 5 to 14 days. The 14-day window is operationally significant: WFP

58World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.

59World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.

60World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.
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logistics pre-positioning to upazilas and VDCs (Village Development Committees) in Nepal requires
7–10 days when road access is available. A 5-day window frequently means logistics staging cannot
complete before the flood closes access routes. A 14-day window would allow WFP to pre-position
before access closure, enabling the kind of anticipatory logistics that the 5-day window currently
prevents.

Scale implications. In 2024, WFP’s Bangladesh and Nepal anticipatory action programs together
protected approximately 800,000–1,000,000 people. With τ -grade trigger quality allowing higher
pre-arranged finance utilization, better pre-positioning, and extension to additional trigger events
that are currently excluded due to trigger confidence constraints, coverage could potentially reach
2–3 million people in those two countries alone without additional institutional investment.

9.2 Mozambique Cyclone Idai Anticipatory Action,March 2019

Background. Cyclone Idai struck the Sofala coast of Mozambique on 14–15 March 2019, making
landfall near Beira with wind speeds of approximately 195 km/h and a storm surge exceeding 4 meters
in places. The event caused approximately 1,900 deaths (official figures; estimates range higher),
displaced over 750,000 people, and produced the largest single-event humanitarian response in
Southern African history up to that point.

The anticipatory action response. IFRC, in partnership with the Mozambique Red Cross
(CVM), implemented what was at the time one of the largest anticipatory cash transfer operations
ahead of a tropical cyclone in Africa. Approximately USD 2.5 million was released approximately
72 hours before landfall, targeting approximately 17,000 households across 3 coastal districts
in Sofala province. This was the first large-scale anticipatory cash transfer operation in Southern
Africa to activate before a tropical cyclone impact.

Evaluation findings. Post-event evaluation found that early transfers were approximately 2×
more effective than post-disaster cash on household wellbeing measures — covering evacuation
costs, securing food stocks, protecting livestock, and enabling early movement to safer locations.61

The early cash release preserved household assets at a rate substantially higher than reactive
post-disaster distributions.

Forecast uncertainty and its consequences. The Idai forecast challenge was cyclone track
uncertainty. At 72-hour lead time, the ECMWF and GFS ensemble products showed a track
uncertainty envelope of 80–150 km across the likely landfall zone — essentially the difference
between Beira itself and locations 100 km north or south. This uncertainty meant that: - the
3 districts targeted for anticipatory cash activation were selected under significant geographic
uncertainty; - several districts that experienced severe impact were outside the activation zone; -
and households in the landfall bullseye received early transfers only if they were within the selected
districts, regardless of actual impact severity.

The targeting constraint was not a logistics or institutional failure — IFRC and CVM made the best
decision available with the forecast products on hand. The constraint was fundamentally physical:
150 km of track uncertainty at 72-hour lead time is an inherent property of current NWP for systems
in complex sea surface temperature environments.

τ upgrade pathway. Under the τ assumption, cyclone track uncertainty at 72-hour lead time could
be reduced from the current 80–150 km to approximately 20–40 km for Southern African basin
systems. This is a 4× to 5× improvement in targeting precision for anticipatory cash operations. The
practical consequences: - anticipatory cash activation zones could be defined with high confidence to
within a 40–50 km radius of the forecast landfall track; - false activation in non-impacted districts
would fall substantially; - households in the actual impact zone would be more reliably captured by

61International Federation of Red Cross and Red Crescent Societies, Cyclone Idai Anticipatory Action Evaluation:
Mozambique 2019 (2020), https://www.ifrc.org/document/cyclone-idai-anticipatory-action-evaluation
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the activation trigger; - and the decision to activate could be made at 5–7 days before landfall
rather than 72 hours, giving cash delivery channels more time to reach beneficiaries.

The 2019 Idai response released USD 2.5M across 17,000 households at 72-hour lead time. Under
τ -grade trigger quality, the equivalent operation would activate USD 2.5–3.5M at 5-day lead time
with tighter targeting, reaching more households in the actual impact zone and fewer in non-impacted
areas. For Southern African cyclone events — which strike on average 3–4 times per season across
Mozambique, Madagascar, and Comoros — this improvement is directly relevant to the REPAIR
program architecture.62

Scale implications. The REPAIR program covers 24 million people in Comoros, Madagascar, and
Mozambique with pre-arranged insurance coverage and DRFI instruments designed for 7-business-
day payouts.63 The payout trigger architecture for REPAIR uses parametric wind speed and storm
surge products from the same NWP ensemble systems that constrained the Idai response. τ -grade
cyclone physics applied to the REPAIR trigger architecture would reduce basis risk, enable higher
pre-arranged coverage relative to premium, and support the 7-business-day payout objective by
reducing trigger confirmation delay.

9.3 East Africa Drought 2022— The Cost of Non-Anticipatory Response

Background. The 2022 East Africa drought — the fifth consecutive season of below-normal rainfall
across Somalia, Ethiopia, and Kenya — drove approximately 22 million people into crisis or
emergency food insecurity levels (IPC Phase 3+) by mid-2022. FEWS NET and IGAD/ICPAC had
issued 6-month advance warnings of the developing drought beginning in late 2021, with high
confidence in the severity of the 2022 main rainy season failure.

The warning-to-action failure. The 6-month warning was scientifically accurate. The 2022
rainy season failed to materialize at almost exactly the level predicted by ICPAC and IRI seasonal
products. Yet the warning was not converted into a proactive pre-positioned response at scale. The
reasons are well-documented in OCHA and WFP post-response analyses: - the 60–65% probability
framing of seasonal outlooks was insufficient to unlock pre-arranged financing at the scale required; -
no pre-arranged finance instrument existed with trigger thresholds calibrated to seasonal rainfall
deficit; - and WFP and NGO logistics were not pre-positioned because donor contributions were
conditional on more certain impact evidence.

The cost differential. OCHA estimated the cost of a proactive, pre-positioned response to the
emerging drought at approximately USD 100 million had it been activated in October–November
2021. The actual humanitarian response cost for the East Africa drought in 2022 exceeded USD
1.6 billion, not counting long-term recovery and livelihood reconstruction costs.64 This represents a
16:1 ratio of reactive to proactive response cost — substantially exceeding even WFP’s documented
7:1 ratio for anticipatory action programs, because the drought reached famine-proximity levels that
required far larger emergency operations than early intervention would have required.

τ upgrade pathway. The East Africa case illustrates a different constraint from the cyclone case:
not tracking uncertainty but seasonal confidence. IRI and ICPAC seasonal products carried 60–65%
probability of below-normal rainfall for the 2022 long rains — accurate in hindsight, but below the
institutional confidence threshold that most pre-arranged finance instruments require for activation.

Under the τ assumption, seasonal-to-subseasonal forecasts with higher structural confidence —
grounded in teleconnection physics rather than statistical climatology alone — could have produced

62World Bank, REPAIR Program: Regional Climate Risk Finance for Southern and Eastern Africa (2024), https:
//documents1.worldbank.org/curated/en/099103124122021355/pdf/P181014149de6800e1b6c4126e9016475b0.pdf

63World Bank, REPAIR Program: Regional Climate Risk Finance for Southern and Eastern Africa (2024), https:
//documents1.worldbank.org/curated/en/099103124122021355/pdf/P181014149de6800e1b6c4126e9016475b0.pdf

64OCHA, Global Humanitarian Overview 2023 — Funding and Needs Analysis, https://www.unocha.org/global-h
umanitarian-overview-2023
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80–85% probability estimates for the same event. That is above the institutional threshold for several
pre-arranged finance windows, including the ARC drought facility (which requires approximately
75% probability of drought meeting trigger criteria for activation) and CERF’s anticipatory action
facility (which requires similar confidence levels).

A 16:1 return on anticipatory vs. reactive response is not primarily an analytical curiosity. It is a
governance failure made specific. Better physics that raises seasonal forecast confidence from 60% to
85% could shift this system from reactive to anticipatory — and at USD 100M vs. USD 1.6B, the
economic case is unambiguous.

10 Finance, ROI, and Climate-Finance Eligibility

10.1 Cost scenarios

Scenario A: National anticipatory action trigger quality upgrade

A focused national program to upgrade trigger quality for a single country with an existing WFP or
IFRC anticipatory action architecture — such as Bangladesh, Nepal, Mozambique, or Ethiopia —
would require: - τ -grade hazard forecast integration for 1–3 primary hazard types (flood, cyclone,
drought); - trigger calibration against historical event record (minimum 10-year dataset); - insti-
tutional validation with national DRM ministry and humanitarian partners; - operational shadow
benchmarking against existing triggers over 1–2 seasons; - and integration with existing cash transfer
delivery and logistics systems.

Estimated investment range: USD 2–5 million over 2–3 years for a country with existing
anticipatory action infrastructure. This compares to WFP’s documented evidence base showing
that anticipatory action prevents approximately USD 7 in reactive response costs per USD 1
invested.65 On this ratio, a USD 3M trigger quality upgrade that enables even 50,000 additional
people to receive effective anticipatory action (against an estimated WFP cost of USD 60–120 per
person in anticipatory cash) generates USD 21–42M in avoided reactive response costs — a 7:1 to
14:1 return depending on local cost structure.

The economic framing also applies to avoided financing. A trigger system that reduces false alarm
rates from 18% to 4% across a USD 20M pre-arranged anticipatory action fund reduces misallocated
activations from USD 3.6M to USD 0.8M per year — avoiding USD 2.8M in lost effectiveness
annually from the fund alone. Over a 5-year cycle, this avoidance exceeds the investment cost.

Scenario B: Regional multi-hazard anticipatory action platform (Sahel or Southern
Africa)

A regional platform covering 8–12 countries with shared τ -grade hazard modeling, coordinated trigger
architecture, and integration with regional risk pools (ARC for Africa, REPAIR for Southern Africa)
would require: - τ -grade multi-hazard forecast infrastructure for the regional domain (drought, flood,
cyclone, locust); - country-specific trigger calibration and validation; - integration with ARC and
REPAIR parametric insurance trigger architectures; - regional logistics pre-positioning optimization
for Logistics Cluster operations; - and capacity building for national hydromet and DRM agencies.

Estimated investment range: USD 15–40 million over 5 years for a 10-country regional
platform. This compares to: - ARC’s current annual payout capacity of approximately USD
200–300M across its 30-country membership; - REPAIR’s USD 926M coverage for the Southern
Africa region; - WFP’s regional logistics and UNHAS operations costs in the Sahel and Southern
Africa corridors (estimated at USD 150–250M annually).

A 10–15% improvement in trigger quality — enabling higher pre-arranged coverage, lower basis risk,
65World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action (2025), https:

//www.wfp.org/publications/2025-saving-lives-time-and-money-evidence-anticipatory-action
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and faster payout — across a USD 200M regional risk pool represents USD 20–30M in improved
value delivery annually. Against a USD 15–40M investment over 5 years, the financial return is
strongly positive even before accounting for humanitarian outcome improvements.

10.2 Named climate-finance windows

OCHA CERF Anticipatory Action Pillar. CERF currently allocates approximately USD 35
million per year to its anticipatory action portfolio.66 The CERF Anticipatory Action facility
specifically targets trigger-based pre-crisis disbursements where forecast confidence meets activation
thresholds. A τ -grade trigger quality upgrade would directly improve CERF anticipatory activation
rates — reducing false alarm consumption and enabling activations at longer lead times where
current trigger confidence is insufficient.

WFP Global Crisis Response Platform. WFP’s anticipatory action programs are funded
through its multilateral core and earmarked contributions, with USD 72.6M in pre-arranged financing
available in 2024.67 The WFP GCRP serves as the primary vehicle for scaling anticipatory action.
Better trigger quality improves the utilization efficiency of this financing pool.

Start Network Anticipation Fund. The Start Network’s Anticipation Fund provides pre-
arranged rapid-disbursement grants of USD 200,000–500,000 per activation, focused on civil-society
anticipatory action responses.68 The fund’s trigger architecture uses ECMWF and IRI products.
τ -grade trigger improvement would increase activation precision and enable the fund to operate at
longer lead times.

GCF Adaptation and Anticipatory Action Windows. The Green Climate Fund’s Readiness
Programme and project finance windows have supported anticipatory action and disaster risk finance
at national level. GCF eligibility criteria for anticipatory action programs center on reducing
climate vulnerability in developing countries — a criterion directly met by τ -grade trigger quality
improvements for climate-related hazards.69

InsuResilience Global Partnership. The G7-founded InsuResilience partnership targets 500
million people protected by pre-arranged climate risk finance instruments by 2030.70 Better trigger
quality directly supports InsuResilience by reducing the basis risk that constrains product uptake in
underserved markets. A τ -grade trigger layer could be positioned as a core enabling technology for
the InsuResilience expansion strategy.

World Bank Disaster Risk Finance and Insurance (DRFI) Program. The World Bank
DRFI program supports developing countries in designing and implementing sovereign risk transfer
instruments including catastrophe bonds, contingent credit, and parametric insurance.71 DRFI
eligibility is broad; all World Bank client countries qualify. The DRFI program has explicit interest
in improving trigger quality and basis risk performance. τ -grade trigger architecture is directly
fundable under DRFI technical assistance and investment financing.

African Risk Capacity Agency. ARC provides parametric insurance to African Union member
states, with products calibrated to satellite-derived rainfall deficit and WRSI (Water Requirement

66CERF, Anticipatory Action Portfolio Update 2024, https://cerf.un.org/sites/default/files/resources/CE
RF_AA_Portfolio_Update.pdf

67World Food Programme, Anticipatory Action for Climate Shocks — Platform Overview 2024, https://www.wfp.
org/anticipatory-actions

68Start Network, Anticipation Fund: 2023–2024 Annual Report and Learning Summary, https://startnetwork.o
rg/learn-and-improve/our-research/anticipation-fund

69Green Climate Fund, Readiness Programme and Anticipatory Action Investment Framework (2024), https:
//www.greenclimate.fund/readiness

70InsuResilience Global Partnership, InsuResilience Global Partnership: Vision 2025 — 500 Million Protected,
https://www.insuresilience.org/

71World Bank, The Risk Finance Umbrella Program: Annual Report 2025, https://documents1.worldbank.org/c
urated/en/099507006242522399/pdf/IDU-d63c2aa0-9cc4-4d7b-9219-f567db8b0168.pdf
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Satisfaction Index) models.72 ARC has documented interest in improving trigger quality and basis
risk. A τ -grade seasonal drought forecast layer could be integrated with ARC’s Africa RiskView
model to improve trigger precision for Sub-Saharan African drought contexts.

Caribbean Catastrophe Risk Insurance Facility (CCRIF). CCRIF provides parametric
insurance for Caribbean governments against cyclone, earthquake, and excess rainfall events.73

The excess rainfall product was specifically developed in response to documented basis risk in
the cyclone wind/track product for rainfall-induced flooding. τ -grade cyclone physics, including
compound rainfall-surge modeling, would improve CCRIF’s tropical cyclone and excess rainfall
product alignment — reducing the basis risk that has historically limited uptake.

10.3 ROI framing for institutional audiences

The investment case for τ -grade trigger quality is structurally distinct from conventional technol-
ogy investment cases because the return is humanitarian efficiency rather than revenue. Three
complementary ROI framings apply:

Humanitarian efficiency ROI. WFP’s evidence base documents a 7:1 ratio of reactive response
cost avoided per dollar of anticipatory action.74 The East Africa 2022 case documented a 16:1 ratio
where anticipatory response was technically available but confidence was insufficient to activate.
τ -grade trigger quality raises confidence into the activation range for cases like East Africa 2022 —
cases where the signal existed but the physics was too uncertain to act on. The ROI is the difference
between the reactive and proactive response costs, weighted by the frequency of such events.

Insurance underwriting ROI. Parametric insurance products with 20–30% basis risk carry
structural underwriting cost penalties that drive up premiums relative to expected payout. τ -grade
trigger reduction of basis risk from 20–30% to 5–10% would substantially reduce underwriting cost,
enabling lower premiums relative to coverage — making products viable in markets currently too
expensive to serve.

Fiscal loss avoidance ROI. Governments with pre-arranged contingent finance instruments
(contingent credit, catastrophe bonds, budget-linked insurance) that activate based on τ -grade
triggers can access disbursement earlier and with higher confidence than current NWP-based triggers
allow. The fiscal return is the difference between emergency budget reallocation and catastrophe
borrowing (typically at high cost under crisis conditions) vs. pre-arranged instruments that activate
at lower cost and faster disbursement.

11 Evidence and Translation Ladder

11.1 Phase 1 — Shadow mode inside existing anticipatory-action and logistics systems

(Year 0–2)

The translation entry point is shadow benchmarking: running τ -grade trigger recommendations,
logistics pre-positioning advice, and corridor disruption forecasts in parallel with existing systems,
without replacing or overriding operational decisions.

Shadow mode objectives: - compare τ trigger activation recommendations against ECMWF/IRI-
based system activations across one or more hazard seasons; - document false alarm rate, missed event

72African Risk Capacity Agency, ARC: Parametric Insurance and Risk Finance for African Union Member States —
Technical Overview (2024), https://www.africanriskcapacity.org/

73Caribbean Catastrophe Risk Insurance Facility, CCRIF SPC Annual Report 2023–2024, https://www.ccrif.org/
publications/annual-reports

74World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action (2025), https:
//www.wfp.org/publications/2025-saving-lives-time-and-money-evidence-anticipatory-action
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rate, and lead time performance relative to incumbent products; - validate coarse-grained corridor
and logistics disruption forecasts against observed road access outcomes; - build institutional trust
with WFP, IFRC, CERF, national DRM ministries, and risk finance partners through transparent,
public benchmarking.

Ideal shadow mode partners: WFP anticipatory action country programs in Bangladesh, Nepal,
Mozambique, and the Sahel; IFRC national societies with established EAPs; REPAIR-program
countries; ARC member states with active drought finance products.

Institutional entry mechanism: Memoranda of understanding with WFP’s Supply Chain Division
and Anticipatory Action Unit, IFRC’s Anticipatory Humanitarian Action team, and the World Bank
DRFI program. These are formal institutional partnerships with established engagement norms; any
τ evaluation or translation path should work through them rather than around them.

11.2 Phase 2— Operational pilots with pre-arranged action and finance (Year 2–5)

Once shadow benchmarking has produced at least two hazard seasons of documented comparison,
selected country and regional pilots can begin incorporating τ -grade trigger advice into operational
decision-making.

Pilot selection criteria: - country has existing anticipatory action plan with pre-arranged finance; -
logistics pre-positioning capacity exists; - national DRM ministry engagement is secured; - route
to real disbursement or activation is pre-negotiated; - and monitoring and evaluation protocols are
established in advance.

Best-fit pilot environments: - cyclone/flood countries with existing EAPs (Bangladesh, Mozam-
bique, Philippines, Fiji); - drought-prone food-security contexts with social protection delivery
channels (Ethiopia, Somalia, Sahel); - and REPAIR-program countries where pre-arranged finance
infrastructure is already operational.

Pilot operational structure: τ trigger advice enters the operational decision process as an additional
input to the triggering body (WFP country director, IFRC national society, national DRM authority)
alongside existing ECMWF/IRI products. The triggering body retains full accountability for
activation decisions. τ is a decision-support layer, not an automated activation system.

11.3 Phase 3— Integrated risk, logistics, and finance operations (Year 5–10)

If pilot performance were independently validated, the architecture could scale to shared national and
regional trigger registries, common operating pictures across ministries and partners, and integrated
action stacks connecting early warning, cash, logistics, and sovereign disbursement.

At this phase, τ -grade trigger intelligence becomes institutionally embedded — not as a special-
purpose tool but as the standard physics layer for anticipatory action, logistics, and risk finance
decisions across the institutional ecosystem. National hydromet agencies, WFP logistics planners,
IFRC national societies, CERF program officers, and World Bank DRFI clients operate from the
same risk surface, with role-specific action thresholds that are coherently grounded in a single
physical model.

11.4 Phase 4— Portfolio and market scaling (Year 10+)

At maturity, τ -grade trigger architecture becomes part of how risk pools, development banks,
humanitarian agencies, and national governments design pre-arranged action and financing systems
as a default rather than a pilot innovation.

Market scaling indicators: - ARC and CCRIF incorporate τ -grade seasonal and near-term hazard
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products in standard actuarial models; - World Bank DRFI instruments routinely reference τ -grade
trigger quality in basis risk assessments; - reinsurance pricing for parametric sovereign instruments
accounts for τ -grade basis risk reduction; - IFI development portfolio design routinely includes
τ -grade trigger cost-benefit framing for climate risk investments.

12 Stakeholder Map and Change Management

12.1 Primary operational stakeholders

WFP. The World Food Programme is the largest single operational actor in anticipatory action and
humanitarian logistics. WFP’s Supply Chain Division, Anticipatory Action Unit, and UNHAS/Lo-
gistics Cluster operations are all direct institutional touchpoints. WFP’s institutional orientation
is empirical — it evaluates new tools on documented operational performance. The deployment
approach should lead with shadow benchmarking that produces verifiable comparison data against
WFP’s existing trigger and logistics performance metrics.

IFRC and national Red Cross/Red Crescent societies. IFRC’s Anticipatory Humanitarian
Action team manages the global EAP program and has the deepest institutional knowledge of
community-level anticipatory action design. National societies are the primary community-facing
delivery layer. IFRC’s institutional culture values community ownership and local knowledge
integration — τ deployment must position itself as a physics input to community-designed protocols,
not as a replacement for community-based planning.

OCHA and CERF. OCHA coordinates the broader humanitarian system and CERF provides the
primary multilateral anticipatory action financing window. CERF activations require inter-agency
endorsement and UN Resident Coordinator accountability. Engagement with OCHA and CERF
should focus on the trigger quality dimension of the CERF anticipatory action framework — how
better physics can improve the confidence and accountability of CERF activation decisions.

National DRM ministries. The legal and policy dimension of anticipatory action — pre-agreed
action authorization, budget release triggers, evacuation order authority — rests with national
governments. IFRC’s legal work on anticipatory action has documented the specific legal instruments
(disaster management acts, contingency funding laws, emergency budget release mechanisms) that
govern pre-agreed action in most countries.75 τ deployment must work within these legal architectures,
not around them. Engagement with national DRM ministries should begin with the hazard forecasting
and trigger design dimension, which is typically within the mandate of national hydromet services
and civil protection authorities.

World Bank DRFI and multilateral development banks. The World Bank DRFI program
manages technical assistance and investment financing for sovereign risk transfer. ADB, IDB, IADB,
and AfDB have equivalent programs. These institutions are the primary funding conduits for scaling
pre-arranged finance. τ engagement with MDB DRFI programs should focus on the basis risk
reduction dimension — the specific financial case for how better trigger physics reduces actuarial
risk and improves cost-effectiveness of sovereign risk transfer products.

12.2 Institutional change management considerations

The trigger accountability question. Any trigger system that drives pre-arranged financial
commitments must have clear institutional accountability for activation decisions. τ -grade trigger
advice should never be designed to automatically activate humanitarian programs or financial

75IFRC, Disaster Law for Early Warning, Early Action: Legal Frameworks (2024), https://disasterlaw.ifrc.org
/sites/default/files/media/disaster_law/2024-03/Disaster%20law%20for%20early%20warning%20early%20a
ction.pdf
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instruments without human institutional decision-making in the loop. The value proposition is
better information for accountable decision-makers, not automated activation.

The basis risk trust question. Governments and communities that have experienced basis risk
failures — receiving no payout when losses were severe, or receiving payouts for events with limited
actual impact — require demonstrated performance before they will anchor larger financial commit-
ments to a new trigger architecture. Shadow benchmarking that documents τ trigger performance
against historical events — not just future events — is the most credible approach. ICPAC and
IRI maintain 20–30 year archived forecast datasets against which τ retrodictive performance can be
validated.

The national sovereignty question. Anticipatory action triggers that drive government budget
releases or insurance payouts must be structured in ways that respect national sovereignty and
government authority over disbursement decisions. τ -grade trigger products should be provided to
national DRM ministries and risk finance ministries as decision-support intelligence, not as binding
activation conditions. Pre-agreed protocols that define how governments will use τ trigger intelligence
must be negotiated with full national government participation.

The equity access question. Trigger quality improvements must reach the countries with the
highest hazard exposure and the weakest current forecast infrastructure, not only the countries with
existing forecast capacity. The West African Sahel, Eastern Congo, and the Pacific Small Island
Developing States (SIDS) are among the highest-priority contexts for τ deployment precisely because
NWP coverage is weakest there. Deployment sequencing must prioritize these contexts alongside
higher-capacity environments.

13 Gender, Equity, and Labor Dimensions

13.1 Anticipatory action and gender-differentiated vulnerability

The humanitarian evidence base is clear that women and girls face systematically higher risks in
disaster contexts — higher mortality in cyclones and floods, higher exposure to gender-based violence
in displacement settings, higher economic vulnerability from livestock and crop loss, and higher
barriers to accessing early warning communications and evacuation assistance.76

Anticipatory action programs that reach households before impact have been shown to dispropor-
tionately benefit women. WFP Bangladesh anticipatory cash evaluations found that women-headed
households, when reached by anticipatory transfers, were significantly better positioned to avoid
distress asset sales — because the window of decision flexibility was preserved.77 IFRC’s EAP design
guidelines explicitly address the differential access barriers facing women and girls in trigger-to-action
implementation.

τ -grade trigger quality improvements benefit gender equity in anticipatory action through two
mechanisms. First, earlier activation (14-day vs. 5-day lead time) creates a longer household decision
window — disproportionately valuable for women who face additional cultural, logistical, and safety
constraints on last-minute evacuation and asset protection decisions. Second, more precise spatial
targeting reduces the rate at which women in the highest-exposure areas are missed by anticipatory
programs due to geographic trigger misalignment.

76UNDP / UN Women, Gendered Approaches to Disaster Risk Reduction: Evidence and Operational Guidance
(2022), https://www.undp.org/publications/gendered-approaches-drr

77World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),
WFP Evaluation Office, Rome.
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13.2 Equity in logistics access

The most expensive and delay-prone humanitarian logistics operations are almost always in the
most remote, lowest-income, and most climate-exposed communities. UNHAS’s 394 hard-to-reach
destinations include many where runway access is seasonally compromised and where the cost of
last-minute air operations — driven by non-anticipatory logistics planning — is multiple times the
cost of pre-positioned surface transport.78

Better logistics pre-positioning under τ reduces the premium cost burden on operations serving
remote populations — a cost that, in practice, translates into fewer resources per person reached
in the most vulnerable locations. Anticipatory logistics investment is therefore disproportionately
equity-positive: it reduces the tax imposed on humanitarian operations by post-event improvisation,
and that tax is paid most heavily in the communities with the least existing resilience infrastructure.

13.3 Labor and livelihoods in anticipatory action contexts

Anticipatory cash transfers and livelihood protection actions — livestock protection, seed vouchers,
agricultural input provision — are most effective when they reach households in the decision window
before a shock forces distress sales. WFP’s evidence synthesis documents that the 36% reduction in
hunger days observed in anticipatory vs. reactive cash recipients in Bangladesh was driven primarily
by the ability of households to protect assets and maintain productive activities rather than being
forced into distress coping.79

Under τ , the extended lead time and higher trigger confidence enable anticipatory programs to
reach households in this decision window more reliably. This is directly relevant to the labor and
livelihoods dimension: small-scale farmers, pastoralists, fishing households, and daily-wage workers
face a narrow window in which anticipatory support can prevent livelihood asset loss. A 14-day
rather than 5-day anticipatory window, and a 4% rather than 18% false alarm rate, makes that
window operationally reachable.

13.4 Climate equity across income levels

The countries most exposed to climate-driven humanitarian hazards are overwhelmingly low-income
countries with the weakest existing forecast infrastructure, the smallest DRM budgets, and the
least access to pre-arranged climate-risk finance. The GCF loss and damage framework, the IASC
anticipatory action joint framework, and the InsuResilience partnership all explicitly prioritize closing
this equity gap.808182

τ deployment must be designed to prioritize climate equity — not simply to deploy where institutional
capacity already exists. The Sahel, Horn of Africa, Pacific SIDS, South Asia coastal communities,
and Central American cyclone-exposed populations represent both the highest τ value-add contexts
(weakest current forecast infrastructure, highest stakes for trigger quality) and the clearest climate
equity imperative.

78World Food Programme, UN Humanitarian Air Service (UNHAS) 2024 Overview, https://www.wfp.org/unhas
79World Food Programme, Anticipatory Action in South Asia: Bangladesh and Nepal Evaluation Report (2022),

WFP Evaluation Office, Rome.
80Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte

ragencystandingcommittee.org/anticipatory-action
81InsuResilience Global Partnership, InsuResilience Global Partnership: Vision 2025 — 500 Million Protected,

https://www.insuresilience.org/
82Green Climate Fund, Readiness Programme and Anticipatory Action Investment Framework (2024), https:

//www.greenclimate.fund/readiness
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14 Benchmark Suite and Success Metrics

14.1 Trigger performance benchmarks

False alarm rate. Defined as: (number of activations where hazard did not meet threshold) /
(total activations). Current baseline: 15–22% for tropical cyclone triggers, 18–30% for flash flood
triggers in complex terrain. τ target: below 5%.

Missed event rate. Defined as: (number of qualifying events that did not trigger activation) /
(total qualifying events). Current baseline: 10–18% for flood systems in data-sparse environments. τ
target: below 3%.

Lead time extension. Defined as: days of reliable trigger confidence above activation threshold,
averaged across trigger types and events. Current baseline: 5 days for cyclone and flood triggers. τ
target: 14 days.

Spatial targeting precision. Defined as: median distance between forecast trigger zone and
observed impact centroid. Current baseline for tropical cyclone: 80–150 km track uncertainty at
72-hour lead time. τ target: 20–40 km.

Basis risk reduction. Defined as: fraction of trigger activations that do not align with observed
loss, plus fraction of qualifying losses that do not produce trigger activation. Current ARC baseline:
approximately 20–30%. τ target: below 10%.

14.2 Logistics performance benchmarks

Pre-positioning completion rate. Defined as: fraction of planned pre-impact inventory movements
completed before hazard-driven corridor closure. Current WFP baseline: data varies by country and
event, with corridor closure often preceding pre-positioning completion in 5-day window cases. τ
target: pre-positioning completion in >90% of planned movements under 14-day window.

Mode substitution success rate. Defined as: fraction of logistics disruption events for which
alternative transport mode was successfully activated before primary mode closure. τ target: >85%
with pre-planned substitution based on forecast corridor disruption timing.

Last-mile delivery timing. Defined as: days between hazard impact and first delivery to target
communities. Current baseline: varies widely; reactive operations average 7–14 days post-impact for
remote communities. τ target: pre-positioned supplies available within 72 hours post-impact for
communities with pre-positioning.

Cost per metric ton delivered. Defined as: total logistics cost (transport, warehousing, last-mile)
per metric ton delivered to target community. τ target: reduction relative to baseline through
improved pre-positioning that reduces emergency premium transport reliance.

14.3 Finance and disbursement performance benchmarks

Time from trigger to disbursement. Defined as: days from trigger threshold crossing to first
disbursement reaching beneficiaries. Current World Bank REPAIR target: 7 business days. τ target:
consistent achievement of 5-business-day disbursement through improved trigger confidence and
pre-authorized disbursement protocols.

Finance utilization rate. Defined as: fraction of pre-arranged finance deployed in activations
that achieve target humanitarian outcomes relative to evaluation criteria. Current baseline: varies;
false alarm misallocations reduce effective utilization by the false alarm rate (15–22% for current
systems). τ target: >95% utilization of activations achieving humanitarian outcome alignment.
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Sovereign payout alignment. Defined as: correlation between payout trigger firing and
government-documented loss above threshold. Current ARC baseline: 70–80% alignment. τ target:
>90% alignment through improved trigger physics.

14.4 Humanitarian and household outcome benchmarks

People reached before impact. Defined as: number of people receiving anticipatory action
(cash, in-kind, evacuation support) before hazard impact event. WFP baseline: 6.2 million in 2024.
τ target: depends on investment and scale, but trigger quality improvement alone (without new
investment) could increase effective reach by 20–40% through reduced false alarm waste and increased
activation confidence.

Hunger day reduction. Defined as: percentage reduction in hunger days experienced by house-
holds in anticipatory action programs relative to matched reactive-aid households. Current WFP
Bangladesh baseline: 36% reduction. τ target: maintain or improve this ratio through better-timed
and better-targeted activations.

Asset protection rate. Defined as: fraction of households in anticipatory programs that pre-
served key productive assets (livestock, seeds, tools) relative to matched control groups. τ target:
improvement relative to current baselines through earlier and more precise anticipatory action.

Household debt and distress sale avoidance. Defined as: fraction of households in anticipatory
programs that avoided distress asset sales and emergency debt relative to matched controls. This is
the most direct welfare measure for anticipatory action program success. τ target: demonstrable
improvement relative to current program baselines through extended lead time.

15 Governance Guardrails

15.1 Warnings must remain connected to human accountability

A trigger system that drives pre-arranged financial commitments of tens of millions of dollars must
have clear, named human accountability at every activation decision. τ -grade trigger advice is
decision-support intelligence, not a substitute for institutional decision-making. The value proposition
is that decision-makers have better information, not that decisions are made automatically.

This is not merely a philosophical principle — it is a legal requirement in most jurisdictions. IFRC’s
legal analysis of anticipatory action frameworks documents that in almost every country, anticipatory
fund release, evacuation authorization, and government contingency budget access require explicit
authorization by a named official or body.83 Any τ -informed operational use would have to work
within these accountability structures.

15.2 Trigger transparency is a prerequisite for institutional trust

Communities, governments, and funders will only sustain long-term commitment to τ -grade antici-
patory action if they can inspect: - what data and physics drove the trigger recommendation; - why
an activation happened or did not happen; - what uncertainty bounds existed; - and how the trigger
performed relative to what actually occurred.

This is not a public relations requirement. It is an operational requirement for institutional learning.
Trigger performance evaluation — comparing predictions against outcomes — is the primary

83IFRC, Disaster Law for Early Warning, Early Action: Legal Frameworks (2024), https://disasterlaw.ifrc.org
/sites/default/files/media/disaster_law/2024-03/Disaster%20law%20for%20early%20warning%20early%20a
ction.pdf
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mechanism by which anticipatory action programs improve over time. τ must be designed to support,
not obstruct, this evaluation cycle.

Transparency requirements should include: published trigger methodology documentation accessible
to national DRM ministries; post-event trigger performance reports; and access to trigger reasoning
for external verification by academic and independent monitoring bodies.

15.3 Pre-arranged finance must be additional, not substitutional

A documented risk in anticipatory action scale-up is that donor enthusiasm for innovative trigger-
linked pre-arranged finance leads to implicit substitution for baseline resilience funding, preparedness
budgets, and response capacity investment. IFRC has raised this concern explicitly: the promise of
anticipatory action should not become justification for reducing the humanitarian financing floors
that protect against events that no trigger system will anticipate correctly.84

τ -grade trigger improvements, however good, will not reduce the base demand for humanitarian
response capacity. Some events will remain poorly predicted. Some triggers will fail. Some
communities will not be reached. Pre-arranged finance and better trigger quality are complements
to baseline humanitarian capacity, not replacements.

15.4 Local delivery rights require legal foundation

IFRC’s work on disaster law and anticipatory action documents that the operational delivery layer
— community-level cash transfers, evacuation support, livestock protection — depends on legal
frameworks that authorize pre-agreed action before a disaster declaration.85 In many countries,
these legal authorizations do not yet exist. Better trigger quality is necessary but not sufficient for
scale: the legal and policy environment must also permit pre-agreed action.

τ translation pathways should include support for the legal and policy work that IFRC has pioneered
— ensuring that improved trigger quality can be translated into legal operational authority for
pre-agreed action.

15.5 No-regret action options should remain structurally central

A mature anticipatory action architecture should not force every decision into a binary high-stakes
trigger. The τ bounded-uncertainty framework enables a structured approach: no-regret actions
at lower confidence thresholds (actions that help regardless of whether full hazard materialization
occurs), low-regret actions at moderate confidence, and high-commitment actions at high confidence.

This tiered structure respects institutional risk tolerance, allows action under uncertainty without
requiring certainty, and preserves the humanitarian mandate of reaching the most vulnerable
populations even when forecast confidence is incomplete.

15.6 Data governance must protect vulnerable populations

Risk intelligence generated from τ -grade models — particularly community-level vulnerability
assessments, logistics routing data, and individual beneficiary reach data — must be governed under

84IFRC, Strengthening National Disaster Risk Management Systems through the Integration of Anticipatory Action
(2025), https://www.ifrc.org/sites/default/files/2025-09/Strengthening_National_Disaster_Risk_Managem
ent_Systems_through_integration_of_anticipatory_action.pdf

85IFRC, Disaster Law for Early Warning, Early Action: Legal Frameworks (2024), https://disasterlaw.ifrc.org
/sites/default/files/media/disaster_law/2024-03/Disaster%20law%20for%20early%20warning%20early%20a
ction.pdf
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principles that protect rather than expose vulnerable populations. The humanitarian data protection
framework (OCHA Data Responsibility Guidelines, ICRC Data Protection Framework) applies
explicitly to any τ deployment in humanitarian contexts.86 τ -grade data should not be shared with
actors whose use could endanger the populations the system is designed to protect.

16 SDGMapping and Bottom Line

16.1 SDG and international framework alignment

SDG 1 — No Poverty. Anticipatory action’s most direct poverty impact is through asset protection
and livelihood preservation. Households that avoid distress sales and debt cycles under anticipatory
support maintain human capital and productive assets that would otherwise be lost. τ -grade trigger
quality improvements directly support SDG 1 target 1.5 (reduce exposure and vulnerability of the
poor to climate-related extreme events).

SDG 2 — Zero Hunger. WFP’s anticipatory action programs are primarily designed around
food security. The 36% reduction in hunger days documented in Bangladesh anticipatory action
programs is a direct SDG 2 outcome. τ -grade trigger improvement extends this outcome by reaching
more households earlier. SDG 2 target 2.4 (resilient agricultural practices) is directly supported by
anticipatory agricultural input provision enabled by longer trigger lead times.

SDG 11 — Sustainable Cities and Communities. SDG 11 target 11.5 calls for substantial
reductions in deaths and economic losses from disasters. Better anticipatory action, enabled by
τ -grade trigger quality, contributes directly to this target. The REPAIR program’s design explicitly
references SDG 11.5.

SDG 13 — Climate Action. SDG 13 target 13.1 (strengthen resilience and adaptive capacity to
climate-related hazards) and target 13.3 (improve capacity for climate change adaptation) are the
most direct SDG 13 alignments. τ -grade anticipatory action and climate risk finance architecture is
a direct implementation of SDG 13 adaptation finance frameworks.

Sendai Framework for Disaster Risk Reduction 2015–2030. All four Sendai priorities are
served by τ -grade anticipatory action: understanding disaster risk (Priority 1), strengthening disaster
risk governance (Priority 2), investing in disaster risk reduction for resilience (Priority 3), and
enhancing disaster preparedness for effective response (Priority 4). Sendai Target E — substantial
increase in the number of countries with national and local DRR strategies by 2020, and Target
F — substantially enhance international cooperation for developing countries — are both directly
relevant.

Paris Agreement — Adaptation Finance. The Global Goal on Adaptation and the loss
and damage finance framework endorsed at COP27/COP28 both identify anticipatory action and
pre-arranged risk finance as priority instruments. τ -grade trigger quality improvements are directly
eligible for adaptation finance under the Paris Agreement’s adaptation provisions.

IASC Anticipatory Action Joint Framework 2022–2025. The IASC framework calls for
anticipatory action to become a standard component of humanitarian programming by 2025, with
improved trigger quality, pre-arranged finance at scale, and integration with government DRM
systems.87 τ deployment is aligned with all three of these framework objectives.

86OCHA, Data Responsibility Guidelines for Humanitarian Organizations (2021); ICRC, Handbook on Data Protection
in Humanitarian Action, 2nd ed. (2020).

87Inter-Agency Standing Committee, IASC Anticipatory Action Joint Framework 2022–2025 (2022), https://inte
ragencystandingcommittee.org/anticipatory-action
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16.2 The bottom line

Under the τ working assumption, the anticipatory action, humanitarian logistics, and climate-risk
finance opportunity is one of the most practical and highest-leverage humanitarian implications of
the entire τ framework.

The reason is structural: the field already knows exactly what it wants. WFP, CERF, IFRC, the
Logistics Cluster, UNHAS, and the World Bank’s risk finance programs are all already working
toward earlier action, better logistics, faster payouts, fewer missed triggers, and less purely reactive
response. The institutional mandates exist. The financing windows exist. The community-level
delivery channels exist. The legal frameworks are being built.

What they do not yet have is a shared, high-confidence, bounded-error operational twin that can tie
warning, action, transport, and finance together on a single risk surface.

The East Africa drought of 2022 demonstrated the consequence with USD precision: USD 100M
proactive vs. USD 1.6B reactive, and the difference was not lack of warning — the 6-month warning
was accurate — but lack of trigger confidence sufficient to unlock pre-arranged response at scale.
The Mozambique Idai response demonstrated the consequence with geographic precision: USD 2.5M
deployed under 80–150 km track uncertainty, and better physics would have meant tighter targeting
and earlier activation. The Bangladesh program demonstrates the humanitarian precision: 36%
fewer hunger days for households reached anticipatorily vs. reactively — but only when triggers
activate at the right time.

Trigger quality is the rate-limiting variable. τ , under the working assumption, directly addresses
that rate-limiting variable: false alarms below 5%, missed events below 3%, actionable lead time
extended to 14 days, track uncertainty reduced 4–5×, and basis risk in parametric finance cut from
20–30% to below 10%.

Those are the physics improvements that convert promising-frontier anticipatory action into
mainstream-reliable public protection. They are what could finally make the IASC Joint Framework’s
ambition — anticipatory action as a standard property of humanitarian systems, not a pilot-project
exception — operationally achievable.

That would be a very large public good.

17 References

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 risk twin could connect warnings,
humanitarian logistics, and pre-arranged finance into one operational architecture—reducing the
warning-exists-but-action-arrives-too-late problem at scale. The v3 impact thesis is conditional:
a Tau-grade anticipatory-action, humanitarian logistics, and climate-risk finance 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 risk twin could connect warnings, humanitarian
logistics, and pre-arranged finance into one operational architecture—reducing the warning-exists-but-
action-arrives-too-late problem at scale. 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

• World Food Programme, Anticipatory Action for Climate Shocks [8]: Platform Overview
2024,.

• World Food Programme, 10 Years of Action: Anticipatory Action. Year in Focus 2024, [7]:
source-page evidence item.

• World Food Programme, Saving Lives, Time and Money: Evidence from Anticipatory Action
(2025), [10]: source-page evidence item.

• CERF, Annual Results Report 2024, [1]: source-page evidence item.

• CERF, Anticipatory Action Portfolio Update 2024, [2]: source-page evidence item.

• IFRC, Strengthening National Disaster Risk Management Systems through the Integration of
Anticipatory Action (2025), [4]: source-page evidence item.

• World Food Programme, WFP Annual Review 2024, [12]: source-page evidence item.

• World Food Programme, UN Humanitarian Air Service (UNHAS) 2024 Overview, [11]:
source-page evidence item.

• World Food Programme, Logistics Cluster [9]: Mandate and Operations,.

• World Bank, The Risk Finance Umbrella Program: Annual Report 2025, [6]: source-page
evidence item.

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,
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including CERF, IFRC, World Food Programme. 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
anticipatory-action, humanitarian logistics, and climate-risk finance twin.

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: anticipatory-action, humanitarian logistics, and climate-risk
finance twin.

First benchmarkable test: trigger timing, pre-positioning, and payout decision quality against
historical humanitarian response and forecast-based finance cases.

• domain-specific model construction

• data ingestion and validation

• benchmark harness

• pilot protocol

• independent review workflow

18.6 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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18.7 Scenario bands

Band Scenario summary Confidence

Conservative A narrow shadow-mode pilot improves one bounded deci-
sion task for Anticipatory Action, Humanitarian Logistics,
and Climate-Risk Finance without operational authority.

medium

Realistic A reviewed prototype strengthens several public-sector
workflows for Anticipatory Action, Humanitarian Logistics,
and Climate-Risk Finance after benchmark comparison
with incumbent systems.

medium-low

Optimistic A reusable public-good intelligence layer becomes plausi-
ble for Anticipatory Action, Humanitarian Logistics, and
Climate-Risk Finance after external validation and trans-
parent governance review.

low

18.8 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 5/5 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.

18.9 Candidate pilot pathways

forecast-based action simulation with a humanitarian agency, meteorological service, and disaster-risk
financing partner

18.10 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

trigger timing, pre-
positioning, and pay-
out decision quality
against historical hu-
manitarian response
and forecast-based fi-
nance cases

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

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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