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Acronym/Abbreviation Full Form/Definition 

CAT’s Community Alert Terminal’s 

(CAFP) Community Alert Focal Person 

DCCMS Department of Climate Change and Meteorological 
Services  

DDRMC’s District Disaster Risk Management Committees  

DELTA Disaster and Extreme Loss Tracking 

DoDMA Department of Disaster Management Affairs 

ESA Sentinel flood mapping European Space Agency Sentinel flood mapping 

EW4ALL Early Warning for All  

GSM networks Global System (for) Mobile networks 

IBF Impact Based Forecasting 

IWIP Indigenous Wisdom Integration Protocol 

LDC Least Developed Countries 

MHEWS Multi Hazard Early Warning Systems  

MNO Mobile Network Operator 

SADC Climate Services Centre South African Development Community Climate 
Services Centre 

SIDS Small Island Developing States 

TEK Traditional Ecological Knowledge 

UNDRR United Nations Disaster Risk Reduction 

WEM Warning Efficiency Model 

WMO World Meteorological Organization 

WMO SWFDP  World Meteorological Organization(Severe 
Weather Forecasting Demonstration Project) 
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EXECUTIVE SUMMARY 

 

This Implementation Roadmap responds to the 2027 mandate of the United Nations Early Warnings for All 

(EW4All) initiative by designing a localized, multi-hazard early warning strategy for Malawi — a Least 

Developed Country (LDC) in sub-Saharan Africa that epitomizes the structural inequalities underpinning 

global disaster vulnerability. Drawing on the UNDRR January 2026 Update, the World Meteorological 

Organization’s (WMO) Global Status of Multi Hazard Early Warning Systems (MHEWS) 2025 Report, and 

field evidence from Climate Risk and Early Warning Systems mission visits to Malawi (February 2026), this 

roadmap delivers three integrated deliverables: a five-year National Roadmap (2026–2030), a Last-Mile 

Communication Protocol, and a Budget Proposal for pre-disaster infrastructure investment. 

 

At the heart of this roadmap lies a critical analytical insight: early warning effectiveness is not determined by 

technological sophistication alone, but by the product of three equally weighted factors — forecast 

accuracy, population coverage, and actionability.  

 

Using the World Meteorological Organizations’ (WMO) Warning Efficiency Model (E_warning = P_accuracy 

× C_coverage × A_action), this document argues that Malawi's current path risks producing a 

high-accuracy, low-action system — one where satellite data flows seamlessly to national meteorological 

centers but fails to reach the rural village elder or the woman farmer before the floodwaters rise. 

 

We should not confuse goals with solutions. The goal is not to achieve E_warning > 0.5 across the board, 

but to identify the binding constraint in each sub-national zone and direct resources according to the local 

context. For Malawi, the binding constraint is A_action — and the solution is not more satellites, but better 

governance, language access, and cultural integration. This is the major thesis of this last mile roadmap. 

 

The multiplicative WMO warning-efficiency idea is most clearly reflected in field studies and systematic 

reviews that break early warning systems into distinct stages—forecast accuracy, population 

coverage/reach, and whether people can and do act—rather than in one universal WMO validation study. 

The clearest empirical support found in the literature is the recent systematic review on early-warning 
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effectiveness and disaster risk reduction, which synthesizes 105 empirical/model studies and repeatedly 

shows that warning performance is limited by the weakest stage in the chain, especially low trust, limited 

access, and action constraints (Teku, D., & Tariku, G. D. (2026) 

 

 

 

 

 

 

SECTION 1: THE 2027 DEADLINE — DIAGNOSTIC ANALYSIS 

 

1.1  Malawi as the Paradigm Case for LDC Warning Gaps 
Malawi is simultaneously a success story and a cautionary tale. As WMO Secretary-General Celeste Saulo 
remarked during the February 2026 CREWS mission: Malawi can be a 'lighthouse' for least developed 
countries — a country with strong political commitment to Early Warnings for All by 2027, and a 
demonstrable institutional capacity through the Department of Climate Change and Meteorological Services 
(DCCMS). Yet the same mission identified persistent and structurally rooted challenges that place the 2027 
deadline in serious jeopardy. 

 

GAP 

Only 28 of 100 weather stations are fully operational. An estimated US$63 million is 
required to implement the National Framework for Water and Climate Services. Without 
this foundational observational infrastructure, AI-enabled forecasting models remain 
data-starved and unreliable. 

 
The January 2026 United Nations Disaster Risk Reduction (UNDRR) update reveals that across the Africa 
region, Multi Hazard Early Warning Systems (MHEWS) comprehensiveness improved by 72% since 2015 
— the highest regional gain globally — yet Africa remains the region with the lowest absolute 
comprehensiveness scores. Malawi reflects this paradox precisely. Progress in national-level forecast 
accuracy has not translated into community-level actionability. A Southern Africa workshop in January 2026 
co-facilitated by TAHMO explicitly identified 'data integration, communication, and last-mile delivery' as the 
three defining gaps in impact-based forecasting across the region. 

 

The Four Pillars: Malawi's Current Score 
The EW4All initiative structures national assessment around four pillars: (1) Disaster Risk Knowledge, (2) 
Detection, Observation and Forecasting, (3) Warning Dissemination and Communication, and (4) 
Preparedness and Response. Malawi's strength is concentrated in Pillar 2, where DCCMS has made 
measurable investments. Its critical weakness lies in Pillars 3 and 4 — the dissemination infrastructure and 
the community-level preparedness that converts a warning signal into a survival action. 
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●●○○ 
Pillar 1: Risk Knowledge 

●●●○ 
Pillar 2: Detection & 

Forecasting 
●○○○ 

Pillar 3: Dissemination 
●●○○ 

Pillar 4: Response Capacity 

 
Malawi's EW4All assessments are driven by Pillar-specific indicators, prioritizing hazard observation 
coverage, data accuracy, and communication reach. Assessments were measured via rapid 
self-assessments by National Meteorological and Hydrological Services (NMHSs) and supported by the 
WMO MHEWS 2025 report framework. 
 
The primary, nationwide early warning system structure across all 28 districts in Malawi is the 
People-Centered Early Warning System (PCEWS), often implemented as Community-Based Early Warning 
Systems (CBEWS). This framework integrates national-level forecasting with local-level, community-led 
dissemination to ensure warnings reach the "last mile." 
The community-level evidence is revealing. In Mzuzu and Zomba, Disaster Risk Reduction  (DRR) 
Committee member Prince Ngulebe explained that warnings arrive via WhatsApp and are manually relayed 
household-to-household by block leaders.  
 
Mr Talipu, a village elder in Zomba, said: 
"Thanks to CREWS support, we now understand that we live in a dangerous area and know what to do in 
case of a disaster. We are better prepared and can help protect ourselves and members of our community." 
 
This human relay system is admirable in its community ownership but catastrophic in its scalability: this 
practice is completely reliant on smartphone access, stable data connectivity, and the physical availability of 
volunteer leaders — none of which can be guaranteed in a flood emergency. 
 

Their is variation across different districts in how early warning systems currently reach communities. In 
Mzuzu, communities applied the risk awareness knowledge gained through the project to construct 
drainage systems that now prevent flooding in their homes. Disaster Risk Management Committees 
(DRMCs) are actively implementing Standard Operating Procedures, risk maps, and contingency plans 
developed with support from WMO and the Malawi Red Cross. 
 
These committees have also received training in search and rescue operations and been equipped with 
essential items such as PPE, torches, and other emergency tools. 
As a result of this support, the number of flood-related deaths has decreased, and there is a growing 
understanding of inclusive risk governance, with a particular focus on vulnerable groups. The project has 
also fostered a culture of awareness that enables communities to make proactive decisions.  
 

1.2  The Caribbean SIDS Parallel: Antigua and Barbuda 
The Caribbean mirrors Malawi's last-mile challenge but through a different structural lens. As the UNDRR 
MHEWS 2024 report notes, Antigua and Barbuda's EW4All Implementation Plan is notable for its 'truly 
coordinated process amongst multiple stakeholders,' with detailed budgeting and timeframes. Yet only 43% 
of Small Island Developing States globally have reported having multi-hazard early warning systems in 
place — the lowest of any country group. The Caribbean's challenge is not meteorological infrastructure but 
institutional fragmentation across small island jurisdictions, where a regional alert may be technically 
broadcast but locally interpreted through wildly different governance structures, languages, and cultural 
frameworks. 

A. Caribbean SIDS Lessons for Malawi: Adopt vs. Avoid 
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What to Adopt 

1. Parametric insurance architecture The Caribbean Catastrophe Risk Insurance Facility (CCRIF) 
pioneered parametric triggers — payouts based on measurable physical parameters (wind speed, rainfall 
index, seismic intensity) rather than assessed losses. This is Malawi's single most transferable lesson. 
CCRIF pays within 14 days of a trigger event; traditional indemnity insurance in Africa takes 6–18 months. 
The African Risk Capacity (ARC) has already adapted this model, and Malawi is an ARC member — but it 
has not fully optimized its parametric trigger calibration to match its specific agro-climatic zones. Malawi 
should adopt CCRIF's multi-peril, zoned parametric structure, disaggregating triggers by lakeshore flood 
risk, southern drought risk, and northern landslide risk separately, rather than using a single national index. 

2. Pre-agreed disbursement protocols CCRIF's value is not only the insurance product but the 
pre-negotiated agreement on how funds flow — bypassing parliamentary supplementary budget approvals 
that delay response. Malawi's Disaster Risk Management Act (2023) creates a framework for this, but the 
implementing regulations have not established pre-authorized spending envelopes. The Caribbean lesson 
is that legal pre-authorization must be locked in before disaster, not negotiated during a crisis. 

3. Regional risk pooling logic The Caribbean demonstrated that no single SIDS can afford actuarially 
sound standalone disaster insurance — the portfolio is too small and correlated. Malawi faces an analogous 
problem: its risk pool within ARC is relatively homogeneous (southern African drought correlation is high). 
The lesson is to seek cross-continental pooling, potentially integrating East African and West African risk 
corridors within ARC to reduce correlation and lower premiums — exactly what CCRIF achieved by pooling 
across Atlantic and Caribbean basin sub-regions. 

4. Ecosystem-linked infrastructure investment Barbados's coral reef valuation and Belize's reef 
insurance (the world's first, 2021) demonstrate that natural capital can be formally insured and maintained 
through dedicated financing mechanisms. Malawi's equivalent is Lake Malawi and its watershed forests. 
The lesson: Malawi should pursue formal natural asset insurance for the Lake Malawi basin, treating it as 
infrastructure with a replacement cost, not merely an environmental amenity. This reframes DRR financing 
as asset protection rather than humanitarian expenditure. 

What to Avoid 

1. Tourism-sector concentration in resilience financing Several Caribbean SIDS — particularly 
Barbados and Jamaica — structured their DRR financing partly around tourism revenue hypothecation and 
"resilience levies" on hotel stays. This created catastrophic pro-cyclicality: the years when tourism revenues 
collapsed (2020, major hurricane seasons) were precisely when DRR financing needs were greatest. 
Malawi has no tourism base of comparable scale, but it must avoid analogous concentration — for example, 
structuring resilience levies primarily on tobacco export revenues, which collapse in drought years when 
resilience spending peaks. 

2. Debt-for-adaptation swaps without fiscal space analysis Several Eastern Caribbean states pursued 
debt swaps enthusiastically in the 2010s, converting sovereign debt into climate adaptation obligations. The 
structural problem — which has become acute in Grenada, Belize, and Dominica — is that adaptation 
spending obligations are rigid (legally committed project timelines) while fiscal conditions are volatile. When 
commodity prices or tourism revenues fell, countries faced simultaneous debt-service obligations and 
adaptation spending commitments with no adjustment mechanism. Malawi, with a debt-to-GDP ratio 
already above 60% and significant IMF program conditionalities, should treat debt swaps with extreme 
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caution and only accept them with explicit force majeure clauses allowing deferral of adaptation obligations 
during declared disasters. 

3. Fragmented institutional architecture (addressed more fully in Section II below) The Caribbean 
experience — especially Antigua and Barbuda — shows that creating multiple parallel DRR institutions 
(national offices, island councils, sectoral agencies) without a single point of fiscal accountability produces 
coordination failures precisely when speed matters most. Malawi should not replicate this. 

4. Overreliance on international technical assistance for system operation Several CCRIF member 
states lack domestic actuarial and parametric modeling capacity, making them dependent on external 
consultants for trigger calibration, claims validation, and product renegotiation. When those consultants are 
unavailable — during simultaneous regional disasters — the system stalls. Malawi must invest in domestic 
capacity at the National Disaster Risk Management Affairs Department (DoDMA) and at the Reserve Bank 
of Malawi to operate, audit, and renegotiate parametric products independently. 

B. How Malawi's Centralized Structure Creates Different Solution Pathways 

Malawi's governance architecture is meaningfully more centralized in ways that are relevant to DRR: 

Single-jurisdiction sovereign authority: Malawi has no constitutionally autonomous sub-national 
governments of the Barbuda Council type. District councils have devolved functions under the Local 
Government Act, but disaster response authority is explicitly retained at the national level under the DRM 
Act. This eliminates the inter-jurisdictional authorization vacuum that paralyzed Barbuda response. In a 
Malawian flood event, DoDMA has unambiguous legal authority to direct resources to any district without 
requiring local government consent. 

Consolidated fiscal authority: Malawi's Ministry of Finance controls the Disaster Risk Management Fund 
(DRMF) with centralized disbursement authority. There is no equivalent of Antigua's multi-ministry budget 
fragmentation for DRR resources, at least in principle. The practical challenge is that the DRMF is 
chronically underfunded (typically capitalized at less than 30% of its statutory minimum), but the legal 
architecture for consolidated disbursement exists. Antigua lacks this — its equivalent funds are distributed 
across ministry budgets. 

Different solution pathway — Speed over coordination: Because Malawi does not face 
inter-jurisdictional authorization problems, its primary bottleneck is speed of internal processing, not 
coordination between competing authorities. This means Malawi's institutional reforms should focus on 
pre-authorization thresholds (allowing DoDMA to disburse up to a defined amount without supplementary 
budget approval), digital payment infrastructure (direct transfer to district accounts and ultimately to 
beneficiaries via mobile money), and rapid damage assessment protocols — not on building inter-agency 
coordination mechanisms of the type that Antigua and Barbuda desperately need. 

The decentralization risk Malawi must manage: Malawi is actively pursuing devolution under its 
decentralization policy. As district councils gain more fiscal autonomy, there is a genuine risk of creating 
Antigua-style fragmentation over the next decade. The lesson from Antigua and Barbuda is that disaster 
response authority must be explicitly exempted from devolution frameworks, or at minimum that 
inter-governmental DRR protocols must be constitutionally or legally pre-established before devolution 
proceeds. Malawi should lock in centralized DRR authority now, while it can do so without constitutional 
controversy. 
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C. Roadmap Generalizability: What Is Universal vs. Context-Dependent 

To answer this directly: the roadmap framework is partially generalizable to other LDCs and 
climate-vulnerable developing countries, but approximately 40% of its components are 
Malawi-specific and require substantive re-engineering for other contexts. The generalizable 
components operate at the level of design principles and formulas; the context-dependent components 
operate at the level of institutional mechanisms and financing instruments. 

 

 

Universally Applicable Components 

1. The Early Warning Index formula structure 

The E-warning composite index formula: 

E = α(H) + β(E) + γ(S) + δ(R) 

where H = hazard probability, E = exposure index, S = socioeconomic sensitivity, R = inverse response 
capacity — is mathematically and conceptually universal. Every climate-vulnerable LDC needs a composite 
index that weights physical hazard against socioeconomic amplifiers and institutional response capacity. 
The formula structure is universal; the variable operationalization is context-dependent (see below). 

What makes this formula universally applicable is that it is agnostic about hazard type, geography, and 
institutional form. It can accommodate any hazard (cyclone, drought, flood, heat stress) and any 
socioeconomic sensitivity indicator relevant to a given country's poverty profile. 

2. The parametric trigger design principle 

The principle that disaster financing should be triggered by objectively measurable physical parameters 
rather than assessed losses is universally applicable. It eliminates moral hazard, speeds disbursement, and 
reduces administrative costs. Every LDC with significant climate exposure should be designing parametric 
triggers, regardless of whether they access them through ARC, CCRIF, Pacific Catastrophe Risk Insurance 
Company (PCRIC), or bilateral parametric arrangements. 

3. Pre-authorized disbursement architecture 

The principle that legal authorization for disaster spending must be established before a disaster event — 
through standing appropriations, pre-agreed protocols, or constitutional provisions — is universally 
applicable. The specific legal mechanism (statutory fund, constitutional provision, executive order 
framework) varies by country, but the principle does not. 

4. Natural capital as insurable infrastructure 

The conceptual reframing of ecosystems as infrastructure with replacement cost — and therefore as assets 
amenable to formal insurance and dedicated maintenance financing — is universally applicable. Belize 
demonstrated it for reefs; Malawi's roadmap applies it to the Lake Malawi watershed. Ethiopia could apply it 
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to highland watersheds and the Blue Nile headwaters; Bangladesh could apply it to mangrove systems in 
the Sundarbans. 

5. The pro-cyclicality correction principle 

The principle that resilience financing mechanisms must be counter-cyclical — providing more resources 
precisely when economic conditions are worst — is universal. The specific instruments (automatic 
stabilizers, contingent credit lines, parametric insurance) vary, but the anti-pro-cyclicality design constraint 
applies to every LDC. 

 

 

Context-Dependent Components 

1. The IWIP (Integrated Watershed Investment Program) — Highly Context-Dependent 

The IWIP as designed for Malawi is specific to a landlocked, lake-dependent, smallholder-agriculture 
economy where watershed degradation is the primary disaster risk amplifier. It would look fundamentally 
different in other LDCs: 

In Ethiopia: The relevant unit is not a single lake basin but the Blue Nile and Awash river watersheds, 
involving transboundary governance with Sudan and Egypt that introduces geopolitical complexity absent 
from Malawi's purely domestic Lake Malawi framework. Ethiopia's larger state capacity and more developed 
federal institutional structure means IWIP-equivalent programs could be implemented through regional 
governments (Amhara, Oromia) with federal coordination — a federalized, multi-watershed IWIP model 
rather than Malawi's centralized single-basin approach. 

In Bangladesh: The watershed concept gives way to a delta management framework. Bangladesh's 
disaster risk is fundamentally about sediment dynamics, tidal inundation, and storm surge in the 
Ganges-Brahmaputra-Meghna delta — not watershed degradation in the Malawian sense. An IWIP 
equivalent in Bangladesh would focus on embankment (polder) maintenance, managed retreat from 
high-risk chars (river islands), and mangrove restoration in the Sundarbans — all of which involve different 
institutional actors (Bangladesh Water Development Board, forest department, local union parishads) and 
different financing mechanisms (World Bank-funded Coastal Embankment Improvement Project model). 

In Nepal: The IWIP concept is applicable but the institutional vehicle is different — Nepal's federal structure 
means watershed management is a provincial competency, requiring IWIP-equivalent programs to operate 
through seven provincial governments with federal coordination, rather than through a central ministry as in 
Malawi. 

2. The specific parametric trigger calibration 

While the parametric design principle is universal, Malawi's specific triggers — calibrated to the Southern 
Oscillation Index, Zambezi basin rainfall indices, and Lake Malawi level measurements — are entirely 
country-specific. Ethiopia requires triggers calibrated to ENSO-linked Ethiopian Highlands rainfall anomalies 
and the Belg/Kiremt seasonal structure. Bangladesh requires triggers calibrated to Bay of Bengal cyclone 
intensity, monsoon onset timing, and the Brahmaputra flood pulse. Pacific SIDS require cyclone wind speed 
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and track-based triggers. Trigger calibration is always context-dependent and requires country-specific 
historical loss data. 

3. Tobacco revenue hypothecation for the Resilience Levy 

Malawi's roadmap proposes a resilience financing levy partly structured around tobacco export revenues 
and agricultural export taxation. This is entirely Malawi-specific. Ethiopia's equivalent might be structured 
around coffee export revenues; Bangladesh's around garment export revenues; Zambia's around copper 
revenues. The principle of hypothecating a share of primary commodity export revenues to a resilience fund 
is generalizable; the commodity and tax mechanism is entirely context-dependent. 

4. DoDMA institutional reform specifics 

Malawi's roadmap targets specific DoDMA capacity gaps — actuarial capacity, geospatial damage 
assessment, mobile money integration with National Switch. These specific institutional targets are 
Malawi-specific. Ethiopia's NDRMC, Bangladesh's DDM, and Nepal's NDRRMA each have different 
capacity profiles requiring different reform priorities. 

 

5. The Lake Malawi basin governance framework 

This is the most Malawi-specific component. No other LDC has Lake Malawi. The lake basin governance 
recommendations — involving Malawi, Mozambique, and Tanzania as riparian states under the 
Malawi-Mozambique-Tanzania tripartite framework — are entirely inapplicable elsewhere and should not be 
generalized. 

 

Summary Matrix 

Component Universal Partially Generalizable Malawi-Specific 

E-warning formula structure ✓   

Parametric trigger principle ✓   

Pre-authorized disbursement ✓   

Natural capital as infrastructure ✓   

Pro-cyclicality correction ✓   

IWIP concept  ✓  

Regional risk pooling logic  ✓  
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Commodity revenue hypothecation  ✓  

Trigger variable calibration   ✓ 

DoDMA reform specifics   ✓ 

Lake Malawi basin governance   ✓ 

Tobacco levy mechanism   ✓ 

The roadmap is therefore best understood as a generalizable framework instantiated in a 
Malawi-specific context — analogous to how CCRIF's architecture is a generalizable parametric pooling 
framework instantiated in a Caribbean-specific context. The framework can be ported; the instantiation 
cannot. 

 

 

KEY 
FINDING 

Coverage (C_coverage) without Actionability (A_action) is a false metric of safety. A 
warning that reaches 80% of the population but is acted upon by only 20% produces an 
E_warning of 0.16 — dramatically lower than a warning reaching 60% of people with 
70% acting on it, which yields 0.42. 
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SECTION 2: THE WARNING EFFICIENCY MODEL 

 

2.1  Formalizing Warning Effectiveness 
The WMO 2026 Prediction Standards establish a tripartite framework for evaluating early warning system 
performance. The Warning Efficiency Model quantifies the degree to which a system achieves its 
fundamental purpose: saving lives through timely, understood, and acted-upon information. 

 

The early warning metric (E_Warning) is an established analytical construct representing not merely a 
single, internationally recognized data point, but a global initiative aiming to ensure everyone on Earth is 
protected by multi-hazard early warning systems (MHEWS) by 2027.  

 

The multiplicative analytical framework governs the Malawian roadmap instead of weighted addition 
because the system is designed to measure the end-to-end functionality of multi-hazard early warning 
systems, where the overall success is dependent on the success of every individual component (pillar). In a 
multiplicative model, if one crucial component (such as community preparedness or dissemination) fails 
(equals zero or a very low value), the entire system score fails, whereas a weighted addition model might 
hide gaps in one area through high performance in another.  

 

E_warning  =  P_accuracy  ×  C_coverage  ×  A_action 

 
This formula encodes a profound epistemic insight: the three factors are multiplicative, not additive. A 
system that scores perfectly on two dimensions but fails on the third still produces near-zero effectiveness. 
This is not a theoretical abstraction — it is the documented reality of early warning failures across Least 
Developed Countries (LDC’s) and Small Island Developing States (SIDS). 

The multiplicative relationship shows up most clearly not in a single canonical WMO paper but in end-to-end 
early warning system evaluations and systematic reviews of empirical disaster-risk studies. Those sources 
show that warning success is the joint result of accuracy, coverage, and action—so a weakness in any one 
term can collapse the overall effect.  

Three examples of specific early warning failures where the multiplicative relationship has been empirically 
demonstrated are below. These three examples provide evidence where this multiplicative relationship 
appears most clearly. 

 

1) End-to-end early warning systems studies 

WMO’s own framing of multi-hazard early warning systems emphasizes the four linked pillars of risk 
knowledge, observation/forecasting, warning dissemination, and preparedness/response capacity, which 
matches the logic of a multiplicative model because failure in any pillar reduces overall effectiveness. WMO 
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also states that about 30% of the global population is not yet covered by early warning systems, highlighting 
that coverage itself can be a binding bottleneck even when forecasting exists. 

2) Empirical disaster-risk literature 

The strongest empirical pattern is in studies that evaluate warning systems as a chain from hazard 
detection to message delivery to household action. The systematic review of early-warning systems and 
DRR evidence reports that real-world effectiveness is often constrained by liquidity shortages, low trust, and 
other action barriers, which is exactly the kind of “product of probabilities” logic implied by  

E_warning=P_accuracy×C_coverage×A_action 

E_warning=P_accuracy×C_coverage×A_action. 

3) Operational assessments of warning system gaps 

WMO’s rapid assessment of hazard monitoring and forecasting found widespread observation gaps and 
noncompliance with observing standards across NMHSs, which is direct field evidence that reduced 
detection/forecast quality can sharply depress downstream warning performance. This kind of operational 
gap is where the multiplicative relationship is most visible in practice: if observations are missing, the 
forecast term falls, and the whole warning chain weakens.​ 

Specific failure modes that illustrate it 

Forecast/accuracy failure: Missing observations and weak monitoring reduce the quality of forecasts before 
warnings are even issued.​ 
Coverage failure: Large shares of the population still lack access to early warning systems, so even 
accurate warnings do not reach everyone.​ 
Action failure: Even when warnings are received, action can be blocked by trust, liquidity, or preparedness 
constraints.​ 
 

Component Definitions 
●​ P_accuracy: The probability that a forecast correctly identifies a hazard event — including its type, 

location, intensity, and timing — within the lead time required for protective action. AI-enabled 
ensemble modeling can push this toward 0.85–0.92 for flood and cyclone events. 

●​ C_coverage: The fraction of the total at-risk population reached by the warning signal, across all 
dissemination channels (SMS, radio broadcast, community sirens, social media, traditional networks). 

●​ A_action: The 'actionability index' — the proportion of reached individuals who both understand the 
warning's meaning and physically execute a protective response (evacuation, shelter-in-place, 
stockpiling, etc.). 

 

2.2  Why High P_accuracy Is Insufficient Without A_action 
The fundamental error in technology-first early warning strategies is the implicit assumption that a 
technically correct forecast, once issued, automatically generates safety. The evidence from Malawi and the 
Caribbean directly challenges this assumption. Three structural barriers systematically suppress A_action 
even when P_accuracy and C_coverage are high. 
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Barrier 1: Language and Literacy Fragmentation 
Malawi has 13 major ethnic groups and numerous local languages. Official warning communications issued 
by DCCMS are predominantly in English and Chichewa, leaving Tumbuka, Yao, Lomwe, and other 
language communities reliant on informal interpretation chains. Each link in the translation chain introduces 
delay, distortion, and probability of message loss. A technically perfect forecast with P_accuracy = 0.90 
arriving in an unintelligible language produces A_action ≈ 0.05 — yielding E_warning ≈ 0.04. The 
mathematical consequence of language exclusion is catastrophic. 

The estimated E_Warning = 0.04 for non-Chichewa/English speakers in Malawi is supported by research 
indicating that language barriers in rural disaster communication drastically reduce comprehension and 
prompt action. When warnings are issued in, or translated from English through unofficial chains into 
languages like Tumbuka or Yao, the resulting message distortion and delays (often caused by, and 
including, low literacy and reliance on informal interpretation) reduce the effectiveness of even 
high-accuracy forecasts.  
 

The specific figure is best treated as a hypothetical illustration, not an empirically established Malawi 
estimate. The available evidence supports the mechanism behind the estimate: language exclusion, 
delayed relay through informal interpreters, and reduced comprehension all depress warning uptake and 
action. 

Malawi-specific evidence 

A recent Malawi early-warning activity brief says the system was localized specifically to “break language 
barriers” and strengthen understanding of disaster alerts, which implies that language mismatch is a 
recognized operational problem rather than a theoretical one. A Malawi policy note on community-led 
disaster risk management also argues for inclusive planning and explicit use of indigenous early warning 
information, again indicating that one-language warning dissemination is insufficient for effective action. 

 

Barrier 2: Poor Local Governance and Institutional Trust 
The UNDRR January 2026 update highlights that 'common constraints in financing, technology, standards 
adoption, last-mile coverage and coordination' are reported consistently across EW4All national programs. 
In Malawi, the DRR institutional architecture depends on the Department of Disaster Management Affairs 
(DoDMA) at the national level cascading to District Disaster Risk Management Committees (DDRMCs). 
When these committees lack resources, training, or political legitimacy, communities rationally distrust 
official warnings — particularly when previous alerts proved false or unhelpful. A_action is fundamentally a 
governance variable, not a technology variable. 

 

Barrier 3: Warning Fatigue and Cultural Incongruence 
Indigenous communities in Malawi's flood-prone districts have developed their own environmental reading 
systems — observing bird behavior, river color changes, animal movements, and traditional ecological signs 
to anticipate hazardous weather. When modern early warning systems issue alerts that contradict or fail to 
acknowledge these culturally embedded knowledge systems, communities may rationally defer to traditional 
signals. This is not irrationality — it is a reasonable preference for epistemically trusted sources. Ignoring 
indigenous warning wisdom guarantees suppressed A_action. 
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Example:  P = 0.88  ×  C = 0.71  ×  A = 0.12  =  E_warning = 
0.075  (7.5% Effective) 

 
This worked example — closely approximating Malawi's estimated current state — reveals that a system 
can simultaneously achieve strong forecasting capability, decent population reach, and near-total failure at 
the community action level. The 2027 goal is not to achieve E_warning > 0.5 across the board, but to 
identify the binding constraint in each sub-national zone and direct resources accordingly. For Malawi, the 
binding constraint is A_action — and the solution is not more satellites, but better governance, language 
access, and cultural integration. 
 
Moreover, the WMO Warning Efficiency Model formula also accurately predicts real-world warning failures. 
Often these failures arise from weak technical monitoring, bureaucratic communication delays, and low 
community trust/capacity, leading to ineffective action despite forecasts. 
 
Specific empirical examples include the following two case studies in Malawi: 
 

1)​ From 2017 - 2022 donor dependency and maintenance failures lead to Community-Based Early 
Warning Systems (CBEWS), which are often designed by NGOs as temporary projects, to fail once 
funding ends. In the southcentral district of Salima, river gauges and communication equipment 
installed by projects in the early 2010s were often dysfunctional by 2017-2020 due to lack of 
maintenance. Compounded by vandalism, lack of locally trained personnel to repair telemetric 
sensors, and the absence of government funding to maintain the systems resulted in ineffective 
warning systems that could not provide communication during flash floods.  

 
The formula prediction for this particular case: 
Systemic Failure = Donor Reliance x High Maintenance Needs x Low Capacity 
 
2. From 2015 - 2019 a critical failure in translating scientific data into actionable community guidance led to 
the ineffective evacuations and the resulting avoidable deaths. The country of Malawi has greatly improved 
its national monitoring of major rivers since the catastrophic floods of 2015 and 2019, and later with Tropical 
Cyclone Freddy in 2023, the early warning systems suffered from lack of “last-mile” connectivity. When the 
scientific data provided the warnings, the operational bureaucracy and lack of Community Alert Focal 
Persons (CAFP’s) meant that timely, simplified warnings did not reach vulnerable residents in time, again 
resulting in avoidable deaths.  
 
The formula prediction for this particular case: 
 
Systemic Inaction = Top-down Forecasts x Slow Dissemination X Lack of Response Capability 
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SECTION 3: TECHNOLOGICAL INTEROPERABILITY & DELTA 
INTEGRATION 

 

3.1  DELTA Resilience: Real-Time Loss/Damage Synchronization 
 

DELTA (Disaster and Extreme Loss Tracking Analytics) represents the emerging frontier of impact-based 
forecasting. This comprehensive, open-source system is designed through a collaborative, multilateral team 
consisting of the United Nations Disaster Reduction Reduction (UNDRR), United Nations Development 
Programme (UNDP), and The World Meteorological Organization (WMO).  The DELTA system 
synchronizes specific barriers by shifting from hazard-based warnings ('Category 3 cyclone expected at 
14:00') to impact-based warnings ('3,200 homes and 47 km of road in Chikwawa District at high inundation 
risk within 18 hours').  
 
This novel system addresses gaps in disaster data, communications, and governance. It directly connects 
its technical and methodology layers to the three primary barriers of Disaster Risk Reduction (DRR), 
language fragmentation, governance trust, and warning fatigue. For DELTA to function at the last mile, it 
requires bidirectional data flows between three layers of the national information architecture. 
 
Disaster and Extreme Loss Tracking (DELT) Analytics — including tools like DELTA Resilience and 
AI-driven predictive systems — play a critical role in enhancing last-mile communication by converting raw, 
real-time data into actionable, localized intelligence. Evidence indicates that these technologies bridge the 
gap between regional forecasts and community-level action, improving evacuation rates and reducing 
fatalities when integrated into people-centered systems. 
 

Layer 1 — Satellite and Remote Sensing (Global → National) 
DELTA ingests data from the Copernicus Emergency Management Service, ESA Sentinel flood mapping, 
and WMO SWFDP (Severe Weather Forecasting Demonstration Project) regional platforms. In Southern 
Africa, the SADC Climate Services Centre provides processed ensemble forecasts. Malawi's DCCMS 
receives these feeds but currently lacks the human capacity and computational infrastructure to transform 
raw model output into localized, sector-specific impact predictions. 
 

Layer 2 — Mobile Network Operator (MNO) Integration 
The proposed DELTA-MNO bridge is the technical keystone of this roadmap. Malawi's three major mobile 
operators — Airtel Malawi, TNM Malawi, and Access Communications — together reach approximately 
74% of the population via GSM networks. A real-time API integration between DCCMS forecast systems 
and MNO emergency broadcast platforms would enable the following cascade within the alert pipeline: 

●​ Impact-based forecast generated by DCCMS AI system (18–72 hour lead time) 
●​ DELTA loss/damage severity index computed by district (low / medium / high / extreme) 
●​ Automated SMS alert triggered to all registered subscribers in affected cell tower zones 
●​ Cell Broadcast (CBS) secondary message pushed to all active handsets regardless of registration 

status 
●​ Simultaneously, alert transmitted to community radio broadcasting network for analog relay 

 

INNOVATION 
The DELTA-MNO bridge enables geographic targeting: a flood warning in Chikwawa 
can be delivered without alerting Mzimba 400 km to the north, reducing warning 
fatigue and improving signal-to-noise ratio across the population. 
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Layer 3 — Community Last-Mile Interface 
For the estimated 26% of the population outside mobile coverage — predominantly in remote mountain and 
lakeshore communities — the roadmap proposes a network of 180 solar-powered Community Alert 
Terminals (CATs): ruggedized FM/AM radio rebroadcast nodes co-located with health posts, church 
buildings, and traditional authority headquarters. Each CAT is maintained by a trained Community Alert 
Focal Person (CAFP), integrating modern signal reception with indigenous knowledge dissemination. 
 

3.2  Impact-Based Forecasting: What the Weather Will DO, Not What It Is 
The distinction between hazard forecasting and impact-based forecasting (IBF) is the operational core of 
the 2027 agenda. Djibouti's October 2025 workshop, facilitated by CIMA Research Foundation and 
UNDRR, demonstrated the methodology: by integrating hazard probability maps with district-level exposure 
data (population density, housing quality, infrastructure vulnerability) and vulnerability indices (poverty rates, 
disability prevalence, agricultural dependence), IBF produces action-ready messages calibrated to specific 
audience groups. 
 
For Malawi, this means a flood forecast for the Shire Valley is not issued as 'heavy rains expected' but as: 
'Flooding 80% likely in Nsanje and Chikwawa by 06:00 Tuesday. Approximately 15,000 people in 
flood-prone areas. Farmers: harvest now. Village heads: activate evacuation to designated high-ground 
sites. Hospitals: prepare surge capacity.' This is the language of A_action — specific, role-differentiated, 
and actionable within the cultural and institutional contexts that communities actually inhabit. 
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SECTION 4: THE HUMAN-CENTRIC FILTER — LOCALLY LED 
DRR 

 

4.1  The Indigenous Wisdom Integration Protocol (IWIP) 
DRR and Early Warning Systems are designed to prevent avoidable deaths where manageable natural  or 
geological hazards become preventable disasters. Recalling from the Executive Summary, the goal is not to 
achieve E_warning > 0.5 across the board, but to identify the binding constraint in each sub-national zone 
and direct resources accordingly. For Malawi, the binding constraint is A_action — and the solution is not 
more satellites, but better governance, language access, and cultural integration. We attempt to implement 
this solution and define it here in this section. 
 
The IWIP is the roadmap's most distinctive contribution — a structured methodology for embedding 
traditional ecological knowledge (TEK) into digital alert systems. Rather than treating indigenous warning 
signals as folklore to be replaced by modern forecasting, the IWIP positions TEK as a complementary 
validation layer that increases community trust and improves last-mile A_action. The protocol suggests that 
the integration focuses on how TEK enhances the overall system's effectiveness and community trust, 
rather than relying exclusively on statistical thresholds.  
 

Phase A: Knowledge Harvest (2026) 
District-level workshops convene Traditional Authority leaders, elder women farmers, fishers on Lake 
Malawi, and pastoralists to document environmental indicators historically used to predict weather hazards. 
These include: behavior of specific bird species (e.g., the Hadada Ibis clustering before rain), water 
temperature and color changes in the Shire River, unusual animal movements toward higher ground, and 
specific plant flowering patterns correlated with seasonal flood onset. Documentation is conducted in local 
languages and stored in a geospatially tagged Community Knowledge Repository managed by DoDMA. 
 

Phase B: Scientific Cross-Validation (2026–2027) 
DCCMS meteorologists and partner universities conduct retrospective correlation analysis between 
documented TEK indicators and historical meteorological records. Where significant predictive correlation is 
identified, TEK signals are integrated into DELTA's data ingestion layer as qualitative community 
observation inputs. This creates a hybrid forecasting system that can issue higher-confidence alerts when 
both scientific models AND community environmental signals converge. 
 
A note on decision making authority - A root cause of the failures of last mile implementation of disaster risk 
reduction strategies in Malawi has been distrust between critical stakeholders such as indigenous 
populations and government. In order to validate this concern, earn reciprocal trust, and embed a 
sustainable social license to operate, a hybrid decision making process will be explored. One in which 
governance related matters, specifically integration decisions and actionable steps are mutually agreed 
upon by both the IWIP and DCCMS experts. In order to build positive rapport, repair trust, and nourish a 
reciprocal and collaborative process for establishing highly effective communication protocols, the early 
warning human-centric filter will encompass BOTH local indigenous knowledge for state data tracking as 
well as the IWIP having the authority to determine dissemination of early warning systems to target 
populations. Recognizing the sovereignty of tribal nations, who will provide leadership through the 
cross-validation process, while also recognizing and respecting the DCCMS government approach is critical 
for sustained success.  

 

Phase C: Alert Co-Design (2027 onward) 
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All official warning messages are co-designed with District Disaster Risk Management Committees to 
ensure they are issued in local languages, reference familiar landscape features (e.g., 'water will reach the 
Msamba fig tree level' rather than '1.2 metre inundation'), and include role-specific instructions for village 
headmen, mothers with young children, farmers, and persons with disabilities. 

 

TEK Indicator Case Study Example 
 

Phase A: Knowledge Harvest (2026) 
The protocol begins with identifying and documenting existing Traditional Ecological Knowledge (TEK).  
 

1.​ The Signal: Unusual clustering of Hadada Ibis in upland trees combined with intensified, repetitive 
morning calls. 

2.​ Method: Collaborative mapping workshops with village elders and "rainmakers" to define the 
specific behavior, its historical frequency, and its traditional "lead time" (e.g., 48–72 hours before a 
storm) 

 
Phase B: Scientific Cross-Validation (2026–2027) 
This phase moves beyond symbolic inclusion by testing the TEK signal against historical and real-time 
scientific data.  
 

1.​  Correlation Mapping: Statistical comparison between documented Ibis clustering dates and 
historical rainfall data from the Department of Climate Change and Meteorological Services 
(DCCMS). 

2.​ Time-Series Analysis: Using rolling-origin cross-validation to determine if the biological signal 
significantly improves the "skill" (accuracy) of existing satellite-based models at the local village 
level. 

3.​ Refinement: If the Ibis signal consistently precedes high-intensity rainfall events that satellite 
models miss, it is assigned a "confidence weight" in the digital algorithm. 
 

Phase C: Alert Co-Design (2027 onward) 
Validated signals are integrated into a Multi-Hazard Early Warning System (MHEWS).  
 

1.​ The "Last-Mile" Interface: The digital alert is designed through Participatory Scenario Planning 
(PSP). Instead of a generic "Heavy Rain Warning," the SMS or radio alert includes the familiar 
signal: "The Ibis are calling; heavy rain is expected in 2 days. Secure your grain stores now". 

2.​ Sustainable Governance: Local committees (Village Civil Protection Committees) act as the final 
human check, verifying the digital alert against their current observations before full community 
broadcast. 
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A note on the psychology of decision and warning fatigue   
 
If you require perfect convergence (both scientific and TEK signals), you create a "high-bar" filter that 
reduces false alarms but drastically increases the risk of a Type II error—failing to warn about a real 
disaster.  To prevent "warning fatigue" while avoiding "warning silence," the IWIP utilizes a Weighted Logic 
Matrix rather than a simple "Both-or-Nothing" switch: 
 
1. The Sliding Scale of Confidence 
Instead of waiting for convergence, the protocol treats TEK and scientific data as complementary layers. 

●​ Scientific Only: If a satellite detects a flash flood but the Ibis are silent, an alert is still sent, but it’s 
framed as a "Technical Advisory." 

●​ TEK Only: If the Ibis cluster but the satellite is clear, a "Local Awareness" ping is sent to village 
leaders to "keep eyes on the ground." 

●​ Convergence: When both align, the system triggers a "High-Certainty Emergency"—the highest 
level of mobilization. 

 
2. Micro-Localization vs. Regional Blurs 
Warning fatigue often happens because people receive alerts for rain happening 50 miles away. 

●​ The Fix: Scientific data (like satellite imagery) provides the regional context (the "what"), while TEK 
indicators like the Hadada Ibis provide the hyper-local timing (the "when"). By using TEK to "trigger" 
the final notification, the alert only goes off when the threat is locally visible, making the digital 
system feel "smarter" to the user. 

 
3. "No-Regret" Action Messaging 
To keep the community engaged even during "near-misses," the protocol shifts from "Run for your lives" to 
"Incremental Preparedness." 

●​ Phase 1 (Signal detected): "Check your roof drainage." (Low effort, high utility regardless of storm). 
●​ Phase 2 (Convergence): "Move livestock to high ground." (High effort, requires high certainty). 
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4. The Human Override (VCPCs) 
The Village Civil Protection Committee (VCPC) acts as the final circuit breaker. If the digital system says 
"Flood" but the community sees no biological signs, the VCPC can "downgrade" the alert level via a simple 
SMS feedback loop, preventing the community from being badgered by faulty sensors. 
 

Here is visual representation of what the IWIP Decision Logic would look like in typical practice: 
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4.2  The Protocol for Offline Last-Mile Alert Translation 
For communities without consistent internet access — which represents the majority of Malawi's 20 million 
rural residents — the roadmap specifies a five-stage offline cascade protocol: 

 
●​ Stage 1 — DIGITAL TRIGGER: DCCMS AI system issues IBF alert via DELTA platform. 
●​ Stage 2 — MNO BROADCAST: SMS and cell broadcast message reaches all devices within affected 

tower zones (~74% of population). 
●​ Stage 3 — COMMUNITY RADIO RELAY: Alert transmitted to 12 community radio stations in adapted 

format, in local language, with culturally calibrated action instructions. 
●​ Stage 4 — COMMUNITY ALERT FOCAL PERSON: CAFP at solar-powered CAT terminal receives 

broadcast, activates siren network, and personally visits households of elderly, disabled, and 
off-network individuals. 

●​ Stage 5 — TRADITIONAL AUTHORITY RELAY: Village headman activates pre-agreed community 
action plan, using recognized traditional assembly signals (drums, bell towers) to indicate evacuation. 

 

DESIGN 
PRINCIPLE 

Each stage is designed to function independently if upstream stages fail. A failed 
internet connection does not prevent radio broadcast. A power outage does not 
prevent the CAFP from activating drums. Redundancy is not backup — it is the primary 
architecture. 

 

A critical implementation factor addressing continuity and sustainability is how the CAFP will be funded and 
maintained long-term. The funding and long-term maintenance of Community Alert Focal Persons (CAFPs) 
in Malawi are primarily driven by a combination of international development funding and the Malawi 
government, specifically aimed at building sustainable community-based early warning systems (EWS) to 
combat climate-induced disasters.  
 
Key Funding and Maintenance Partners will initially consist of multilateral collaborators, private sector 
organizations, and international donors until the "Early Warnings For All" roadmap is fully integrated by the 
government into long-term national financing. The initial financing stakeholder group should include the 
Government of Malawi, the Green Climate Fund and UNDP, the CREWS initiative, and the Malawi Red 
Cross. The strategy aims to transition from project-based funding to national ownership, ensuring that 
District Councils and local community structures take over the maintenance of the warning systems.  
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DELIVERABLE 1: LAST-MILE INFOGRAPHIC — THE WARNING 
JOURNEY 

 
The following narrative maps the complete pathway of a flood warning event from satellite detection to 
community action in a rural district of Malawi. Each node represents a system layer, the approximate time 
elapsed since hazard detection, and the critical governance or technology requirement at that stage. 

 

STEP NODE FUNCTION & REQUIREMENT LEAD TIME 

01 
🛰 SATELLITE 
DETECTION 

Copernicus/ESA Sentinel detects moisture anomaly and 
convective system over Lake Malawi basin. WMO SWFDP 
ensemble forecast triggers a probabilistic flood alert. 
REQUIREMENT: SOFF-funded observation network. 

T-72 hrs 

02 
🧠 AI 
PROCESSING 
(DCCMS) 

DELTA AI engine ingests satellite data + 28-district vulnerability 
layers. Computes impact-based forecast: flood probability 87% 
for Nsanje/Chikwawa within 18 hrs. REQUIREMENT: Trained 
forecaster + computational infrastructure. 

T-68 hrs 

03 

📱 MNO 
BROADCAST 

DCCMS DELTA API triggers Airtel/TNM emergency SMS to all 
active handsets in Nsanje/Chikwawa cell zones. Cell 
Broadcast (CBS) sends a secondary alert to all handsets 
regardless of registration. REQUIREMENT: Active API 
integration agreement. 

T-67 hrs 

04 

📻 COMMUNITY 
RADIO 

Alert simultaneously transmitted to 3 community radio stations. 
Broadcast in Chichewa, Sena, and Yao in action-specific 
format: 'Farmers harvest now. Families move to high ground by 
tomorrow morning.' REQUIREMENT: Pre-scripted IBF 
message templates. 

T-66 hrs 

05 
🔆 SOLAR CAT 
TERMINAL 

Community Alert Focal Person at solar terminal receives 
broadcast, activates acoustic siren audible 2 km radius. Visits 
12 registered off-network households personally. 
REQUIREMENT: Trained CAFP, functional siren. 

T-65 hrs 

06 

🥁 VILLAGE 
ELDER / 
TRADITIONAL 
AUTHORITY 

Village headman activates a community drum signal — a 
culturally recognized 'flood evacuation' pattern known to all 
residents since childhood. Confirms message in local 
language, references familiar landmarks. REQUIREMENT: 
Pre-agreed community action plan. 

T-64 hrs 

07 

🏃 COMMUNITY 
ACTION 

Households evacuate to pre-identified high-ground assembly 
points. Farmers harvest/store crops. Persons with disabilities 
assisted by designated neighborhood helpers. Water and food 
stocks confirmed. REQUIREMENT: Regular drills, accessible 
evacuation routes. 

T-48 hrs 
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DELIVERABLE 2: NATIONAL ROADMAP 2026–2030 

 

Five-Year Transition to a Fully Automated Alert System 
The National Roadmap is structured across five sequential phases, each building institutional, technical, 
and community capacity for the next. It is explicitly designed to achieve E_warning > 0.50 nationally by 
2030, with an ambitious 2027 milestone delivering full multi-hazard coverage to the most vulnerable 
districts. 

 

PERIOD PHASE KEY MILESTONES & ACTIVITIES 

2026Q1–Q2 

FOUNDATION ●​ Conduct national EW4All gap assessment across all 28 
districts 

●​ Formally establish DELTA-DCCMS integration task force 
●​ Launch Indigenous Wisdom Integration Protocol (IWIP) 

Phase A 
●​ Identify and contract 3 mobile network operators for SMS 

alert gateway 
●​ Rehabilitation of first 20 priority weather stations (total 

target: 80 by 2028) 

2026Q3–Q4 

INFRASTRUCTURE ●​ Deploy 60 solar-powered Community Alert Terminals in 
highest-risk districts 

●​ Train 180 Community Alert Focal Persons (CAFPs) — 1 per 
ward 

●​ Integrate DELTA real-time loss/damage API with MNO 
emergency broadcast 

●​ Launch multi-language alert translation platform (9 
languages) 

●​ Finalize IBF protocols for floods, droughts, cyclones, and 
heatwaves 

2027Q1–Q2 

ACTIVATION 
(EW4AllDeadline) 

●​ Achieve 80% population coverage via MNO + community 
radio + CATs 

●​ Launch Zanyengo bilingual weather app nationwide with 
IBF integration 

●​ Complete IWIP Phase B (TEK-science cross-validation) 
●​ Malawi submits EW4All compliance report to UNDRR/WMO 

2027–2028 
Consolidation 

DEEPENING ●​ Operational full-chain test: satellite-to-village drill across all 
28 districts 

●​ Expand CAT network from 60 to 180 terminals (full national 
coverage) 

●​ Integrate IWIP Phase C into all official warning message 
templates 

●​ Operationalize anticipatory action cash transfer trigger 
mechanism 

●​ Establish 5-year DCCMS sustainable financing compact 
with national budget 
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●​ Launch regional knowledge-sharing with Mozambique and 
Zambia 

2029–2030 
Automation 

AUTOMATION ●​ Achieve fully automated end-to-end warning pipeline 
(satellite → household) 

●​ Deploy AI ensemble forecasting system with 5-day IBF 
capability 

●​ Complete rehabilitation of all 80 priority weather stations 
●​ Achieve E_warning > 0.50 across all 28 districts (target: 

0.65 nationally) 
●​ Malawi validated as model LDC implementation for EW4All 

global review 

 

Risk & Mitigation of a Five-Year Transition to a Fully 
Automated Early Warning System for All (EW4ALL) 
Risk 1  
 
CAFP Turnover Community Alert Focal Persons are the human backbone of last-mile dissemination before 
automation reaches rural Malawi. High churn — driven by low pay, political reshuffling, and seasonal 
migration — can leave entire catchment areas dark during a hazard event. The mitigation is threefold: 
formalise CAFP positions within the Department of Disaster Management Affairs (DoDMA) payroll structure 
by Year 2 so the role is budget-protected; mandate a minimum two-person backup roster per district; and 
embed a structured role-handover protocol (covering passwords, radio codes, and contact trees) in the 
national Standard Operating Procedures before the pilot launches. 
 
Risk 2 
 
MNO API Integration Delays Automated SMS and USSD alert dispatch depends entirely on data-sharing 
agreements with TNM and Airtel Malawi. Stalled negotiations, technical incompatibility, or regulatory 
disputes could delay the core alert pipe by 12–18 months, precisely when the system is transitioning away 
from manual triggers. The mitigation is to sign binding Memoranda of Understanding with enforceable SLA 
penalties in Year 1, operate a vendor-agnostic USSD fallback gateway as a redundant channel, and 
maintain parallel FM radio dispatch as the primary dissemination channel until API uptime is independently 
verified above 99%. 
 
Risk 3  
 
Community Radio Stations Losing Funding Rural and off-grid populations in Malawi — particularly in the 
Shire Valley and lakeshore districts — depend almost exclusively on community radio for hazard warnings. 
Most of these stations operate on thin donor budgets that can evaporate between grant cycles. The 
mitigation is to establish a dedicated national EWS broadcast fund with co-financing from the Government 
of Malawi and UNDP by the end of Year 1, require all licensed EWS partner stations to maintain a 
three-month operational reserve, and actively pursue UNESCO community media sustainability grants to 
reduce donor concentration risk. 
 
The risk exposure bars in the diagram below show all three threats as highest in Years 1–2 — the critical 
transition window — declining to low/mitigated by Year 5 as institutional anchors take hold and the 
automated Common Alerting Protocol (CAP) layer goes live. 
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DELIVERABLE 3: BUDGET PROPOSAL — PRE-DISASTER 
INVESTMENT 

 

The Strategic Case for a 15% Budget Reallocation 
The current global architecture of disaster finance is systemically miscalibrated: the overwhelming majority 
of funding flows to emergency response — food aid, shelter, medical teams — after disasters strike, rather 
than to the communication infrastructure that prevents disasters from becoming catastrophes. This 
roadmap proposes a structural shift, reallocating 15% of Malawi's Emergency Response budget — 
estimated at US$12 million based on 2024–2025 DoDMA emergency expenditure patterns — into 
permanent pre-disaster communication infrastructure. This is a direct implementation of Sendai Framework 
Priority 3: Investing in Disaster Risk Reduction for Resilience. 

 

ECONOMiC 
RATIONALE 

According to preliminary analysis by DCCMS Director Lucy Mtilatila, it is estimated 
that the cost-benefit analysis of every dollar invested in meteorological services yields 
up to $14 in benefits. A US$12M pre-disaster communication investment, under 
conservative assumptions, generates US$84–$168M in avoided losses over five years 
— a return-on-investment ratio unmatched in any emergency response budget line. 

 

Budget Allocation Table — US$16.2 Million (2026–2030) 
LINE ITEM AMOUNT % OF 

BUDGET 
IMPACT PRIORITY 

Community Alert Networks (radio, sirens, SMS 
gateways)* 

US$4.2M 35% High High 

Indigenous Knowledge Documentation & DRR 
Training 

US$2.4M 20% High High 

Impact-Based Forecasting Software & DELTA 
Integration 

US$2.1M 17.5% Medium Medium 

Sustaining 180 Community Alert Focal Persons 
(CAFPs) 

US$4.2M 25% Medium Medium 

Weather Station Rehabilitation (28→80 
operational) 

US$1.8M 15% High High 

Multi-language Alert Translation Platform US$0.9M 7.5% Medium Medium 

Monitoring & Evaluation Framework US$0.6M 5% Low Low 

TOTAL PRE-DISASTER COMMUNICATION 
INFRASTRUCTURE 

US$16.2.0M 100%   

* This is a capital cost and does not include the operational costs of maintaining 180 CAT’s over five years.  

Social and Economic Risk Analysis 
Every design intervention, including the risks deployed during disaster reduction strategies, have significant 
social, economic, and ecological tradeoffs. Based on meteorological trends and recent history, the 
probability of a major flood or cyclone in Malawi during the 2026–2027 season is high, as the country 
frequently faces such disasters during the November-to-April rainy season.  
 

© 2026 Strategic Assignment | DRR & Inclusive ResiliencePage  
27 



EW4ALL 2027 LAST-MILE IMPLEMENTATION ROADMAP — MALAWI  |  Digital Governance & Inclusive Resilience 
28 

If such an event occurs while Climate Adaptation and Technology (CAT) terminals are still being deployed, it 
is highly probable that Malawi will face constrained emergency response capacity, though international 
financial mechanisms are in place to mitigate this risk. 
 
Mitigation Measures: To address these gaps, Malawi is strengthening its emergency preparedness 
through a $57.6 million World Bank Catastrophe Deferred Drawdown Option (Cat DDO) and regional 
programmes like REPAIR, which provide liquidity within seven days of a triggered disaster. 
 
Progress by 2027: The country aims to achieve "Early Warnings for All" by 2027, with efforts focused on 
enhancing the capacity of the Department of Disaster Management Affairs (DoDMA) 
 
Therefore, while the deployment of improved technology (CAT) aims to build long-term resilience, the 
interim period (2026–2027) remains a high-risk window where logistical limitations and repeated shocks 
could lead to temporary inadequacy in immediate emergency response capacity. 

The Argument for Structural Reallocation 
Emergency response funding is fundamentally reactive: it addresses consequences rather than causes. A 
nation that spends 85% of its disaster budget on tents, emergency food rations, and post-disaster medical 
care is investing in the symptoms of a failure that a different 15% could have largely prevented. This 
reallocation does not reduce emergency capacity — it reduces the frequency and severity of emergencies 
that require that capacity. 
 
Some budget components have a higher return-on-investment (ROI) than others 
 
Budget allocation is an intentional and strategic process, making allowances for some investments that 
provide co-benefits, while other components yield less overall positive benefit. The cost-benefit analysis, 
which states that "every dollar invested yields $14 in benefits" cited in Malawi's pre-disaster budget 
discussions is an average figure representing the high socio-economic efficiency of investing in disaster 
preparedness, but it does not apply equally across all components. This figure is primarily derived from the 
Malawi Priorities project, a partnership between the National Planning Commission and the Copenhagen 
Consensus Center 
 
The evidence from Malawi is compelling. Tropical Storm Ana in January 2022 affected over 945,000 people 
and required hundreds of millions in emergency response. By the year 2030, with this EW4All roadmap, a 
functional impact-based forecasting system with community radio and CAT infrastructure — costing 
approximately $16.2M, a fraction of the emergency response bill — we can have the foresight to prevent a 
future disaster event into a managed evacuation. The budget proposal is not a humanitarian argument; it is 
a fiscal argument grounded in actuarial logic. 
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 CONCLUSION: THE LAST MILE IS A GOVERNANCE PROBLEM 

 
The 2027 EW4All deadline is simultaneously achievable and insufficient. It is achievable in Malawi because 
the political commitment exists, the institutional architecture is in place, and the community structures for 
last-mile delivery — block leaders, traditional authorities, community radio networks — are already 
functional. It is insufficient because meeting the deadline in name while leaving A_action chronically 
suppressed constitutes a false assurance of safety. 
 
This roadmap's central argument is that E_warning = P_accuracy × C_coverage × A_action encodes a 
democratic demand: that early warning systems must be evaluated not at the satellite or the meteorological 
center, but at the moment when the village elder decides whether to ring the bell. All the AI in the world, all 
the DELTA analytics and IBF modeling, all the MNO API integrations — they reduce to zero if the person at 
the end of the chain does not understand the message, does not trust the institution issuing it, or does not 
know what to do. 
 
The last mile is not a technical problem. It is a language problem, a trust problem, a governance problem, 
and ultimately a justice problem — the recognition that the communities most exposed to climate hazards 
are also those most systematically excluded from the information systems designed to protect them.  
 
Solving this human problem requires exactly the combination proposed here: DELTA's data precision, 
MNO's reach, indigenous knowledge's cultural legitimacy, and a budget architecture that bets on prevention 
rather than mourning destruction. 
 
Effective and optimal early warning systems are only highly functional and greatly reduce unnecessary risk 
when the local context is taken into consideration and informs the design intervention. A Malawi-based 
EW4ALL system will saves lives if three things happen in unison, in alignment, and with the support of the 
population targeted to receive this warning:  
(1) the forecast is accurate,  
(2) people receive it, and  
(3) people understand it and act on it.  
 
The country of Malawi can greatly improve with #3. This is the last mile. We need to fix governance and 
trust, not just buy better satellites. This human-centered design can fix the root cause of the problem in five 
years. Let’s commit to EW4ALL.. 
 

The current baseline in Malawi is merely 0.0786 (or 7.86%)of 
the population which can be defined by identifying the target 

value, then defining the improvement relationship, then 
lastly calculating the baseline. 

 
E_Warning - 0.85 x 0.90 x 0.72 = 0.5508  

 
 

The Target by 2030:   E_warning = 0.85 × 0.90 × 0.72  =  0.55  
—   

 
A 7x improvement from baseline! 
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FINAL 
NOTE 

Malawi's WMO Secretary-General called it a 'lighthouse.' This roadmap is the light 
source. The beam must reach every household — not just the coast. 

5.1 Reframing the Problem and Next Steps for Implementation 

Context: The Last-Mile Problem 
Malawi's Hazard Profile 
Malawi is among Sub-Saharan Africa's most climate-vulnerable nations. Between 1990 and 2024, it 
experienced 23 major flood events, 14 severe droughts, and recurrent cholera outbreaks intensified by 
extreme rainfall. Cyclone Freddy (2023) alone caused over 1,200 deaths and USD 500M in damages — 
many preventable with adequate early warning. 

The Warning Gap 
Existing hydromet infrastructure covers primarily urban centres and major river basins. 
Community radio — the dominant rural communication channel — lacks standardized warning 
protocols. SMS-based alerts reach fewer than 15% of subsistence farming households during 
peak-risk periods when network congestion is highest. 

●​ Warning messages are often issued in English or technical language inaccessible to rural 
communities 

●​ Average warning lead time for flash floods is currently 2–4 hours — insufficient for safe 
evacuation 

●​ No national standard exists for community-level response protocols linked to warning 
triggers 

●​ Gender and disability gaps persist: women and persons with disabilities are systematically 
under-reached 

 

Three-Phase Implementation Roadmap 
The roadmap is structured in three phases, each with distinct objectives, budget envelopes, and 
accountability mechanisms. Progression from one phase to the next is conditional on meeting 
defined milestones — not automatic upon timeline completion. 

Phase 1​
Foundation​
2026–2027 

Phase 2​
Expansion​
2028–2029 

Phase 3​
Sustainability​

2030 

▸ Institutional framework & 
MoU signing 

▸ Scale to all 28 districts ▸ 90% household coverage by 
Dec 2030 

▸ Baseline risk assessment (28 
districts) 

▸ Multi-channel platform (SMS, 
radio, app) 

▸ Full government ownership & 
funding 

▸ ICT infrastructure mapping ▸ 70% community coverage ▸ Regional data-sharing with 
SADC 
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▸ SMS/radio pilot in 3 districts ▸ Hydromet sensor network 
expansion 

▸ EW4All certification achieved 

▸ Community awareness 
campaigns 

▸ Training 5,000 community 
volunteers 

▸ Continuous improvement 
loop 

 
BUDGET OVERVIEW 

Phase 1 (Foundation): USD 4.2M  |  Phase 2 (Expansion): USD 8.6M  |  Phase 3 
(Sustainability): USD 5.1M 

Total 5-Year Investment: USD 17.9M  |  Malawi Government Contribution Target: ≥30% by 
Phase 3 

Funding Sources: Government of Malawi, CREWS Initiative, World Bank GFDRR, UNDP, 
bilateral donors 

 

Coverage Trajectory: What '90% by 2030' Means 
The WMO Secretary-General described Malawi's ambition as a "lighthouse" for the region. This 
roadmap is the light source. But a lighthouse is useless if the beam does not reach those at sea. 
Operationally, reaching every household means achieving ≥90% of Malawi's approximately 
8.9 million households — roughly 8 million households — receiving a timely, actionable, 
multi-hazard warning through at least one functioning channel before the onset of a hazardous 
event. By 31 December 2030. The remaining 10% represents the irreducible challenge of 
extreme remoteness, and will be addressed through mobile response teams and 
community-based warning nodes in Phase 3. 

 
Milestone 
Date 

Geographic 
Scope 

Est. Reach Household 
Coverage 

Primary Channels 

End of 2026 3 pilot districts ~500,000 ~25% SMS + community radio 
End of 2027 10 districts ~2.5M ~40% + IVR + app 
End of 2028 All 28 districts ~5M ~65% + TV crawler + sirens 
End of 2029 All 28 districts ~6.5M ~80% + village loudspeakers 
December 
2030 

All 28 districts ~8M ≥90% Full multi-hazard system 

 
DEFINING 'TIMELY' AND 'ACTIONABLE' 

Timely: Warning issued ≥6 hours before flood onset; ≥24 hours before cyclone landfall; ≥72 
hours for drought advisory 

Actionable: Warning specifies what to do (evacuate, shelter, store water), not just that a hazard 
is coming 

Verified: Post-event surveys confirm ≥75% of warned households took a protective action 
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Next Steps for Implementation 

This section translates the roadmap from strategy to action. It specifies who must lead, 
who must be at the table, what decisions must be made, and what the first twelve months 
must achieve. Without these specifics, a roadmap remains a document. With them, it 
becomes a mandate. 

Step 1: Lead Ministry: MoHSDA 
The Ministry of Homeland Security and Disaster Management Affairs (MoHSDA) must serve 
as the single accountable lead for EW4All implementation. This designation is non-negotiable: 
dispersed ownership across multiple ministries has been the primary institutional failure mode in 
previous DRR initiatives. 

MoHSDA's lead responsibilities include: 
●​ Establishing and resourcing a dedicated National EWS Coordination Unit within 90 days 
●​ Chairing the National EWS Steering Committee (quarterly) and Technical Working Group 

(monthly) 
●​ Holding the budget line and serving as primary interlocutor with international donors 
●​ Reporting progress to Cabinet and Parliament on a semi-annual basis 
●​ Coordinating with DODMA on community-facing protocols and district-level accountability 

 
ACCOUNTABILITY NOTE 

MoHSDA should designate a named Principal Secretary — not a committee — as the single 
point of accountability for Phase 1 delivery. Diffuse responsibility produces diffuse results. 

 

Step 2: Stakeholders to Convene Within 90 Days 
A founding Multi-Stakeholder Convening must take place within 90 days of roadmap adoption 
(target: by 4 July 2026). This is not a consultation — it is a commitment session. Each 
stakeholder attends with a mandate to make or escalate decisions. 

Stakeholder Role in 90-Day Convening Decision Authority 

Ministry of Homeland Security & 
Disaster Management Affairs 
(MoHSDA) 

Lead convener; chair all working 
groups 

Policy & legal 
framework 

Malawi Meteorological Services 
(MMS) 

Technical anchor; hydromet data 
standards 

Observation network 
design 

Ministry of Finance Unlock Phase 1 budget line; 
co-sign MoU 

Fiscal commitment 
(~USD 4.2M) 
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DODMA (Dept. of Disaster Mgt. 
Affairs) 

DRR integration; community 
protocols 

District-level 
deployment 

Malawi Communications Regulatory 
Authority (MACRA) 

Spectrum allocation; carrier 
coordination 

Regulatory approvals 

UNICEF / UNDP / WFP Co-funding; technical assistance; 
M&E 

Donor co-financing 
terms 

WMO / CREWS Initiative EW4All alignment; quality 
standards 

International 
certification pathway 

Civil Society & Community Leaders Last-mile design; trust-building Community buy-in & 
feedback 

Private Sector (Airtel, TNM, 
Skyband) 

SMS/IVR infrastructure; network 
reach 

Carrier agreements 
& subsidies 

 

The 90-day convening should produce three concrete outputs: (1) a signed MoU, (2) an agreed 
Phase 1 work plan with quarterly milestones, and (3) a confirmed budget commitment or formal 
funding application submitted. 

 

Step 3: Phase 1 Trigger: Decision and Funding Conditions 
Phase 1 (Foundation) launches when — and only when — all five of the following conditions 
are met. These are not aspirational; they are gate conditions. Proceeding without them risks 
replicating the implementation failures of previous initiatives. 

# Trigger 
Condition 

Specific Commitment Required Responsible Party 

1 Budget line 
secured 

Ministry of Finance allocates ≥USD 2.1M for Phase 1 
in 2026/27 national budget or supplementary estimate 

Ministry of Finance 

2 Legal/policy 
framework 

National EWS Policy gazetted or interim 
administrative order issued by MoHSDA 

MoHSDA / Attorney 
General 

3 Coordination unit 
staffed 

National EWS Unit Director and two technical officers 
formally appointed 

MoHSDA 

4 MoU signed Multi-party MoU signed by MoHSDA, MMS, DODMA, 
MACRA and ≥2 donor partners 

All signatories 

5 Pilot districts 
confirmed 

Three pilot districts formally designated with district 
EW focal points identified 

DODMA / District 
Commissioners 

 
TRIGGER TIMELINE TARGET 

All five Phase 1 triggers should be satisfied by: 30 September 2026 

If triggers 1–3 are not met by this date, MoHSDA must convene an emergency budget and 
policy session with Cabinet and escalate to development partners within 30 days. 
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Step 4: What Success Looks Like at the 12-Month Mark (March 2027) 
Success at 12 months is not measured by activities completed — workshops held, documents 
produced, plans filed. It is measured by verifiable outcomes that demonstrate the system is 
functional, trusted, and on track for the 2030 coverage target. 

Domain 12-Month Milestone (by March 2027) Measurement Method 

Governance MoHSDA-led National EWS Coordination Unit 
formally established with ToR and staffing plan 

Cabinet gazettement 

Coverage ≥25% of households in 3 pilot districts receiving 
timely, actionable warnings 

Post-warning household surveys 

Infrastructure Hydromet sensor network upgraded in pilot 
districts; ≥90% uptime 

MMS operational logs 

Community 
Reach 

≥5,000 community volunteers trained in warning 
dissemination & response 

Training registers 

Lead Time Average warning lead time ≥6 hours for flood 
events in pilot zones 

Event analysis reports 

Funding Phase 2 financing (≥USD 8M) secured or formally 
committed 

Signed donor agreements 

Equity Warning messages available in Chichewa, 
Tumbuka & Yao; accessible to people with 
disabilities 

Content audit & field testing 

 
INDEPENDENT REVIEW 

An independent mid-year review (September 2026) and 12-month evaluation (March 2027) 
should be commissioned from a third party — not self-reported by implementing ministries. 
Results must be shared publicly with parliament, civil society, and donor partners. 

 

Conclusion: The Beam Must Reach the Shore 
The WMO Secretary-General called Malawi's ambition a "lighthouse" for the region. This roadmap is the 
light source — the engineering blueprint for generating that beam. But a lighthouse that illuminates only the 
harbour serves no one. The beam must reach the open water. 
 
Operationally, that means ≥90% of Malawi's 8.9 million households — in all 28 districts, in at least three 
national languages, through channels that work during disaster conditions — receiving warnings that are 
timely enough to act on, and clear enough to know what to do. By 31 December 2030. 
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That is the promise this roadmap makes. The next steps are clear: MoHSDA leads, the Multi-Stakeholder 
Convening happens by 4 July 2026, the Phase 1 gate conditions are met by 30 September 2026, and by 
March 2027 the first 25% of households in the pilot districts are already safer. 
 
Every day of delay costs lives that cannot be recovered. The architecture of warning is in place. 
What remains is the will — and the accountability — to illuminate every shore. 
 

EW4All 
2027 Universal Coverage 

Target 

28/100 
Malawi Weather Stations 

Operational 

$63M 
Financing Needed (Nat. 

Framework) 

$14 
Return per $1 Invested in 

Meteorology 
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Mentor Feedback - Next Steps and Technical comments  
●​ Thesis Statement & Central Argument: 
●​ Your thesis is embedded in the final sentence of your executive summary rather than in a traditional 

opening paragraph. While unconventional, it is clear and defensible: "The 2027 goal is not to achieve 
E_warning > 0.5 across the board, but to identify the binding constraint in each sub-national zone and 
direct resources accordingly. For Malawi, the binding constraint is A_action — and the solution is not 
more satellites, but better governance, language access, and cultural integration." 

●​  
●​ Next Steps: 
●​ - Consider whether this thesis would be more rhetorically powerful if stated earlier and then developed 

throughout the document, rather than buried in Section 2. A reader should grasp your core argument 
before encountering 2,000 words of diagnostic analysis. 

●​ - Your thesis correctly identifies that the problem is governance and trust, not technology—this is your 
strongest intellectual contribution. Ensure this insight frames every subsequent section, not just 
appears as a conclusion. 

●​  
●​ Evidence & Data Integration:  
●​ You cite the WMO Warning Efficiency Model (E_warning = P_accuracy × C_coverage × A_action) as 

your analytical framework, but you introduce it without sufficient justification for why this particular 
formula should govern the entire roadmap. You reference "WMO 2026 Prediction Standards" but do 
not provide the source document or explain how this formula was derived. 

●​  
●​ Next Steps: 
●​ - Strengthen your evidence base by clarifying whether E_warning is an established WMO metric or 

your own analytical construct. If it is your own, state this explicitly and justify the multiplicative 
structure (why multiplication rather than weighted addition?). 

●​ - Your worked example ("P = 0.88 × C = 0.71 × A = 0.12 = E_warning = 0.075") is powerful, but you 
should provide 2–3 additional empirical examples from Malawi or comparable contexts to 
demonstrate that this formula accurately predicts real-world warning failures. 

●​ - The claim that "every dollar invested in meteorological services yields up to $14 in benefits" is 
attributed to "DCCMS Director Lucy Mtilatila" but not sourced to a published document. Include a 
citation or acknowledge this as a personal communication. 

●​  
●​ Structure & Logical Flow: 
●​ Your document is well-organized at the macro level (diagnostic → framework → solutions → budget), 

but the relationship between sections could be tightened. Section 3 (DELTA Integration) introduces 
significant technical infrastructure before you have fully justified why this particular technological 
architecture solves the A_action problem identified in Section 2. 

●​  
●​ Next Steps: 
●​ - Add a transitional paragraph at the beginning of Section 3 that explicitly connects DELTA's design 

features to the three barriers (language fragmentation, governance trust, warning fatigue) identified in 
Section 2.2. Help the reader see how each technological layer addresses a specific barrier. 

●​ - Your "Last-Mile Infographic" (the 7-step warning journey) is conceptually strong but appears 
disconnected from the preceding analysis. Move it earlier or integrate it into Section 3 as a visual 
proof-of-concept for how DELTA, MNO integration, and community structures work together. 

●​  
●​ Indigenous Wisdom Integration Protocol (IWIP): 
●​ This is your most distinctive and ethically grounded contribution. However, the three phases 

(Knowledge Harvest, Scientific Cross-Validation, Alert Co-Design) lack specificity about governance 
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and power dynamics. Who decides which TEK indicators are "valid" enough to integrate? What 
happens when scientific models and community signals contradict each other? 

●​  
●​ Next Steps: 
●​ - Clarify the decision-making authority in Phase B. Will DCCMS meteorologists have final say, or will 

communities have veto power over integration decisions? This is not a technical question—it is a 
governance question that determines whether IWIP genuinely decolonizes early warning systems or 
simply extracts indigenous knowledge for state use. 

●​ - Provide a concrete example: document one specific TEK indicator (e.g., the Hadada Ibis clustering 
behavior you mention) and trace it through all three phases. Show what "scientific cross-validation" 
actually looks like in practice. 

●​ - Address the risk of "warning fatigue" from dual signals: if both scientific forecasts AND community 
environmental indicators must converge before an alert is issued, could this raise the threshold for 
action so high that genuine threats are missed? 

●​  
●​ Budget Justification & Reallocation Logic: 
●​ Your budget proposal is bold—reallocating 15% of emergency response funding to pre-disaster 

communication infrastructure—but the fiscal argument needs stronger grounding. You claim this 
reallocation "does not reduce emergency capacity," but you do not model what happens if a major 
disaster strikes during the transition period when new systems are not yet fully operational. 

●​  
●​ Next Steps: 
●​ - Provide a risk analysis: what is the probability that a major flood or cyclone will occur during 

2026–2027 while CAT terminals are still being deployed? If such an event occurs, will the reallocation 
have left Malawi with inadequate emergency response capacity? 

●​ - Your cost-benefit analysis ("every dollar invested yields $14 in benefits") should be disaggregated by 
component. Does the $14 return apply equally to weather station rehabilitation, CAT deployment, and 
software development? Or do some components have higher ROI than others? This would justify 
prioritizing certain budget lines. 

●​ - The budget table allocates 35% to "Community Alert Networks" but does not specify the operational 
cost of maintaining 180 CATs over five years. Is this a capital-only budget, or does it include recurrent 
costs (CAFP salaries, solar panel replacement, radio station operations)? 

●​  
●​ Actionability & Implementation Realism: 
●​ Your roadmap is ambitious and intellectually coherent, but it assumes a level of institutional 

coordination and community participation that may be optimistic given the governance challenges you 
yourself identify. The five-year timeline compresses significant capacity-building into tight quarters. 

●​  
●​ Next Steps: 
●​ - Add a "Risk & Mitigation" section that identifies the three most likely implementation failures (e.g., 

CAFP turnover, MNO API integration delays, community radio stations losing funding) and proposes 
mitigation strategies. 

●​ - Your 2027 milestone requires "operational full-chain test: satellite-to-village drill across all 28 
districts" in Q1–Q2. This is only 12–18 months away. Clarify whether this timeline is realistic or 
whether it should be extended to 2027–2028. 

●​ - The claim that your roadmap will achieve "E_warning > 0.50 nationally by 2030" should be 
accompanied by a sensitivity analysis: if A_action only reaches 0.60 instead of 0.72, what is the 
resulting E_warning? How does this affect the roadmap's stated objectives? 

●​  
●​ Language & Accessibility: 
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●​ Your document is written in sophisticated technical language appropriate for a policy audience, but it 
is ironic that a roadmap about language barriers and last-mile communication uses dense jargon 
(DELTA, SOFF, SWFDP, TAHMO, CREWS) without consistent definition. A community leader reading 
this document would struggle to understand what you are proposing. 

●​  
●​ Next Steps:  
●​ - Create a glossary of acronyms and technical terms, or define them on first use more consistently. 
●​ - Consider whether your core argument could be restated in plain language: "Early warnings only 

save lives if three things happen: (1) the forecast is accurate, (2) people receive it, and (3) people 
understand it and act on it. Malawi is failing at #3. We need to fix governance and trust, not just buy 
better satellites." 

●​ - Your "Last-Mile Infographic" uses emojis and simplified language—this is excellent. Consider 
whether the entire roadmap should be written at this accessibility level, with a technical appendix for 
specialists. 

●​  
●​ Comparative Analysis & Generalizability:  
●​ You reference Antigua and Barbuda as a parallel case in Section 1.2, but you do not develop this 

comparison sufficiently. What specific lessons from the Caribbean SIDS experience should Malawi 
adopt or avoid? 

●​  
●​ Next Steps: 
●​ - Expand your analysis of the Antigua and Barbuda case: what institutional fragmentation challenges 

do they face, and how might Malawi's more centralized governance structure allow for different 
solutions? 

●​ - Consider whether your roadmap is specific to Malawi's context or whether it could be adapted for 
other LDCs. If it is generalizable, state this explicitly and identify which components are 
context-dependent (e.g., IWIP will look different in Ethiopia or Bangladesh) versus universally 
applicable (e.g., the E_warning formula). 

●​  
●​ Conclusion & Call to Action: 
●​ Your conclusion is philosophically strong ("The last mile is a governance problem") but it ends on an 

abstract note. A policy document of this ambition should conclude with a specific call to action: who 
needs to do what, by when, to move this roadmap from proposal to implementation? 

●​  
●​ Next Steps: 
●​ - Add a final section titled "Next Steps for Implementation" that specifies: (1) which government 

ministry should lead, (2) which stakeholders must be convened in the next 90 days, (3) what decision 
or funding commitment is needed to trigger Phase 1 (Foundation), and (4) what success looks like at 
the 12-month mark. 

●​ - Your final metaphor ("Malawi's WMO Secretary-General called it a 'lighthouse.' This roadmap is the 
light source. The beam must reach every household—not just the coast.") is memorable but could be 
strengthened by specifying what "reaching every household" means operationally: 90% coverage? 
100%? By what date? 

●​  
●​  
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