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FOREWORD

his report comes at a critical moment when the global community is confronting an era

of unprecedented challenges to agrifood systems. The convergence of weather extremes,

conflicts, economic shocks, and now the increasing frequency and severity of disasters

threatens to prevent progress towards achieving Zero Hunger. This publication marks the

second edition of FAO’s biennial flagship series on disasters, reflecting the Organization’s

continued commitment to addressing these emerging threats. The evidence presented
here is sobering: USD 3.26 trillion in agricultural losses over the past three decades, with annual
damages increasing from USD 64 billion in the 1990s to USD 144 billion in recent years. These numbers
reflect the struggles of billions of rural women and men whose livelihoods depend on agriculture.

The mandate entrusted to the Food and Agriculture Organization of the United Nations (FAO) by
its founding members - to defeat hunger, eliminate poverty and promote sustainable use of natural
resources - has never been more relevant or more urgently needed. This report demonstrates

that disasters are not merely disrupting food production; they are systematically undermining

the four pillars of food security: availability, access, utilization and stability. As highlighted in

this report, when disasters destroy 4.6 billion tonnes of cereals around the world over three
decades, lead to critical losses of energy and nutrients from the global food supply, and have the
potential to disproportionately impact the most vulnerable populations, they strike at the very
heart of our mission.

What distinguishes this report is its comprehensive approach to understanding and addressing these
challenges. We have mapped how the impacts of disasters cascade through infrastructure, markets
and ecosystems to perpetuate vulnerability long after the immediate crisis passes. We have quantified
not only the economic but also the nutritional impacts of disasters, and the consequential loss of
energy and nutrients from the food supply. We have also shed light on the hidden impacts in fisheries
and aquaculture, a sector that provides livelihoods for 500 million people yet remains largely absent
from disaster assessments.

Most importantly, this report recognizes the significant advances in digital technologies that are
transforming agrifood systems, and focuses on digital solutions as the central theme for the current
edition. The evidence shows that every dollar invested in anticipatory action can generate seven
dollars in benefits for rural families. Digital technologies are already revolutionizing how we monitor
risks, deliver early warnings and support farmers’ decision-making. From the 9.1 million farmers now
accessing parametric insurance through digital platforms to the communities using our early warning
systems to evacuate 90 percent of at-risk populations before disasters strike, we are witnessing a
fundamental shift from reactive response to proactive resilience-building.



Yet technology alone is not the only answer. This report emphasizes that successful transformation
requires putting farmers and fishers at the centre - designing solutions with them, not for them. It
entails bridging the digital divide that leaves 2.6 billion people offline. It requires building institutions,
developing capacities and creating partnerships that transcend traditional boundaries.

The four betters that guide FAO’s Strategic Framework 2022-2031 - better production, better
nutrition, better environment and better life - cannot be achieved without addressing the disaster
risks that threaten agriculture. This report contributes directly to FAO’s transformation agenda

by providing the evidence base and practical solutions needed to build resilience at scale. It aligns
with our Hand-in-Hand Initiative and the newly established Financing for Shock-Driven Food Crises
(FSFC) Facility’s commitment to using the best available data and technologies to support the most
vulnerable, and with our dedication to leaving no one behind.

The findings presented here call for urgent action from all stakeholders. Governments must integrate
disaster risk reduction into agricultural policies and investments. The private sector must engage

in partnerships that ensure equitable access to digital innovations. Development partners must

shift resources from emergency response to anticipatory action and resilience-building. And the
international community must recognize that investing in agricultural resilience is not a cost but a
foundation for sustainable development, peace and prosperity.

As we work toward the 2030 Agenda for Sustainable Development, time is running short. The window
for building agrifood systems capable of feeding a growing global population while adapting to climate
shocks is narrowing. Yet this report demonstrates that transformation is possible when knowledge,
technology, and political will align with the wisdom and agency of farming communities.

I recommend this report to all who share our vision of a world free from hunger and malnutrition. Let
it serve not only as a comprehensive assessment of challenges but as a catalyst for the transformative
action needed to ensure that agriculture can fulfil its fundamental role: nourishing humanity while
stewarding the planet for future generations.

Qu Dongyu
FAO Director-General



METHODOLOGY

The impact of disasters on agriculture and food security 2025 was prepared by the Statistics Division of
the Economic and Social Development stream and the Office of Emergencies and Resilience of FAO.

Technical support was provided by the FAO Investment Centre; Office of Innovation; Office of
Climate Change, Biodiversity and Environment; Fisheries and Aquaculture Division; Land and Water
Division; Animal Production and Health Division; Natural Resources and Sustainable Production
stream; Markets and Trade Division; Food and Nutrition Division; Agrifood Economics Division;
Rural Transformation and Gender Equality Division; and Partnerships and UN Collaboration Division.

An advisory board consisting of experts from the collaborating divisions and offices of FAO guided the
production of the report. The board approved the outline of the report and reviewed its analysis and
technical content.

The report underwent a rigorous technical review by senior management, experts from various
divisions and offices of FAO, as well as independent external reviewers. Finally, the report

passed a process of executive clearance at FAO by the heads of the co-publishing divisions, the

Chief Economist, the Deputy Director-General in charge of Emergencies and Resilience, and the office
of the Director-General.
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KEY MESSAGES

> Disasters have inflicted an estimated USD 3.26 trillion in agricultural losses
over 33 years (1991-2023), averaging at USD 99 billion per year, with cereal crops
bearing the heaviest burden at 4.6 billion tonnes of losses, followed by fruits and
vegetables (2.8 billion tonnes), and with meat and dairy losing 900 million tonnes.

> At aregional level, Africa is estimated to bear the highest relative burden at
1.4 percent of agricultural gross domestic product (GDP) despite lower absolute
losses. Lower-middle-income countries face the highest relative losses at

8 percent of agricultural GDP, exceeding both low-income countries (3 percent)
and high-income countries (4 percent), revealing a critical gap where high exposure
and vulnerability combine with limited resilient infrastructure.

> Losses in production resulting from disasters correspond to a reduced
availability of 320 kcal per person per day globally, with iron losses
corresponding to 60 percent of requirements for men and critical shortfalls in
essential vitamins and minerals that have the potential to disproportionately affect
vulnerable populations.

- Marine heatwaves alone are estimated to have caused USD 6.6 billion

in fisheries losses (1985-2022), with 15 percent of global fisheries affected
and production losses exceeding 5.6 million tonnes, demonstrating the severe
yet largely unmeasured impacts on aquatic food systems. Still, fisheries and
aquaculture remain largely invisible in disaster assessments despite providing
livelihoods for 500 million people.

> Disaster impacts on agriculture extend far beyond immediate production
losses to include infrastructure damage, market disruptions, financial system
failures and ecosystem service degradation that can persist for years after initial
events. Current assessment tools must be extended to systematically capture both
direct and indirect impacts and take into consideration non-economic values,
differentiated effects on vulnerable groups, biodiversity losses and long-term
ecosystem disruptions.

-> Digital technologies and tools are revolutionizing risk monitoring

in agriculture. Interoperable digital platforms transform raw climate, soil,
socioeconomic and hazard data into actionable intelligence. Advanced analytics
powered by artificial intelligence (Al) and machine learning (ML) now deliver
integrated hyperlocal, real-time and actionable risk information.

Xii



= Given their potential to reduce the risk and impact of disasters, digital
solutions are critical for agrifood system resilience. Data platforms bridge
infrastructure gaps and allow for the timely and at-scale deployment of risk transfer
mechanisms — for example, insurance or social protection. Advanced analytics help
improve early-warning systems and design anticipatory actions.

-> Digital solutions allow for a shift from a reactive response to proactive
risk reduction and prevention. Improved access to real-time and actionable
intelligence strengthens the ability of policymakers and farmers to take
risk-informed decisions.

> A digital transformation requires a comprehensive enabling environment.
Digital transformation succeeds when innovation is matched with sustained
investment in capacity development, institutional strengthening and enabling
infrastructure. Coherent policy frameworks are essential to scale and sustain
digital solutions, ensure alignment with local priorities and create the conditions for
long-term resilience building across agrifood systems.

< Human-centred design (HCD) dramatically improves adoption and impact.
Digital solutions are most effective when they are co-designed with the communities
they are supposed to serve — for example, smallholder farmers. Evidence shows that
human-centred approaches significantly boost adoption and ensure that the benefits
of digital innovation reach those most vulnerable and exposed to disaster risks.

- Transformative disaster risk management in agriculture is driven by digital
solutions that are embedded within strong institutions, supported by human
capacity and enabled by robust infrastructure. The most effective interventions
combine innovation with sustained capacity building, participatory design,

and alignment with existing systems to address multiple dimensions of risk

and vulnerability.

- Context-specific, adaptive approaches and strong multi-stakeholder
partnerships are essential for successful digital solutions. Tailoring tools to local
conditions and fostering collaboration across government, research the private
sector, civil society, and farming communities ensures scalable, interoperable, and
sustainable impacts.

Xiii



EXECUTIVE SUMMARY

INTRODUCTION

Agriculture at the crossroads of crisis
and innovation

The global agricultural sector stands at a critical
juncture, facing an unprecedented convergence
of disasters, while simultaneously witnessing
remarkable advances in digital technologies
that offer new possibilities for understanding,
predicting and managing disaster risks.

The year 2023 began with the continuation
of a severe multiyear drought across the
Horn of Africa, affecting over 36 million
people. Consecutive failed rainy seasons led
to the death of over 13 million livestock in
Somalia, Ethiopia and Kenya. Simultaneously,
South America experienced one of its worst
droughts in recent history, with the Amazon
basin recording its lowest water levels in over
a century, devastating crop production in
Brazil, Argentina and Uruguay, with soybean
and corn yields falling by up to 40 percent.
Contrasting with these droughts, 2023
witnessed devastating floods in Pakistan,
affecting 9 million people and destroying

849 000 hectares of crops. The El Nino
phenomenon of 2023 also disrupted weather
patterns globally, with drought affecting over
20 million people across Zimbabwe, Zambia and
Malawi, and maize production falling by up to
70 percent in some areas.

Xiv

The pattern has continued in 2024 and 2025,
with biological hazards like African swine fever
(ASF) devastating Asian pig populations, forest
fires burning 3.24 million hectares in Canada
by June 2025, and marine heatwaves (MHWs)
disrupting fisheries and aquaculture. Conflicts
in the Sudan and the Sahel displaced millions
of farmers, creating agricultural collapse

even in areas that experienced favourable
weather conditions.

Yet alongside these mounting challenges,
remarkable advances in digital technologies
have emerged. Satellite technology, providing
daily high-resolution imagery, has transformed
agricultural monitoring capabilities. Al and ML
algorithms process vast data to detect emerging
risks. Mobile network expansion has brought
connectivity to isolated rural communities,
while financial technology innovations have
made parametric crop insurance accessible to
millions of smallholder farmers.

This report provides a comprehensive analysis
of disaster impacts on agriculture and the

role of digital innovations in transforming
disaster risk management. It demonstrates
that understanding disaster impact complexity
is a prerequisite to developing effective
solutions, and that digital innovations

provide unprecedented capabilities for
assessment and response.



IMPACT OF EXTREME
EVENTS ON AGRICULTURE AND
THEIR MEASUREMENT

2.1 The complex nature of disaster impacts
on agriculture

Contemporary agrifood systems face escalating
pressures from disasters that extend beyond
immediate production losses to encompass
complex disruptions across entire agrifood
value chains. The interconnected nature

of modern agrifood systems means that a
disaster affecting one component can trigger
cascading effects through multiple pathways,
often resulting in impacts greater than the sum
of its parts. The vulnerability of agricultural
systems is compounded by their exposure to
multiple, often simultaneous hazards that create
complex emergencies.

Understanding the transmission pathways and
mechanisms of agricultural losses reveals that
disasters affect agriculture through multiple
interconnected channels. The most visible
pathway occurs through direct disruptions to
production systems, where extreme weather
events destroy crops through physical damage
and physiological stress, while livestock,
fisheries and forestry systems experience
mortality, reduced productivity and disease
outbreaks. These primary impacts often trigger
secondary effects, such as increased pest

and disease pressure in weakened plants and
animals, creating cascading consequences that
extend beyond the initial damage.

Infrastructure destruction creates bottlenecks
that amplify disaster effects throughout
agrifood systems. When transportation
networks are disrupted, farming communities
become isolated from input suppliers and
output markets. Storage and processing
facilities also emerge as critical vulnerability
points, with cold storage facilities being
particularly vulnerable to power outages that
can render high-value perishable products
unusable within hours.

The financial dimension of disaster impacts
creates additional layers of disruption by

XV

limiting access to credit, insurance and other
essential financial services. Banking systems
may experience physical damage or operational
disruptions, insurance systems become
overwhelmed by claims, and credit markets
tighten as lenders become more risk-averse,
constraining capital availability for both
immediate recovery and longer-term adaptation
investments. Market disruptions affect both
input procurement and output marketing,

with price volatility increasing as supply
disruptions interact with speculative trading
and emergency purchasing

A comprehensive understanding of disaster
impacts requires recognizing both economic
outputs that can be quantified in monetary
terms and non-economic values that are

harder to quantify but may be equally or more
important for community welfare, cultural
identity and long-term sustainability. Among
the most significant non-economic losses are
those related to cultural heritage, including
traditional farming practices, Indigenous

crop varieties and cultural landscapes that
embody generations of agricultural knowledge
accumulated through centuries of adaptation to
local environmental conditions. The disruption
of social structures, psychological and health
impacts, and degradation of ecosystem services
that support agriculture all represent critical
non-economic losses that determine long-term
sustainability and resilience.

Long-term climate shifts function as an
overarching risk amplifier that intensify the
onset of hazards, creating new risk dimensions
that challenge agrifood systems and disaster
management practices. Beyond increasing the
frequency and intensity of extreme weather
events, they push environmental conditions
beyond critical limits for agricultural
production, requiring shifts to heat-tolerant
varieties or relocation of agricultural activities.
Slow-onset events like persistent drought,
desertification and sea-level rise represent
particularly significant challenges that
conventional disaster assessment frameworks
often overlook, despite their potential to cause
greater cumulative damage over time.
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Limitations of disaster impact assessment
frameworks include the omission of indirect
impacts, long-term effects, and non-economic
losses, especially social vulnerabilities

and biodiversity and ecosystem losses. For
example, women often bear disproportionate
responsibility for food production, while having
limited control over productive resources.
According to FAO, rural female-headed
households lose around 8 percent more income
due to excessive heat events and 3 percent more
due to floods. Indigenous and ethnic minority
communities often remain invisible in standard
assessment approaches, while biodiversity and
ecosystem services impacts are rarely addressed
despite their fundamental importance for
agricultural sustainability.

2.2 Impact monitoring tools and gaps

The systematic measurement and
documentation of disaster impacts provide
essential evidence for understanding
agricultural losses, yet current assessment
approaches face substantial limitations that
constrain our understanding of disaster
consequences. Two principal tools available
for monitoring disaster impacts on a global
scale are the Sendai Framework Monitor and
post-disaster needs assessment (PDNA).

The Sendai Framework for Disaster Risk
Reduction 2015-2030 provides the primary
global framework for monitoring disaster
impacts and tracking progress towards
reducing disaster risk. While agricultural loss
reporting has expanded since the framework’s
adoption, with 87 countries reporting at least
once under indicator C2 since 2015, the overall
number of reports remains relatively low and
has declined in recent years. Thus, the losses
declared under the C2 indicator are informative
but not necessarily representative of global
agricultural loss trends due to inconsistent and
under-reporting of data.

Although the reporting structure allows for
disaggregated values for vulnerable groups,
geographic areas and impact types, there is
limited reporting by countries under these
categories. Only 10 percent of countries have
provided information on the type of hazard
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associated with reported agricultural losses,
though available data points to the dominance
of hydrometeorological events such as storms,
floods, heatwaves and droughts in causing
agricultural losses.

Post-disaster needs assessments are

an international survey structure for
comprehensive assessment of disaster impacts
and recovery needs across multiple sectors.
The PDNA methodology provides a harmonized
approach for disaster impact assessment
through standardized reporting mechanisms
that capture damage to physical assets, losses
in economic flows, human impacts on affected
populations and recovery needs. Findings from
96 PDNAs undertaken during the 2007-2024
period in 63 countries show that agricultural
losses make up an average of 23 percent of the
total impact of disasters across all sectors.

Data from PDNAs indicate that while floods
cause the greatest total economic damage

to agriculture, droughts result in the highest
proportion of loss within the sector -
accounting for nearly 80 percent of agriculture’s
share of losses compared to other economic
sectors. This finding is significant because
droughts are typically underreported in
disaster databases, and far fewer PDNAs have
been conducted following drought-related
disasters than after floods or storms. It is
important to note that the PDNA survey
constitutes a resource-intensive exercise
requiring significant technical expertise,
time, and financial resources that may not

be readily available following major disasters
when immediate response needs compete for
attention and resources.

2.3 Global assessment and sectoral analysis
of losses

In the absence of consistent historical datasets
on realized disaster losses in agriculture,
modelled estimations provide an alternative
approach to understanding agricultural risk
and vulnerabilities. The quantitative assessment
presented in the report utilizes agricultural
production data from FAO’s Corporate Database
for Substantive Statistical Data (FAOSTAT)
combined with disaster event records from



the Emergency Events Database (EM-DAT) to
estimate losses for 191 agricultural commodities
across 205 countries and territories

from 1991 to 2023.

The results reveal disaster losses in agriculture
totalling USD 3.26 trillion over 33 years,

with nearly USD 2.9 trillion attributed to
climate-related hazards, including floods,
droughts and heatwaves. The data reveal three
distinct phases: moderate losses in the 1990s
averaging USD 64 billion annually; gradual
increases throughout the 2000s reaching

USD 67 billion per year; and a severe escalation
from 2010 onwards with losses at USD 144 billion
annually, amounting to an average annual loss
of USD 99 billion over the last 33 years. Notable
peak years include 2012 (USD 138 billion), 2019
(USD 173 billion), 2021 (USD 192 billion) and 2022
(USD 215 billion).

Physical production losses reveal that cereals
are the most severely impacted commodity
group with total cumulative losses of

4.6 billion tonnes, followed by fruits, nuts

and vegetables (2.8 billion tonnes), and with
meat, dairy and eggs losing 0.9 billion tonnes.
Cereals exhibit significant variability in annual
production losses, with substantial declines in
2012 (314.7 million tonnes) and 2013 (227.5 million
tonnes), reflecting the sector’s high sensitivity
to climate variability.

Regional analysis demonstrates that Asia
shoulders the heaviest burden at 47 percent of
global losses (USD 1.53 trillion), reflecting the
region’s vast agricultural sector, large rural
populations and heightened vulnerability to
climate-related disasters. The Americas follow
with 22 percent (USD 713 billion), while Africa
accounts for 19 percent (USD 611 billion) - an
amount with profound implications for food
security, given agriculture’s role as the primary
source of employment and economic activity
across the continent.

When losses are considered as a percentage
of agricultural GDP, a dramatically different
pattern emerges. Africa suffers the most
severe relative economic impact at 7.4 percent
of agricultural GDP, representing devastating
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impacts on economies where agriculture serves
as the primary source of employment. The
Americas follow with 5.2 percent, Oceania with
4.2 percent and Europe with 3.6 percent of
agricultural GDP lost to disasters.

Analysis by country income groups reveals that
lower-middle-income countries face the largest
absolute losses, at USD 1.27 trillion, followed by
upper-middle-income countries (USD 813 billion)
and high-income countries (USD 766 billion).
However, when assessed as a percentage

of agricultural GDP, lower-middle-income
countries suffer the highest relative losses at
4.7 percent, followed by high-income countries
at 4 percent, indicating a critical vulnerability
gap where countries have accumulated exposed
agricultural resources but lack advanced
disaster resilience systems.

Losses by hazard type show floods causing over
USD 1.5 trillion in damages, representing the
single most destructive hazard. Storms account
for USD 720 billion, earthquakes USD 336 billion,
droughts USD 278 billion, extreme temperatures
USD 187 billion and wildfires USD 166 billion.
However, amounts attributed to droughts

and extreme temperatures likely represent a
substantial underestimation due to systematic
underreporting of these slower-onset hazards in
the EM-DAT database.

Production losses significantly impact
nutritional availability. They translate into
estimated daily losses of approximately

320 kilocalories per person per day globally
over 33 years, representing 13-16 percent of
average daily energy needs. The analysis reveals
iron losses corresponding to 60 percent of
requirements for men and critical shortfalls
in essential vitamins and minerals that have
the potential to disproportionately affect
vulnerable populations.

Fisheries and aquaculture face unique
assessment challenges due to their direct
dependence on natural ecosystems and location
in vulnerable coastal areas. With 61.8 million
people engaged in primary production and

an estimated 500 million people relying on
small-scale fisheries and aquaculture for
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livelihoods, the sector’s importance is unique.
Analysis of marine heatwaves reveals production
losses exceeding 5.6 million tonnes and affecting
15 percent of fisheries between 1985-2022, with
economic losses of nearly USD 6.6 billion.

DIGITAL SOLUTIONS FOR
DISASTER RISK REDUCTION IN
AGRICULTURE - FROM INNOVATION
TO IMPLEMENTATION

3.1 Digital technologies transforming
agricultural risk management

Agriculture faces unprecedented challenges
from increasingly frequent and severe disasters,
fundamentally reshaping how we must approach
risk management in the sector. Digital solutions
serve as a conduit for transferring knowledge

to multiple stakeholders and policymakers,
empowering them to act through advanced
analytical models that integrate multiple types
and scales of data, including socioeconomic,

soil health, climate, hazard and agricultural
information. These technologies help overcome
challenges by providing innovative solutions for
improving access to advisory services, market
linkages and facilitating access to credit through
traceable means.

The growth of new technologies brings
transformative opportunities for extension and
advisory services, bridging information gaps
between value chain actors, while contributing
to fair trade, market accessibility and social
participation. Location-specific, real-time

and context-sensitive services help farmers
tailor their agronomic practices based on
weather patterns and market demands, with
multichannel delivery through radio, television,
mobile phones and the internet helping
overcome accessibility challenges, including
literacy barriers.

Digital tools for risk knowledge and monitoring
have revolutionized data collection, analysis and
granularity. FAO'’s Global Information and Early
Warning System (GIEWS) provides regular data on
factors impacting global food supply and demand,
including near-real-time earth observation data
on drought conditions through the Agricultural
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Stress Index and food price data across more
than 120 countries. The UNDRR’s new DELTA
Resilience system standardizes data collection
and analysis across sectors, ensuring consistency
and comparability, while expanding monitored
impacts to capture non-economic dimensions,
including cultural losses, health, food security
and biodiversity.

Remote sensing technologies enable rapid
data collection before and after disasters, with
advances in Al and ML enhancing geospatial
approaches to disaster risk management.
Google’s GraphCast uses Al models to provide
faster, more accurate global weather forecasts,
while NVIDIA's Fourier Forecasting Neural
Network delivers weeklong forecasts in less
than two seconds. Cloud computing enables
faster processing of vast datasets, representing
one of the most significant advances in
disaster risk knowledge.

FAO’s Climate Risk Toolbox (CRTB) exemplifies
integrated risk assessment platforms, providing
an open-access resource that harnesses data
from leading public providers across the

United Nations system, NGOs, academia, the
private sector and space agencies. The CRTB
combines high-resolution geospatial data from
climate, socioeconomic and environmental
datasets into a single user-friendly platform,
supporting evidence-based interventions and
decision-making in over 200 projects. Risk
mapping initiatives like the Data in Emergencies
assessment ahead of the 2023 EI Nifio
demonstrate how digital solutions address
challenges of reliable, timely information for
agricultural decision-making.

Digital advisory services are transforming how
agricultural knowledge reaches farmers. The
Soil Mapping for Resilient Agrifood Systems
(SoilFER) project matches soil health data with
fertilizer recommendations using extensive
geospatial data to promote efficient fertilizer
use and sustainable farming practices. Water
management services address the critical
challenge of sustainable resource use,

with agriculture accounting for 70 percent

of freshwater withdrawals. FAO’s Water
Productivity through Open-access of Remotely



sensed derived data (WaPOR) project provides
data to improve water management, while apps
like Tunisia’s IREY translate satellite data into
actionable irrigation guidance.

Agrometeorological advisory services
demonstrate significant economic benefits,
with farmers in India reducing input costs

by USD 29.65 per hectare for wheat and

USD 44.48 per hectare for paddy rice. In West
Africa, advisories improved farmers’ incomes
by USD 40-116 per hectare, depending on
timing and location. Integrated platforms

like FAO’s Smart Extension and Efficient
Decision-making (SEED) Hub in Sri Lanka deliver
free geo-localized advisory services combining
weather forecasts, crop management practices,
market prices and agricultural advice, enabling
16 percent of farmers to set higher crop prices.

3.2 From early warning to resilient action

Digital technologies can support early-warning
systems (EWS) that save lives and assets

worth at least ten times their costs, with

every USD 1 invested in anticipatory actions
generating up to USD 7 in benefits in avoided
agricultural losses. Disease surveillance and
monitoring systems are one area where digital
solutions have been leveraged for accelerating
identification, reporting and diagnosis. FAO’s
and the World Health Organization’s (WHO)
collaborative platforms, including EMA-i+,
Epidemic Intelligence from Open Sources
(EIOS) and Global Early Warning System

for health threats and emerging risks at the
human-animal-ecosystems interface (GLEWS+),
employ digital technologies that integrate
multiple information layers to provide a better
understanding of biological hazards. Similarly,
FAO’s World Reference Laboratory’s OpenFMD
platform facilitates global foot-and-mouth
disease (FMD) surveillance through analytical
tools that leverage genetic and epidemiological
data. The Event Mobile Application (EMA-i)
helps bridge the digital gap by supporting

over 4 000 users in 15 low-income countries
that have reported over 60 000 disease
suspicions in three years.

Pest monitoring systems also showcase
the transformative potential of digital
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applications. Following the fall armyworm’s
detection in Africa in 2016, FAO developed

the Fall Armyworm Monitoring and Early
Warning System (FAMEWS) with support from
PlantVillage. This integrated system uses field
scouting and pheromone traps with a mobile
app for data collection, a cloud-based database,
and a global platform for mapping and analysis.
Since launch, FAMEWS has processed data from
over 50 000 field scouting events and 16 000
pheromone traps across more than 60 countries,
forming the foundation for advanced forecasting
models and decision support tools.

Data integration tools can be used to strengthen
early-warning systems for vector-borne diseases
affecting agriculture. The Rift Valley Fever Early
Warning Decision Support Tool (RVF-EW-DST)
integrates real-time risk maps, historical data,
and expert knowledge to provide monthly and
eight-day risk updates for Africa. The tool
combines climate data, livestock populations,
human demographics and environmental factors
to identify areas of potential risk. Since 2018,
FAO has issued 19 Rift Valley fever (RVF) alerts

in Africa, with successful applications in major
outbreaks, including proactive vaccination
campaigns that limited outbreak spread.

Food security monitoring has evolved through
digital platforms like the Integrated Food Security
Phase Classification (IPC), which provides a
common scale for classifying food insecurity
severity. The IPC’s information support system
enabled work to continue during COVID-19
lockdowns, allowing more analysis rounds,

while reducing costs and speeding information
processing. Integration with platforms like
HungerMap Live and the Food Systems Dashboard
demonstrates the power of data interoperability
for comprehensive risk assessment.

Enhanced risk monitoring platforms

provide granular, actionable insights for
decision-making. The Sudan’s Agricultural
Monitoring Platform integrates comprehensive
datasets, including land cover, climate indicators,
flood history and socioeconomic data to identify
vulnerable regions. Predictive analytics using
machine learning and remote sensing enable
crop yield forecasts months before harvest, as
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demonstrated during Southern Africa’s 2024
El Nino drought, when FAO provided forecasts
three months before harvest, enabling more
effective impact assessments.

Near-real-time impact assessment leverages
satellite imagery and Al for rapid damage
evaluation. The World Food Programme’s (WFP)
PRISM platform integrates vulnerability data
layers to prioritize populations exposed to
climate hazards, while the SKAI application,
developed with Google Research, enables
building damage assessment 13 times faster and
77 percent cheaper than conventional methods.
FAO’s WaPOR platform provides high-resolution,
spatially comprehensive data, which is useful for
pre-disaster mapping, real-time monitoring and
long-term recovery planning.

Linking early warning to anticipatory action
demonstrates the transformative potential

of digital solutions. In Somalia, during 2023’s
El Nifio flooding, evidence-based early warning
through the SWALIM flood model enabled

FAO to deliver anticipatory actions, including
flood defence infrastructure and evacuation
planning. Ninety percent of at-risk populations
were evacuated on time, while embankment
rehabilitation held back flood waters for up to
one week, enabling safe movement.

Digital innovations are revolutionizing
agricultural insurance through parametric
products that reduce costs and improve
accessibility. Pula Insurance Advisors
exemplifies this transformation, using digital
registration systems, automated learning
algorithms and rapid claim evaluation to insure
9.1 million farmers across 17 countries with
USD 69.1 million in gross premiums covering
4.4 million hectares. Clients reported farm
investment increases of up to 16 percent and
yield improvements of up to 30 percent through
combined insurance and advisory services.

Social protection systems increasingly
leverage digital delivery mechanisms for
disaster response. Kenya’'s M-Pesa facilitated
USD 7 million in relief payments to 1.1 million
beneficiaries during the 2017 drought, while
Malawi’s Social Cash Transfer Programme
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provided support to 74 000 households in 2022.
Digital payments mitigate risks associated with
physical cash disbursements, while significantly
reducing transaction costs and providing audit
trails that reduce corruption risks.

3.3 Mainstreaming digital solutions at scale

Mainstreaming digital solutions for disaster
risk reduction in agriculture requires
fundamental shifts in how we approach and
address agricultural risk, demanding bold
action, policy regulations and investments in
key building blocks, including data governance,
digital infrastructure, applications, enabling
environments, capacity development and
partnerships. Embedding human-centred
design principles ensures digital tools create
effective solutions that build long-term capacity
for innovation, while empowering actors to
efficiently address agricultural challenges.

Effective data governance provides the
foundation for leveraging digital innovation,
requiring accurate, accessible and interoperable
risk-related data. The development of systems
like the European Union’s Integrated and
Control Management System demonstrates how
standardized protocols streamline data sharing
and support comprehensive risk assessments.
India’s Digital Public Infrastructure for
Agriculture integrates weather, soil and crop
data in early-warning systems, while Indonesia’s
One Disaster Data Initiative streamlines data
from various sources for disaster management.
The UNDRR’s DELTA Resilience system
exemplifies how adopting common frameworks
with scientifically agreed definitions and
taxonomies enables better data integration,
processing and visualization across borders.

Digital infrastructure requirements remain a
critical challenge, with 2.6 billion people still
offline globally despite significant progress

in connectivity. Of these, 38 percent live
within mobile broadband coverage but do not
use it, while 5 percent lack coverage entirely.
Addressing this requires energy solutions,
connectivity expansion, device access, and
efforts to overcome socioeconomic challenges
through context-specific, linguistically
appropriate and economically viable solutions.



Farm Radio International’s combination of
radio broadcasts with mobile and interactive
voice response systems demonstrates how to
reach farmers with limited internet access

in remote areas.

Policy frameworks and strategies play crucial
roles in mainstreaming digital solutions.
National digital agriculture strategies

foster agrifood system transformation by
integrating technology, data and innovation.
Madagascar’s Digital Transformation
Strategy for Agriculture 2024-2028 aims to
improve food security and farmers’ incomes
through digital technologies for all, including
satellite imagery, mobile applications and
data analytics. Rwanda’s strategy aligns

with its Strategic Plan for Agrifood Systems
Transformation, incorporating disaster risk
reduction through four key areas: service
digitalization, data-driven decision-making,
digital competence development and adoption of
emerging technologies.

Financing and partnership models ensure the
long-term sustainability of digital solutions.
Public-private partnerships, donor funding,
blended finance models, and tiered pricing
ensure accessibility and scalability. India’s
Digital Agriculture Mission commits public
funding in partnership with private sector
delivery, while companies like Pula leverage
technology partnerships to develop climate
insurance solutions bundled with agricultural
inputs. The FAO-Google Earth Engine
partnership exemplifies effective collaboration,
training over 500 individuals in Ethiopia,

Viet Nam and the Plurinational State of
Bolivia, while providing 1 500 people, including
farmers and vulnerable communities, with
access to critical data and tools for managing
agricultural risks.

Implementation experiences from countries
provide valuable lessons. The Philippines’
transformation towards ecosystem-based
governance through its Integrated Marine
Environment Monitoring System demonstrates
how digital solutions enable evidence-based
resource management. The system integrates
bathymetric data, real-time environmental
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monitoring and community reporting to create
comprehensive management frameworks. The
GEOVS platform was identified as the most
suitable for integrating real-time environmental
data, enabling natural resource management
agencies to make informed decisions, while
requiring ongoing scaling and investment in
capacity development.

Capacity development and digital literacy
emerge as critical enablers of transformation. In
Barbados, FAO strengthens extension services
through precision agriculture, providing
accurate data for crop management decisions.
In Grenada, FAO supported the creation of a
drone mapping and Geographic Information
Systems (GIS) team for improved agricultural
data collection and flood communication.
Bangladesh’s Cyclone Preparedness Programme
trained 76 020 volunteers (50 percent women)
to disseminate early warning and coordinate
cyclone response. Educational initiatives

equip farmers with knowledge and skills

for implementing effective disaster risk
reduction practices, including sustainable
farming techniques, soil conservation, water
management and crop diversification.

Human-centred design principles ensure
digital solutions truly serve user needs by
prioritizing empathy, inclusivity and iterative
design throughout development. The process
follows five key stages: scoping to define
problems and goals; exploration to understand
user contexts; creation of prototypes based on
insights; validation through user testing; and
implementation to ensure effective deployment.
Organizations implementing HCD require
institutional commitment, capacity building,
cross-disciplinary collaboration, iterative
feedback loops, and sufficient resources for
prototyping and long-term monitoring,.

Practical applications demonstrate HCD’s
transformative impact. In Rwanda, usability
testing of a diet quality survey revealed
significant barriers that, once addressed,
improved completion rates from 58 to

70 percent, with women’s rates reaching

76 percent. The SEED Hub’s development
through an HCD approach with local
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stakeholders ensured context-specific
information addressing local needs, while
leveraging existing institutional expertise.
These examples highlight how HCD not only
creates effective tools but builds long-term
capacity for innovation, empowering farmers,
researchers and communities to effectively face
agricultural challenges.

CONCLUSION

Charting a path forward for disaster

risk reduction in agriculture through
digital innovation

The convergence of escalating disaster
impacts on agriculture and the emergence of
transformative digital technologies represents
a defining moment for global food security and
rural livelihoods. The proliferation of remote
sensing capabilities, Al, Internet of Things
(IoT) sensors, and mobile communication
platforms creates unprecedented opportunities
for understanding, predicting and

responding to disasters.

However, implementation experiences also
reveal significant challenges that must be
addressed for digital transformation to achieve
its full potential. The digital divide remains a
persistent barrier, with 2.6 billion people still
offline globally, and many more lacking the
digital literacy, devices or financial resources
to effectively utilize digital services. Rural
areas where most agricultural production
occurs face particular challenges, including
limited connectivity, unreliable electricity

and inadequate digital infrastructure. These
technical constraints are compounded by human
capacity limitations, as farmers, extension
workers, and government officials often lack
the skills and knowledge needed to effectively
leverage digital tools for risk management.

The challenge of ensuring equitable access
emerges as a critical concern, with women
farmers facing particular barriers due to
sociocultural constraints, limited device access,
lower digital literacy rates and exclusion

from formal financial systems. Indigenous
communities and ethnic minorities often find
that digital solutions fail to accommodate
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their languages, cultural practices and
traditional knowledge systems. The elderly

and youth face different but equally significant
challenges in accessing and benefiting from
digital agricultural services, highlighting the
importance of targeted approaches that address
diverse user needs and capabilities.

Governance challenges associated with digital
transformation raise fundamental questions
about data ownership, privacy, algorithmic
accountability and technological sovereignty.

As digital platforms collect vast amounts of data
about farming practices, land use and market
transactions, concerns grow about how this data
is used, who benefits from its value and what
rights farmers have over their own information.

The experiences documented throughout this
analysis point to several critical insights for
moving forward. First, technology alone cannot
transform disaster risk management without
corresponding investments in human capacity,
institutional development and an enabling
infrastructure. The most successful digital
interventions combine technological innovation
with sustained capacity building, participatory
design processes and integration into existing
institutional frameworks.

Second, comprehensive approaches that
address multiple dimensions of risk and
vulnerability prove more effective than
narrow, technology-focused interventions.
Digital early-warning systems achieve greater
impact when linked to anticipatory financing
mechanisms, community preparedness
programmes and social protection systems.
Third, context-specific solutions are essential,
as digital tools succeeding in one context

may fail in another due to differences in
infrastructure, institutional capacity, cultural
factors or risk profiles. Finally, the critical role
of partnerships and collaboration becomes
evident, requiring new forms of cooperation that
transcend traditional sectoral boundaries.

Building on these insights, several priority
areas emerge for transformative action.

The development of integrated assessment
frameworks that capture the full spectrum



of disaster impacts represents a fundamental
requirement for evidence-based risk
management. These frameworks must expand
beyond economic metrics to systematically
assess nutritional impacts, ecosystem service
disruptions, cultural heritage losses and
differential social effects, while adopting
longitudinal approaches that track impacts
over multiple years. Bridging the digital divide
through innovation emerges as perhaps the
most critical challenge, requiring comprehensive
strategies that address not only technical
infrastructure but also human capacity,
affordability and cultural appropriateness.

Strengthening data governance and
interoperability represents another critical
priority, with robust frameworks needed to
balance protecting farmers’ rights and privacy
with enabling innovation and data sharing for
collective benefit. National data governance
frameworks should clarify ownership, access
rights and usage permissions, while establishing
accountability mechanisms for algorithmic
decision-making systems. The integration of
digital solutions into national strategies and
institutional frameworks represents a crucial
step for moving beyond pilot projects to achieve
systemic transformation at scale.

The financial requirements for comprehensive
digital transformation and resilience-building,
while substantial, remain achievable within
the context of current disaster losses and
development financing. The USD 3.26 trillion
in agricultural losses over three decades far
exceeds the investments needed for building
resilient agrifood systems, with evidence
consistently showing positive returns on
investment in disaster risk reduction. The
question is not whether resources are available
but how to mobilize and direct them effectively
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towards transformative solutions that address
root causes rather than symptoms.

International cooperation plays a crucial

role in this transformation, with multilateral
organizations providing technical leadership
while ensuring solutions reflect local ownership
and priorities. The private sector brings
essential innovation and resources, but must be
engaged in ways that ensure equitable access
and benefit sharing. Civil society organizations
play vital roles in advocating for participatory
solutions and ensuring accountability,

while their deep connections with farming
communities make them essential partners in
designing and implementing digital solutions
that truly serve user needs.

Most fundamentally, farming communities
themselves must be recognized and empowered
as primary agents of change rather than passive
beneficiaries of external interventions. Their
knowledge, priorities and innovations must
shape digital transformation, rather than having
solutions imposed upon them. Building truly
resilient agrifood systems requires combining
wisdom accumulated through generations of
farming experience with possibilities enabled
by digital innovation in ways that respect both
tradition and transformation.

As we stand at this critical juncture, the choices
made today will determine the resilience and
sustainability of global agrifood systems for
generations to come. The digital revolution
offers powerful tools for transformation, but
tools alone do not create change. Change
requires visionary policies prioritizing resilience
and sustainability, institutional commitment
sustaining efforts beyond political cycles, and
multistakeholder engagement bringing together
diverse perspectives and capabilities.
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Farmer carrying sacks on his
head during rainy season.
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