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GLOSSARY

AATF African Agricultural Technology Foundation, a non-profit that promotes access and
adoption of agricultural technologies to improve productivity and resilience.

AGRA Alliance for a Green Revolution in Africa, an institution driving agricultural
transformation through improved seeds, inputs, markets, and inclusive finance

AMCOS Agricultural Marketing Cooperative Societies, farmer-owned cooperatives that
facilitate collective marketing and access to inputs in Tanzania

ASAL Arid and Semi-Arid Lands, regions with low rainfall and high variability that are highly
vulnerable to drought and pastoral system stresses

ASTGS Agricultural Sector Transformation and Growth Strategy, Kenya's national plan for
agricultural modernization and resilience

Aflasafe A biological control product developed to reduce aflatoxin contamination by
introducing non-toxic strains of Aspergillus into crop fields.

Aflatoxin A toxin produced by Aspergillus fungi that contaminates crops such as maize and
groundnuts under hot and humid conditions, posing food safety and trade risks

CGIAR International Maize and Wheat Improvement Center, a CGIAR research center
focused on developing climate-resilient maize and wheat varieties.

COMESA Common Market for Eastern and Southern Africa, a regional economic community
supporting trade and integration across member states

CORDEX Coordinated Regional Downscaling Experiment, a global framework providing high-
resolution climate projections

CSA Climate-Smart Agriculture, an approach that strengthens adaptation, productivity,
and mitigation in farming systems

Climate-Smart Agriculture An integrated approach that increases productivity, enhances climate resilience,
and reduces emissions, including practices like conservation agriculture and

agroforestry

Cold Chain A temperature-controlled system for storing and transporting perishables, reducing
post-harvest losses and improving food safety

Conservation Agriculture A soil and water management system based on minimum tillage, crop rotation, and
permanent soil cover to build resilience to drought

CTCN Climate Technology Centre and Network, the operational arm of the UNFCCC
Technology Mechanism promoting transfer of climate technologies
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DCAS

Digital Advisory

Drought-tolerant Seeds

EbA

Early Warning Systems

ENSO

EU

FAO

FISP

GCA

Glz

GSMA

Hermetic Storage

ICT

IFAD

IFC

IFPRI

Digital Climate Advisory Services, platforms delivering climate and agronomic
information to farmers via digital channels

Mobile and digital platforms providing weather forecasts, market prices, and
agronomic advice to farmers

Improved crop varieties bred to withstand water scarcity and heat stress, ensuring
more stable yields under climate change

Ecosystem-based Adaptation, the use of biodiversity and ecosystem services to
help people adapt to the adverse effects of climate change

Tools and platforms that provide timely climate, weather, and hazard information
to help farmers anticipate and respond to risks

El Nifio—Southern Oscillation, a climatic phenomenon that affects rainfall patterns
and drought/flood risks in East and Southern Africa

European Union, a political and economic union that also funds climate and
agricultural adaptation programs

Food and Agriculture Organization of the United Nations, leading international
efforts to defeat hunger and improve agriculture and food systems

Farmer Input Support Program, Zambia's subsidy program for seed and fertilizer
that supports adoption of improved practices

Global Center on Adaptation, an international organization accelerating adaptation
action and investment worldwide

Deutsche Gesellschaft fiir Internationale Zusammenarbeit, Germany’s international
development agency supporting agricultural and climate programs

GSM Association, an industry organization representing mobile network operators,
often partners in scaling digital advisory services

Sealed storage technologies, such as hermetic bags or silos, that protect grain from
pests, moisture, and aflatoxin contamination

Information and Communication Technology, digital tools and platforms used in
agricultural extension and climate services

International Fund for Agricultural Development, a UN agency financing rural
development and agricultural adaptation programs

International Finance Corporation, a World Bank Group member that mobilizes
private sector investment, including for climate adaptation

International Food Policy Research Institute, a CGIAR center focused on research-
based policy solutions for agriculture and food security
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IITA

ILRI

IWMI

Pay-as-you-go

Post-harvest Loss

RCP

Resilient Fodder

Solar Irrigation

SPEI

UNFCCC

Value Addition

Weather-Index Insurance

WFP

WMO

WWF

Yield Gap

International Institute of Tropical Agriculture, a CGIAR research center focusing on
solutions for hunger, poverty, and resource degradation

International Livestock Research Institute, a CGIAR center working to improve food
security and reduce poverty through livestock research.

International Water Management Institute, a CGIAR research center focusing on
sustainable water and land management

A financing model where farmers pay in installments for technologies such as solar
irrigation pumps, making them more affordable and accessible

The reduction in quantity or quality of crops between harvest and consumption,
often caused by poor drying, storage, and handling

Representative  Concentration Pathways, greenhouse gas concentration

trajectories used in climate modelling and projections

Drought- and flood-tolerant forage varieties that secure feed supply for cattle and
livestock under climate stress

Irrigation systems powered by solar energy that reduce dependence on rain and
stabilize yields under drought conditions

Standardized Precipitation Evapotranspiration Index, a climate index used to
assess drought severity and duration

United Nations Framework Convention on Climate Change, the global treaty
framework for climate action and adaptation efforts

Processing activities (e.g., solar drying, milling) that increase the market value of
crops while reducing losses and creating new income opportunities

Insurance linked to weather indicators (rainfall, temperature) rather than direct crop
losses, providing payouts when thresholds are breached

World Food Programme, the UN agency addressing food security, often
implementing post-harvest and resilience initiatives

World Meteorological Organization, a UN agency providing weather, climate, and
water-related services

World Wide Fund for Nature, an international NGO supporting conservation and
ecosystem-based adaptation initiatives

The difference between potential and actual crop yields, often widened by climate
stress, poor inputs, or limited access to technology
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EXECUTIVE SUMMARY

Agriculture underpins food security, employment, and rural incomes across East and Southern Africa. Yet,
it is increasingly exposed to climate change. Rising temperatures, prolonged droughts, more intense
rainfall, and shifting pest and disease pressures are already eroding vyields, disrupting markets, and
straining rural livelihoods. Left unaddressed, these hazards will undermine food systems, financial
stability, and long-term development. For GCA, this challenge presents an opportunity: to identify and
scale investable adaptation solutions that safeguard value chains, reduce systemic risk, and catalyze
private capital flows towards resilience.

Across Tanzania, Zambia, Kenya, and the Democratic Republic of Congo (DRC), hazard mapping reveals
a common profile of exposure. Heat extremes and droughts depress crop vyields and livestock
productivity; floods and waterlogging drive disease outbreaks and post-harvest contamination; while
aflatoxin and pests pose mounting threats to food safety and trade. These pressures converge most
sharply on staple value chains such as maize, rice, cassava, potatoes, soybeans, and plantain, alongside
livestock systems that anchor rural nutrition and incomes. Export crops such as tea and coffee also face
growing climate stress. The gender dimension is critical: women, who provide the majority of farm labour
and dominate post-harvest handling, cassava and plantain processing, poultry, and small-scale trade, face
heightened exposure yet have fewer resources to adapt.

From this landscape of need, the analysis distilled a portfolio of commercially ready solutions, clustered
into five recurring adaptation themes:

e Storage and Post-Harvest Systems (hermetic bags, solar dryers, cold chain)

e Water Management and Irrigation (solar-powered irrigation, water harvesting)

e Livestock feed and Health (climate-resilient fodder, veterinary services)

e Pest and Disease Management (aflatoxin biocontrol, disease-resistant varieties)
o Digital Platforms (digital climate advisory services, early warning)

These solutions stand out because they directly address climate pressures while offering proven delivery
models, repayment structures, and gender-responsive pathways that make them bankable.

Country-specific priorities sharpen this picture. In Tanzania, top opportunities include aflatoxin biocontrol,
resilient fodder, cold chain, hermetic storage, and solar irrigation. In Zambia, priorities are drought-tolerant
maize and soybean seed, aflatoxin biocontrol, fodder systems, solar drying, and hermetic storage. In
Kenya, the emphasis is on digital advisory platforms, hermetic storage, fodder systems, solar drying, and
solarirrigation, with potatoes and tea adding unique vulnerabilities. In the DRC, priorities include biological
pest control for aflatoxin, solar drying systems, disease-resistant cassava and plantain varieties, and
hermetic storage, solutions critical for safeguarding food security in cassava, maize, and plantain value
chains that sustain most households.

Taken together, these findings provide a roadmap for GCA to advance its mandate of catalyzing climate
adaptation finance. The identified interventions are tangible, financeable products and services that can
be scaled through banks, MFls, cooperatives, and agri-business networks. They present opportunities to
crowd in private finance, empower women and smallholders, and convert climate risks into structured
investment opportunities. By building on these bankable entry points across Tanzania, Zambia, Kenya,
and the DRC, GCA can help transform food systems in East Africa, strengthening resilience while
unlocking new markets for adaptation finance.
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INTRODUCTION AND BACKGROUND SETTING

Project Context

This report forms part of a multi-phase assignment commissioned by the Global Center on Adaptation
(GCA) to identify and scale climate adaptation investment opportunities within agriculture and food
systems in Tanzania, Kenya, Zambia, and the Democratic Republic of the Congo (DRC). The overall aim
of the program is to generate a robust evidence base, identify a range of viable adaptation solutions, and
position private finance to play a catalytic role in strengthening resilience across these countries.

The present report corresponds to Phase 2 of the work, that builds upon the Phase-| Inception. It brings
together a spatially explicit climate risk analysis, the identification of priority agri-food value chains, and
the mapping of relevant adaptation solutions. This analysis connects hazard exposure with the crops and
livestock systems most critical for food security and rural incomes, before matching them to adaptation
options that are technically mature, locally relevant, productivity-enhancing, and gender-inclusive. In doing
so, it establishes a foundation of “what matters most”, the combinations of risks, value chains, and
solutions that merit deeper investment consideration.

Insights from this phase directly feed into the remaining deliverables. Phase 3 will quantify the market
opportunity size for the shortlisted solutions, map value chains in greater detail, and assess the market
structures that will influence uptake. Phase 4 will test their financial and commercial viability, exploring
whether they present a compelling business case for smallholder farmers, cooperatives, and agri-SMEs
on the one hand, and for commercial banks and MFIs on the other. Finally, Phase 5 will synthesize all
evidence, from climate and market analysis through to ROI, into a strategy and set of recommendations
that can guide GCA, governments, and financial institutions in scaling private-sector adaptation finance.

By clarifying the risks, exposures, and most promising solution pathways, this report therefore serves as
the analytical backbone for the phases that follow, ensuring that market sizing, financial analysis, and
strategy development are firmly grounded in climate and agricultural realities.

Study Rationale and Objectives

Agriculture across Tanzania, Kenya, Zambia, and the DRC sits at the very heart of livelihoods, food
security, and economic growth. Yet for millions of farmers and agriculture small and medium size
enterprises (SMEs), the sector is increasingly shaped not by opportunity alone but by the constraints of a
changing climate. Droughts reduce yields and water availability, floods destroy crops and infrastructure,
erratic rainfall shortens growing windows, while heat stress and shifting pest and disease dynamics
compound the risks. For smallholder farmers, cooperatives, and agribusinesses alike, these shocks
translate directly into lost income, heightened food insecurity, and constrained access to finance.

Understanding these risks is not simply a technical exercise; it is about uncovering where climate hazards
are most deeply felt by farmers and value chain actors, and how these risks intersect with the realities of
production systems. A climate-smart solution that works in one agro-ecological zone may not be relevant
in another; an innovation that makes sense for commercial horticulture may not be viable for rainfed
maize farmers. This is why a spatially explicit and context-sensitive climate risk assessment is critical. It
allows us to see not just the hazards themselves, but how they map onto livelihoods, commodities, and
where the biggest vulnerabilities lie.

Climate risks in agriculture are not gender neutral. Women constitute the majority of the agricultural
labour force, but they consistently face systemic barriers in access to land, finance, technology, extension
services, and markets. These inequities heighten women'’s vulnerability to climate change impacts and
constrain their ability to adopt adaptation strategies (bank, 2023b) (UNDP, 2020).
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At the same time, there is no shortage of adaptation solutions in principle: from drought-tolerant crop
varieties to digital climate information services, from water-efficient irrigation systems to parametric
insurance. What is missing is a clear understanding of which of these solutions are both relevant and
scalable in the four countries, and which can credibly attract private sector and development finance.
GCA’s mandate to catalyse adaptation investment requires that opportunities identified are not only
scientifically grounded but also practically investable.

This phase is therefore designed to serve as a bridge between climate risk evidence and adaptation
investment opportunity. It anchors adaptation choices in a granular understanding of climate hazards,
links these hazards to priority commodities and food systems value chain stages, and then systematically
screens a wide universe of adaptation options to highlight those that are most relevant, financially viable,
and capable of scaling. In doing so, it ensures that the final set of opportunities is both human-centred,
reflecting farmers’ realities and system constraints and finance-ready, providing clear pathways for
lenders and investors to support adaptation at scale.

The report is designed around four main objectives:

Development of a Rapid Climate Risk Assessment. The first objective is to build a robust yet rapid climate
risk assessment that goes beyond generic climate summaries. We examined historical trends, current
hazard dynamics, and future projections (using regional datasets under RCP4.5 and RCP8.5) to
understand how droughts, floods, heat stress, rainfall variability intersect with food systems. By spatially
overlaying these hazards with agro-ecological zones and production systems, the report highlights not
just which hazards are increasing, but where their impacts on agriculture and food systems will be most
pronounced. This provides the evidence base for linking risks to value chains and identifying priority areas
of intervention.

Agricultural Landscape Assessment and Prioritization of Value Chains. A second objective is to anchor
the analysis in the national agricultural landscape, recognising that climate risks do not operate in a
vacuum. Each country has its own set of strategic crops and livestock commodities that are both central
to food security and highly exposed to climate hazards. This task examines the structure of agricultural
production systems, identified priority value chains at national level, and considered their role in
livelihoods, trade, and food security. By linking these value chains to the mapped climate risks, we could
identify where adaptation needs are most urgent, and where interventions have the potential to deliver the
greatest resilience benefits across large numbers of farmers and agri-SMEs.

Identification of Adaptation Solutions (Long List Development). Building on the risk and value chain
assessments, the third objective is to generate a comprehensive “long list” of potential adaptation
solutions. This long list drew from global and regional taxonomies (e.g., CGIAR's Adaptation Atlas, FAO,
Tailwind, CTCN, CBRT, AgFunder, and national programs) as well as expert consultations. It spans both
technology-based solutions (e.g., irrigation systems, stress-tolerant seeds, post-harvest storage) and
service-based or institutional solutions (e.g., climate advisories, insurance, warehouse receipt systems).
At this stage, the report emphasises on inclusivity, capturing the widest possible range of interventions
that could in principle address identified risks and strengthen resilience across crops, livestock, fisheries,
and aquaculture.

Prioritization Framework for Investment-Ready Solutions. Finally, this report applies a structured, multi-
criteria assessment framework to screen the long list into a focused shortlist of the most viable
opportunities. Building on multi-themes and indicators, the framework assesses solutions against several
dimensions:

e Climate hazard alignment and policy support

e Relevance to local production systems and farmer capacity
e Technical maturity, scalability and market demand

e Financial viability and attractiveness to lenders

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Mapping | Zambia Agriculture & Food Systems 1 0



e Environmental co-benefits and contribution to social inclusion

Through this process and informed by expert interviews and stakeholder consultations, we filtered the
universe of options down to those solutions that are not only contextually relevant but also capable of
mobilising capital and scaling impact.

Report Structure

This section provides further clarity on how the report is organised. For each country, the report is
structured into three core components:

1. National Climate Hazard Mapping

Establishes the climatological baseline and forward-looking projections, covering major hazards
such as extreme temperatures, droughts, and floods. It highlights where these hazards occur
across regions and provinces, comparing reference periods (1986-2005) with mid-century
projections (2041-2060) under RCP 4.5 and RCP 8.5 scenarios.

2. Agriculture and Food Security Exposure to Climate Hazards

Maps the intersection between climate risks and agriculture. This section profiles the key agri-
food systems, crops, livestock, and fisheries, and identifies major production zones. It highlights
which commodities are most exposed to climate hazards, thereby defining the priority agri-food
systems that may require adaptation attention. Validates the prioritisation of agri-food systems
through triangulation of climate risk findings with literature, policy reviews, and expert interviews.
This ensures that priority value chains are aligned with both climate vulnerability evidence and
national agricultural strategies.

3. Climate Adaptation Solutions

Identifies adaptation solution themes and specific interventions relevant to the priority agri-food
systems. This section applies a structured prioritisation framework to filter solutions based on
technical maturity, commercial viability, policy support, borrower's fit, and potential for impact
and gender, resulting in a shortlist of opportunities that can strengthen resilience for smallholder
farmers, cooperatives, agri-SMEs and women.

Methodological Considerations

The preparation of this report required the use of multiple analytical approaches to generate the evidence
presented. Below is a brief description of the processes and methodologies applied in developing the
content of the report.

Climate hazard analysis

A rapid and spatially focused climate hazard assessment was carried out, focusing on agricultural
cropland and livestock in the study countries. This approach used historical climate conditions, current
hazard dynamics, and future climate projections (RCP4.5 and RCP8.5 for the mid-century) to identify
where climate hazards are intensifying and where they overlap with key production areas, providing the
grounding for adaptation planning.

e Extreme heat
Acute heat risk was measured by the highest daily temperatures with a 10-year return period. Chronic

heat stress was assessed using the average number of days per year above 35°C. This indicator is
essential for crop suitability and also important for livestock, highlighting risks of reduced productivity and
increased mortality. It can also be used to indicate an increased risk of wildfires in farming areas.

e  Drought

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Mapping | Zambia Agriculture & Food Systems 1



Drought was evaluated both through annual average precipitation and the Standardised Precipitation
Evapotranspiration Index (SPEI12), helping to identify regions with recurrent or chronic water shortages.
This assessment is important for understanding long-term crop and pasture viability and resilience within
the food system.

e  Extreme precipitation and extreme wind
Extreme rainfall was characterized using the maximum daily total over a 25-year return period, indicating

the risk of flash flooding. Wind risk was assessed using the highest daily wind gusts for the same return
period. Both measures inform the risk of acute damage to crops, infrastructure and livestock.

e River flooding and population exposure
River flooding was assessed using flood extent and depth data from the European Joint Research Centre

(JRC) Floods Maps, which have a 100-metre spatial resolution and cover current baseline conditions.
Population density data were overlaid to better estimate community vulnerability and risk to agricultural
assets. For future projections, patterns drawn from the World Resources Institute (WRI) Aqueduct Flood
Maps multi-model ensemble were used. This approach enables a more complete assessment of
vulnerability, accounting for regions where agriculture and settlements overlap.

Baseline climate conditions for the period 1986 to 2005 were mapped using well-established climate
reanalysis and satellite-derived gridded observational datasets. Specifically, precipitation was drawn from
the CHIRPS dataset, temperature data came from CHIRTS-Daily, and wind and other meteorological
variables were sourced from the ERA5 reanalysis product. All at 0.25° resolution. These datasets provide
spatially continuous and consistent representations of climate variables across the study countries,
enabling robust baseline characterisation. The spatial analysis focused on provincial-level administrative
units — such as provinces, counties, or mikoa, depending on the country.

For future climate projections covering the 2041 to 2060 period, a bias-corrected ensemble of 16 regional
climate model simulations from the Africa CORDEX initiative was used, at a 0.25° resolution. These
projections, under both RCP4.5 and RCP8.5 emissions scenarios, offer spatially detailed and scientifically
robust estimates of future climate change signals and associated uncertainties to support risk
assessment.

Agricultural exposure assessment

The primary goal of the agricultural exposure assessment was to first understand where the core
agricultural activity is concentrated. This foundational step is essential before focusing on particular
regions to evaluate the climate impacts on agriculture and livestock.

The analysis principally targeted two key sectors critically important for the food security in the project
countries: crop production and livestock rearing. For crops, we mapped the density of cropland measured
as hectares of cropland per grid cell. This was derived using the Spatial Production Allocation Model
(SPAM) 2017 version 2.1 for Sub-Saharan Africa, developed by IFPRI and CGIAR partners. SPAM offers
gridded estimates of crop area, production, and yields at approximately 10 km by 10 km spatial resolution
near the Equator. In this study, we employed the physical area layers that estimate the extent of cropland
devoted to individual crop types within each grid cell. From over 40 crops available, we focused on a
subset of key commodities dominating agricultural production and food security in the Democratic
Republic of Congo, Tanzania, Kenya, and Zambia. These crops included maize, cassava, beans,
groundnuts (peanuts), rice, sorghum, millet, sweet potatoes, plantains/bananas, and sugarcane. These
commodities were aggregated to create exposure layers that are relevant for the climate hazard and
impact assessments.

For livestock, we used the Gridded Livestock of the World, version 4 (GLW4, reference year 2020) dataset
produced by the FAO. GLW4 provides globally consistent, high-resolution (approximately 10 km) livestock
distribution maps expressed as the number of heads per grid cell. These estimates are generated by
downscaling official subnational census statistics with environmental predictors, land cover, and human
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population density. For this study, livestock species layers for cattle, sheep, goats, pigs, and chickens were
aggregated to produce total livestock exposure surfaces.

The crop and livestock distribution maps, combined with a thorough review of the agro-ecological
characteristics and socio-cultural contexts of the countries, facilitated the identification of key agricultural
hotspot regions. These regions were defined as clusters exhibiting high agricultural productivity, often
shaped by distinct agro-ecological conditions as well as local societal factors such as traditional practices
and resource limitations. The delineated areas were named based on their geographic features or notable
societal attributes. This approach enabled a more natural and relevant classification of agricultural zones
than administrative boundaries alone, capturing where production activity is most concentrated and
where climate impacts could be most significant.

It is important to note that while the climate hazard assessment was primarily conducted at the provincial
level or equivalent administrative divisions, the agricultural exposure analysis often extended across
multiple provinces. While administrative units remain useful for aggregating data, the exposure analysis
prioritised natural boundaries such as agro-ecological zones and landscape features that better reflect
agricultural realities. Even so, key provinces within these cross-boundary regions are frequently linked in
the analysis, recognising that agricultural production systems and socio-economic interactions often
transcend formal administrative divisions.

Within each identified key area, the main commodities produced were identified. For livestock, this was
based on the number of animals, and for crops, on the total production value of each commodity. While
cropland area indicates regions of high production extent, production value better reflects the potential
economic risk from climate-induced losses. Finally, the key climate hazards were linked to each region
and their main commodities, providing an integrated view of climate risk across both crops and livestock.

Prioritisation of food value chain

The prioritisation of food value chains in Kenya, Zambia, Tanzania, and the DRC was undertaken through
a semi-structured, multi-criteria process that triangulated quantitative climate-risk evidence with policy
relevance and expert judgement'. The prioritisation process considered such factors as:

+ Climate risk & resilience

+ Food security & nutrition

*  Economic importance & livelihoods
*  Market performance & access

*  Supply-side constraints

» Policy & institutional alignment

»  Expert validation

Building on the hazard exposure mapping in the key agriculture production regions, a qualitative analysis
of potential climate impact to the main commaodities within the regions was conducted using a qualitative
Impact score (High/Medium/Low) of climate sensitivity and region-specific climate trends (Annex 1: High-
Level Climate Impact Analysis). The analysis resulted in the identification of the commodities that
potentially would be most impacted by projected climate trends, and contributed to the prioritisation
process.

1 While recognising the importance of fisheries/aquaculture, the scope focused on crop and livestock
subsectors due to their primary role in the project countries’ food security.
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An explicit consideration of gender inclusion was also applied, recognizing that women play critical roles
in agriculture and food systems but face structural barriers to resources, finance, and decision-making.
Commodities where women'’s participation is significant, but where climate risks could further exacerbate
gender inequalities, were given higher priority. Screening results were then stress-tested with national
experts and CGIAR/GCA specialists.

This process produced a short list of priority crop and livestock value chains to guide the identification of
adaptation solutions and investment design.

Identification and prioritization of adaptation solutions

Step 1: Building the Long List of Solutions

The identification process began with a review of 21 global, regional, and national adaptation taxonomies
and reports (e.g., CGIAR's Adaptation Atlas, FAO, Tailwind, CTCN, CBRT, AgFunder, and national
programs), complemented by targeted expert consultations. This exercise produced a long list of
adaptation options spanning a wide spectrum, from climate-smart agricultural (CSA) and best-
management practices (e.g., mulching, crop rotation, conservation agriculture), to technology-based
products, services, and financial instruments. Drawing on established taxonomies ensured that the pool
of solutions was not only broad and representative but also anchored in credible, widely recognised
frameworks. This provided a common language and consistent classification system, making it easier to
compare solutions across geographies and to align them with institutional priorities and funding
landscapes.

Each solution was then mapped against the climate hazards addressed, relevant conmodities, and food
system stages, and grouped into one of nine broad categories: Environment-based Adaptation (EbA) and
agriculture best-management practices; physical climate risk management and infrastructure, physical
climate risk transfer, physical climate smart inputs, improved processes tools, advisory services, data
management and operations, decision-support tools, and physical climate risks identification and impact
assessment. This comprehensive approach ensured that no relevant solution set was overlooked and
that the long list captured the diversity of adaptation options currently being developed and deployed
across Africa.

Step 2: Rationale for Focusing on Products and Services over CSA Practices

While Climate-smart agricultural (CSA) practices, such as mulching, intercropping, or conservation
agriculture, play an important role in strengthening resilience and enhancing farmers’ adaptive capacity.
They improve soil health, stabilise yields, and help smallholders cope with climate variability. For this
reason, such practices remain central to long-term climate adaptation strategies and should continue to
be promoted through public policy, extension systems, and farmer-led initiatives. However, while vital
agronomically, these practices do not easily translate into investable opportunities that commercial banks
or MFIs can underwrite. Their benefits are real but diffuse, incremental, and highly context-specific,
making it difficult to define discrete cash flows or structure them as bankable products.

By contrast, products and services, such as solar irrigation pumps, cold storage, hermetic bags, or climate
advisory platforms, are tangible, financeable interventions. They have identifiable costs, measurable
impacts on yields or post-harvest losses, and clearer payback profiles that enable lenders to build a risk-
return case. Banks and MFIs require solutions that can be standardized and deployed at scale. Products
and services lend themselves to this because they can be aggregated (e.g., group lending for irrigation
kits), bundled (e.g., insurance with advisory), and replicated across geographies. CSA practices, however,
depend heavily on local context, farmer knowledge, and extension capacity, which limits their suitability
as a scalable, financeable offering in the short term.

Banks can extend loans for these technologies in ways they cannot for “adopting mulching” or “practicing
crop rotation.” This creates a more direct business case for financial institutions while still delivering
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resilience benefits to farmers. For the purposes of this project, where the goal is to prioritise investable
adaptation solutions that can unlock private finance, focusing on products and services provides a more
practical pathway to mobilising capital at scale.

This focus does not imply that CSA practices are unimportant. On the contrary, they remain a critical
foundation for sustainable and climate-resilient agriculture and should continue to be advanced through
public extension systems, NGO programmes, and farmer-led initiatives. To acknowledge their value, we
have collated a set of the most effective CSA practices (Annex 3-6), those that build adaptive capacity
and improve yields, productivity, and farm incomes, for GCA’s future consideration. For this specific
project, however, where the objective is to identify 8—10 bankable adaptation solutions that can attract
private finance, we emphasized on shortlisting the technologies, products, and services that offer a clear
investable proposition for financial institutions.

Step 3: Adaptation Solution Prioritization

The refined long list was systematically assessed against the climate risk profiles and priority value chains
identified in each country, and validated through expert consultations, including inputs from CGIAR
centres. A multi-criteria analysis (MCA) provided the backbone of this exercise, enabling a structured
evaluation of how each solution aligns with country-specific hazards and agri-food systems, and its
operational fit for key borrower segments such as smallholder farmers, cooperatives, and agri-SMEs.

Each solution was evaluated against explicit criteria, including operational fit for key borrower segments
(such as smallholder farmers, cooperatives, and agri-SMEs), technical maturity and local delivery
readiness, potential to increase productivity, institutional and policy alignment, and gender and social
inclusion. Gender responsiveness was built into the framework explicitly: solutions that reduce women'’s
labour burden, expand access to finance or extension, or strengthen women'’s role in decision-making
received higher scores. This reflects evidence that without deliberate gender-responsive design,
adaptation interventions risk reinforcing existing inequalities

To ensure rigour, each criterion was assessed using a weighted scoring system that reflected the relative
importance of each indicator. The process was guided by diagnostic questions and evidence-based
benchmarks, which allowed for a nuanced comparison of solutions based on both their technical and
socio-economic contributions. Solutions with high composite scores were shortlisted for deeper analysis,
including market sizing, value chain mapping, and financial viability assessments — that will be delivered
in the next phase of the project.

This prioritisation approach ensures that the solutions taken forward are not only technically sound and
contextually relevant, but also scalable, inclusive, and institutionally aligned—providing a strong
foundation for GCA and its partners to identify interventions that can attract private finance while
addressing urgent climate risks in agriculture.
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COUNTRY OVERVIEW: ZAMBIA

Country Executive Summary

Agriculture is central to Zambia’s economy and rural livelihoods, anchoring food security and supporting
most households across the country. Yet the sector faces mounting climate pressures. Extreme heat is
projected to spread into regions that have historically been less affected, flooding will remain a recurring
challenge in river basins, and rainfall patterns are expected to grow more erratic. Together, these shifts
are reshaping the risk profile of Zambia’'s most important farming zones.

National Hazard mapping shows that rising temperatures will hit the Western Province and Central
Plateau hardest, with sharp increases in very hot days threatening crops, livestock, and farmer health.
Drought risk is less severe than in some regions but is still expected to intensify in the west. At the same
time, extreme rainfall will become more common across Eastern, Lusaka, Northern, and Luapula
Provinces, raising the likelihood of flash floods in areas not previously considered high-risk. Riverine
flooding will remain concentrated in Western, Luapula, and Muchinga Provinces, where large populations
and assets sit in exposed floodplains.

These hazards directly intersect with Zambia’'s agricultural priorities. Maize dominates production and
diets but is highly climate-sensitive. Soybeans are rapidly expanding as a commercial crop, while cassava
offers resilience in drier areas. Cattle remain vital for livelihoods, though increasingly exposed to flood and
heat stress. Small livestock such as goats and poultry provide critical household income but are similarly
affected by rainfall variability. Across these systems, four value chains, maize, soybeans, cassava, and
cattle, stand out as both strategically important and vulnerable to climate hazards.

The gendered lens sharpens this picture. Women account for around 62% of Zambia's agricultural
workforce, concentrated in maize, cassava, groundnuts, poultry, and goats, the very subsectors most
exposed to climate shocks. Men, by contrast, dominate soybeans and commercial cattle, which are
somewhat less climate-sensitive. With less access to credit, extension, and land, women have fewer
pathways to adapt, leaving households more vulnerable overall.

In short, Zambia's farming systems are entering a period of heightened stress. Risks are rising across
staples and livestock, with the most urgent threats converging on maize, soybeans, cassava, and cattle.
Responding effectively will require adaptation strategies that build technical resilience, create viable
commercial opportunities, and close the persistent gender gaps that limit women'’s ability to adapt and
thrive.

Zambia's most investable adaptation priorities include drought-tolerant maize and soybean varieties,
aflatoxin biocontrol, climate-resilient fodder, solar drying systems, and hermetic storage. Proven in
Zambia or the region and supported by strong institutions, these solutions address urgent climate risks
while offering clear commercial pathways through agro-dealers, cooperatives, and SMEs, making them
strong entry points for private investment in resilience.

National Climate Hazard Mapping

Key findings:

Extreme Heat. Extreme heat will become a much broader challenge across Zambia. While the southern
and eastern lowlands will remain the hottest areas, exposure will expand into regions that have
historically been less affected. The Western Province and Central Plateau, both agriculturally critical, are
expected to see the sharpest rise in very hot days, significantly amplifying risks for crops, livestock, and
human health. Only the northern and eastern highlands will retain partial protection from elevation,
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though even these areas will warm. Overall, heat stress is projected to intensify well beyond current
hotspots.

Drought. Drought risk in Zambia is projected to shift only modestly. Annual rainfall totals are expected
to remain broadly stable with small and uncertain changes across scenarios. While droughts may
increase somewhat in severity, particularly in the west, they are likely to remain within the moderate
range. Compared to neighbouring countries, Zambia faces less pronounced drought stress, though
localised agricultural and water management impacts will still require targeted attention.

Extreme Wind. Extreme wind speeds are projected to increase modestly, with the strongest relative rises
in Northern and Copperbelt Provinces. Localised increases will also occur in parts of the south-western
plateau and the Luangwa Valley. However, Zambia's wind extremes will continue to be shaped primarily
by topography, with mountainous and escarpment zones remaining most exposed, while lowland areas
retain lower values.

Extreme Rainfall. Extreme rainfall events are expected to intensify across most regions. The Eastern
Province is projected to see some of the largest increases, alongside Lusaka, Northern, North-Western,
and Luapula Provinces. Western and Copperbelt Provinces show more modest changes. These shifts
indicate that intense rainfall will become more widespread, raising risks of flooding even in areas not
traditionally the wettest.

River Flooding. Flood risk remains concentrated in the Western, Central, and Muchinga Provinces, which
by 2050 are projected to experience flood extents of 9,358 km?, 5,457 km?, and 4,405 km? respectively.
Luapula (3,792 km?) and Southern (3,470 km?) also remain hotspots. Western Province will continue to
host the largest exposed population — around 118,000 people (11% of residents) — followed by Luapula
with more than 107,000 people (6%). Although some projections suggest decreases in total flooded
areas (e.g., Central, Northern, Southern, Luapula, and Western Provinces), uncertainty remains high due
to conflicting climate model outputs. Even where inundated area may decline, exposure of people and
assets in flood-prone zones means the potential for damage remains significant.

Climatology of Zambia

Zambia, a landlocked country in south-central Africa, covers 752,618 km2 and is largely situated on a high
plateau between 900-1,500 m, with higher elevations above 2,000 m in the east (Mafinga Hills, Nyika
Plateau) and a general slope towards the southwest. A lot of its borders are defined by major rivers and
lakes, including the Zambezi (forming most of the southern border and home to Victoria Falls), Lake
Kariba, Lake Tanganyika, Lake Mweru, and the Bangweulu wetlands. The Copperbelt and Lusaka lie along
the “Line of Rail,” the country’s main corridor of settlement and economic activity. Large parts of Zambia
are sparsely populated.

Climatically, Zambia lies within the tropics, but its altitude moderates conditions, creating three distinct
seasons: a warm wet season (Nov—Apr), a cool dry season (May—Aug), and a hot dry season (Sep—0ct).
Therefore, rainfall is concentrated in 5 months and governed by the shift of the Intertropical Convergence
Zone. December and January are the wettest months, and summer rains reduce the high temperatures
that might be expected at this time. Seasonal flooding sustains extensive wetlands of major ecological
importance (e.g., Bangweulu, Kafue Flats, and Lukanga Swamp). The southwest is the driest
agroecological region with drought-prone soils, while the northeastern plateau is the wettest, and the
central plateau and Kalahari Sands experience intermediate rainfall and soils of moderate fertility.
Sunshine abounds all year and temperatures vary with elevation: the Luangwa and Zambezi valleys are
the hottest zones, while the coolest area is the Nyika plateau, in the northeast. However, during the cold
months (June/July), the area west of the Line of Rail is the coolest, with occasional frost in the southwest.
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Figure 1. Provinces in Zambia (administrative divisions since 2012).
Extreme temperatures

Extreme heat exposure in Zambia is shaped by strong contrasts between lowland valleys and the
surrounding plateau. The Zambezi Valley along the southern border, together with the Kafue Flats and the
Luangwa Valley, form the country’s main heat corridor, where low elevation and semi-arid conditions drive
the most intense extremes. By contrast, the higher plateau regions are noticeably cooler, especially in the
north and northeast, where elevation reduces exposure to very hot conditions. These geographic patterns
define the baseline distribution of extreme heat across Zambia.

Maximum daily temperature with a 10-yr RP

Reference (1986—2005) RCP4.5 (2041-2060) RCP8.5 (2041—-2060)
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Figure 2. Comparison of the maximum daily temperature with a 10-year return period during the reference period and
the projected values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.
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Mean of Number of days with maximum temperature above 35 C
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Figure 3. Comparison of the mean annual number of days above 35°C during the reference period and the projected
values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.

REFERENCE PERIOD (1986-2005)

e Extreme heat events occurring once in 10 years (Figure 2) shows the highest values in the
country’s lowlands: along the southern border with Zimbabwe (the Zambezi Valley and around
Livingstone — 42°C to 45°C), and the Kafue flats and Luangwa Valley (a stripe delimiting the
provinces of Lusaka, Central, Eastern and Muchinga — 43°C to 44°C).

e The higher plateaus elsewhere observe lower extreme temperatures, with the Lusaka (41.3°C),
Western (40.2°C) and Southern (40.5°C) provinces seeing the largest region averages, while other
provinces oscillate between the lowest extremes of the Northern province (35.4°C) and the
Eastern province (39.9°C).

e The number of days >35°C (Figure 3) aligns with the maximum daily temperatures, with the
lowlands showing localised maxima of 75 to 100 days.

e |usaka (45 days >35°C) and Western (41 days >35°C) are the provinces with highest averages,
with northern provinces (Copperbelt, Luapula and Northern) displaying just a week or less.

PROJECTION FOR 2041-2060

e Increases in temperature are expected nationwide, by +1.9°C to +2.1°C (RCP4.5) and +2.5 to
+2.8°C (RCP8.5).

e The largest changes are in localised in Western province and the central plateau, both areas with
high agricultural activity.

e The number of days >35°C will increase considerably in the hottest areas of the country (+ 2 months
in places). However, the largest change is expected in the Western province (+53 days, RCP4.5, to
+74 days, RCP8.5)

e All areas that previously did not experience days >35°C could see a week or more of these very hot
days by 2050, except for the highlands in the north and east, which will remain with virtually no days
>35°C.

In summary, extreme heat will become a much broader challenge for Zambia. While the southern and
eastern lowlands will remain the hottest parts of the country, heat exposure will expand into areas that
have so far been less affected. The Western Province and the central plateau, both critical for agriculture,
are expected to see the sharpest increases in very hot days, amplifying risks for crops, livestock, and
human health. Only the northern and eastern highlands will retain some protection due to elevation, but
even there, temperatures will climb. Extreme temperatures will be a rising risk, widening heat stress and
requiring adaptation well beyond today's known hotspots.

Drought
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Drought exposure in Zambia is shaped by strong rainfall gradients between the wetter north and the drier
south, as well as by variations linked to valleys and plateaus. Broadly, the country has a tropical climate
with a single rainy season, but the distribution of rainfall is uneven and sensitive to both elevation and
topography. These patterns define where drought risk is more pronounced, especially in lowland and
southern areas.

Mean of Mean accumulated precipitation
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Figure 4. Comparison of the mean annual accumulated precipitation during the reference period and the projected
values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.
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Figure 5. Projected mean of SPEI values (multiscalar drought index) for an accumulation period of 12 months under
RCP4.5 and RCP8.5 scenarios for 2041-2060.

REFERENCE PERIOD (1986-2005)

e Annual precipitation has a clear north-south gradient, with around the northern half of the country
receiving >1000 mm annually and the southern border receiving less than 700 mm.

e The Luangwa Valley (in the east) receives less rainfall than surrounding areas, yet remains above
800 mm.

e Most provinces show on average >900 mm, except for Southern (739 mm), Lusaka (814 mm)
and Western (818 mm).

PROJECTION FOR 2041-2060

e Change in the future is uncertain, with differences in the signal of change appearing between
scenarios and areas. Overall, the changes appear small (typically less than 2%).
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e Drought events are projected to increase in severity, with spatial differences between scenarios
and typically remaining in moderate levels. The largest province change is expected in the west.

In summary, Zambia is projected to see only modest shifts in drought risk. Annual rainfall totals are
expected to remain broadly stable, with only small and uncertain changes across scenarios. While drought
events may increase somewhat in severity, particularly in the west, they are generally projected to stay
within the moderate range. Although drought stress is more uncertain and less pronounced than in many
neighbouring countries, localised impacts on agriculture and water management will still require
attention.

Extreme wind
Extreme wind exposure in Zambia is largely shaped by the country's varied topography. Mountains,
escarpments, and rift valleys influence how winds accelerate and channel across the landscape, creating

localised zones of higher intensity. In contrast, lower-lying valleys and flatter areas generally experience
milder winds. These geographic contrasts form the baseline pattern of wind extremes across the country.

Maximum daily surface wind gust with a 25-yr RP
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Figure 6 Comparison of the maximum daily surface wind gust with a 25-year return period during the reference period
and the projected values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.

REFERENCE PERIOD (1986-2005)

e The strongest extreme winds are linked to higher ground, such as the Muchinga Mountains north
of the Luangwa Valley (20.9 m/s), the southern escarpment of the valley in Eastern province (21.2
m/s) and north of the Copperbelt (20.5 m/s).

e The mildest wind speeds are found in the Luangwa Valley and at the north of the country (by Lake
Tanganyka), both with less than 15 m/s.

PROJECTION FOR 2041-2060

e Wind will increase in most places, with the largest increases in the provinces Northern (up to 4%)
and Copperbelt (up to 4.6%).
e |ocalised increases also emerge in the south of Western province (+5%) and Luangwa Valley (5-
6%).
In summary, extreme winds in Zambia are projected to increase modestly across much of the country,
with the largest relative rises in Northern and Copperbelt Provinces. Localised increases are also expected
in parts of the south-western plateau and the Luangwa Valley. Overall, the areas of strongest wind will
remain those associated with mountainous and escarpment terrain, suggesting that topography will
continue to dominate patterns of wind extremes, while lowland areas still displaying lower values.

Extreme precipitation
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Extreme precipitation in Zambia is influenced by both regional climate patterns and local topography.
Unlike average annual rainfall, which follows a clear north—south gradient, extreme rainfall events are
concentrated in uplands, plateaus, and along escarpments, where elevation and topographic features
enhance rainfall intensity. These events occur in isolated pockets rather than uniformly across the
country, highlighting the uneven spatial distribution of extreme precipitation.
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Figure 7. Comparison of the maximum 1-day precipitation with a 25-year return period during the reference period
and the projected values for 2041-2060 under RCP4.5 and RCP8.5 scenarios.

REFERENCE PERIOD (1986-2005)

e Events of extreme precipitation (maximum rainfall in a day) do not follow the same structure as
the mean yearly rainfall. Highest localised maxima are observed in the provinces Southern (81
mm), Muchinga (78 mm) and Copperbelt (76 mm).

e Province averages are highest in Southern (60 mm), Lusaka (58 mm) and Copperbelt (57 mm),
with Muchinga showing the lowest province average (49 mm).

PROJECTION FOR 2041-2060

e Extreme rainfall events are projected to increase in most of the country, although with different
degrees of intensity.

e The Eastern provinces may see a 23% increase (RCP8.5) to 66 mm. Other provinces with a large
increase include Lusaka (+20%) and Northern, North-Western and Luapula (+19%).

e Western and Copperbelt show the lowest increases (10-14%).

In summary, extreme rainfall events in Zambia are expected to increase across most regions, with the
Eastern Province experiencing some of the largest rises. Other elevated areas, including parts of Lusaka,
Northern, North-Western, and Luapula Provinces, are also projected to see substantial increases, while
the western and Copperbelt regions show more modest changes. These shifts point to a wider distribution
of intense rainfall events, raising the potential for flooding and water-related hazards even in areas that
are not traditionally the wettest.

River flooding

In Zambia, there are six river basins or main catchment areas as defined by the Water Resources
Management Authority (WARMA). Those include the Zambezi, Kafue, Luangwa, Luapula, Chambeshi and
Tanganyika basins (Figure 8).
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River Basins in Zambia
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Figure 8. Map of principal river basins in Zambia (in white), together with the main river network in the country.

The Zambezi River, Africa’s fourth-largest, flows southeastward across Zambia, supporting agriculture
along its floodplains (Western and Southern Provinces) and providing water and power. Its main tributary,
the Kafue River, runs entirely within Zambia through the Copperbelt, Central, Lusaka, and Southern
provinces, supporting mining, irrigation, Lusaka's water supply, and more than half of the country’'s
hydroelectricity at Kafue Gorge Dam. The Luangwa River, flowing through Muchinga and Eastern
provinces, sustains fertile floodplains, wildlife-rich national parks, and rural communities, and hosts major
commercial agricultural areas such as Mkushi/Chitina and Chibombo/Chisamba. Further north, the
Chambeshi River drains into the Bangweulu wetlands (Muchinga and Luapula Provinces), where
agriculture dominates, with crops including maize, coffee, and millet. The Luapula River, forming the
border with the DRC, flows into Lake Mweru, while the Tanganyika basin, shared with neighboring
countries, is another major river system in the Northern province.

Generally, flooding is most frequent along the Zambezi, Kafue, and Luangwa floodplains, displacing
communities, damaging cropland, and disrupting transport. The table below illustrates selected recent
flood events and their impacts.

Table 1: High-level climate impact analysis.

Date Region Impact

Feb 2025 Lusaka province (Kafue basin) Heavy rainfall caused severe floods and flash
floods particularly affecting Lusaka District. 50
families (around 250 people) were evacuated to
temporary shelters, while additional heavy rain
was forecast in the following days (ECHO, 2025).

Jan - Feb Mainly Southern, Central, Eastern and @ The most severe floods in over 50 years
2023 Lusaka provinces (Zambezi, Kafue and impacted around 154,608 people in the
Luangwa basins) Southern province alone, with 8 fatalities,

thousands evacuated, tens of thousands of
houses flooded, nearly 100 roads and several
bridges damaged, and multiple communities
isolated (Reliefweb, 2023).
Jan 2022 ) Heavy rains and flash floods submerged 8,000
SouthernA PrOV|nce: Na_mW?'a' Kalomo, 15 of crops, swept away livestock, displaced
Choma districts (Zambezi basin) around 500 households in Namwala, and
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damaged seven bridges, leaving several
communities accessible only by air or boat
(Reliefweb, 2022).

Therefore, for Zambia, flooding poses major risks to agriculture, infrastructure, and communities,
displacing thousands and damaging crops, roads, and homes across key river basins and especially on
central and southern provinces.

REFERENCE PERIOD (1986-2005)

To evaluate the impact of river flooding at the country level, an analysis is carried out using the flood
extent and water depths from the European Joint Research Centre (JRC) Floods Maps, which have a
100m resolution and are available under current baseline conditions. For future projections, the multi-
model climate change patterns from WRI's Aqueduct Flood Maps are derived and used (P. J. Ward, 2020).

To impact of river flooding in Zambia is assessed considering a 50-year return period event.

e The provinces with the largest flooded areas are Western and Central, primarily in the Zambezi
and Kafue river basins.

e Western province records the highest extent, with 9,567 km? flooded (6.9% of its area), largely
across the Barotse/Zambezi Floodplain—the second-largest wetland in Zambia after the Lake
Bangweulu system (between Muchinga, Northern and Luapula provinces).

e Central province follows with 6,136 km? flooded (5.2%), while Muchinga records 4,429 km? (4.9%)
and Luapula 4,020 km? (7.7%). Southern, North-Western and Northern provinces experience
flooded extents of 3,750 km? (5.1%), 3,685 km? (2.8%) and 2,427 km? (3.0%) respectively.

e Lusaka, though it is the third less flooded province, is also among the most exposed in relative
terms, with 1,658 km? flooded, representing 6.0% of its provincial area.

e Finally, Eastern and Copperbelt show lower but still notable exposure, with 1,505 km? (2.8%) and
918 km? (2.8%) flooded, respectively.

River flooding for a 50-year return period event

= ~ , P R PN
A ST O NorthWestern o L

=
[

h
=, Northern
)
s

Luapula f
PN
<8 @
~ Muchinga

¢ a
North-Western 3 Copperbelt

Western

4 bR
> - Central ,} /

B

e . VNS
Western | Central 3
A /\\\ <:|~JLJ
R Aty |
''''' % A/ Z’U\\\j
)
% |
0 zambia Water depth [m] 5 X Southern |
Provinces - = 7
01 >8 |

Figure 9. Flood Map for 1 in a 50 year river flooding event for the historical period. The zoomed area on the right
includes the two provinces with the largest exposure (largest area with at least 0.5m of floodwater expected).

PROJECTION FOR 2041-2060

The assess the impacts of river flooding in the future, we obtain the flood mask of at least 0.5m of water
associated to a 50-year return period event for 2050 (under an RCP4.5 scenario) and combine this
information with the presence of population from a 100-meters gridded dataset (Worldpophub, 2025).
Table presents the most exposed provinces by flooded area, difference between present and future, and
linked to population.
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e Provinces most exposed to river flooding: Similar to the historical period, Western, Central, and
Muchinga provinces will remain the most flood-prone, with projected extents of 9,358 km?, 5,457
km?, and 4,405 km? respectively. Luapula (3,792 km?) and Southern (3,470 km?) provinces also
remain major hotspots.

e Future exposed population: The largest share as well as absolute numbers of people living in
areas at risk are in Western province: 118,406 people (11%), followed by Luapula, with 107,474
people (6%).

e Largest variation in total water extent: Comparing historical and 2050 projections, the biggest
decreases are in Central (-680 km?), Northern (-316 km?), Southern (-280 km?), Luapula (-227 km?),
and Western (-209 km?). Copperbelt is the only province with an increase (+21 km?).

(@]

It must be noted that, when considering a lower water depth threshold (=0.17 m instead
of 0.5 m), the largest decrease in flooded extent appears in Western province. This is
consistent with recent findings that the Barotse Floodplain will face shorter and weaker
floods, with some areas experiencing years without inundation due to climate-driven
aridification and drought (E. J. Mroz, 2025). However, both our projections on
accumulated and extreme one-day precipitation, as well as basin-scale modeling studies
in recent literature highlight considerable uncertainty and disagreement between
different climate models.

Moreover, while some RCP8.5 projections suggest increases in streamflow and
variability in the wider Zambezi River Basin (Z. Ndhlovu, 2021), others indicate reductions
under RCP4.5, which aligns with the overall decrease in flooded areas in Zambia.
Nonetheless, a significant portion of the population remains exposed in regions such as,
precisely, the Western province, and although the total flooded area may be reduced, the
potential for substantial damage remains high.

Table 2: Top-10 provinces with the largest population located in flood-prone areas for a 2050 river flooding map.
Flood-prone areas are defined as areas with at least 0.5 meter of water. Data for future is provided for 2050 based
on the RCP4.5. Red rows represent exposed regions.

Provinces

Western
Luapula
Southern
Central
Northern
Copperbelt
Eastern
North-
Western

Muchinga

Lusaka

Context Flood extent 50-year return period Population in flood areas
Based on 2050 Flood map

Area Population Historic | 2050 RCP4.5 Difference # %

Km2 M people Km2 Km2 Km2
138,465 1.1 9,567 9,358 -209 118,406 11
52,000 1.7 4,020 3,792 -227 107,474 6
74,127 2.0 3,750 3,470 -280 62,712 3
116,982 2.0 6,136 5,457 -680 52,400 3
80,338 1.6 2,427 2,111 -316 47,256 3
32,943 2.6 918 939 21 35,847 1
54,229 2.2 1,505 1,504 -1 35,559 2
132,656 1.1 3,685 3,666 -19 35,118 3
91,038 1.0 4,429 4,405 -25 31,848 3
27,529 3.6 1,658 1,584 -73 27,736 1
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Agricultural and Food Security Exposure to Climate Hazards

Key findings:

Agriculture remains central to Zambia's economy and rural livelihoods and was assessed across four
production regions—the Barotse Floodplain, Central Plateau, Chinyanja Maize Triangle, and Northern
Highlands—to identify priority food systems and adaptation entry points. Women constitute ~62% of the
agricultural workforce yet face lower access to land, inputs, finance, and storage; they are concentrated
in maize, cassava, groundnuts, poultry, and goats, which are among the most climate-sensitive
subsectors. Droughts and heat waves raise unpaid workloads (water and fuel collection) and depress
on-farm productivity, while floods damage food stores and disrupt the local markets where women
dominate petty trade.

Projected climate risks—recurrent drought and heat stress on the Plateau and Maize Triangle, and
seasonal flooding in the Barotse Floodplain with localized heavy-rain events—translate into high impacts
on maize (heat/sterility at flowering, storm lodging, drying and aflatoxin losses). Soybeans are
expanding but remain sensitive to water stress and wet-season disease; cassava provides resilience in
drought-prone areas yet is vulnerable to waterlogging in floodplains; and groundnuts face medium—high
risk from drought during pod-fill and aflatoxin in humid curing. In livestock, cattle are constrained by
heat, pasture/water scarcity and post-flood disease, poultry by heat and wet-season disease, while goats
are relatively more resilient.

Policy strategies consistently call for diversification beyond maize, scaling climate-smart agriculture
(heat/drought-tolerant seed, water harvesting/irrigation, conservation practices), strengthening
livestock systems (rangeland management, water points, veterinary services), and upgrading
processing, storage and market access to cut losses and raise value. Priority value chains for follow-on
CRVA and adaptation investment design: Maize, Soybeans, Cassava, and Cattle.

Agriculture production exposed to climate change

Zambia covers around 752.000 sqg. km, out of which 58% is classified as medium to high potential for
agriculture production. Agriculture contributes 2.8% to Zambia's GDP (2023) and employs around 70% of
the population. Zambia has 42 million hectares of arable land, but only 1.5 million hectares are cultivated
annually - presenting significant growth potential. The country has a population of approximately 20
million, with around 2.3 million farming households, more than 70% of whom depend on agriculture. To
accelerate growth, the Government of Zambia has established farm blocks in all 10 provinces, each being
around 100,000 hectares, with the aim of attracting private investment and stimulating rural development.
With over 40 percent of SADC's surface water resources, Zambia has a comparative advantage in
irrigation, though this remains underdeveloped. Agriculture is central to poverty reduction, particularly in
rural areas where poverty rates remain very high.

Maize is the staple crop, alongside wheat, sorghum, millet, cassava, soybeans, and a range of vegetables
and fruits. Livestock farming, dominated by smallholders but with a 10% commercial share, includes
cattle, goats, sheep, pigs, and poultry, with cattle ranching benefiting from extensive grasslands.
Aquaculture is emerging as a growth sector, led by tilapia and supported by other species such as catfish,
Buka Buka, sardines, and mintesa, contributing to dietary diversity and food security (Zambia
Development Agency, 2024)

Agriculture sector is highly vulnerable to climate change, given that most cultivators are smallholder, poor,
and dependent on rain-fed subsistence agriculture (Government of the Republic of Zambia, 2020). Such
groups are typically under-resourced and under-capacitated to cope with shocks and stressors. The
sector is highly vulnerable to climate change, with most smallholders, dependent on rain-fed subsistence
farming. The increased frequency of droughts and floods threatens food security and income stability.
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Environmental challenges such as deforestation, charcoal dependence and soil degradation further strain
agricultural ecosystems.

Crop

Key crops include staple foods like maize, sorghum, millet, cassava, and sweet potatoes, as well as cash
crops such as groundnuts, tobacco, cotton, sugarcane, coffee, and tea. Horticultural crops like tomatoes,
onions, cabbages, and fruits such as bananas, mangoes, and citrus, along with legumes and oilseeds like
groundnuts, soybeans, and sunflowers, are also significant. Maize is Zambia's key staple crop, and 60%
of it is grown by subsistence farmers (African Climate Foundation, IFPRI, and CGIAR, 2023). A large
portion of Zambia's agricultural export revenues are also linked to maize (CGIAR, CCAFS, CIAT, 2019).
Maize accounts for nearly half (49%) of agricultural land use (total harvested area) (CGIAR, CCAFS, CIAT,
2019) and along with wheat is responsible for meeting 60% of the population’s caloric needs (African
Climate Foundation, IFPRI, and CGIAR, 2023)

Livestock

Livestock farming is a key part of Zambia's agricultural economy, contributing to both food production
and household incomes. Major livestock include cattle, goats, sheep, pigs, and poultry. Cattle ranching
benefits from the country’s extensive grasslands, while small-scale farmers dominate overall production.
Commercial operations represent about 10% of total sector output (Zambia Development Agency, 2024)

Fisheries and aquaculture

Aquaculture is expanding as a means to diversify food production and improve protein availability. The
leading farmed species is tilapia, with others including catfish, Buka Buka (Lates angustifrons), sardines,
and mintesa (momyrids). The sector is seen as an emerging growth area within Zambia’s broader
agricultural strategy (Zambia Development Agency, 2024)

Gender considerations in agriculture

Women make up about 62% of Zambia's agricultural workforce (ILO, 2022) concentrated in maize,
cassava, groundnuts, poultry, and goats, while men dominate cattle and soybeans. Women are also
heavily engaged in post-harvest handling and small-scale marketing (FAO, 2021). These subsectors are
among the most climate-sensitive, leaving women particularly exposed to droughts, floods, and heat
stress.

Structural barriers deepen this exposure. Only about 20% of women report secure land rights compared
with nearly half of men (FAO, 2021). Female-headed households cultivate smaller plots, own fewer
livestock, and have limited access to fertiliser, labour, and equipment, contributing to a 20-25%
productivity gap (World Bank, 2019).

As a result, climate shocks often hit women hardest: droughts reduce yields on women's rainfed plots,
while floods increase post-harvest losses and disrupt market access. Evidence shows women prefer
hermetic storage and small-scale processing tools, but uptake is constrained by high costs, literacy gaps,
and social norms around machinery use.

Addressing these challenges requires expanding women'’s access to credit and extension (including
female agents), promoting labour- and time-saving technologies, and strengthening savings groups and
cooperatives. These approaches align with Zambia’s National Climate Change Gender Action Plan (2018)
(Government of Zambia, 2018) and Climate-Smart Agriculture Investment Plan (2019) (World Bank, 2019).

Climate impact at key agriculture production zones

Major crop and livestock production areas
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The analysis focused on four regions — the Barotse Floodplain, the Central Plateau, the Chinyanja Maize
Triangle, and the Northern Highlands — with priority commodities identified as maize, groundnuts,
cassava, sugarcane, cattle, goats, and chickens.

Most of the agricultural activity concentrates in 4 key crop production areas and 4 livestock hotspots:

Barotse Floodplain - Cassava, maize, groundnuts
Central Plateau - Maize, sugarcane, groundnuts
Chinyanja Maize Triangle - Maize, groundnuts, cassava
Northern Highlands - Maize, cassava, sugarcane

W

Barotse Floodplain - Poultry, cattle, pigs
Central Plateau - Poultry, cattle, goats
Chinyanja Maize Triangle - Poultry, cattle, goats

o

*Key three crop commodities in order of production value ($) or number of heads (livestock)

1 Source: IFPRI -CGIAR, Spacial Production Allocation Model, Lobelia Analysis
Figure 10. Major crop and livestock production areas in Zambia.
Barotse Floodplain

The Barotse Floodplain stretches along the middle reaches of the Zambezi River in Western Province and
is one of southern Africa’s largest seasonal wetlands. Crop cultivation in this region is concentrated on
the fertile alluvial soils exposed during annual flood recession. Farmers strategically plant crops as the
waters recede, taking advantage of moisture and nutrient-rich conditions. The landscape supports both
staple food production and a mosaic of garden plots, adapted to variable water levels and short growing
windows. The floodplain’s unique agro-ecological dynamics require farmers to adapt to fluctuating water
levels and a limited growing season, balancing food production with the region’s rich fishing and cattle-
rearing traditions.

In order of importance by production value, the most important crop commodities are cassava, maize
and groundnuts.

Livestock production in the Barotse Floodplain revolves around the seasonal rhythm of the Zambezi River,
shaping management strategies for cattle, goats, and sheep. Herds graze on rich floodplain pastures
exposed during dry spells, with transhumance and commmunal grazing predominant among smallholders.
Cattle are particularly integral for draught, household nutrition, and income, adapting to dynamic water
regimes and local disease pressures. The spatial organization of livestock reflects adaptation to annual
flooding, with mobile patterns of grazing and temporary corrals established on higher ground, making this
region a notable example of wetland-based livestock management in southern Africa.

In order of importance by size (number of animals), the most important livestock commodities are poultry,
cattle and pigs.

Climate impacts to agriculture in Barotse Floodplain

The Barotse Floodplain will face the most dramatic increases in extreme heat, with maximum
temperatures surpassing 40 °C and as many as 74 additional days above 35 °C each year. Drier conditions
in the south and intensifying droughts will compound the pressure, while the region remains highly flood-
prone, with 11% of the population living in flood risk zones.
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These conditions will severely undermine maize production (High impact), as heat stress will reduce yields
and flowering success. Groundnuts are moderately vulnerable (Medium impact) due to their sensitivity to
both heat and irregular rainfall, as well as increased risks of aflatoxin contamination. Cassava is
comparatively resilient (Low impact) but may still be affected by prolonged drought and flood events.
Livestock systems will be challenged by pasture loss and flood exposure, particularly for cattle and poultry
(High impact), while goats remain more resilient (Low impact).

Central Plateau

The Central Plateau stretches across Zambia’s interior, encompassing large portions of Central, Lusaka,
and Southern Provinces as well as the Copperbelt. This region is characterised by gently rolling uplands
with moderate to warm temperatures that vary seasonally, generally cooler than the lowland valleys due
to elevation. Rainfall is relatively uniform and sufficient for diverse crop production, with deep, well-drained
soils supporting extensive and varied agriculture. The Kafue Flats within this zone are particularly fertile,
benefiting from nutrient-rich alluvial deposits that enhance crop yields. Irrigation schemes drawing water
from the Kafue River bolster year-round cropping in critical areas, increasing the reliability and intensity of
production beyond the rainy season. Strategically located along major transport routes, including the
Great North Road (T2), the Plateau enjoys good connectivity to urban markets and agro-processing
centres. Maize remains an important staple crop here, alongside a range of other staple and cash crops
cultivated by both smallholder farmers and larger commercial enterprises.

In order of importance by production value, the most important crop commodities are maize, sugarcane
and groundnuts.

The Central Plateau supports a large share of Zambia's national livestock, with mixed crop-livestock
systems forming the core of rural livelihoods. Extensive communal grazing, semi-intensive paddocks, and
integration of crop residues and fodder support management across smallholders and commercial
enterprises. Cattle, goats, and pigs are widespread, with cattle serving both as draught animals and
sources of meat and milk. Disease control, access to veterinary camps, and market linkages have driven
progressive changes, but productivity is constrained by communal land pressure and seasonal forage
gaps. The Plateau’s moderate climate and infrastructure facilitate multi-species rearing and the evolution
of more intensive livestock practices near urban centres.

In order of importance by size (number of animals), the most important livestock commodities are poultry,
cattle and goats.

Climate impacts to agriculture in Central Plateau

The Central Plateau is already one of the hottest regions, with temperatures in the north reaching 43 °C
and projections indicating a further 3 °C rise alongside more frequent hot days. Rainfall is the heaviest
nationally, with localized extremes of up to 81 mm/day, and projections suggest further increases,
combined with strong winds and recurring flooding linked to the Kafue River. These climatic pressures
make maize extremely vulnerable (High impact), with yields threatened by both heat and excess rainfall.
Soybeans face similar high vulnerability (High impact), as the 43°C heat extremes stress flowering and
pod filling phases, while heavy rainfall and waterlogging reduce nitrogen fixation efficiency and increase
fungal disease pressure. Sugarcane is also at risk (Medium impact), as its high water demand exposes it
to drought and flood stress. Groundnuts face moderate yield reductions (Medium impact). Livestock are
strongly affected by these conditions: cattle and chickens are particularly vulnerable to heat stress,
disease outbreaks, and waterlogging (High impact), while goats, more adaptable to harsh conditions, are
less affected (Low impact).

Chinyanja Maize Triangle

The Chinyanja Triangle is a culturally connected region that stretches across parts of Eastern Zambia,
southern Malawi, and northwestern Mozambique, inhabited by communities who share the Chinyanja
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language and farming traditions. Within Zambia, this area centres around Chipata, Katete, and Petauke
(Eastern Province). It is known for its intense smallholder farming where maize is the staple crop and the
foundation of most households’ food supply. The region benefits from relatively reliable rainfall and fertile
soils, which support dense crop cultivation. Farmers in this area also grow legumes, vegetables, and root
crops, blending subsistence production with local market engagement. The active exchange of
agricultural knowledge, inputs, and produce across borders further strengthens the region’s agricultural
vitality, making it a key contributor to Zambia's food system and rural livelihoods.

In order of importance by production value, the most important crop commodities are maize, groundnuts,
cassava and sweet potato.

Livestock systems in the Chinyanja Triangle are closely linked with crop production, especially through
the use of crop residues for feeding animals during the dry season and the use of draught cattle for
preparing fields. Cattle, goats, and poultry predominate, with communal grazing and small flock
management typical among smallholders. This area benefits from the proximity to regional markets and
input suppliers, and livestock play a supporting role in farm income, food supply, and resilience against
climatic shocks. Herd sizes and how animals are managed vary widely, reflecting a mix of traditional
subsistence farming and emerging commercial approaches that align with local cropping cycles and
rainfall patterns.

In order of importance by size (number of animals), the most important livestock commodities are poultry,
cattle and goats

Climate impacts to agriculture in Chinyanja Maize Triangle

In the Chinyanja Triangle, heat extremes are projected to rise to nearly 40 °C, with up to an additional
month of very hot days. Rainfall extremes are expected to increase by 23%, and wind speeds—already
among the highest nationally—will intensify further. These changes place maize production under severe
stress (High impact), as the crop is highly sensitive to both heat and rainfall variability. Groundnuts are
moderately vulnerable (Medium impact), with yield losses expected under erratic rainfall. Cassava is
comparatively resilient (Low impact), though waterlogging can damage roots in flood-prone areas.
Livestock are also affected, with cattle and chickens highly exposed to heat stress, feed shortages, and
disease (High impact), while goats remain the least vulnerable and relatively resilient (Low impact).

Northern Highlands

The Northern Highlands, covering parts of Northern and Muchinga Provinces near Kasama, Mbala,
Nakonde, and Isoka, represent a distinct cropping area set within the country’s upland terrain. Agriculture
here is shaped by cooler temperatures, high rainfall, and undulating landscapes. Crop production is
predominantly small-scale and scattered, with pockets of more intensive cultivation near towns and
transport corridors. The region’s climatic and soil constraints limit large-scale expansion, but skilled
farming practices and adaptation to rugged topography support sustained crop output, making this area
an important yet more isolated contributor to Zambia’s agricultural mosaic.

In order of importance by production value, the most important crop commaodities are maize, cassava
and sugarcane.

Climate impacts to agriculture in Northern Highlands

The Northern Highlands will experience more localized warming, with heat concentrated in the lower-lying
areas. Highland zones will see localized maxima of up to 37 °C, while in the future the region is expected
to warm by around 2 °C and face an additional 20 hot days above 35 °C each year. Compared with other
regions, the impacts here are less extreme but still significant for sensitive food systems. Maize
production will face moderate stress (Medium impact), especially in lowland zones. Groundnuts will also
see moderate reductions (Medium impact) under hotter and drier conditions. Cassava remains highly
resilient and largely unaffected (Low impact). Livestock systems are unevenly affected: cattle and
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chickens are vulnerable to heat stress and feed scarcity (High impact), while goats continue to
demonstrate resilience (Low impact).

Table 3: Projected climate trends and impacted food value chains per region in Zambia

Region

Barotse
Floodplain
(livestock
and
cropland)

Central
Plateau
(livestock
and
cropland)

Chinyanja
Maize
Triangle
(livestock
and
cropland)

Northern
Highlands

Projected climate trends

Extreme heat surpasses 40°C and the nation’s
largest increase in the number of days >35°C if
projected for this region (up to +74 days in the
worst case).

Dry conditions are more prevalent in the southern
part of this region (areas < 700 mm). Little change
expected.

Drought events (through SPEI12) will intensify the
most in this region (although with uncertainty) to
moderate drought events.

River flooding is largest by area in this region. While
the regions is known for flood recession farming,
extreme flooding events still pose a threat for an
11% of the province’s population that live in flood
prone areas.

Extreme heat in the southern part of the region
already reaches 43°C (38°C in the north).
Projections show a potential increase of almost
3°C and over an additional month of days >35°C.
Dry conditions are more prevalent in the southern
part of this region (areas < 700 mm, extremes of
<600 mm). Little change expected.

Extreme precipitation is the highest in the country,
both as province averages (60 mm/day in
Southern) and as localized extremes (81 mm/day).
Projections show an increase of up to 20% in
places.

Extreme wind already shows one of the largest
magnitudes north of this region (20.5 m/s in
Copperbelt) and the largest increase (+4.6%).
River flooding is a significant hazard, with past
impactful events linked to the Kafue river and
particularly relevant in the Kafue Flats.

Extreme heat remains more localised but still shy of
40°C on extreme events. Projections show an
increase of 2 to 2.5°C (depending on scenario) and
over an additional month of days >35°C.

Extreme precipitation, while historically not the
largest in the country, shows the largest projected
increase (+23% to 66 mm/day).

Extreme wind is historically high in this region (>21
m/s) and projected to increase (>4%, RCP8.5)

Extreme heat will be more limited to lower-lying
areas. Highlands see localized maxima of 37°C. In

Food value chains impacted

Cassava-Generally heat/dry-tolerant and a buffer in
drought years, but roots suffer in prolonged
waterlogging; disease pressure rises in wetter years.
Maize-Heat waves (>40 °C; + up to 74 extra >35 °C
days) and late-season drought shorten the growing
period; flood-recession timing causes lodging,
access constraints and wet-harvest/aflatoxin risk.
Groundnuts-Moisture/heat stress at flowering and
pod-fill reduces pod set; humid curing during flood
seasons elevates aflatoxin and rot.

Maize-Hot spells (southern districts ~43 °C; +~1
month >35 °C), frequent short-duration downpours
(>50-80 mmy/day) and strong winds (~20 m/s) drive
sterility, lodging and drying losses.

Sugarcane-High river-flood exposure in Kafue Flats
causes erosion, siltation and access problems; hotter
dry seasons raise irrigation demand and can depress
sucrose.

Groundnuts-Drought at flowering/pod-fill plus humid
curing in wet years — quality downgrades/aflatoxin.
Soybeans-Water stress at flowering; heavy bursts
increase lodging and fungal disease; yield risk
moderate but rising.

Chicken-Heat waves raise mortality without cooling;
storms damage housing and wet feed increases
disease.

Cattle-Heat stress and seasonal pasture/water
deficits; post-flood parasites and disease; market
access hampered by road damage.

Goats-More tolerant to feed/water variability; main
risks are prolonged drought and post-flood
parasites/respiratory disease.

Maize

Groundnuts-Drought at pod-fill; wet spells during
curing heighten aflatoxin risk.

Cassava-Resilient to heat/dryness; watch for lowland
waterlogging after cloudbursts.

Chicken-Heat stress and storm-related housing/feed
losses; higher wet-season disease pressure.
Cattle-Heat and tighter dry-season forage/water;
road and paddock damage in storms; disease spikes
after floods.

Goats -Generally resilient; productivity dips with
prolonged drought or post-storm disease.
Chicken-Cooler overall, but local cloudbursts and
high humidity raise respiratory and enteric disease;
shelter quality matters.
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the future, extremes will increase by 2°C and reach Cattle-Moderate heat stress in valleys; saturated

up to 20 days >35°C on average. soils/eroding tracks limit pasture access and
movement after heavy rain.
Goats-Most tolerant species; main risks are parasites
and short feed gaps after storms.

Priority food value chains for adaptation planning

The analysis triangulated findings across climate impact assessments, national policy documents, and
value chain studies to identify Zambia's priority food systems and their vulnerabilities. Four regions were
reviewed, the Barotse Floodplain, Central Plateau, Chinyanja Maize Triangle, and Northern Highlands, with
Mmaize, groundnuts, cassava, sugarcane, cattle, goats, and chickens emerging as priority commodities.

Zambia's food system is dominated by maize, the national staple that underpins both diets and
agricultural policy, yet is highly exposed to drought and policy-driven market distortions. Soybeans are
expanding rapidly as a source of protein and edible oil, integrated into poultry feed and offering soil fertility
benefits, though growth depends on processing and trade policy reforms. Cassavais aresilient secondary
staple, important for food security in drought-prone areas and as a buffer against cereal price shocks,
though processing constraints and disease pressures limit its full potential. Cattle underpin rural
livelihoods, providing protein and income, but face recurrent drought, pasture degradation, and high
disease burdens.

Other value chains, including wheat, sugarcane, and tobacco, play more secondary roles, with wheat
largely import-dependent, sugarcane contributing to exports and employment but less to food security,
and tobacco functioning mainly as a cash crop. Cross-cutting priorities highlighted across reviewed
strategies (NAIP II/CATSP, Ministry of Agriculture Strategic Plan 2022-2026, CSA Investment Plan 2019)
include diversifying beyond maize, scaling climate-smart agriculture, improving veterinary and processing
systems, and addressing policy distortions. Consistent adaptation solution families feature: drought-
tolerant seeds, soil and water management, irrigation and efficiency infrastructure, research and
extension, risk-sharing and insurance, and post-harvest loss reduction together forming a coherent
agenda to de-risk rain-fed systems, raise productivity, and strengthen resilience in Zambia's food value
chains. In summary, the priority value chains for Zambia are maize, soybeans, cassava, and cattle.

Zambia's priority value chains - maize, soybeans, cassava, and cattle - are highly gendered. Women
dominate maize and cassava production, poultry and goats, while men dominate commercial cattle and
soybeans. This means climate hazards disproportionately affect women farmers. Gender-responsive
adaptation should prioritise women’s access to drought-tolerant seed, affordable storage, small livestock
services, and women-to-women extension. Embedding women's cooperatives and savings groups as
delivery channels aligns with Zambia’s National Climate Change Gender Action Plan (2018) (Government
of Zambia, 2018).

Table 4: Key socio-economic considerations in prioritising food value chains.

Commodity = Food Security Affordability Resilience Other considerations
Contribution

Maize Primary staple; national Maize/meal prices Rainfed, drought-exposed; Zambia engaged in
food security hinges on drive household CSA practices needed several large trade
maize: 2025 maize access; recent spikes  (World Bank CSA) agreements that open a
output pegged at noted (WFP/FAO) large maize market for
3.6 million t (FAO GIEWS) the country (World

Bank)
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Soyabeans Protein/oil crop; feed & Edible oil & feed price Nitrogen-fixing rotation Processing & trade
edible oil uses (World linkages; modest improves soil; climate-smart = policy constraints affect
Bank) share of food basket expansion potential (World incentives (World Bank)

(World Bank) Bank CSA)

Sugarcane Non-staple; employment  Limited effect on Irrigation and water demand | 20% crop yield
& export earnings (World = staple food under climate variability improvement under the
Bank) affordability (FAO (World Bank CSA) Climate-Smart

GIEWS) Agriculture Plan (World
Bank CSA)

Tobacco Cash crop with income No direct effect on Climate and market demand = Global demand trends &
effects; no direct food staple prices (FAO risks (World Bank) regulation influence
role (World Bank) GIEWS) viability (World Bank)

Cattle Meat/dairy & livelihoods Feed/maize prices Drought, disease Lack of vet services &
for rural households (24% = pass through to (ticks/CBPP) and pasture value chain
of smallholder farmers consumers (FAO variability threaten infrastructure (cold
own cattle) (WFP CSP, GIEWS) production (World Bank chain, abattoirs) (World
WB CSA) CSA) Bank CSA)

Cassava Important staple in daily Local production Drought-tolerant; Processing into
diets (30% consume it buffers cereal price climate-resilient flour/starch can reduce
daily) (World Bank CSA) shocks (FAO GIEWS) diversification option (World | losses (World Bank

Bank CSA) CSA)
Wheat Important urban staple Food access sensitive  Irrigated winter crop; Wheat import needs

but mostly imported (in
2026 expected to rise
about 5-year average of
65,000 t) (FAO GIEWS)

to import costs &
exchange rate (FAO
GIEWS)

input/energy costs key risks
(FAO GIEWS)

Table 5: Summary of agriculture related priorities in the national policies and strategies.

projected above
average in 2025/26
(FAO GIEWS)

Second National Agriculture Investment Plan (NAIP II) / CATSP. The plan organizes investments across crops, livestock, and
fisheries, and explicitly advances CSA technologies and irrigation infrastructure as core adaptation levers. It prioritizes early value
chains across crops (maize, soybean, wheat), tree crops (avocado, macadamia), vegetables (Irish potatoes, onions), livestock
(beef, dairy, poultry), and aquaculture (tilapia, catfish), with targets to raise yields and output. Delivery mechanisms span
extension, research, infrastructure, and market/trade facilitation to scale resilient production and agribusiness.

Comprehensive Agriculture Transformation Support Programme (CATSP). The programme mirrors NAIP II's structure and adds
explicit innovative risk-sharing facilities (e.g., ZIRSAT) alongside CSA technology dissemination, irrigation build-out,
mechanization, and private—public extension coverage for crops, livestock, and fisheries. Commaodity prioritization reiterates the
first-batch value chains (maize, soybean, wheat; avocado, macadamia; Irish potatoes, onions; beef, dairy, poultry; tilapia, catfish),
tying them to value-chain development plan agreements and targets.

Ministry of Agriculture Strategic Plan (2022—2026). The plan aligns with the 8NDP and CATSP, sharpening the Ministry's focus
on sustainable agricultural development, crop production and productivity improvement, exports, jobs, and poverty reduction. It
explicitly includes agriculture risk management with climate change adaptation and mitigation, alongside diversification, value
addition, research/extension, and partnerships.

Zambia Climate-Smart Agriculture Investment Plan (2019). The CSAIP identifies and ranks CSA practices for resilience and
productivity, highlighting crop diversification, commercial horticulture, agroforestry, and post-harvest loss reduction as the most
promising. It emphasizes adaptation benefits (e.g., drought-tolerant seeds, agroforestry, crop diversification performing under
both dry and wet conditions) and notes adoption constraints (finance, markets, capacity), with proposals for enabling
environments and delivery mechanisms.
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Climate Adaptation Solutions

Key findings:

Zambia’s agriculture is increasingly vulnerable to the twin stresses of prolonged drought and
heatwaves on one side, and flooding and waterlogging on the other. These hazards undermine the
country’s core value chains, maize, soybeans, cassava, and cattle, by reducing yields, intensifying pest
and disease risks, and driving high post-harvest losses. Maize, the national staple, is particularly
exposed to heat stress at flowering and aflatoxin contamination in storage, while soybeans, a key
diversification crop, face both drought and flood-related yield instability. Cassava offers drought
resilience but becomes unreliable in flood-prone zones, while cattle systems are pressured by
shrinking feed and pasture under drought, coupled with flood-driven disease outbreaks. Smallholders,
women farmers, and pastoralists face the steepest impacts, with limited access to irrigation, storage,
or veterinary services amplifying their vulnerability.

To address these risks, Zambia's adaptation priorities converge around solutions that meet urgent
needs while being commercially scalable. Five interventions stand out as the most investable: (1)
drought-tolerant maize and soybean varieties to stabilize yields; (2) aflatoxin biocontrol to safeguard
food safety and market access; (3) climate-resilient fodder varieties to secure livestock productivity; (4)
solar drying systems to reduce wet-season post-harvest losses and enable value addition; and (5)
hermetic storage technologies to cut grain losses and contamination. Each is already proven in
Zambia or the region, supported by institutions like CIMMYT, ILRI, and WFP, and suited to delivery
through agro-dealers, cooperatives, and SMEs. Collectively, these solutions provide a bankable entry
point for scaling adaptation, linking resilience outcomes for farmers with clear pathways for private
investment and financial sector engagement.

Adaptation Needs, Themes, and Prioritization of Solutions

Adaptation Needs in Zambia's Climate Value Chain

Zambia’s agriculture sits at the frontlines of climate stress, shaped by two extremes that often arrive in
quick succession: prolonged heat and drought on one side, and heavy rainfall and flooding on the other.
These hazards directly affect the country's strategic staples, maize, soybeans, cassava, and cattle, that
anchor food security, farmer incomes, and rural livelihoods. The rising frequency of days above 35°C (with
peaks up to 43°C) already suppresses yields in maize and soybeans at flowering, while erratic downpours
(=80 mmy/day) bring waterlogging, erosion, and heightened disease risk. Livestock face similar dual
pressures, as drought and rangeland degradation cut feed and water supplies, and sudden flooding drives
outbreaks of vector-borne disease.

Within this context, maize remains the most climate-sensitive value chain. Zambia's dependence on
maize as its primary staple means any production shock rapidly translates into higher household food
prices and import needs. Heat stress during flowering reduces grain set, while wetter years exacerbate
aflatoxin risks in storage. Soybeans, a fast-growing cash and rotation crop, offer diversification potential
but remain exposed to both heat extremes and flooding that undermines nitrogen fixation. Cassava plays
a different role: relatively resilient under drought, it acts as a “famine reserve” crop, yet localized
waterlogging and disease outbreaks threaten its reliability in flood-prone zones. Cattle, essential for
nutrition, income, and traction in rural areas, face declining productivity from heat stress and pasture
shortages, with pastoralists in floodplains doubly exposed to grazing losses and disease vectors.

Adaptation needs are also shaped by social and economic realities. Smallholder farmers, who dominate
maize and soybean production, often lack access to irrigation, quality seed, or safe storage, leaving them
highly exposed to yield and income losses. Women, who play leading roles in cassava and legume
production and in post-harvest handling, face disproportionate risks as climate shocks directly affect their
labor and household food security. Pastoralist households, already managing fragile rangelands, are
forced into deeper vulnerability when drought and floods converge. Addressing these pressures requires
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solutions that directly respond to Zambia's climate hazards while being designed for commercial uptake

by farmers, cooperatives, and financial institutions.

Adaptation Themes for Zambia

Zambia's adaptation needs crystallize around the intersection of its most climate-exposed value chains,
Mmaize, soybeans, cassava, and cattle, and the commercial opportunities that can address them. The
country faces a dual hazard profile of recurrent droughts and heatwaves, which depress yields and reduce
fertility in both crops and livestock, and increasingly destructive rainfall and flooding events that damage
harvests, intensify disease pressure, and worsen post-harvest losses. Against this backdrop, the long list
of potential adaptation solutions was filtered to identify those themes that both respond to Zambia’'s
acute climate risks and show commercial readiness for scale.
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Figure 11. Priority adaptation themes in Zambia.

Five themes emerge as particularly critical for Zambia's agricultural resilience today:

Seed Systems for Stress-Tolerant Crops. Maize and soybeans, which together underpin food
security and income diversification, are especially vulnerable to rising temperatures, drought, and
waterlogging during heavy rainfall. Stress-tolerant varieties, such as drought-tolerant maize and
soybeans adapted to heat extremes, have already been piloted by CIMMYT and Zambia
Agriculture Research Institute, with adoption supported through agro-dealer networks and farmer
cooperatives. While donor-driven to date, the pathway toward private-sector scale-up is clear, and
the potential to stabilize yields makes this a cornerstone adaptation theme.

Pest and Disease Management. With climate change accelerating the spread of pests and
pathogens, aflatoxin contamination in maize has become one of Zambia's most pressing food
safety and export barriers. Biological control solutions such as Aflasafe™ demonstrate how
targeted technologies can mitigate these risks at scale. Adoption has been growing in Eastern
and Southern Africa, showing strong potential to become commercially viable in Zambia through
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seed companies, millers, and aggregators who have incentives to reduce contamination and
safeguard market access.

e Storage and Post-Harvest Management. Zambia loses an estimated 20-30% of maize annually
post-harvest, with aflatoxin risks exacerbated by wetter years (FAO). Hermetic storage systems
and solar drying technologies directly address these challenges by protecting grain and oilseeds
against moisture, pests, and fungal contamination. Hermetic bags are already present in the
Zambian market through programs like the World Food Programme’s PHL initiatives, with proven
willingness-to-pay among both smallholders and traders. Expanding storage and drying is
therefore both a resilience and food safety imperative.

e Livestock Feed and Health. Cattle and dairy systems remain highly exposed to prolonged dry
spells, which shrink feed availability, lower milk yields, and weaken herd fertility. Climate-resilient
fodder varieties and improved conservation practices (such as silage and haymaking) provide
pathways to buffer seasonal feed gaps. ILRI and national livestock programs have shown strong
uptake potential among cooperatives and medium-scale dairy producers. For women
smallholders, who are often active in poultry and small ruminants, improved feed and health
services can also enhance household resilience and nutrition.

e Processing and Value Addition. Beyond on-farm resilience, there is growing need to stabilize
supply and enhance incomes through processing. Solar dryers for maize, soybeans, and cassava
not only reduce moisture-related spoilage but also create entry points for women- and youth-led
enterprises in rural areas. This theme ties directly to Zambia's broader agro-industrialization
agenda, where value addition is seen as critical for reducing rural poverty and building resilience
in food systems.

Together, these themes capture the areas where Zambia’s adaptation needs, driven by its climate hazard
profile, converge with commercial readiness, where viable business models already exist or are emerging.
They also set the stage for the next step: distinguishing the foundational role of climate-smart agricultural
practices from the product- and service-based solutions that can be scaled through financial institutions
and private-sector partners.

Climate Smart Agriculture Practice vs Products and Service Based Adaptation Solutions

Zambia's adaptation landscape is already shaped by a strong emphasis on climate-smart agriculture
(CSA) practices, which have been central to both national policy and donor programs over the past
decade. Conservation agriculture, minimum tillage, crop rotation, and permanent soil cover, has been
promoted widely through the Farmer Input Support Program (FISP), with adoption linked to access to
subsidized seed and fertilizer. Agroforestry systems, especially Faidherbia albida intercropping, are
promoted to improve soil fertility and buffer crops against drought, while legume diversification has been
advanced to enhance nitrogen fixation and dietary diversity (CIAT/World Bank, 2017). These practices
provide a critical foundation for resilience, but adoption remains uneven, particularly among resource-
constrained smallholders who often revert to traditional methods under financial or labor stress.

CSA practices also extend into livestock systems. Rangeland management, manure recycling, and
rotational grazing are promoted to stabilize forage availability, while integrated crop-livestock systems
have been piloted to spread risk and improve resource efficiency. Yet the uptake of such practices has
been limited by weak extension services, input costs, and land-tenure constraints. Moreover, while these
practices deliver long-term soil health and resilience benefits, they tend to be diffuse and incremental,
making them less directly investable by banks or MFls.

This is where product- and service-based adaptation solutions come in. Unlike broad CSA practices,
solutions such as drought-tolerant maize and soybean varieties, aflatoxin biocontrol, hermetic storage
systems, climate-resilient fodder varieties, and solar drying technologies are discrete, scalable
interventions with clear points of entry for commercial finance and private-sector distribution. They
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address acute adaptation needs in Zambia's most exposed value chains, protecting maize and soybean
yields from heat and drought, reducing contamination risks in maize and groundnuts, stabilizing cattle
productivity under seasonal feed stress, and cutting post-harvest losses in maize and cassava.

Importantly, the gendered dimension of CSA adoption also underscores the case for product- and service-
based solutions. Women smallholders dominate legume, cassava, and post-harvest handling, yet face
barriers to adopting capital-intensive irrigation or mechanization. Affordable technologies such as
hermetic bags, solar dryers, and fodder conservation kits align better with their roles and resource
constraints, while being more readily packaged into financeable solutions. Similarly, aggregators,
processors, and cooperatives can invest in higher-value interventions, such as aflatoxin biocontrol or
improved seed distribution, that extend resilience benefits across their supply networks.

Therefore, CSA practices remain a necessary foundation for Zambia’s long-term agricultural resilience,
but it is the product- and service-based solutions that provide the commercially ready, financeable entry
points for scaling adaptation. By anchoring on these solutions, Zambia's adaptation strategy can
complement the diffuse resilience gains of CSA practices with targeted interventions that deliver
immediate, measurable benefits for borrowers, value chains, and financial partners alike.

In this report, therefore, while we acknowledge and collate the most relevant CSA practices for GCA's
future consideration (Annex 4), our emphasis shifts toward product and service-based adaptation
solutions. These represent the intersection of Zambia's adaptation needs (driven by heat, drought, and
flood risks) and commercial readiness, making them more practical entry points for unlocking climate
finance while still delivering resilience benefits to farmers, SMEs, and cooperatives.

Prioritization of Adaptation Solutions

The prioritization of adaptation solutions in Zambia was guided by a structured multi-criteria assessment
(MCA), designed to balance adaptation need with commercial readiness. Solutions were evaluated
against eight dimensions: (i) relevance to borrower type, (ii) operational fit and usability, (iii) technical
maturity, (iv) local delivery readiness, (v) gender responsiveness, (vi) productivity and livelihood uplift, (vii)
policy alignment, and (viii) institutional traction. Weightings emphasized borrower fit, technical maturity,
productivity impact, and gender responsiveness, in line with GCA's mandate to identify bankable
interventions that deliver broad resilience benefits.

This exercise filtered Zambia's long list of more than 40 candidate solutions into a shortlist of five priority
interventions. These solutions scored consistently high across adaptation relevance, feasibility, and
scalability dimensions:

e Climate-Resilient Fodder Varieties (Livestock Feed Theme): Tackles Zambia’s recurrent feed
gaps under drought and flood conditions, with strong evidence of productivity uplift and
integration opportunities with dairy and beef value chains.

e Biological Pest Control (Aflatoxin Biocontrol) for Maize (Pest and Disease Management Theme):
Directly addresses aflatoxin contamination, a recurring food safety crisis, while reducing post-
harvest losses and unlocking access to higher-value markets.

e Solar Drying Systems (Processing & Value Addition Theme): Mitigates wet-season post-harvest
spoilage in maize, cassava, and groundnuts, while supporting women smallholders engaged in
drying and processing.

e Drought-Tolerant Crop Varieties for Maize (Seed Systems Theme): Provides yield stability under
rising heat and drought conditions, particularly in Zambia's “maize basket” zones.

o Drought-Tolerant Crop Varieties for Soybeans (Seed Systems Theme): Supports diversification
and resilience of Zambia’s rapidly expanding soybean sector, with potential for both domestic
value chains and export markets.

Each of these solutions represents a point of convergence between hazard exposure, value chain
vulnerability, and financeability. For example, drought-tolerant seed varieties scored strongly on borrower
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fit and productivity uplift, given their direct usability by smallholder farmers and cooperatives. Aflatoxin
biocontrol scored high on institutional traction and policy alignment, reflecting national efforts to improve
food safety and access to regional export markets. Solar drying systems and fodder varieties were
notable for their strong gender inclusion potential, as women dominate post-harvest handling and small-
scale dairy/livestock feed activities.

By contrast, other solutions such as weather index insurance or protected cultivation systems showed
adaptation relevance but weaker commercial readiness in Zambia. Insurance faces persistent uptake
barriers due to trust deficits and basis risk, while hydroponics or shade nets remain niche and capital-
intensive. These solutions were therefore deprioritized in the current shortlist, though they remain
important for medium to long-term system resilience.

The resulting shortlist positions Zambia’'s adaptation agenda at the intersection of urgency and
investability. Each solution is anchored in a specific value chain need, technically proven in comparable
contexts, and supported by early commercial pilots or institutional champions in Zambia. Together, they
represent a portfolio of interventions that can be scaled through financial institutions, cooperatives, and
agri-businesses to build resilience where it matters most.

Deep Dive on Priority Solutions

1. Climate-Resilient Fodder Varieties
Adaptation Challenge

Zambia's livestock systems are squeezed from both sides of the climate ledger: longer hot spells and
more frequent within-season dry periods, then intense rain episodes and floods that damage grazing and
spread disease. In the main cattle provinces (Southern, Central, Eastern, Western), dry-season feed gaps
of 3—5 months are common. Heat depresses forage quality (lower ME and crude protein), pushing body
condition down just when water is scarcest. Result: milk yields and fertility fall, calving intervals lengthen,
live-weight gains stall, and in bad years households sell animals at a discount. The current coping model,
open grazing plus crop residues, no longer buffers these shocks.

Relevance to Value Chains

e Cattle (dairy & beef): The most exposed livestock value chain. Fodder grasses (e.g.,
Urochloa/Brachiaria cultivars, Rhodes grass, forage sorghum) and forage legumes (lablab,
cowpea, stylo, pigeon pea) stabilize dry-season feed and improve ration quality; silage/hay
conserve surplus in the rains.

e Small ruminants & poultry (indirect): Forage legumes improve backyard rations and free up grain
bran for poultry feed.

e Crop-livestock linkages: Intercropping or rotating fodder legumes with maize/soy improves soil
cover and nitrogen, reduces pressure to divert grain into feed, and supports residue management.

e Geography: Highest value in Southern/Central/Eastern (dairy belts, mixed crop-livestock) and
Western floodplain margins (where wet-season surges and dry-season deficits are pronounced).

Technical Maturity & Local Delivery Readiness

e Proven agronomy in the region (ILRI/CIAT/FAO): Brachiaria cultivars maintain biomass and crude
protein under intermittent drought; forage sorghum and Napier hybrids give bulk for silage;
legumes lift diet protein and palatability.

o Varieties & planting material are available: Seed/cuttings for Brachiaria, Rhodes, forage sorghum,
lablab and cowpea flow through agro-dealers, cooperatives, and NGO channels; ZARI and private
seed firms have experience with pasture seed multiplication.
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e Service bundle is known: Fodder seed + silage/hay training, pay-per-use chaff-cutter/chopper,
and tarpaulins/silage bags. Dairy hubs and cooperatives already pilot these packages with
technical partners (ILRI, national extension).

e Commercialization pathways:

o Co-op bulk procurement of seed/cuttings with seasonal credit.

o Processor-anchored models (dairy companies/hubs co-finance fodder kits to stabilize
intake).

o Village service providers renting choppers and selling cuttings/seedlings.

e Gaps to solve (not blockers): Last-mile seed quality control, advisory on establishment/harvest
windows, and mechanization access for conservation, addressable via co-op and hub models.

Productivity Increase

(Estimates from ILRI, national livestock programs, and dairy hub pilots in comparable SADC/East African
contexts)

e Milk: +15-40% where households shift from rough grazing/residues to managed fodder + basic
ration balancing; lean-season dips shorten.

e Reproduction: Better body condition improves conception and reduces calving interval; fewer
involuntary culls.

e Beef growth: +0.2-0.5 kg/day live-weight gain under improved diets; earlier market weights
reduce exposure to drought shocks.

¢ Income stability: Silage/hay smooth cash flow across seasons; less emergency feed purchase
and distress selling.

Gender Inclusion

Women manage much of milking, calf care, feed/water logistics, and petty milk sales. Homestead fodder
plots and nearby water points cut time burdens, while steadier milk supports regular, women-controlled
cash. Adoption rises when:

e Inputs are offered as small starter kits (seed + simple tools + training) sized for 0.1-0.2 ha plots.
e Finance is routed via VSLAs/women's groups; repayment is aligned to daily/weekly milk income.

e Female lead farmers/extension deliver training; co-ops schedule demonstrations at times
women can attend.

These design choices raise inclusion without adding credit risk.

Relevance to Borrowers

e Smallholders: Low ticket size (USD ~15-50 equivalent for seed packs/cuttings); clear seasonal
payoff; suits short-tenor working-capital loans and VSLA lending.

e Cooperatives/dairy hubs: Natural aggregators for bulk seed, chopper purchase, and silage
pits/bags; can on-lend to members and enforce good practice through milk collection.

e Agri-SMEs: Viable businesses in forage seed multiplication, chopper rental fleets, and local feed
blending (bran + cake + forage meal).

o Offtakers/processors: Strong incentive to co-finance fodder packages to stabilize intake and
plant utilization; offtake contracts can anchor repayment.
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e For banks/MFls, these are tangible, seasonal assets with visible cash-flow links (milk volumes,
earlier finishing), ideal for co-op or offtaker-anchored facilities.

Policy Alignment & Institutional Traction

National agricultural and livestock strategies emphasize pasture development, feed security, and
rangeland restoration as climate-adaptation priorities (Ministry of Fisheries & Livestock; National
Agricultural Policy; CSA plans). Development partners (World Bank, IFAD, WFP) and research
organizations (ILRI/CIAT) have piloted resilient forages, silage adoption, and fodder—legume integration
in mixed systems. Dairy industry platforms (co-ops, hubs, associations) provide an institutional home for
bundle delivery and scale. This coherence lowers execution risk and supports blended-finance structures.

Why This Solution Stands Out

Resilient fodder sits exactly where Zambia's adaptation need (feed is the binding constraint under
heat/drought/flood cycles) meets commercial readiness (seed/cuttings, choppers, silage kits, training,
financeable, standardized, and aggregable). It delivers measurable productivity gains, enhances
household cash-flow stability, and is naturally gender-inclusive when routed through women'’s groups and
dairy hubs. With proven agronomy, functioning delivery channels, and strong policy tailwinds, climate-
resilient fodder is a top-tier, scalable adaptation investment for lenders and GCA to mobilize at speed.

2. Biological Pest Control (Aflatoxin Biocontrol) — Maize
Adaptation Challenge

Aflatoxin contamination in maize is one of Zambia’'s most pressing climate-agriculture food safety risks.
Hot spells above 35°C during flowering and maturation, combined with erratic wet spells, create perfect
conditions for Aspergillus flavus growth and aflatoxin accumulation. National surveys (ZARI, FAO,
COMESA) report contamination rates in 20—40% of samples, with levels frequently exceeding safe
thresholds for human consumption and livestock feed. This is a triple challenge:

e Food security: Contaminated maize is unsafe for household diets, cutting availability.

e Livestock productivity: Aflatoxin-contaminated maize bran lowers dairy yields and causes
mortality in poultry and pigs.

e Market access: Both regional exports and structured trading systems reject contaminated lots,
undercutting farmer incomes.

The scale is stark: Zambia loses an estimated USD 50-80 million annually in crop and health costs linked
to aflatoxins (IFPRI, COMESA Aflasafe Program). Climate change is intensifying this risk as drought-flood
cycles make fungal outbreaks more frequent and harder to manage.

Relevance to Value Chains

e Maize (staple crop): Directly exposed, especially in Eastern, Central, and Southern Provinces,
where aflatoxin prevalence is highest.
e Soybeans: Though less susceptible, contamination occurs in storage mixes with maize residues.
e Livestock feed (dairy, poultry): Bran and cake are important feed inputs; contamination
undermines animal health and output.
e Cassava (secondary): Generally less exposed, but mixed storage/market aggregation risks cross-
contamination.
This solution is most relevant to maize and livestock value chains, both food security anchors in Zambia.

Technical Maturity & Local Delivery Readiness
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o Aflasafe™, a biocontrol product developed by IITA and commercialized with AATF, has been
registered in Zambia and other COMESA countries. It uses non-toxin-producing strains of
Aspergillus to outcompete harmful strains in the field.

e Pilots in Zambia and neighboring countries show 60-90% reduction in aflatoxin levels when
applied correctly (IITA/IFPRI).

e Commercial readiness: Zambia already has experience through the COMESA Aflasafe
Technology Transfer and Commercialization (ATTC) initiative. Private companies and
community-based distributors are being licensed to produce/distribute the product.

e Delivery channels: Agro-dealers, farmer cooperatives, and structured grain buyers (ZAMACE, WFP
P4P programs) can integrate biocontrol supply into their networks.

e The model is proven: Nigeria scaled to 200,000+ farmers; Kenya and Tanzania have ongoing
commercialization. Zambia has the institutional base and seed-company partnerships to
replicate at scale.

Productivity Increase

e Yield preservation: Farmers applying biocontrol avoid grain rejection, effectively saving 10—20%
of their marketed harvest otherwise lost to contamination.

e Livestock productivity: Access to safe maize bran improves milk yields and poultry survival; dairy
cooperatives report 5—10% higher productivity when using clean feed.

e Market access: Structured buyers (ZAMACE, millers, WFP) are willing to pay premiums of 10—
15% for aflatoxin-safe maize.

e Public health: Reduced exposure lowers rates of stunting and liver disease, indirectly boosting
household labor productivity.

Gender Inclusion

Women are heavily engaged in post-harvest handling, drying, and storage of maize in Zambia, where
contamination often occurs. Biocontrol:

e Reduces the burden on women who would otherwise spend time sorting/disposing of spoiled
grain.

e Protects women-headed households reliant on maize both for food and cash sales.

e Works best when linked to women's cooperatives and savings groups, where collective
procurement lowers cost barriers.

By designing distribution models that reach women agro-dealers and extension agents, biocontrol can be
positioned as a gender-intentional solution.

Relevance to Borrowers

e Smallholders: Product cost (~USD 15-20 per hectare equivalent) is accessible if bundled with
seasonal input finance; uptake is higher when linked to premium markets.

e Cooperatives & farmer organizations: Natural aggregators to bulk purchase and distribute
biocontrol across their members.

e SMEs/processors: Millers and poultry integrators have a direct commercial interest in clean
maize; some are already exploring co-financing inputs for suppliers.

e MFIs/banks: Can finance biocontrol as part of input packages, especially in contract-farming or
offtaker-linked schemes.
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This makes biocontrol a multi-borrower-fit solution, adaptable to both SHFs and SME borrowers.

Policy Alignment & Institutional Traction

e Zambia's National Agricultural Policy and Post-Harvest Loss Reduction Strategy both highlight
aflatoxin management as a food security and trade priority.

e The COMESA Aflatoxin Prevention and Control Strategy (2014) identifies Zambia as a priority
country.

e Local institutions: ZARI, the Zambia Bureau of Standards, and the Food Reserve Agency are
partners in awareness and quality testing.

e Development partners: FAOQ, IITA, WFP, USAID, and AGRA have piloted biocontrol and supported
commercialization. This strong institutional traction de-risks scaling.

Why This Solution Stands Out

Aflatoxin biocontrol is problem-solution matched: maize, Zambia's staple, is highly exposed to
contamination; biocontrol directly addresses it with proven efficacy. Unlike conventional storage fixes, it
acts upstream in the field, tackling contamination before harvest. It is technically mature, institutionally
endorsed, commercially distributable, and borrower-aligned across SHFs, co-ops, and SMEs. It also brings
gender and health co-benefits that amplify its impact. For lenders and GCA, this is a ready-to-scale, high-
impact intervention that sits squarely at the intersection of adaptation need and commercial readiness.

3. Solar Drying Systems
Adaptation Challenge

Post-harvest losses are a systemic weakness in Zambia's food system, amplified by climate change. High
rainfall extremes (up to 80 mm/day in peak rainy seasons, World Bank/CIAT) make traditional sun drying
unreliable, particularly for maize, soybeans, cassava, and groundnuts. Grain and tubers often retain
excess moisture, leading to:

e Fungal outbreaks and aflatoxin accumulation in maize and groundnuts.
¢ Rotand mold in cassava chips and soybeans.
e Loss of market quality, with discoloration and reduced shelf-life.

Estimates show 20—30% of maize production is lost post-harvest in Zambia (FAO; World Bank 2019). For
cassava, up to 25% of tubers spoil during wet-season drying due to delayed drying and microbial damage.
With climate change driving more erratic rainfall and humidity, traditional open-air drying is increasingly
risky. The challenge is not only about quantity; quality suffers too, with moisture-damaged crops fetching
lower prices or being rejected by markets altogether. As rainfall becomes more erratic under climate
change, stabilizing drying capacity is a critical adaptation need.

Relevance to Value Chains

The relevance of solar drying spans multiple strategic value chains. For maize, timely drying is essential
to reduce aflatoxin contamination and protect both food security and market access. Soybeans, critical
for both oil processing and livestock feed, lose quality when moisture levels rise, affecting oil content and
storage life. Cassava, central to household food security and increasingly processed into flour and chips,
is especially vulnerable to wet-season drying delays, which cut usable volumes and reduce profitability.
Groundnuts, another important food and cash crop, are highly sensitive to aflatoxin risks during curing.
Solar dryers therefore provide a cross-cutting adaptation intervention that strengthens Zambia’s food
security, safeguards export potential, and stabilizes agro-industrial supply chains.

Technical Maturity & Local Delivery Readiness
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Solar drying technologies are well established, with multiple models ranging from small-scale cabinet
dryers to larger tunnel systems already piloted across Sub-Saharan Africa. In Zambia, projects supported
by FAO, SNV, and WFP have shown that solar dryers can reduce spoilage by up to 80% compared to open-
air drying. Local SMEs and cooperatives are beginning to fabricate affordable cabinet dryers, while larger
tunnel systems are supplied by regional providers in Kenya and South Africa. The country’'s growing
renewable energy ecosystem, including firms like VITALITE, provides a ready platform for scaling delivery.
The main constraint remains initial capital costs, which range from USD 300 for household-level units to
several thousand dollars for cooperative-scale dryers. Encouragingly, new business models such as co-
op leasing schemes and processor-financed installations are emerging to make uptake more feasible.

Productivity Increase

The productivity and income benefits are tangible. By reducing post-harvest losses by 15-20% points,
solar dryers allow farmers to secure more of what they produce. Improved drying also preserves quality,
enabling cassava flour, for example, to command 10-20% higher prices when mold-free and well dried.
For soybeans, more consistent drying improves oil extraction efficiency and reduces rejections by
processors. Stable supply benefits processors as well, reducing raw material shortages that currently
constrain milling and crushing operations. For smallholders, the combined effect of reduced losses and
higher quality translates into income gains of USD 50-100 per household per season, depending on the
crop and scale of adoption.

Gender Inclusion

Women dominate post-harvest processing and handling in Zambia, particularly for cassava, maize, and
groundnuts. Solar dryers are highly gender-relevant. The technology eases the heavy labor burden of
traditional drying methods, saving several hours per day during harvest seasons, and reduces risks
associated with guarding crops left outdoors. Women's groups piloting solar dryers have reported both
time savings and higher incomes from improved product quality (benefit from higher quality cassava
flour). Yet access barriers remain for women, particularly upfront costs and limited financing options.
Embedding solar dryers within women'’s cooperatives, savings groups, or outgrower schemes is essential
to ensure women can benefit fully from these technologies.

Relevance to Borrowers

Solar dryers offer value across different borrower groups. Smallholder farmers benefit directly from
reduced losses and improved food safety but require tailored financing solutions, such as micro-loans or
financing bundles (MFI loans, co-op pooled purchases). Cooperatives are natural intermediaries and
aggregators for dryers. They are able to invest in larger dryers (for bulk maize/soy drying) that serve
multiple members and support bulk marketing. Agro-SMEs and processors also stand to gain
significantly, as dryers stabilize supply chains and reduce the risk of raw material shortages, particularly
for cassava and soybean processing. For financial institutions, dryers represent a viable lending target
when bundled into cooperative or enterprise-level models, where repayment capacity is stronger and
benefits more visible.

Policy Alignment & Institutional Traction

Solar drying aligns strongly with Zambia’s national strategies. The Post-Harvest Loss Reduction Strategy
(2017-2027) explicitly prioritizes drying technologies as part of the solution to reduce systemic losses.
The National Agricultural Policy and the 7th National Development Plan emphasize agro-processing and
post-harvest management as central to food system modernization. Development partners have also
shown strong traction, with FAQ, WFP, and GIZ piloting dryers in maize and cassava programs, while SNV
has integrated them into energy-agriculture nexus projects. National research institutions such as ZARI
and regulatory agencies like the Zambia Bureau of Standards are active in food quality control, including
aflatoxin management, creating an enabling institutional environment for adoption.
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Why This Solution Stands Out

Solar drying systems offer a practical, commercially viable way to address Zambia’s most entrenched
post-harvest losses. They are technically proven, locally fabricable, and adaptable across key value
chains. They reduce aflatoxin contamination, improve product quality, and expand opportunities for both
smallholders and processors. With clear gender benefits, relevance to multiple borrower types, and strong
alignment with policy priorities, solar dryers represent a financeable, climate-smart solution. For lenders
and investors, they provide a tangible entry point into Zambia's adaptation agenda, combining resilience,
income gains, and food safety improvements in one package.

4.  Drought Tolerant Crop Varieties (Maize and Soyabean)
Adaptation Challenge

Zambia's maize belt faces average temperatures projected to rise by 2—3°C by 2050 (World Bank Climate
Data), with more frequent days exceeding 35°C during the growing season. Maize is highly sensitive:
temperatures above 35°C during tasseling/silking can cause 80—-100% yield loss if accompanied by
moisture stress (CIMMYT). Soybeans, while moderately more resilient, are stressed at flowering and pod-
fillunder heat and erratic rainfall, reducing nodulation and protein yields. At the same time, extreme rainfall
events, up to 81 mm/day in parts of Central and Eastern Provinces (Zambia Met Dept)—trigger
waterlogging, root rot, and fungal outbreaks. The dual exposure of heat + erratic rainfall means
conventional seed systems deliver highly unstable yields, increasing replanting and credit risks.

Relevance to Value Chains

e Maize (Primary Staple): Accounts for over 50% of calorie consumption and dominates cropped
area (~1.5 million ha annually). Post-harvest losses are high, but the bigger risk now is in-season
failure: in 2018/19 droughts cut maize production by 16% year-on-year (FAO GIEWS). Drought-
tolerant and early-maturing hybrids reduce the vulnerability of national food security and stabilize
market prices.

e Soybeans (Strategic Diversifier): Soy acreage has expanded from ~50,000 ha in early 2000s to
>200,000 ha by 2022 (FAOSTAT), reflecting demand from poultry and livestock feed processors.
Erratic rains already depress yields (1.5-1.8 t/ha farmer average vs. potential 3 t/ha), increasing
Zambia’s reliance on imports of soy cake in poor seasons. Stress-tolerant, inoculant-compatible
varieties could close this gap.

e Cattle (Indirect Link): Soy and maize by-products (bran, cake) are core feed ingredients. Stable
production reduces seasonal feed shortages and price spikes, improving resilience in Zambia’s
dairy and beef systems.

Technical Maturity & Local Delivery Readiness

Stress-tolerant maize hybrids are not experimental; they are already widely developed, tested, and
released under CIMMYT's DTMA and STMA programs, with national partners like Zambia Agricultural
Research Institute (ZARI). Private firms including SeedCo, Zamseed, Pannar (Corteva), and
Monsanto/Bayer already market drought-tolerant hybrids (e.g., SC 403, SC 513, PAN 53). Soybean
breeding from IITA and ZARI has produced early-maturing, drought-tolerant varieties such as SC Safari,
SC Squire, and SC Saga, distributed through agro-dealers and cooperatives. Inoculants are increasingly
commercialized through firms like ZamBio.
Delivery channels are also mature and commercial:

e Agro-dealer networks: Thousands of last-mile agro-dealers linked to seed companies.

e Input subsidy programs: The FISP/e-voucher scheme, which covered ~1 million farmers in 2022,
subsidizes drought-tolerant seed.

e Outgrower/offtaker schemes: Soy processors and poultry feed firms (e.g., Novatek, Tiger Animal
Feeds) integrate seed supply into contracts, guaranteeing adoption and repayment.
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The challenge is not availability but financing for smallholders to consistently access these improved
seeds each season.

Productivity Increase

e Maize: Drought-tolerant hybrids consistently outperform conventional checks, with 15-25% yield
gains under moisture stress (CIMMYT). Early maturity allows harvest before terminal drought,
often making the difference between complete failure and marketable grain. In normal years,
yields remain competitive, ensuring no downside risk.

e Soybeans: Improved stress-tolerant varieties plus inoculation increase yields by 20 - 30% under
farmer conditions (IITA). For a farmer with 1 ha of soy, this translates into an additional 300 - 400
kg per season, equivalent to an extra $150 - 200 in gross revenue at average farm-gate prices.

National impact: Closing Zambia's maize yield gap by just 10% could add 400,000 - 500,000 tonnes
annually, strengthening food security and export potential.

Gender Inclusion

Women farmers are heavily engaged in soybean and groundnut production in Eastern and Central
Provinces, as well as post-harvest handling of maize. Yet they are less likely to access certified seed due
to cash flow constraints and weaker links to agro-dealers. Gender-intentional delivery models, such as
VSLA-linked seed packs, input bundles tailored for 0.25-0.5 ha plots, and extension delivered through
female lead farmers, can significantly improve uptake. For maize, higher yields and earlier harvests reduce
the need for women to buy grain at peak prices in the lean season, improving household food security
and easing seasonal financial pressure.

Relevance to Borrowers

e Smallholder farmers: The value proposition is immediate—higher yields in bad years and equal or
better yields in good years. These are seasonal products that fit well with short-term input credit
or bundled loans.

e Cooperatives/producer groups: Already bulk purchasers of seed and fertilizer through FISP;
bundling climate-resilient seed into their procurement reduces collective risk.

e Agri-SMEs and processors: Soy crushers and feed manufacturers depend on stable throughput.
Many are already co-financing input packs for growers to reduce raw material volatility.

e Financial institutions: From a lender’s perspective, drought-tolerant seed is a low-ticket, high-
turnover working capital product with repayment anchored in harvest sales or warehouse
receipts. It can also be bundled with insurance and advisory to reduce credit risk.

Policy Alignment & Institutional Traction

The Government of Zambia's National Agriculture Policy and Climate-Smart Agriculture Investment Plan
(2019) explicitly prioritize the promotion of stress-tolerant seed systems. The FISP e-voucher mechanism
already supports uptake at scale. International programs (World Bank, IFAD, WFP, AGRA) have
consistently funded maize and soybean seed system strengthening, while ZARI maintains a strong
varietal release and testing pipeline. This alignment means policy, donor, and private actors are already
pushing in the same direction, reducing execution risk for financiers.

Why This Solution Stands Out

Drought-tolerant crop varieties for maize and soybeans sit at the intersection of Zambia's biggest climate
risk (heat/drought) and its most strategic value chains. The solution is not speculative: it is technically
mature, commercially available, widely piloted, and already partially scaled through government and donor
programs. What is missing is systematic financing to mainstream adoption, particularly for women and
smallholders who face cash flow barriers. For lenders, this is a financeable, seasonal input product with
repayment pathways through cooperatives and processors. For Zambia's food system, it is a first-order

Rapid Climate Risk Assessment and Adaptation Investment Opportunity Mapping | Zambia Agriculture & Food Systems 45



resilience solution that stabilizes calorie availability, reduces livestock feed price shocks, and protects
household incomes in bad years. Its combination of high adaptation need and high delivery readiness
makes it one of the most bankable opportunities for GCA support.
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1 ANNEX 1: HIGH-LEVEL CLIMATE IMPACT
ANALYSIS

This impact classification is a qualitative framework based on expert judgment, drawing on projected
climate hazards, crop and livestock sensitivities, and contextual evidence from policy and scientific
literature. It is intended as a comparative guide to prioritise adaptation needs rather than a precise
quantitative assessment.

[=Impact

High impact Crops or livestock in this category are highly sensitive to projected climate hazards
such as extreme heat, drought, flooding, or disease outbreaks. Without significant
and targeted adaptation measures, these systems are expected to face severe and
frequent vyield losses, productivity declines, or high mortality rates, potentially
undermining their economic or food-security viability.

Example: Maize under >35°C for several months in Katanga Plateau.

Medium Systems in this category are moderately vulnerable to climate hazards. Yields or

impact productivity may decline under hotter or wetter conditions, but losses are generally
manageable with adaptation. Improvements in crop varieties, farm management,
infrastructure, or veterinary services can significantly mitigate risks and preserve
viability.

Example: Groundnuts in Kasai Triangle under hotter, wetter conditions.

Low impact These crops or livestock are relatively resilient to projected hazards, either because
of their physiological tolerance (heat, drought, disease) or their flexibility in
production systems (browsing habits, low water requirements, vegetative
propagation). Climate change impacts are expected to be minor or only severe under
extreme, prolonged events. In some cases, these systems may even become more
competitive compared to vulnerable ones.

Example: Cassava, or goats in drought-prone zones.
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2 ANNEX 2: ADAPTATION SOLUTION
PRIORITIZATION METHODOLGY

Methodology for Identifying and Prioritizing Adaptation Solutions using Multi-Criteria Analysis (MCA)

Multi-Criteria Analysis (MCA) Prioritization Framework

Prioritization Themes  Indicators Questions Prioritization Themes Indicators Questions
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The methodology for identifying and prioritizing adaptation solutions was designed as a staged,
evidence-based process that systematically reduced a large global solution universe into a shortlist of
the most context-relevant, financeable, and commercially ready interventions for each country.

Step 1. Comprehensive Long List Development

We began by compiling an initial long list of ~700 adaptation solutions from over twenty-one global,
regional, and national taxonomies and reports. This broad scan ensured no major classes of
interventions were excluded at the outset.

Step 2. Refinement and Screening for Relevance
The initial long list was refined to a more practical inventory through:

e Deduplication of overlapping entries (e.g., multiple versions of “solar irrigation pumps”), reducing
the list to ~277 solutions.

e Removal of umbrella terms (e.g., “mechanized irrigation systems”), keeping only discrete
solutions.

e Exclusion of mitigation-focused solutions and those too diffuse to be structured as investable
products or services (e.g., generic CSA practices like mulching).

This process yielded a refined set of ~70+ discrete, investable adaptation solutions.

Step 3. First-Pass MCA Filtering: Country Context Alignment

At this stage, we introduced country-specific filters to ensure solutions directly aligned with both the
climate hazard profile and the priority agri-value chains of each country. Using the MCA framework’s
relevance dimensions, solutions that were not clearly addressing priority hazards (heat, drought, floods,
pests/disease) or not relevant to the short-listed value chains were removed.

This first-pass MCA application narrowed the pool to ~44 solutions that were both technically plausible
and contextually meaningful for in-country application.

Step 4. Second-Pass MCA Scoring: Commercial and Institutional Readiness
The remaining 44 solutions were then scored in detail across the full MCA framework, which included:

e Borrower-System Fit (e.g., usability by SHFs, SMESs, cooperatives).
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e Technical Maturity & Local Delivery Readiness (track record of deployment and presence of
delivery partners).

e Impact & Inclusion Potential (productivity uplift and gender responsiveness).

e Institutional & Policy Alignment (fit with national strategies, backing from IFls or government
programs).

Weights were applied to reflect strategic priorities (e.g., gender and productivity received higher
emphasis). Scoring was conducted across all four countries simultaneously, given that many solutions
are cross-cutting but differ in local readiness and institutional traction.

Step 5. Country-Specific Shortlisting
Finally, the scoring outputs were combined with country-level hazard and value chain assessments to
identify the top 5 priority solutions for each country. These shortlists represent the intersection of:

e Adaptation need (hazard and value chain exposure).
e Commercial readiness (bankability and scalability).
e Institutional traction (alignment with policy and delivery ecosystems).

This two-pass MCA approach ensured rigor, efficiency, and strategic focus, filtering first by relevance to
climate and agri-food systems, and then by commercial and institutional readiness.
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3 ANNEX 3: ADAPTATION IN ZAMBIA

Based on projected climate hazards across Zambia's agricultural regions, maize faces the highest
vulnerability due to extreme heat sensitivity, with temperatures reaching 40-43°C and additional days
above 35°C annually severely reducing yields and flowering success, while heavy rainfall extremes (up to
81mmy/day) create additional risks of waterlogging and crop losses. Cattle experience severe impacts due
to heat stress that reduces productivity and fertility, combined with pasture loss from both drought and
flooding conditions, Soybeans face high vulnerability from the projected 3°C temperature increase and
43°C heat extremes that stress flowering and pod filling, combined with heavy rainfall (81Tmm/day) and
strong winds that cause waterlogging, root rot, reduced nitrogen fixation, and increased fungal disease
pressure. Cassava emerges as the most climate-resilient crop, maintaining low vulnerability despite harsh
conditions, though it faces some risks from prolonged drought in drier areas and waterlogging damage
in flood-prone zones. The main climate hazards impacting agriculture in Zambia are: extreme
temperatures causing heat stress (both considering new highs being reached as well as longer periods
of hot days), with the additional impact of drought. On the other side of the spectrum, heavy rainfall
extremes and flooding also create additional challenges to the sector.

Based on a literature review of technical reports and national policies, alongside expert engagement,
Zambia's climate adaptation strategies centre on four high-priority climate-smart agriculture practices
that demonstrate the greatest potential for enhancing both resilience and productivity: crop diversification
into legumes and commercial horticulture, agroforestry systems, post-harvest loss reduction (World
Bank, 2019), and conservation agriculture with minimum soil disturbance and permanent soil cover (CIAT,
World Bank, 2017) . indeed, farmers accessing the government-supported Farmer Input Support Program
(FISP) are required to practice conservation farming as a prerequisite for access to inputs; enforcement
of this measure is, however, weak CIAT, World Bank, 2017). Other non-crop related adaptation solutions
include integrated pest and disease management, such as for both crop production and livestock
production (chicken, livestock), livestock-based activities manure, pasture, grazing and forage
management; livestock integration into cropping systems; integration of agroforestry into crop-livestock
production systems; and improved housing and feeding practices, and off-farm practices related to the
use of climate information and early warning in seasonal and longer term agricultural planning exist as
means of improving and adapting local agricultural decision making CIAT, World Bank, 2017). Some of
these activities are summarized in the figure below.
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Figure 12. Key Climate-Smart Agriculture initiatives per value chain in Zambia (CIAT, World Bank, 2017).

Beyond these initiatives, there is a focus on practices such as drought-tolerant seed varieties, irrigation
infrastructure development, and mechanization support. There are opportunities to increase productivity
across the supply chain, from upstream inputs, including blended fertilizer and improved seed, to
machinery and equipment manufacturing and distribution, to agro-processing and storage, and
downstream industrial uses, particularly in manufacturing animal and fish feed, as well as investment in
soya farming will that benefit from strong domestic demand, driven by local crushers producing edible oil
and oilcake (World Bank, 2024). The table below showcases a number of potential benefits from the
implementation of most of these adaptation solutions, with also an indication of the key barriers for
implementation in Zambia (World Bank, 2019).
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Table ES.4 Impacts of C5A practices on key decision variables
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Figure 13. Recommended Solutions for Zambia's Agriculture Development according to the Climate-Smart
Agriculture Investment Plan (World Bank, 2019).

Stakeholder consultations reveal critical infrastructure gaps and the need to invest on aggregation,
processing and transportation stages, with focus on solving for warehousing challenges, high
transportation costs, and the need for solar-powered refrigeration and small-scale processing
technologies to serve both smallholder and commercial farmers. Stakeholders also indicated that there
are significant information asymmetry on the use of irrigation solutions, and the importance of
considering solar-powered solutions given the instability of energy distribution and how it is more relevant
in the drier parts of the country — in the Southern regions.
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