/AN




Developed with the Deutsche Gesellschaft fUr Internationale Zusammenarbeit (G1Z) and funded by the Federal
Ministry for Economic Cooperation and Development (BMZ) within the project:

Strengthening the Drought Resilience of Zambia's Agricultural Sector —

Developing Adaptation Roadmaps for the Agricultural Sector of the Eastern and Southern Provinces

Disclaimer:

The views expressed in this publication are not necessarily those of the agencies or countries cooperating in this
project. The designations employed in this publication and the presentation of material therein do not imply the
expression of any opinion whatsoever on the part of GIZ or UNU-EHS concerning the legal status of any country,
area or territory or of its authorities, or concerning the delineation of its frontiers. Unless otherwise indicated, the
ideas and opinions expressed by the contributors do not necessarily represent the views of their employers. The
authors would welcome being notified of any remaining errors identified that the editing process might have
missed.

Published: 26 January 2026

Authors:
Magdalena Peter, Christina Natalia Widjaja, Dhiraj Raj Gyawali, Florian Waldschmidt

Layout & Design:

Rachael Hansen

(&) INY CLIMADA

“A ‘1,/ E H S Economics of Climate Adaptation

=N

:man\J {

Acknowledgements:

We are grateful for the support provided by Mr. Fundi Banda and Mr. Robert Ngoma for extensive data collection,
stakeholder coordination, and for sharing their agricultural expertise.

We thank the GIZ colleagues who supported the research throughout, especially Mr. Hendrik Hoffmann, Mrs. Julia
Jung, Mr. Chimuka Nyangu Mulowa, and Mrs. Mwangala Kabika.

This study would not have been possible without the numerous participants who supported the workshops,
responded to questionnaires, and provided valuable input.

Thank you.



~XeCUTIVE SUMMARY

The Southern Province is among the regions of Zambia most
exposed to drought, with climate change projected to intensify
both the frequency and severity of dry conditions in the coming
decades.

This document provides a quantitative, forward-looking assessment of drought risks and adaptation
options for the Southern Province under moderate (RCP 4.5) and severe (RCP 8.5) climate change
scenarios. By combining climate risk modelling with an economic evaluation of adaptation measures
under different budget scenarios, the analysis moves beyond qualitative vulnerability assessments and
offers an evidence-based foundation for adaptation planning, investment prioritization, and policy
development at the provincial level.

The drought risk assessment confirms that drought is not a temporary or episodic shock in Southern
Province, but a growing structural risk that threatens agricultural production, livestock assets, food
security, and rural livelihoods. Maize emerges as the most vulnerable crop due to its sensitivity to rainfall
variability and its central role in food systems and household income. Livestock—particularly cattle—also
face substantial drought-related risks through pasture shortages, water scarcity, and heat stress. Under
severe climate change conditions (RCP 8.5), drought-related damages to both crops and livestock are
projected to increase significantly in the absence of adaptation, with far-reaching implications for
economic stability and food security.

To assess how these risks can be reduced, the report evaluates three adaptation pathways—
Effectiveness, Improving Food Security, and Green Sustainable Future—each reflecting a distinct policy
objective and adaptation logic. These pathways were selected not as prescriptive solutions, but as
strategic options to support decision-making. Together, they illustrate how different combinations of
measures translate into different protection outcomes for crops, livestock, and people.

The analysis shows that adaptation investments can substantially reduce drought-related damages
across all climate scenarios. The Effectiveness Pathway provides the strongest protection for high-value
assets, particularly livestock, and generates considerable benefits in terms of avoided economic losses
under both domestic and international budgets. The Improving Food Security Pathway focuses on
reducing drought-induced food insecurity, protecting both crops and livestock while delivering strong
social and nutrition benefits through measures such as early warning systems, climate information
services, post-harvest management, and nutrition-sensitive interventions. The Green Sustainable Future
Pathway emphasizes long-term resilience through climate-smart agriculture and nature-based
solutions, protecting staple crop production and large numbers of people over time.

A key finding across all pathways is that the scale of investment matters. Higher budgets lead to higher
absolute adaptation benefits, allowing interventions to be expanded across more districts, households,
and production systems. International financing scenarios unlock particularly large reductions in
drought damages and food insecurity. At the same time, the results clearly demonstrate that domestic
investments already deliver strong returns, with high benefit-cost ratios for many measures. This means
that effective adaptation can begin immediately, even with limited national resources, when
investments are well targeted toward high-risk assets and vulnerable areas.



The comparison of climate change scenarios further reinforces the case for early and sustained
adaptation. While some measures yield moderate benefits under RCP 4.5, their effectiveness increases
markedly under RCP 8.5, when droughts become more frequent and severe. Planning for future climate
extremes is therefore essential to avoid escalating losses and lock-in of vulnerability.

Overall, this document conveys a clear and positive message for Southern Province: although drought
risks are increasing, effective adaptation measures can successfully reduce drought damages. Targeted
adaptation investments can reduce economic losses, protect livelihoods, and strengthen food security
under all climate scenarios. The pathway-based framework presented here offers a practical tool for
aligning adaptation investments with policy priorities and available budgets. By using this assessment
as a foundation for planning, feasibility studies, and climate finance mobilization, the Southern Province
can move decisively from risk analysis to implementation—building resilience, safeguarding livelihoods,
and preparing for a drier future.

To explore more about drought risk and adaptation in the Eastern and Southern Provinces, please visit
our Drought Risk & Adaptation Dashboard. This interactive platform visualizes results and allows you to

generate customized reports according to your interests.
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INTRODUCTION



Zambia's Southern Province is one of Zambia's most drought-
prone agricultural regions, with predominantly rain-fed
smallholder systems that are highly sensitive to mid-season
dry spells.

During the 2023/24 El Nifio-related drought, a prolonged dry spell from mid-January 2024 hit much
of the central and southern half of the country during critical crop development stages. The
Presidential declaration of drought as a national disaster and emergency on 29 February 2024
reported that an estimated 2.2 million hectares of maize had been planted, of which approximately 1
million hectares were adversely affected across 84 of 116 districts (Ministry of Foreign Affairs of
Zambia 2/29/2024). UN and humanitarian partners confirm similar figures, indicating around
982,000-1,000,000 hectares of maize damaged and eight provinces severely affected (UNICEF
3/4/2024; UNOCHA 2024; United Nations in Zambia 2024). IFRC estimates that roughly 1 million
farming households were impacted by the drought across these provinces (IFRC 2024).

Given Southern Province's role as a major producer of maize and livestock, these national figures
translated into widespread failure of rain-fed maize and legumes, severe shortages of grazing and
water for cattle and small ruminants, and sharp reductions in marketable surplus. Joint Food Security
Cluster rapid assessments in drought-affected districts found that staple foods such as maize and
maize meal were frequently unavailable in local markets and that 51.7% of 4,277 surveyed households
had a poor Food Consumption Score; modelled results suggest about 2.3 million people are
moderately and 0.6 million people are severely food insecure, i.e., roughly 2.9 million people across
the assessed districts (Food Security Cluster and WFP 2024). The IPC Acute Food Insecurity Analysis
for April-September 2024 estimates that 4.95 million people (29% of the analyzed population) are in
Crisis or worse (IPC Phase 3+), including around 1.0 million people in Southern Province alone (*39%
of the rural population) (IPC 2024).

For many farming households in the Southern Province, the 2024/25 drought has resulted in the
rapid depletion of food stocks, distress sales of livestock and productive assets, and increased
indebtedness. The event exempilifies a structurally high agricultural drought risk: relatively frequent
dry spells in a largely rain-fed system quickly translate into large-scale production losses and food
insecurity. The Adaptation Pathways outlined later in this Roadmayp are designed to respond directly
to the pattern of drought risk in Southern Province.

WHY THIS ROADMAP MATTERS

Zambia's agricultural sector remains highly exposed to drought risks, yet systems for monitoring
drought, assessing vulnerability, and preparing for drought damage need to be strengthened at the
local level. Evidence from the recent 2023/24 drought in Zambia shows that provincial and district
authorities are rarely involved in systematic drought monitoring or vulnerability assessments,
limiting their ability to detect emerging drought conditions, understand local impacts, and act early.
As a result, responses to drought are largely reactive, with support often reaching affected
communities only after significant crop losses, livelihood disruption, and food insecurity have already
occurred. Although national frameworks and district planning instruments exist, their translation into
operational, locally informed drought planning in these provinces needs to be improved. (Mwape et
al. 2025) This Adaptation Roadmap directly addresses these gaps by providing a data-driven and
locally relevant foundation for proactive drought risk management, helping decision-makers in
Eastern and Southern Provinces prioritize adaptation actions, guide investments, and move from
crisis response toward long-term resilience building.



This Adaptation Roadmap is a hands-on policy and planning document that presents a comprehensive
picture of current and future drought-related losses and damages in the agricultural sector of the
Southern Province. It goes beyond general policy guidance by quantifying climate risks and comparing
adaptation options through a cost-benefit lens. In doing so, a representative time horizon until 2050 is
assumed for the underlying analysis, while considering moderate and severe climate change scenarios
(RCP 4.5 and RCP 8.5, Representative Concentration Pathways).

The Roadmap includes:

¢ A climate risk assessment for present and future drought scenarios for crops, livestock, and
people

¢ Quantified potentially avoided damages and benefit-cost analysis of Adaptation Pathways
e An investment plan outlining priority measures

¢ Guidance on potential financing options and entry points

In doing so, this Roadmap connects high-level policy ambitions with concrete, data-driven
recommendations for implementation. It demonstrates not only why adaptation is needed, but also
which actions could offer the greatest return and how they can be financed.

The analysis underpinning the Roadmap uses the CLIMADA risk modelling tool to assess drought
hazards and estimate expected damages to agricultural assets and livelihoods. CLIMADA simulates
event probabilities, quantifies damages at multiple scales, and evaluates the cost-effectiveness of
various adaptation measures under different climate scenarios. This modelling is complemented by
stakeholder engagement and contextual data collection to ensure that recommmendations are realistic,
relevant, and aligned with Zambia's socio-economic developments.

To enhance usability, the Roadmap is structured in modular sections, allowing readers to explore
climate risk insights, Adaptation Pathways, or investment guidance independently. A detailed technical
annex supports the main document by explaining modelling methods, key assumptions, stakeholder
processes, and underlying datasets.

The findings of this analysis provide actionable insights for government institutions, development
partners, civil society organizations, and the private sector. They highlight the magnitude of drought risk
facing Zambia's agricultural sector and present forward-looking options to reduce these losses
effectively. Importantly, the quantified results can directly support efforts to mobilize climate finance—
from both domestic and international sources, for instance, by providing evidence-based inputs for
funding proposals to major climate finance institutions. The Adaptation Pathways identified also serve
as valuable contributions to ongoing national policy processes, including the refinement of NAPs, NDCs,
and sectoral development strategies.

Ultimately, this Roadmap is designed to accelerate the transition from climate risk understanding to
adaptation action, supporting Zambia's long-term goal of safeguarding its agricultural systems and
strengthening the resilience of its people.
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2.1 FUTURE DROUGHT
FREQUENCIES AND INTENSITIES

Please refer to Chapter Drought Hazard Modelling in the technical Annex for further details.

In line with the goal of transitioning from risk understanding to adaptation action, the foundation of this
Adaptation Roadmap outlines the current and anticipated future drought risks. In this section, we
provide a brief introduction to the conducted drought intensity analysis, considering the current
drought risk expressed in historical SPEI values (based on the years 1986-2025), as well as expected
future (2050) SPEI values for the two considered RCP scenarios.

In the baseline climate, a drought with a 10-year return period reaches SPEI values of down to -1.35 in
Southern Province, with the highest intensities concentrated in the eastern part of the province, notably
around Itezhi-Tezhi and Kazungula. This corresponds to a severe drought (Figure 1, left). By 2050, under
the moderate climate change scenario (RCP 4.5), 10-year droughts are projected to intensify
substantially, reaching values of up to —=3.11 on the SPEI scale, i.e. extreme drought conditions. The spatial
pattern also shifts, with the strongest intensities expected in the south-eastern part of the province
(notably Sinazongwe) and in central areas (notably Kalomo); overall, the largest increases are
concentrated in the southern half of the province. Under the severe climate change scenario (RCP 8.5),
the pattern changes further, with the highest intensities occurring in Kazungula in the south-east, in the
northern districts, including Itezhi-Tezhi and Mazabuka, and in the eastern Siavonga district. Droughts
deepen further in this scenario, with SPEI values projected to reach about -3.27 (Figure 1, below).

Distribution of Drought Risk in Zambia's Southern Province (SPEI-6)

Sources: Vicente-Serrano ot al, 2010; Microsoft Opon Source, 2022; Gergel ot al. 2023;
Hargreaves and Samani, 1985, Bourgalt <t al,, 2023

Historical Scenario (SPEI) Future 8.5 Scenario (SPEI)

-1.29 -1.55
B 135 3,27
i}j;

Figure 1: Distribution of Drought Risk in Zambia's Southern Province (SPEI-6).



2.2 FUTURE DROUGHT DAMAGES
IN THE AGRICULTURAL SECTOR

Please refer to Chapter Project Initiation & Scoping and Risk and Vulnerability Assessment in the
technical Annex for further details.

This Chapter provides a systematic and in-depth overview of the modeled impacts that droughts are
projected to have on the agricultural sector by the year 2050. To assess this, we examined the impacts of
drought on the key agricultural assets of respective crop and livestock types, as well as on people and
their food security levels. The results show that drought impacts are projected to increase in all
categories, with projections based on the severe climate change scenario (RCP 8.5) suggesting
increasingly severe drought-related future damages compared to the moderate climate change
scenario (RCP 4.5). This also highlights high uncertainties in modelling drought damages for the year
2050, as the developments depend on how climate change unfolds in the future and which global
mitigation measures are implemented.

Following this, the drought-related damages are explained for all key assets, accompanied by maps that
showcase local differences in drought damage for each asset. The drought damage maps are
complemented by charts comparing today’s and future drought damages, also including a monetary
perspective by adding the amount of USD that would be lost if droughts fully unfold without additional
adaptation measures being taken.

In the Southern Province, droughts already cause, on average, USD 12 million in damages annually to the
key assets. In the future, considering climate change and economic development, these average annual
losses are projected to amount to USD 113 million by 2050 under the moderate climate change scenario
(RCP 4.5). For the severe climate change scenario (RCP8.5), where climate change unfolds fully without
substantial mitigation measures taken on a global scale, these losses are calculated to be on average
USD 128 million for the agricultural key assets in Zambia’'s Southern Province. Figure 2 illustrates the
average expected annual drought damages for the present and future years in USD.

Average Annual Drought damages in USD today and in the future
(2050)

80

Millions

70
60
50
40
30

20

10
o. _I_-_- [ | -

A yid it 5 e \i)
wait i u“é.n\) Sun’ﬁ\oﬁe g ohato® i Go?
e

W Current Future (RCP 4.5) ®Future (RCP 8.5)

Figure 2: Average Annual Drought Damages in USD today in the future (2050).



2.2.1 DROUGHT IMPACTS ON CROPS

Droughts are already impacting crop production and harvest volumes in Zambia today and are likely to
continue doing so in the future under climate change. Already today, in the Eastern Province, the
average expected annual crop losses due to droughts are 44,000 tonnes every single year.

By the year 2050, the average expected annual crop losses under the severe climate change scenario
(RCP 8.5) are estimated to amount to 400,000 tonnes. The largest portion of these losses would be the

annual maize losses, projected to amount to 250,000 tonnes, followed by soybeans at 86,000 tonnes.
Figure 3 illustrates the share of future crop losses in tonnes.

Average Annual Crop Losses in Tonnes in the future
(2050) under the RCP 8.5 climate change scenario

Sweet Potatoes
Sunflowers 9.4k
17.9k

Groundnuts
24 8k

Maize
202.7k

® Maize = Groundnuts = Sunflowers = Sweet Potatoes

Figure 3: Average Annual Crop Losses in Tonnes in the future (2050) under the RCP 8.5 climate change scenario.

The total annual expected monetary losses are projected to be up to USD 52 million per year due to

climate change for crops under the severe climate change scenario in 2050, with USD 38 million for
maize, followed by USD 10 million for groundnuts.



Drought has a significant impact on maize
production in Zambia, where maize is the
primary staple crop and is predominantly
cultivated by smallholder farmers who
heavily rely on rainfall.

Maize production plays a central role in both the country's economy and
the food security of households. Climate change is expected to
exacerbate existing production losses due to droughts, including those
associated with the ElI Nifo phenomenon, and increase interannual
variability in harvests. Particularly through changes in temperature and
precipitation patterns, more frequent and prolonged droughts pose a
significant risk to maize production by increasing the frequency and
duration of dry spells during critical growth stages and intensifying heat
stress, which directly reduces yields and increases the likelihood of crop
failure. (Siatwiinda et al. 2021)

The results of the CLIMADA-driven current and future risk analyses
indicate that maize production losses due to drought are already
significant and are projected to increase by 2050 under a high-emissions
climate scenario (RCP8.5). The spatial analysis of drought-related maize
production losses in Figure 4highlights both the current and projected
impacts. The maps display the average expected production losses of
maize at a 20 km? resolution, highlighting hotspots in the center of the
province. Under the future climate scenario (RCP 8.5, 2050), the maps
indicate an expansion and intensification of maize production losses
across the province, in nearly all maize-growing areas. Areas currently
experiencing moderate risk are shifting towards substantially higher
levels of affected maize production losses in the future, with many new
risk hotspots coming up across much of the province.

DROUGHT RISK ASSESSMENT | IMPACTS ON CROPS 18



Drought Impacts on Maize in Zambia's Southern Province,
Current and Future Scenario (RCP 8.5)

Current projection (2025) Future scenario RCP 8.5 (2050)
Average annual expected impact on Average annual expected impact on
maize (tonnes) due to droughts (20 km2) maize (tonnes) due to droughts (20 km?)
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Figure 4: Drought impacts on maize production for current and future (2050, RCP 8.5) scenarios.

The production losses of maize also translate into direct monetary losses for the province and the
country. Economic growth and climate change together increase the economic losses of maize, with
climate change emerging as the dominant driver of increased risk in future projections, particularly
under the RCP 8.5 scenario. As Figure 5 indicates, on average, USD 6.7 million of maize is lost due to
droughts every year under the current scenario. This value represents the average of all years, regardless
of whether a no drought, a mild drought, or a severe drought was registered. While production losses
can have various reasons, such as pest infestations or floods, these numbers specifically refer to drought-
induced maize losses. The whiskers indicate further uncertainties in climate change resulting from the
incorporation of different drought scenarios in the calculation.

By 2050, due to economic growth, an additional USD 14 million in maize losses are projected to occur on
average each year. Including climate change in the model, the results show that for the moderate
climate change scenario (RCP 4.5), an additional USD 16 million of maize will be lost on average due to
droughts every year. Together with the estimated economic growth and current risk, over USD 36
million is projected to be lost annually due to droughts under the moderate climate change scenario for
maize only. For the severe climate change scenario (RCP 8.5), these numbers translate to approximately
USD 38 million in monetary maize losses due to drought each year. The increase in the total number is
due to the increased impacts of climate change, like heat and longer dry spells under the severe climate
change scenario, on maize during drought.
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Figure 5: Average annual maize losses in USD due to droughts today and for different climate change
scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Overall, these findings highlight maize as a high-risk crop within Zambia’s agricultural sector, where
drought risks are already substantial and are expected to intensify significantly under future climate
change scenarios. Without targeted adaptation measures—such as drought- and heat-tolerant maize
varieties, climate-smart agriculture, and diversification of cropping systems—drought-induced maize
losses are likely to continue undermining both the livelihoods of smallholder farmers and the Zambian
economy.




GROUNDNU IS

Drought has a significant impact on
groundnut production in Zambia, where
groundnuts are among the most important
crops for smallholder farmers, providing
both food and income.

Groundnuts play a crucial role in household nutrition as a key source of
protein, which contributes to the prevention of malnutrition (Pokhrel et
al. 2024). Since groundnuts are widely regarded as a women’s crop,
climate-induced production shocks disproportionately affect women'’s
livelihoods and food security. (Mphande et al. 2022) Climate change is
expected to intensify drought-related risks to groundnut production
through changes in temperature and precipitation patterns. More
frequent and prolonged droughts increase water stress, leading to
substantial production losses and declines in crop quality. Drought
stress has been shown to severely reduce groundnut pod yields and to
impair nutrient uptake, thereby affecting plant growth, biomass
accumulation, and seed development. Beyond production losses,
drought conditions also increase the risk of pre-harvest aflatoxin
contamination, posing serious threats to human and animal health.
(Pokhrel et al. 2024)

The results of the CLIMADA-driven current and future risk analyses
indicate that drought-induced groundnut production losses are already
significant and are projected to increase by 2050 under a high-emissions
climate scenario (RCP 8.5). The spatial analysis of drought-related
groundnut production losses, as shown in Figure 6, highlights both
current and future impacts. The maps display the average expected
production losses of groundnuts at a 20 km? resolution, revealing
existing hotspots and showing a clear intensification and spatial
expansion of losses under future climate conditions, with high-risk
districts including Namwala, Monze, and Pemba. Overall, all groundnut-
producing areas are projected to experience significant drought-related
losses in the future due to climate change.
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Drought Impacts on Groundnuts in Zambia's Southern Province,

Current and Future Scenario (RCP 8.5)
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Figure 6: Drought impacts on groundnut production for current and future (2050, RCP 8.5) scenarios.

Groundnut production losses also result in direct monetary losses for the province. Economic growth
and climate change together increase the expected economic losses associated with drought impacts
on groundnuts, with climate change emerging as the dominant driver of increased risk in future
projections, particularly under the RCP 8.5 scenario. As shown in Figure 7, average annual groundnut
losses due to drought are estimated at approximately USD 1.3 million under current conditions. By 2050,
economic growth alone is projected to increase average annual losses by an additional USD 2.7 million.
When climate change impacts are considered, average annual drought-induced losses are projected to
increase to USD 10 million under both moderate (RCP 4.5) and severe (RCP 8.5) climate change

scenarios.
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Figure 7: Average annual groundnut losses in USD due to droughts today and for different climate change
scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Overall, these findings identify groundnuts as a climate-sensitive and socioeconomically critical crop
within Zambia's agricultural system. Given their importance for income generation, household nutrition,
and women's livelihoods, increasing drought risks to groundnut production underscore the need for
targeted adaptation measures, including drought-resilient legume varieties, improved soil and water
management, and gender-responsive climate-smart agriculture interventions. Without such measures,
the rising impacts of drought on groundnuts are likely to further undermine food security, nutrition
outcomes, and the economic resilience of smallholder farming households.



SUNFLOWERS

Drought is increasingly affecting sunflower
production in Zambia, impacting sunflower
oil production and having economic
consequences at both household and
provincial levels.

In addition to oil production, sunflower meal and whole kernels provide
a valuable source of protein for human food formulations and animal
feed, strengthening their role in food and nutritional security. Sunflowers
are moderately drought-tolerant, largely due to their extensive root
systems. This allows sunflowers to maintain relatively stable yields under
moderate water stress compared to shallow-rooted crops. However,
sunflower productivity remains sensitive to drought and heat stress
during critical phenological stages, particularly flowering and grain
filling. Under water-limited conditions, drought, high temperatures, and
low humidity disrupt nutrient uptake, photosynthesis, and overall plant
development, leading to reductions in seed yield and oil quality when
stress is prolonged or severe. (Phiri and Zimba 2018)

The CLIMADA-driven drought risk analysis indicates where areas of high
risk of drought-related production losses for sunflowers are located
today and in the future (2050). While losses are generally lower than
those observed for highly drought-sensitive staple crops, the spatial
analysis reveals localized hotspots where sunflower production is
particularly exposed. High-risk districts are primarily located in the
center of the Southern Province, particularly in Kalomo and its
surrounding districts. Under future climate conditions, CLIMADA
projections show an increase in drought-related risks to sunflower
production by 2050 under a high-emissions climate scenario (RCP 8.5).
The spatial analysis suggests a moderate intensification and geographic
expansion of production losses. Although sunflowers’ deep-root system
provides some buffering capacity, higher temperatures and longer dry
spells under future climate scenarios are projected to exacerbate
production losses.
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Drought Impacts on Sunflowers in Zambia's Southern Province,
Current and Future Scenario (RCP 8.5)
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Figure 8: Drought impacts on sunflower production for current and future (2050, RCP 8.5) scenarios.

These production losses result in direct economic impacts for sunflower producers and the broader
agricultural sector. Both economic growth and climate change contribute to increasing monetary losses
from drought-related impacts on sunflower production, with climate change emerging as the primary
driver of future risk, particularly under the high-emissions scenario (RCP 8.5). As illustrated in Figure 9,
average annual sunflower losses due to drought are estimated at approximately USD 388,000 under
current conditions. By 2050, economic growth alone is projected to increase these losses by an
additional USD 790,000 per year. Climate change is expected to further amplify losses, contributing an
estimated USD 1 million under a moderate climate change scenario (RCP 4.5) and a slightly greater
amount under a severe climate change scenario (RCP 8.5). When both economic growth and climate
change effects are considered together, average annual drought-induced losses in sunflower
production are projected to reach around USD 2.2 million under RCP 4.5 and approximately USD 2.3
million under RCP 8.5.
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Figure 9: Average annual sunflower losses in USD due to droughts today and for different climate change
scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Overall, the CLIMADA-based risk assessment positions sunflower as a moderately climate-resilient
oilseed crop with growing relevance in the context of climate variability and change. While sunflowers
can perform reasonably well under moderate drought stress, increasing climate extremes are expected
to elevate production risks in the absence of targeted adaptation measures. Strengthening sunflower
resilience through drought- and heat-tolerant varieties, improved soil and water management, and

supporting farmers can help safeguard production and the crop’s contribution to income diversification
and agro-industrial development in Zambia.




SWEET POTATOES

Drought affects sweet potato production in
Zambia, although the crop is generally
considered more drought-tolerant than
many other staple crops.

Sweet potatoes are a key indigenous root crop widely grown by
smallholder farmers, valued for their versatility, resilience, and significant
contribution to household food security. They are highly nutrient-dense,
surpassing most staple crops in vitamins, minerals, dietary fiber, and
protein, and therefore play an important role in supporting both caloric
intake and nutritional quality. During droughts, from a biophysical
perspective, drought reduces available soil moisture and disrupts the
water balance of sweet potato plants, leading to smaller leaf
development and restricted canopy growth. This limits photosynthetic
capacity and reduces the biomass available for storage root formation,
resulting in lower yields under drought conditions. (Motsa et al. 2015)

The maps in Figure 10 show a moderate expansion and intensification of
production losses in areas already exposed to drought stress, although
the magnitude of projected losses remains lower compared to other
assessed crops. This reflects the crop’s prolific root system and high
phenotypic plasticity as a C3 plant, which enables sweet potatoes to
more effectively access soil moisture and adjust their growth under
water-limited conditions (Motsa et al. 2015). The spatial analysis of
drought-related sweet potato production losses reveals that production
reductions remain strongly dependent on local conditions, with
significant variability across districts, with the most affected districts
being Kalomo, Monze, and Mazabuka. Under future climate conditions,
the CLIMADA projections indicate an increase in drought-related risks to
sweet potato production by 2050. This suggests that while sweet
potatoes offer a degree of buffering capacity against increasing
droughts, they are not immune to the impacts of climate change,
particularly under prolonged dry spells and higher temperatures.
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Drought Impacts on Sweet Potatoes in Zambia's Southern Province,

Current and Future Scenario (RCP 8.5)
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Figure 10: Drought impacts on sweet potato production for current and future (2050, RCP 8.5) scenarios.

These production losses result in direct economic impacts, where economic growth and climate change
contribute to rising monetary losses from drought-related impacts on sweet potato production. Climate
change emerges as the dominant driver of future risk, particularly under the RCP 8.5 scenario. As shown
in Figure 11, average annual sweet potato losses due to drought are estimated at approximately USD
30,000 under current conditions. By 2050, economic growth alone is projected to increase these losses
by an additional USD 60,000 per year. Climate change is contributing USD 75,000 in the RCP 4.5 and up
to USD 133,000 in the RCP 8.5 scenario. When climate change and economic impacts are included,
average annual drought-induced soybean losses are projected to reach USD 165,000 under a moderate
climate change scenario (RCP 4.5) and approximately USD 222,000 under a severe climate change

scenario (RCP 8.5).
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Figure 11: Average annual sweet potato losses in USD due to droughts today and for different climate
change scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Overall, the CLIMADA-based risk assessment highlights sweet potatoes as a comparatively climate-
resilient crop that can contribute to reducing agricultural vulnerability in the face of increasing drought
risk. While production losses are projected to rise under future climate scenarios, their relative stability
and high nutritional value position sweet potatoes as a strategic crop for climate-smart agriculture and
food security. Targeted support for drought-tolerant varieties, climate-smart agricultural management,
and context-specific practices can further strengthen the role of sweet potatoes in enhancing
smallholder resilience to climate variability and change.




2.2.2 DROUGHT IMPACTS ON LIVESTOCK

Droughts are already impacting livestock numbers in Zambia today and are likely to continue doing so
in the future, given the effects of climate change. Already today, in the Southern Province, the average
annual livestock losses due to droughts are estimated at 18,000 animals (cattle and pigs) every year.

By 2050, the average annual livestock losses under the severe climate change scenario (RCP 8.5) are
estimated to amount to 269,000 heads lost. The largest portion of these losses would be the annual goat
losses, projected to amount to 143,000 heads, followed by cattle at 126,000 heads. Figure 12 illustrates
the share of future livestock losses in heads of cattle and goats.

Average Annual Livestock Losses in Heads in the future (2050) under the RCP 8.5
climate change scenario

Cattle

Goats 126.3k

142,903

m Cattle = Goats

Figure 12: Average Annual Livestock Losses in Heads in the future (2050) under the RCP 8.5 climate change scenario.
The total annual expected monetary losses are projected to be up to USD 76 million per year due to

climate change for livestock (cattle and goats) under the severe climate change scenario in 2050, with
USD 74 million for cattle and USD 2 million for goats.



CAITILE

Drought is a major cause of cattle losses,
primarily through acute water and feed
shortages. Starvation linked to reduced
forage availability is particularly affecting
lactating and pregnant cows.

Drought also indirectly increases cattle losses by exacerbating disease
and parasite incidence. Overall, water scarcity, feed shortages, and
heightened disease and parasite pressure are the key mechanisms
through which drought leads to cattle losses, with their relative
importance varying by agroecological and climate zone. (Dzavo et al.
2019)
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The maps (Figure 13) illustrate the spatial distribution of drought-related impacts on cattle in Zambia's
Southern Province under current (2025) and future (2050, RCP 8.5) climate conditions. Under current
conditions, drought impacts on cattle are present but relatively localized, with moderate hotspots
observed in districts such as Choma, Kalomo, Monze, and parts of Mazabuka and Pemba. These areas
correspond to regions with high cattle densities and strong dependence on grazing systems that are
sensitive to rainfall variability. Under the future high-emissions scenario (RCP 8.5), the maps show a
pronounced intensification and spatial expansion of drought impacts across nearly the entire province.
The expected number of cattle affected by drought increases substantially, particularly in central and
southern districts, reflecting heightened water scarcity, reduced pasture availability, and increased heat
stress. This pattern indicates that climate change is likely to significantly exacerbate existing
vulnerabilities in cattle production systems, transforming localized risks into widespread and systemic

impacts by mid-century.

Drought Impacts on Cattle in Zambia's Southern Province,

Current and Future Scenario (RCP 8.5)

Current projection (2025)

Average annual expected impact on
cattle (heads) due to droughts (200 km?2)

Future scenario RCP 8.5 (2050)

Average annual expected impact on
cattle (heads) due to droughts (200 km2)

50 95 50 100 300 600 1290

Itezhi-Tezhi ' ' n.‘l .‘\
Namwala Marabuka
Chikankanta Chirundu
Monze
Slavonga
Pemba Gwembe
K Chama
Kazungula
Sinazongwe ch
Zimba b
Uvingstone

Figure 13: Drought impacts on cattle population for current and future (2050, RCP 8.5) scenarios.

Drought-related production losses in cattle result in significant economic impacts, driven by both
climate change and projected economic growth. Under current conditions, average annual losses are
estimated at approximately USD 3.3 million. By 2050, economic growth alone could increase these losses
by an additional USD 6.6 million per year. Climate change further exacerbates the risk, contributing USD
51 million under a moderate scenario (RCP 4.5) and up to USD 64 million under a severe scenario (RCP
8.5). When combined, the total projected annual losses for cattle due to drought could reach USD 31
million under RCP 4.5 and approximately USD 74 million under RCP 8.5 (Figure 14).
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Figure 14: Average annual cattle losses in USD due to droughts today and for different climate change
scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Overall, the findings highlight drought as a growing systemic risk to cattle production in Zambia's
Southern Province, with impacts that extend beyond direct cattle losses to substantial economic
consequences. The projected intensification and spatial expansion of drought impacts under future
climate scenarios underscore the need to strengthen the resilience of cattle production systems.
Targeted investments will be crucial in reducing vulnerability, particularly in high-risk areas. Without
timely and coordinated adaptation measures, climate change is likely to amplify existing pressures,
placing increasing strain on livelihoods, food security, and the regional livestock economy.




GOATS

The drought impact maps for goats reveal
a slightly more spatially diffuse pattern
compared to cattle.

Under current conditions, drought-related impacts on goats are evident
across much of Southern Province, though generally at lower intensity,
reflecting goats' relatively higher tolerance to dry conditions (Figure 15).
Moderate impact hotspots are visible in districts such as Choma, Kalomo,
Monze, and Mazabuka. Under the future RCP 85 scenario, the maps
show a strong increase in both the magnitude and geographic extent of
drought impacts on goats. High-impact areas expand across central and
southern districts, indicating that even more drought-resilient livestock
species will face increasing stress under more frequent and severe
drought conditions. The results suggest that while goats may provide
some buffering capacity for smallholders under current climate
conditions, their resilience may be increasingly challenged under future
climate change, particularly in areas already exposed to recurring dry
spells and pasture degradation.
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Drought Impacts on Goats in Zambia's Southern Province,
Current and Future Scenario (RCP 8.5)
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Figure 15: Drought impacts on goat population for current and future (2050, RCP 8.5) scenarios.

Goat production is similarly vulnerable to drought, with direct economic losses resulting from both
climate change and broader economic growth. Current annual losses are estimated at around USD
300,000. Economic growth alone may add another USD 610,000 to this figure by 2050. Climate change
impacts range from USD 566,000 under RCP 4.5 to USD 660,000 under RCP 8.5, resulting in total

projected annual losses of roughly USD 1.5 million under moderate climate change and USD 1.6 million
under the severe climate change scenario (Figure 16).
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Figure 16: Average annual goat losses in USD due to droughts today and for different climate change
scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

In conclusion, drought poses an increasing risk to goat production, particularly through reduced
availability of water and forage, which undermines herd productivity and survival. While goats are
generally more drought-tolerant than cattle, the projected intensification of drought under future
climate scenarios is likely to erode this resilience, especially in areas with high stocking densities and
limited adaptive capacity. Strengthening feed availability, water access, and smallholder management
practices will be essential to safeguard goat-based livelihoods under a changing climate.




2.2.53 DROUGHT IMPACTS ON PEOPLE

Drought is a key driver of food insecurity in Zambia, particularly in drought-prone regions such as the
Southern Province, where livelihoods are highly dependent on rainfed agriculture. The results of the
CLIMADA-driven current and future risk analyses indicate that drought-related food insecurity (IPC
Phase 3+) is already significant and projected to increase substantially by 2050 under a high-emissions
climate scenario (RCP8.5).

The spatial analysis of drought-related food insecurity (IPC Phase 3+) in Figure 17highlights both the
current and projected severity of impacts. The maps show the average annual expected number of
people exposed to drought-induced food insecurity at a 20 km? resolution, revealing pronounced
hotspots along several districts of the province. Districts such as Livingstone, Choma, Mazabuka, and
Monze already exhibit elevated levels of food insecurity under current conditions. Under the future
climate scenario (RCP 8.5, 2050), the maps indicate an expansion and intensification of food insecurity
hotspots, also including Kalomo and Pemba. Areas currently experiencing moderate risk are shifting
towards substantially higher levels of affected populations, while new high-risk clusters are emerging
across much of the province.

Drought Impacts on People's Food Insecurity (IPC Phase 3+)
in Zambia's Southern Province, Current and Future Scenario (RCP 8.5)
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Figure 17: Drought impacts on people for current and future (2050, RCP 8.5) scenarios.

Population growth and climate change together amplify the number of people exposed to drought-
induced food insecurity. As Figure 18 indicates, on average, 112,000 people are food insecure due to
droughts every year under the current scenario. This value represents the average of all years, regardless
of whether a no drought, a mild drought, or a severe drought was registered. Food insecurity can have
many drivers, but these numbers only apply to drought-induced food insecurity. The whiskers indicate
further uncertainties in climate change resulting from the incorporation of different drought scenarios
in the calculation.



By 2050, due to population growth, an additional 288,000 people are projected to be food insecure on
average each year. Including climate change in the model, the results show that for the moderate
climate change scenario (RCP 4.5), an additional 227,000 people on average will be food insecure due to
droughts every year. Together with the estimated population growth and the current risk, about 627,000
people are projected to be food insecure due to droughts annually under the moderate climate change
scenario. For the severe climate change scenario (RCP 8.5), these numbers translate to approximately
655,000 people affected by drought each year. The increase in the total number is due to the increased
impacts of climate change on people’s livelihoods and food availability, accessibility, and affordability
during drought.
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Figure 18: Average Annual number of People facing food insecurity due to droughts today and for different
climate change scenarios (RCP 4.5 top and RCP 8.5 bottom) in the future (year 2050).

Due to the lack of gender-disaggregated datasets on food and nutrition security in Zambia, this analysis
does not include gender-specific numbers. However, it needs to be kept in mind that households
experiencing food insecurity, women, and children face a significantly higher risk of malnutrition
compared to men, reflecting unequal access to food, care burdens, and coping strategies during shocks.
This vulnerability is exacerbated by limited dietary diversity, as on-farm food baskets are predominantly
composed of maize, the primary staple crop. Heavy reliance on maize increases sensitivity to drought,
reduces nutritional adequacy, and constrains household resilience in the face of climate variability.




3.

ADAPTATION ASSESSMENT



*Please refer to Chapter Adaptation Assessment, Preparation for CLIMADA Adaptation Modelling, and
CLIMADA Adaptation Modelling in the technical Annex for further details.

This chapter describes the possibilities for adaptation to reduce the losses and damages induced by
drought and exacerbated by climate change. Three Adaptation Pathways have been developed, each
characterized by a specific composition of adaptation measures and distinguished by their individual
benefits and opportunities to provide positive adaptation benefits for the agricultural sector in the
Southern Province. This chapter explains the Adaptation Pathways and their corresponding adaptation
measures, suggests an investment plan for implementation, and provides a comparison of the three
Pathways and their adaptation potential.

The Adaptation Pathways are actionable and budget-sensitive recommendations for implementing
targeted bundles of adaptation measures, conceptualized in accordance with the priorities of provincial
stakeholders. The Pathways guide stakeholders, such as agricultural ministries in the Eastern and
Southern Regions, in assessing feasible climate adaptation actions with different timelines, scopes, and
across various funding levels. The three Pathways are called a) Effectiveness, b) Green Sustainable
Future, and c) Food Security.

For each of the three Pathways, opportunities for adaptation under domestic and international
investments have been calculated to consider varying budget scenarios. The Pathways showcase the
possibilities for the Zambian government to reduce drought-related damages by investing USD 1 million
every four years through its domestic budget until 2050. If international funding can be secured,
adaptation actions can be implemented on a larger scale, securing more livestock and crops, and
safeguarding people from food insecurity. To this end, Chapter 3 provides perspectives for potential
international funding opportunities. We are calculating the scales of implementation and avoiding
drought-related damages by investing international budgets in Pathways, with investments of USD 10
million every four years.

Following the requests of Zambian stakeholders, the Adaptation Roadmaps are action-oriented tools
that directly support decision-making for adaptation. In that regard, the Roadmaps are practical,
offering clear guidance on implementing sustainable crop and livestock strategies to strengthen local
food security and overall resilience against drought. Therefore, the Roadmaps provide transparent
prioritization and financing guidance, allowing policymakers to select measures based on their cost-
effectiveness, alignment with provincial and national priorities, and access to suitable funding
instruments.

This assessment evaluates three complementary adaptation pathways designed to address drought
risks while balancing effectiveness, sustainability, and food security outcomes. The Effectiveness
Pathway prioritizes measures that can deliver rapid and high-impact results at relatively low cost,
emphasizing ease of implementation and direct reductions in drought impacts on agriculture and
livestock systems. The Green Sustainable Future Pathway focuses on longer-term, environmentally
sustainable solutions, promoting nature-based and climate-smart measures that are coherent with
national policies, development plans, and green growth strategies. Finally, the Improving Food Security
Pathway centers on social co-benefits, targeting interventions that strengthen household and
community food security during droughts through improved production, nutrition, and access to
climate information. Together, these pathways provide a structured framework for comparing
adaptation options across regions and for identifying portfolios of measures that respond to immediate
needs while supporting long-term resilience. Table 1 provides an overview of the Pathways considered
and the respective measures.



Table 1: Overview of Adaptation Pathways.

Criteria

Rationale

Measures

Cost, Ease of Implementation,
Effectiveness

Focuses on delivering high-
impact results at low cost
through easily implementable
solutions that directly reduce
drought impacts.

- Drought-tolerant crops
- Locally adapted livestock

- Climate Smart Agriculture

Sustainability, Green Measures,
Coherence with Policies and
Plans

Prioritizes long-term, nature-
based solutions that align with
national strategies.

- Agroforestry
- Climate Smart Agriculture

- Drought-tolerant crops

Food Security (Co-benefits,
Social)

Promotes measures that
directly aim to reduce food
security during droughts

- Post-harvest, and
preservation techniques

- Early warning, automatic
weather stations, and
dissemination of climate
services

- Cultivation of fortified food
crops (orange-fleshed sweet
potatoes and maize)




3.1 THE EFFECTIVENESS PATHWAY

The Effectiveness Pathway focuses on delivering high-impact results at low cost through easily
implementable solutions that directly reduce drought impacts. It is defined by three core criteria: cost-
efficiency, ease of implementation, and direct effectiveness in reducing drought impacts. Measures in
this Pathway excel as they deliver rapid, tangible benefits with relatively low investment requirements
and minimal institutional complexity. They are designed to stabilize agricultural production quickly and
to provide immediate support to households affected by drought.

The Adaptation Pathway follows two investment scenarios, as Figure 19 shows: the domestic and the
international investment. The domestic investment scenario is based on the annual budget of Zambia's
Ministry of Agriculture and calculates an investment of USD 1 million every four years until 2050. This
amounts to a total budget of USD 6 million until 2050. The international investment scenario is based on
stakeholder consultations of reasonable project budgets and calculates an investment of USD 10 million
every four years until 2050. This amounts to a total budget of USD 60 million until 2050.
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Figure 19: Investment Scenario for the Effectiveness Pathway.

The adaptation measures are designed to deliver rapid and cost-efficient reductions in drought
vulnerability. These include the introduction of drought-tolerant crop varieties, which enhance resilience
to water scarcity and stabilize yields during periods of drought. Complementing this are investments in
locally adapted livestock, which are better suited to prevailing climatic conditions and therefore more
robust under increasing heat and aridity. The Pathway also includes promotion of small livestock,
providing households with diversified and flexible livelihood options that can be sustained even under
severe drought stress. Together, these measures offer practical and immediately actionable solutions
that deliver direct benefits to farming and pastoral communities.



Drought-Tolerant Crops

Introducing drought-tolerant crop varieties is a key adaptation strategy for stabilizing and increasing
agricultural production in Zambia under increasingly erratic rainfall conditions. These crops enable
farming households to sustain yields even when water availability is limited, thereby supporting income
generation as well as food and nutrition security during drought years. Implementation commonly
follows a lead-follower farmer model, in which selected lead farmers receive start-up input packs and
participate in training and demonstration activities, allowing practical knowledge on land preparation,
planting, and crop management to spread efficiently within communities over the agricultural season
(typically September to July). Drought-tolerant options already available in Zambia include improved
maize varieties, alongside improved groundnut varieties such as MGV 8, MGV 7, and Wamusanga(Mpofu
2023). For soybeans, drought-tolerant varieties developed by the International Institute of Tropical
Agriculture notably TGx1740-2F (“Kafue”) and TGx1937-1F (“Mwembeshi”)—offer early maturing, drought-
tolerant, and disease-resistant options, supported through public-sector breeding efforts funded by
partners such as the Bill and Melinda Gates Foundation (Chigeza et al. 2019). In addition, Zambia's
National Institute for Scientific and Industrial Research (NISIR) is actively testing drought-tolerant sweet
potato and cassava varieties that require minimal water, with the aim of recommending suitable
varieties for drought-prone regions such as Southern Province (Ministry of Technology and Science
Zambia n.d.). In summary drought-tolerant varieties provide an accessible and effective strategy for
safeguarding crop production and livelihoods during droughts.

Locally Adapted Livestock

Promoting locally adapted (indigenous) livestock breeds is a highly effective drought adaptation
measure, as these animals are inherently better suited to local climatic and environmental conditions
(Global Center on Adaptation 2023) . Indigenous breeds generally require less water, tolerate higher
temperatures, and exhibit greater resistance to local diseases than improved breeds, enabling them to
maintain productivity under drought and heat stress. This resilience supports sustained meat and milk
availability, contributing to household nutrition and income at relatively low production costs. Africa’s
livestock sector is characterized by high genetic diversity, with over 150 recognized local cattle breeds,
whose traits—such as heat tolerance, disease resistance, and drought coping capacity—are increasingly
critical under climate change. Heat stress is known to reduce productivity, weaken immune systems,
lower reproductive performance, and increase mortality, although impacts vary by breed and species.
(Global Center on Adaptation 2023)

Promotion of Small Livestock

Small livestock such as goats and poultry provide a flexible, low-risk livelihood asset during droughts,
requiring significantly less water and feed than cattle while offering rapid reproduction and reliable
market value. They can be sold quickly in times of stress, enabling households to purchase food and
essential needs during lean seasons. Implementation may involve supplying improved small-animal
breeds and establishing livestock service centers equipped for extension support, disease management,
and training. By expanding small livestock production, households diversify income streams and
strengthen their ability to withstand drought-related crop failures, making this measure highly suitable
for all districts.
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Figure 20: Key modelling outcomes of the Effectiveness Pathway

The results of modelling the impact of the Effectiveness Pathway show how different adaptation
measures perform in reducing drought-related damages to crops and livestock, focusing on their
economic efficiency and immediate impact. The charts presented in Figure 20 compare the benefit—cost
(B/C) ratios and the absolute value of averted damages under moderate and severe climate change
scenarios, considering different budget scenarios. This analysis translates modelling results into clear
insights for decision-makers and adaptation planners.

Across all measures and climate scenarios, B/C ratios of the livestock adaptation measures are
consistently above 1, indicating that investments in these measures are economically justified even
when considering only the benefits from avoided drought damages, as shown in chart Figure 20 A. In
other words, for every USD invested, more than one USD in drought-related losses is prevented.



Importantly, these calculations are conservative, as they do not yet include additional co-benefits such
as higher average yields, improved resistance to pests and diseases, or broader benefits to livelihoods
and ecosystems. Accounting for these factors would further increase the overall return on investment.
This needs to be considered for the B/C ratio of the drought-tolerant crops measure, with the benefits of
averted drought damages ranging from 0.7 to 0.8 USD per USD invested; however, normal harvests and
benefits under non-drought scenarios are not factored in, making it most likely a cost-efficient measure
overall. As Figure A shows, the cost-effectiveness of drought-tolerant crop varieties remains high overall,
though their B/C ratio decreases slightly under the more severe climate change scenario (RCP 8.5), as
extreme conditions begin to outweigh some of the gains from varietal improvements. In contrast,
livestock measures show a higher B/C ratio under RCP 8.5, reflecting their increasing importance as
droughts intensify and that these livestock types have higher resistance. While direct comparisons
between crops and livestock should be interpreted with caution, given their different production
systems and asset values, the results clearly indicate that livestock adaptation is a highly cost-effective
strategy.

In absolute terms, the largest annual averted damages are observed for cattle, with approximately USD
3.2 million per year in drought-related losses avoided under the domestic budget scenario, as shown in
Figure 20 B. This reflects both the high vulnerability of cattle to drought, their high economic value, and
high prevalence in the Southern Province, which can be protected if transitioning to adapted and more
drought-resilient species. Even for smaller livestock, such as goats, the use of locally adapted breeds and
the promotion of small livestock overall yield substantial benefits, with approximately USD 1.6 million in
avoided losses, underscoring the importance of this measure across livestock systems. For crops, the
charts indicate that the largest monetary benefits are derived from protecting maize, Zambia's
dominant staple crop. By implementing drought-tolerant varieties in the Effectiveness Pathway
targeting maize, approximately USD 1.8 million can be saved in averted drought damages. However,
with these adaptation measures, considerably smaller benefits are also observed for groundnuts, sweet
potatoes, and sunflowers, around 100,000 each.

When total averted damages are aggregated at the pathway level under the high-emissions scenario
(RCP 8.5) (Figure 20 C), livestock measures again emerge as the most effective option in monetary
terms. The analysis also reveals clear scaling effects, particularly for the Promotion of small livestock.
Under an international investment scenario of USD 10 million every four years, the total value of averted
drought damages across all livestock types increases substantially—from around USD 2.7 million under
the domestic budget to approximately USD 33.4 million under the international budget scenario. This
suggests that, with sufficient financing, livestock-based adaptation measures can be rapidly expanded
and generate disproportionately higher benefits.

The effects of drought-tolerant crops on reducing people’s drought-induced food insecurity were
calculated at roughly 28,600 under the domestic investment scenario and the moderate climate change
scenario (Figure 20 D). The measures also support food security overall, so the general benefits of
implementing them will yield higher outcomes for people’s livelihoods, as this is a conservative
calculation focused solely on the drought context. For one thousand USD invested under the RCP 4.5
scenario, 49 people can be protected from food insecurity by these measures during droughts.

Overall, the Effectiveness Pathway demonstrates that targeted adaptation investments can
substantially reduce drought-related damages across both crop and livestock systems by introducing
drought-tolerant crops, locally adapted livestock, and promoting small livestock. The results underscore
three key messages: first, adaptation pays off for livestock adaptation measures, especially under severe
climate change scenarios; second, this pathway primarily protects cattle, goats, and maize assets; and
third, scaling up investments—especially in promoting small livestock—can unlock significantly larger
benefits. Together, these findings provide strong evidence for prioritizing cost-effective and scalable
measures as part of this Effectiveness Pathway to enhance drought resilience in Zambia's Southern
Province.



3.2 THE GREEN SUSTAINABLE
FUTURE PATHWAY

The Green Sustainable Future Pathway prioritizes long-term, nature-based solutions that align with
national strategies. It is defined by criteria related to sustainability, green and nature-based practices,
and coherence with national and subnational policies and plans. Measures in this Pathway promote
long-lasting ecological benefits, strengthen ecosystem services, and align closely with Zambia's broader
climate and agricultural strategies. They emphasize resilience-building through improved soil health,
biodiversity, and sustainable land management.

The Adaptation Pathway follows two investment scenarios, as Figure 21 shows: the domestic and the
international investment. The domestic investment scenario is based on the annual budget of Zambia's
Ministry of Agriculture and calculates an investment of USD 1 million every four years until 2050. This
amounts to a total budget of USD 6 million until 2050. The international investment scenario is based on
stakeholder consultations of reasonable project budgets and calculates an investment of USD 10 million
every four years until 2050. This amounts to a total budget of USD 60 million until 2050.
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Figure 21: Investment Scenarios for the Green Sustainable Future Pathway.

The measures identified for this Pathway emphasize long-term, environmentally grounded
interventions that align with broader national sustainability goals. It includes scaling drought-tolerant
crops, ensuring consistency with ongoing agricultural transformation strategies while maintaining
resilience in the face of climate variability. The Pathway further promotes agroforestry, which enhances
ecosystem services, improves soil fertility, and creates microclimatic conditions that buffer drought
impacts over time. In addition, climate-smart agriculture (CSA) practices are incorporated to strengthen
resource efficiency, reduce emissions where possible, and support resilient production systems.
Collectively, these measures prioritize ecological restoration and long-term resilience building,
positioning the region on a Pathway toward sustainable agricultural development.




Drought-Tolerant Crops

Introducing drought-tolerant crop varieties is a key adaptation strategy for stabilizing and increasing
agricultural production in Zambia under increasingly erratic rainfall conditions. These crops enable
farming households to sustain yields even when water availability is limited, thereby supporting income
generation as well as food and nutrition security during drought years. Implementation commonly
follows a lead-follower farmer model, in which selected lead farmers receive start-up input packs and
participate in training and demonstration activities, allowing practical knowledge on land preparation,
planting, and crop management to spread efficiently within communities over the agricultural season
(typically September to July). Drought-tolerant options already available in Zambia include improved
maize varieties, alongside improved groundnut varieties such as MGV 8, MGV 7, and Wamusang (Mpofu
2023). For soybeans, drought-tolerant varieties developed by the International Institute of Tropical
Agriculture notably TGx1740-2F (“Kafue”) and TGx1937-1F (“Mwembeshi”), offer early maturing, drought-
tolerant, and disease-resistant options, supported through public-sector breeding efforts funded by
partners such as the Bill and Melinda Gates Foundation (Chigeza et al. 2019). In addition, Zambia's
National Institute for Scientific and Industrial Research (NISIR) is actively testing drought-tolerant sweet
potato and cassava varieties that require minimal water, with the aim of recommending suitable
varieties for drought-prone regions such as Southern Province (Ministry of Technology and Science
Zambia n.d.). In summary, drought-tolerant varieties offer a viable and effective approach to
safeguarding crop production and livelihoods during droughts.

Agroforestry

Agroforestry represents a highly effective drought adaptation measure in Zambia, with strong potential
to enhance the long-term resilience of smallholder farming systems. By integrating trees into croplands,
agroforestry improves soil structure and fertility, increases water infiltration and retention, and creates
beneficial microclimates that reduce crop stress during prolonged dry periods. Evidence from Nyimba
District, in the Eastern Province of Zambia, demonstrates that smallholder households adopting
agroforestry practices are significantly more resilient to climate shocks than non-adopters, with higher
and more stable agricultural productivity (Chavula et al. 2023). These gains translate into improved
household incomes as well as strengthened food and nutritional security under drought conditions.
Implementation typically involves the establishment of seed and seedling banks, demonstration plots,
and farmer field schools, alongside training of lead and follower farmers in tree—crop integration. While
an initial establishment period of around one year is required, the long lifespan of agroforestry systems,
often extending over a decade, ensures sustained benefits.

Climate-Smart Agriculture

Climate-smart agriculture (CSA) is an approach that guides the transformation of agri-food systems
toward practices that are both environmentally sustainable and resilient to climate change. In Zambia,
CSA has demonstrated clear long-term benefits for soil health and maize productivity across diverse
agroecological zones, confirming its potential as a drought adaptation strategy. However, adoption
remains limited, as CSA requires time, collective community-level engagement, and supportive enabling
conditions. Low uptake is largely driven by structural constraints, including heavy reliance on maize-
based systems, unequal access to subsidies, and inadequate agricultural infrastructure, underscoring
the need for targeted investments in irrigation, modern CSA technologies, and institutional support.
Empirical evidence further indicates that sustained CSA practices, particularly those combining
minimum soil disturbance with legume rotations, can partially replace chemical fertilizers, thereby
improving soil fertility, reducing input costs, and delivering long-term economic and environmental
benefits. (Nyirenda 2024)



Overall, CSA strengthens drought resilience by enhancing soil moisture retention, nutrient cycling, and
productivity under water stress, thereby supporting stable yields, incomes, and food and nutrition
security. Implementation typically follows a lead—follower farmer model, where selected farmers receive
input packs and participate in training and demonstration activities focused on conservation practices
such as crop rotation, reduced tillage, residue retention, and organic fertilization, making CSA a scalable
and district-wide pathway for building resilient agricultural systems.
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Figure 22: Key modelling outcomes of the Green Sustainable Future Pathway



The Green Sustainable Future Pathway focuses on long-term, nature-based measures that reduce
drought risk by enhancing soil quality, improving water retention, and promoting ecosystem services,
rather than merely stabilizing yields in the short term. The graphs in Figure 22 illustrate how drought-
tolerant crops, agroforestry, and climate-smart agriculture jointly mitigate increasing levels of drought-
related damages over time, with results shown for both domestic and international investment
scenarios, as well as for moderate and severe climate change scenarios.

For the Green Sustainable Future Pathway, the benefit-cost ratios in Figure 22 A show that from all
three measures—agroforestry, climate-smart agriculture (CSA), and drought-tolerant crops—none are
economically viable for adaptation purposes, for the moderate climate change scenario, with only CSA
reaching a B/C ratio of 1.2 under the RCP 8.5 scenario. Under the domestic budget, CSA achieves B/C
ratios of about 0.9 under RCP 4.5, meaning every USD invested prevents less than one USD in drought-
related losses. However, CSA provides multiple other benefits to crops, even under non-drought
scenarios, by combining several practices simultaneously (e.g., improved soil management, water
management, and conservation agriculture), which can reduce yield losses in many years and across
several crops. Agroforestry shows the lowest B/C ratios, which is partly due to the fact that in the short
term, very little benefit can be observed, because trees and associated soil improvements take time to
mature. Drought-tolerant crops reach B/C ratios around 0.7, showing that varietal improvements alone
can significantly bolster production against rainfall shocks, though their benefits can be partly offset
under the most extreme droughts when even tolerant varieties experience stress, reflected by the
reduced B/C ratio for the RCP 8.5 scenario. For Agroforesty and CSA, even higher benefits are to be
expected under the severe climate change scenario (RCP 8.5), pointing to their high potential to
strengthen crop resilience even under conditions with more intense and frequent droughts.

The asset-level results under Figure 22 B show that maize largely dominates the pie chart for total
averted damages. With approximately USD 4 million in avoided drought damages until 2050 under RCP
4.5 and the domestic budget, maize accounts for the largest share because it is the main staple, is
planted on large areas, and is highly sensitive to rainfall variability; reducing its losses thus generates
substantial monetary gains. Groundnuts follow with roughly USD 0.3 million in averted losses, reflecting
both their importance in the farming system and their vulnerability to prolonged dry spells, while
sunflower (USD 0.1 million) and sweet potatoes (USD 0.1 million) contribute smaller values because they
occupy less area and are comparatively more drought-tolerant already and thus the adaption measures
CSA, Agroforestry, and drought-tolerant crop varieties have a lower total benefit, however, still support
drought adaptation and save money.

The comparison of total averted damages per measure (Figure 22 C) under RCP 8.5 highlights that with
higher budgets, more damages can be averted, while the B/C remains largely the same for one dollar
invested under the domestic budget (USD 1 million every four years) and the international budget (USD
10 million every four years). The benefits grow linearly with the investments, which suggests that even
under domestic budget interventions, substantial benefits can be achieved for the most vulnerable.
Scaling effects in the international scenario show that larger adaptation benefits can only be achieved
with higher funding opportunities. Under the domestic budget, agroforestry, CSA, and drought-tolerant
crops avert around USD 2.2 million, USD 5.2 million, and USD 3.0 million, respectively. These numbers
already show that even modest investments of USD 1 million for all three measures together every four
years can significantly reduce drought damages. Under the international budget, the same measures
avert roughly USD 1.6 million, USD 23.2 million, and USD 20.5 million, respectively, indicating that larger,
externally financed programs allow these practices to be rolled out over much larger areas and across
more households, thereby increasing the avoided losses.

The analysis of benefits for people in Figure 22 D indicates that a total of 43,000 people is protected from
food insecurity during droughts due to these adaptation measures in the domestic investment scenario
under RCP 4.5. The highest share of people protected falls under the measure “drought-tolerant crops”
with 28,700 people protected annually under these conditions. The benefit-cost analysis shows that for
every thousand USD invested in all these measures, 26 people can be protected from food insecurity, in
addition to the outlined monetary benefits.



Overall, the Green Sustainable Future Pathway emphasizes the importance of long-term, crop-focused
adaptation measures in mitigating drought risks, with benefits primarily concentrated in the crop sector
and no direct benefits for livestock. The results point to three key messages: first, investments in
climate-smart agriculture, agroforestry, and drought-tolerant crops primarily strengthen crop resilience
—especially for maize, which dominates avoided damages due to its large production area and high
sensitivity to rainfall variability; second, among the three measures, climate-smart agriculture delivers
the broadest protection across multiple crops by improving soils and water management, while
drought-tolerant crops generate the strongest social benefits by protecting the largest number of
people from food insecurity during droughts; and third, while benefits increase almost linearly with
higher investment levels, even modest domestic budgets can already avert substantial maize losses and
protect thousands of people, whereas international-scale financing is critical to extend these crop-
focused measures to larger areas and farming populations.




3.3 THE IMPROVING FOOD
SECURITY PATHWAY

The Improving Food Security Pathway promotes measures that directly aim to reduce food security
during droughts. It is defined by criteria emphasizing social benefits, no-harm considerations, and co-
benefits, particularly those related to nutrition, household stability, and equitable access to resources.
Measures in this Pathway directly target reductions in food insecurity during drought periods, ensuring
that vulnerable households have reliable access to safe and nutritious food. They also promote early
action to prevent crises, supporting no-regret decision-making under uncertainty.

The selected measures reflect strong scores in these domains. Fortified food crops were included
because they enhance dietary diversity and micronutrient intake while offering shorter growing periods
and reliable yields even under drought stress. Post-harvest and preservation techniques were selected
for their significant social and food security benefits, enabling households to maintain consistent access
to stored food while reducing losses and the need to expand production areas. Early warning systems,
automatic weather stations, and climate information dissemination ranked highly for their strong no-
harm and co-benefit profiles, as they enable timely planting decisions, improve community
preparedness, and support equitable access to climate information. Together, these measures form a
Pathway centered on safeguarding nutrition, reducing vulnerability, and ensuring food access during
drought conditions.

The Adaptation Pathway follows two investment scenarios, as Figure 23 shows: the domestic and the
international investment. The domestic investment scenario is based on the annual budget of Zambia's
Ministry of Agriculture and calculates an investment of USD 1 million every four years until 2050. This
amounts to a total budget of USD 6 million until 2050. The international investment scenario is based on
stakeholder consultations of reasonable project budgets and calculates an investment of USD 10 million
every four years until 2050. This amounts to a total budget of USD 60 million until 2050.
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Figure 23: Investment Scenarios for the Improving Food Security Pathway.




The following sections present a set of complementary adaptation measures under the Improving Food
Security Pathway, highlighting how targeted interventions in production, information, and food system
management can reduce drought-related food insecurity. Together, these measures demonstrate how
combining nutritional strategies, timely climate information, and enhanced post-harvest practices can
enhance household resilience, safeguard livelihoods, and ensure more stable food availability amid
increasing climate stress.

Cultivation of Fortified Food Crops (Vitamin A-Maize, Orange-Fleshed Sweet

Potatoes)

Fortified crops contribute both to drought resilience and nutritional security, offering shorter growing
periods and improved tolerance compared to conventional varieties. Their enhanced vitamin A and
micronutrient content directly addresses nutrition deficiencies while supporting household income and
year-round food availability. Implementation uses the lead-follower farmer model, where selected
farmers receive input packs and training on cultivation, harvesting, and marketing. By embedding
fortified crops into crop diversification efforts, districts can achieve greater resilience: even when
drought reduces yields, nutrient-dense crops provide more reliable nourishment and contribute to more
stable food systems.

Early Warning Systems, Automatic Weather Stations, and Climate Information
Services

Early warning systems, automatic weather stations, and climate information services play a critical role
in strengthening drought resilience by enabling farmers and livestock keepers to make timely and
informed decisions. Access to reliable climate information—such as seasonal forecasts and early
warnings—helps producers determine optimal planting dates, select appropriate crop varieties, and
manage water and other inputs more effectively under drought risk. Advances in climate prediction and
interpretation, combined with the rapid expansion of mobile phone networks, have significantly
improved the reach and usefulness of climate information for smallholders who previously had limited
access. Digital technologies facilitate the dissemination of localized forecasts through radio, mobile
platforms, and community channels, overcoming information barriers, strengthening extension services,
and improving supply chain management. (Global Center on Adaptation 2023)

Implementation typically involves installing automatic weather stations across districts and ensuring
that climate advisories are communicated in both English and local languages to maximize uptake.
Evidence shows that timely climate information can reduce uncertainty, lower financial and labour
costs, decrease production losses, and improve productivity. Ongoing initiatives supported by the World
Bank and OneCGIAR are therefore exploring integrated approaches that combine climate information
services with agricultural inputs and financial solutions, reinforcing proactive planning and significantly
enhancing resilience to drought across agricultural systems. (Global Center on Adaptation 2023)

Post-Harvest and Preservation Techniques

Post-harvest management is a critical adaptation measure for improving food security and resilience to
drought in Zambia. According to the African Postharvest Losses Information System (APHLIS), farmers in
Zambia lose approximately 17% of maize after harvest each year, highlighting the scale of avoidable food
losses (APHLIS n.d.). Post-harvest management encompasses the handling, processing, storage, and
transport of agricultural products after harvest, with the aim of preserving quality, nutritional value,
guantity, and food safety by preventing pest infestation and contamination (G1Z 2024). When effectively
applied, these practices extend shelf life, reduce food loss along the supply chain, ensure year-round
food availability, increase farmer incomes, and add value to agricultural products. In contrast, poor post-
harvest management can significantly reduce usable yields, lower market value, and pose serious health
risks through contamination such as aflatoxins (G1Z 2024). Zambia's shift toward decentralized storage
systems—through local storage clusters, small grain silos, farmer training, and improved access to
inputs—has already demonstrated success in reducing post-harvest losses and maintaining crop
availability for markets. Traditional preservation methods, such as drying groundnuts or mushrooms,
also remain important, though continued research and innovation are needed to improve their safety



and reduce toxin risks. Implementation typically follows a lead-follower farmer model, combining
training, equipment provision, and improved storage facilities. By strengthening post-harvest practices
alongside production, this pathway enables communities to retain more of what they grow, reduces
food insecurity during drought years, lowers greenhouse gas emissions associated with food loss, and
enhances household resilience across all districts. (The Zero Hunger Coalition 2024)

Impact on Reducing Drought Risk and Vulnerability
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Figure 24: Key modelling outcomes of the Improving Food Security Pathway.



The Improving Food Security Pathway targets measures that directly reduce drought-induced food
insecurity, emphasizing social co-benefits, “no harm” principles, and nutrition outcomes. The graphs
under Figure 24 shows how fortified food crops, post-harvest and preservation techniques, and early
warning and climate information services together reduce the number of people facing drought-related
food insecurity and the associated damages, again across domestic and international investment
scenarios and different climate change scenarios.

For the Food Security Pathway, the B/C ratios in Figure 24 A show that measures which directly improve
decision-making through the dissemination of climate information and reducing post-harvest losses are
especially powerful in a drought context, being cost-effective in terms of reducing drought damages for
each dollar invested. Under the domestic budget, cultivation of fortified food crops has B/C ratios around
0.5-0.6, which are slightly below those of the other measures because fortified food crops require
upfront investment and their benefits are partly realised through improved nutrition rather than purely
through avoided physical losses—benefits that are not fully captured in the drought-damage metric, but
explained further in the paragraph for People below. Early warning, automatic weather stations, and
climate services have the highest B/C ratios, increasing from around 0.9 under RCP 4.5 to about 1.4
under RCP 8.5. This reflects how timely climate information helps many farmers simultaneously adjust
their planting dates, crop choices, and herd management, thereby avoiding losses across a wide range
of assets at relatively low operational costs, even more so under severe climate change conditions. Post-
harvest and preservation techniques have B/C ratios around 0.6-0.7. Here, it is also important to note
that the avoided damages are only calculated for droughts. Since improved post-harvest and
preservation techniques also show additional benefits under normal scenarios, the actual B/C ratio
would be considerably higher.

The structure of averted damages by asset in Figure 24 B shows that maize again dominates, with
around USD 3.6 million in avoided drought damages under RCP 4.5 and the domestic budget. As the
primary staple and a key contributor to both income and food intake, any improvement in protecting
maize harvests from drought or post-harvest loss yields substantial financial benefits; this is
compounded by its central role in local food security and agriculture. Livestock (about USD 1.4 million for
cattle and USD 0.4 million for pigs) gains mainly from improved early warning and climate services,
which allow herders to act earlier—by moving animals, adjusting stocking rates, or planning feed and
water—thus reducing mortality and distress sales. Smaller, but still important, benefits for sweet
potatoes, groundnuts, and sunflowers reflect their role as complementary food and income sources that
can bridge gaps when maize fails. Protecting their production and improving storage contribute to
overall resilience, even if their individual monetary values are lower.

The RCP 8.5 comparison of total averted damages per measure under different budget scenarios in
Figure 24 C demonstrates how adaptation measures scale in practice. Under the domestic budget,
fortified food crops, early warning and climate information dissemination services, and post-harvest
techniques avert around USD 1 million, USD 4 million, and USD 1.4 million respectively, already indicating
that even small national investments deliver clear benefits. Under the international budget, these values
increase to roughly USD 9.8 million, USD 14.4 million, and USD 13.8 million. The relatively lower increase
of benefits per USD investment shows that, already with a domestic investment, a good network of
adaptation measures can be put into place to protect very large numbers of people and assets. Overall
B/C ratios for this Pathway are higher under domestic investment, clearly indicating the need to target
the most vulnerable assets with the available resources to achieve significant outputs. However, scaling
up those measures with higher investment allows more households to adapt, as increased budgets for
adaptation can overall protect more assets and reduce financial losses from droughts on a large scale.



The analysis of impacts on People and their food security under Figure 24 D shows that more than
38,000 people can be protected from food insecurity due to droughts by implementing these
adaptation measures. The most effective measure in terms of ensuring food security is the Post-harvest
and preservation techniques, which protect 29,800 people. Fortified food crops show the lowest impact
of protecting people from food insecurity during droughts, with only 1,100 people protected annually.
This may be due to the fact that crops are still being affected by droughts and that fortified food crops
are not a typical drought-adaptation measure per se. While they provide substantial benefits in
improving the overall nutritional status of vulnerable people even under non-drought circumstances,
they do not directly yield large additional food-security benefits under drought scenarios in particular.

Overall, the Improving Food Security Pathway demonstrates that adaptation measures targeting
information access, food preservation, and nutrition can substantially reduce drought-induced food
insecurity while delivering strong economic returns. The results highlight three key messages: first, early
warning systems and climate information services are highly cost-effective, as timely and widely
disseminated information enables farmers and herders to reduce losses across a wide range of assets at
relatively low cost; second, this pathway simultaneously protects both crops and livestock by supporting
better production, storage, and management decisions during droughts; and third, post-harvest and
preservation measures show strong scaling effects when supported by international investment,
allowing many more households to safely store food for longer periods and substantially increasing
avoided losses as droughts intensify. Together, these findings underscore the importance of prioritizing
food security-focused measures that safeguard the availability, access, and stability of food systems
under a changing climate.




3.4 COMPARISON OF
ADAPTATION PATHWAYS

This section compares the three adaptation pathways—Effectiveness, Food Security, and Green
Sustainable Future—with respect to the assets they protect under severe climate change (RCP 8.5). The
analysis highlights how each pathway delivers different types of benefits across crops, livestock, and
people, and how outcomes vary between domestic and international investment scenarios. Rather than
identifying a single “best” pathway, the results illustrate clear trade-offs that can guide policymakers in
selecting pathways aligned with their strategic priorities and budget constraints.

Figure 25 shows substantial differences across pathways in terms of total averted drought damages to
crops. Under the domestic budget, avoided damages remain modest across all pathways, ranging from
USD 1.6 million under the Effectiveness Pathway to USD 5.1 million under the Food Security Pathway,
with the Green Sustainable Future Pathway at USD 4.5 million. These figures indicate that even relatively
small national investments can already reduce drought losses in crop production, particularly when
focused on food-security-oriented measures.

Under the international investment scenario, crop protection increases sharply. The Food Security
Pathway delivers the largest absolute benefits, averting approximately USD 53.4 million in crop
damages, followed by the Green Sustainable Future Pathway at USD 45.1 million. The Effectiveness
Pathway, achieves lower crop-related benefits of around USD 16.1 million, reflecting its stronger focus on
livestock, since two out of the three measures in the Pathway are livestock-targeted. Overall, the results
suggest that pathways focusing on crop management, diversification, and food system measures are
particularly effective in protecting crop production under severe drought conditions when sufficient
funding is available.
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Figure 25: Total averted damages for crops (RCP 8.5)

The comparison of livestock-related averted damages in Figure 26 highlights a very different pattern.
Here, the Effectiveness Pathway clearly dominates, reflecting its strong emphasis on livestock-focused
measures. Under the domestic budget, this pathway already averts around USD 13.2 million in livestock
damages, compared to USD 5.0 million under the Food Security Pathway. This suggests that even
modest investments can yield substantial returns when targeted at high-value livestock assets. The
Green Sustainable Future Pathway is not represented here, due to its focus on crop-related measures,
only.



Under the international budget, the differences become even more pronounced. The Effectiveness
Pathway averts approximately USD 130.5 million in livestock damages, more than four times the USD
28.3 million achieved under the Food Security Pathway. These results underscore that livestock-oriented
adaptation measures—such as locally adapted breeds, promotion of small livestock, and early warning—
can generate substantial economic benefits in drought-prone systems, particularly when scaled up
through larger investment programs.

Total averted damages for livestock per Pathway in USD (RCP 8.5 scenario)
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Figure 26: Total averted damages for livestock (RCP 8.5)

Figure 27 shifts the focus from monetary assets to people, showing the number of people protected
from drought-induced food insecurity. Under the domestic investment scenario, all three pathways
already protect tens of thousands of people: around 27,400 people under the Effectiveness Pathway,
36,600 people under the Food Security Pathway, and 41,000 people under the Green Sustainable Future
Pathway. This demonstrates that even relatively small investments can have meaningful social impacts
when targeted effectively.

Under the international budget, the scale of protection increases. The Green Sustainable Future
Pathway protects the largest number of people, at approximately 409,700 people per year, followed by
the Food Security Pathway, which protects 365,800 people, and the Effectiveness Pathway, which
protects 273,600 people. These results reflect the strong people-centered nature of food system,
nutrition, and ecosystem-based measures, which tend to benefit large populations simultaneously
rather than focusing on high-value assets alone.
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Figure 27: Total averted damages for People (RCP 8.5)



Taken together, the pathway comparison reveals that each pathway excels at protecting different
assets, and that budget size strongly shapes achievable outcomes. The Effectiveness Pathway is
particularly well suited for protecting livestock assets and economic value, delivering very high absolute
benefits even under domestic budgets and protecting the largest economic losses of all Pathways. The
Food Security Pathway strikes a balance between crop protection, livestock support, and people-
centered outcomes, making it attractive where reducing food insecurity is a central policy goal. The
Green Sustainable Future Pathway, offers the largest protection of people and strong long-term benefits
for crops through soil, water, and ecosystem improvements.

From a policy perspective, these results suggest that pathway selection should be driven by priorities:
safeguarding economic assets, reducing food insecurity, or building long-term systemic resilience.
Importantly, the analysis also shows that adaptation pays off at all budget levels. Domestic investments
already generate tangible benefits and can be implemented immediately, while international finance
enables scaling that unlocks substantially larger economic and social gains. This makes the pathway
framework a practical decision-support tool for aligning adaptation planning in the Southern Province
with available resources, development objectives, and increasing climate risks.




4.

CONCLUSION



4.1 EVALUATION OF POTENTIALLY
SUITABLE FINANCING TOOLS
AND MECHANISMS

Ensuring climate resilience in Zambia depends on the availability and accessibility of climate finance.
Over the past decade, several mapping exercises have been undertaken in the country to identify the
sources, instruments, mechanisms, and use of climate-related funds for both adaptation and mitigation.
This study focuses specifically on adaptation finance. According to Zambia’'s 2021 Nationally Determined
Contribution (NDC), an estimated USD 20 billion is required to implement the adaptation actions
outlined in the document (Commonwealth Secretariat 2021). Complementing this, a 2023 study by the
Potsdam Institute for Climate Impact Research (PIK), funded by GlZ, estimated adaptation finance
needs based on the annual investment required for smallholder farmers to adopt recommended
adaptation measures. Table 2 summarizes the adaptation measures and their estimated financing
needs.

Table 2: Estimated Adaptation Measures financing needs (GIZ 2023)

Conservation agriculture, including water availability 19.9 - 35.7 million
Conservation agriculture, including water availability proxied by irrigation 267 million
Strengthening of early warning systems 719,000 - 29 million

The current analysis by UNU-EHS proposes two types of investments for the Adaptation Pathway,
namely domestic investment scenarios and international investment scenarios. The domestic
investment scenario requires USD 6 million to fully finance and maintain one Adaptation Pathway in
one province until 2050. The international investment scenario is 10 times that of domestic financing,
which amounts to USD 60 million. This sub-chapter provides a brief introduction to potential climate
financing sources, historical climate finance accessed by Zambia, and other potentially suitable
financing tools and mechanisms.

Climate finance can originate from four broad sources: domestic public, domestic private, international
public, and international private. While the private sector remains an important, yet largely untapped,
source of climate finance, public sector contributions remain dominant. In fact, 92% of climate finance
flows in Zambia come from public sources (African Development Bank Group 2023). For this reason, our
analysis concentrates primarily on public finance.

Domestic public finance comprises government resources allocated to mainstream climate priorities
across short-, medium-, and long-term development plans. In Zambia, these resources are mobilized
through government revenue (tax and non-tax revenues, and earnings from state-owned enterprises)
and domestic borrowing (government securities and bonds). Data for this assessment were gathered
from the Ministry of Finance and National Planning, Bank of Zambia, Zambia Revenue Authority, and
other relevant institutions. Figure 28 illustrates Zambia's overall resource envelope from 2010 to 2021 for
development finance in general. Over this period, domestic revenues averaged roughly 19% of GDP.
Beginning in 2015, domestic financing nearly doubled, averaging 5.1% of GDP between 2016 and 2021.



This trend continues until 2024, in which the percentage of domestic financing out of total climate
change investment reached 40.1% (Crivellaro 2024). In contrast, international financing declined sharply
after 2019, largely due to Zambia's debt being categorized as unsustainable by the IMF and World Bank,
which contributed to negative investor sentiments (Zambia Institute for Policy Analysis and Research
2023).
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Figure 28: Zambia's resource envelope (reproduced from ZIPAR 2023)

International public climate finance includes bilateral, multilateral, and other development partners that
provides resources through Official Development Assistance (ODA) and diverse financial instruments
such as grants, concessional and non-concessional loans, guarantees, insurance products, and equity.
These funds can be accessed through multiple mechanisms, including multilateral climate funds,
sectoral funds, and multilateral development banks (MDBs). Major sources of multilateral grant
financing in Zambia include the African Development Bank, the World Bank, IFAD, and the Global Fund.
Table 3 presents a summary of international public financing for adaptation that Zambia has accessed in
recent years, categorized by bilateral and muiltilateral institutions, with multilateral sources further
distinguished between UNFCCC and non-UNFCCC financing mechanisms.




Table 3: Zambia International Public Financing from 2017-2020 (Zambia Institute for Policy Analysis and
Research 2023; GCF 2025; GEF 2025; Adaptation Fund 2024)

Bilateral institutions

United States of America USAID 472.85
Germany IKI/BMZ/GIZ/KfW 176.92
Sweden SIDA 48.25
Japan JBIC/JICA 3571
United Kingdom DEFRA/FCDO 24.76
China 21.72
Finland 11.23
Saudi Arabia 10.04
Denmark DIHR 9.42
Ireland 7.29
France AFD 0.47

ilateral Instituti

Non-UNFCCC financial mechanisms World Bank 152.33
IBRD 41.95
European Union 20.21
Global Fund 19.99
IFAD 17.98
ADF 14.58
AfDB 13.45
United Nations 3.01
OPEC 2.78
SADC 122
CCARDESA MDTF 0.04
L
UNFCCC financial mechanisms GEF 459.1 (47 projects)
GCF 146.8 (10 projects)
LDCF 26.7 (4 projects)
AF 14.0 (1 project)*

* Regional project with Malawi, with Pre-concept Endorsed submitted on 3 June 2025




During the Biden administration, the United States provided nearly USD 600 million in annual
development assistance to Zambia. The funds reflected in Table 3 cover only the 2017-2020 period;
however, the recent cuts to USAID under the Trump administration introduce uncertainty regarding the
future trajectory of U.S. bilateral support. In response, President Hichilema has acknowledged this shift
and outlined a strong agenda to enhance domestic resource mobilization (Kamwengo 2025). This
change in the global funding landscape also presents an opportunity for European partners—such as
Germany—to reaffirm their long-standing development cooperation with Zambia. As of 2025, GIZ
Zambia manages 12 commissioned projects with a total budget of EUR 141 million (GIZ 2025).

The World Bank has recorded 241 projects in Zambia through 2025, with 32 projects scheduled to close
in 2026 or later, representing a combined project cost of USD 3.7 billion. Of this total, approximately 17%
is allocated to Adaptive Social Protection initiatives aimed at safeguarding poor and vulnerable
households from climate-related shocks. A further 16% supports energy-sector investments, 13% targets
agricultural development, and 11% goes to the education sector (World Bank Group 2025).

An investment highlight is the second phase of the Transforming Landscapes for Resilience and
Development (TRALARD Il) project, which aims to strengthen the sustainable management of more
than 680,000 hectares of land and enhance the livelihood resilience of over 650,000 people across
vulnerable communities in Zambia’s Miombo ecoregion. TRALARD Il is financed through a blend of
resources, including an IDA grant of USD 100 million, GEF financing of USD 3 million, LDCF support of
USD 7 million, USD 10 million from the Africa Climate and People Trust Fund, USD 10 million from
Strategic Climate Fund/Climate Investment Fund, and USD 7 million from the Scaling Climate Action by
Lowering Emissions Multi-Donor Trust Fund.

Under the Green Climate Fund (GCF), the Ministry of Green Economy and Environment serves as the
National Designated Authority. The Development Bank of Zambia (DBZ) and Zambia National
Commercial Bank PLC (ZANACO) are accredited entities with direct access. Between 2018 and 2025,
Zambia implemented a major GCF-supported initiative targeting smallholder farmers across five
provinces—Eastern, Lusaka, Muchinga, Southern, and Western. The programme focuses on expanding
access to climate information services, promoting climate-resilient agricultural inputs and practices,
strengthening sustainable water management, and supporting alternative livelihood opportunities.

A new source of financing has recently become available to developing countries experiencing
irreversible climate impacts: the Fund for Responding to Loss and Damage (FRLD) under the UNFCCC
financial mechanisms. Agreed at COP27 in Sharm El Sheikh, the FRLD established a 26-member Board
in 2023, with the Philippines serving as host in 2024 and the World Bank designated to host both the
Secretariat and the Fund Trustee. Zambia is represented on the Board by David Chama Kaluba, the
National Coordinator of the Zambia Interim Secretariat for Climate Change under the Ministry of
Finance. The Board has approved the establishment of the Barbados Implementation Modalities (BIM)
for the period 2025-2026, allocating USD 250 million to address loss and damage. Table 4 summarizes
key information related to the BIM call for funding request.

Table 4: Barbados Implementation Modalities Call for Funding Request

Eligibility Developing countries that are particularly vulnerable to the adverse effects of climate change
Submission period 15 December 2025 - 15 June 2026

Submission entity National authority/focal point (including entities accredited for AF, GEF, GCF)

Budget Between USD 5 million to USD 20 million

Implementation Beyond 2026

. . - Activities responding to economic and non-economic loss and damage
Eligible activities o o
- Activities focused on priority gaps

Link https://www.frld.org/nodebim



https://www.frld.org/nodebim

To access additional adaptation financing, Zambia will need to strengthen its domestic resource base,
including through the creation of fiscal buffers. This can be achieved by enhancing general revenue
mobilization such as through environmental taxes that both generate resources and incentivize greener
behavior. At the same time, Zambia must attract a balanced mix of public and private investment. This
includes leveraging innovative and emerging financial instruments such as green bonds, sustainable
debt financing, debt-for-climate or debt-for-nature swaps, blended finance, and carbon markets. Table 5
provides further detail on these instruments.

Table 5: Innovative and Emerging Financial Instruments for Zambia (African Development Bank Group 2023; BIOFIN 2024;

GWP 2025)
Green bonds, sustainable Debt-for Climate/Nature .
Instrument type . . Blended Finance Carbon Markets
debt financing Swaps
. Debt forgiveness on the Fmance gengratec} through
Debt instruments where " investment in projects that
condition that debt Instruments that use e
proceeds are allocated to X . ) reduce GHG emissions.
N o X repayments are instead public/donor finance to de-
Definition eligible environmental and X ) . . Purchased by corporates or
. . - invested in local currency and risk and scale up private . .
social projects or a combination into climate change climate investments international actors to
of both n A g . reduce or offset their CO2
adaptation and mitigation :
footprint
New instrument and there is a . .
Leading globally (average 11% of total carbon credits
0.1% of global green bond need for high level dialogue g g‘ . y( g ? I,
. . . X R L USD 1.5 billion) per year. generated originate from
issuance. Issued in 9 countries with Zambian authorities and . .
Progress ) . . - N Most transaction Africa (Global market USD 2
with 3 countries accounting for coordination with . . .
. R . concentrated in 5 billion). Zambia currently
over 90%. international climate funds to . ) ) .
] countries. taking a readiness review.
use it.
Zambia’s Copperbelt Energy Zambia received GCF funding to Africa Carbon Markets
Corporation Renewables issued Zambia is yet to prepare for develop a blended financing Initiative. Zambia has
first-ever green bond in 2023 the use of this instrument. mj;g:;‘z;ﬁgz;::t;;h A prepared interim regulatory
Use case valued at USD 53.5 million and Good potential for ADF guidelines. Zambia has

in 2024 issued the second
tranche valued at USD 96.7
million

resources to de-risk private
sector financial flows

total budget of USD 6 billion.
Africa Go Green Fund, Acumen
Fund, African Green Bank
Initiative.

been a net carbon sink, due
to the large forest land
area.

Estimated potential

Since 2023, in total USD 150.2
million

Zambia received a “debt-for-
nature swap” proposal as part
of its USD 13 billion debt
restructuring discussions
from the World Wildlife Fund

High leverage ratios (5-10
times public finance)

Still at a nascent stage

To complement Zambia's existing climate finance landscape, several regional flagship initiatives and
thematic funds offer additional opportunities to mobilize adaptation and resilience financing. These
mechanisms—ranging from multilateral trust funds to blended finance platforms and insurance
facilities—could significantly enhance Zambia's ability to scale climate action across sectors. Table 6

provides an overview of these key initiatives and the potential entry points they offer.

In summary, Zambia's ability to scale adaptation action will depend on its success in mobilizing a diverse
and well-coordinated mix of domestic and international financing. While domestic public resources and
established multilateral institutions such as the World Bank, GEF and GCF remain essential pillars, the
newly established Fund for Responding to Loss and Damage (FRLD) and the Barbados Implementation
Modalities (BIM) create additional opportunities to address irreversible climate impacts. Strengthening
fiscal space and improving revenue mobilization will be crucial for expanding domestic public financing.
Meanwhile, innovative external financing options, such as sustainable debt instruments, debt-for-
climate or debt-for-nature swaps, blended public—private finance, and carbon markets, can help Zambia
tap into broader sources of capital. At the same time, Zambia can benefit from a wide array of Africa-
focused initiatives, including AAAP and AGIA, as well as risk-financing programs and SME catalytic funds,
which provide targeted support across agriculture, water, infrastructure, and community resilience.
Together, these tools and mechanisms provide a robust foundation for Zambia to advance a more
climate-resilient development Pathway, provided they are strategically coordinated and aligned with
national adaptation priorities.




Table 6: African Flagship Climate Initiatives/Funds and Relevance for Zambia (African Development Bank Group 2025)

Initiative/Fund

Key Features

Funding size/mechanism

Relevance to Zambia’s Pathway

Africa Adaptation Acceleration
Program (AAAP)

Mobilizes large-scale financing for adaptation through four pillars: (i)
climate-smart digital technologies for agriculture and food security; (ii)
infrastructure resilience accelerator; (iii) youth entrepreneurship and job
creation in climate adaptation and resilience; (iv) innovative finance for
adaptation.

Target of USD 25 billion, including USD 7 billion for
resilient infrastructure and USD 3 billion for youth-
led SMEs.

Major opportunity for agriculture, infrastructure
resilience, and youth empowerment.

Adaptation Benefits
Mechanism (ABM)

Results-based payment mechanism to mobilize public and private finance
for resilience of vulnerable communities and ecosystems.

Results-based finance; size varies by project.

Supports vulnerable communities and ecosystems’
resilience

Africa Climate Change Fund
(ACCF)

Multi-donor trust fund providing small grants to African governments,
NGOs, and regional institutions; gender-responsive and low-carbon
development.

USD 40.64 million; 33 projects in 43 countries.

Potential small-grant window for adaptation planning
or pilot interventions.

African Financial Alliance on
Climate Change (AFAC)

Supports African financial institutions to integrate climate risks and
mobilize private climate finance; capacity-building for SMEs.

Technical assistance and capacity development.

Helps strengthen Zambia’s financial sector and SME
climate investment readiness.

Africa Disaster Risk Financing
(ADRIFi) Program

Works with African Risk Capacity (ARC) to promote sovereign parametric
climate/disaster insurance.

Grant financing to Zimbabwe, The Gambia,
Madagascar, Niger and Mauritania total investment
USD 30 million

Zambia has not accessed it yet; potential for
drought/flood risk financing.

African Water Facility

Supports climate-resilient water and sanitation investments through
technical and financial assistance.

Grants EUR 50,000-5 million.

Relevant for water security, sanitation, and climate-
resilient infrastructure.

Agri-food SME Catalytic
Financing Mechanism Special
Fund (AHFR)

AfDB-Canada blended finance facility targeting climate-resilient agri-food
SMEs.

USD 85 million blended finance.

Opportunity to scale private investment in agri-SMEs
and value chains.

Africa Climate Risk Insurance
Facility for Adaptation (ACRIFA)

Develops climate risk insurance solutions for agriculture, adaptation, and
resilience.

Aims to mobilize USD 1 billion in high-risk capital and
grants.

Can expand insurance coverage for farmers and
agribusinesses.

Alliance for Green
Infrastructure in Africa (AGIA)

Develops bankable green infrastructure projects; blended finance and
project-preparation support.

USD 100 million for preparation; USD 400 million
blended fund; leverages USD 10 billion private
investment.

Supports green infrastructure pipeline development
and financing in Zambia.

Canada-African Development
Bank Climate Fund (CACF)

Concessional loans for mitigation and adaptation with strong gender focus.

CAD 122.9 million repayable + CAD 10 million
technical assistance grants.

Attractive for gender-responsive climate
investments.

ClimDev Africa Special Fund

Joint AU-UNECA-AfDB initiative; supports climate information, hydromet
services, and data systems; expanding via Systemic Observations Financing
Facility (SOFF).

SOFF trust fund: USD 400 million.

Highly relevant for early warning systems and
climate information services.

African Green Banks Initiative

Builds a network of African green banks to mobilize public and private
climate investment aligned with NDCs.

Leverages blended finance and private capital (size
not fixed).

Can help Zambia develop a green finance ecosystem
and pipeline.




4.2 LIMITATIONS AND
UNCERTAINTIES

The CLIMADA-based drought risk and adaptation analysis for Zambia's agricultural sector provides a
consistent, comparative view of risk and of the potential benefits of selected measures across the focus
provinces and scenarios. However, the results are subject to several limitations and sources of
uncertainty that should be considered when interpreting the findings, the Adaptation Roadmaps and
the results visualized in the Power Bl platform. The analysis should be understood as indicative and
comparative under defined assumptions, rather than as a detailed implementation plan or a precise
forecast.

Model assumptions and implementation conditions of measures

The analysis assumes that the considered adaptation measures are implemented as specified and that
they function as intended throughout the analysis period. This includes implicit assumptions about
coverage, technical performance, and basic maintenance. In practice, delays in implementation, partial
Oor uneven coverage across communities, limited maintenance, as well as program discontinuation can
substantially reduce realized benefits. Behavioral factors (e.g. adoption and correct use of drought-
tolerant seed varieties, uptake of climate-smart practices, timely response to early warnings) may
further strengthen or weaken effectiveness but are not explicitly modelled. The reported risk reductions
should therefore be interpreted as contingent on these idealized implementation and performance
assumptions.

Spatial and sectoral resolution of the drought risk analysis

CLIMADA operates on gridded hazard and exposure data at an aggregated spatial resolution. Crops,
production systems, and adaptation measures are represented using available spatial information (e.g.,
district or ward-level statistics, land-use data, or proxy layers) and parameterized at grid-cell or area level,
rather than as detailed, field-scale farm systems. This simplification is particularly relevant where
smallholder plots are fragmented and heterogeneous, where local water availability depends on micro-
catchments and soils, and where the effectiveness of measures depends strongly on local conditions. At
this resolution, localized benefits and losses may be under- or overestimated.

Scenario and projection uncertainty

All future drought and risk estimates rely on climate and socio-economic scenarios that are inherently
uncertain. The selected scenarios represent plausible, internally consistent futures, but they cannot
capture the full range of possible trajectories in emissions, regional rainfall patterns, land use,
demographic and market dynamics, or governance conditions. Risk estimates should therefore be
viewed as scenario-conditional outcomes, rather than precise predictions, particularly when comparing
across different time horizons and socio-economic pathways.

Data availability, exposure representation and calibration challenges

The reliability of risk estimates depends strongly on the underlying data on exposure and vulnerability.
In many contexts, detailed, up-to-date information on crop types and management practices, farm sizes,
and yield variability is limited. As a result, several elements of the exposure dataset rely on proxies and
generalizations. Vulnerability (impact) functions for agricultural losses under drought are based on a
combination of literature, regional experience and expert judgement, with limited local loss data



available for systematic calibration. These constraints introduce uncertainty into absolute loss levels; the
analysis is typically more robust for relative comparisons (between regions, scenarios, or portfolios) than
for any single absolute estimate.

Adaptation portfolios and interactions between measures

The project assesses “adaptation portfolios”, i.e. bundles of measures implemented together. The model
does not explicitly capture interaction effects between measures within a portfolio (synergies,
diminishing returns, sequencing dependencies, or operational constraints). Portfolio results should
therefore be interpreted as indicative, and differences between portfolios—especially where they share
measures—should be treated with appropriate caution.

Budget assumptions and financing realism

The analysis considers two illustrative budget options to explore sensitivity to resource availability: a
domestic budget of USD 1 million every three years and an international budget of USD 10 million every
three years. These budgets are not predictions or commmitments and are not intended as final costing
envelopes. They are stylized examples for scenario exploration. In practice, available resources,
disbursement schedules, co-financing, procurement and absorption capacity, and the timing of
expenditures can differ substantially from these assumptions. Results linked to these budget options
should therefore be read as conditional on the assumed envelopes and periodicity.

Uncertainty quantification and remaining structural uncertainty

Where uncertainty ranges are presented, they reflect variability in key input components such as hazard
intensity, exposure values or vulnerability parameters. However, these intervals do not fully capture
structural model uncertainty, such as alternative drought indices and impact models, different
representations of cropping systems and livelihoods, or alternative vulnerability frameworks. Nor do they
encompass deep uncertainties in future governance or macro-economic conditions that can strongly
influence exposure and adaptive capacity. Reported uncertainty ranges should therefore be interpreted
as lower-bound estimates of the full uncertainty.

Static exposure, vulnerability and behavioral assumptions

In the current setup, exposure and vulnerability are treated as static within each scenario horizon, aside
from scenario-based adjustments. The model does not dynamically simulate shifts in cropping patterns
or varieties, expansion of irrigation, improvements in extension services, or changes in market access
and farm structure. Given demographic and economic change, this simplification may lead to under- or
overestimation of future risks and of the long-term benefits of adaptation.

Non-economic outcomes and excluded co-benefits

The project includes food security-relevant outputs and non-economic representations for certain assets
by reporting impacts both in monetary terms and in physical quantities (e.g. livestock expressed as USD
and as heads). However, several important outcomes and co-benefits remain outside the model scope
or are not quantified, including:

e gender and distributional outcomes within households and communities;

e migration and displacement dynamics;

e ecosystem services and environmental externalities (e.g. biodiversity, groundwater recharge, long-
term soil regeneration);

e broader institutional and social cohesion effects.



Interpretation and appropriate use of results

Taken together, these limitations imply that the outputs should be interpreted as indicative and
comparative rather than as precise forecasts. The analysis is well-suited to compare the relative
performance of measures and portfolios, explore robustness across scenarios, and support strategic
discussion on where additional assessment, data collection or piloting is most valuable. Results should
be used alongside local knowledge and implementation experience. Future work could prioritize
improved local agricultural data, Zambia-specific calibration of impact functions, exploration of dynamic
exposure and adoption pathways, and more systematic treatment of distributional and ecosystem-
related outcomes.

Crop Impact Modelling Approach and Data Constraints

CLIMADA is not a crop growth or yield model; instead, it is used to quantify the impacts of climate
change on crop production and related monetary losses. Crop impacts are estimated using historical
observations of crop damage during drought years, which are used to calibrate impact functions linking
drought intensity to the degree of crop damage. Within the probabilistic modelling framework, crop-
specific production trends, annual growth rates, and documented losses during past drought events
inform the estimation of future impacts. As a result, simulated crop damages reflect observed historical
relationships and are constrained by the availability, consistency, and quality of data on crop production
and losses.

Risks of Maladaptation

While this report demonstrates the strong potential of targeted adaptation measures to reduce
drought-related damages, it is important to acknowledge the risk of maladaptation if interventions are
poorly designed or implemented without sufficient local context. Maladaptation occurs when actions
intended to reduce climate vulnerability instead increase exposure or sensitivity to climate risks. In
livestock systems, for example, the promotion of high-yielding exotic breeds can unintentionally
increase vulnerability to heat stress and disease if these breeds lack locally adapted traits. Similarly, land-
use interventions that restrict mobility—such as the expansion of irrigated agriculture into dryland areas
—can undermine pastoral and agropastoral systems that depend on seasonal access to water and
grazing resources. These dynamics are not fully captured in quantitative modelling and highlight the
need for context-specific feasibility studies before implementation, ensuring that adaptation measures
align with existing livelihood strategies and do not erode coping mechanisms that have evolved over
time.

Gender and Social Dimensions

Another key source of uncertainty relates to gender and social differentiation, which are not explicitly
modelled in this assessment. Women and men play different roles in crop and livestock production,
have unequal access to resources, and experience climate risks differently. Women often have lower
adaptive capacity due to limited access to finance, land, information, and extension services, yet they are
heavily involved in livestock and farm management. Interventions that do not explicitly consider gender
roles can inadvertently increase women'’s labor burdens or exclude them from benefits, particularly
when programs prioritize formal markets or engage primarily with male household members. At the
same time, women have significant potential to act as agents of innovation in climate adaptation if
provided with targeted support. These complexities underscore the importance of conducting gender
assessments in conjunction with feasibility studies to ensure that adaptation measures are equitable,
effective, and socially sustainable, and that they enhance the adaptive capacity of all members of rural
households.



Local Adoption of Practices

The modelling has been implemented with the assumption that the suggested activities, such as
Agroforestry, are implemented and maintained according to their definition. However, stakeholders
emphasized several important considerations for the effective uptake of adaptation measures, including
the need to understand the reasons behind farmers’ limited adoption of climate-smart agriculture, the
importance of strengthening farmer-to-farmer knowledge exchange, and the value of building capacity
in ways that draw on existing experience and indigenous practices. They also emphasized the need to
ensure broad stakeholder engagement to support the long-term ownership and sustainability of
adaptation efforts. As the Roadmaps are implemented, these additional aspects—such as overcoming
adoption barriers, establishing effective community training structures, ensuring inclusive decision-
making, and integrating local knowledge—wiill need to be deliberately incorporated to achieve
meaningful and lasting results.




4.5 KEY TAKEAWAYS AND WAY
FORWARD

This report provides a forward-looking, quantitative assessment of drought risk and adaptation options
for Zambia’'s Southern Province under moderate (RCP 4.5) and severe (RCP 8.5) climate change
scenarios. By combining drought risk modelling with an economic evaluation of adaptation measures
across different budget scenarios, it establishes a robust evidence base for climate adaptation planning
in one of Zambia’'s most drought-prone regions. The analysis extends beyond qualitative vulnerability
assessments, demonstrating how drought impacts crops, livestock, and people, and incorporating
monetary terms, while quantifying the effects of targeted adaptation investments on reducing
damages, protecting livelihoods, and enhancing food security.

The results clearly show that drought in the Southern Province is not a temporary or isolated shock, but
a structural and intensifying risk driven by climate change. Without adaptation, drought-related losses
to agricultural production, livestock assets, and household welfare are projected to increase significantly
under future climate conditions—especially under the severe climate change scenario (RCP 8.5). At the
same time, the analysis demonstrates that adaptation investments can substantially reduce these
damages. The pathway-based approach applied in this report is not intended to prescribe a single
solution, but to support structured, evidence-based decision-making. It provides a starting point for
prioritizing actions, sequencing investments, and mobilizing finance, while leaving room for refinement
and expansion over time.

Three adaptation pathways were assessed—Effectiveness, Improving Food Security, and Green
Sustainable Future—to reflect different policy objectives and adaptation logics. These pathways were
selected not because they represent all possible adaptation options, but because they illustrate how
different investment priorities translate into different outcomes. The pathway framework enables
decision-makers to explicitly align adaptation investments with strategic goals, whether the focus is on
protecting high-value assets, reducing food insecurity, or building long-term nature-based resilience.

A central finding of the analysis is that different pathways protect different assets, and no single
pathway dominates across all dimensions:

* The Effectiveness Pathway prioritizes the protection of economically valuable assets, particularly
livestock. It delivers very high avoided damages for cattle and pigs under both domestic and
international budgets, making it especially relevant for safeguarding livelihoods and reducing large
economic losses in drought years.

» The Food Security Pathway focuses on stabilizing food systems and reducing drought-induced
food insecurity. By combining measures such as early warning systems, climate information
services, post-harvest storage, and nutrition-sensitive interventions, it protects both crops and
livestock while delivering strong, people-centered benefits.

* The Green Sustainable Future Pathway is largely crop- and people-focused, with benefits
concentrated on staple crop production and long-term resilience through soil, water, and
ecosystem improvements. It plays a critical role in protecting large numbers of people from food
insecurity and in strengthening agricultural systems over time, even if short-term economic
returns are lower for some measures.

These differences underscore the value of the pathway approach as a decision-support tool, enabling
policymakers to select or combine pathways based on clearly defined priorities, rather than relying on a
one-size-fits-all strategy.



Drought Risk and Vulnerable Assets in the Southern Province

The drought risk assessment confirms that the Southern Province faces particularly high exposure due
to its climatic conditions and production systems. Maize remains the most vulnerable crop, accounting
for the majority of total drought-related damages due to its role as the primary staple, its sensitivity to
rainfall variability, and its extensive cultivation throughout the province. Under future climate conditions,
especially under RCP 8.5, drought-related crop losses are projected to increase substantially in the
absence of adaptation, with significant implications for food security and rural incomes.

Livestock—especially cattle—are also highly exposed, reflecting the province's strong reliance on
livestock-based livelihoods. Drought-driven reductions in pasture availability, water scarcity, and heat
stress result in significant economic losses and increased vulnerability for livestock keepers. The analysis
shows that livestock losses account for a substantial share of total drought damages, underscoring the
importance of livestock-focused adaptation in the Southern Province.

Budgets Matter—but Early Action Is Possible

Across all pathways and climate scenarios, a consistent pattern emerges: higher investment leads to
higher absolute adaptation benefits. International budget scenarios enable adaptation measures to be
scaled across larger areas and populations, resulting in substantially higher avoided damages and a
greater number of people protected from food insecurity. This highlights the importance of accessing
external climate finance to unlock transformative adaptation outcomes in the Southern Province.

At the same time, a key and encouraging result is that domestic investments already deliver strong
returns. Many measures exhibit relatively high benefit—cost ratios under domestic budget scenarios,
indicating that even limited national resources can yield significant outcomes when targeted toward
high-risk assets and vulnerable areas. This implies that adaptation does not need to wait for large-scale
international funding. Strategic, well-targeted domestic investments can already reduce drought
damages, protect livelihoods, and build resilience today.

Climate Change Scenarios Strengthen the Case for Adaptation

The comparison between moderate and severe climate change scenarios reinforces the urgency of
adaptation. While somme measures generate modest benefits under RCP 4.5, their value increases
markedly under RCP 8.5, when droughts become more frequent and severe. This is particularly evident
for livestock-focused interventions, early warning and climate services, climate-smart agriculture, and
food system measures. Planning for future climate extremes—rather than only current conditions—is
therefore essential to avoid locking in vulnerability and escalating losses.

Way Forward: From Analysis to Implementation

This assessment should be viewed as a starting point for adaptation planning in the Southern Province,
rather than an endpoint. While three pathways were explored, many additional combinations of
measures and sectoral entry points are possible. The strength of this analysis lies in its quantitative
foundation: it translates climate risk into monetary damages and measurable benefits, providing a
powerful basis for action.

Key next steps include:

« Conducting feasibility studies and piloting priority measures, particularly in districts facing the
highest drought risks.

* Integrating pathway insights into district and provincial development and agricultural plans, using
the quantified results to guide prioritization and investment sequencing.

e Leveraging the findings for climate finance applications, including submissions to international
climate funds and development partners, where quantified avoided damages and numbers of
people protected strengthen the economic case for investment.



Overall, the findings convey a clear and positive message: drought risk in the Southern Province is
increasing, but adaptation works. Targeted investments reduce damages, protect people, and
strengthen resilience under all climate scenarios. Domestic action can start immediately, while larger
investments unlock substantially greater benefits. By using this pathway-based assessment as a
foundation for planning, financing, and implementation, the Southern Province can move decisively
from risk assessment to action, building resilient livelihoods, protecting food systems, and preparing for
a drier and more uncertain future.
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TECHNICAL APPENDIX



METHODOLOGY - CLIMATE RISK
& ADAPTATION ROADMAP
PROCESS

What This Annex Provides

This Technical Annex presents the full methodological foundation for the drought risk and adaptation
assessment conducted in Zambia's Eastern and Southern Provinces, following the Economics of Climate
Adaptation (ECA) Framework and operationalized using the CLIMADA probabilistic risk modelling
platform. It provides complete transparency regarding analytical decisions, data sources, model
parameters, and assumptions, ensuring scientific traceability and reproducibility.

The annex documents the participatory modelling process used to define exposed assets, collect and
validate local data, and integrate stakeholder-derived priorities into the analytical workflow. It outlines
the procedures for asset localization and valuation, the development of drought-specific damage
functions, and the integration of climate hazard projections and socioeconomic growth assumptions.
The risk assessment methodology combines hazard, exposure, and vulnerability layers to estimate
present and future drought impacts at high spatial resolution.

For the adaptation assessment, the annex outlines the development of a long list of adaptation
measures, the criteria-based ranking of options, the formulation of adaptation pathways, and the
guantification of measure-specific impacts and costs. It further describes the preparation of CLIMADA
entity files, the design of domestic and international investment scenarios, and the spatial allocation of
measures based on drought hotspot analysis. These inputs enable the calculation of avoided damages,
cost-benefit ratios, and the comparative performance of adaptation pathways through 2050.

Overall, this annex serves as both a comprehensive disclosure of the methodology applied in this study
and a technical guide for practitioners seeking to replicate or extend ECA/CLIMADA-based climate risk
and adaptation analyses in Zambia or similar contexts.




L INTRODUCTION - BACKGROUND
ON PARTICIPATORY MODELLING

This technical annex provides a detailed description of the methodology of this study. Based on the
Economics of Climate Adaptation (ECA) Framework for implementing the CLIMADA risk and adaptation
modelling, data were researched, compiled, and prepared as inputs for modelling. In this process,
stakeholder involvement played a key role, as local experts bring unique knowledge and perspectives.
This participatory modelling approach enabled the inclusion of stakeholder perspectives at all stages of
the process, from shaping the study's scope in the two different provinces by prioritizing key assets,
including validated cost estimates, to ranking final pathway options.

Stakeholder involvement is crucial to ensure that the analysis accurately reflects local realities, addresses
power imbalances in knowledge production, and fosters ownership of the results. Climate risk modelling
is often dominated by global or external expertise, which can overlook context-specific insights from
local, indigenous, and provincial actors. By embedding participatory processes throughout the study,
the project aimed that the resulting pathways are not only technically sound but also socially legitimate
and relevant for decision-makers in Zambia. To achieve this, experts were engaged through in-person
workshops, hybrid webinars, and targeted consultations. Two local consultants—one for each province—
were hired to bring an in-depth understanding of local livelihoods, farming systems, and institutional
dynamics. Additionally, questionnaires were shared with a broader expert commmunity to validate
assumptions, estimate costs, and prioritize adaptations. Throughout the entire process, particular
attention was paid to treating the Eastern and Southern Provinces separately, recognizing their distinct
agricultural systems, climate challenges, and livelihood contexts. This approach enabled the model to
capture the diversity of local experiences and support the development of adaptation pathways
grounded in the specific needs and priorities of each province.

The purpose of this technical annex is to provide full transparency on the analytical steps, data choices,
and assumptions applied throughout the study. It serves as a comprehensive guiding document that
allows readers to understand, replicate, or adapt the methodology for future work in Zambia or similar
contexts. By documenting each phase of the process in a clear, systematic, and scientifically robust
manner, the annex reflects the traceable scientific workflow that can be repeated or expanded by
government partners, research institutions, or development organizations. The annex is structured into
six main subchapters each of which outlines the detailed procedures, data sources, model parameters,
and decision criteria used.

The ECA Framework and the CLIMADA Modelling Tool

The Economics of Climate Adaptation (ECA) framework is applied to enhancing climate governance in
Zambia through a risk assessment approach that addresses climate impacts. By incorporating data on
exposed elements, adaptation measures, and regional priorities, the framework supports the
development of adaptation and risk-financing strategies. This integration ensures that a thorough
understanding of risks, impacts, and the effectiveness of the adaptation measures informs decision-
making to more resilient and sustainable development planning.




Through the application of the ECA framework, the aim is to provide decision-makers, including the
local governments at various levels, as well as relevant stakeholders, with information and further
capacity on:

« What impacts can be expected from drought hazards in the coming decades, based on the latest
climate projection models?

e To what extent can various adaptation measures implemented at different levels reduce the
expected impacts in the coming decades?

« What will be the cost of implementing suitable adaptation measures?
* Which measures are the most cost-effective for reducing the expected impacts?

 How can decision-makers use the results to target strategic adaptation and development plans,
and which financial mechanisms/ sources might be most suitable?

The outcomes of the ECA study include evaluating the potential climate-related damages projected for
the coming decades and determining how various measures can mitigate these damages. Additionally,
the framework assesses the investments needed to implement these measures. It compares them to
the benefits of avoiding damage from extreme events, ensuring that the reduction in damages justifies
the investments (cost-benefit analysis). Ultimately, the ECA Framework provides a comprehensive and
systematic approach to assessing climate threats and identifying cost-effective adaptation solutions.
CLIMADA is the modelling platform used in implementing the ECA methodology (“Modelling Phase”). It
enables probabilistic climate risk modelling to evaluate the exposure, vulnerability, and impact on assets
and conducts cost-benefit analyses to compare different adaptation measures. By linking future climate
scenarios with the developed exposure and vulnerability data, CLIMADA calculates location-specific
damages for the defined asset categories. These outputs, combined with the impacts of the adaptation
measures, generate the cost-benefit analysis of adaptation measures.

The data collection strategy for this project focuses on convening and validating high-quality data
needed to perform climate risk assessments, specifically for drought events, as well as assessing
historical records on impacts, asset values, and adaptation needs for the Eastern and Southern
provinces. Data gathering will be anchored in existing sources and collaborative stakeholder
engagement, ensuring that local knowledge and datasets are considered, validated, and integrated into
the CLIMADA model. This will be achieved by engaging and collaborating with local consultants from
the Ministry of Fisheries and Livestock and the Ministry of Agriculture of the respective regions. This
approach will maximize the results' relevance, accuracy, and utility.
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Figure 29: The ECA Framework and its participatory modelling approach



. PROJECT INITIATION & SCOPING

This section summarizes the methodology used to identify and select the assets that form the basis of
the drought risk analysis for the Eastern and Southern Provinces. To target the scope of the risk
assessment, defining the elements exposed to drought risks constitutes the first step. These exposed
elements, also referred to as assets in the ECA/CLIMADA context, need to be identified and valued in
collaboration with experts, who bring knowledge about local priorities for the risk assessment.

The process began with an initial brainstorming during the Inception Workshop, where participants
contributed region-specific suggestions based on their local experience and expertise. This preliminary
list was then expanded and refined through an in-depth literature review and analysis of quantitative
datasets to ensure statistical relevance and alignment with existing evidence. To further ground the
selection in local realities, online questionnaires were distributed to a broader group of stakeholders,
focusing particularly on how drought impacts different assets and how vulnerable population groups
are affected. The insights from these steps were then consolidated into an Asset Prioritization Survey,
completed by provincial experts, which ultimately informed the final set of assets included in the study.

Selection of Assets to be considered in the study

Various stakeholders during the
Inception Workshop

Two Stakeholders of Eastern and
five of Southern Province

UNU Project Team Five Experts in each Province

Collection of drought impacts Prioritization of pre-
Collection of relevant assets Region-specific statistical 8 P pre
e on assets, focus on selected assets according
for both provinces data on assets : o
vulnerable populations to criteria

Final selected Assets

*“Criteria to prioritize Assets:
the importance of the crops or livestock for the agricultural sector in the Eastern/ Southern Province
crop areas/ production volumes
importance for food security/ livelihoods
government plans or priorities

Figure 30 Methodology to select assets for the studly.




Initial Asset Identification

e Stakeholder suggestions during workshop
e Literature + dataset review

During the Inception Workshop stakeholders provided suggestions for the scope of the analysis,
including suggestions for agriculture-related assets. Stakeholders reported that Zambia had
experienced recurring droughts with devastating consequences for the agricultural sector and rural
livelihoods. Notable events occurred in the agricultural seasons of 1981-1982, 1991-1992, 1994-1995, 2002-
2003, 2011-2012, 2018-2019, and most recently in 2023-2024. These events have consistently resulted in
widespread crop failures and economic consequences. As some stakeholders indicate, drought
disproportionately affects rural populations, particularly those reliant on subsistence agriculture for food
and income. To reflect these impacts in the exposure and vulnerability analysis of the study, the
following assets were suggested by the stakeholders of the Eastern Province: Crops: Maize, groundnuts,
cotton, sunflower, soybeans, cowpeas; Livestock: cattle, pigs, goats, poultry, fisheries; Youth;
Grassland/grazing land; Wildlife. To reflect these impacts in the exposure and vulnerability analysis of
the study, the following assets were suggested by the stakeholders of the Southern Province at the
inception workshop: Crops: Maize, groundnuts, cotton, sunflower, soybeans, cowpeas, sorghum;
Livestock: goats, cattle, pigs, poultry, fisheries; Youth; Grassland/grazing land; Water bodies,
groundwater.

Asset Prioritization & Validation

¢ Ranking of crop and livestock importance
* Asset Prioritization Survey
¢ Final selection of assets per province

Following the workshop, stakeholders from the Eastern Province's Ministry of Fisheries and Livestock
were consulted via questionnaires to rank the most important crop and livestock types in the Eastern
Province. The Ranking was done according to the importance of crops or livestock to the agricultural
sector in the Eastern Province, crop areas/ production volumes, their importance for food security/
livelihoods, and government plans or priorities. The average ranking of the top four crops, according to
their importance for the Eastern Region, from 1 (least important) to 10 (most important), is: Maize (10/10),
Soybeans (8.8/10), Groundnuts (7.6/10), and Sunflower (7.6/10). The ranking of the livestock types, from 1
(least important) to 6 (most important), suggested that Cattle (6/6), Poultry (4.6/6), and Pigs (4/6) were of
high importance. In the Southern Province, agricultural and livestock experts were consulted to rank the
most important crop and livestock types, according to the same criteria. The top four crops, ranked from
1 (least important) to 10 (most important for the Southern Region), are: Maize (10/10), Groundnuts (8.6/10),
Sunflower (7.7/10), and Sweet Potatoes (7.1/10). The ranking of the livestock types from 1 (least important)
to 6 (most important) suggested the high importance of Cattle (6/6), Goats (5/6), and Poultry (3.6/6).

Following final consultations with regional experts, the following assets were included in the assessment
of drought risk and adaptation roadmaps for the agricultural sector in the Southern and Eastern
Provinces. Due to data gaps in assessing rangelands and poultry, as well as their corresponding drought
impacts, rangelands have been excluded from the scope of the study as an asset. The final assets for the
Eastern Province include People affected by food insecurity, as well as crops such as groundnuts, Maize,
Soybeans, Sunflowers, and Sweet Potatoes, along with livestock, including cattle and pigs. For the
Southern Province, the final assets proposed are: People affected by food insecurity, crops, namely
Groundnuts, Maize, Sunflower, and Sweet Potatoes, and livestock (in the form of cattle and Goats).



Asset Localization & Valuation

* Mapping of livestock using global + provincial datasets
e Mapping of crop distribution

e Assigning economic and non-economic values to assets
¢ |dentifying food-insecure populations (IPC Phases 3-5)

Following the definition of assets, they all need to be located and valued. The valuation can be based on
both economic and non-economic values, such as the number of people, the number of livestock heads,
or crop production volumes. In this study, both economic and non-economic valuations are included for
all assets, except for people, for which no economic valuation can be undertaken.

Livestock distribution was initially mapped using a global dataset, which provides high spatial resolution
at approximately 10 km pixels, offering a much more detailed picture than national statistical
summaries. To ensure accuracy and local relevance, this global layer was validated against official
provincial livestock figures obtained from the Ministry of Livestock and Fisheries for both regions,
allowing livestock numbers to be calculated and adjusted at the district level. This comparison between
global and local data was essential for improving the reliability of the exposure modelling.

For livestock valuation, market prices were established using multiple local sources. In the Eastern
Province, four-year average market prices (2020-2024) were compiled with support from the provincial
agribusiness and marketing departments. In the Southern Province, a more innovative approach was
taken: local experts directly consulted abattoirs in and around key livestock hubs to record average live
weights and meat prices per kilogram, from which livestock values were derived. For poultry, broiler
prices were taken from the official livestock market bulletins to ensure consistency with national
reporting standards. Together, these steps ensured that livestock exposure and valuation reflected both
high-resolution data and authentic local market realities.

Distribution of Key Livestock Types in
Zambia's Southern Province
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Figure 31: Distribution of key livestock types



Table 7: Average market price of key livestock types

Cattle Chicken Goats

Average market price

@MW) 8400 120 600

Crop exposure was first mapped using a global dataset that provides broad spatial information on
overall cropland density distribution (Pérez-Hoyos 2018). Building on this layer, locally provided datasets
from provincial agricultural offices, including the crop forecast surveys of past years, were used to
generate detailed, crop-specific distribution maps. These maps were produced by combining four years
of crop forecast survey data and calculating district-level averages for each major crop, which were then
overlaid onto the global crop density layer. The result is a new and highly refined product that
represents local cropping patterns with unprecedented spatial accuracy. All processed datasets can be
shared upon request.

Distribution of Crop Production Volumes in Zambia's Southern Province
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Figure 32: Distribution of key crop types

Table 8: Average market price of key crop types

Maize Groundnuts Sunflower Sweet potatoes

Average market price
2022 - 2024 (ZMW/ kg)




The map shows the location and density of the population using Kontur's (Kontur 2022) high-resolution
global population dataset (400 m hexagons). This level of detail makes major urban centres—such as
Livingstone in the Southern Province—clearly visible.

To assess the damages of drought on populations as exposed assets, we focus on food insecurity as a
metric to assess drought impacts. According to the latest IPC figures from July 2024, very high levels of
food insecurity are concentrated in the southern regions, particularly in several districts of the Southern
Province. The IPC uses five food insecurity phases; phases 3-5 indicate high to very high acute food
insecurity. The map displays the percentage of the population falling into phases 3-5. This information
supports the calibration of our model to project how drought may affect future food insecurity. The IPC
was also recommended as a key data source during the inception workshop.

Distribution of Population in Zambia's Southern Province
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Figure 33: Distribution of population and food security levels

All the data has been validated in a webinar with stakeholders from both provinces.




. DROUGHT HAZARD
MODELLING

e |Incorporate climate projections, return periods, and drought scenarios

Drought Model

Drought conditions were modeled using the Standardized Precipitation Evapotranspiration Index (SPEI)
(Vicente-Serrano et al. 2010), a widely used metric that accounts for the combined effects of
precipitation and temperature on drought severity. The SPEI is derived by applying a log-logistic
probability transformation to aggregated water balance anomalies (precipitation minus potential
evapotranspiration). Here, we use SPEI_6, which represents water balance anomalies over a 6-month
period, to capture seasonal drought trends.

Daily bias corrected precipitation and temperature data (minimum and maximum) were obtained from
the Microsoft Planetary Computer (Microsoft Open Source et al. 2022). The source of the meteorological
projections was Climate Impact Lab Global Downscaled Projections for Climate Impacts Research (CIL-
GDPCIR) (Gergel et al. 2023) at a resolution of 0.22° (~25km), incorporating CMIP6 climate projections (Li
2019) for SSP-245 and SSP-585 climate scenarios. To account for the uncertainty associated with the
climate projections, 12 model members ensemble was considered for analysing drought risks in
different hazard scenarios. Based on these 12 model member drought hazards, three representative
drought scenarios were extracted, namely Dry Scenario (extreme drought future), Mean Scenario, and
Wet Scenario (wettest future). Potential evapotranspiration was calculated using the Hargreaves and
Samani (1985) method. The SPEI was computed using the Xclim package (Bourgault et al. 2023).
Drought intensity and frequency were analyzed for return periods of 10, 25, 50, and 100 years.

Growth Parameters

Growth parameters in the model are designed to reflect Zambia-specific development pathways.
Economic risk projections incorporate a country-specific GDP growth scenario for Zambia sourced from
the (The Economist Intelligence Unit). Non-economic risks are modelled using asset-specific growth
rates, based on historical crop production and livestock growth trends derived from FAOSTAT data,
while population exposure is projected using Zambia's population growth estimates from United
Nations, Department of Economic and Social Affairs, Population Division (2025). This is in line with
projections that suggest continued growth in livestock production and trade in Sub-Saharan Africa
through 2050, although this growth is likely to be intermittently disrupted by disease outbreaks and
increasingly severe climate shocks (Global Centre on Adaptation 2022).




V., RISKAND VULNERABILITY
ASSESSMENT

Damage Functions

e Compile provincial data
¢ Derive drought-specific damage functions for Crops, Livestock, People (food insecurity)

For the risk and vulnerability assessment, local data have been compiled, including Agriculture Status
Reports, Vulnerability and Needs Assessment Reports, Livestock Survey Reports, and Crop Forecast
Surveys. This and other data were collected to identify damage functions of the assets. The damage
functions indicate the degree of damage for each drought intensity and are used in CLIMADA to
calculate future monetary and non-monetary risks associated with climate change for the studied
assets.

Damage functions are highly context-specific and require careful calibration. The resulting damage
functions are as follows. They can be used as guidance and a starting point for similar analyses, but
should be adjusted for other projects/ research.

Livestock production and monetary damage
functions Southern Province
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Figure 34: Livestock production and monetary damage functions, Southern Province
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Figure 35: Crop production damage functions, Southern Province



Crop monetary damage functions Southern
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Figure 36: Crop monetary damage functions, Southern Province
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Figure 37: People damage functions, Southern Province

Calculate Present & Future Risk

e Combine hazard x exposure x impact functions
e Estimate economic and non-economic losses
¢ |dentify drought hotspots

The current average annual risk for the monetary and non-monetary asset categories was calculated
using the CLIMADA model. For this, the outcomes of the hazard model, the exposed asset layers, and
the impact functions were combined to calculate expected annual impacts. The economic losses are
calculated as the expected annual probabilistic losses, which are weighted by the return period
frequencies. The calculation of drought hotspots is done based on the hazard hotspot index. This index
is calculated using both intensity and frequency dimensions. A combination of Pixels with a hotspot
index value greater than or equal to the 80th quantile for hazard and high exposure values (> 70%
guantile) has been selected to target high drought impact and high-value pixels. This approach,
considering the limited budget scope, served to identify targeted intervention areas in high-risk
locations for both domestic and international investments.



V. ADAPTATION ASSESSMENT

From the Long List of Adaptation Measures to Shortlisting

e Brainstorming in workshops from ongoing projects
o Definition of criteria
» Measure shortlisting questionnaires by rating each measure on all criteria

Together with key stakeholders, we held a webinar to scope the adaptation measures that are
prominent in Zambia in both regions in the agricultural sector. The discussion centered on various
larger projects aimed at enhancing the climate resilience of smallholder and rural populations, as well as
the activities implemented within these projects. This was followed by a discussion on the relevant
criteria for subsequently ranking these adaptation measures to narrow the list from a long list to a short
list of adaptation measures considered for CLIMADA modelling based on the relevant criteria. The
suggested criteria have been validated, and the list has been extended with participants’ input.

The criteria are listed below:

o Effectiveness: The extent to which a measure reduces drought intensity and strengthens resilience
to drought impacts.

e Costs: The measure's affordability, including low investment and maintenance costs, and overall
cost-efficiency.

« Co-benefits: The additional positive impacts of the measure, such as contributing to the SDGs,
climate change mitigation, and protection from other hazards.

e Social: The degree to which the measure is socially inclusive, gender-responsive, and culturally
appropriate.

e Ease of Implementation: How easily the measure can be scaled and implemented with minimal
institutional support.

« No harm: The extent to which the measure avoids maladaptation and remains beneficial under
different future scenarios (no-regret).

« Coherence with Policies and Plans: The alignment of the measure with national and subnational
strategies.

o Green or Grey Measure: The classification of the measure as a nature-based (green) or infrastructural
(grey) solution.

The short list of criteria has been identified per adaptation pathway using online questionnaires on
guestion pro, where participants rated the measures for all criteria. The long list of measures, as in
Figure 38 was then rated on a scale from 1 (low), 2 (medium), to 3 (high) for each measure and each
criterion. The results have been summarized per province, with 6 respondents for Southern and 9
respondents for the Eastern region.

COST EFFECTIVENESS

CO-BENEFITS

SOCIAL

CLIMATE SMART
AGRICULTURE

IRRIGATION
EASE OF IMPLEMENTATION

NO HARM

LOCALLY ADAPTED
LIVESTOCK (INDIGENOUS)
STRAINS/BREEDS

CULTIVATION OF FORTIFIED
FOOD CROPS (ORANGE-
FLESHED SWEET POTATOES
& MAIZE)

Figure 38: Long list of measures and criteria
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Pathway Development

* Allocating measures to pathways based on ranking in the criteria
e Final selection of top 3 preferred pathways

During the Webinar, participants discussed possible Pathway ideas for their regions and identified the
relevant criteria for the Pathways based on the list above. The results are included below in Figure 39
and Figure 40:

Crop Value
Chain Pathway

1.Effectiveness

2.Cost

3.Co-benefits

4.Social

5.Ease of implementation
6.Coherence of plans
7.Green or Grey measure
8.Sustainability

Livestock
Value Chain
Pathway

1.Effectiveness

2.Cost

3.Co-benefits

4.Social

5.Ease of implementation
6.Coherence of plans
7.Green or Grey measure
8.Sustainability

Cross Cutting
Pathway

1.Effectiveness

2.Cost

3.Co-benefits

4.Social

5.Ease of implementation
6.Coherence of plans
7.Green or Grey measure
8.Sustainability

Figure 39: Pathway names and criteria suggestions in the Webinar for the Eastern
Province

Sustainable Inclusivity
Future

Effectiveness

1.Cost

2.Ease of
implementation

3.Green or Grey
measure

4.Effectiveness

1.Social

2.No harm
3.Sustainability
4.Co-benefits

1.Sustainability
2.Coherence with
policies and plans

Figure 40: Pathway names and criteria suggestions in the Webinar for the Southern
Province

As a next step, the measures have been assigned to the adaptation pathways based on their ranking
according to the criteria.

During the workshop, participants have already defined ideas for Pathways and related criteria. Based
on follow-up discussions with regional experts, we added two additional possible Pathways to the list of
options: Resilient Livestock and Improving Food Security. A total of five possible pathways has been
identified, including the relevant criteria, a rationale, and the province-specific measures that have
ranked best on the respective combination of criteria per pathway. This long list of options is presented
below in Table 9.




Table 9: Options of Adaptation Pathways and Measures.

Livestock (Ease of
Implementation, Coherence
with Policies and Plans,
Green measure)

Criteria

Rationale

Measures
(Eastern)

Measures
(Southern)

Cost, Ease of Implementation,
Effectiveness

Focuses on delivering high-
impact results at low cost
through easily implementable
solutions that directly reduce
drought impacts.

- Enhanced food production,
post-harvest, and preservation
techniques

- Drought-tolerant crops

- Locally adapted livestock
(indigenous) strains/breed

- Promotion of small livestock

- Climate Smart Agriculture

- Drought-tolerant crops

- Locally adapted livestock
(indigenous) strains/breed

- Promotion of small livestock
- Agroforestry

- Climate Smart Agriculture

Sustainability, Green Measures,
Coherence with Policies and
Plans

Prioritizes long-term, nature-
based solutions that align with
national strategies.

- Drought-tolerant crops

- Climate Smart Agriculture

- Agroforestry

- Promotion of small livestock

- Climate Smart Animal Feeding

- Agroforestry

- Climate Smart Agriculture

- Drought-tolerant crops

- Promotion of small livestock
- Cultivation of fortified food
crops (orange-fleshed sweet
potatoes and maize)

Social, No harm, Co-benefits

Promotes socially inclusive measures
that avoid harm and generate wider
development and environmental co-
benefits.

- Enhanced food production, post-
harvest, and preservation techniques

- Locally adapted livestock (indigenous)
strains/breed

- Climate Smart Agriculture

- Agroforestry

- Cultivation of fortified food crops
(orange-fleshed sweet potatoes and
maize)

- Climate Smart Agriculture

- Cultivation of fortified food crops
(orange-fleshed sweet potatoes and
maize)

- Enhance food production, post-
harvest, and preservation techniques
- Locally adapted livestock (indigenous)
strains/breed

- Early warning, automatic weather
stations, dissemination of climate
services

Focus on sustainable
livestock development and
resilient livestock and fodder
value chains

- Locally adapted livestock
(indigenous) strains/breed

- Promotion of small livestock
- Climate Smart Animal
Feeding

- Over-sowing of rangelands

- Locally adapted livestock
(indigenous) strains/breed

- Promotion of small livestock
- Climate Smart Animal
Feeding

- Over-sowing of rangelands

Food Security (Co-benefits,
Social)

Promotes measures that
directly aim to reduce food
security during droughts

- Enhanced food production,
post-harvest, and
preservation techniques

- Early warning, automatic
weather stations,
dissemination of climate
services

- Cultivation of fortified food
crops (orange-fleshed sweet
potatoes and maize)

- Enhanced food production,
post-harvest, and
preservation techniques

- Early warning, automatic
weather stations,
dissemination of climate
services

- Cultivation of fortified food
crops (orange-fleshed sweet
potatoes and maize)




To identify priority adaptation pathways and corresponding measures for the two provinces, a second
guestionnaire has been distributed to experts. A total of 17 responses have been collected, ten from
Eastern and seven from Southern Province. Each Participant could rank their top-three choices of the

Adaptation Pathways.

The results showed the three preferred Pathways, namely Effectiveness, Green Sustainable Future, and
Improving Food Security. The top three measures ranking best on the relevant criteria describing these
pathways were included. The final result is shown in Table 10.

Table 10: Final Selection of Pathways and Adaptation Measures.

Cost, Ease of
Implementation,
Effectiveness

Criteria

Rationale

Measures
(Eastern)

Measures
(Southern)

Focuses on delivering high-
impact results at low cost
through easily
implementable solutions
that directly reduce
drought impacts.

*Drought-tolerant crops
Locally adapted livestock
*Enhanced food
production, post-harvest,
and preservation
techniques

*Drought-tolerant crops
Locally adapted livestock
(indigenous) strains/breed
*Promotion of small
livestock

Sustainability, Green
Measures, Coherence with
Policies and Plans

Prioritizes long-term,
nature-based solutions
that align with national
strategies.

*Drought-tolerant crops
*Climate Smart Agriculture
*Agroforestry

*Agroforestry
*Climate Smart Agriculture
* Drought-tolerant crops

Food Security (Co-benefits,
Social)

Promotes measures that
directly aim to reduce food
security during droughts

*Enhanced food
production, post-harvest,
and preservation
techniques

*Early warning, automatic
weather stations, and
dissemination of climate
services

Cultivation of fortified
food crops (orange-fleshed
sweet potatoes and maize)

*Enhanced food
production, post-harvest,
and preservation
techniques

*Early warning, automatic
weather stations, and
dissemination of climate
services

+Cultivation of fortified
food crops (orange-fleshed
sweet potatoes and maize)



Impact Ranking and Costing of Measures

¢ Stakeholders estimate each measure’s impact on reducing drought damages of the assets
e Collection and validation of implementation and maintenance costs

As a subsequent step, and crucial for modelling, the impacts of the adaptation measures on reducing
drought vulnerability of the assets they target needs to be evaluated. Participants were asked in the
guestionnaire, to complete a ranking of the measures’ impacts on the assets, estimating for each
measure, e.g., Agroforestry, whether it has a high, medium, or low impact on the respective assets, e.g.,
maize. The results of this impact ranking can be accessed in Table 11, Table 12, and Table 13.

Table 11: Impact ranking of measures on people's food security

no/ low impact medium impact high impact N/A
Drought-tolerant crops 0.00% 18.18% 0.00%
Agroforestry 0.00% 9.09%
E\r/zzgtc'f n of small 0.00% 18.18% 0.00%
Irrigation 0.00% 9.09% 0.00%
CSA 0.00% 18.18% 0.00%
Eélglailr:zsmart Animal 0.00% 0.00%
Locally adapted livestock 0.00% 18.18% 9.09%
Cultivation of fortified 0.00% 9.09%
food crops
Enhanced food
production, p?st—harvest, 0.00% 0.00%
and preservation
techniques
Early warning, automatic
W.eathe‘r str?ltlons, apd 0.00% 0.00%
dissemination of climate
services




Table 12: Impact ranking of measures on livestock

Drought-tolerant crops

Agroforestry

Promotion of small livestock

Irrigation

CSA

Climate Smart Animal
Feeding

Locally adapted livestock

Cultivation of fortified food
crops

Enhanced food production,
post-harvest, and
preservation techniques

Early warning, automatic
weather stations, and
dissemination of climate
services

no/ low
impact

medium high
impact impact

0.00%

0.00%

18.18%

9.09%

9.09% 18.18%

0.00%

9.09%

9.09%

9.09%

18.18%

no/ low
impact

18.18%

18.18%

medium
impact

high
impact

18.18%

18.18%

N/A

no/ low
impact

medium high

impact impact A

18.18%

18.18%

18.18%

18.18%

18.18%

no/ low
impact

9.09% 18.18%

0.00%

18.18%

high

impact

18.18%

N/A

18.18%

27.27%

0.00%

9.09%

18.18%

18.18%

9.09%

0.00%

0.00%

27.27%

27.27%

18.18%

18.18%

0.00%




Table 13: Impact ranking of measures on crops

Drought-tolerant crops

Agroforestry

Promotion of small
livestock

Irrigation

CSA

Climate Smart Animal
Feeding

Locally adapted livestock

Cultivation of fortified
food crops

Enhanced food
production, post-harvest,
and preservation
techniques

Early warning, automatic
weather stations, and
dissemination of climate
services

no/ low
impact

0.00%

0.00%

9.09%

0.00%

medium
impact

high

impact bR

18.18%

0.00%

0.00%

27.27%

no/ low
impact

9.09%

9.09%

medium
impact

high

impact YR

0.00%

18.18%

9.09% 36.36%
9.09% 36.36%
0.00% 36.36%

0.00%

0.00%

9.09% 0.00%

27.27% 18.18%

no/ low
impact

0.00%

medium
impact

high
impact

N/A

no/ low
impact

medium
impact

high

impact R

0.00%
9.09%

0.00%
18.18%

medium
impact

no/ low
impact

high
impact

N/A

0.00% 0.00%

18.18%

18.18%

0.00%

0.00% 0.00%




Another important parameter in the adaptation assessment in CLIMADA is the cost of the measures, i.e,,
the implementation costs for the setup and the annual maintenance costs. Participants have been
asked to provide costs for the measures and the average costs have been compiled and used for further
CLIMADA modelling. The costs can be accessed in Table 14.

Table 14: Overview of costs for adaptation measures.

Drought-tolerant crops 12,250 3,936 Ha

Agroforestry 9,756 3,180 Ha

Promotion of small

' 1,942 548 Head
livestock
Climate Smart

16,006 3,594 Ha
Agriculture (CSA)
L'ocally adapted 4,524 1,872 Head
livestock
Cultivation of fortified 12,241 2,825 Ha
food crops
Post—harvgst and . 5,488 1,821 Ha
preservation techniques
Early warning, automatic
weather stations, 87,255 7,583 Weather Station

dissemination of climate
services

For the validation of the questionnaires' results, we discussed all rankings with provincial experts in
agriculture and livestock to exclude misleading results or clarify any details. Further consultations took
place to discuss other parameters for CLIMADA, e.g., the implementation timeline. This included the co-
creation of a handout summarizing the adaptation measures and their implementation.




Table 15: Overview of Adaptation Measures

Implementation Costs (ZMW) 12,300

Maintenance Costs (ZMW) 4,000

Time needed to prepare measure

(Time from start of implementation until the measure is effective) This will include the period for all the agricultural activities from land preparation to marketing that is September to July(9 months).

Life Span with maintenance (if maintenance) 3 Years

Suitable locations for implementation (e.g., specific districts, also { All Districts in the Provinces

Target benefits of the measure?
Improved and increased crop production and productivity that ultimately result into increased household income, food and nutrition security thereby improving livelihoods

Description of Implementation:
Using the lead and follower farmer model, a few selected farmers can be supplied with start-up input packs with a focus and emphasis on capacity building through trainings and demonstrations

Implementation Costs (ZMW) 9,800
Maintenance Costs (ZMW) 3,200
Time needed to prepare measure

(Time from start of implementation until the measure is effective) 1Year

Life Span with maintenance (if maintenance) 10 Years

Suitable locations for implementation (e.g., specific districts, also{ All the District in the Provinces

Target benefits of the measure?
Long term benefits include: improved soil structure and fertility resulting in improved crop production and productivity leading increased household income and enhanced food and nutritional security

Description of Implementation

Establishment of seedling and seed banks
Establishment of demonstration sites and field schools
Recruitment of lead and follower farmers




Implementation Costs (ZMW)

16,000

Maintenance Costs (ZMW)

3,600

Time needed to prepare measure
(Time from start of implementation until the measure is effective)

This will include the period for all the agricultural activities from land preparation to marketing
that is September to July(9 months); On a three (3) year rotational basis

Life Span with maintenance (if maintenance)

3 Years

Suitable locations for implementation (e.g., specific districts, also all are possible)

All the Districts in the Provinces

Target benefits of the measure?

Improved soil structure and fertility with ability to maintain soil moisture

Improved and increased crop production and productivity that ultimately result into increased household income, food and nutrition security thereby improving livelihoods

Description of Implementation:

Using the lead and follower farmer model, a few selected farmers can be supplied with start-up input packs with a focus and emphasis on capacity building through trainings and demonstrations

Implementation Costs (ZMW) 4,500
Maintenance Costs (ZMW) 1,900
Time needed to prepare measure ) ) ) 1 Year

(Time from start of implementation until the measure is effective)

Life Span with maintenance (if maintenance) 3 Years

Suitable locations for implementation (e.g., specific districts, also all are possible)

All Districts in the Provinces
Emphasis on the Valley areas (because most impacted by changing climate/ high temperatures)

Target benefits of the measure?

Improved and increased availability of the indigenous breed

- Smaller in size, require less water (but produce less meat/milk)

- More tolerant regarding diseases

- Applies mainly to cattle, also goats a more adaptable to longer droughts

- Lower costs of procuring compared to other breeds (4-5 times)

- Crosses between indigenous and improved breeds

- General trend is supporting improved breeds (bigger size, higher productivity for farmers)
- In the valley areas the indigenous breeds are more common

- Consumer prefers the indigenous (better taste)




Description of Implementation:
Using the pass-on model, a few farmers can be supplied with indigenous breeds to raise the livestock, and after a cycle, other farmers can also be given either the offspring or the parent stock.

Implementation Costs (ZMW) 12,200
Maintenance Costs (ZMW) 2,800
Time needed to prepare measure This will include the period for all the agricultural activities from land preparation to marketing
(Time from start of implementation until the measure is effective) that is September to July (9) months

Life Span with maintenance (if maintenance) 3 Years

Suitable locations for implementation (e.g., specific districts, also all are possible) All Districts in the Provinces.

Target benefits of the measure?

Improved and enhanced household incomes, food and Nutrition security

Goal: improve Vit A intake for better health

Focus on nutrition

Benefits: improves nutrition security and shorter growing period compared to ordinary maize/ sweet potatoes/ common beans enriched in iron
Positive benefits under drought conditions: will provide better food and nutrition security compared to ordinary; part of crop diversification strategy

Description of Implementation:
Using the lead-follower farmer model, a selected few farmers can be supplied with start-up inputs pack with a focus and emphasis on capacity building through trainings and demonstrations

Promotion of small livestock
(production, bulking, processing, and marketing)

Implementation Costs (ZMW)

Maintenance Costs (ZMW)

Time needed to prepare measure
(Time from start of implementation until the measure is effective)

Life Span with maintenance (if maintenance)

Suitable locations for implementation (e.g., specific districts, also all are possible)

Target benefits of the measure?

This will bring about improved and increased livestock production and productivity that will result into enhanced and increased household income, food and nutrition security thereby improving
livelihoods.

Easier to sell during droughts than large livestock for families to purchase food.

Cattle require more water compared to small livestock. Small livestock is more drought-resilient than crops.

Description of Implementation:
This could include supplying improved livestock breeds and establishment of livestock service centers in some selected veterinary camps in the District.




Implementation Costs (ZMW) 5,500

Maintenance Costs (ZMW) 1,800

Time needed to prepare measure

(Time from start of implementation until the measure is effective) Ivear
Life Span with maintenance (if maintenance) 3 Years
Suitable locations for implementation (e.g., specific districts, also all are possible) All Districts in the Provinces

Target benefits of the measure?

Improved and increased crop production and productivity, as well as reduced post-harvest loss which ultimately results in increased household income, food, and nutrition security, thereby improving
livelihoods

Secure that the reduced production is stored correctly and ensures food security. Overall importance to maintain and use the food produced to not increase production areas and thereby protect the
environment and adapt to climate change. Reduce the greenhouse gas emissions due to post-harvest losses (mitigation). Increasing production and productivity lead to higher household income.

Description of Implementation:
Using the lead and follower farmer model a selected few farmers can be supplied with a start-up inputs pack and post-harvest equipment that may include improved storage facilities, with a focus and
emphasis on capacity building through training and demonstrations

Implementation Costs (ZMW) 87,300

Maintenance Costs (ZMW) 7,600

Time needed to prepare measure

(Time from start of implementation until the measure is effective) 1year
Life Span with maintenance (if maintenance) 3 Years
Suitable locations for implementation (e.g., specific districts, also all are possible) All Districts in the Provinces

Target benefits of the measure?
Improved access to climate information that will result in timely and informed decisions for example when to plant.

Description of Implementation:
Installation and establishment of improved weather stations in all the Districts and dissemination of climate information on the local radio stations in both English and local languages.




VI, PREPARATION FOR CLIMADA
ADAPTATION MODELLING

Upon completion of data collection for the adaptation measures and pathways, the data must be
prepared for inclusion in CLIMADA, using so-called entity files. The mandatory information for
adaptation-related inputs includes the cost of the measures, inclusive of all related expenses,
parameters that depict how the measures act (i.e., hazard-related, impact function, and percentage of
exposed assets-related parameters), the regions where the measures would be applied, and the timeline
of the measures. For both investment scenarios, the measures would act primarily on the hotspot pixels.

Budget Scenarios

e Domestic funding: USD IM every 4 years - total USD 6M
e International funding: USD 10M every 4 years - total USD 60M
» Allocation of budgets per measure inside Pathways

We calculated the total investment per adaptation pathway and the corresponding adaptation
measures for both domestic investment scenarios and international investment scenarios. Based on the
Ministry of Agriculture's annual budget for 2024, the national budget is 180 billion Kwachas. Of these, 13
billion Kwachas are reserved for Agriculture, of which 80% are allocated to the Farmer Input Support
Programme (FISP). Based on these numbers, we calculated that approximately USD 1 million would be
available annually to support the implementation of one Pathway per Province. Considering that other
programs will also implement and claim national budgets, we assume an allocation of USD 1 million only
every 4 years on average. This timeline corresponds to the average lifespan of the considered adaptation
measures, as advised by experts, with a 1-year implementation period followed by a 3-year maintenance
period. After this period, the measure reaches the end of its lifespan and should be reintroduced and
reassessed in the model. Considering the time horizon for assessing these adaptation pathways and
their benefits in reducing drought risks in the provinces until 2050, most adaptation measures will be
introduced six times, with the exception of agroforestry, which has a longer lifespan of 11 years and will
only be introduced twice.

We allocate the same budget to all adaptation measures within a single pathway, irrespective of their
lifespan or individual implementation costs, and assume reinvestment of USD 1 million every 4 years to
sustain positive adaptation benefits until 2050. This translates to USD 6 million, which will be needed
under the domestic funding scenario to fully finance and maintain one Pathway in one Province,
equivalent to USD 2 million per adaptation measure.

Following discussions with stakeholders, the benefits of introducing an international budget scenario for
all pathways have been explored and considered a useful basis for applying for climate funding. The
intended quadrennial investments will be 10 times the domestic expenses, thus USD 10 million every
four years.

Scaling of Measures

Based on the implementation and maintenance costs of the adaptation measures, we can calculate the
total area, tons, and heads for each targeted asset, given a USD 2 million domestic budget (USD 20
million for the international budget). We also consider the different prevalence of the assets, for
instance, maize makes up 64% of all crop assets in the Eastern Province, and 64% of the available budget
for measures will target the maize asset, if suitable under this adaptation measure. As follows, more
hectares of maize will be protected by an agricultural adaptation measure than hectares of sunflower
(6% of the considered agricultural production in the Eastern Province). Province-specific multi-year
average yields per crop are applied for this purpose.



Scaling of Measures

Based on the implementation and maintenance costs of the adaptation measures, we can calculate the
total area, tons, and heads for each targeted asset, given a USD 2 million domestic budget (USD 20
million for the international budget). We also consider the different prevalence of the assets, for
instance, maize makes up 64% of all crop assets in the Eastern Province, and 64% of the available budget
for measures will target the maize asset, if suitable under this adaptation measure. As follows, more
hectares of maize will be protected by an agricultural adaptation measure than hectares of sunflower
(6% of the considered agricultural production in the Eastern Province). Province-specific multi-year
average yields per crop are applied for this purpose.

We estimate the number of people safeguarded from food insecurity using maize production as a proxy
indicator. According to Esterhuizen (2024), Zambia’'s annual maize demand is approximately 2.8 million
metric tonnes (MMT). This corresponds to an average per-capita consumption of 140 kg per year,
implying that one hectare of maize supports the food needs of roughly 13 people. Using these
parameters, we quantified the population potentially protected by each adaptation measure based on
the number of maize hectares whose production is preserved under the measure. Because the
implementation scale of each measure is known for the relevant crops—including maize—we can derive
the corresponding number of people who would maintain an adequate maize supply. For costing, we
assume that protecting a given area of maize under an adaptation measure incurs costs equivalent to
those already established for safeguarding that same area. Thus, the estimated protection benefits and
associated costs are directly comparable across measures.

Spatial Targeting

e Domestic: top 20% drought hotspots + 30% high exposure areas
e International: top 30% drought hotspots + 30% high exposure areas
¢ Randomize placement within hotspots

The measures are randomly distributed in the model, based on drought hotspots. To model the
implementation areas of the adaptation measures, we calculate the drought hotspots for each pixel. For
the domestic budget, the high-risk area is defined as the 20% most-at-risk pixels based on the hotspot
index and high exposure areas. For the international budget scenario, with a larger budget, we extend
the threshold to the 30% most-at-risk areas. These hotspots are combined drought hotspots based on
intensities and frequencies, calculated over four different drought return periods for each pixel. The
actual location for implementing the measure within these drought risk hotspots needs to be defined in
the next step, with a feasibility study. Hence, the calculated benefits represent the average benefits of
the measure, regardless of where it is exactly implemented, in these high-drought-risk areas.

The benefits of the adaptation measures are calculated as the averted damages due to their
implementation. For example, for locally adapted livestock breeds, the indigenous breeds are more
resilient to droughts compared to other breeds. In CLIMADA, the adapted breeds were modeled in the
drought hotspot areas compared to the normal animals, and the averted drought impacts due to the
adapted breeds are the benefits of the adaptation measure. We assume average growth rates for
livestock and crops based on past FAO data to also apply to new and improved varieties, considering
also possible multiplier effects and adoption by other farmers. With every new investment, usually every
four years, more crops or livestock can be protected, adding to the growing rate of crops and livestock
already targeted by the implemented adaptation measures. We consider maintenance costs, including
any additional maintenance required during the first implementation period. After the first round of
implementation and maintenance (4 years, except for agroforestry 10 years) we include a sustainability
and multiplier parameter. We assume continued practice implemented by farmers themselves, and
taking into account the lead-farmer follower-farmer model, we also assume application by other farmers
who are convinced by the resilient practices. We apply a conservative growth rate over the years, simply
reflecting the area growth rates of the asset targeted by the measure. This reflects that the asset under
the adaptation measure is growing at the same rate as normal asset growth, i.e., Maize under CSA
cultivation will grow at the same rate as “normal” maize.



VI CLIMADA ADAPTATION
MODELLING

e The Snapshot approach
e Effectiveness of measures
» Benefit-cost analysis of pathways

For the adaptation modelling, a snapshot-based approach was implemented to validate the
performance of open-source tools like CLIMADA to better simulate the real-world effectiveness of
adaptation measures over time. Rather than assuming static impacts, this method evaluates measures
in cycles (six cycles of four years for all except Agroforestry at two cycles of 11 years), consisting of one
year of implementation followed by three years of accrued benefits, including maintenance costs when
necessary. The exposure of agricultural assets is modeled dynamically and defined by economic or
population growth rates. By aggregating costs and avoided damages at the end of each cycle, the
framework delivers transparent and comparable cost-benefit metrics across different timelines. The
increasing benefit/cost ratio observed during simulation with each implementation reflects the ability of
CLIMADA to capture the dynamics of adaptation in a progressively increasing hazard severity and
economic growth scenario. This also allows for realistic integration of the spillover and takeover effects
by farmers, where successful agricultural and climate change adaptation practices are adopted and
implemented beyond the scope of a project. The snapshot approach was useful for reflecting
continuous implementation of adaptation practices over the timeframe of the analysis, respecting
budget volumes and related possible scopes of implementation within the domestic or international
budget volumes for each cycle. We thus present this approach as a niche to support policy assessment
by aligning adaptation evaluation with realistic planning horizons, budget cycles, and staggered
implementation.

The adaptation measures exhibit varying rates of effectiveness in mitigating the impacts of drought.
This effectiveness is further nuanced by the respective assets they are targeting. CLIMADA calculates the
avoided damages of each adaptation measure for every single asset, also considering the effectiveness
ranking provided by stakeholders for this purpose. The model is calibrated to demonstrate the
effectiveness of the measures in reducing drought-related risks and provides benefit-cost rankings,
considering both the implementation and, if necessary, maintenance costs of the adaptation measure.
This approach differs from other cost-effectiveness analyses, as its effectiveness is based solely on the
measure's ability to reduce drought damages and does not include other co-benefits.

The co-benefits of the measure can be either monetary or non-monetary. Monetary co-benefits directly
influence the monetary benefits of the adaptation measure and, with that, the benefit-cost ratio. For
crops, monetary co-benefits include income generated through the sale of the produced output,
whereas non-monetary co-benefits can include improved ecosystem resilience and biodiversity
protection. These monetary and non-monetary benefits have not been included in the benefit-cost ratio
calculation for drought adaptation. However, these additional benefits need to be considered when
evaluating the benefit-cost ratios, as those below 1, i.e., higher costs than benefits from avoided drought
damages, are likely to be cost-effective overall when considering co-benefits through production gains,
etc. For livestock, we considered monetary co-benefits due to the sale of meat and milk, based on data
from FAOSTAT. The calculated benefits are closer to capturing the overall benefits of the improved
livestock, like the drought-resistant breeds, by including both drought adaptation benefits and the
general benefits of production sales. The benefits of adaptation measures for people have been
approximated by the benefits of crop production. In this sense, the benefits of adaptation measures to
reduce drought-induced food insecurity can also be considered a co-benefit of the protected crop
productivity from droughts through these measures and the corresponding reduced monetary losses.
Though crop production residuals are also used as livestock feed, due to the lack of data, improved
livestock resilience due to adaptation measures primarily targeting crop assets, such as Agroforestry,
has not been included.
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