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Acknowledgment note

The ACT Programme (Advancing Climate Resilience and Transformation in African Coffee) is a strategic initiative implemented by the
United Nations Industrial Development Organization (UNIDO) and funded by the Italian Cooperation within the framework of Italy's
Mattei Plan and the EU Global Gateway Strategy.

The programme aims to strengthen climate resilience, promote sustainable industrial development, and enhance local value creation
along the coffee value chains in Eastern Africa, while improving socio-economic conditions for coffee-producing communities.

ACT addresses structural vulnerabilities in the sector by combining climate adaptation, regulatory compliance, innovation, inclusion and
access to finance within an integrated development approach.

ACT is implemented in collaboration with the International Coffee Organization, the Inter-African Coffee Organisation, national
institutions and international private-sector partners.

The programme is currently active in Ethiopia, Kenya, Tanzania, Uganda and Malawi, with a focus on strengthening institutional capacity,
upgrading production and processing systems, and supporting smallholder farmers and local enterprises.

A distinctive feature of the ACT Programme is its strong emphasis on public-private partnerships and innovative financial solutions,
including risk-management and insurance instruments, to enhance resilience to climate shocks and market volatility.

By fostering dialogue and cooperation among governments, international organizations, financial institutions and the private sector, ACT
serves as a platform for sustainable transformation of the coffee sector, aligned with international development priorities and global
climate objectives.
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Regenerative Transition '

The challenge and opportunity

A Coffeeis a vital economic sector facing mounting climate
pressure. The millions of livelihoods it sustains are increasingly at
risk as climate change and limited farmer capacity for adaptation
undermine the sector's long-term viability.

A Regenerative agriculture offers a path forward-and roadmaps
already exist. TechnoServe’s Regenerative Coffee Investment Case
outlines transition plans for smallholder farmers across priority
coffee-producing countries, providing a strong foundation for
coordinated action.

A This study builds on that momentum with a climate risk lens.
The objective is to highlight key differences in coffee production
systems and how they are affected by climate change. The report
benchmarks ten origins in relation to the following two questions:

1. How do coffee-producing countries compare across
production scale, the socioeconomic importance of coffee,
smallholder coffee farm economics, and the GHG footprint of
production?

2. How do they differ in climate risk exposure, sensitivity, and
adaptive capacity?


https://www.technoserve.org/regenerative-coffee-investment-case/

1 Key insights from coffee

production and climate risk
benchmarking

Climate change will heighten risks across all priority
coffee origins. Rising and extreme temperatures and more
erratic rainfall will affect crop yields and quality worldwide.

Regional climate vulnerabilities vary. Coffee-producing
countries in Latin America and Asia face the greatest
threats, while higher-altitude East African systems are
relatively less exposed. ¥

Many of the most climate-vulnerable countries show
stronger readiness to adapt. Future investments can build
on these existing adaptive capabilities to accelerate
adaptation.




1A Strategic priorities for climate resilience and
/Y adaptation by climate risk profile

While all coffee-producing origins are impacted by climate
change, variations in exposure and sensitivity to thermal and
water stress, as well as variations in adaptive capacity, can
be used to inform future investments.

A Exposure is measured across thermal and water stress (temperatures and
rainfall above or below the suitable biological ranges for coffee production)
and the amplification effect (drought).

Climate sensitivity is shaped by farm management (agronomic practices),
natural resource resilience, and elevation, as key drivers of farm susceptibility
to climate stress.

Adaptive capacity captures systemic factors that shape the capacity of
farmers, government and private actors to plan for, invest in, and implement
adaptation measures.




1 Managing
thermal stress

Indonesia, Peru*, Vietnam, and Brazil
face the most acute risks from rising
temperatures exceeding suitable
ranges for coffee cultivation. In these

origins, low elevation further amplifies

impact from heat stress and
temperature variability.

Adaptation priorities: Agroforestry
systems, cover crops and soil
conservation techniques are critical
for reducing soil temperatures and
improving moisture retention.

Current adoption: Under-utilized on
smallholder farms in these regions.
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Mitigat -
impacts of
excessive rainfall

Indonesia, Peru, and Colombia face
the highest risk of damage due to
excessive rainfall, with Uganda and
Kenya closely following. This can
lead to erosion, waterlogging, and
the spread of pests and diseases.

Adaptation priorities: Agroforestry,
mulching, soil conservation and
cover cropping, can help prevent
soil erosion and increase soil
porosity and water infiltration.
Integrated disease management
(IDM) combined with disease-
resistant varieties, can dramatically
reduce incidence and spread of
diseases. This includes scouting,
field hygiene, biological control and,
as a last resort, precision application
of selective fungicides.

Current adoption: While Colombia
appears to be more advanced
compared to others, there is
opportunity to improve across the
board.

*Except for one producing region in Peru (Junin) which faces risk of temperature going below the suitable threshold.
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Enhancing water |-
retention

Brazil faces the greatest risk of
thermal-water stress where the
combined effect of high temperatures
and low rainfall increase drought risk.
Specific regions of Kenya and Uganda
are expected to experience rainfall
deficits.

Adaptation priorities: Rainwater
harvesting infrastructure and
regenerative practices designed to
maximize the water retention in soil.

Current adoption: Under-utilized on
smallholder farms in these regions.

While Honduras presents relatively
lower risk of thermal and water stress,

its lower elevation and low adoption of

regenerative practices on some farms
means it is still susceptible to any
climate-related shock. Improved

adoption of practices described here is

therefore also highly recommended.

4 Building resource
resilience

Beyond changes in climate, the underlying
health of natural resources — specifically
soil —emerges as a systemic risk across
Vietnam, Brazil, Kenya, and Tanzania.
National-level data shows moderate risk for
water availability and ecosystem condition.
To inform context-specific measures, the
integrity, health and availability of these
critical resources should be further
assessed at the sub-national level.

Adaptation priorities: Soil health can be
restored through regenerative practices
that replenish soil with essential nutrients,
enhance nutrient cycling and retention,
increase soil biodiversity, strengthen soil
carbon stocks and support control of soil
erosion and landslides. Specific practices
include agroforestry, soil conservation,
mulching, integrated nutrient management,
organic matter recycling and IPDM.

Current adoption: Varies by practice and
region. While Colombia appears to be more
advanced compared to others, there is
opportunity to improve across the board.




1B Strategic priorities for climate resilience and
"= adaptation by farm economic profile

A producer’s ability to adapt is intrinsically linked to the
economic performance of their farm. Making coffee
production a more prosperous activity is one of the most
effective long-term buffers against climate change.

A Key drivers include productivity, farm size, cost of production and share of
export price.




Securing economic
1 resilience in East Africa
and Indonesia:

Despite having the lowest climate vulnerability,
East African producers are economically fragile
due to small farm sizes (0.2-0.6 hectares) and (like
Indonesia) low yields.

Adaptation priorities: Investment here offers a
high ROI: low-cost agronomic interventions like
rejuvenation, integrated nutrient and soil
management (and in cases with high incidence of
disease, integrated disease management) can
deliver rapid productivity gains, making the
business case for adaptation exceptionally strong
for the farmer.

Current adoption: Under-utilized on smallholder
farms in these regions.

Securing
economic viability
in Latin America

Despite having higher productivity, Latin American
producers face the highest cost of production
among Arabica origins, putting pressure on
margins. Climate-driven yield losses or falling
prices can quickly lead to net financial losses,
threatening the future of the sector in areas where
coffee is the primary income source from the farm.

Adaptation priorities: Investment should focus on
efficiency, including targeted nutrition plans
based on soil analysis, consistent compost
management and IPDM. Meaningful productivity
gains can be achieved if combined with renovation,
soil conservation and cover cropping, thereby
improving profit margins and reducing economic
vulnerability.

Current adoption: Under-utilized on smallholder
farms in these regions.

Improving
economic viability
In Vietham

Despite a productivity level that is far above
other Robusta origins, Vietnamese farmers
have high costs of production per hectare,
largely driven by cost of inputs, mechanization,
and irrigation.

Adaptation priorities: Investment should focus
on optimizing use of inputs including targeted
nutrition plans based on soil analysis,
consistent compost management, cover
cropping and improving efficiency of irrigation
systems. Altogether these practices can reduce
costs while achieving a modest increase in
productivity.

Current adoption: Under-utilized on
smallholder farms.




A comprehensive approach to investment

To address these findings, capital must be deployed across three distinct

but interconnected categories:

1. Farmer training and technical assistance

Knowledge is a critical prerequisite for adaptation,
encompassing awareness, understanding of the business
case, and technical skills. Investments should fund the
delivery of technical support to implement regenerative
practices, addressing the specific thermal and water risks of
the local landscape. For example, practical training
delivered via on-farm demonstration plots, covering topics
such as grafting techniques to introduce improved, climate-
resilient varieties.

2. Farmer capital and financial products

Farmers need access to affordable capital to fund the transition.
Depending on the context, adopting regenerative practices can

involve upfront investments, increased operating costs, or the
need to bridge the income gap during the early years of farm

renovation. To be effective, capital should be deployed through

mechanisms that reach farmers cost-efficiently, and financial
products should be designed based on context-specific farm
cash flow and risk profile.

3. Addressing systemic and infrastructure gaps

Investment must also target the enabling
environment including:

A Disaster preparedness: Enhancing
government-led disaster response and early
warning systems.

A R&D and innovation: Accelerating the
development of climate-resilient varieties and
nature-based technical solutions.

A Market systems: Ensuring inclusive access to
regenerative inputs, finance, and premium
markets for both men and women farmers, and
increasing the share of export price earned by
farmers in some countries.

A Enabling reforms: Policy-level interventions
to address the inherent tensions between
short-term economic pressures and long-term
environmental sustainability.

Addressing these vulnerabilities requires moving beyond high-level country benchmarking toward the
development of granular, sub-national coffee adaptation roadmaps. Investment plans and deployment

mechanisms must be specifically tailored to local risks while aligning with the coffee market systems
and socioeconomic realities of each context. Crucially, these investments must also future-proof the
sector by ensuring deforestation-free, legally compliant production while ensuring coffee companies
continue to be incentivized to make sustainability investments.
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A combination of capital is
required to unlock this transition:

A Commercial capital: Best suited for scaling
proven regenerative models where the business
case for productivity and quality is already
established.

A Concessional capital: Necessary for on-farm
investments that have a longer term return
horizon and for temporary income support
during renovation cycles.

A De-risking capital: Instruments such as first-
loss guarantees or climate insurance, essential
for making smallholder lending attractive for
commercial banks and private investors.

A Non-returnable capital: Necessary for farmer
education and incentives to overcome barriers
and drive behavior change.

For a detailed cost-benefit analysis of the regenerative
practices identified here, including the specific returns
for farmers, national economies, and the global
industry, refer to TechnoServe’s Regenerative Coffee
Investment Case. This report provides foundational
data for these strategic interventions.



https://www.technoserve.org/regenerative-coffee-investment-case/
https://www.technoserve.org/regenerative-coffee-investment-case/

Benchmarking Coffee
Production Systems

This analysis establishes
a benchmark for
comparison.

It benchmarks priority coffee-

producing countries across production
volume, socioeconomic importance,
farm-level economics, and the GHG
footprint of production.

Coffee is produced
in diverse contexts
around the world.

Each origin is shaped by a
different mix of Arabica and
Robusta production, varied
economic role of coffee, and
distinct farm profiles.

"% S

Benchmarks show a high variability
of productivity, profitability, and
GHG footprint.

While higher yield, conventional
systems traditionally involve high
emissions, there is evidence that
regenerative systems can achieve
sustainable economic performance
and low emissions.
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Global coffee production is highly concentrated, with Brazil and

Coffee production by Species Vietnam accounting for nearly two-thirds of output across the ten

1. Brazil

2. Vietnam

3. Colombia
4. Indonesia
5. Ethiopia
6. Uganda

7. Honduras
8. Peru

9. Tanzania

10. Kenya

priority countries.

TOTAL PRODUCTION (*000 MT GEE)

68% 3,847

5% 1,755

100% 745

20% 667

506

15% 386 Q

100% 328

OV 236

60/62%-38%

49/100%

Source: ICO (2020-24 average)
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_SOCIOeconomIC Coffee production plays a central role in sustaining livelihoods and economies,
Im portance Of Coffee fueling exports and supporting millions of smallholder farmers across all origins.
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Subsequent analysis focuses on the smallholder farm segment and the dominant coffee species (Arabica or Robusta) in each country

1. Source: UN Comtrade (2023) 2. Source: Enveritas (2018) 3. Source: Solidaridad (2024) for Brazil; IDH (2019) for Colombia; Fairtrade (2017) for Tanzania; TechnoServe field data for Kenya, Ethiopia, Uganda; Expert interviews for all others
Smallholder farm size thresholds vary by country: <2 ha in Ethiopia, Uganda, Tanzania, Indonesia, Kenya, and Vietnam; <3 ha in Honduras; <5 ha in Colombia and Peru; and <10 ha in Brazil.
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Smal | hOIder productivity Smallh(_)lder_farms-fchg larggst coffee farm segment in each country-

show wide yield variation, with smaller farms generally less productive.
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1. Planting density reflects # of coffee trees per hectare and might be influenced by prevalence of agroforestry system or Source: TechnoServe, Regenerative Coffee Investment Case (2025)
intercropping in some origins




Smal | holder prOdUCtion While higher yield, conventional systems traditionally involve 15
high emissions, there is evidence that regenerative systems can

economics and GHG footprint achieve sustainable economic performance and low emissions.

REVENUE 4,885
(S/HA) 4,731

3,802

3,020

49%

> =
(MT CO,e/MT GBE) m m m
(L«?vf)_‘:ih) Arabica

GHG footprint measures the total greenhouse gas emissions (COfe) from coffee production, including inputs, energy use, and
on-farm practices (incl. processing where applicable), expressed as metric tons of COF~equivalent per metric ton of green coffee

2,585

GHG FOOTPRINT

Source: TechnoServe, Regenerative Coffee Investment Case (2025)



Benchmarking Climate Risk
In Coffee Production

Climate change is reshaping where and Vulnerability: Overall degree to which coffee production is susceptible to
how coffee can thrive_ relevant climate risks

Understanding which countries face the
greatest risks-and which are best

positioned to adapt-provides a baseline

perspective on climate resilience. Extent to which coffee production Extent to which coffee production is
is exposed to relevant climate risks  likely to be affected by those climate

This analysis evaluates climate risk over the short and long term risks, reflecting the production

holistically across three dimensions: environment’s current ability to
Exposure, Sensitivity, and Adaptive absorb and respond to stressors
Capacity, whereby the combination of
exposure and sensitivity defines the
overall vulnerability of countries' coffee
production systems.

Exposure: Sensitivity:

Adaptive Capacity: Readiness and ability of farmers, governments, and private
actors to plan for, invest in, and implement adaptation measures




Latin American coffee-producing countries and Indonesia are the
most vulnerable to climate risks, driven by greater water and
temperature stress in low-altitude regions.

Climate risk vulnerability
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- Robusats

See Appendix for methodological details and data sources. Scores reflect values from the top coffee-producing countries in each country, using suitability thresholds specific to Arabica and Robusta.
Vulnerability and exposure scores included here reflect long-term (2040-2060) values.



Climate risk vulnerability and
adaptive capacity



