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Executivesummary

Background

This research study investigates the environmental sustainability of small-scale coffee productionin
five Latin American countries - Brazil, Colombia, Peru, Nicaragua, and Honduras - through a
comparison with larger-scale production. Smallholder farmers produce approximately 60% of the
global coffee supply and Fairtrade International has certified 838,116 smallholder farmers in 656
organisations across 32 countries. The study focuses on five key environmental areas: water, energy,
greenhouse gas emissions (GHG), deforestation, and biodiversity. Despite the importance of
smallholder coffee production, the sector faces important challenges such as high costs of
production, unstable market prices, and climate change.

Keyfindings
1. Sustainability of smallholder coffee production compared to large-scale plantations

Despite context-specific dynamics in the countries considered, smallholders' practices are currently
more environmentally sustainable than ones adopted by large-scale plantations. The latter are,
however, in a better position to take risks and quickly respond to market and legislative changes. The
environmental practices adopted by coffee growers are influenced by various structural conditions,
including farm size, labour availability and cost, technology, economic resources, land tenure, and
geographic location. Smallholders, often using family labour on small, remote, or mountainous
parcels, adopt different practices compared to large-scale plantations. These differences, especially
in management intensity and the use of shade, significantly impact the environment. With the
exception of Brazil, smallholders often use diverse shaded agroforestry systems that employ fewer
resources and inputs, while contributing to carbon sequestration, biodiversity, food security, and
climate adaptation and mitigation.

2. Environmental impact comparisons

1 Water: Coffee's impact on water resources mainly arises from irrigation and waste-water
management. While irrigation is mainly used by plantations, especially in Brazil, water
contamination from waste management is a more complex issue: smallholders in Colombia,
Nicaragua, and Honduras need maore technical support to reduce their environmental impact
due to prevalent wet processing methods. New technologies can reduce water pollution but
technical and financial assistance are needed to adopt them.

1 Energy: Small-scale producers generally use less energy compared to larger producers
because their farms are often less mechanised. In Brazil, both small and large farmers in
certain regions employ some mechanisation. Despite small farms being less mechanised,
energy use varies in the post-harvest phase.

1 GHG Emissions and Carbon Stocks: Different metrics used to account for GHG emissions make
comparisons difficult. Smallholder coffee production, especially when associated with
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agroforestry, has shown great potential for carbon stocks and emissions insetting, as
measured in a recent study conducted with Fairtrade-certified cooperatives in Honduras
(Lugo-Pérez, 2023; Burkey at al, 2023).

1 Deforestation: Both smallholder- and plantation-driven deforestation were identified as an
issue. Studies including a direct comparison suggest that larger farms have driven more
deforestation. While large-scale plantations are increasing their reforestation efforts in Brazil,
driven by legislation, smaller farms tend to have more on-farm forest cover, especially shaded
agroecological farms in Honduras and Nicaragua.

1 Biodiversity: the study findings clearly show that smallholder farms support greater
biodiversity, with a higher number of pollinators, low pesticide use and a higher portion of
natural vegetation in the farm. A key driver of higher biodiversity on small-scale farms are
shade trees, particularly multi-species systems, which increase the number of habitats and
resources for biodiversity .

3. Farmer-led data collection

There is an urgent need for participatory and farmer-led data collection methods that benefit
farmers, ensure data ownership, and add relevance to local contexts. Digital tools like Fairlnsight can
help farmers manage data, but farmers’ fair engagement should be further explored. Cooperatives
can play a key role in environmental data collection.

How Fairtrade supports smallholders

Fairtrade's Global Strategy 2021-2025 is based on agroecology and a sustainable agriculture
approach. Fairtrade promotes sustainable practices through the Fairtrade Standard for Small-scale
Producer Organizations (SP0s) (Fairtrade International, 2019), its Climate Standards (Fairtrade
International, 2015) and the Fairtrade Standards for Coffee (Fairtrade International, 2021a). The latter
foster organic production, with a differential for organic agriculture and agroecology. Fairtrade
Standards for Coffee include criteria to: protect forests and prevent deforestation on farms; assess
and mitigate deforestation risk; and prepare environmental risk assessments that identify issues
that may affect the climate resilience of member organisations. One third of Fairtrade's Trader
Standards include environmental aspects such as a safe use of agrochemicals, proper waste and
water management, and soil fertility. A stricter criterion has been applied to deforestation since
2019, with considerable benefits also for biodiversity. Moreover, Fairtrade-certified cooperatives in
the region operate to improve sustainability of the coffee sector. Examples include the SOPPEXCCA
Cooperative in Nicaragua and Grupo Asociativo San Isidro in Colombia (CLAC, 2015).

Conclusions angécommendations

Coffee farming is generally more environmentally sustainable than large-scale production,
especially when integrated with agroecological practices and certifications like Fairtrade. The
Fairtrade system can play a major role in addressing the climate crisis and the environmental
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sustainability of the coffee value chain, while pursuing fairer deals for smallholders and responding
to the needs of commercial partners. This can be done by means of:

1. Promoting farmer-led and owned environmental data collection to recognise and
communicate smallholders' environmental sustainability. This can be done in partnership with
Universities and other organisations.

2. Disseminating and systematising existing effective practices (for example in relation to
agroforestry) and technologies that some Producers’ Organisations are already using. This can
be done through Farmer to Farmer Pedagogies and farmers' field schools.

3. Designing ad hoc arrangements with commercial partners who are interested in reducing their
environmental impact, for instance, in terms of Scope 3 emissions. Paramount sustainability
issues should be faced jointly in the coffee value chain, and Fairtrade can play a central
coordinating role to do so.
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1. Introduction

1.1 Research scope and objectives

This study investigates the environmental sustainability of small-scale coffee production in five
Latin American countries, comparing its prospects for sustainability with that of larger-scale
production. This research aims to shed light on the link between environmental sustainability and
smallholder coffee production, showcasing some of the most promising practices already adopted
by growers and existing innovations, as well as some of the most pressing challenges, observed in
the sector. The study provides a comparison of smallholder and large-scale coffee production across
five closely linked environmental areas: water, energy, greenhouse gas emissions, deforestation and
biodiversity.

The research has a geographical focus on Brazil, Colombia, Peru, Nicaragua, and Honduras. The
study also includes insights on neighbouring countries where Fairtrade operates, if relevant to the
research scope. The study countries represent areas where the Fairtrade Foundation (FTF) is
particularly active, and where it works closely with the Latin American and Caribbean Network of
Fairtrade Small Producers and Workers (CLAC). This organisation, part of the Fairtrade International
system, represents about 1,000 Fairtrade-certified organisations in 20 countries across Latin
America and the Caribbean.

While the study includes some detail about coffee production in farms of different sizes and in
different contexts, a few overarching considerations should be kept in mind. The first is around the
inherent complexity of the coffee value chain. The natural challenges of coffee production, linked to
soil quality, climate variability and extreme weather events, as well as fluctuations in the coffee
price, are compounded by social challenges linked to poverty, migration and conflict, among others.
At the same time, the coffee sector in Latin America is rich in interesting innovations and effective
practices. Smallholders are often at the forefront of the fight against climate change, putting in place
micro-innovations that can support not just their own production, but global goals.

The research paper is structured in the following sections:

I Section 1 provides an introduction to the study, its research aims and research questions;

1 Section 2 outlines the methodology and limitations of the study;

1 Section 3 compares smallholder and large-scale production of coffee in five countries, across
five environmental dimensions, and briefly outlines social issues underlying the sector;

1 Section 4 provides an overview of farmer-led data collection processes and offers some
reflections on environmental data collection; and

1 Sections 5 explores its potential role going forward concluding with lessons learned and
recommendations for FTF to consider.

8—
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1.2 Background to the study

Smallholder farmers’ are central to the global coffee industry, producing approximately 60% of
worldwide supply (Siles et al., 2022). Fairtrade International has certified a total of 838,116
smallholder farmers in 656 Producer Organisations across 32 countries?. The organisation has
actively engaged in promoting environmental sustainability. The organisation is dedicated to
identifying the most effective methods for farmers and cooperatives to communicate their efforts
and enhance the recognition of their role in biodiversity protection, the provision of environmental
services, and the adaptation to and mitigation of climate change. This study on the environmental
sustainability of coffee in Brazil, Colombia, Honduras, Nicaragua and Peru provides relevant insights
and supports reflection on further action in this direction. In Central and Andean regions of Latin
America, indeed, most coffee farmers are smallholders who cultivate small plots, frequently in
combination with crops including maize and beans, fruit and timber trees. Their land often also
includes small-scale livestock production and small areas allocated to forest (Harvey et al., 2021).
The picture in Brazil is quite different (as further explored in Section 3.1), with considerable variation
across geographical regions and large and medium scale plantations, mostly using sun-grown and
mechanisation methods, accounting for 62% of coffee production (Sustainable Coffee Challenge,
n.d.).

Smallholder coffee production generates social and environmental benefits that have a ripple
effect beyond the coffee sector (Perfecto and Vandermeer, 2015). In most contexts included in our
study, smallholders produce coffee in diverse, shaded agroforestry systems contributing to
biodiversity, food security, and cultural conservation, as well as climate change mitigation through
carbon sequestration in plants and soils (Méndez et al., 2012; Toledo and Moguel, 2012; Perfecto and
Vandermeer, 2015; Guzmén-Luna et al., 2019). Farmer households also contribute to the livelihoods
and economies of their regions and countries through job creation and coffee exports (Jha et al., 2011;
Jezeer et al., 2017).

Despite its importance, the coffee sector faces key challenges due to economic, social and
environmental factors. The coffee production system is inherently complex, with three processing
stages and large distances between areas of production and consumption (ID3H). Other specific
challenges include high costs of production and unstable market prices (Siles et al., 2022). While

" The definition of smallholder farming is debated in the literature and context-dependent, therefore we did not adopt
a strict definition in terms of farm size. The Fairtrade Standards for SPOs defines family and small-scale farming as ‘a
means of organizing agricultural production which is managed and operated by a family and predominantly reliant on
family labor' and small-scale producers as ‘farmers who are not structurally dependent on permanent hired labour
and who manage their production activity mainly with family workforce’ (Fairtrade International, 2019). Fairtrade
defines smallholders as farmers whose land is equal or below 30ha (Fairtrade International, 2019). According the
calculation of the average land size per Fairtrade farmer with data available in its top 7 products dashboard, in the
countries considered for this study Fairtrade certified farms are of 3.2ha on average, with an average of 9ha per farm
in Brazil (Fairtrade International, n.d.). In this specific sentence, smallholders are considered as farmers cultivating
less than 5 ha.

2 https://www.fairtradeamerica.org/why-fairtrade/global-impact/reports-trends/coffee-impact-
report-2021/
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there is increasing consumer demand for more sustainable products, including coffee?, interviews
and a Panel of Experts’ workshop included in this study pointed to this still being insufficient to
encourage farmers to switch to certifications including Fairtrade. In addition, coffee production is
facing important and growing challenges due to climate change (Jawo et al., 2022), compounding
existing challenges due to disease, price fluctuations, living income, poverty and food security (Siles
et al., 2022). Some of the changes in production techniques and location, often due to climate change,
are leading to further issues with pests and a subsequent increase in the use of agrochemicals (ID1C).

While coffee demand has increased over the last two decades (1CO, 2022), some studies have
estimated that its production will exceed 200 million bags by 2030 (Ralph, 2022). Recent projections
point to a decrease (of up to 50%) in land suitable for Arabica cultivation by 2050 (Bunn et al., 2014),
with Brazil (especially Minas Gerais) and Central America particularly affected and identified by a
recent study as a climate hotspot for Fairtrade producers (Malek et al., 2021). According to this
research, as shown in Figure 1, in a moderate (RCP 4.5) Peru and Honduras, where Fairtrade coffee
production is significant in terms of volume, will be impacted by heating and drying. Peru and
Nicaragua will be particularly affected in terms of the number of farmers producing coffee. In Brazil
and Central America in general, according to Bunn et al. (2015), 80% of the land will indeed be
unsuitable for the crop by 2050.

RCP4.5
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Figure 1. Hotspots of climate change impacts based on Fairtrade coffee production and producer
numbers. Source (Malek et al., 2021)

Coffee is particularly affected by the rise in temperatures, unpredictable rainfalls, droughts and
extreme weather events (Barreto Peixoto et al., 2023). For instance, Brazil, responsible in 2022 for

3For example, see a recent article from Slow Food: https://www.slowfood.com/blog-and-news/coffee-for-good-
slow-food-glasgow/?INTERESSI=Coffee&tDONOR=NegroniFund
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40% of global coffee production, has already experienced frost and droughts in 2021, which affected
the whole value chain (Millard et al., 2021). Moreover, productivity and quality are threatened by
weeds and pests caused by the change in temperature. Resistance towards pesticides could further
worsen the problem (Ovalle-Rivera et al., 2015). Biodiversity loss will also result in a lack of
pollinators in some areas, decreasing the suitability of coffee cultivation and the quality of the yields
in those locations (Imbach et al., 2017).

Greater organisation and collaboration could support farmers to address some of these growing
challenges (Lerner et al., 2021), as further explored in Section 6. Ultimately, environmental issues are
inextricably linked to social, political and structural processes. A recognition of the social conflicts
surrounding land, productivity and environmental protection are necessary to support
transformation of the coffee sector. As this paper will show, there is much to be learned from the
practices, innovations and localised solutions that smallholders are already implementing in their
contexts. With further organisation and support, smallholders can be central in the efforts to adapt
to and mitigate climate change in rural areas of Latin America and beyond.

1.3 The role of Fairtrade and the rationale for the study

Coffee is particularly relevant to Fairtrade globally, as 46% of its registered farmers - all
smallholders” - are involved in the production of this crop (Fairtrade International, 2021). The
Fairtrade Global Strategy 2021-2025 and its Theory of Change call for a sustainable agriculture
approach adapted to different contexts and products to enhance climate resilience and foster
adaptation and mitigation (Development International & Fairtrade, 2022). This move towards more
sustainable agricultural systems is detailed in the Fairtrade Sustainable Agriculture Baseline Report,
which suggests that an agroecological approach® is the most suitable to the organisation’s vision and
mission, as it promotes agri-food systems transformation across social, economic and
environmental pillars (Development International & Fairtrade, 2022). An agroecological approach
gives clear theoretical foundation and strategic direction to the actions that Fairtrade can implement
to successfully integrate environmental sustainability in the work of the organisation.

Fairtrade promotes sustainable agricultural practices through the Fairtrade Standard for Small-scale
Producer Organizations (SP0s) (Fairtrade International, 2019), its Climate Standards (Fairtrade
International, 2015) and the Fairtrade Standards for Coffee (Fairtrade International, 2021a). The latter

% The Fairtrade Standards for SPOs define family and small-scale farming as “a means of organizing agricultural
production which is managed and operated by a family and predominantly reliant on family labour” and small scale
producers as “farmers who are not structurally dependent on permanent hired labour and who manage their
production activity mainly with family workforce". Fairtrade defines smallholders as farmers who own less than 30
hectares (ha). In the countries considered for this study Fairtrade certified farms are of 3.2ha on average, with an
average of 9ha per farm in Brazil (Fairtrade International, 2019).

5> Based on the definition of agroecology as: “an integrated approach that simultaneously applies
ecological and social concepts and principles to the design and management of food and agricultural
systems. It seeks to optimize the interactions between plants, animals, humans and the environment
while taking into consideration the social aspects that need to be addressed for a sustainable and fair
food system”. The definition, provided by FAQ, is available at:
https://www.fao.org/agroecology/overview/en/.
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fosters organic production, with a differential for organic agriculture and agroecology®. Organic
coffee receives a 40 cents/pound added by Fairtrade to the Minimum Price (or the market price when
higher) and Fairtrade Premium (Fairtrade International, 2018). Fairtrade Standards for coffee include
criteria to protect forests and prevent deforestation on farms; assess and mitigate deforestation
risk; and prepare environmental risk assessments that identify issues that may affect the
performance or climate resilience of farmer members. Moreover, one third of the Fairtrade Traders
Standards’ cover environmental aspects in the development requirements. Contrary to Fairtrade
core requirements, these are not necessary for producers to be certified but aim to foster their
engagement in certain activities® such as a safe use of agrochemicals, proper waste and water
management, the maintenance of soil fertility. A stricter criterion has been applied to deforestation
since 2019, with considerable benefits also for biodiversity. Fairtrade provides smallholders with
guidance to set up an Internal Control System (ICS) to meet the environmental requirements in the
Fairtrade Standard for Small-scale Producer Organizations®.

Fairtrade-certified cooperatives in the CLAC region already operate to improve the sustainability
of coffee in the study area. For instance, the Fairtrade-certified SOPPEXCCA Cooperative in
Nicaragua promotes good agricultural practices to face climate change, such as organic production
with low and timely use of agricultural inputs and agroforestry. At the level of water and energy use,
it promotes the use of micro-pumps for irrigation to improve water consumption and of coffee wet
mill processing stations equipped to transform pulp residues into organic fertilisers. Similarly, the
Fairtrade-certified Grupo Asociativo San Isidro in Colombia has purchased land to protect water and
forestry and increase the interconnectivity of forests in farmed land (CLAC, 2015).

Finally, Fairtrade has undertaken in 2015 some pilot studies on carbon calculation and the carbon
market. More recently, it commissioned a study on the different metrics and indicators that can be
adopted by the organisation to monitor progress against its agroecological strategy. Small-grain
data on deforestation, biodiversity, water, energy, greenhouse gas (GHG) emissions and carbon
insetting are needed to enhance the understanding of the sustainability of the coffee value chain and
to comply with new legislation, such as the recently introduced European Union Regulation on
Deforestation-free Products (EUDR). In addition to this, as part of the 2021-2025 strategy, which
includes a pillar on digital transformation, Fairtrade has put in place, together with the organisation

6 Agroecology, according to the FAOQ, “seeks to optimise the interactions between plants, animals, humans
and the environment while taking into consideration the social aspects that need to be addressed for a
sustainable and fair food system."(FAQ, 2015)

" These are described in detail here:
https://www.fairtrade.net/standard/trader#:~:text=1t%20defines%20rules%20around%20the,that%20contribute%
20t0%20producer%20empowerment.

8 For more information about core and developmental requirements:
https://www.fairtrade.net/standard/aims

9 For more information about Fairtrade ICS:
https://files.fairtrade.net/4.0_FLO_Training_Guide_for_Small_Farmers_on_Internal_Control_Systems.p
df
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AgUnity, the Fairlnsight data management tool'®. This supports farmers to manage and digitally
share data, for example on the use of the Fairtrade Premium, providing valuable information across
the supply chain.

However, despite these new tools, data collection, particularly for environmental topics, can prove
challenging in remote areas and farmers' data ownership is key to ensure fairness of the process.
Although digital tools can simplify the data collection process in certain contexts, applications
designed for smallholders run the risk, on the one hand, of delivering only top-down information
(which can be more or less relevant to local contexts). On the other, they risk being extractive, in
cases where farmers are required to give their data for traceability purposes (Hildago et al., 2023).
The possibility of benefiting farmers to compensate them for time-consuming data collection should
also be evaluated. To respond to this need, this study maps participatory and farmer-led techniques
to collect data on carbon and GHG emissions, water, energy use, and biodiversity loss. When
considering their further use, it's important to ensure these meet international accountability
standards while guaranteeing that environmental data are owned by and directly benefit farmers.
Both areas are explored in the report.

The analysis of the climate and environmental impact of coffee farming is particularly relevant and
timely for the organisation. The primary and secondary evidence collected through this study can
help to inform the Fairtrade system and external stakeholders about the current environmental
sustainability of smallholders in relation to large-scale growers. Moreover, it can enable internal
reflections on how to support producers to improve their environmental practices and adapt to
climate change. The data collected could also foster a reflection on how smallholders can benefit
from the role they are currently playing in environmental sustainability, climate mitigation and
adaptation while exploring future possibilities.

"0 For more information about Fairlnsight: https://clac-comerciojusto.org/fairinsightuna-herramienteen a-para-
difundir-el-impacto-del-comercio-justo/

B—



T

®
o
o

clac — FAIRTRACK

2. Studydesign and
methodology

2.1 Research aim and research questions

The present research took a multidisciplinary approach and was articulated in three steps:
1) systematic literature review: academic datasets were scanned for relevant academic literature;

2) primary data collection: primary data were collected through both interviews and two
workshops: one with CLAC staff, and the other with an interdisciplinary Panel of Experts; and

3) review of farmer-led data collection tools: an online search was conducted for academic and
grey literature on farmer-led sustainability data collection and data ownership.

Thematic experts were identified to provide guidance and technical inputs throughout the project.
The themes covered were i) the amount of energy used by smallholder and plantation agriculture; ii)
water consumption and pollution in relation to wet coffee production and the use of fertilisers in
smallholder and plantation agriculture; i) the levels of deforestation in the two systems of
production; iv) GHG emissions and carbon removal associated with smallholder and large-scale
farming; and v) the degree of biodiversity loss generated by smallholder and plantation farming and
the efforts to conserve, restore and regenerate ecosystems. The general hypothesis explored
through this study was that smallholder farming - especially when combined with agroecological
practices and several types of certifications, including organic and/or Fairtrade certification - is
overall more sustainable than plantation agriculture.

The study was structured to answer four main research questions:

1) What evidence exists on the environmental impacts (carbon emissions and stock, water
and energy use, biodiversity, deforestation) of smallholder coffee farming compared to
large-scale plantations in Latin America?

2) What are the main differences between smallholder and plantation coffee that drive
sustainability differences, and where is there room for improvement?

3) What is the current evidence in terms of participatory and farmer-led practices to collect
environmental data that are owned by smallholders?

4) How does FTF work align with the data collected through this study and what could be next
steps?

. -
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2.2 Systematititerature review methods and evidence base
characteristics

To undertake the systematic review, we followed published guidelines by the Collaboration for
Environmental Evidence, an open community of stakeholders promoting and delivering evidence
synthesis on environmental policy and practice issues (Collaboration for Environmental Evidence,
2018). The literature review focused on answering Research Question 1 outlined above.

The question was answered through two sub-questions comparing smallholder coffee to large-scale
plantations in Latin and Central America:

1. What is the evidence on the difference in environmental impacts between smallholders and
plantations?

2. How does the evidence relate to sun-grown vs. shade-grown coffee?

Annex 2 describes in detail the review protocol.

2.3 Primarydata collection

Our study included interviews with 35 respondents from the five sampled countries or experts on
coffee production in the Latin American region. The research sample also included an additional 10
participants to the workshop with CLAC staff members (see Annex 5). A high-level overview of
primary data collection can be found below. Detailed lists of interviewees and of workshop
participants are provided in Annex 3 and Annex 5 respectively.

The sample was composed as follows:

~

0 A Panel of Experts (PoE) comprising seven academics and other professionals with extensive
expertise in the coffee sector in the five sampled countries. Each participant in the PoE was
interviewed individually, participated in a two-hour validation workshop (see below) and
provided support in the report writing stage.

0 Atotal of 14 interviews with academics and researchers with a focus on different areas relating

to coffee production in the five countries.

0 A total of nine participants directly active in coffee production or in coffee producer
organisations in the five countries.

0 Atotal of five respondents representing members of the global Fairtrade system.

0 Ten CLAC staff members taking part in a workshop-based focus group discussion.

We also conducted two workshops, facilitated remotely through Miro software. The first workshop
took place on March 1, 2024, and consisted of a guided focus group discussion, including small group
discussions in two break-out rooms. The second workshop took place on March 15, 2024 and brought
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together seven members™ of the PoE to validate, further contextualise and add to our emerging
findings. Annex 5 includes further detail on the two workshops.

2.4 Analysis

We employed a deductive coding approach using Dedoose qualitative analysis software to identify
key themes emerging from the interviews and workshops, while we extracted data from published
texts for the literature review. All the qualitative interviews were transcribed (and translated when
needed), and securely stored.” While the two stages of literature review and primary data collection
are distinct components of the study, they are closely connected and have informed each other. After
analysing the interviews and literature review separately, we synthesised the results from both
strands of the research through ongoing internal discussions, as well as the PoE workshop (see
above). The synthesis of findings is reflected in all sections of the report.

2.5 Limitations and mitigations strategies

Our approach has several limitations which need to be taken into account when using the data to
inform decision-making. Nonetheless, we have identified mitigation strategies to deliver robust and
evidence-based findings. Limitations and mitigation strategies are outlined below.

Secondary data

When carrying out the literature review, we found few studies directly comparing large and small-
scale farms for the specified environmental outcomes. Because of this, we were unable to do any
further quantitative analysis on the data, such as meta-analysis. We mitigated this issue by
summarising the available evidence, and triangulating the information found through the literature
review with the qualitative data we collected on practices associated with farm sizes. For instance, if
in certain contexts smallholders were more often associated with shaded coffee and plantations
with sun, this helped us to make inferences about their environmental impacts based on literature
focusing on those techniques.

A second issue we experienced in the literature review was a high degree of variability in the
indicators and metrics used by different sources. Although many indicators appear to be similar,
there are some differentiating factors that make it difficult to compare or aggregate data, for
instance in the methodology employed in measuring GHG emissions.

" Please note that, due to availability, one member of the Panel of Experts, Dr. Quifionez-Ruiz, had to be replaced with
another respondent from Colombia during the PoE workshop, Dr. Bernal. Unfortunately, no expert focusing
specifically on Peru was able to participate in the PoE workshop, but we received detailed notes later on by a Peruvian
expert that we included in our analysis.

"2 All data were collected in respect of UK GDPR policies and in alignment with the rules and procedures of data
safety.
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A third issue was the lack of longitudinal data; namely, data collected from respondents at different
points in time. Longitudinal data, however, are important for deforestation, land use change and
carbon accounting.

In terms of the country sample, we found a clear bias of scientific literature towards more well-
researched countries (such as Brazil and Colombia) and outcomes (for instance, biodiversity). Most
studies were conducted in Colombia (n=37), followed by Brazil (n=28), Nicaragua (n=11), Honduras
(n=9) and Peru (n=8) (see Table 1). Of those that provided farm size, the median size for large-scale
farms was 62 hectares (ha) (range from 30 to 626 ha), while the median smallholding was 6 ha
(range from 0.5 to 30 ha).

Table 1. Distribution of included texts by study countr

Country Number of studies
Peru 8

Honduras 9

Nicaragua 1

Brazil 28

Colombia 37

Table 2. Number of included texts by study country and environmental outcome

Brazil Colombia Honduras Nicaragua

Water

GHG

Energy

Deforestation

Biodiversity

Within Brazil, a large part of the literature focused specifically on the Cerrado region and Minas
Gerais, which means findings reflected in the report may not be reflective of the situation in the
country as a whole. Moreaver, in many instances examining large-scale farms the research tends to
be biased towards more sustainable ones, perhaps because these are maore likely to engage in
academic partnerships and communicate their environmental sustainability. We mitigated this issue
by triangulating results with the primary data, reporting on the number of studies by country and
environmental outcome in the final review. Finally, we summarised the data overall by
environmental outcome, and only further by country where relevant.

Lastly, interest in environmental outcomes is a recent and rapidly growing area of research with
many uncertainties, a lack of evidence and coherent or standardised metrics for many aspects.
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Having carried out a systematic search means that this can continue to be updated if desired, and
more recent studies can be periodically added to improve the evidence base.

It's important to note that many of the challenges we experienced in our literature review were also
found in other studies trying to systematise data on the environmental sustainability of coffee
smallholder farmers.

Primary data

In relation to qualitative data collection, the main limitation of the study is that it was conducted
entirely remotely and with a limited possibility of interviewing farmers and Producers’ Organisations
(POs). This was due to several factors: i) the request from FTF and CLAC to not include Fairtrade-
certified cooperatives in the interviewee sample to reduce the research burden on cooperatives
during busy production seasons; ii) short duration of the research study and limited availability or
responsiveness from farmers and producers’ organisations during the research period; and iii) in
some cases, limited contact information available for producer organisations found through desk-
based research and snowball sampling. This resulted in a reliance on existing reporting and on
experts' opinions. This is particularly relevant for our second research question, which looks at the
role of farmers in environmental data collection. To further include producers' perspectives in future
studies, we would recommend including country-based data collection with a larger sample of
producers and POs.

A second limitation is linked to the composition of the PoE, due to their focus on specific areas and
themes. It should be noted that none of the experts had previously worked specifically on the
comparison between smallholder and plantation farming. To mitigate this, we relied on the
combined expertise of individual panel members. It was also not possible to include an expert
focusing specifically on coffee production in Peru within the PoE workshop discussions. We carried
out several interviews with experts in Peru, including academics and representatives of producer
organisations (see Annex 3).

Third, given the relatively short timeframe and small sample of respondents compared to the study's
thematic and geographical areas the study aims to cover, we anly provide an initial landscape
mapping of the climate and environmental impacts of smallholder coffee farming. Qur study includes
further steps that can be taken to further develop understanding of this complex issue and potential
next steps for environmental data collection (See Sections 4 and 5).

Finally, the study does not specifically assess the social and economic sustainability of coffee
production. We are aware that the three are deeply interconnected and that FTF's work addresses
social, economic, and environmental sustainability through the promotion of smallholder agriculture,
sustainable agriculture, and agroecological practices. We included sub-questions on the theme, and
cross-cutting findings are explored in Section 3.8.

'3 See, for example:
https://coffeesmallholder.org/docs/State%200f%20the%20Smallholder%20Coffee%20Farmer.pdf
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3. The sustainabllity of coffee
production: a comparison
between smallholder
agriculture and largescale
plantations

Section 3 synthesises the main study findings. Because of the research limitations highlighted in
Section 2.5, this section opens by presenting the significant variation across countries,
acknowledging there are important context-specific factors that influence environmental
sustainability (Section 3.1). We then present a general comparison reflecting on environmental
practices in relation to farm-size and different shade systems (Section 3.2). The subsequent
paragraphs further unpack environmental sustainability in relation to water (3.3), energy (3.4), GHG
emissions and carbon stocks (3.5), forest (3.6) and biodiversity (3.7). The section concludes by
highlighting the importance of agroforestry in relation to smallholders and the role they play for
social, economic and environmental sustainability, also in relation to climate adaptation and
mitigation (3.8).

3.1 Acknowledging diversity, regional differences and comntext
specific dynamics.

Our study is ambitious in its aims to compare small- and large-scale producers across a wide range
of countries. There are important geographical differences within our country sample - and across
regions in the same country - which determine both challenges faced in the sector, and widespread
means of production. This includes soil quality, altitude of coffee production, forest cover, distance
from the equator, among many other factors. The policy environment, the focus on coffee as a core
export, and on different types of practices and technical support to producers also vary across
countries.

Moreover, as highlighted in the study limitations, size is not the only variable influencing the
environmental sustainability of coffee production. This indeed interacts with other important factors
such as the management style - especially the presence and degree of shade - the fact that the
producer is certified (with one or multiple certifications) and/or uses conventional or organic
agriculture (IB14B). These variables are in turn driven by a range of issues including: i) farmers’
individual choices, especially for large and medium farms; ii) context-specific knowledge, dynamics
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and attitudes towards coffee cultivation, particularly important, for instance for indigenous coffee
growers; iii) national policies and legislation dealing with deforestation, price regulation, and/or land
tenure.

The following paragraphs provide a brief overview of the context of coffee production in the five
studied countries.

In Nicaragua, coffee production is mainly shaded and smallholders account for 96% of producers,
with an average farm size of 2.1 ha. Despite being only 4% of producers, larger farmers dominate
national production, with smallholders producing less than half (~40 %) of all coffee (USAID, 2017).
Washed Arabica exports account for 20% of the country's GDP and half of agricultural jobs. Coffee is
mainly produced in the areas of Jinotega, Matagalpa, and Las Segovias in the North Central region of
the country (Valkila, 2009).

In Honduras, the majority of coffee production is shaded (HICAFE, n.d.), with 95% of producers being
smallholders and an average farm size of 2.5 ha. Coffee production is categorised into traditional
diverse shade systems (35%), low diversity shade systems (45%), and full-sun production (20%)
(Jha et al., 2014). The country has increased its share of global Arabica production from 2.3% in the
1990s to 4% in the last decade. Coffee employs around one million people and is mainly produced in
the Central American Dry Corridor at altitudes above 900 meters (Bunn et al., 2018). Smallholders
diversify their income to prevent food insecurity during poor harvests (Anderzén et al., 2021).

Compared to Nicaragua, Honduras has more large-scale producers and resources for the coffee
sector, including the research institution HICAFE. Migration, both rural-urban and cross-country,
significantly impacts the coffee industry in both countries (Devoney, 2023). Neither government
regulates coffee prices and costs (IB29H).

In Peru, coffee cultivation is relatively recent and primarily occurs on the Eastern slopes of the
Andes, with an average farm size of about 2 ha. The majority of large producers are in Villa Rica and
its surroundings (IA17P), while 75% of producers are smallholders (WCR, n.d.a.). Peru is a global
leader in Fairtrade-certified and organic Arabica coffee. Small-scale plantations are often shaded by
native or forest trees and typically do not use inputs (IA17P). Recent efforts by various organisations
have aimed to improve productivity in these systems. Challenges include issues with representation,
cooperative organisation, and limited negotiation power (IB38P, IB12P).

Colombia, the second largest coffee exporting country worldwide, has a long history of coffee
production and, in 2022/2023, exported around 10.3 million 60-kg bags (USDA, 2023). Almost all
producers (96%) cultivate coffee on landholdings of less than 5 ha (ILO, 2022; Kalmanoff, 2021).
Colombian producers are well organised in cooperatives and associations. Research and rural
extension services are also carried out by the National Federation of Coffee Growers (FNC) but more
informal organisations are also widespread (ILO, 2022). The traditional coffee production region is
the Eje Cafetero, but coffee production in other regions, such as Huila, Cauca and Narifio
Departments is led almost entirely by smallholder producers (99%) L with an average of 0.97 ha.
These regions are known as the Quality Coffee Axis. In the northern part of the country, such as the
Sierra Nevada de Santa Marta, more environmentally-friendly coffee is produced (Quifiones Ruiz et
al., 2015). Recently, the Colombian government has started incorporating agroecological practices
into rural development policies, with Valle del Cauca expected to be among the first to implement
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these changes. Market pressures have driven producers to seek sustainable practices and
alternatives to traditional fertilisers due to rising costs (Coffee Geography Magazine, 2023).
Additionally, high coffee prices in recent years have led producers to prioritise harvesting over field
renovation.

Finally, in Brazil, coffee smallholders represent 75% of growers, with a farm size of around 5 ha.
Medium-sized (= 10 ha) and large (> 100 ha) plantations, the remaining 25%, account for 62% of total
production (Sustainable Coffee Challenge, n.d.). Brazil is characterised by important differences at
the regional level (IND5B, IB14B). The state of Minas Gerais accounts for 53% of total coffee
production and 70% of Arabica. In the Cerrado ecoregion, constituted by plain areas above 700
m.a.s.l., coffee cultivation is intensive, the production system is highly mechanised and full sun. It is
characterised mainly by monocultural large-scale plantations that often rely on irrigation. Around
30% of Brazilian smallholders are located in Minas Gerais state. Small-scale growers can also be
found in Sao Paulo and Espirito Santo state. In contrast, in the state of Bahia, mostly in its Western
areas, coffee cultivation began in the ‘70 and is generally speaking, highly mechanised and irrigated
with the highest productivity in the country (Martins et al, 2018). Smallholders, however, are also
present in the region. The definition of smallholders and family farming is debated and different
compared to other countries:

“[...] small in Brazil means different things depending on the region you are [in], and
depending of how low or how flat this is. [...] A family farmer in Brazil can be a family farmer
who owns 3 hectares, 5 hectares in the mountains, or a farmer that runs 30 hectares fully
mechanised. [...]" (ID4B)

Brazilian environmental laws are known for being stringent and advanced, although implementation
remains partially challenging (Carvalhaes et al., 2019). Moreover, even if most of coffee production is
conventional, organic production has increased in the past years in relation to internal and external
niche markets (Santos et al., 2023). Table 4 in Annex 3 provides a general comparison of
smallholders and large-scale plantations, challenges and recommendations for each country.

3.2 Smallholders, largscale plantations and sustainable practices

Despite context-specific dynamics, the interaction of different variables, the use of different
reporting metrics and current lack of data, especially in relation to large-scale plantations (see
Section 2.5), our primary data collection shows that smallholders’ practices are currently more
environmentally sustainable compared to the ones adopted by large-scale plantations. However, it
needs to be highlighted that large scale plantations have more resources in terms of social and
economic capital that place them in a better position to take risks and quickly respond to market and
legislative changes. They have more digital literacy and access to services that can support their
transition towards more environmentally sustainable practices. Moreover, for the same reasons,
they are able to effectively communicate their changes to different stakeholders of the value chain
(IA1B). Especially in Brazil, therefore, due mainly to market pressures, we are witnessing an initial
move towards the adoption of environmentally sustainable practices by some medium and large-
scale plantations (IA2B). Some examples of these practices are the adoption of biofuels for tractors
and solar powered mills to reduce large-scale plantations' carbon emission but also the adoption of
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agroecological practices and conservation or regenerative agriculture conducted by medium and
large producers (IA2B).

Nonetheless, at present and at a systemic level, the environmental practices adopted by coffee
growers are driven by structural conditions: farm size, but also labour, technology use, availability of
economic resources, land tenure and finally, farm geographical location and agroecological
conditions.” The use of family labour in small parcels of land, often located in slopes or mountainous
remote areas, means that the practices adopted by smallholders differ sharply from the practices
normally used in large-scale plantations. This difference is mainly driven by the intensity of
management and the presence of shade and significantly influences environmental impact.

The intensity of management concerns two main practices: i) the adoption of chemical inputs, which
can cause soil and water pollution, drive carbon emissions and biodiversity loss and risks, in certain
cases, to be detrimental for human health (Zhang et al, 2018; FAQ, 2023); and ii) the farm
mechanisation, the use of technologies for field preparation, harvesting and post-harvesting
treatments and, in some cases, mechanised irrigation. Both are discussed below.

Use of fertilisers, herbicides, pesticides and other chemical inputs

Smallholders use less or no fertilisers, mainly because of their high price. Many small-scale growers
are indeed ‘organic by default’ - they cannot afford and/or access external inputs and they therefore
have to practice organic production (e.g. Gibbon, 2006) - in all the studied countries, but especially in
Nicaragua and Honduras. In addition to this, a highly biodiverse farm with agroforestry does not
require the same quantity of chemical inputs and, in certain cases, it might not require them at all. As
far as pesticides are concerned, the use of the same coffee variety grown as a monoculture can
increase pest resistance in the long term, therefore creating dependence from chemical inputs in
monocultures. Moreover, as emerged from interviews with producers, smallholders have an interest
in protecting the health of their family and the environmental conditions of the place where they live.

Finally, due to their high mechanisation, Large- 1NN
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