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1. Introduction
Forests provide vital ecosystem services and goods, which are essential to enable life on earth. Tropical
forests occupy a central role in this context as they host the largest areas of primary forests globally.
Despite the important function in regulating climate and weather patterns, and providing a vast refuge for
biodiversity, global forested areas continue to decrease (Hansen et al., 2013; FAO, 2020).

With a growing human population, expected to reach more than 9 billion by the mid of the century (United
Nations, 2017), pressure on natural systems and forest habitats are expected to increase. One of the key
challenges of the future is therefore to provide food and resources for a growing world population without
undermining the natural environment at its basis. In order to safeguard forests and the life supporting
services they provide, it is important to identify strategies, where the production of food and the
conservation of natural diversity do not stand in conflict with one another.

1.1. Problem Statement
The food and agriculture sector is the major driver behind deforestation and contributes significantly to the
global loss of forest cover (Hosonuma et al., 2012). Coffee and Cocoa, which are major commodity goods
in global supply chains, play an essential role in this context as relevant drivers of deforestation in many
tropical countries (Hoang & Kanemoto, 2021). At the same time, agriculture and the cocoa and coffee
sector rely on essential ecosystem services, provided by intact forest systems (Steffan-Dewenter et al.,
2007). A continuous deterioration of forests and forest biodiversity poses a major challenge to the future of
agriculture and our food systems and threatens the livelihoods of many farming households. The effects of
global climate change, which are amplified by a rapid decrease of intact forest cover as a natural carbon
sink, additionally weigh heavy in this context and pose a significant threat to cocoa and coffee production
(Bunn et al. 2015; Laderach. et al., 2011). The protection of forest and tree covered habitat is therefore vital
to safeguard both global food production and the health of natural ecosystems and biodiversity.

While for many years natural habitat protection and food production have been treated as mutually
exclusive, there are growing efforts to consolidate the two: Agroforestry practices have gained growing
recognition over recent years, as a possible response to the many challenges concerning sustainable food
production in a resource constraint environment and the rehabilitation of tree cover particularly in tropical
regions (Steffan-Dewenter et al. 2007; Tscharnke et al., 2011, Rueda et al. 2014). Agroforestry systems are
built around the notion of integrating agriculture within tree covered systems to benefit productivity, while
at the same time producing some of the services and goods traditionally attributed to a forest. While
agroforestry systems cannot substitute the diversity and richness of natural forests entirely, they can
contribute to the rehabilitation of some forest derived ecosystem services and goods (Obeng & Aguilar,
2015; Perfecto et al., 2005). While agroforestry systems have been recognized as important interventions
for the conservation of tree covered habitat and farm resilience particularly in tropical regions,
consolidated efforts to promote agroforestry along global supply chains have been relatively sparse.

Growing consumer awareness about the impact of consumption patterns on the natural environment has
caused a rapid development of a sustainable food industry (Potts et al., 2014). Sustainability certification
has come to play a major role in this context, as the principal mechanisms by which the production and
trade of sustainable food is regulated. While several voluntary sustainability standards have emerged over
recent years, which are targeted to promote biodiversity conservation and tree cover protection in
agricultural production systems, the landscape is scattered and presents multiple approaches in the absence
of a clear formulation of certification principles (Potts et al., 2014). At present, the existing frameworks
provide limited grounds for a reliable system that enables consumers to detect products that are produced
in agroforestry systems along global supply chains.
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1.2. Aim
The aim of this research is to assess the effectiveness of existing agroforestry standards to support the
protection and rehabilitation of tree cover in cocoa and coffee production systems and to formulate
recommendations for improved framework conditions in agroforestry certification.

To understand the dynamics around cocoa and coffee production systems and global tree cover loss in
tropical regions, a thorough analysis of changes in tree cover and crop production in major coffee and
cocoa producing countries is conducted. The analysis sets the basis to assess agroforestry certification
standards as a potential mechanism to halt tree cover loss and support forest ecosystem restoration on
agricultural land. A comparative analysis of the Rainforest Alliance and Bird Friendly Standards, as two
prominent agroforestry certification systems, is further conducted to assess whether existing standards
provide a reliable framework to verify and systematically promote the production of coffee and cocoa
under diverse shade cover.

To analyse the intricate relation between agroforestry practices and efforts to conserve tree cover in tropical
regions, the research will build upon the sustainable livelihoods framework to evaluate requirements as
well as presumed benefits of agroforestry certification on the capital base of coffee and cocoa producers
and the expected ramification on tree cover protection on agricultural lands.

1.3. Research Questions and Hypothesis
In evaluating the potential of agroforestry certification to effectively support tree cover protection and
restoration on agricultural land in the cocoa and coffee value chains, the research seeks to answers the key
research question:

1. How do existing agroforestry certification schemes along tropical value chains contribute towards
the protection and restoration of tree cover on farmland?

The research will further explore the questions:

1. Do existing certification schemes provide a viable mechanism that creates incentives for farming
households to adopt or maintain agroforestry practices?

2. Are certification criteria and mechanisms effective in halting deforestation?
3. Are certification criteria and mechanisms effectively supporting tree cover growth on agricultural

land?

The research builds on the hypothesis that:

Certification systems can provide a viable strategy to support agroforestry practices along cocoa and coffee
value chains and to promote tree cover growth and (forest) ecosystem restoration in tropical production
systems.

1.4. Structure
Following the introduction, and an overview of the study focus and previous research that has been
conducted, the second chapter will present relevant concepts and definitions, which will be adopted
throughout the thesis. A discussion of the concepts of forests, agroforestry and certification will lay the
groundwork to later assess the potential of agroforestry certification to support tree cover growth and
ecosystem restoration on agricultural land. In the second part of the first chapter the sustainable livelihoods
framework (Scoones, 1998) is introduced, which will function as the analytical lens through which the
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benefits of cocoa and coffee agroforestry certification and the impacts at farm and ecosystem level will be
assessed.

The third chapter presents an overview of relevant background information and literature on the current
state of research and policy in relation to the study topic. A systems approach facilitates a more holistic
view in which social and economic factors are considered alongside ecological criteria that motivate efforts
around forest protection and the adoption of agroforestry practices. The background chapter spans the
overall topics of forests, agroforestry systems and coffee and cocoa production. The chapter provides an
overview of the current state of global forests and forest ecosystems with a special focus on tropical
regions, before diving into the different drivers of deforestation and forest cover loss on a global scale. A
brief introduction to the scope and different ecosystem benefits provided in agroforestry systems as well as
the impact on global tree cover loss is provided to assess the viability of agroforestry certification criteria
to promote ecosystem restoration towards the later part of this work. An overview of coffee and cocoa
production systems will help to better assess certification and shade cover requirements in the later part of
the study.

The fourth chapter outlines the data sources and methods which have been deployed as part of the research
and highlights the manner in which data and relevant information have been compiled and assessed for the
purpose of the study. The chapter equally outlines challenges and potential weak points, which might be
encountered based on the selected datasets and research methodology.

The fifth chapter of this work presents the results and analysis of the research findings on tree cover loss in
the major coffee and cocoa producing countries and different certification systems in the cocoa and coffee
sector. The analysis is divided into two sections: In the first part, tree cover loss is illustrated alongside data
on changes in coffee and cocoa production and harvest area between 2001 and 2019 in each of the ten
major coffee and cocoa producing countries. The analysis aims to inform about a potential relation between
coffee and cocoa production and tree cover loss over a 19-year period. The second part of the chapter is an
analysis of two certification schemes, the Rainforest Alliance and the Bird Friendly standard. The two
schemes are analysed and compared in order to assess their effectiveness in promoting tree cover
protection and restoration in coca and coffee production systems.

The sixth chapter finally presents the discussion of the research findings. The sustainable livelihoods
framework, (Scoones, 1998) introduced in chapter two, provides the theoretical outline to discuss the
potential of agroforestry certification to halt global tree cover loss in cocoa and coffee production systems.
The discussion is set around an assessment of the impacts of agroforestry certification on the human, social
and economic capital base of farmers and the expected implications of certification on livelihood pathways
of coffee and cocoa farmers and related effects on tree cover and biodiversity in production systems. The
previous analysis of the global dynamics between tree cover loss and productivity of coffee and cocoa
production sets the basis to understand the potential scope and impacts of effective agroforestry
certification systems.

In the final chapter, relevant conclusions are drawn from the above analysis and formulated into concrete
recommendations for the effective design of agroforestry certification systems, which can prove relevant to
halt the current trends of deforestation and tree cover loss in tropical countries caused by an ongoing
expansion and intensification of production systems.

1.4. Delimitations
The research at hand presents a comparative study of existing agroforestry certification systems and a
statistical data analysis of tree cover loss and production patterns in major coffee and cocoa producing
countries. As a desk study, the research is limited to the information and data sources available. While an
empirical investigation into the topic would be of great value and provide additional information on the
economic and ecologic impacts of agroforestry certification both at farm and landscape level, this study
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instead focused on the analysis of data sources, which inform about interrelations between crop production
and tree cover loss at the global level and theoretical consideration with regard to the impact of
certification on the capital base of producers. Nevertheless, further empirical research is required to add to
the existing literature and to generate a better understanding of the actual benefits of agroforestry
certification on farm income and ecosystem health in coffee and cocoa production countries.

The comparative analysis of existing agroforestry standards does not cover all certification systems, but
focuses on the analysis of certification criteria and biodiversity requirements of the Bird Friendly and
Rainforest Alliance standards as the two most prominent agroforestry certification schemes in the cocoa
and coffee sectors. Additional sustainability certification schemes have emerged on a smaller scale in
recent years, which bear reference to agroforestry production (e.g., Fair Wild, Regenerative Organic). As
adoption in the cocoa and coffee sector is still marginal and does not explicitly target agroforestry
production systems, the research focuses on the analysis of the more prominent standards instead. A
comparative analysis of other sustainability standards in forestry and agriculture could provide relevant
insights and learnings for agroforestry certification, but goes beyond the scope of this study.

As part of this research, the analysis of tree cover in major cocoa and coffee producing countries is based
on the study of datasets on global tree cover loss accessed through the Global Forest Watch platform
(Hansen et al., 2013). While the data provides a unique source of information on overall changes in tree
cover at a global scale, the datasets are limited in terms of their technical capacities to measure changes in
tree cover at a scale of 30 × 30 metre resolution (more information on the scope and quality of assessed
datasets is provided in chapter 3). Furthermore, the available information primarily informs about an
overall loss of tree cover and is less suitable to detect forest deterioration or the conversion of primary
forests to tree plantations of lower biological quality (Chazdon et al., 2016).

In a similar manner the study of coffee and cocoa production in major producing countries relies on
available datasets accessed through the Food and Agriculture Organization Corporate Statistical Database
(FAOSTAT). Details on production volumes and harvest area for both cocoa and coffee rely on statistical
data contributions from member countries. In the absence of official statistics, missing data is imputed on
the basis of aggregated data points in order to generate coherent datasets (more details in chapter 3). Whilst
the methodology provides the advantage of comprehensive information about production outputs and
harvest areas at global level, individual data retrieved through the FAOSTAT platform cannot be fully
verified.

Nevertheless, both datasets combined provide a valuable source of information, which reveal highly
interesting patterns and dynamics related to changes in crop production and tree cover loss in major cocoa
and coffee producing regions (Appendix I). Yet, the available data fails to provide sufficient information to
distinguish between the effects of individual crops on tree cover loss in each country. Further research
would be necessary to assess the impacts of single crops and changes in the national production portfolio
on tree cover loss in each country. Additionally, the information provided in this research does not allow us
to draw conclusions about different production systems and shade gradients of the same crop and their
effects on tree cover loss. For a more thorough understanding of the impact of different cocoa and coffee
production systems on tree cover loss, again further research would be required to assess the direct
contribution of cocoa and coffee production to deforestation and tree cover loss at country level.

1.5. Previous Research
Agroforestry, as the practice of cultivating crops in diverse systems in combination with tree cover, has
received growing attention in the scientific community, with numerous publications focusing on the
impacts of agroforestry and agroforestry certification on livelihoods and farm income on one side, and on
the ecological impacts on biodiversity and tree cover on the other. The impacts of coffee and cocoa
agroforestry on biodiversity and ecosystem services have been studied amongst others by Perfecto et al.
(1996); Priess et al. (2007); Schroth et al. (2013) Jha et al. (2014) and Obeng & Aguilar (2014), with an
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overall benefit of agroforestry practices on biodiversity and tree cover habitat attested in comparison to
conventional cropping systems, but with lower results compared to natural forests.

A general analysis of the existing landscape of agroforestry certification schemes and their limitations are
outlined by Elevitch et al. (2018) as the basis for the formulation of recommendations for regenerative
agroforestry standards. The relevance of a landscape approach to agroforestry certification to achieve
broader impacts in terms of tropical biodiversity conservation, is highlighted by Tscharnke et al. (2015). In
an approach similar to the thesis at hand, Bray and Neilson (2017) build on the sustainable livelihood
framework to provide a detailed account of the impacts of certification on smallholder livelihoods assets.
In this context the existence of prior assets at farm and cooperative level are identified as necessary
requirements to successfully benefit from certification. The livelihood framework was equally adopted in
the research by Fenger et al. (2017) to study the impacts of Rainforest Alliance (RA) certification on cocoa
farmers in Ghana. Beyond direct financial benefits, the research highlights positive impacts on the natural
capital base and institutional linkages and capacities at farmer level. The impacts of coffee certification on
livelihoods are studied by Vellema et al. (2015), who observe an increased specialization on coffee
production as a result of certification, which does result in a change of the income portfolio, but does not
necessarily translate into higher incomes for producers. In a similar manner the review of existing research
on the impacts of certification of coffee, cocoa and other tropical food commodities at farm level by
DeFries et al. (2017) affirms that increased revenues from certification do not necessarily translate into
higher incomes for farmers as a result of additional costs for certification. A study on coffee agroforestry
systems in El Salvador (Gobbi, 200) focuses on the financial viability of certification under different shade
regimes and found that certification provided benefits along the spectrum of agroforestry systems, but
highlights the necessity to assist smallholder producers to access certification. To identify the marginal cost
of ecosystem services, which are identified as the basis to define appropriate payments for ecosystem
services in agroforestry systems, the relation between marketed outputs and ecosystem services are studied
by Benjamin & Sauer (2018) in Kenya.

The impacts of Rainforest Alliance certification on tree cover and forest connectivity are studied by Rueda,
Thomas & Lambin (2015) on coffee farms in Columbia based on geospatial data and found a net positive
impact of certification on tree cover on certified farms compared with non-certified farms. The relation
between carbon stocks and cocoa yields is evaluated in Somarriba et al. (2014) and formulated as the basis
for recommendations of certification of cocoa production systems. The impacts of wild coffee certification
on forest quality and tree cover in Ethiopia is researched by Takashi & Todo (2017) and found a positive
impact on tree cover in certified coffee forests, including spillover effects on uncertified the surrounding
forest areas. Research in Indonesia by Clough et al. (2009) suggests that relatively high biodiversity and
high yields can be generated in diverse agroforestry systems under appropriate management conditions and
with moderate shade cover. Similar findings by Dewenter et al. (2007) affirm that low-shade cacao
agroforestry systems can provide high yields with limited ecological losses. Contrastingly, the analysis of
different shade cover and biodiversity requirements of agroforestry certification standards by Mas &
Dietsch (2004) along a spectrum of agroforestry systems in Mexico, found that significantly greater levels
of bird and butterfly diversity were only found in low yielding rustic farms.

2. Conceptual and Theoretical Frameworks
The following chapter outlines relevant concepts and definitions, as applied in the context of this research
and elaborates on the sustainable livelihoods framework as the theoretical lens, by which the analysis of
agroforestry certification systems in coffee and cocoa systems is conducted. In the first part of the chapter
the concepts of forests, agroforestry and certification as applied in this research are outlined before the
sustainable livelihood framework as coined by Scoones (1998) is introduced in the second half.
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2.1. What is a Forest?
Forests are commonly referred to as areas of land where there is a permanent tree cover that dominates the
landscape. While the concept of a forest appears self-explanatory at first sight, the definition leaves
considerable room for interpretation. Definitions of forests vary depending on the minimum level of tree
canopy in what is classified as forest, but also the size of the area itself and the system of land use. Forests
can describe different types of tree cover ranging from monoculture tree plantations to dense and diverse
old growth and primary forests (Sasaki & Putz, 2009).

Our conceptual understanding and definition of forests, fundamentally impacts policy making and shapes
global efforts to conserve and rehabilitate tree cover (Chazdon et al., 2016). Additionally, the definition of
what defines as a forest directly affects statistical assessments and forest inventories, which again further
inform future decision making on both global and regional levels. Estimates on global forest cover and
trends around forest loss vary significantly on the basis of the underlying definition. A transparent and
informed understanding of what is defined as a forest is therefore essential for any discussion around
deforestation, tree cover loss and rehabilitation.

The FAO global definition of forests presents the dominant conceptual paradigm adopted across various
organisations and disciplines to define the standards of what is referred to as a forest. The definition sets
the basis for a magnitude of global reporting and policy recommendations and has been adopted with slight
variations as part of the United Nations Framework Convention on Climate Change (UNFCCC) the United
Nations Convention on Biological Diversity (UN-CBD) and the International Union of Forest Research
Organizations (IUFRO) and many more organisations (Chazdon et al., 2016).

The FAO definition defines a forest as “land spanning more than 0.5 hectares with trees higher than 5
meters and a canopy cover of more than 10 percent, or trees able to reach these thresholds in situ. It does
not include land that is predominantly under agricultural or urban land use.” (FAO, 2019, p. 180). The
definition further includes land, where tree cover is temporarily removed as an effect of natural disasters,
or as a result of forest management strategies (clear cutting), but can be expected to reach the defined
parameters within a period of five years (FAO, 2019). It also encompasses young plantations and
abandoned shifting cultivations below the outlined parameters, as long as they are expected to reach
required height within the timespan of five years. We can see from this that the definition of a forest does
not so much relate to the physical presence of a permanent tree cover, but rather refers to the dominant land
use system, within a given period of five years (Chazdon et al., 2016).

The FAO forest definition does refer to both land use and land cover but does not make any further
reference to the quality of the forest at stake. The implications of underlying forest definitions have far
reaching consequences for forest and biodiversity conservation: The current FAO definition of forests does
not differentiate between a young tree plantation and a dense natural forest. The definition is therefore less
suitable to act as a measure to account for forest degradation (Sasaki & Putz, 2009). Furthermore under the
current definition limited incentives are provided to increase tree canopy beyond a limited threshold of 10
percent. Global statistics on forest cover loss have therefore been widely criticized for failing to account
for high rates of natural forest conversion especially in tropical countries under the current forest definition
(Sasaki & Putz, 2009).

The definition of a forest excludes “tree stands in agricultural production systems, such as fruit-tree
plantations, oil-palm plantations, olive orchards and agroforestry systems when crops are grown under tree
cover” (FAO, 2019, p. 180). Agroforestry systems can be classified as forests per FAO definition only until
the fifth year after forest establishment. A tree stand with coffee grown in the understory of equal or even
higher tree density and biodiversity compared to a neighboring forest, would not qualify as a forest based
on FAO criteria. On the contrary a forest, in which tree density and associated biodiversity has decreased
significantly (remaining within the required FAO parameters), would continue to be classified as a forest.
This characteristic of the FAO forest definition is of particular interest in the context of agroforestry
certification, as it provides lower tree diversity and tree cover requirements than some agroforestry
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certification schemes assessed in this research. Yet, agroforestry production systems are excluded from the
definition of a forest irrespective of the level of tree cover gradient and biodiversity after a transitional
phase.

The FAO definition of forests was amended between 1990 and 2000, to reduce required tree height from 7
to 5 meters, the minimum tree cover from 20 to 10 percent and the minimum surface area from 1 to 0.5 ha.
As a result, the reported estimated global forest area increased by about 10 percent in the same period
(Chazdon, 2016). We can see from this, that the definition of a forest is not as clear cut as one might expect
and leaves considerable room for interpretation. The spectrum of what is defined as a forest is broad and
can entail tree covered land of various degrees, and even areas, which are (temporarily) depleted of trees.
Forests (as per FAO definition) are therefore not to be equalled with land under permanent tree cover, but
simultaneously refer to the system of land use, which explicitly excludes land with tree cover under
agricultural use. Agroforestry systems, which are built around the principle of incorporation of permanent
tree cover into the productive system, are generally not incorporated in the definition irrespective of the
level of tree cover. This again has far reaching implications, and provides strong barriers for the promotion
of sustainable agroforestry production in existing tree based production systems. If we are to engage in a
discussion about agroforestry as a potential mechanism for forest protection and reforestation, it is vital to
be aware of the contested notion of what a forest is, and to account for the competing definitions at stake.

2.2. Agroforestry
While the practice of incorporating trees into the agriculture system is not new and can be found in many
traditional and indigenous farming systems, the concept and terminology as such first emerged in the 1970s
(King, 1987). The term ‘agroforestry’ is today generally referred to as a land use system, which features
the intentional incorporation of trees and woody perennials into the production system (Wilson & Lovell,
2016). While there is a general understanding of agroforestry as a “land use that combines aspects of
agriculture and forestry” (Van Noordwijk, Coe & Sinclair, 2016), the terminology does not describe a fixed
concept but can be applied to a broad spectrum of land use technologies of varying tree cover gradients
combining forestry, agriculture and/ or animal husbandry. Zomer et al. (2014) build on the FAO definition
of forests and define agroforestry as a land with a tree cover of at least ten percent. While the FAO forest
definition explicitly excludes trees on agricultural land, in this context agroforestry is classified as a land
use system which combines the two. The contrasting definitions of agroforestry as a system which
integrates agricultural production and tree cover growth on one side and the dominant definitions of forests
in accordance with FAO criteria, which explicitly excludes agroforestry and any form of agricultural
production from forestry by definition, highlight the inherent conflict as two concepts which are seen either
as compatible or mutually exclusive.

Agroforestry systems can be characterised as multi story and multifunctional production systems, which
mimic to some degree the functions and processes of a natural forest. The system design is usually targeted
to simultaneously provide benefits to the productive output of the system, as well as some of the ecosystem
services traditionally attributed to a forest. The different agroforestry systems are classified by Nair (1985)
as agrisilvicultural (crops and trees) silvopastoral (animals and trees) agrosilvopastoral (crops, animals
and trees). While more prominent in the tropics, agroforestry systems can be found across various climate
zones of different complexities ranging from small scale home gardens to intensive polyculture systems
operating on commercial scales. Their design is highly dependent on both the climatic and well as socio
economic conditions of a place and can range from complex multi strata systems of various crop types to
more simplistic systems featuring a single tree type. Perfecto et al. (2005) deploys a five stage
categorization of different shade cover gradients in coffee production systems ranging from (a) no shade in
unshaded monocultures to (b) 10-30 % shade cover in shaded monocultures to (c) 30- 40 % in commercial
polycultures (d) 40-70 % in traditional polyculture systems and 70-100 % in rustic agroforestry systems
(Figure 1). It is important to account for the heterogeneity and diverging biodiversity of agroforestry
systems, when discussing the potential of agroforestry certification to protect tree cover and biodiversity, as
it presents us with a wide range of production systems that can equally be labelled as agroforestry.
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Other definitions of agroforestry have put emphasis on the classification according to different agroforestry
practices such as alley cropping, windbreaks or silvopasture and their temporal and spatial relation towards
each other (Sinclair, 1999). While these classifications provide valuable insights about the design and
functions of a system, this research will instead build on a broader definition of agroforestry as a system,
based on three key characteristics: 1) the existence of at least two plant species and their biological
interaction 2) the classification of at least one of the species as woody perennial or tree and 3) the
management of at least one species for forage or annual/ perennial crop production (Somarriba, 1992).
While the definition only sets a rough framework and does not rule out dispute over definitions of singular
use cases, it captures key characteristics of an agroforestry system and provides a basic setting for further
discussion.

Production System Shade cover

Rustic System 70 - 100%

Traditional Polyculture 40 - 70%

Commercial Polyculture 30 - 40%

Shaded Monoculture 10 - 30%

Unshaded Monoculture no shade cover

Fig. 1. Schematic presentation of different agroforestry shade regimes (modified from Perfecto et al. 2005).

2.3. Certification
Sustainability certification schemes have emerged in recent years in response to growing concerns over the
negative environmental effects of unsustainable farming and forestry practices and an increased consumer
awareness around social and environmental challenges along global supply chains (Potts et al., 2014;
DeFries et al., 2017; Bray & Neilson, 2017; Millard, 2011). Voluntary sustainability standards deploy
market mechanisms to address these challenges and promote sustainable production processes across
various sectors and commodities (Potts et al., 2014). Certification systems first gained major public
attention in the 1990s, and were advocated as a system that would fill critical gaps in environmental policy
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and governance (Tscharntke et al. 2015). Sustainability commitments have become an integral part of
modern business strategy (Millard, 2011). Over the last decades, voluntary standards have claimed an
increasingly important role in regulating global supply chains and have become recognized as a
complementary approach to policy interventions.
Sustainability certification encompasses a broad spectrum of initiatives, with varying degrees of autonomy
and integration with external regulatory frameworks. They present a vehicle to communicate improved
sustainability performance based on a defined set of framework conditions (DeFries et al., 2017; Millard,
2011). This process usually involves on one hand the establishment of benchmark criteria for audits and
certification, and a system of cost sharing for improved social and environmental sustainability
performance of producers on the other. Voluntary sustainability standards enable producers to distinguish
production patterns in terms of social and environmental performance, and allow businesses to market their
product on the basis of the same sustainability criteria. In that way it presents a mechanism to correct a
market imbalance and accounts for social and environmental costs in the process of production (Potts et al.,
2014). Voluntary sustainability certification relies on the trust of consumers in the credibility and
accountability of procedures and institutions responsible for monitoring the production. Most voluntary
sustainability standards are accredited through the International Social and Environmental Accreditation
and Labeling Alliance (ISEAL). ISEAL is the recognized accreditation authority for voluntary certification
systems (Millard, 2011).

Traceability systems form an integral part of sustainability certification and describe the system in place,
which allows to track a certified product back to origin. Simultaneously traceability systems provide the
framework to monitor the quantities of certified product sales and present an important vehicle to avoid
fraud. But traceability is not only an instrument to monitor or control supply chains, but also presents a
mechanism, which enables producers to differentiate their product on the basis of geographic, agronomic,
climatic or social criteria. It thereby forms the very basis of any form of sustainability labelling and enables
to build trust between producers, supply chain actors and consumers. Various sustainability standards
require separate Chain of custody (CoC) traceability certification, in order to verify that products are
marketed in accordance with set rules and regulations (Potts et al., 2014).

The certification of production systems can offer various benefits to producers ranging from improved
access to markets to more reliable sales partnerships, premium prices or a minimum price guarantee. It can
also facilitate access to improved knowledge and skillsets around good agricultural practices and business
skills and improved institutional and administrative capacity, which in turn positively impact both farm
productivity and profitability (Fenger et al., 2017). Nevertheless, certification systems once applied to a
broad scale can also function as market entry barriers, particularly for farmers with limited resources, and
can put additional financial burden on producers, if sustainable farming practices are not adequately
compensated for (Bray & Neilson, 2017). These dynamics will be elaborated on more thoroughly towards
a later part of the research.

2.3.1. Process and Performance-based Certification
Sustainability standards and certification can roughly be separated into two categories: process based
standards and performance based standards (Potts et al., 2014). Both systems build on opposing approaches
to promote improved sustainability performance along global supply chains. A performance based standard
presents a classical approach and defines clear sustainability outcomes that need to be achieved in order to
acquire certification. Process based sustainability standards on the contrary define required practices and
management systems that support improved sustainability performance in their implementation, but do not
formulate concrete targets that need to be met. Instead of focussing on static sustainability criteria, process
oriented standards promote a continual improvement of production systems (Potts et al., 2014). Even
though both systems present opposing approaches, it is difficult to clearly differentiate between the two, as
many sustainability standards equally deploy elements of the two. While the flexibility of process based
standards provides more room for context specific adaptation and gradual improvement, the system also
faces bigger challenges to verify coherency and consistency amongst certified producers.
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2.3.2. Third Party Certification and Auditing

The majority of sustainability certification (or in some cases verification of claims) is conducted by third
party certification bodies. Third party certification is referred to as the practise, in which neither the
producer (first party) nor the party who is responsible for setting the standard (second party) is responsible
for verifying the claims (Vellema et al., 2015). Instead a ‘third party’ is commissioned to verify production
standards in accordance with previously set requirements (Potts et al., 2014). Third party auditors need to
be formally accredited in order to become authorized certification bodies. It qualifies the entity to perform
conformity assessments and to verify the producers compliance with a given sustainability standard
(Millard, 2011). While third party certification remains the dominant paradigm for certification processes,
self assessment and first party evaluation are becoming increasingly relevant as mechanisms to lower
certification costs and support rapid adoption of sustainability standards.

2.4. The Sustainable Livelihood Framework
The sustainable livelihood framework (Chambers & Conway, 1991; Scoones, 1998) will function as the
theoretical basis for the analysis of different agroforestry certification schemes as part of the thesis. The
theory provides the theoretical framework to assess resources, assets, capacities and structures, necessary
for the formation of sustainable livelihoods for cocoa and coffee producers. As part of this research, the
identification of different capital forms provides the lens by which 1) the capital requirements for
certification are assessed and 2) potential capital gains from certification are outlined and compared. The
analysis provides information about incentives and burdens for coffee and cocoa producers to obtain
certification for shade grown cocoa and coffee. The impact of certification on the capital base of farming
households is assessed as an indicator for the likelihood of certification schemes to successfully contribute
towards the maintenance and restoration of tree cover in cocoa and coffee production systems.

Scoones (1998) differentiates between four forms of capital, which form the basis for livelihood analysis:
Human Capital is referred to as the knowledge and physical capabilities required for the pursuit of various
livelihood strategies. It encompasses the assets and skillsets on an individual level, which are available to
form livelihood pathways. In that way, human capital presents the individual assets we have available to
prioritize one livelihood strategy over another in combination with other available livelihood assets.
Social capital describes the social relations, affiliations and structures that are built on in the process of
realizing different livelihood strategies. It refers to the networks and collective resources that are mobilized
in the process of livelihood formation. Social capital presents the social assets beyond the individual level
that enable the successful pursuit of a livelihood strategy.
Natural Capital describes the natural resource stocks and environmental services necessary for the pursuit
of different livelihood strategies. Depending on each livelihood form, the natural capital base can have
different weight in the process of its realization. Access to natural capital can again be tied to other capital
resources like social and economic capital.
Economic or financial capital finally presents capital in its most traditional form. It describes the financial
or asset based form of capital (including technology and equipment) required for the realization of
livelihoods. In that manner economic capital provides the financial asset base that allows us to pursue and
prioritize different livelihoods.

Different livelihood strategies emerge as a result of the availability, selection and combination of capital
resources and demonstrate different response options. In pursuit of a livelihood strategy, the available
capital assets, both tangible and intangible, are combined to create meaningful value. This process is
dynamic and can change over time. The availability and access to different capital resources can be
analysed along various patterns and dynamics. Scoones (1998) identifies six dominant characteristics,
which describe the temporal relations and conditionalities between different capital forms: 1) sequencing,
2) substitution 3) clustering, 4) access 5) tradeoffs 6) trends. The organization of livelihood pathways
emerges as a result not only of the availability of single capital forms but the relations and dependencies
amongst them. A change in livelihood strategy can reflect a deliberate consideration or emerge as response
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to adversity or stress and can be a temporary coping mechanism or reflect a more permanent shift of
livelihood pathway. Scoones (1998) identifies three dominant livelihood pathways in a rural context, which
can emerge as a response to changes in the capital base: 1) agricultural intensification/extensification 2)
livelihood diversification 3) migration. In the context of agroforestry production and certification systems,
the first two paradigms, describing an intensification of production through thinning of shade cover, or the
extensification through expansion into new production areas, are particularly relevant, as they affect the
availability of shade tree cover in cocoa and coffee production systems. A strategy of income
diversification can further provide a successful pathway for farmers to improve their livelihoods in a
heterogenous agroforestry system. In that manner, the sustainable livelihood framework can provide
valuable information about the impacts of a change in the resource base on livelihood strategies and the
related effects on tree cover and the natural resource base in coffee and cocoa production systems.

Institutions and institutional processes, whether formal or informal, are identified as important vehicles,
which mediate the access to capital resources and can thereby play an important role in the development of
livelihood strategies and portfolios. Certification systems in that manner can function as mechanisms,
which can positively alter the access and availability of farmers to capital and their ability to successfully
transform them into viable livelihood strategies. Once again, this depends on the likelihood of institutional
processes and certification to positively impact the capital base of coffee and cocoa producers.

3. Background
The second chapter provides an overview of relevant background information and literature related to the
research topic of agroforestry certification and tree cover protection. It sets the ground and provides the
setting for further in depth analysis and discussion of the research topic. The background chapter spans
three main topics and covers relevant information and literature in relation to I. Forests and forest
ecosystems, II. Agroforestry systems and III. Coffee and cocoa production.

3.1. Forest Ecosystems
Forests cover about one third of all land on our planet over an area of about 4 billion hectares, which
translates to approximately 0.5 ha per person (FAO and UNEP, 2020). Life on earth is highly dependent
upon intact forest ecosystems for climate and weather regulation, carbon sequestration and the mitigation
of climate related risks. Currently forests sequester around 25% of anthropogenic CO2 emissions globally
(Pan et al. 2013). Forests play an important role for the conservation of soil and water resources, and
freshwater and nutrient cycles. They provide unique habitats of immense biodiversity of both fauna and
flora and host the largest repository of terrestrial biodiversity with around 80% of land based species to be
found in our forests (FAO, 2020). Not only do we rely on the direct benefits of improved access to water,
energy and air, forests are also crucial for food security and livelihoods. They provide forage and wild
foods, of both animal and plant origin, but more importantly do they support biological diversity that is
essential for agriculture and global food systems. Beyond forests, the role of trees on cultivated land and in
areas which are defined as lying outside of forest areas has received growing recognition over the last
years. It is estimated that globally around 40 percent of agricultural land features more than 10 percent tree
cover (Zomer et al., 2014.)

Around 2.5 billion people globally rely either directly or indirectly on farming to secure their livelihoods
(Ravi et al. 2015). Farming systems, whether designed in close cooperation with nature or on an industrial
scale, depend on functional ecosystems for pollination, soil protection and freshwater and nutrient cycles.
About 35% of all food that is globally produced relies on some form of animal (bird, bee, bat) pollination
(Klein et al., 2007). Forests provide habitat for many of those pollinators and present a vast gene pool of
genetic resources. The natural diversity of species in forest ecosystems stands in clear contrast to the
homogeneity of domesticated varieties, and is essential for the resilience of our food systems to adapt to
changes and shocks in the natural environment.
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Forest biodiversity varies largely and is closely related to climatic conditions, geography and human
impact. Temperate forests generally tend to support fewer species over larger geographical distribution,
whereas tropical forests usually host a richer species diversity over smaller geographic clusters (FAO and
UNEP, 2020). Primary forests, which make up about one third of all forests globally, occupy a special role
in the context of biodiversity conservation as they host untouched habitats of plant and animal life, and
provide a number of indispensable ecosystem services (FAO, 2020). The majority of remaining primary
forests are found in the tropical rainforests and boreal coniferous forest zones, which simultaneously host
the biggest remaining forest areas (FAO and UNEP, 2020). These regions are essential in the context of
biodiversity, and habitat protection, and play a central role in efforts around global forest protection. The
following research will therefore put special emphasis on the potential of agroforestry certification in the
tropical regions by reference to cocoa and coffee production systems, which are major commodities in
global supply chains and contribute significantly to local economies in many tropical regions.

3.1.1. Forest Degradation and Deforestation
Despite positive developments the loss of forests and forest biodiversity continues at an alarming rate. A
recent UN FAO report The State of the World's Forests (2020) estimates that around 420 million hectares
of forest have been lost due to deforestation and conversion to other land uses over the last 30 years. As a
result of ongoing deforestation around 8% of forest plants and 5% of assessed forest animals are listed as
critically endangered (FAO and UNEP, 2020). Agricultural expansion and the conversion of forests for
agricultural purposes is the key driver of deforestation and the loss of forest biodiversity (Gibbs et al.,
2010, FAO 2020, Pendrill et al., 2020). A study of national data in 46 tropical and subtropical countries
found the agriculture sector to be responsible for about 73 percent of all deforestation worldwide with
commercial agriculture as the key driver, accounting for around 40 % of deforested areas, followed by
subsistence agriculture as the second largest driver responsible for around 33%, of total deforestation in
researched countries (Hosonuma et al., 2012). Not only is the agriculture sector a key driver of
deforestation, agriculture and land use change (including forestry) make a considerable contribution to
global greenhouse gas emissions and account for the highest share of emissions after the energy sector with
73 percent (WRI, 2020).

But forest cover loss is not distributed equally across the globe. Countries in the northern hemisphere in
Europe, North America, and parts of East and South Asia have experienced considerable increases in forest
cover ever since the 1990s (Garrity, 2012; Pendrill et al. 2020). Especially China recorded a vast increase
in net forest cover as a result of widespread reforestation. The largest loss in tree cover and land conversion
from forest to cropland instead was reported in the tropical regions of Africa and South America, with the
largest rate of net annual forest loss at 3.9 million ha between 2010–2020 in Africa, followed by at 2.6
million ha in South America (FAO, 2020). With a growing world population and increasing demand for
commodity goods, tropical deforestation is expected to increase.

The impact of commodity trade on deforestation has been highlighted in recent studies (Pendrill et al.,
2020; Hoang & Kanemoto, 2021). To link embodied deforestation to trade and consumption patterns
Pendrill et al. (2020) quantified commodity related deforestation in agriculture and forestry at country level
across the subtropics and tropics. The study found that the vast majority of exported deforestation (79%)
can be attributed to consumption of forest-risk commodities in countries that are increasing their domestic
forest cover, termed “post-transition countries” (Pendrill et al. 2020). The report highlights the close
interrelation between international commodity trade and deforestation in tropical regions and the necessity
to implement measures which halt tropical deforestation along global supply chains. In a similar manner,
Hoang and Kanemoto (2021) assesses the impact of international trade flows on tropical deforestation. The
study confirms that in many countries, which record high domestic scores of forest protection and
reforestation, per capita deforestation footprints remain high and result in outsourced deforestation through
imports of tropical consumer goods. For Germany, cocoa consumption was identified as the highest risk
factor for forests in Côte d’Ivoire and Ghana, while coffee imports in the US, Germany and Italy were
identified as the primary drivers of deforestation in the Central Highlands of Vietnam (Hoang &
Kanemoto, 2021). Coffee and cacao production was equally identified as a relevant driver of deforestation
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by Pendrill et al. (2020) in some African countries (Congo, Liberia, Cameroon, Uganda, Ethiopia,
Madagascar) and coffee production as a deforestation driver in Latin American countries (Honduras,
Ecuador and Peru). Overall it is estimated that approximately 14–15 million ha of tropical forests have
been lost as a result of expansion of cocoa production into pristine forests over the past five decades
(Clough et al. 2009). The strong impact of agricultural production and commodity trade on tropical
deforestation, sets the ground to discuss agroforestry practices and its certification along global value
chains as an alternative system of  production.

Whilst the figures above provide a good understanding around global estimated forest cover and tendencies
related to changes in tree cover and forest loss, it has to be noted that these figures remain proxies. Their
nature is highly dependent on the technology and methodology of data collection both at regional and
global level. An increase in the availability of satellite imagery and technologies has eased the process of
monitoring forest cover changes. The release of the University of Maryland Global Forest Change (GFC)
map, which provides 30m resolution data (Hansen et al., 2013) provides a cost effective tool to harmonize
forest monitoring, in the absence of national forest inventories. Nevertheless data remains scarce and a
coherent analysis and interpretation of tree loss and forest degradation remains challenging and highly
dependent on the underlying forest definition and available datasets as outlined in chapter two.

3.1.2. Forest Policy Frameworks

In response to a growing concern about global forest cover loss, various policy frameworks and initiatives
have been installed to halt deforestation and map out pathways towards reforestation and increased tree
cover (Mohebalian & Aguilar, 2016). International dialogue on forest policy and protection was first
brought to the international agenda in 1992, which resulted in the release of “Forest Principles” which
would map out the pathway for sustainable forest management (FAO, 2019). The United Nations Forum on
Forests (UNFF), which emerged as one of the subsequent bodies, is responsible for the development of the
United Nations Strategic Plan for Forests 2017–2030, which provides the global framework to consolidate
policy efforts in the area of forest protection and rehabilitation. The Bonn Challenge was previously
launched in 2011 as a global effort to restore 150 million hectares of deforested and degraded land by 2020
and highlights the importance of trees and tree cover for land restoration. The importance of forests and
forest protection for ecosystem health forms part of a larger discourse and was equally recognized in the
context of the Convention on Biological Diversity´s Aichi Biodiversity Targets in 2010 as part of the
United Nations Decade on Biodiversity (2011-2020) and in the framework of the recently launched United
Nations Decade on Ecosystem Restoration (2021–2030). The REDD+ (Reducing emissions from
deforestation and forest degradation and the role of conservation, sustainable management of forests and
enhancement of forest carbon stocks in developing countries) program was developed under the UNFCCC
in 2005. It presents a mechanism for countries with historically low emissions to access financial support
for verified reductions in greenhouse gas emissions through improved forest management (UNFCCC
2011). The REDD+ program has been discussed as one of the primary strategies to reduce forest cover loss
in tropical regions and serves as a blueprint for forest based ecosystem service payments (Hargita et al.
2019). Besides numerous benefits the program has received criticism for the commodification of forests
biodiversity and challenges to benefit forest-dependent communities as beneficiaries of the program (van
Noordwijk & Leimona, 2017; Obeng et al. 2018; Waldron, et al. 2015).

The role of the private sector to halt global deforestation has gained growing attention over the recent years
and has been formally recognized as part of the New York Declaration on Forests and the Amsterdam
Declarations. Both initiatives were developed in close collaboration between private and public sector
representatives as a commitment to halt deforestation along global supply chains. The necessity to account
for deforestation-free supply chains has recently gained prominence also at the national level, with
guidelines for the promotion of deforestation-free supply chains being adopted in Germany in April of
2020 (BMEL, 2020). In addition to policy instruments and public sector engagement both at the national
and international level, a number of voluntary private sector and multistakeholder initiatives have emerged
with the aim to address tropical deforestation and forest degradation along commodity supply chains
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(Donofrio et al., 2017). As part of this process the Cocoa and Forest Initiative, spearheaded by the World
Cocoa Foundation under the patronage of Côte d’Ivoire and Ghana, has been launched with the
participation of 35 leading cocoa and chocolate companies. In a similar effort, the “Green Cocoa
Landscape Program” was launched in Cameroon to increase sustainability in the cocoa sector. These
efforts show a growing awareness about the intricate relation between global production systems and
tropical deforestation and the need to account for the impacts of consumption patterns on global forest
cover loss (Hoang & Kanemoto, 2021).

The variety of policy frameworks and initiatives, which involve forests, make it evident that the health and
protection of forests is a well recognized issue on the global agenda, that has far reaching impacts across
various geographies and life supporting systems, that can not be discussed in isolation. What becomes
apparent nevertheless, is the necessity to consolidate forest protection efforts on a global scale across
sectors and to translate them into binding and coherent agreements at both national and international level.
With agriculture being the main driver of deforestation and forest cover loss globally, it becomes essential
to take a more holistic approach and factor the role of agriculture and land conversion into policy making
and regulation in order to prevent further deterioration of forest resources.

For many years the removal of trees in favour of monoculture systems has been interpreted as a sign of
progress, and has been actively promoted in policy making. Simultaneously, efforts to conserve tree cover
and biodiversity have been focussed primarily on protected areas secluded from human interference. In this
context the role of tree based agriculture systems in providing relevant ecosystem services has been
insufficiently captured (Tscharnke et al., 2011). Efforts to rehabilitate degraded forests and protect tree
cover are increasingly following a more holistic approach, in which the importance to account for
sustainable income generation opportunities and food production in the context of forest protection is
equally acknowledged (FAO 2020, UN FAO 2020). In this context agroforestry systems are recognized as
a viable land use strategy that provides a sustainable income base while simultaneously contributing
towards biodiversity conservation and ecosystem health (Perfecto et al., 2007, Tscharntke et al., 2011;
Elevitch et al., 2018; Takashi & Todo, 2017). A growing concern about the impacts of climate change and
biodiversity loss on a global scale have further contributed to the revived interest in agroforestry practices
on the international agenda.

3.2. Agroforestry Systems
Despite the fact that agriculture and the conversion of forest areas for food production have been identified
as key drivers of deforestation, efforts to conserve forests and to support food security have been treated in
relative isolation. Agroforestry systems, which incorporate elements of farming and forestry continue to
occupy a “no man’s land between forestry and agriculture, and benefit neither from specific supportive
policies nor from an institutional home.” (FAO, 2019, p. 237). The dichotomy between forest protection
and restoration on one hand, and farming systems on the other is clearly mirrored in policy discourse and
regulation, where both fields largely remain discussed in isolation despite its many overlaps and
interdependencies (Zomer et al., 2014). Only recently the value of trees outside forests and as part of
productive systems has been formally recognized as a relevant measure to maintain tree cover and tree
based ecosystem services (Takashi & Todo, 2017). As a result various legal and regulatory frameworks
have been developed on the national level to increase tree cover on agricultural land and promote the
adoption of agroforestry practices. Kenya introduced its Agriculture (Farm Forestry) Rules in 2009, which
requires a tree cover of at least 10% on all farms. India introduced a National Agroforestry Policy in 2014.
In Brazil, the Forest Law was established in 2012, which recognizes agroforestry as a social and
environmental strategy for the restoration of degraded protected land (FAO, 2019). In Vietnam the Forestry
Law is revised to recognize agroforestry as an official forest land use system. In 2015 France introduced
the Agroforestry Development Plan, as part of the Agroecological Project, in order to strengthen the legal
financial and institutional framework conditions to promote agroforestry as part of an effort to scale
sustainable land management practices and biodiversity conservation. Nevertheless efforts remain scattered
and compete with alternative policies and economic priorities both at national and international level

14



3.2.1. Agroforestry Ecosystem Services
Diverse agroforestry systems provide a number of services and goods that benefit farm households and
farming systems and generate ecosystem services on a broader scale (Obeng & Aguilar, 2015; Perfecto et
al., 2005). Different components in an agroforestry system can either have a productive purpose (crop
production) or occupy a protective/ supportive function, which benefits the overall quality of the system
(provision of shade, nutrients or water) (Nair, 1985).

On the farm level the incorporation of trees into the production system can fulfill varying functions for
improved plant growth under optimal use of space (Reed et al., 2017). Under ideal conditions an
agroforestry system is designed in a manner which favors synergies and avoids competition over energy
(sun), water and nutrients. A permanent tree cover in an agroforestry system reduces the risk of
evaporation, provides shade to surrounding crops and effectively regulates the microclimate. Shade trees in
agroforestry systems positively contribute towards lower air and soil temperatures and higher humidity
levels, which reduces water stress (Lin, Perfecto & Vandermeer 2008; Perfecto et al., 2007). A well
designed incorporation of shade trees in a tropical agroforestry system can reduce water runoff and limit
the risk of erosion through an intact root system. An increase in soil organic matter improves water
retention capacity of the soil and supports gradual water infiltration and drought resilience. Closed loop
agroforestry systems show improved nutrient retention and uptake capacity, compared to annual production
(Obeng & Aguilar, 2015).

Shade trees provide valuable organic matter and nutrients in above and below ground biomass to the
production system. They can function as safety nets, in which leached nutrients are taken up from deeper
soil levels. Leguminous trees can absorb atmospheric nitrogen and make it available for improved soil
quality and plant growth. In that manner litter from shade trees can act as a natural fertilizer and replace
costly synthetic inputs and fertilizers. In addition, mulching with pruned branches can prevent the
sprouting of undesired weeds and presents a cost effective mechanism for weed management. Natural
species diversity in an agroforestry system reduces the risk for pests and diseases. Shaded cacao
agroforestry systems are less prone to suffer from insect pests (Rice & Greenberg 2000). Integrated pest
management in a diverse agroforestry system can thereby effectively reduce costs for herbicides and
insecticides, which make up considerable cost factors for farmers in a non-shade system (Tscharntke et al.
2011). Nevertheless high levels of humidity in shaded production systems can increase the risk of coffee
leaf rust and require effective management of excessive humidity (Jha et al., 2014).

On a household level, productive agroforestry systems support food security and nutrition. A diverse and
well managed agroforestry system provides multiple income opportunities and strengthens household
resilience. Shade trees and pruning in a well managed agroforestry system can provide timber and firewood
at affordable cost for household consumption. In that manner agroforestry systems can make an important
contribution to meet demand for timber and forest products and reduce pressure on forest resources
(Garrity, 2012; Tscharnke et al., 2011). Sales of wood from shade trees can also provide income
opportunities for farmers to diversify household earnings. Coffee smallholder farmers in Peru derive
around 28 percent of household income from shade trees with only 72 percent generated through sales of
coffee (Rice, 2008). Fruit trees and other productive shade trees can additionally contribute to the farm
income portfolio and create multiple sources of revenues throughout the year. The weighing between
emphasis on a single cash crop (like coffee or cocoa) or a diverse and heterogeneous system with multiple
crops can take various shapes and provides different benefits. In addition to providing income opportunities
and wood resources, agroforestry systems can also contribute towards household food security.
Intercropping of cash crops with staple foods and fruit trees can provide a reliable source of nutrition and
reduce household food expenses.

Beyond the direct impacts at farm level, tree cover in agroforestry systems provide a number of ecosystem
benefits on a broader scale and support carbon sequestration and climate mitigation, and contribute to
habitat protection and biodiversity conservation in particular for many bird species (Perfecto et al. 2007;
Steffan-Dewenter et al. 2007; Obeng & Aguilar, 2015; Somarriba et al., 2014). Trees benefit the water
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cycle and are essential for rain patterns and cloud formation and air quality regulation. Biodiversity in
shaded agroforestry systems is generally higher compared to unshaded systems, but lower than biodiversity
in primary forests (Steffan-Dewenter et al. 2007; Tscharnke et al., 2011). A comparative study of peer
reviewed literature by Obeng & Aguilar (2015) showed that biodiversity was highest in primary forests
with differences lower or comparable between secondary forest and agroforestry systems. The level of
biodiversity within agroforestry systems is generally higher towards more complex multi strata production
systems, which resemble natural forest structures. Nevertheless relations are nonlinear and show high
levels of biodiversity at relatively moderate levels of shade cover. A reduction in shade cover from forest
like production systems of about 80% to moderate shade levels of around 40% in Indonesia showed minor
effects on biodiversity and ecosystem functioning, while creating a significant increase in farm income
(Steffan-Dewenter et al. 2007). While total species richness in agroforestry systems can resemble species
diversity in primary forests in quantitative terms, the number of forest based plant and insect species is
considerably lower in agroforestry systems (Steffan-Dewenter et al. 2007). Overall the conversion of
primary forests to agroforestry production systems in the first instance or the entire removal of shade
canopy in the transition towards open sun production systems, produces the highest proportional loss of
biodiversity and ecosystem functioning (Steffan-Dewenter et al. 2007). Once again biodiversity is closely
related to the level of intensification, shade cover gradient and management practices, which determine
species diversity in the agroforestry system. These can vary drastically between complex forest like
systems to selected shade tree production (Somarriba et al., 2014).

3.2.2. Agroforestry Systems and Climate Change

Forests and forest vegetation make an important contribution to global greenhouse gas reduction and the
mitigation of climate change. It is estimated that soils and plants in terrestrial ecosystems absorb the
equivalent of about 20 percent of anthropogenic greenhouse gas emissions at present (Griscomet al., 2017).
The restoration and protection of forest ecosystems is identified as the most promising and cost effective
measure to mitigate climate change and stay within a 2°C warming threshold (Bronson et al., 2017). In this
context agroforestry systems or “trees in cropland” are identified as a major climate change mitigation
pathway that can support the reduction of greenhouse gas emissions on previously degraded land. Plant
biomass and carbon storage that is associated with it, are higher in agroforestry systems than in unshaded
systems (Bisseleua, Missoup & Vidal, 2009) but lower than in primary forests (Steffan-Dewenter et al.,
2007) but yield similar results in terms of carbon sequestration as secondary forests (Obeng & Aguilar,
2015). In Cameroon the carbon storage potential in cocoa agroforestry systems was estimated at 62 percent
when compared to natural forests (Kotto-Same et al., 1997). Agroforestry systems can therefore make a
meaningful contribution to climate mitigation when compared to unforestated land. A conversion of
primary forests to agroforestry systems and related thinning of shade cover would on the contrary reduce
the carbon stock in forests.

3.2.3. Agroforestry and Tree Cover Loss

Agroforestry systems can be a driver of both forest degradation or tree cover restoration (Somarriba &
Lopez-Sampson, 2018). The analysis of agroforestry practices as either beneficial or detrimental to protect
forest and tree cover largely depends on the time scale under assessment. Agroforestry systems can be
implemented either gradually through selective thinning of forests and the introduction of productive trees
or through planting of shade cover trees on existing agricultural land or plantations (Tscharnke et al.,
2011). In most cases tropical agroforestry systems emerged at some point as the result of thinning or
clearing of forests or vegetation cover as has most land that is in productive use today. Simultaneously
agroforestry practices can benefit tree cover rehabilitation on previously degraded land and encourage the
integration of trees in productive agricultural systems. The analysis is not an easy one and depends clearly
on the time span and reference level of tree cover under assessment. Additionally, it has yet to be assessed,
in how far certified shaded production systems cause a spillover effect and indirectly cause forest
degradation of surrounding natural forest areas (Takahashi & Todo, 2017).
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3.2.4. The Scope of Agroforestry Systems

An analysis from Chao (2012) concludes that an estimated 1.2 billion people derive their income from
agroforestry systems, in addition 300 to 350 million people who are directly living in or around forests and
rely on them for income and food security. While these figures are difficult to verify in their entirety, they
give us a broad understanding of the role of trees and forests not only for the provision of life supporting
ecosystem services, but also more directly in terms of food security and household income. The scope of
agroforestry systems or trees on agricultural land was studied by Zomer et al. (2014) on the basis of remote
sensing datasets with 250 m resolution for tree cover data. The area of farmland with tree cover of more
than 10% is reported to have increased from 40 to 43 percent over a ten year period between 2000 to 2010.
Over the same time period, the area of agricultural land with tree cover of more than 30 percent showed an
increase from 13 to 14 percent. But the proportion of tree cover on agricultural land is not distributed
evenly on a global scale but follows socioeconomic and climatic patterns. Central America presents the
region with the highest share of trees on agricultural land along all spectrums of tree cover density with the
area covered by more than 10% of trees increasing by 12,6 % over the time span of 10 years in South
America, followed by South Asia (6.7%) Southeast Asia (2.7%) and Sub-Saharan Africa (2%). The data
nevertheless only documents the relative increase of trees on agricultural land within the given timeframe
without further outlining the underlying causes of land use changes. An increase of tree cover on farmland
could therefore equally indicate an increase of trees on pre-existing farmland or an increase of trees on
farmland which was formerly classified as forest. To differentiate the two, further analysis of tree cover
change on agriculture land and the underlying causes related to overall trends of deforestation and land use
change caused by agricultural expansion would need to be assessed.

3.3. Coffee and Cocoa
With the rise of global commodity trade and international markets, coffee and cocoa have evolved from
indigenous forest crops, to become highly priced goods, traded on the international market. Coffee and
cocoa jointly rank amongst the most traded agricultural commodities after soybean, meat, wheat, maize
and oil palm (FAOSTAT, 2021). Their production makes a relevant economic contribution to both domestic
and global economies and contributes significantly to foreign currency earnings in producer countries
(Läderach et al. 2016). The bulk of cocoa and coffee is produced in tropical countries with a majority of
cocoa produced in Western Africa and almost half of all coffee produced in Latin America (FAOSTAT,
2021). Figure 2 shows the geographic distribution of coffee and cocoa production regions (zu Lynar, 2021).

Fig. 2. Map depicting the geographic distribution of coffee and cocoa production regions (zu Lynar, 2021).
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3.3.1. Shade-based Production Systems
Coffee and Cocoa are native to the South American and African rainforest and well adapted to the hot and
humid climate of the tropical zone. In their natural habitat coffee and cocoa are understory plants and
thrive well under a dense shade canopy of tropical forests (Perfecto et al. 2005; Tscharnke et al, 2011; Jha
et al. 2014; Takahashi & Todo, 2017, Somarriba & Sampson, 2018). Ever since the commercialization of
coffee and cocoa production, both crops have been cultivated in a range of production systems resembling
dense natural forests to no shade production systems (Perfecto et al., 1996). It is estimated that around 48%
of coffee and approximately 31% of cocoa production are cultivated under shade cover in agroforestry
systems globally (Somarriba & Lopez-Sampson, 2018). In Latin America the number is higher with shaded
cocoa accounting for around 85% of total cultivated area (Somarriba et al., 2014). Different studies have
resulted in contrasting findings on optimal shade conditions for coffee production ranging from no shade to
65% of shade cover (Perfecto et al. 2005). Optimum shade conditions for commercial production of coffee
and cocoa are difficult to determine, as they depend on a variety of criteria such as climatic conditions,
plant variety and age, altitude, and management practices. Nevertheless benefits of minimum shade cover
on plant productivity are widely acknowledged, with functional biodiversity and ecosystem services
supporting the production of cocoa and coffee through improved water and nutrient management,
pollination and pest control (Obeng & Aguilar 2015; Perfecto et al. 2005; Tscharnke et al., 2011). Beyond
direct impacts on plant productivity a shade cover system can reduce expenses on inputs, create additional
income opportunities and increase resilience of farming households and factor into consideration optimal
shade conditions for coffee and cocoa production.

In an effort to increase income and short term revenues, farmers are increasingly converting shade based
production systems into full sun monocultures (Perfecto et al. 2005; Steffan-Dewenter et al., 2007). As a
result the cultivation of coffee and cocoa in diverse and complex shaded production systems is decreasing
globally. A 2010 study by Jha et al. (2014) in 19 coffee producing countries showed a decrease in diverse
coffee shade systems by about 20% (from 43 to 24%) between 1996 and 2010. A conversion to intensive
open sun monocultures usually occurs in response to pressures to increase production on available
farmland (Somarriba & Lopez-Sampson, 2018; Franzen & Borgerhoff-Mulder, 2007). While average
coffee yield in shaded coffee production systems amounts to approximately 1.1 ton per hectare, modern
high input production systems can yield an average 3.3 to 5.0 tons of coffee according to Gobbi (2000). A
shift from shade based production systems to open sun monocultures is oftentimes accompanied by the
introduction of hybrid sun tolerant varieties, which require additional investments in fertilizers, herbicides
and insecticides to maintain high productive output over the long term (Millard, 2011). This process
referred to as ‘intensification syndrome’ describes the coincidence of shade tree reduction and increased
dependency on synthetic inputs (Steffan-Dewenter et al., 2007). In their absence, non-shade production is
more susceptible to disturbances of pests, disease and provides lower yields than shaded systems (Millard,
2011).

3.3.2. Cocoa Production
The cocoa bean is the seed of the cacao tree (Theobroma cacao). It is native to the tropical forests of the
Amazon region and Central America. Today it is a major commodity crop in large parts of Latin America,
Asia and Africa. It is estimated that around 40 to 50 million people globally depend on cocoa production
for their livelihoods (Kroeger et al. 2017), the majority of cocoa farmers being smallholders. Cocoa trees
bear fruit and start to be productive after about four to five years with a single tree producing around 20
cocoa pods per harvest. Young cocoa trees require higher shade cover than mature production systems and
are planted either in the understory of thinned forest or under shade trees on an existing plantation. Asare
& David (2010) estimate that young cocoa trees from the age of 0-3 require around 70% of shade for
efficient growth, whilst mature trees of 4 years and above are best cultivated with around 30 - 40% of
shade. Once the plantation matures, shade requirement is reduced, leading some farmers to cut shade trees
entirely in order to increase production (Steffan-Dewenter et al., 2007). The loss of shade tree cover in
cocoa and coffee production systems is studied by Tscharntke et al. (2011) in what is termed
‘boom-and-bust cycles’. For cocoa plantations it describes the gradual process of shade reduction in
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response to changing shade regimes of aging cocoa plantations and the resulting loss of tree cover. After a
cycle of about 25 to 30 years, many farmers abandon their plantations as a result and set up new production
systems in existing forest areas (Schroth et al. 2000; Tscharntke et al., 2011). This cycle of gradual forest
degradation driven by cocoa production and a decrease of shade requirement throughout the growing cycle
poses a challenge to tropical forest protection in cocoa producing countries.

3.3.3. Cocoa Market and Trade
Ever since the 1960s global cocoa production has increased almost fivefold. In 2019 5,5 mio tonnes of
cocoa beans were produced in 57 countries on a harvest area of around 12 mio hectares (FAOSTAT, 2021).
The value of global cocoa exports in 2019 amounted to about 10 B US$ (FAOSTAT, 2021). Côte d'Ivoire is
the major global cocoa producer with a production of 2,1 mio tonnes in 2019 accounting for 39% of total
production, followed by Ghana with 15%, Indonesia with 14%, Nigeria with 6%, Ecuador with 5% and
Cameroon with 5% (Figure 3). African countries have been established as the primary producer of cocoa
beans, accounting for the largest share of global cocoa production, with 67% of all cocoa produced on the
African continent in 2019. More than half of the increase in global cocoa production since 1960 has been
produced by African producers in Côte d'Ivoire, Ghana, Nigeria and Cameroon (FAOSTAT, 2021). Almost
two thirds of all cocoa produced globally was imported to European countries in 2019 (FAOSTAT, 2021).
The Netherlands, which hosts the two largest ports in Europe, is the major importer of cocoa globally,
accounting for roughly 25% of all global exports in 2019, followed by Germany with 12%, the United
States with 10%, Malaysia with 9% and Belgium with 7% accounting for a joint value of 7 B US$ or 73%
of all cocoa imports in 2019 (FAOSTAT, 2021).

Fig. 3. Cocoa production (in tons) in top ten producer countries in 2019 based on FAO statistical data
(zu Lynar, 2021).

3.3.4. Coffee Production
Arabica and robusta coffee are two different species with diverging eco-physiological characteristics
(Läderach et al. 2016). The Robusta coffee variety (coffea canephora) originates in the Congo basin in the
tropical region of Central Africa and thrives best in low latitudes of about 50 to 1,500 m and climates of
little intra-seasonal variability with mean annual temperatures between 24 to 26° C (DaMatta & Ramalho,
2006). Arabica (coffee arabica) has its origin in the highlands of Ethiopia and South Sudan and is best
cultivated at altitudes between 1,000 to 2,200 m and temperatures between 18 and 22 °C (Davis et al.,
2018). Amongst more than 120 coffee species arabica and robusta coffee have become established as the
dominant coffee varieties catering almost 100 percent of all coffee demand. Arabica coffee constitutes the
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majority of coffee and is traded at higher prices due to its superior taste profile. In 2019 arabica coffee
accounted for about 56% of global production, and robusta coffee contributed around 43% of all coffee
produced globally. Liberica coffee (coffee liberica), a less well known variety, contributed less than one
percent to global coffee supplies (Davis et al., 2021). The overall coffee market is therefore highly reliable
on a marginal genetic diversity of coffee varieties. Studies have shown that coffee produces the highest
yields under moderate shade regimes of around 35–50 percent of shade cover (Soto-Pinto et al., 2000) with
coffee arabica adapted to higher shade levels and robusta coffee being more tolerant to full sun exposure
(Jha et al., 2014).

3.3.5. Coffee Market and Trade

With around 80 percent of the global coffee being produced by 25 million smallholder farmers and an
estimated 125 million people, who depend on coffee production for their livelihoods, coffee provides a
relevant source of income for smallholder producers (Fairtrade Foundation, 2021). In 2019 green coffee
was produced in 76 countries over an area of approximately 11 mio ha with a total production volume of
around 10 mio tonnes (FAOSTAT, 2021). In the same year global coffee exports amounted to about 18 B
US$ (FAOSTAT, 2021). Ever since the 1960s global coffee production has more than doubled from 4,5 mio
tonnes in 1961 with Brazil, Colombia, Côte d'Ivoire, Angola and Ethiopia as the major coffee producing
countries at the time (FAOSTAT, 2021). Today Latin American and Asian countries are leading global
production with more than half of the global coffee supply originating in Latin America. Brazil is the major
global coffee producer and accounts for approximately 30% of all production with 3 million tonnes of
green coffee produced in 2019. It is followed by Vietnam with 17 % , Colombia with 9% , Indonesia with
7%  and Ethiopia with around 5% of global green coffee production in 2019 (Figure 4).

The US was the largest importer of green coffee in 2019 with a total import value of around 4,7 B US$
amounting to 24% of global coffee imports, followed by Germany with 2,5 B US$ and 13% of imports,
Italy with 1,3 B US$ accounting for 7 % and Japan with 1.1 B US$ amounting to 6% of green coffee
imports in 2019 (FAOSTAT, 2021). In terms of exports of roasted coffee, European and North American
coffee dominate the market with Switzerland, Italy, Germany, France, Netherlands, United States of
America, Canada, Poland, the UK and Belgium as the major exporters of roasted coffee accounting for a
joint value of 9 B US$, about half the value generated by all coffee producing countries in 2019. Amongst
the 40 leading export countries of roasted coffee, only two are major coffee producers in themselves,
namely Columbia and Vietnam (FAOSTAt, 2021).

Fig. 4. Green coffee production (in tons) in top ten producer countries in 2019 based on FAO statistical data
(zu Lynar, 2021).
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3.3.6. Coffee and Climate Change

Coffee and cocoa production both contribute to climate change through deforestation and are affected by
the impacts of climate change and global warming (Bunn et al. 2015, Läderach et al. 2017). A growing
consumer appetite for coffee and cocoa over the last decades has caused many farmers to expand
production to previously forested areas. It is estimated that cocoa production has caused the loss of
approximately 14-15 million hectares of tropical forests over the last five decades (Somarriba &
Lopez-Sampson, 2018). The emissions linked to deforestation as a result of coffee production in the ten
leading producer countries amount to approximately 21 million tCO2 in 2017 (Treanor, 2021a). But coffee
and cocoa production not only contribute towards increased carbon emissions from deforestation, but also
suffer from the effects of climate change. As a result, the area suitable for coffee production globally is
expected to diminish by about 50 percent, with many current production regions expected to become
unsuitable to grow coffee in the future (Bunn et al. 2015). In Central America the optimal altitude for
coffee production is expected to shift from 1,400 meters in 2020 to 1,600 meters in 2050 (Läderach, 2008).
The loss in production and areas suitable for coffee cultivation is attributed primarily to increasing
temperatures, decreasing precipitation and precipitation variability (Bunn et al. 2015). As a result dominant
coffee production regions will become largely unsuitable for coffee production, while other regions will
experience a shift of areas suitable for coffee to higher altitudes and partially to higher latitudes (Bunn et
al. 2015; Laderach. et al., 2011). But the effects will not be experienced equally. Negative impacts are
expected to be most severe in Brazil and Vietnam, which together account for almost half of global coffee
supplies, while some regions in the higher altitudes of Ethiopia, Uganda and Kenya are expected to
experience an increase in terms of areas suitable to grow coffee. Nevertheless, most areas that are expected
to become suitable for coffee production under new climate scenarios in Asia, lie within forested territories
(Bunn et al. 2015).

The above scenarios imply that under new climate regimes the overall production of coffee is likely to
decrease and shift to regions, which have previously been less suitable for production. This in turn might
have negative effects on tree cover and forest ecosystems and cause an intensification of remaining
production and an increase of deforestation in areas previously unsuitable for cultivation. While there is no
easy fix to the problem, the introduction of shade cover and agroforestry practices is recognized as a
relevant strategy to increase resilience of coffee production systems to climate change and reduce the
negative effects of higher temperatures and water scarcity (Vaast et al. 2006, Laderach. et al., 2011). The
integration of trees on farmland is therefore not only an important strategy to mitigate climate change and
increase carbon sequestration but also a relevant pathway for producers to adapt to changing climate
scenarios of increased temperatures and precipitation variability (Laderach. et al., 2011). The study of
effective strategies to promote the production of coffee and cocoa in agroforestry systems becomes
therefore more relevant, given the current urgency to counter the effects of global climate change.

4. Methods
The following chapter maps out the methodology and procedures which have been deployed for the
purpose of this research. It provides an overview of the different data sources, which have been accessed
and the methods which have been applied to gather relevant data and evaluate the research findings for
further discussion.

4.1. Data collection and Analysis
The research was conducted in the form of a desk study. Both quantitative and qualitative research
measures were applied in order to assess the potential of agroforestry certification to support forest
ecosystem restoration and promote tree cover protection on agricultural land along the coffee and cocoa
value chain. The analysis is based on secondary data obtained  from the following sources:
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- the Food and Agriculture Organization Corporate Statistical Database (FAOSTAT, 2021),
- the Global Forest Watch platform (Global Forest Watch, 2014),
- the Rainforest Alliance and Bird Friendly certification standards (Smithsonian Migratory Bird

Center, 2002; Rainforest Alliance 2021) and
- supporting documents from the standard authors and related publications.

4.1.1. Coffee and Cocoa Production
In the first part of the analysis, the trend of cocoa and coffee production in major producing countries is
assessed over a 19 year period between 2001 and 2019. For this purpose, data on global cocoa and coffee
production was extracted from the Food and Agriculture Organization Corporate Statistical Database
(FAOSTAT, 2021) in order to identify the ten major cocoa and coffee producing countries for the harvest
year 2019. The information was obtained from the platform via a selection of the domain “Production”
and the subdomain “Crops and Livestock products”. In a next step a)“All countries” were selected
and“Production quantity” under b) “Elements” before a selection of either “Coffee, green” or “Cocoa,
beans” under c) “Items” and the chosen harvest year “2019” under d) “Years”. The datasets were then
downloaded and evaluated to identify the major cocoa and coffee producing countries in terms of
production volume for the year 2019.

In a next step, information on the harvest area of major crops produced in each of the countries was
retrieved via the same platform for the harvest years 2001 and 2019. The data provides valuable
information on changes in the agricultural portfolio in each of the countries and the scope of cocoa and
coffee production areas in relation to other major crops produced (Annex I). Information on harvest areas
of major crops produced was accessed through the same platform (FAOSTAT, 2021) in the same domains
“Production/Crops and Livestock products” before each country was selected under a) “Countries” and
“Area harvested” under b) “Elements” and a selection of all crops under under c) “Items” and the chosen
harvest years “2001” or “2019” under d) “Years”. For each top cocoa and coffee producing country the
ten major crops in terms of harvest area were identified on the basis of the analysis for the years 2001 and
2019 (Annex I.). The information on changes in harvest area is presented alongside data on tree cover loss
since 2001 and sheds light on the potential impact of coffee and cocoa production on tree cover loss in
relation to other major crops produced in each country (Annex I).

In a final step, data on cocoa and coffee production volumes and harvest areas was retrieved via the
FAOSTAT platform for the years 2001 and 2019 for the major production countries (Table 1 & Table 2).
The analysis seeks to observe general changes related to the scope and intensity of global coffee and cocoa
production. The findings around the relation between changes in crop production and crop harvest area
can be seen as indicators for tendencies towards intensification and extensification of production systems.
Once again the data on production volumes and harvest area was retrieved from the FAO Statistical
Database (FAOSTAT, 2021) under the domain “Production” and the subdomain “Crops and Livestock
products”. For details on harvest areas and production volumes, the relevant country was selected under a)
“Countries” followed by a selection of “Area harvested” or alternatively “Production quantity” under b)
“Elements” before a selection of either “Coffee, green” or “Cocoa, beans” under c) “Items” and the
chosen harvest years “2001” or “2019” under d) “Years”. The various datasets were then exported and
compiled in order to assess changes in production volumes in relation to changes in harvest area between
2001 and 2019 (Table 1 & Table 2).

The data made available through the FAOSTAT platform is collected via member countries' official
statistical contributions and can range from official surveys and publications to annual production
questionnaires. In the absence of official data, information from semi-official sources, such as commodity
trade publications, are adopted (FAOSTAT, 2021). In cases where these were not accessible, the missing
datasets are imputed in order to create complete global datasets for further analysis. For imputation of
missing datasets, data points are aggregated from the county, subregional and regional level to derive
estimates of crop production in each country (FAOSTAT, 2021). Whilst the FAO statistical database
provides a valuable and unique data source that constitutes the basis for a variety of policy processes and
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decision making, its validity is limited by the quality of data available. Complete official datasets of the ten
major crops per harvest area are available for Brazil, Colombia and Peru. For Vietnam, Indonesia, Ecuador,
Ethiopia, India and the Dominican Republic the majority of data points are derived from official sources
with a maximum of two crop data points on crop harvest area are derived through imputation methodology.
For Côte D'ivoire, Ghana, Guatemala, Honduras, Nigeria, Uganda and Cameroon data of harvest area was
produced entirely or in the majority through imputation methodology. But even for official statistical
information the accuracy of available datasets is difficult to verify, as the authority over data collection lies
within the responsibility of FAO member states. While imputation of data in the absence of official
documentation can potentially dilute the quality of available datasets, it presents a meaningful
methodology, which enables analysis and statistical evaluations at the global scale. Nevertheless, available
data should be handled with care, as differences in the quality and methodology of data collection render
comparisons between countries and regions difficult.

4.1.2.  Global Tree Cover Loss
The available data on harvest records is presented alongside information detailing tree cover loss in the
leading coffee and cocoa producing countries. The analysis is conducted in order to gain insights into
possible relations between agricultural intensification or extensification and tree cover loss in the major
production regions. For this purpose data on tree cover loss for the period between 2001 and 2020 was
accessed for each of the ten major coffee and cocoa producing countries via the platform Global Forest
Watch under the category “forest change” and the subcategory “tree cover loss” (Global Forest Watch,
2014). The records of tree cover loss between 2001 to 2020 presents the most comprehensive data time
interval available on changes in tree cover by Hansen et al. (2013) and were directly obtained from the
platform for further analysis. The data on global tree cover loss made available on the Global Forest Watch
platform, is produced in collaboration between the Global Land Analysis & Discovery lab (GLAD) at the
University of Maryland, Google, NASA and USGS (Hansen et al., 2013). The datasets provide a satellite
based assessment of global tree cover loss at 30 × 30 meter resolution. It is generated using multispectral
satellite images from the Landsat 5, Landsat 7, and the Landsat 8 sensors for the production of more than 1
million satellite images for the period between 2001 to 2020 (Global Forest Watch, 2014).

The data on tree cover loss between 2001 and 2020 is illustrated alongside information detailing the
harvest area of major crops produced in the leading cocoa and coffee producing countries in 2001 and 2019
(Appendix I) and changes in production volumes and harvest area of cocoa and coffee between 2001 and
2019 (Table 1 & Table 2). The analysis informs about the relative share of coffee and cocoa harvest area in
relation to the overall harvest area of other major crops produced and simultaneously illustrates the spatial
relation between changes in coffee and cocoa harvest areas over a 19 year period and the analogous
changes in tree cover over the same period (Table 1 & Table 2).

The data on global tree cover loss has been widely adopted for further analysis and provides a relevant
source of information on global tree cover changes. The datasets by Hansen et al. (2013) have been
modified and updated since their inception including improved modelling, calibration and re-preprocessing
of existing data to cover the period between 2001 and 2020. Yet the analysis of the available data requires
caution, as disturbances can be inaccurately captured via 30 meter resolution in landscapes, which are
dominated by smallholder farming, as is the case in Sub Saharan Africa. As the availability of geospatial
data has improved over time and has thereby become more accurate especially after the year 2013 and
again 2015, a historical comparison of tree cover loss has to be observed with caution as both the
algorithms and the quality of satellite images provide a more detailed and sensitive assessment of tree
cover loss for the later years (Global Forest Watch, 2021). This feature is a consequence of the continual
improvement of technology and data availability, which is difficult to avoid in its entirety. With these
limitations in mind the datasets remain a resourceful and relevant source of information, which provides
important insights on changes in tree cover for this research.

In the analysis, “tree cover” is defined as all vegetation taller than five meters and a tree canopy of >30%,
that includes natural forests as well as plantations. Tree cover loss, in the context of the analysis, describes
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the removal or mortality of tree cover over time, as measured through an algorithm-based analysis of clear
land surface changes at the scale of each Landsat pixel. It has to be noted that tree cover loss in this context
does not refer exclusively to forests as per definition (FAO, 2018) but equally encompasses tree cover
along the given parameters that is used for productive purposes. Agroforestry production systems with a
shade cover of >30 percent and a tree height of more than five meters would appear as intact forest cover in
the statistics by Hansen et al. (2013). This allows to differentiate between cocoa and coffee produced in
agroforestry systems and harvests produced in a monoculture as long as the tree height of cocoa and coffee
trees would not exceed five meters in height. Nevertheless, the impact of cocoa and coffee production on
tree cover loss based on satellite data analysis (Hansen et al., 2013) has to be observed with caution.
Further analysis of the scope of agroforestry systems and land use change in each of the major coffee and
cocoa production countries would be required, for a thorough analysis of the impact of cocoa and coffee
production on tree cover loss in each country.

4.1.3. Agroforestry Certification Standards
The quantitative assessment of tree cover loss and crop production in major coffee and cocoa producing
countries, is followed by a qualitative analysis of sustainability certification standards for agroforestry
production systems in the second part of the analysis. Two standards, which are currently deployed most
prominently as certification for agroforestry production along the cocoa and coffee value chains, are
selected for more thorough review. The Bird Friendly and Rainforest Alliance standards are assessed in
depth to obtain information on requirements and benefits of certification and their ramification on farm
livelihoods and tree cover. For this purpose the two certification standards, Bird Friendly Coffee Standard
(Smithsonian Migratory Bird Center, 2002) and the Rainforest Alliance Sustainable Agriculture Standard
(Rainforest Alliance 2020) and supporting documents and guidelines were reviewed in depth to identify
different approaches towards certification and their impact on the capital base of coffee and cocoa farmers.
As part of the analysis, special attention is given to different certification requirements and standards in
terms of tree cover protection and shade management practices in agroforestry systems. While the Bird
Friendly Coffee Standard has been launched in 1996 and maintained relatively constant certification
standards eversince, a new Rainforest Alliance Standard was launched in 2020 after the latest version in
2017. Since its publication, the detailed standard and a broad range of supporting documents have been
published and made available for the public. The Bird Friendly Standard, on the contrary, provides only a
limited amount of (public) resources and beyond the core information on the standard and related
certification requirements. The analysis does therefore show clear asymmetries, which do reflect in many
ways the different approaches towards sustainability certification.

The sustainable livelihood framework (Chambers & Conway, 1991; Scoones, 1998) will function as the
theoretical lens by which the two standards will be analysed along 4 categories of human, social,
economic, and natural capital to identify 1) capital requirements for certification and 2) potential capital
gains from certification. Special emphasis will be put on the natural capital base, as it most directly impacts
forest and tree cover availability. To understand natural capital requirements for certification, the two
standards are assessed in terms of tree stocking, tree diversity, shade cover and tree strata requirements,
and the prerequisites to protect existing tree cover on farmland (Table 4). The potential of certification to
contribute towards natural capital gains and restoration of tree cover on existing farmland is assessed via an
analysis of incentives and requirements to increase tree cover density, diversity and ecosystem functions as
part of the certification process.

For the Rainforest Alliance standard, certification requirements have been amended since its inception.
The different certification requirements and their diverging prerequisites in terms of shade tree cover
availability are therefore compared and assessed for the years 2005, 2009, 2017 and 2021. The assessment
is done analogously to the analysis of the Smithsonian Migratory Bird Center's Bird Friendly Coffee
Certification standard along the same criteria of evaluation. A comparative analysis of different shade
cover and biodiversity requirements of both standards, and their impacts on the capital base, informs about
the suitability of the Rainforest Alliance and Bird Friendly standard to function as a reliable market
mechanism to attest shade based agroforestry production systems of coffee and cocoa and support tree
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cover protection and restoration on agricultural land. The complexity of the certification standards and
their certification procedure informs about human and social capital requirements, which are necessary to
access certification. Simultaneously, capacity development and training elements inform about potential
human and social capital gains, which are acquired in the process of certification and can impact the capital
base of producers and thereby positively contribute towards the protection and restoration of tree cover and
forest ecosystems on cocoa and coffee farmland.

Details on the costs and financial benefits (premium payments) of the two certification standards, inform
about ramifications of certification on the financial capital base of cocoa and coffee farmers and the
potential impact on tree cover protection and restoration. While an in depth study of the costs and financial
gains from certification are highly relevant to assess the effectiveness of certification on a broader scale, a
thorough analysis lies beyond the scope of this research project.

5. Results
The fifth chapter presents the results and research findings that have been produced as outcome of this
study. In the first section results on changes in coffee and cocoa production volumes and harvest area in
major coffee and cocoa producing countries are presented. It is followed by a presentation of changes in
tree cover in relation to crop harvest area in the ten major coffee and cocoa producing countries over a 20
year period between 2001 and 2020. Finally different certification requirements for the Bird Friendly and
Rainforest Alliance standard are presented in the final section of this chapter.

5.1. Coffee Production between 2001-2019
Overall global coffee production increased from about 7,4 tonnes in 2001 to 10,1 tonnes in 2019. The
biggest total increase in production was recorded in Brazil, which is by far the largest global coffee
producer with about 3 million tonnes or almost one third of all green coffee produced in 2019, followed by
Vietnam, Colombia, Indonesia and Ethiopia (Table 1). The countries that recorded the largest relative
increase in production over the 18 year period are Ethiopia, where production increased more than
threefold, followed by Honduras and Vietnam, where production volumes grew about double (Table 1).

The harvest area for coffee production increased in Vietnam, Columbia, Ethiopia, Honduras, Peru, India,
Uganda and Guatemala and decreased in Brazil, Indonesia, Ecuador, Cameroon and the Dominican
Republic between 2001 and 2019 (Table 1). The largest relative decrease in the area for coffee production
occured in Ecuador and the Dominican Republic, which led the two countries to no longer appear amongst
the major global coffee producers in 2019. In Brazil coffee production increased by about two thirds
between 2001 and 2019, while the harvest area for coffee production decreased, pointing towards a likely
intensification of coffee production over the same time period. Similarly coffee production in Vietnam
almost doubled over the 19 year period between 2001 and 2019, while the area for production only
increased around 30%, indicating that production equally intensified over the same time period. The largest
relative increase in the area dedicated for coffee production between 2001 and 2019 occured in Ethiopia,
where coffee harvest area grew by 211% analogously to an overall increase in production, followed by an
increase in harvest area of 94% in Honduras and 78 % in Uganda (Table 1). In Colombia and Honduras,
coffee is the major crop under cultivation in terms of harvest area and replaced maize as the principal crop
in Honduras between 2001 and 2019. The statistics point towards a general trend of increased
intensification of coffee production in major coffee producing countries such as Brazil, Vietnam,
Indonesia, Honduras and Peru, where the increase in production outweighs the increase in harvest area for
coffee.

India, Uganda and Guatemala are amongst the only major coffee producing countries, in which an increase
in harvest area clearly outweighed an increase in production, indicating a reduction in productivity and
more extensive production systems. The only country amongst the 10 major global coffee producers, in
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which production of coffee decreased, while the coffee harvest area increased between 2001 and 2019 is
Guatemala (Table 1). Of the ten major coffee and ten major cocoa producing countries in 2019, six
countries, namely Brazil, Colombia, Indonesia, Peru, Côte d'Ivoire, Ecuador and the Dominican Republic,
are simultaneously producing coffee and cocoa amongst the ten major crops produced per harvest area
(FAOSTAT, 2021).

Table 1. Coffee production, harvest area and tree cover changes between 2001 - 2019/2020 (FAOSTAT,
2021)

Top coffee
producers
2019 per
production

2001
Coffee
production
(tons)

2019
Coffee
productio
n (tons)

Producti
on
increase
2001-201
9

2001
Coffee
harvest
Area (ha)

2019
Coffee
harvest
area (ha)

Harvest
area
increase
2001-2019

Total tree
cover loss
2001-2020
(ha)

Relative
tree cover
loss since
2001

Brazil 1819569 3009402 65 % 2336031 1823403 -22 % 59800000 12 %

Vietnam 840600 1683971 100 % 473500 622637 31 % 3070000 19 %

Colombia 656160 885120 35 % 704846 853700 21 % 4660000 5.7%

Indonesia 569234 760963 34 % 1313383 1258032 -4 % 27700000 17%

Ethiopia 157155 482561 207 % 243834 758523 211 % 428000 3.6%

Honduras 205545 476345 132 % 216562 420957 94 % 1190000 15%

Peru 196232 363291 85 % 274252 359508 31 % 3390000 4.3%

India 301000 319500 6 % 313934 416741 33 % 1930000 5.0%

Uganda 197410 254088 29 % 264000 469364 78 % 918000 12%

Guatemala 261097 225000 -14 % 262296 308217 18 % 1580000 21%

5.2. Cocoa Production between 2001-2019
Total global cocoa production increased from 3.2 to about 5.6 million tonnes from 2001 to 2019. Cocoa
production has increased in all ten major producing countries between 2001 to 2019 (Table 2). In five out
of ten major producing countries (Ghana, Ecuador, Cameroon, Peru and Colombia) production of cocoa
more than doubled over the 18 year period ever since 2001 (Table 2). The largest total increase in cocoa
production was recorded for the two major producers, Côte d'Ivoire and Ghana, who are responsible for
more than half the increase in global cocoa production between 2001 and 2019. The largest relative
increase occurred in Peru, Ecuador, Colombia and Cameroon (Table 2). But while cocoa production
increased significantly in Peru, it remains marginal compared to other major producers, with cocoa
ranging only seventh in terms of harvest area per crop produced. Malaysia and Mexico decreased
production between 2001 and 2019 and no longer appear amongst major global cocoa producers. A
reduction of both cocoa and coffee production in Indonesia between 2001 and 2019 can most likely be
attributed to a heavy increase in palm oil production, which has increased more than sixfold over the same
period (Annex I).

The area dedicated for cocoa production increased in nine out of ten major cocoa producing countries
between 2001 and 2019 (Table 2). Brazil is the only country amongst major producers, in which the
harvest area for cocoa, similar to that of coffee, has decreased between 2001 and 2019, while cocoa
production has increased by about 40% over the same period (Table 2). Similarly in Ghana production of
cocoa has increased more than double since 2001, and replaced Indonesia as the second largest cocoa
producer globally, while the harvest area for cocoa only increased by 10%. The available data therefore
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indicates that cocoa production in both Brazil and Ghana intensified significantly between 2001 and 2019.
Cocoa is the major crop in terms of area under production in Côte d'Ivoire, Ghana and Ecuador (Annex I).
In Ecuador cocoa replaced maize as the major crop in terms of area under cultivation. Cocoa production
outgrew coffee production in terms of harvest area in Indonesia and the Dominican Republic ever since
2001 but increased significantly in comparison to coffee production in many other key producer countries.

Table 2. Cocoa production, harvest area and tree cover changes between 2001 - 2019/2020 (FAOSTAT,
2021)

Top cocoa
producers
per
production
in 2019

2001
cocoa
productio
n (tons)

2019
cocoa
productio
n (tons)

Producti
on
increase
2001-201
9

2001 cocoa
harvest
area (ha)

2019
cocoa
harvest
area (ha)

Harvest
area
increase
2001-202
0

Total tree
cover loss
2001-2020
(ha)

Relative
tree cover
loss since
2001

Côte d'Ivoire 1212428 2180000 80 % 1777550 4776874 169 % 3270000 22%

Ghana 389591 811700 108 % 1350000 1478462 10 % 1310000 19%

Indonesia 536804 783978 46 % 765405 1600648 109 % 27700000 17%

Nigeria 340000 350146 3 % 966000 1354141 40 % 1040000 10%

Ecuador 76030 283680 273 % 429547 525435 22 % 871000 4.6%

Cameroon 122100 280000 129 % 364293 672745 85 % 1530000 4.9%

Brazil 185662 259425 40 % 665809 581884 -13 % 59800000 12 %

Peru 23652 135928 475 % 45735 130378 185 % 3390000 4.3%

Colombia 36070 102154 183 % 80165 117818 47 % 4660000 5.7%

Dominican
Republic

44908 88961 98 % 125786 150943 20 % 331000 13%

It has to be noted nevertheless that the above figures cannot be verified in their entirety, as data on harvest
area for crop production are produced at least partially by imputation methodology for Côte D'ivoire,
Ghana, Guatemala, Honduras, Nigeria, Uganda and Cameroon, while datasets provided by remaining
countries might show considerable differences in the methodology of assessment and lead to diverging
results.

5.3. Tree Cover Loss and Changes in Harvest Area
The harvest area for the ten major crops increased in all major coffee and cocoa producing countries
between 2001 and 2019, with the biggest relative increase of more than 100% recorded in Côte d'Ivoire and
Cameroon, and the smallest relative increase in the Dominican Republic (Annex I). Tree cover, measured
as trees above 5 meters in height with a canopy density of >30%, decreased in all ten major cocoa and
coffee producing countries between 2001 and 2019 (Annex I). The largest loss of tree cover in absolute
terms was recorded in Brazil, with about 60 million ha of tree cover lost since 2001, followed by Indonesia
with roughly 27 million hectares, Colombia with 4.6 million hectares, Peru with about 3.4 and Côte
d'Ivoire with 3.2 million hectares (Hansen et al., 2013). The four countries with the largest total tree cover
loss recorded between 2001 and 2019 are simultaneously major producers of coffee and cocoa and rank
amongst the ten leading producers for both crops for the harvest year 2019. The largest relative loss of tree
cover, compared to 2001 levels, occurred in Côte d'Ivoire with 22%, followed by Guatemala with 21% and
Ghana with 19 %, Vietnam with 19% and Indonesia with 17% (Table 1&2; Annex I). The largest recorded
loss of tree cover both in absolute and relative terms, occurred in top leading cocoa and coffee producing
countries such as Brazil, Indonesia, Colombia, Côte d'Ivoire, Guatemala and Ghana. While coffee and
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cocoa production systems only occupy a relatively small share of all land under agricultural production in
Brazil and Indonesia, coffee and cocoa are the major crops in terms of harvest area in Colombia, Côte
d'Ivoire and Ghana and ranking second in Guatemala after maize (Appendix I).

Tree cover loss between 2001 and 2019 clearly exceeded the increase in harvest area of ten major crops
produced in each country over the same period in Brazil, Colombia, Indonesia, Honduras, Peru,
Guatemala, Ecuador and the Dominican Republic (Annex I). Relatively large documented lossed of tree
cover in theses countries compared to modest increased in harvest area of the major crops produced, might
point towards drivers of deforestation, such as livestock, timber or coca production, which are not captured
as part of the available datasets, but might also point towards a reduction of shade cover on existing
production land beyond the level of shade cover of >30% detected by Hansen et al. (2013).

Tree cover loss was larger than increase in harvest area, but relatively modest in Uganda and Vietnam. In
Ethiopia, India, and Nigeria tree cover loss between 2001 and 2019 was modest and smaller than the
increase in harvest area over the same time period, and smaller compared to a relatively big increase in
harvest area ever since 2001 in Côte d'Ivoire, Ghana and Cameroon (Annex I). This can potentially be due
to a higher share of tree loss in previous decades. What appears striking is that the largest loss in tree cover
in relation to an increase in harvest area was recorded in Latin American countries, while tree cover loss
appears relatively modest compared to increases in harvest areas in African producer countries. This might
possibly result from differences in production systems, and the inability to capture tree cover loss at 30 ×
30 meter resolution in heterogeneous smallholder production systems, which are more prevalent in African
countries, or an or an inability to differentiate between plantations above 5 meters in height and shade
cover of >30% on the basis of available data sets (Hansen et al., 2013). Nevertheless it might also point
towards a higher occurrence of tree cover on agricultural land in African countries, compared to Latin
American agricultural systems, which are dominated by larger and more homogeneous plantations.

Rather than presenting a quantitative analysis of tree cover loss resulting from coffee and cocoa
production, the data analysis presents a first point of departure and illustrates the spatial relation between
the area of tree cover loss in each of the major cocoa and coffee producing countries over a 19 year period
in relation to changes in the area dedicated for coffee and cocoa production between 2001 and 2019. The
analysis is not sufficient to identify the causes for the extent of tree cover loss in each country, which might
be caused by forces outside of farming. Instead the analysis can help to identify the relation between an
increase in the area for agricultural production in general and coffee and cocoa production in particular
against the background of tree cover loss in each country. Changes in crop composition and harvest area
dedicated for coffee and cocoa production further help to understand potential future trajectories in coffee
and cocoa production and their potential impact on tree cover loss and forest degradation. Further analysis
would be required to understand complex and interrelated dynamics at country level, which have an impact
of tree cover loss or protection and the role of cocoa and coffee production in this context.

5.4. Bird Friendly Coffee Standard
The Smithsonian Bird Friendly Coffee Standard and the Rainforest Alliance Sustainable Agriculture
Standard are the two most prominent certification schemes for the coffee and cocoa sector. Both systems
provide opposing approaches to sustainability certification along the coffee and cocoa value chains. The
following analysis will elaborate on differences and similarities in terms of certification criteria, processes
and expected benefits and their impact on tree cover protection and ecosystem restoration along the coffee
and cocoa value chains.

The Bird Friendly coffee standard is a performance based standard, based on a pass/fail decision with clear
targets and criteria, which need to be fulfilled by producers in order to receive certification. The focus of
Bird Friendly certification lies not so much on improving general conditions of farm management and
production, but focuses solely on aspects of environmental sustainability that are relevant to protect habitat
for migratory birds in areas where coffee is produced. The concept for Bird Friendly coffee was first
introduced by the Smithsonian Migratory Bird Center (SMBC) in 1996 at the first Sustainable Coffee
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Congress (Smithsonian’s National Zoo, 2017). It was developed as the first 100% shade-grown standard,
based on research of the Smithsonian Migratory Bird Center (SMBC), to encourage the protection of
diverse coffee forests. The initiative emerged in response to concerns about a disappearing refuge for
migratory birds in Latin America, where intensification of coffee production in the 1980 caused farmers to
cut coffee shade canopy and adopt the use of synthetic inputs, which threatened the habitat for seasonal
migration of birds.

The Bird Friendly Coffee Standard, developed by the Smithsonian Migratory Bird Center, has emerged out
of conservation and research efforts and operates under the same organisation until the present day. Bird
Friendly coffee is a niche product catering for a relatively small commercial market. The major market
outlet for Bird Friendly coffee is in North America, where the seal was originally developed. A total of
about 34 million pounds of Bird Friendly coffee have been produced by certified producers over an area of
15 thousand hectares of coffee farmland (Smithsonian’s National Zoo, 2017). More than 5 thousand coffee
farms in 11 countries are certified as Bird Friendly (Smithsonian’s National Zoo, 2017). Due to the
geographic proximity and relevance of Latin American tropical forests for North American migratory
birds, emphasis of certification has focussed primarily on South and Central American coffee producing
countries. Guatemala, Nicaragua, Honduras, Colombia, Peru and Mexico are the major countries for Bird
Friendly coffee production with additional certified farms and farmers associations in Ethiopia, Thailand
and India. The largest certified producer in terms of land under certification is the Oromia Coffee Farmers
Cooperative Union in Ethiopia with 3667 hectares of certified coffee farmland, which amounts to about
0.5% of the total coffee harvest area in Ethiopia in 2019, followed by producers in Colombia and Mexico
(Smithsonian’s National Zoo, 2017).

5.4.1. Bird Friendly Certification Requirements

Currently the Bird Friendly standard is only applicable to coffee production, with a standard for cocoa
being under development. Organic certification is required for producers to qualify for the Bird Friendly
Seal, as the use of synthetic inputs is harmful for bird and insect populations. Farmers are audited by third
party certification bodies to assure compliance with organic regulation and Smithsonian's habitat standards.
After certification audits were initially conducted every year, new requirements have reduced the frequency
of inspection to every three years after a successful first inspection. Currently 16 certification agencies are
accredited to conduct audits on behalf of the Smithsonian Migratory Bird Center for the Bird Friendly
Coffee Standard (Smithsonian’s National Zoo, 2017). All certification bodies need to be authorized by the
USDA for the National Organic Program. Inspectors from accredited bodies receive training by SMBC on
how to conduct audits prior to certification. In addition to production requirements for Bird Friendly
coffee, the processing and marketing facilities of Bird Friendly coffee are required to be clearly separated
during processing, storage and transportation, in order to safeguard traceability and avoid blending with
non-certified products (Smithsonian Migratory Bird Center, 2002). In addition to single farms, Bird
Friendly certification is available for smallholders and group farmers through an internal control system for
collective operators. Third party inspectors review certification criteria in terms of bookkeeping and coffee
production. Records on the quantities of coffee produced and sold under the Bird Friendly seal must be
made available by producers and allows to verify certified coffee volumes against harvest records. In
addition to compliance with separate rules and required documentation, a focal person needs to be
dedicated to oversee quality control and internal monitoring processes, in order to receive collective
certification (Smithsonian Migratory Bird Center, 2002).

5.4.2. Bird Friendly Shade Cover Requirements

The Bird Friendly coffee standard is aimed primarily at protecting the structural and species diversity of
bird habitat in coffee agroforestry systems. The certification requirements encompass eleven key criteria,
which need to be met by coffee producers to qualify for the Bird Friendly coffee seal. Certification
requirements for bird friendly habitat encompass tree height, canopy cover, tree diversity, tree strata and
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management of ground cover and surrounding vegetation (Smithsonian Migratory Bird Center, 2002). The
certification requirements have changed little since the inception of the standard in 1996, and present one
of the most rigorous standards for shade coffee certification.

Structural Diversity Requirements

Bird Friendly certified coffee farms should either resemble the structure of rustic and traditional
polyculture systems, where coffee is carefully planted in the understory of existing natural forests, or in
diverse commercial polyculture systems, where a multi strata shade canopy is planted in combination with
coffee trees. The design of a multi strata coffee system should ideally consist of three or more layers,
where the backbone species form the principal shade canopy (Smithsonian Migratory Bird Center, 2002).
The backbone canopy layer is planted to provide optimal shade conditions for coffee production and should
consist predominantly of native tree species. Trees of the backbone shade canopy are required to measure
at least 12 meters in height. For younger farms in transition, pruning practices should be designed to
support tree growth above 12 meters. Beyond the backbone shade strate an upper layer of emergent trees
should be present. Trees in the emergent layer should be composed of native trees from the natural forest
and can provide timber for household consumption (Smithsonian Migratory Bird Center, 2002). In the
layer below the backbone canopy, a third understory layer of small trees and shrubs, such as fruit trees,
should be installed, which provide added value in addition to the coffee harvest. The shade cover of Bird
Friendly certified coffee is required to exceed 40 percent at all times and does not include the coffee plant
itself. The canopy layer of the backbone species should form the principal shade strata and provide around
60 percent of the required shade volume. The understory and emergent canopy layers should each provide
20 percent of the remaining foliage requirement. The same shade density should be maintained during dry
seasons and after pruning. Pruning of the shade canopy should be conducted in the raining season to
maintain higher shade canopy in dry seasons.

Species Diversity Requirements

The shade canopy in a Bird Friendly system should be designed in a diverse manner, where single tree
species should not dominate the shade canopy. Trees in the backbone and emergent layer should consist of
native species. Inga edulis is a tropical leguminous tree and recommended as backbone shade species for
Bird Friendly coffee production, due to its physiological and chemical characteristics and ability to provide
optimal shade and fix atmospheric nitrogen (Smithsonian Migratory Bird Center, 2008). It is recommended
nevertheless that Inga spp should comprise no more than 60 percent of the shade canopy, with the
remainder consisting of other tree species and that different varieties of the Inga spp be planted. Beyond
backbone species more than 10 different woody species (shrubs and trees), should be prevalent on the
coffee holding and present at least one percent of all individual shade trees sampled (Smithsonian
Migratory Bird Center, 2008). A diverse shade system supports the flowering of trees throughout the year
and creates optimal conditions for bird and insect habitat. Bird Friendly shade strata and diversity
requirements for both species richness and species abundance are important indicators for floristic diversity
in coffee agroforests.

Rustic or Traditional Polyculture System Requirements

In rustic or traditional polyculture systems, where coffee is planted in the understory of old growth or
secondary forests, the Bird Friendly standards requires that a “minimum canopy cover of 40% be
maintained and that no trimming of epiphytic plants or hemiepiphytic vines be conducted on the shade
trees.” (Smithsonian Migratory Bird Center, 2008, p.2). The standard further sets regulations, which
prohibit the planting of coffee in protected natural forests, but does not outrule the production in natural
forests entirely, as long as it complies with set regulations on Bird Friendly habitat and biodiversity
protection (Smithsonian Migratory Bird Center, 2008).
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Surrounding biodiversity Requirements

A strip of natural vegetation consisting of trees and shrubs that create a ‘living fence’, should be
maintained around the border of Bird Friendly certified coffee farms and along roadways, to prevent
damage and desiccation in the understory caused by wind (Smithsonian Migratory Bird Center, 2008). Soil
management practices should be deployed and the soil should be covered either with mulch or living mulch
to improve soil quality (Smithsonian Migratory Bird Center, 2008). Along rivers and waterways an
additional strip of trees and vegetation should be installed at a width of five to ten meters depending on the
size of the waterway. These buffer zones create protection against disturbances and provide a refuge for
natural biodiversity.

5.4.3. Financial Requirements and Benefits from Certification

The Bird Friendly coffee standard does not dictate a set price premium for certified coffee itself. Instead,
producers negotiate farmgate prices for Bird Friendly coffee in combination with premium prices received
for organic certification. The profitability of Bird Friendly certification does therefore highly rely on the
producers ability to find a buyer and negotiate a favourable price. It also depends on the compatibility of
the existing production system and the investments required for producers to meet the Bird Friendly coffee
standards.

Roasters of certified Bird Friendly coffee pay 25 US cents per pound of coffee to market their product
under the Smithsonian Bird Friendly seal. Importers of certified coffee pay an annual fee of 100 USD to
the Smithsonian Migratory Bird Center (SMBC). The generated revenue is invested by the Smithsonian
Migratory Bird Center to fund further research and conservation activities. The costs for farm inspection
and audits are paid directly by the producer to the accredited certification authority.

Table 3. Rainforest Alliance & Bird Friendly Certification

Rainforest  Alliance Bird Friendly Coffee

Crops Cocoa, coffee, tea, and bananas as four major crops
under certification

Coffee as the only crop under certification
(a standard for cocoa is in development)

Certification System Process based certification
(continual improvement

Performance based certification
(pass/fail)

Group Certification Certification of farms and farmer groups Certification of farms and farmer groups

Scope International (with focus on tropical countries) International (with focus on Latin America)

Areas of certification Management and shared responsibility, Farming,
Social, Environment

Shade certification of bird friendly habitat (coffee)

Additional
Certification

Additional certification is possible but no
prerequisite

Organic certification as prerequisite for BF
certificate
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5.5. Rainforest Alliance Sustainable Agriculture Standard
The Rainforest Alliance is a non-profit organization founded in 1987 in response to growing global
concerns about tropical deforestation. The first Rainforest Alliance certification was launched on the basis
of the Sustainable Agriculture Network (SAN) standard ten guiding principles to promote social and
environmental sustainability along global supply chains (SAN, 2010). Today the organization is a leading
actor in the field of voluntary sustainability certification active in more than 70 countries with more than
two million farmers under certification (Rainforest Alliance 2021). The Rainforest Alliance certification
focuses on the agriculture sector with cocoa, coffee, tea, and bananas as the four primary crops under
certification, but is equally active in the forestry and tourism sectors. It is a member of ISEAL, the global
membership organisation for sustainability certification, and complies with the ISEAL Code of Good
Practice for standard setting (Rainforest Alliance, 2020). In 2018 the Rainforest Alliance merged with
UTZ, a leading sustainability certification system focussing on the cocoa, coffee and tea value chains, to
form a single standard for sustainability certification.

5.5.1. Rainforest Alliance Certified Coffee & Cocoa Production

Coffee and cocoa are two of the major crops under Rainforest Alliance certification with the majority of
cocoa produced in West Africa and the majority certified coffee stemming from Latin America. In 2020,
770 thousand metric tons of Rainforest Alliance certified coffee were produced over an area of around
520 thousand hectares of farmland by 228 thousand certified coffee farmers (Rainforest Alliance, 2021).
On average, around half of the certified coffee was officially sold by producers as Rainforest Alliance
certified, with Brazil leading sales of certified coffee in 2020 with 42% followed by Colombia and
Guatemala (Rainforest Alliance, 2021). In the cocoa sector, more than 150 thousand farmers were
Rainforest Alliance certified in 2020 with more than 540 thousand hectares of cocoa farmland under
certification in twelve countries (Rainforest Alliance, 2021). The three major producing countries were
Côte d’Ivoire with 58% of certified production, followed by Ghana with 23% and the Dominican Republic
with 7% (Rainforest Alliance, 2021). While the total volume of Rainforest Alliance certified cocoa
amounted to almost 330 thousand metric tons in 2020 the share of certified cocoa that was actually sold as
such only made up around 57% of total certified production (Rainforest Alliance, 2021). The expansion of
certification in the two major Rainforest Alliance/UTZ cocoa production countries Côte d’Ivoire and
Ghana, was put on hold in 2019, after various cases of fraud had been reported with certified cocoa farms
located in protected forest areas (Whoriskey, 2019). In response new measures were introduced as part of
the Cocoa Assurance Plan that would require GPS mapping for certified farms, and allocate certification
bodies to farmers based on a prior risk assessment. Beyond measures developed to particularly tackle
challenges along the cocoa value chain, a reform of the existing certification standard was initiated.

5.5.2. Sustainable Agriculture Standard 2020
In 2020 the new joint certification scheme was presented under the title ‘Reimagining certification’ to
replace the existing Rainforest Alliance and UTZ certification systems. Audits against the new standard
will be initiated around mid-2021. The presented analysis can therefore not draw on empirical evidence,
but focuses primarily on the conceptual analysis of the standard itself. The 2020 Rainforest Alliance
Standard is designed around the principles of contextualization, continual improvement, a new system of
financial remuneration or ‘shared responsibility’, risk-based assurance systems and the use of digital tools
and data to monitor and verify compliant production systems and certified supply chains (Rainforest
Alliance, 2020). Under the new umbrella organisation the 2020 standard builds on the experience of the
Rainforest Alliance and UTZ and sets the guidelines for certification of producers focusing on four key
areas of sustainability: 1) management and shared responsibility 2) farming 3) social 4) environment. Key
certification requirements are formulated for each of the sections for producers to receive certification. The
2020 Sustainable Agriculture standard presents a process based approach towards certification, which
builds on the continuous improvement and self assessment of certified producers. At farm level
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sustainability requirements for the new standard are clustered along three categories: 1) core requirements
2) mandatory improvements and 3) self-selected improvements (Rainforest Alliance, 2020). Core
requirements refer to minimum standards along key sustainability criteria that have to be met by the
certification applicant for successful certification. They present an equivalent to traditional certification
criteria of compliance. Improvement requirements, both mandatory and self selected present areas of
intervention, which are identified by the producer and auditor as important to realize continuous
sustainability improvement.

5.5.3. Rainforest Alliance Certification Processes and Audits

The 2020 Rainforest Alliance certification is built around 3 year cycles of external inspection and is
applicable to both single farms of various sizes and farmer groups, with different requirements for
certification (Rainforest Alliance, 2020). The certification of Rainforest Alliance compliant producers is
conducted by authorized certification agencies on behalf of the Rainforest Alliance. Currently there are
eleven authorized certification bodies active on five continents. To initiate the certification process a
contextualized standard is developed in the Rainforest Alliance digital system based on a set of criteria
such as farm size, crop and location to define concrete certification criteria applicable to the specific
farm(s) under inspection (Rainforest Alliance, 2020). In the preparation phase before the first external
audit, producers are required to perform a basic risk analysis and internal evaluation to assess their
sustainability performance and necessary improvements for compliance with the standard. An initial
management plan is developed based on the analysis to map out how core requirements of the standard can
be fulfilled before a first inspection (Rainforest Alliance, 2020). After the preparation phase the first audit
is conducted by the certification body to assess the eligibility of the producer to be certified based on a
pass/fail assessment of core sustainability requirements. With a successful first certification the producer is
inaugurated into the Rainforest Alliance program and future sustainability milestones and targets are
formulated for the period of three years and measured annually on the basis of defined indicators
(Rainforest Alliance, 2020). The progress and continuous improvement towards sustainability targets are
captured in what is termed “smart meters” and can reflect both mandatory and self-selected improvement
targets. In between the certification audits every three years, annual internal inspections and surveillance
audits are conducted to assess progress on sustainability requirements based on the farm self assessment
and indicator monitoring. This new approach of certification based on the principles of contextualization
and self assessment is designed to better respond to diverging production conditions and to prevent the
creation of entry barriers for producers, willing to improve their sustainability performance.

5.5.4. Rainforest Alliance Forest and Shade Cover Requirements

The 2020 Rainforest Alliance Sustainable Agriculture Standard builds on two essential principles to
support the protection and restoration of forests and natural ecosystems: the principle of non conversion
and the principle of conservation and enhancement.

Non-conversion of forests and natural ecosystems

The non-conversion of natural forests and other natural ecosystems is a core requirement for certification
under the 2020 Sustainable Agriculture Standard and is captured in the requirement 6.1.1. (Rainforest
Alliance, 2020). It requests that no conversion of natural forests and other natural ecosystems to agriculture
or other land uses have occured after the reference date of January 1st 2014. Conversion in this context is
referred to as any profound changes in land use and ecosystem species composition, function or structure,
that substantially alter the quality and function of natural ecosystems and forests (Rainforest Alliance,
2020). Deforestation presents one major form of prohibited land conversion under the 2020 Rainforest
Alliance Standard. The standard further strictly prohibits any conversion and encroachment of farmland
into protected areas and official buffer zones under the core requirement 6.1.2, unless explicitly permitted
under applicable and customary law (Rainforest Alliance, 2020). In contrast to the Bird Friendly
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Standard, where coffee production in non protected natural forests is permitted in the form of a rustic or
traditional polyculture system, the Rainforest Alliance Standard does not allow commercial agricultural
production in natural ecosystems. Non-commercial harvesting of timber and non timber forest products for
household consumption on the contrary is permitted under the 2020 Standard (Smithsonian Migratory Bird
Center, 2008; Rainforest Alliance, Guidance Natural Ecosystems and Restoration, 2020). For farmers
located closer than 5 km to a High Conservation Value Area and intact forest landscapes, any disturbing
activities of farm members must be recorded as part of the risk assessment, and a measure be installed to
halt or redirect any harmful activity that might threaten the intactness of existing ecosystems (Rainforest
Alliance, 2020). The protection of HCVA is a core requirement and regulated under 6.1.3 of the farm
requirement and the risk assessment.

To monitor land conversion and deforestation, the application of geodata risk maps is introduced under the
new certification scheme to assess land conversion and tree cover loss based on remote sensing and
geospatial location data. The risk maps are additionally designed to monitor the risk of farm encroachment
into nearby protected areas, and to take necessary preventive measures. If conversion into forest areas
occurred after the reference date in 2014 below the scale of 1% of all farmland or below a total threshold of
10 hectares for big farms, a restoration or compensation plan can be installed to remediate the loss of
forests and ecosystems, that would continue to allow the farm or farm group to seek certification.
Compensation for converted land can either occur by rehabilitation of degraded ecosystems on the
farmland itself, or by “restoring and/or providing compensatory conservation benefits on a nearby area”
(Rainforest Alliance, 2020, p.4). This measure presents a new mechanism under the 2020 Rainforest
Alliance Standard and enables farmers to offset land conversion and deforestation practices on farmland by
installing remediative measures in areas outside of the farm itself. The conserved or restored area is
required to be permanent in nature, proportional in size and equivalent in terms of the ecological value
restored. No clear requirements are formulated in terms of land ownership, tenure and land use practices
for restored areas outside of farmland under Rainforest Alliance certification as part of the 2020 Standard
and related annexes (Rainforest Alliance, 2020, Rainforest Alliance, 2020). For smallholder and group
farmers remediation of deforested and converted land areas can include the implementation of an
agroforestry system on an area at least three times the size of the converted territory to mitigate previous
losses (Rainforest Alliance, 2020).

Natural vegetation and ecosystem conservation and enhancement

The conservation of trees on farmland is regulated under the core requirement 6.2.2 as part of the 2020
Sustainable Agriculture Standard and requires the protection of all remaining forest trees and the
sustainable management of native trees, to assure that the same quality and quantity of tree cover be
maintained. Natural vegetation levels of at least 15 % for shade tolerant crops and 10 % for farms
producing non-shade tolerant crops, are required under the new regulation and are formulated as
mandatory improvements under 6.2.4. Natural vegetation in this context is referred to as native and locally
adapted species that resemble the structure and composition of vegetation “that occurs or would occur in
the absence of human interference” (Rainforest Alliance, 2020). Should the farm or farm group not comply
with the required vegetation thresholds, measures should be installed to increase the natural vegetation
cover accordingly latest by the 6th year. The progress towards increased natural vegetation cover should be
monitored and reported annually along the system of smart meters. The requirements on minimum natural
vegetation thresholds can also be met through integration of shade cover in agroforestry systems.
Agroforestry shade cover only qualifies as natural vegetation under given requirements, if it resembles the
species composition and diversity that would be encountered in a natural setting (Rainforest Alliance,
Guidance natural Ecosystems and Restoration, 2020). Should the required thresholds on vegetation cover
not be achieved by farmers in the given timespan without reducing the agricultural area under production,
the new standard provides the option to complement remaining requirements of farm natural vegetation
through conservation and restoration activities outside the farm (Rainforest Alliance, 2020). The regulation
is designed as a complementary measure to existing on-farm conservation and restoration activities and
does not allow the conversion or replacement of existing natural vegetation on the farmland. Conservation
areas in and outside farm boundaries can jointly be counted to achieve the required thresholds of 10 and 15
percent vegetation cover as long as long-term protection of the area for at least 25 years can be secured.
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Beyond mandatory improvement requirements for natural vegetation cover, certified farmers are
encouraged to increase shade canopy in agroforestry systems according to species specific shade and
diversity parameters. The production of shade tolerant crops in agroforestry systems is a voluntary measure
and monitored and regulated in the form of self selected smart meters under 6.2.5 of the standard. Optimal
shade conditions are set at a minimum of 40 percent shade canopy for coffee and cocoa, and a minimum
diversity of 12 shade tree species for coffee and 5 tree species for cocoa production systems (Rainforest
Alliance, Guidance natural Ecosystems and Restoration, 2020). The recommended shade level for the
cocoa production system has thereby increased from 30 to 40 percent from the 2017 to the 2020 standard,
but remains voluntary in nature (Table 4).

The Rainforest Alliance requirements of vegetation cover on farmland and compensation systems for off
farm conservation clearly deviate from strict vegetation and shade cover requirements as part of the Bird
Friendly certification system. In contrast to earlier versions of the Sustainable Agriculture Standard, the
latest version does not postulate comparably ambitious thresholds on shade tree and vegetation density,
diversity and abundance that must be met by producers in order to qualify for certification (Table 4). The
2005 version of the Rainforest Alliance Sustainable Agriculture Standard did bear resemblance to the
current Bird Friendly approach towards sustainability certification and required a minimum density of
shade 70 trees per hectare, of which 12 were required to be native species (Table 4). The canopy of
agroforestry systems under the 2005 standard was required to comprise at least two strata and form a shade
cover density of at least 40 percent at any given time. By 2017, when the latest version of the Rainforest
Alliance Sustainable Agriculture Standard was published, a natural vegetation cover of at least 15% was
required on all farmland. Alternatively producers could opt for crop specific certification parameters,
where a shade cover canopy of a minimum of 40% and a minimum of 12 native trees were required for
coffee producers and a minimum canopy of 30% and 5 native trees were requested for farmers of cocoa
(Table 4). With the launch of the 2020 certification standard a novel approach towards certification was
initiated, which focuses on continuous improvement and sustainability self assessment of producers. For
certification under the new standard, a natural vegetation canopy of 15 % is required only in the 6th year
after inspection, which can equally be compensated through conservation and restoration practices outside
the farm. In this process more rigorous certification requirements have been softened and were replaced by
more flexible mechanisms and a broader approach towards sustainability focusing on social and economic
aspects of sustainability performance.
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Table 4. Certification Requirements and Impacts on Conservation and Restoration.

Criteria
Rainforest  Alliance Bird Friendly Coffee

2005 2009 2017 2020

Conservation
Forest
Protection
Requirement

N.A. (information
could not be
obtained on the
basis of available
data)

N.A. (information
could not be
obtained on the basis
of available data)

“High Conservation Value
(HCV) areas have not been
destroyed since 2005. Forest
or other natural ecosystems
have not been destroyed in 5
years prior to application for
certification or after 2014.”

•“From January 1st 2014 onward, natural forests and
other natural ecosystems have not been converted
into
agricultural production or other land uses.
• ”Production or processing does not occur in
protected areas or their officially designated buffer
zones,
except where it complies with applicable law.
•“Farms maintain all remnant forest trees, except
when these pose hazards to people or infrastructure.
Other native trees on the farm and their harvesting
are sustainably managed in a way that the same
quantity and quality of trees is maintained on the
farm”

Coffee production in natural forests outside protected areas  is
permitted under Bird Friendly certification, as long as it is
compliant with Bird Friendly requirements on habitat and
biodiversity protection

Tree height
requirement

- - - - “≥12 meters for the canopy formed by the “backbone”
species”

Tree stocking
requirement

“A minimum of
70 individual trees
per hectare”

- - - “Ten or more woody species (in addition to the “backbone”•
species), with at least 10 of these representing 1% or more of
all
individuals counted in the inspector’s sample, and dispersed
throughout the production area”

Tree cover
diversity
requirements

“must include at
least 12 native
species per
hectare”

“The tree
community on the
cultivated land
consists of minimum
12 native species per
hectare on average”

- - “Ten or more woody species (in addition to the “backbone”•
species), with at least 10 of these representing 1% or more of
all individuals counted in the inspector’s sample, and
dispersed throughout the production area”

Tree cover
density
requirements

“A shade density
of at least 40% at
all times”

“The overall canopy
density on the
cultivated land is at
least 40%. [“At all
times removed”]

- - “≥40%, ideally measured during the dry season and after
whatever pruning is done, when the nature of deciduous
species and cultural practices have minimized foliage
presence”
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Strata
requirements

The tree crowns
must comprise at
least two strata or
stories

The tree canopy
comprises at least
two strata or stories.

- - preferably three strata of shade cover: “the stratum formed by
the “backbone” species and others of similar height; the
“emergent” stratum, normally composed of native forest
species of the region; and a layer beneath that formed by the
backbone species made up of shrubs, small trees and fruit
plants. The emergent layer, as well as the lower stratum
should each account for about 20% of the foliage volume,
with the remaining 60% of foliage volume attributed to the
principal canopy made up by the backbone species and species
of similar height.”

Other
Certifications

Organic certification is required for producers to obtain Bird
Friendly Certification.

Restoration Incentives to
increase tree
cover density
& diversity

“A farm without
shade can be
certified once it
has a shade
establishment or
expansion plan
and shade
established in at
least 25% of the
production area.
Shade must be
established in the
remaining 75% of
the production
area within five
years”

“at least 15% total native
vegetation coverage OR a
shade canopy fulfilling the
Rainforest Alliance canopy
cover and species diversity
parameters (optional):
[Coffee: minimum canopy
cover of 40% and minimum
of 12 native tree species per
hectare; Cocoa: minimum
canopy cover of 30% and
minimum of 5 native tree
species per hectare”

“If there is less than 10% of the total area under
natural vegetation cover or less than 15% for farms
growing shade-tolerant crops, management sets
targets and takes actions for farms to reach these
thresholds:
• natural vegetation cover on at least 10% of the
total area for farms growing non-shade tolerant
crops
• natural vegetation cover on at least 15% of the
total area for farms growing shade-tolerant crops
(by the 6th year of certification)

Incentives to
increase
biodiversity &
ecosystem
health

“Farms implement practices
such as crop rotation, planting
of nitrogen fixing
ground covers or cover crops,
or application of compost or
mulch to maintain or
enhance soil health. “Farms
reduce erosion through practices
such as ground covers,
mulches, re-vegetation of
steep areas, terracing, filter
strips, or minimization of
herbicide use”

“Farms with shade-tolerant crops work towards
agroforestry systems with optimal shade coverage
and species diversity according to the Shade
coverage and species diversity reference
parameters”

37



5.5.5. Management and Administration Requirements

The principal document for farmers certification entitled “2020 Rainforest Alliance Sustainable
Agriculture Standard - Farm requirements” covers more than 80 pages and sets the basis for producers to
become acquainted with the certification program. In addition 20 supportive manuals and guidelines and
15 annexes elaborate more in detail about the specific requirements and procedures for compliant
production and certification set in the standard (Rainforest Alliance, 2019). Additional guidelines and
criteria are provided for supply chain actors and certification bodies. The certification process is further
supported through the application of a number of digital tools and monitoring systems, including the
“MultiTrace” certification platform, the “Farm Intelligence App”, the “Risk Assessment Tool” the use of
“Smart Meters” and the adoption of remote sensing and geospatial data to monitor and verify standard
compliant production and progress. The new Rainforest Alliance standard does therefore provide a
comprehensive certification program, which requires adequate skill sets, knowledge and capacities of
producers, and the equivalent technical and administrative resources to comprehend and implement the
standard accordingly.

5.5.6. Certification Benefits
The 2020 certification scheme builds on the principle of shared responsibility and deploys two financial
mechanisms for its implementation: the sustainability differential and the sustainability investment
(Rainforest Alliance, 2019). The sustainability differential is a mandatory payment to be paid by the first
buyer to producers on top of market prices and other premiums to reward farmers for improved
sustainability performance. The payment of the sustainability differential is a core requirement and
regulated under 3.2.3 of the standard. It is negotiated between the producer and first buyer as a monetary
payment and needs to be recorded as part of the contractual agreement. Currently a minimum sustainability
differential has been established only for the cocoa sector, and is set at 70 US$ per metric ton for dried
cocoa as of July 1, 2022. Certified producers are required to spend the sustainability differential for the
benefit of workers to improve wages, housing and work conditions and health and safety standards
(Rainforest Alliance, Annex s14, 2020). It will be the first time that the Rainforest Alliance introduced a
fixed premium for certified products, and thereby responds to the requests to share the costs for improved
production more equally amongst producers, buyers and consumers.

The sustainability investments is an additional financial vehicle of in kind or monetary contributions to
support the certificate holder to meet mandatory requirements for certification and to fund investments for
improved sustainability performance. The payment of the sustainability differential is another core
requirement for certification under the 2020 standard and regulated under 3.2.5 and in the annex S14:
Shared Responsibility (Rainforest Alliance, Annex S14, 2020). Prior to receipt of the payment or in kind
contribution, investment requirements need to be clearly identified by the producer based on internal
assessments and audits.
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Table 5. Certification Benefits and Costs

Category Rainforest  Alliance 2020 Standard Bird Friendly Coffee

Costs
(Capital Requirements)

Certification . Supply chain risk assessment fee (SCRA) of US$100 per site (paid once per
certification cycle)
. Supply chain audit fees must be paid  if required based on SCRA results for audits
from Rainforest Alliance authorized certification bodies (based on CB fees)

. Coffee producers pay the CB for the costs of audits and inspections

. Importers of certified coffee pay a fee of 100 USD per year for BF
certified coffee to the Smithsonian Migratory Bird Center (SMBC)

Royalty Fee A royalty fee of $0.0129 per kg of cocoa beans and $0.015 per pound of green
coffee must be paid to RA by the certified farmer or any subsequent supply chain
actor or purchaser  based on traded certified volumes.

Roasters pay 25 cents USD  per pound of coffee for the use of the
Smithsonian Bird Friendly seal

Inputs and
improved
production

Additional costs for farm investments in inputs and equipment must be covered by
the farmer or farmers group

Farm investments in tree planting and maintenance  might be required to
meet BF shade requirement

Labor and living
wage

Costs to comply with and improved working conditions and living wage benchmark
need to be accounted for by producers

-

Bookkeeping and
accounting

Requirements on traceability, and bookkeeping for certification require investments
in personal and training

-

Environmental
Sustainability

Improved environmental performance can reduce yields and cause losses of income Coffee producers might occur losses in yields and income due to high
shade requirements for BF coffee

Benefits
(Capital Gains)

. The Sustainability Differential (SD) is the premium price paid on top of the
regular  market price for RA certified  commodities paid by the first buyer  (in cash
at least annually) and recorded in the RA traceability platform
.SD set at a minimum of 70 US$ per MT for  dried cocoa bean as of July 1, 2022
. SD not yet defined for coffee
. Sustainability Investments (SI) are additional payments by the buyer to support
the producer in achieving concrete targets in the process of towards increased
sustainability and compliance paid by the first buyer ( in cash or in  kind) and
recorded in the RA traceability platform
.Type value and terms of the payment are agreed upon between first buyer and
producer  and paid at least annually

. There is no price premium set for BF certified coffee, but producers can
build on the certification to negotiate better prices from buyers in
combination with the premium paid for organic certification (prerequisite).
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6. Discussion
In the following, the findings from the research project in terms of global coffee and cocoa production and
tree cover loss will be assessed. The results, together with the analysis of existing agroforestry certification
systems, will be evaluated on the basis of the Sustainable Livelihood Framework and linked to relevant
aspects outlined in previous chapters.

6.1. Sustainable Livelihoods and Agroforestry Certification
Alongside the four different forms of capital outlined in chapter two, Scoones (1998) differentiates
between agricultural intensification and extensification as opposing strategies for farmers to improve their
livelihoods. A strategy of extensification can imply the expansion of farmland into previously forested
areas and cause the deterioration of the natural capital base and relevant forest ecosystem services.
Intensification as an alternative livelihood strategy seeks to improve livelihoods by increasing production
on available farmland. In the context of agroforestry systems an intensification of production can result in
the loss of shade cover on farmland and thereby cause an erosion of on farm biodiversity and the natural
capital base. Instead, agroforestry as a sustainable livelihood seeks to intensify production on available
farmland without diminishing the natural capital at its basis. Functional agroforestry systems therefore
build on a strategy of agricultural diversification (Scoones, 1998) to generate a variety of ecosystem
services and goods that benefit the productivity of the system and generate marketable products in a
multi-strata system. Nevertheless, for agroforestry systems to be deployed successfully in the coffee and
cocoa sector, effective systems are required which can incentivise more sustainable production of coffee
and cocoa on a combined production area of about 23 million hectares (FAO, 2021).

6.2. Cocoa, Coffee and Tree Cover Loss
In the ten major coffee and cocoa production countries other than Guatemala assessed as part of this
research, production of coffee and cocoa increased ever since 2001, while tree cover was reduced in every
single country over the same period. In some of the countries such as Ethiopia, Honduras and Vietnam the
production of coffee more than doubled since 2001. Simultaneously the harvest area dedicated for coffee
production increased in eight out of the ten major coffee producing countries between 2001 and 2019
(Table 1). The available data indicates that a growing global production of coffee and cocoa between 2001
and 2019 can be attributed simultaneously to an intensification of cocoa and coffee production on existing
agricultural land as well as an expansion of production to new land for cultivation (Table 1&2). Both
processes can negatively impact tree cover in tropical countries through a reduction of tree cover on
previously forested land and a loss of shade trees in existing production systems.

In the majority of countries assessed, an increase of coffee production outweighed an increase in coffee
harvest area. This is particularly valid in Brazil, Vietnam and Peru, where production volumes increased
significantly ever since 2001 compared to relatively modest increases in the area under cultivation. We can
see from this that there is an overall trend towards an intensification of coffee production in major coffee
producer countries. With increasing intensification of production and a higher per land unit output of
coffee, shade tree density and biodiversity is likely to transform towards lower shade parameters and full
sun monocultures at its very extreme as described by Perfecto et al. (2005).

Similar to coffee, the production of cocoa increased in all ten major producing countries between 2001 to
2019, pointing towards a global trend of rising cocoa consumption (Table 2). In five of ten major cocoa
producing countries the production of cocoa more than doubled ever since 2001. The largest increase in the
production occured in Côte d'Ivoire and Ghana, making West Africa the most important producing region
for cocoa globally. An increase of production in both countries can likely be attributed to an intensification
of available production as well as an extensification of production to new farmland. Based on the data
available, an intensification of cocoa production (or the relatively larger increase of output compared to the
increase in harvest area) was particularly apparent in Brazil and Ghana, where production increased
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significantly ever since 2001. It has to be noted nevertheless that an intensification of production can
equally result from improved agronomic and management practices even in more diverse systems of
moderate shade regimes. A higher output on a smaller area of land can therefore not automatically be
equated with lower shade tree cover, but generally functions as a good indicator for more intensive
production systems, which do in many cases involve lower shade regimes and higher synthetic input (Jha
et al., 2014). Similar to the trend observed in coffee, the area for cocoa cultivation equally increased in nine
out of ten major cocoa producing countries ever since 2001 (Table 2). In Côte d'Ivoire, Ghana and Ecuador
cocoa is now the major crop under production in terms of harvest area, while coffee is the principal crop
under cultivation in Colombia and Honduras (Annex I). The manner in which cocoa and coffee are
produced therefore has an immediate impact on biodiversity and ecosystem health and is likely to further
impact tropical tree cover changes in the future.

India, Uganda and Guatemala are amongst the only major coffee producing countries, in which an increase
in harvest area clearly outweighed an increase in production, indicating a trend towards more extensive
production systems. Guatemala is the only country in which coffee production decreased, while the harvest
area for coffee increased between 2001 and 2019. Simultaneously Guatemala recorded one of the highest
levels of relative tree cover loss amongst major cocoa producers ever since 2001. A decrease in
productivity did therefore not ultimately result in increased coffee shade canopy. The potential drivers for
low productivity and high tree cover loss are diverse and difficult to determine on the basis of available
information. Instead they highlight the complexity of the research topic and illustrate the different factors
that can potentially impact both tree cover loss and crop productivity.

The largest absolute loss of tree cover between 2001 and 2020, recorded as part of this research, occured in
Brazil, Indonesia and Colombia, which rank amongst the major producers for coffee (Hansen et al., 2013,
FAOSTAT 2021). Similarly Côte d'Ivoire and Ghana, as the two major cocoa producing countries,
experienced some of the highest relative losses of tree cover compared to 2001 levels. These observations
highly emphasize a likely relation between an increase of cocoa and coffee production and high levels of
tree cover loss in major production countries. A study by Jha et al. (2014) equally highlights the relation
between an intensification of global coffee production and a reduction in shade canopy cover. The study in
19 coffee production countries found that the share of diverse shade cover in 2010 had decreased from 43%
to  24% ever since 1996.

As production of coffee and cocoa is likely to increase in the future given current demographic trends, the
manner in which production systems are designed, will therefore have a lasting impact on tropical
biodiversity and tree cover protection. Particularly in countries, which have experienced high levels of tree
cover loss over the last two decades, such as Guatemala, Vietnam, Côte d'Ivoire and Ghana, (Table 1&2)
agroforestry certification systems in combination with adequate systems of financial remuneration, could
prove effective in halting the trend of continued tree cover loss. But also in countries such as Ethiopia and
Ecuador, where agroforestry practices remain relatively popular, and where recorded losses in tree cover
were modest in relation to a rapid increase in production of coffee and cocoa (Table 1&2), agroforestry
certification systems can provide relevant mechanisms to incentivise farmers to conserve remaining shaded
production systems and prevent the conversion towards lower shade regimes.

6.3. Performance vs. Process Based Certification
Voluntary sustainability certification schemes currently present a promising market mechanism to support
biodiversity conservation and tree cover growth in agroforestry systems. Nevertheless the ability of
certification schemes to successfully promote the protection and restoration of tree cover is highly reliant
on the design, implementation and uptake of the standard itself. Whilst the Rainforest Alliance Standard
was initially designed with a clear focus on the protection of tropical forests and biodiversity, it has by now
been established as a widely adopted certification system across a broader range of sustainability criteria.
Emphasis is no longer put solely on the protection of tree cover and forest biodiversity in agroforestry
systems, but aims to promote sustainability on a wider scale. As the Rainforest Alliance standard has been
adopted by major actors in the food and agriculture industry, the standard has been designed to
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accommodate a wider range of commercial production systems, with generally lower biodiversity and
natural vegetation density. As a result the Rainforest Alliance standard no longer serves the primary
purpose of agroforestry and shade cover certification in tropical systems, but rather focuses on a broader
range of sustainability criteria and improved farm management. Whilst the Rainforest Alliance certification
system as a process based standard is successful in driving continual improvements, it does not qualify as a
reliable framework for agroforestry certification. The absence of clear benchmarks for agroforestry
production do not allow consumers to differentiate between conventional and shade based production
systems and for producers to market their products accordingly.

The Bird Friendly Coffee Standard on the contrary sets a clear focus on certification of bird friendly habitat
protection in diverse agroforestry systems. The standard formulates distinct and rigorous parameters for
shade coffee certification and caters to a relatively small commercial market segment. The Bird Friendly
Standard is currently only applicable to the coffee value chain, with a similar standard for cocoa under way.
In contrast to the Rainforest Alliance Sustainable Agriculture Standard, which is a process based
certification system aimed to enhance sustainability performance of producers through continuous
improvement, the Bird Friendly coffee standard presents a performance based approach towards shade
coffee certification based on pass/fail criteria. The Bird Friendly standard therefore presents a less suitable
mechanism to incentivise farmers to transition towards agroforestry production practices, but is rather
directed towards producers who already comply with high standards in terms of biodiversity in the
production system.

6.4. Human and Social Capital Requirements and Benefits
The 2020 Rainforest Alliance Sustainability certification program presents a highly complex and
comprehensive system to verify sustainability compliance of producers. The standard together with related
annexes, guidelines and manuals covers several hundreds of pages. For producers to successfully navigate
the certification process, knowledge and skill sets, which form the human capital base, are required, while
high social capital is necessary in terms of the administrative and organizational structures that need to be
in place. Once successfully onboarded to the program, producers and producer groups have the chance to
gradually enhance their social and human capital base through training and skill building activities offered
as part of the Rainforest Alliance certification program. On the other hand, the highly complex nature of
the standard runs the risk of creating administrative entry barriers for producers with limited human and
social capital assets, and preventing them from accessing certification and related benefits as has equally
been highlighted in previous research by Bray and Neilson (2017). The Bird Friendly coffee standard
provides a very different approach towards certification, and builds on a small set of certification criteria
documented in a comprehensible manner. While both certification programs are accessible to smallholder
farmers through internal control systems, the process of verification and reporting is less comprehensive
under the Bird Friendly Standard and requires limited human and social capital as long as basic
bookkeeping and accounting structures are in place. The focus of the Bird Friendly Standard lies primarily
on securing bird friendly habitat and is less concerned with improving skill sets and resources of farmers
around management practices.

To make sustainability certification widely accessible, a certification system would be desirable, which
lowers human and social capital requirements for certification and improves potential capital gains from
certification. For this purpose, administrative and technical requirements would need to be simplified to
allow producers and producer groups with limited social and human capital to access the program. Rather
than setting high requirements on necessary human and social capital resources, the process should be
designed in a manner which gradually builds skill sets and assets over time, in accordance with existing
capacities and demands.
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6.5. Natural Capital Requirements and Benefits
Whilst the Rainforest Alliance and Bird Friendly Standard bore resemblance in terms of shade canopy and
tree diversity parameters when they were first launched, Rainforest Alliance initial requirements on shade
canopy cover have been gradually lowered over the years (Table 4). Under the 2020 Rainforest Alliance
Sustainable Agriculture Standard, natural capital requirements in terms of natural resource assets that
indicate farm diversity and vegetation richness in agroforestry systems are relatively low. While the
standard sets clear instructions around the necessity to conserve existing forests and tree cover on
farmland, it formulates no clear requirements in terms of shade cover density and tree diversity that need to
be prevalent for the producer to receive certification. Instead lower thresholds are set to gradually enhance
the natural resource base over time. A natural vegetation cover of 15%, which can equally be
complemented through conservation activities outside the farm, does not need to be achieved before the
6ths year of inspection. As a result systematic improvements of tree cover growth and shade canopy
density can not be guaranteed under the current version of the Rainforest Alliance standard. The Bird
Friendly Standard on the contrary, formulates clear certification requirements, in terms of the shade
canopy, tree diversity, abundance and canopy strata in agroforestry systems that need to be prevalent for
producers to qualify for certification. In that manner the certification provides a successful system, which
rewards the protection of a rich natural capital resource base in existing agroforestry systems. With high
natural capital requirements for producers to access certification and low incentives to increase the natural
capital base over time, the standard proves less effective in creating incentives for restoration of the natural
capital base in unshaded systems.

Both certification systems, which have been analysed as part of the research, present opposing approaches
towards certification with different impacts on the natural capital base of certified producers. While the
Rainforest Alliance standard is theoretically more effective in gradually enhancing a minimal natural
capital resource base in the process of restoration, the Bird Friendly Standard rewards the protection of a
rich existing natural capital base and therefore proves more effective for tree cover and biodiversity
conservation purposes. A combination of both standards, in which lower entry barriers in terms of the
natural capital base of shade canopy would be required initially, with the more ambitious targets to increase
shade canopy and tree diversity over time, would provide ample benefits and encourage farmers to convert
existing production towards more diverse agroforestry systems. For this purpose nevertheless, thresholds
for minimum canopy cover and vegetation diversity would have to be designed in a manner which balances
optimal yield and ecosystem parameters, and allows farmers to be productive, while conserving a rich
natural capital base. As ecosystem services do not provide additional benefits to farming systems in terms
of pollination, pest control, shade provision and water retention beyond a certain threshold, without
compromising the agricultural output, shade canopy and biodiversity parameters should be set accordingly
(Figure 5). Commercial polyculture systems with a shade cover density of about 30 to 40 percent for cocoa
and coffee present a promising design in which high biodiversity values are conserved, under conditions
which benefit commercial crop production. Nevertheless, without necessary financial incentives that would
compensate producers for additional investments and marginally lower yields, the success of a certification
is unlikely to produce expected results. The below illustration (Figure 5) presents a schematic presentation
of different shade regimes in agroforestry systems and their impact on the natural capital base. The
illustration informs about the ecosystem services generated in each production system and their benefit on
the farming system and ecosystems at a broader scale.
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Fig. 5. Schematic representation of natural capital in different agroforestry systems scenarios (zu Lynar, 2021).

6.6. Economic Capital Requirements and Benefits
Profitability of certification is a major factor, which indicates the success of certification systems. It is
directly related to the economic capital required for certification in the form of necessary investments in
infrastructure, labour, training and improved farm management on one hand, and economic capital gains in
the form of price premiums and improved harvests that can be expected from certification on the other
hand

Many certification systems build on the premise that certificate holders are more likely to access premium
markets and fetch improved prices than their non certified competitors. The profitability of certification
schemes from a producer's perspective remains disputed (Vellema et al., 2015; DeFries et al., 2017). Only a
few standards, including the organic and fairtrade standards, provide clear guidelines on the payment of a
premium in their certification system. With the launch of the 2020 Sustainable Agriculture Standard, the
Rainforest Alliance has introduced a new system, which requires buyers to pay a sustainability differential
on top of market price for certified products and to co-sponsor necessary farm investments for improved
sustainability performance. While this measure presents a novelty, its effectiveness needs to be measured
against the ability to increase net economic capital gains from certification in relation to net capital
investments required to access certification. Previous research suggests that direct economic capital
benefits from certification in the form of premium payments are often outweighed by necessary prior
investments. Instead, benefits from certification in most cases relate to improved human and social capital,
which improve productivity and profitability of producers and in turn positively affect their economic
capital base (Bray & Neilson, 2017; Fenger et al., 2017). Price premiums for Bird Friendly certified coffee
are not regulated, but negotiated between the producer and buyer in addition to the premium received for
organic certification. The ability to improve the economic capital base of certified producers therefore does
highly rely on both the human and social capital assets required in the negotiation and marketing process.
With the Bird Friendly seal being a less popular standard beyond a niche market, it is unlikely that higher
volumes of certified production could be absorbed by the market under current conditions. But not the
premium itself but the ability of producers to find buyers willing to pay for the certified crop, is essential
when assessing the profitability of certified production and its impact on the economic capital base of
producers. Only about half of all Rainforest Alliance certified coffee and cocoa was sold as such on the
market in 2020 (Rainforest Alliance, 2021). Thereby the relation between prior investment and benefits
from certification becomes additionally distorted. The below illustration (Figure 6) shows a schematic
presentation of different shade systems and their impact on the economic capital base of producers.
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Fig. 6. Schematic representation of economic capital in different agroforestry systems scenarios (zu Lynar, 2021).

Conversion

The conversion from conventional and non shade farming towards increased incorporation of tree cover in
agroforestry systems, is both labour and capital intensive and therefore constitutes additional costs for
farmers and involved parties. An effort to support the adoption of agroforestry principles needs to account
for costs that occur in the process. But not only the initial investment for the establishment of the system,
but also recurring costs of system maintenance and audits, factor into this. Unless farmers are adequately
compensated for the additional costs of certification and related investments, they are unlikely to opt for
agroforestry based production as a viable livelihood alternative. The absence of sufficient financial
resources can cause farmers to fall victim to what is referred to as the ‘poverty trap’, whereby a shortage of
initial financial capital causes a further gradual erosion of both the natural and financial capital base of
farmers (Noordwijk and Leimona, 2017).

For sustainability certification systems to be effective in encouraging producers to prioritize agroforestry
over monoculture systems, the sum of benefits would need to be greater than the benefits experienced as a
result of conventional or non shade farming and 1) create additional income for farmers through sales of
agroforestry products and certification premiums and/or 2) reduce costs and additional spending for farm
households through provided ecosystem services (Figure 6). As in most cases agroforestry production is
not competitive with conventional production in terms of productivity (of a single crop), alternative
incentives and market paradigms need to be established to create a competitive advantage of agroforestry
production over conventional farming. The payment of a certification premium is one possible mechanism
to account for the difference in farm output and income in an agroforestry system compared to
conventional systems. The difference in net income and spending between two production systems
provides an indication of the margin that would need to be provided in an ideal scenario through
certification and premiums, to make agroforestry commercially viable for farmers (Fig 9). As it is unlikely
that prices of sustainable agroforestry products in terms of their “true cost” would be competitive in the
market, the question arises whether ecosystem services provided not to the farming system alone, but
society on a larger scale, should be accounted for as part of the process. ‘Green Finance’ and funding
resources that are mobilised in the context of global emission trading schemes, can play a crucial role in
this context and provide financial resources that can support the adoption and conservation of diverse
agroforestry systems (Somarriba et al., 2014; Benjamin & Sauer, 2017; Obeng et al. 2018). Through a
‘payment for ecosystem services’ as part of the certification system, farmers could be compensated for
losses in yields and additional costs that occur in the process of conserving biodiversity and tree cover on
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farmland. These payments for ecosystem services are not indisputed and bear many additional challenges
and weak points (Obeng et al. 2018). Nevertheless, they would provide a vehicle to overcome the gap in
income for farmers in high biodiversity systems and provide a financial mechanism that would allow to
distribute costs for ecosystem and habitat conservation more equally.

7. Conclusions and Recommendations
Over the last decades forest and tree cover in tropical regions continued to decline, while global demand
for food and commodity crops increased. With a growing world population and agriculture as the principal
driver of deforestation, pressure on remaining forests is likely to increase in the future. Global production
of coffee and cocoa has increased significantly over the last two decades, and more than doubled in many
major producing countries. As a result coffee and cocoa have become established as the principal crops
under production in terms of harvest area in countries such as in Colombia, Ecuador, Côte d'Ivoire and
Ghana. Their production therefore not only plays a central role for income and local livelihoods, but
equally has a strong impact on biodiversity conservation and tree cover protection in tropical regions.

While both coffee and cocoa are forest crops by nature and thrive well under a shade canopy, an
intensification of production systems in many producer countries is causing the loss of shade cover and
associated biodiversity. As a response to low prices in a highly competitive market, many producers are
shifting from traditional shade based production towards lower shade regimes and monoculture systems.
While an intensification of production reaps short term economic benefits for producers, a loss of shade
trees and farm biodiversity erodes many ecosystem services that benefit both farmers and crop production.
Beyond the farm level, a loss of tree cover and farm biodiversity has further replications and contributes
towards the erosion of essential ecosystem services that benefit humanity and ecologies on a larger scale.
With global climate change and rising temperature, forests are playing a prominent role in the process of
global carbon sequestration. The protection of tree cover on farmland outside designated forest areas is
recognized as a relevant strategy that can further contribute to the process of climate change mitigation. As
many coffee and cocoa producing countries are expected to be negatively affected by increases in
temperatures and weather extremes, the conservation of tree cover on farmland equally presents a relevant
strategy for producers to adapt to changing climate and weather patterns and to build resilience around
more diverse cropping systems.

With a growing awareness about sustainable agricultural practices and the importance of conserving
tropical biodiversity and ecosystems, voluntary certification schemes have gained relevance as a viable
mechanism to promote sustainable production along global supply chains. In the coffee and cocoa sector
the Bird Friendly and Rainforest Alliance standards present two dominant certification mechanisms, which
are deployed most prominently to promote sustainable agricultural production. Both mechanisms present
contrasting approaches towards sustainability certification with different criteria of compliance. While both
standards have initially been designed on the basis of similar criteria for shade covered production in
agroforestry systems, the Rainforest Alliance standard criteria for certification have been amended over the
years to encompass a broader definition of sustainability. Whereas the Bird Friendly Standard builds on a
strict criteria for shade coffee production in agroforestry systems based on a performance based approach
towards certification, the new Rainforest Alliance certification today is a process based standard and builds
on the principle of continuous improvement. While both approaches towards certification bear different
advantages and challenges, only the Bird Friendly coffee seal currently serves as a viable certification
standard for shade based production in diverse agroforestry systems, but is not applicable to the cocoa
sector. In order to provide a system of certification for coffee and cocoa that effectively promotes the
adoption of agroforestry practices amongst producers and presents a reliable system of verification of
certification claims for consumers, different characteristics and requirements would need to be met.
Drawing on the learnings from this research, key criteria have been outlined below that would be necessary
for sustainability certification systems to effectively contribute towards the protection and restoration of
tree cover on farmland, and the promotion of coffee and cocoa production in diverse agroforestry systems.
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A sustainable agroforestry certification standard would need to:

● Promote the protection of existing tree cover on agricultural land
● Prohibit the expansion of production into remaining forest areas
● Promote the production in diverse and multi-strata agroforestry systems
● Formulate clear shade cover and biodiversity parameters, which need to be preserved or restored

after an initial period of time
● Present shade cover density and biodiversity threshold, which adequately balance biodiversity and

productivity requirements
● Create incentives for farmers to effectively enhance their shade cover to and above the required

thresholds
● Create financial incentives which compensate farmers for potentially lower yields and higher

workload
● Create financial incentives, which make it more attractive for farmers to conserve rather than

destruct biodiversity and tree cover
● Create a system which minimize administrative workload and complex instructions to the highest

amount possible
● Create structures which support demand driven development of skill sets and capacities

Building on the outlined criteria, voluntary sustainability standards can present a powerful mechanism to
support sustainable agricultural production along global supply chains. While many sustainability
standards are guided by a similar promise, criteria for certification and the rigorousness in their
implementation vary largely. Beyond voluntary certification alone, the introduction of clear policy
guidelines and regulations, to define minimum thresholds and criteria for certification, would allow to set
basic standards in the industry and create improved coherence and transparency in terms of certification
promises. A similar strategy has proven effective in the organic sector, where a policy regulation sets the
barriers for private certification standards to operate in the market. The introduction of an agroforestry
regulation in resemblance to the organic regulation, would provide optimal conditions for the development
of agroforestry certification systems for both coffee and cocoa. A combination of the characteristic of
continual improvement with ambitious shade canopy targets and an adequate remuneration system, would
provide favourable conditions for producers to maintain and restore tree cover on farmland.

But while agroforestry systems provide valuable benefits for both people and the planet, they cannot
substitute the ecological value of natural forests. The preamble therefore needs to be the commitment to
halt deforestation of remaining forests for the purpose of agricultural production, whether in a conventional
or agroforestry system. At a landscape level nevertheless, agroforestry systems can make an important
contribution to the rehabilitation of degraded landscapes and to increase biodiversity and tree cover on
existing farm land. In order to explore the future potential of coffee and cocoa agroforestry systems to
contribute towards the reduction of tree cover loss, further research would be required to better understand
the current impact of coffee and cocoa production on tree cover loss both on a global and national scale.
Additional research would also be necessary to address the question of optimal shade conditions and
certification criteria, that adequately balance productivity or yields and shade cover protection. Last but not
least a more profound understanding of appropriate financial vehicles would be necessary, that can create
meaningful incentives for farmers to protect and conserve tree cover and forest biodiversity in the long run.

To secure food demands for a global population without compromising the health of forests and
ecosystems, it is essential to develop long term strategies for sustainable land use and food production.
Agroforestry systems present one of many important pathways in this context, which holds a promising
potential that needs to be further explored. Nevertheless, the adoption of agroforestry practices can only be
part of the solution to effectively halt deforestation and tree cover loss. Equally important in this process is
the rehabilitation of soil fertility and biological diversity, a reduction of food waste and losses, and a
change in diets and consumption patterns. Only if these challenges are addressed systematically, can we
expect to reap the results that would be needed to oppose the global trend of forest and tree cover loss
effectively.
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8. Appendix I:

Tree cover loss and changes in harvest area (in ha) in the ten major coffee and
cocoa producing countries between 2001 - 2019 / 2020
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