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Summary
Summary

Agriculture is a major contributor to the global environmental crisis. Natural ecosystems are
being replaced by agricultural land, which leads to the extinction of species and the release of
tons of carbon emissions. Farming activities also contribute to environmental pollution, water
scarcity, soil erosion, and thus to the disruption of biosphere dynamics. Global agricultural
value chains (GVCs) have grown due to the intensification of international trade. While GVCs
have undeniably created economic opportunities for the agriculture sector, they have also led
to the escalation of local environmental issues.

GVCs are complex systems that involve multiple actors across various locations. GVCs trigger
multiple cause-effect pathways that can lead to the non-linear transmission of impacts. For
example, a policy incentive in one country can motivate farmers to switch from crop A to
crop B, which can lead to the expansion of crop A in another country, shift the environmental
burdens, and alter the market of the agricultural inputs needed for each crop. This is known
as a telecoupled system.

Several initiatives have been implemented to reduce the negative impacts of agriculture,
including government regulations, sustainability certification labels, and voluntary
sustainability commitments. However, the effectiveness of these initiatives has been
questioned due to several reasons, including the mismatches between the scale of the
problem and the solution, the lack of monitoring and verification of sustainability actions,
and their weak enforcement. Sustainability initiatives are informed by studies assessing the
impacts of agriculture that often only focus on local impacts, while disregarding larger-scale
- telecoupled- dynamics that can trigger impacts across geographic and temporal scales. It
is necessary to gain a deeper understanding of the causal mechanisms that determine the
impacts of GVCs on sustainability. To achieve this, we need to understand the role of the GVC's
network configuration in catalyzing telecoupled impacts.

This thesis aims to help bridge these knowledge gaps by examining the impacts of agricultural
GVCs across scales, studying the role of GVC's configuration in modulating these impacts, and
investigating the role of GVC actors in mitigating sustainability risks across scales. The global
cocoa value chain is used as a case study to answer the following research questions:

I.  How can we evaluate the telecoupled sustainability impacts of agricultural GVCs,
such as those involving cocoa?

Il. How do the environmental impacts triggered by the cocoa GVC at different
scales compare to each other?

lll. How can cocoa GVC actors mitigate environmental risks at different scales?
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Chapter 2 examines various impact assessment methods and their ability to capture the effects
caused by telecoupled dynamics across different scales. As land use change plays a significant
role in agriculture, this chapter particularly focuses on the capacity of these methods to capture
direct and indirect impacts caused by land use dynamics. The study concludes that no single
method is sufficient to capture all telecoupled cross-scale dynamics and to quantify the full
range of impacts of agricultural GVCs. The integration of different methods is necessary to
bridge gaps between methods and complement their scope. Finally, this chapter suggests that
to better assess the impacts of agricultural GVCs, it is important to improve the understanding
of cause-effect mechanisms and make context-specific impact factors available.

Chapter 3 implements the recommendations outlined in Chapter 2 by analyzing the impacts
caused by cocoa production in Ghana within and beyond the farm-level. This chapter integrates
scenario modeling, land use modeling, life cycle assessment, and spatial assessment to capture
the impacts caused by telecoupled land use dynamics beyond the cocoa farm. By defining three
different demand scenarios, it tested the impacts of promoting cocoa agroforestry and cocoa
full-sun systems on carbon, biodiversity stocks, and environmental pollution in the Ghanaian
cocoa belt. This chapter reveals that findings drawn from farm-level assessments can contradict
those from landscape-level assessments. Decision-makers focused on sustainability should be
wary of extrapolating farm-level assessment results to larger scales, as this can be misleading.

Chapter 4 expands the scope to the global scale by examining the role of the cocoa GVC
configuration on the capacity of the sector to address sustainability challenges across scales.
The chapter identifies different types of cocoa traders and their sustainability commitments,
indicating that the high market concentration among top cocoa traders can have both positive
and negative impacts on realizing visions for sustainable trade. While the dominance of a
handful of traders can be used to scale up sustainability action, it can also undermine the
objective by marginalizing smaller traders with less visibility and investment capacity to
implement sustainability transformations. This could be why, despite significant sustainability
challenges in top cocoa exporting countries, only seven companies have consistently adopted
sustainability commitments, leaving more than 60% of traded cocoa uncovered by such
commitments. The chapter highlights that to address the telecoupled impacts of the cocoa
GVC, coordinated action between traders is required, along with government interventions
to balance power asymmetries.

Chapter 5 aims to measure the degree to which cocoa traders, as identified in Chapter 4, are
exposed to two sustainability issues that are critical in the cocoa value chain: deforestation
and climate change. It is important to understand how these problems impact the various
actors in the cocoa value chain to prioritize actions and locations that can help minimize
any unintended negative consequences that may arise due to telecoupled dynamics across

n
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scales. This chapter highlights that sustainability challenges in any single agricultural value
chain cannot be resolved in isolation as farming systems are constantly interacting with other
farming systems (e.g., other crops) and competing sectors that use land (e.g., mining). To
avoid displacing negative impacts across scales, it is necessary to have a coordinated and
collaborative effort from stakeholders and sectors involved in making decisions related to
land use.

This thesis shows that addressing the telecoupled impacts caused by agricultural value
chains needs a good understanding of the cause-effect dynamics at play. This requires the
quantification of impacts caused by agriculture across scales and the characterization of
the GVC network of actors modulating these impacts. Interdisciplinary methods need to
be leveraged and integrated to generate actionable insights. The findings of this thesis can
assist decision-makers and private actors in devising customized sustainability strategies,
prioritizing action, and addressing the most vulnerable hotspots while being mindful of
global teleconnections and avoiding spillovers. To address sustainability problems caused by
telecoupled systems, cross-scale, and cross-sector collaboration must be facilitated by multiple
governance approaches that bridge the gaps between the scope of governance action and the
scale of the problem. Current efforts in the sector are increasingly acknowledging the need to
manage complex dynamics arising from telecoupled agricultural GVCs.
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Introduction

This thesis addresses the environmental impacts of agriculture and its implications for the
sustainability of global agricultural value chains, using cocoa as a case study. A special focus is
given to impacts spanning across geographical and temporal scales and stakeholder efforts to
minimize these. To that end, this thesis first provides a literature review identifying knowledge
gaps among the available impact assessment methods applicable to agricultural systems. It
then moves on to answer some of the research gaps identified by empirically evaluating the
impacts of the cocoa value chain and studying the sustainability initiatives taken by value chain
actors. To frame these debates, this chapter introduces the main concepts used throughout
this thesis (global value chains, telecoupled systems, land use dynamics, and sustainability
commitments), describes the state of the art in this research field, identifies research gaps, and
lays down guiding research questions.

1. Global value chains and telecoupled impacts

Global value chains (GVCs) have become one of the main vehicles of globalization and
international trade, connecting producers and consumers across the world at a speed hardly
imaginable a century ago. International trade has virtually reduced the geographical distance
between consumption and production regions and has expanded the offer of purchasable
products across the globe. This has opened several economic opportunities and has made
GVCs one of the most important mechanisms for pursuing economic growth (Gereffi and Lee,
2012; Lee and Gereffi, 2015). GVCs have helped to maximize the cost-efficiency of production
networks by promoting the strategic use of resources and the specialization of actors (e.g.,
countries, regions, and companies) in specific value-adding production stages (Meliciani and
Savona, 2015). By providing access to larger markets, facilitating technology transfer, boosting
innovation, and enhancing employment opportunities, GVCs have been used by countries
as a vehicle to advance poverty alleviation (Gereffi, 2018; Ponte et al., 2019). Nonetheless,
recent studies have shown that GVCs can also have mixed effects on the socioeconomics of
participating nations by reducing employment, raising income inequality, intensifying poverty
through higher prices, and lowering the wages of low-skilled workers. Negative socioeconomic
impacts are reportedly more likely to arise in less consolidated economies than in more
consolidated ones, with the latter being better equipped to reap the benefits of GVCs thanks to,
among other factors, better institutional, technological, and labor force preparedness (Ha and
Huyen, 2022; Lopez Gonzalez et al., 2015; OECD, 2013; Saliola and Zanfei, 2009; Selwyn, 2019).

Some studies suggest that GVCs can help reduce environmental impacts, such as in developed
economies where the level of GVC embeddedness is decoupled from carbon emissions (Ali
and Gninigug, 2022; Ambikapathi et al., 2022; Huang and Zhang, 2023). However, there is
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mounting evidence that GVC networks can help amplify negative environmental impacts at
a scale that can threaten the integrity and functionality of the biosphere. In GVCs resource
extraction, resource transformation, manufacturing, consumption, and disposal of products
can occur thousands of miles away, which facilitates the spread of environmental impacts. In
addition to their geographical spread, the amplification of the environmental impacts caused
by GVCs is driven by the aspirations for continued economic growth and value creation that
dominate the global economy. This economic model encourages the creation of economies of
scale and the exponential accumulation of capital, which leads to market concentration, ever-
growing GVCs, and an ever-increasing demand for resources regardless of the physical limits
of the Earth (Raworth, 2017; Rockstréom et al., 2009). In a resource-limited world, the scale of
GVC's operations thus amplifies in an unprecedented manner the impacts linked to economic
activities, such as pollution, water scarcity, soil erosion, biodiversity loss, deforestation, and land
conversion in biosphere-wide phenomena, such as global warming, mass species extinction,
ocean acidification, and ozone depletion (Clapp et al., 2021; Folke et al., 2019; Rockstrom et al.,
2009; Schneider et al., 2020).

Complex causality pathways can arise due to the multiple factors that agents must navigate
to operate GVCs, such as resource availability, regulatory policies, capital availability, and
opportunity costs, which complicates the attribution of impacts caused by GVCs. The
telecoupling framework provides a suitable theoretical foundation to understand the factors
driving “telecoupled systems”, such as GVCs, and the potential causality mechanisms influencing
their final impacts. In telecoupled systems, agents in sending (e.g., exporting countries) and
receiving systems (e.g., consuming countries) are linked by multi-directional flows (e.g.,
information, materials, financial flows, emission flows), and their exchange is modulated by
social, economic, and environmental factors that lead to a non-linear transmission of impacts.
These non-linearities arise due to feedback loop mechanisms and path-dependencies between
the agents and systems making up GVCs and can take the form of spillover effects, leakage,
cascading effects, legacy effects, and time lags. (Liu et al., 2013, 2018). These indirect impacts
occur, for instance, when the intervention in one place or system triggers unintended impacts
in another one (spillovers), when regulatory policies inadvertently reduce the intended
consequence of an intervention (leakage), when the impact of an intervention extends over
a much longer period than anticipated (legacy effect), when an intervention affects multiple
other systems (cascading effects), or when the impact of an intervention does not become
apparent until years or decades later (time lags) (Lima et al., 2018; Liu et al., 2013; Meyfroidt
et al., 2020).

The impacts caused by GVCs have been the subject of increasing research in the last decades.
The value chain transparency research field has focused on providing visibility to the agents
and transactions connecting upward and downward sections of value chains (i.e., value chain



Introduction

mapping). This has been targeted as one of the most important initial steps to understand the
final socioeconomic and environmental outcomes of GVCs and as a starting point for designing
effective governance arrangements that help limit their negative externalities (Gardner et al.,
2018; Godar et al., 2016; Schleifer et al., 2019). The land systems research field has focused on
increasing the understanding of the interconnection of land across geographic scales, the
causal mechanisms of impacts, and the quantification of impacts that are strongly modulated
by GVC dynamics (Meyfroidt et al., 2013, 2018; Oberlack et al., 2018; Sun et al., 2017). The global
value chain research field has focused on understanding how business strategies and GVC
governance arrangements can influence the socioeconomic and environmental outcomes of
GVCs (Gereffi et al., 2005; Ponte, 2019; Reis et al., 2020). The life cycle assessment research field
has focused on improving the methods for quantifying the multidimensional, non-static, and
spatially heterogeneous impacts caused by GVCs (Chaplin-Kramer et al., 2017; Hellweg and
Canals, 2014; Park et al., 2016; Yang and Heijungs, 2018a). Nonetheless, research is still needed to
improve the understanding of the diverse value chain configurations and their potential effect on
sustainability impacts, improve the causal attribution of GVC telecoupled impacts, and quantify
the array of multidimensional impacts derived from GVC's activities with sufficient granularity.

2. The impacts of land use change, agriculture, and the global cocoa
value chain

The agriculture, forestry, and other land use sector (AFOLU) occupies a special position among
drivers of environmental degradation as it is the largest driver of natural ecosystem conversion,
the second largest contributor to anthropogenic greenhouse gas emissions (23% between
2007-2016), and one of the main drivers of the sixth mass extinction of species (Davison et al.,
2021; IPCC, 2019). Of all the ice-free terrestrial surface once covered by natural ecosystems,
35% has been converted to agricultural land, and of all freshwater resources, 70% is used for
agriculture (IPCC, 2019). Of all the different forms of land use change, tropical deforestation
driven by agricultural expansion is one of the largest contributors to global environmental
degradation as it releases the vast reserves of carbon stored in tropical forests and destroys
the natural habitat of countless species (Ramankutty et al., 2008; Rosa et al., 2016). Among
tropical agri-commodities, cocoa is of particular concern as it has been identified as one of the
top agricultural drivers of tropical deforestation contributing together with oil palm, soybeans,
cattle pastures, coffee, and rubber to more than half of tropical deforestation between 2001-
2018 (Goldman et al., 2020; Pendrill et al., 2019).
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Agricultural land is embedded in socioecological systems and is therefore influenced by
multiple socioeconomic factors, such as market dynamics (e.g., pricing, supply-demand), land
competition dynamics (within the sector and across land competing sectors), land supply
elasticity (i.e., the ease with which the land can be converted to another use), land ownership
status, spatial policies, and the suitability, accessibility, and availability of land (Van Asselen
and Verburg, 2013). Agricultural land is also exposed to the dynamics of adjacent and distant
systems (e.g., social, economic, cultural, and political systems), such as financial flows in other
sectors (e.g., mining), price dynamics (e.g., land speculation), technology (e.g., availability
of agro-industrial machinery), labor shortages (e.g., lack of seasonal workers), etc. (Neilson,
2007). This interplay of factors can trigger unpredictable and sudden changes in the use of
agricultural land, such as land regime shifts (e.g., sudden changes from one crop to another),
land transitions (i.e., structural non-linear changes, such as reforestation in abandoned land),
land abandonment, land expansion, or land use intensification. The complex causality chain
that arises thereof, complicates the identification of drivers and final impacts and makes
them difficult to anticipate and mitigate (Meyfroidt et al., 2018, 2020, 2022). Consequently,
to understand the impacts triggered by agriculture it is necessary to study not only the
immediate local responses but also the indirect impacts triggered at larger geographical
scales. For instance, it has been documented that sustainable agricultural practices can bring
local gains in ecosystem services but, due to their lower production per unit of area, they can
drive large-scale natural land conversion to satisfy demand (Cucurachi et al., 2019; Seufert and
Ramankutty, 2017).

Besides deforestation and biodiversity loss, cocoa farming has been linked to different degrees
of environmental pollution, human health risks, and ecosystem services degradation depending
on the farm management practices utilized (e.g., agroforestry, full-sun, intercropping, high/low
agrochemical inputs, agroecology) (Blaser et al., 2018; Jacobi et al., 2014; Niether et al., 2020;
Ntiamoah and Afrane, 2008). In addition, cocoa has been linked to socioeconomic issues due
to the child-labor cases and poverty that often prevail among millions of cocoa small-holder
farmers (Fountain and Huetz-Adams, 2020). These concerns are only expected to grow due to
the continued expansion of cocoa farmland, the increasing demand for chocolate products
across high- and middle-income countries (Beg et al., 2017; KPMG, 2014), and the predicted
increase in future climate risks (Ercin et al., 2021; Malek et al., 2022; Schroth et al., 2016).

Several research studies have quantified the environmental impacts caused by cocoa production
on biodiversity (Bennett et al., 2022; Maney et al., 2022; Sassen et al., 2022), environmental
pollution, human health (Ntiamoah and Afrane, 2008; Ortiz-R et al., 2014; Recanati et al., 2018;
Utomo et al., 2016), and carbon stocks (Asigbaase et al., 2021; Blaser et al., 2018; Middendorp et
al., 2018). However, despite this wealth of knowledge, most studies have focused only on the
impacts occurring within the farm plot (or immediate surrounding areas), limiting their scope

20
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to small case study areas or a collection of study areas through meta-analysis. In addition, due
to limitations in data, most studies have used generalized approaches (e.g., generalized impact
factors) to quantify environmental impacts, which obscures the role of spatial heterogeneity
and context-specific factors in determining final impacts. To my knowledge, studies rarely
account for the impacts caused by cocoa production beyond the farm-level in a spatially
explicit manner, considering the indirect impacts that different management practices can
trigger due to land use dynamics. More research is needed to better understand the trade-
offs that adopting different cocoa production systems may cause within and beyond the farm
across different impact categories. Finally, studies analyzing the impacts of cocoa production
are rarely linked to the private actors making up the GVC, which is an important step for
allocating responsibility and designing action plans for effective sustainability governance.

3. Addressing the telecoupled impacts of GVC and the cocoa value
chain

Global value chains confront us with a new challenge: how to assess, monitor, mitigate,
and prevent the negative environmental impacts triggered across multiple geographic
and temporal scales while still generating economic opportunities? This poses not only an
environmental challenge but also an operational one due to the involvement of multiple actors
(e.g., companies, countries, consumers, regulatory bodies, etc.) having their own institutional
configuration, scope, and scale of action, and following their own operational procedures.
Multiple actors play a role in the causal chain of environmental impacts, with no single
governance institution having a response mandate that matches the scale of GVCs dynamics,
which is a phenomenon described as institutional mis-match or mis-fit (Coenen et al., 2023).
Following collective concerns calling for global action, multiple governance mechanisms have
been proposed to tackle this problem. Some have argued for the establishment of a global
authority that defines rules, monitors action, and implements sanctions against GVC actors
driving negative cross-scale impacts. Besides the importance of a potential coordinating and
legally binding authority, other scholars have criticized the approach by arguing that the
complexities of setting up such a system could bring delays that compromise the purpose
and are not affordable in the face of the current climate and environmental crisis. Thus, the
need to migrate from a market-state dichotomy approach towards a decentralized system
of action (i.e., polycentric governance) has been proposed as a necessary strategy to govern
systems causing multidimensional cross-scale impacts, such as GVCs (Newig, 2018; Oberlack
et al., 2018; Ostrom, 2010a, 2010b).

21
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The decentralization of sustainability actions in GVCs is being facilitated by emerging public,
private, and civil society initiatives. Private governance has emerged as one of the most
extended mechanisms aiming to minimize sustainability risks in GVCs voluntarily, with a diverse
set of tools at its disposal, such as third-party certification labels, multi-stakeholder platforms,
own-company sustainability standards, and voluntary sustainability initiatives (Bager and
Lambin, 2020; Grabs and Carodenuto, 2021; Lambin et al., 2018; Lambin and Thorlakson, 2018).
These mechanisms have been tested in value chains with contested social and environmental
outcomes (DeFries et al., 2017; Garrett et al., 2021), some studies suggested that private
initiatives can have positive long-term impacts only under specific conditions. (Garrett et al.,
2019; Gollnow et al., 2022; Grabs et al., 2021; Levy et al., 2023), while others described mediocre
results due to negative spillovers resulting from inadequate enforcement (Meemken et al.,
2021; Sonderegger et al.,, 2022; Tayleur et al., 2017). Overall, it is difficult to assess the concrete
contribution of these initiatives to solve the sustainability problems linked to GVCs due to the
lack of transparency on company transactions, the lack of standardized definitions, the lack
of third-party monitoring and verification systems, and the imbalanced dominance of large
companies pioneering these voluntary initiatives (Gardner et al., 2018; Garrett et al., 2019). Due
to these factors, voluntary sustainability initiatives are often accused of greenwashing and
exacerbating inequality in GVCs. The latter can occur because larger corporations are better
equipped to invest in voluntary schemes and benefit from market competitivity gains without
the need to demonstrate impacts (known as green capital accumulation). This can undermine
the very purpose of these initiatives by increasing the risk of weakened environmental
regulations in favor of ever more powerful actors lobbying for lighter regulations (known as
sustainability agenda setting) (Clapp, 2021; Ponte, 2019).

Voluntary private initiatives in the cocoa sector are led by different stakeholders and vary in
focus. These have evolved from industry-led initiatives and certification labels (e.g., Fairtrade,
Rainforest Alliance) to voluntary own-company sustainability initiatives and programs, pre-
competitive multistakeholder initiatives, and, recently, transboundary regulatory initiatives
(Grabs and Carodenuto, 2021; Ingram et al., 2018; Thorlakson, 2018). In 2017, the Cocoa and
Forests Initiative (CFl) was established to address the issues of deforestation, forest degradation
and social risks arising from cocoa production, and to ensure effective sustainability monitoring
and reporting in the cocoa GVC. This initiative brought together the largest cocoa companies
and the governments of Cote d'lvoire and Ghana to work towards these goals. In 2002, the
International Cocoa Initiative (ICl) was formed as a multi-stakeholder initiative to address
child-labor by setting a framework for the identification, monitoring, and remediation of
cases. In addition, some of the most important consumer markets (such as The Netherlands,
Belgium, Switzerland, and Germany) have installed pre-competitive multistakeholder initiatives
for sustainable cocoa (ISCOs) with the goal of improving the sustainability conditions for
farmers and nature in the cocoa GVC. Recently, the European Commission has approved the

22
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deforestation-free legislation and is in the process to pass the due-diligence legislation. These
legislations have legally binding conditions to ensure that only cocoa produced in farms free
of deforestation and human rights abuses can be sold in the European market (European
Commission, 2021, 2022).

Research has focused on understanding the different forms of private governance mechanisms
in GVCs and on quantifying their potential additionality in solving sustainability issues (Garrett
et al., 2016; Gollnow et al., 2022; Leijten et al., 2023). However, in the cocoa sector, it is still
necessary to map the private initiatives that tackle various sustainability dimensions and the
key players leading these initiatives. It is also crucial to evaluate to what extent these voluntary
private initiatives help to address the cross-scale impacts of the telecoupled cocoa GVC.

4. Research gap and objectives

Despite the diversity of sustainability initiatives in the cocoa GVC, several knowledge gaps
jeopardize their strategic design and effectiveness. In the environmental dimension, three
important research gaps exist:

First, despite the accumulated knowledge on the impacts of cocoa farming systems, there
are no studies analyzing the potential impacts of these farming systems beyond the farm, at
a landscape, regional, or global scale. Arguably, this might be related to the interdisciplinary
nature of such questions and the complexities of integrating the multiple dynamics at play.
Applying farm-level assessment methods to larger geographic scales may not capture the
interactions that arise due to land use dynamics, spatial heterogeneity, and context-specific
socioeconomic factors (Prestele and Verburg, 2020). This information is crucial for developing
sustainable strategies and policies that balance trade-offs across scales, prioritize actions, and
provide tailored solutions. Cocoa farming systems that have the least impact at the farm-level
are being promoted for larger-scale implementation. However, scientific research suggests that
due to the land use dynamics triggered by low production volumes per area, these systems may
actually cause much larger impacts at the landscape level, which could potentially counteract
any local benefits (Cucurachi et al., 2019; Seufert and Ramankutty, 2017).

Second, the understanding of the potential impacts of cocoa production at even larger
geographic scales (e.g., across countries or globally) is hindered by the lack of visibility on
the global cocoa value chain configuration. This information is a crucial starting point for
understanding the interconnections between local and distant actors in the value chain that
can trigger telecoupled impacts across the globe. This understanding could help identify
leverage points for environmental upgrading and effective partnerships for sustainability
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initiatives. At present, there are only a few national-level studies available that focus on
the configuration of value chains. These studies primarily examine the commercial risks of
various value chain configurations (Barrientos et al., 2007; Guzman and Fajardo, 2019), the
effectiveness of various business models (de Boer et al., 2019), the identification of value chain
actors influencing farming activity (Garcia-Caceres et al., 2014), and the mapping of subnational
cocoa sourcing areas (Renier et al., 2023). However, to my knowledge, no study has provided
quantitative insights on how agency and power are distributed in the global cocoa value
chain and how this can impact the effectiveness of sustainability initiatives in the sector. Since
value chain actors send out market and non-market signals that can influence sustainability
outcomes in cocoa production areas, this is an important knowledge gap.

Third, despite the steep increase in public voluntary sustainability initiatives made by cocoa
value chain actors, no study has analyzed to what extent these cover the entire value chain, and
whether they address the most pressing sustainability dimensions and the main geographic
hotspots of sustainability risk. Recent studies have suggested that these initiatives often
overlap, duplicate actions, and focus on topics attracting the most media attention while
distracting from addressing underlying issues (Renier et al., 2023; Zu Ermgassen et al., 2022).
Climate change and deforestation are some of the most pressing environmental issues affecting
the cocoa GVC. To design more effective sustainability initiatives that increase climate resilience
and contribute to improved livelihoods, it is important to understand the spatial variability
of these phenomena and the value chain actors involved. This can help minimize the risk of
displacing negative impacts across regions while focusing on the most needed areas.

Given these knowledge gaps, this thesis aims to fill the gaps in our understanding of the role
of agricultural GVCs in triggering environmental impacts across different scales. It also seeks
to explore how a better understanding of GVC dynamics can help mitigate these impacts and
create opportunities for sustainable transitions. To address this objective, the cocoa GVC will
be used as a case study to answer the following research questions:

I.  How can we evaluate the telecoupled sustainability impacts of agricultural GVCs,
such as those involving cocoa?

Il. How do the environmental impacts triggered by the cocoa GVC at different
scales compare to each other?

lll. How can cocoa GVC actors mitigate environmental risks at different scales?
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5. Thesis outline

This thesis is composed of six chapters: an introduction (Chapter 1), a review study, three
research studies, and a synthesis chapter.

Chapter 2 presents a descriptive analysis and comparison of methods used to account for
the environmental impacts caused by agricultural value chains at different geographic and
temporal scales. It analyzes the capabilities and limitations of methods for accounting the
impacts triggered by telecoupled dynamics, with emphasis on the importance of capturing
the spatial heterogeneity of the direct and indirect impacts caused by land use dynamics.

Building on the recommendations of Chapter 2, Chapter 3 presents a comparative assessment of
the impacts caused by agricultural value chains within and beyond the farm-level, emphasizing
the direct and indirect impacts triggered by telecoupled land use dynamics across cocoa
producing landscapes. Using the case of cocoa production in Ghana, this chapter discusses
the limitations and practical implications of using non-spatially vs. spatially explicit assessment
methods to capture the full range of impacts within and beyond the farm.

Moving from the landscape to the global scale, Chapter 4 examines the role of the global cocoa
value chain configuration on the capacity to realize visions of sustainable production and trade,
by first building archetypes of value chain actors and describing the coverage of sustainability
initiatives adopted by cocoa traders. This chapter helps to visualize the value chain network
and the interactions between actors that lead to telecoupled dynamics and impacts.

Chapter 5 provides a spatially explicit characterization of two of the most pressing sustainability
problems in the cocoa value chain that lead to telecoupled dynamics: deforestation and climate
change. Building on Chapter 4, this chapter characterizes the incidence of deforestation and
future climate risk in the value chain of global cocoa traders and exporting countries. It also
discusses the implications of differentiated risk profiles on operationalizing sustainability action
across distant places.

Finally, Chapter 6 revisits the research questions laid out, synthesizes the main findings of

all chapters, and discusses the broader implications of operationalizing sustainability in
agricultural value chains and the cocoa GVC.
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Figure 1. Overview of the scope of the chapters of this thesis.

26

climate change

Producing Country A

landscape

farm

Producing Country B

landscape

farm

Consuming
Country Z

Consuming
Country Y

=3 Cocoa flows

. Traders

> |mpacts dynamics

L__1 Thesis chapters



Introduction

27






2. Methods to assess the impacts and
indirect land use change caused by
telecoupled agricultural value chains:
d review







Methods to assess the impacts and indirect land use change caused by telecoupled agricultural value chains: a review

Abstract

The increasing international trade of agricultural products has contributed to a larger diversity
of food at low prices and represents an important economic value. However, such trade can
also cause social, environmental, and economic impacts beyond the limits of the countries
directly involved in the exchange. Agricultural systems are telecoupled because the impacts
caused by trade can generate important feedback loops, spillovers, rebound effects, time
lags, and non-linearities across multiple geographical and temporal scales that make these
impacts more difficult to identify and mitigate. We made a comparative review of current
impact assessment methods to analyze their suitability to assess the impacts of telecoupled
agricultural value chains. Given the large impacts caused by agricultural production on land
systems, we focused on the capacity of methods to account for and spatially allocate direct
and indirect land use change impacts. Our analysis identified trade-offs between methods in
addressing different elements of the telecoupled system. Hybrid methods are a promising field
to navigate these trade-offs. Knowledge gaps in assessing indirect land use change should be
overcome to improve the accuracy of assessments.

Published in a slightly different version as: Parra Paitan, C., Verburg, P.H., 2019. Methods to
assess the impacts and indirect land use change caused by telecoupled agricultural value
chains: A review. Sustainability. 11, 1-28. https://doi.org/10.3390/s5u11041162
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1. Introduction

In current globalized economies, the stages of the life cycle of a product (from raw material
extraction, manufacturing, distribution, and consumption to end of life) occur across
geographical scales. The increasing international trade of agricultural products brings high
revenues but has environmental externalities across the globe (Henders and Ostwald, 2014;
Ramos et al., 2016; Schaffartzik et al., 2015). The value chain of agricultural products, defined as
the set of processes and activities needed to produce and deliver a product (Fasse et al., 2009;
Webber and Labaste, 2007), demands many resources such as water, land, energy, fertilizers,
and pesticides and it produces significant amounts of waste, pollutants, and emissions (Borsato
etal., 2018; Ramos et al., 2016). These can contribute largely to climate change, eutrophication,
land use change, biodiversity loss, resource depletion, water, soil, and air pollution that pose
local and global environmental threats (Ramos et al., 2016; Rebitzer et al., 2004). Global forces
play an important role in modulating local impacts, therefore, correct environmental impact
assessments require a better understanding of the telecoupled drivers and effects (Lambin
et al.,, 2001). The term “telecoupled” refers to the interactions between the social, economic,
and environmental factors that occur over long distances and have an impact on a particular
system, such as an agricultural value chain (Liu et al., 2013). Addressing the several dimensions
of the global sustainability challenges can generate trade-offs among them. Therefore, working
towards more sustainable value chains requires a deep understanding of the global telecoupled
dynamics to limit negative trade-offs between sustainability dimensions or locations.

The telecoupling framework (Liu et al., 2013) is helpful to conceptualize the relevant processes
involved in international trade as it describes how the life cycle stages of a given product and
the impacts generated might occur across temporal and geographic scales due to the complex
socioeconomic and environmental interactions between the multiple systems embedded.
Beyond its geographic and temporal outreach, international trade involves complex dynamics
such as cause-effect feedback loops, spillovers and leakage of impacts, legacy effects, time-
lags, cascading effects, and non-linearities (Liu et al., 2013; Verburg et al., 2015). Despite being
inherently present, impact assessment methods often describe these dynamics as external
variables and fail to capture them (Chaplin-Kramer et al., 2017; Hoekstra and Wiedmann,
2014; Onat et al., 2017). One reason for this is the little integration between methods from
social, environmental, and economic sciences that are needed to capture these complex
dynamics (Onat et al.,, 2017). Another reason is the inexistence of suitable methods able to
fully incorporate these telecoupling dynamics across different spatial and temporal scales.

Previous reviews of environmental impact assessment methods of agricultural products had

a different focus to this study. Ness and colleagues (2007) categorized tools for sustainability
assessments including indicators, product-based assessment tools, and integrated methods.
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Herva and colleagues (2011) compiled environmental indicators commonly used by corporations
to evaluate the environmental performance of their products and processes. Cu¢ek and
colleagues (2012) clarified the definitions, calculation methods, and units used by several social,
economic, environmental, and composite footprint indicators. Henders and Ostwald (2014)
analyzed methods used to account for leakages originating by policy actions and international
trade that affect land systems globally. Bruckner and colleagues (2015) analyzed the capacity
of some physical, environmental, economic, and hybrid assessment methods to calculate the
land footprints of agricultural, forestry, and livestock products. Verburg and colleagues (2016)
reviewed methods to model human-environment dynamics, emphasizing on feedbacks and
teleconnections as key characteristics of the Anthropocene. Millington and colleagues (2017)
described the capacity of agent-based models, system dynamics, and equilibrium models to
depict telecoupled food trade systems and propose a method for their hybrid integration.
Previous reviews referring to telecoupled dynamics focused on top-down approaches arguing
that these can address the global dynamics characterizing telecoupled systems. However, no
study has specifically analyzed the capacity of methods to assess, in a spatial explicit manner,
the indirect land use changes (iLUC) caused by agricultural value chains in specific locations
(bottom-up approach) while considering at the same time the non-local drivers (top-down
approach) shaping the impacts of telecoupling systems.

In this study, we identified and compared the following methods used to assess the direct and
indirect environmental impacts caused by the value chain of traded agricultural products: life
cycle assessment, environmental footprints, agent-based models, system dynamics models,
equilibrium models, and land use models. We aimed to compare the capacity of these impact
assessment methods to capture the impacts of telecoupled systems. Agricultural production is
inherently embedded in socio-ecological systems where humans and the environment interact.
Since socio-ecological systems show high spatial variation, the methods to model them are
better suited if they have a spatially-explicit character (Filatova et al., 2013). Socio-ecological
systems also have high temporal variations; therefore, our analysis emphasized on the capacity
of methods to capture temporal and spatial dynamics. Land use change was used as a bridge
concept to analyze the social, economic, and environmental impacts caused by telecoupled
agricultural, livestock, and forestry value chains (Turner et al., 2007). Therefore, we emphasized
on the capacity of methods to account for direct and indirect land use changes. We identified
the strengths and weaknesses of these methods, highlighted knowledge gaps, and proposed
future improvement pathways.
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2. Materials and Methods

To frame our review, we first built a representation of a telecoupled system for a generalized
agricultural value chain using concepts available in the field. This diagram (Figure 1) includes the
main systems and agents modulating social, economic, political, and environmental dynamics
and the flows, feedbacks and impacts arising from their interaction. This leverages the concepts
of telecoupling, and land use dynamics introduced by Liu et al. (2013) and Meyfroidt et al.
(2018a), respectively. The representation of political and economic dynamics was informed by
Lambin et al. (2018) and Albareda et al. (2007), social dynamics were informed by Lenzen et al.
(2007), Vermeir and Verbeke (2006) and Cummins et al. (2014), and environmental dynamics
by Rasmussen et al. (2018) and Lambin and Meyfroidt (2010).

Subsequently, a search of methods used to assess the environmental impacts of agricultural
commodities was done in Science Direct, Web of Science, and Google Scholar, using a
combination of the following words: impact assessment, telecoupling, agricultural value chain,
sustainability assessment, agricultural products, land use change, international trade, footprints,
indicators, life cycle assessment, input-output analysis, deterministic equilibrium models and
agent-based models. The first search round included the keyword ‘review’ to find review articles.
A snowball approach was used to find more detailed studies on specific methods, starting from
the references used by these studies. A second search round did not include the word ‘review’
to capture case studies. Finally, we conducted a comparative analysis of the capacity of methods
to assess telecoupled impacts. This analysis was based on the following criteria:

«  System boundary definition: The ability of methods to capture impacts strongly depends
on the system boundary scope. We evaluated the capacity of methods to account for
top-down (global scale) and bottom-up (local scale) dynamics. Truncation points either
limit the capacity to capture global interactions or limit the granularity and capacity of
these to capture fine-scale dynamics.

« Geographic and temporal approach: Because the impacts of telecoupled systems occur
across distances and time, it is important to evaluate the spatial and temporal scope of
methods. Methods can have a local, regional, or global scope and can have a static or
forward-looking approach (Sala et al., 2015; Verburg et al., 2016a).

« Spatial explicitness: Landscape heterogeneity and context-specific factors modulate
environmental impacts (Chaplin-Kramer et al., 2017; Henders and Ostwald, 2014).
Therefore, the capacity of methods to spatially allocate impacts was analyzed,
particularly direct and indirect land use change impacts.

- Integratedness: The extent to which a method can incorporate social and economic
dimensions along with environmental ones, as suggested by the triple bottom line
criteria of sustainability (Sala et al., 2015).
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« Telecoupling dynamics: The capacity of methods to account for complex dynamics
arising within telecoupled systems such as indirect impacts, feedback loops, spillovers,
leakage, rebound effects, time lags, legacy effects, and non-linearities (Liu et al., 2013).

The methods were classified according to the following general method families: life
cycle assessment (LCA), footprints and related indicators, rule, and process-based models,
deterministic equilibrium models and land use models (LUMs). Rule and process-based models
included agent-based models (ABMs) and system dynamics models (SDMs). Deterministic
equilibrium models included computable general equilibrium models (CGE), partial equilibrium
models (PE), and input-output analysis (I0). These general method families were based on the
categories previously set by Verburg et al. (2016), Millington et al. (2017), Herva et al. (2011),
Henders and Ostwald (2014), and Bruckner et al. (2015). Finally, we suggested some pathways
for methodological improvements.

3. Results

A conceptual representation of the components and dynamics embedded in a generalized
telecoupled value chain is displayed in Figure 1. In this diagram, we show a simplified version
of the most important agents embedded in consuming (receiving), producing (sending), and
spillover systems and the most important drivers and impacts arising from their interactions.
The different color frames give indications of the components addressed by the different. Short
definitions of the terms included in this graph are included in Table 1.
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Figure 1. Representation of the main elements (systems and agents) and dynamics (flows, causes/conditions,
and impacts) embedded in a generalized telecoupled agricultural value chain. Land system impacts, socio-eco-
nomic impacts, and biophysical impacts are represented repeatedly in spillover systems to describe the chain of
impacts that can occur due to telecoupled dynamics. Different color frames indicate the scope of the methods
reviewed. LCA: life cycle assessment; CGE: computable general equilibrium models; PE: partial equilibrium models;
10: input-output analysis; ABM: agent-based models; LUM: land use models; SDM: system dynamics models.

Table 1. Telecoupling definitions used based on Liu et al., (2013).

Term Definition
Feedback Process by which an effect caused by one system into another system, impacts back to the first
system.

Spillover system System that is affected by/or affects the direct interaction of other two different systems (sending
and receiving systems).

Leakage Unintended negative effect of a sustainability action elsewhere than the target place.
Cascading Process by which a system affects other multiple systems in sequence as a result of telecoupling
effect dynamics.
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The following sections describe the main groups of methods to assess the environmental
impacts caused by telecoupled agricultural value chains. The main characteristics of the
methods are summarized in Table 2. The description provided in this table refers solely to the
main and most basic version of each method. Features of hybrid or integrated methods are
analyzed along with the results and discussion.

3.1 Life cycle assessment

3.1.1  General description

Life cycle assessment (LCA) is a quantitative screening tool used to identify environmental
impacts occurring along the value chain of a product or service, starting from raw material
extraction to disposal or end-of-life. LCA allows the identification of environmental hotspots,
therefore it has been used as a decision-tool for initiatives promoting sustainability (Guinée et
al., 2011; Hellweg and Canals, 2014). LCA follows four steps: goal and scope definition, inventory
analysis, life cycle impact assessment (LCIA), and interpretation (Hellweg and Canals, 2014;
Rebitzer et al., 2004). The first phase defines the objectives of the study, sets the boundaries of
the system, and selects a functional unit to be used as a reference for impact calculations. The
inventory phase compiles data on material and energy inputs and outputs from each life cycle
stage. LCIA uses this information to calculate indicators for selected impact categories, which
can include, for instance, global warming potential, biodiversity damage, eutrophication, ozone
depletion, and land use change. The conversion of data into final impact units is done through
weighting and standardization processes. The interpretation stage answers the questions set
in the objectives of the study. LCA is attributional when it analyzes current or past processes
and consequential (CLCA) if it aims to forecast the impacts of a policy decision over the system
under study (Earles and Halog, 2011; JRC-IES, 2010).

3.1.2  General limitations

LCA is mainly designed to perform fine-scale analysis on specific products or services, studies
with a broader focus are often constrained by the high data demand. LCA can analyze the
entire value chain of a product, however, in practice, it is often applied to selected life cycle
stages, excluding input or outputs that generate high impacts. New applications with a broader
scope allowing the evaluation of sectors or entire economies are being developed (Guinée
et al.,, 2011). The choice of impact categories and indicators is arbitrary (Reap et al., 2008) and
depends on the goal of the assessment. This makes LCA lack standardization and comparability.
Although there are guidelines available for selecting impact indicators (Hauschild et al.,
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2013; Steinmann et al., 2016; UNEP-SETAC, 2016), current LCA practices still have limitations
to include important categories such as biodiversity, land-use change, and social-economic
aspects (Chaplin-Kramer et al., 2017a; Curran et al., 2011; Jolliet et al., 2018; UNEP-SETAC, 2016).
Other limitations include the reliance on average (not place-specific) data of representative
industries (Bruckner et al., 2015) and the use of a linear approach to impacts (de Haes et al.,
2004). This generalist approach limits the capacity of LCA to capture spatial heterogeneity
and context-specific factors. Spatially-explicit LCAs are needed to facilitate decision-making
but they might be difficult to achieve because data about the location of suppliers and final
consumers are rarely found (Hellweg and Canals, 2014). Moreover, the use of pre-defined and
year-specific conversion factors for the calculation of impacts (Castellani et al., 2016) constrains
the application of LCA to specific time periods, complicates comparison, and prevents the
construction of long-time series. Furthermore, applications of LCA that integrate social and
economic factors need to be encouraged to provide better insights for sustainability (Dreyer
etal., 2006; Guinée, 2016; Hutchins and Sutherland, 2008; Onat et al., 2017; UNEP-SETAC, 2009).
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3.1.3. Suitability for telecoupled systems

Despite the high flexibility of LCA, most current applications are product-centered and assume
that the dynamics occurring beyond the strict value chain of a product (e.g., global economy,
indirect impacts) are external to the model. Therefore, LCA applications need to expand the
system boundaries to be able to account for upstream and downstream spillovers caused by
telecoupling dynamics. Standardized guidelines for good practices are required. Nevertheless,
the flexibility in the selection of impact categories is a valuable feature because it allows to
reflect on several dynamics. To quantify spillovers, it is necessary to understand the cause-
effect dynamics arising in different life cycle stages and procure the necessary data. The first
is a challenge that extends beyond the LCA community and the second one faces limitations
due to limited data transparency and accessibility. CLCA is a promising application because
it extends beyond the purely biophysical focus of LCA by also analyzing the influence of the
global economy over the system under study (Curran, 2013; Earles and Halog, 2011; Stefanie
Hellweg and Canals, 2014; Yang and Heijungs, 2018). CLCA can also include non-linear impacts
to study complex dynamics extended over time such as time-lags and legacy effects. However,
it requires the integration of tools having a forecasting capacity. The integration of other
telecoupling dynamics, such as feedbacks, requires the integration of LCA with other methods
capable of addressing these processes. LCA studies that integrate input-output analysis,
computable general equilibrium (CGE), and partial equilibrium models (PE) go in that direction
(Earles and Halog, 2011; Kloverpris et al., 2008; Onat et al., 2017). Large-scale spatial-explicit
analysis might be difficult to achieve or might carry high uncertainties due to the lack of place-
specific data and the use of generalized weighting and transformation factors (Rebitzer et al.,
2004). The calculation of place specific transformation factors is needed. Studies such as van
Zelm et al., (2018) and Koellner and Scholz (2007) shed light on this challenge.

Currently, the few LCAs that account for land use impacts are mainly based on indicators of
land occupation and land transformation and disregard the importance of iLUC caused by land
competing forces, market forces, and social dynamics (Arodudu et al., 2017; Chaplin-Kramer
et al, 2017; Loiseau et al., 2018; Mattila et al., 2012). In this sense, the integration of LCA with
land use models could contribute to improving the quantification and spatial location of land
use impacts. There are several methodological approaches proposed to incorporate land use
change in LCA (Geyer et al., 2010; Koellner and Scholz, 2007; Mila i Canals et al., 2007; Saad et al.,
2013; Udo de Haes, 2006). Some recent applications in this direction include LUCI-LCA (Chaplin-
Kramer et al., 2017). Using land use change modeling and ecosystem services assessment,
LUCI-LCA spatially assesses and forecasts the impacts of agricultural products on land use
change and ecosystem services. Other explicit approaches to address iLUC and LCA include
Di Fulvio and colleagues (2019), who coupled LCA with the global land use model GLOBIOM
(see Table 2 from Appendix A) to quantify and allocate iLUC and biodiversity loss caused by the
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international trade of biofuels. Other LCAs coupled with equilibrium models include Leip et al.
(2010) and Searchinger et al. (2008). Schmidt et al. (2015) proposed a conceptual framework to
assess iLUC in LCA studies based on a biophysical model. Although the product-focus of LCA
makes it an interesting tool to operationalize sustainable agricultural value chains, there is no
consensus on how to include iLUC in LCA to date (Schmidt, 2015).

3.2 Footprints and related indicators

3.2.1 General description

Environmental footprints are quantitative indicators used to assess environmental performance
(Cucek et al., 2012; Ewing et al., 2012; Herva et al., 2011). Footprints are frequently used to assess
human populations, countries, companies, and, products (Borsato et al., 2018). Footprint
indicators have different definitions, scopes, and calculation methods depending on the footprint
developer (Cu¢ek et al., 2012). Footprints calculate the number of resources consumed (e.g., water,
land, etc.) or released (e.g., greenhouse gases, nitrogen, etc.) and standardize these into particular
units (usually area units or other units specific to the footprint indicator) (Cucek et al., 2012;
Turner et al,, 2007). While LCA integrates different impact categories, most footprints account
for a specific type of impact, such as impacts on water resources, greenhouse gases, biodiversity
damage, land erosion, nitrogen pollution, among others and, as such, they can be incorporated
into LCA as impact factors. Footprints that are focused on social and economic impacts are
in the early development stages (Cucek et al., 2012). The well-known ecological footprint (EF)
is a composite measure aiming to evaluate environmental sustainability in a comprehensive
manner. EFs account for the direct and indirect demand of resources and the required capacity
to assimilate the waste and emissions generated. EF can be applied to cropland, fishing grounds,
grazing land, forest, built-up land, and carbon uptake land (Wackernagel et al., 2014; Zhang et al.,
2017). EF calculations are based on biocapacity, which is the capacity of a system to regenerate
resources and assimilate environmental emissions (Brooks et al., 2018; Cu¢ek et al., 2012; Galli
et al., 2012). To allow comparability, specific biocapacities are converted into global hectares by
using equivalence factors to relate a place-specific biocapacity to the average global biocapacity.

The human appropriation of net primary production (HANPP) is another footprint indicator
that represents the capacity of the land to produce biomass (net primary productivity, NPP)
accounting at the same time for the land depletion caused by human activities (Krausmann
et al., 2013). The embodied HANPP (eHANPP), measures the amount of HANPP caused by the
value chain of a product and has been used to evaluate the impacts of trade. eHANPP accounts
for the non-linear impacts of production activities by using net primary production (NPP) as
a basic measure, which is an attribute of land that can only be used once (Schaffartzik et al.,
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2015a). Contrary to EFs, eHANPP is measured in biomass units (i.e., tons of carbon or dry-matter
biomass) (Erb et al., 2009; Haberl et al., 2009).

3.2.2 General limitations

EF and eHANPP are indicators usually calculated for defined units, often jurisdictions. These
indicators do not account for upstream nor downstream resource demands and emissions
generated beyond the studied system. They are usually better suited for regional or global studies
because they rely on highly aggregated data (normally at the national level) that lack geographic
granularity. Fine-scale data at product or corporate levels are usually not available. Due to their
highly aggregated nature, the identification of environmental hotspots is complicated. These
indicators are static, meaning that they measure environmental performance only at a given
point in time and, thus, cannot consider long-term effects (Fiala, 2008; Zhang et al., 2017). This
means that EFs have limitations in incorporating impacts from dynamic processes affecting the
biocapacity of land such as land degradation, intensive land use, and resource depletion. These
methods provide easy-to-understand single measures, but the trade-offs generated by their
highly aggregated approach need to be considered (Fiala, 2008).

3.2.3 Suitability for telecoupled systems

Most footprint studies set the boundaries of the system in political borders and exclude the
telecoupling dynamics interacting with national accounts. EFs, for instance, account for the
resources consumed and emissions generated within a territory in a certain year without
considering impacts from exports and other external dynamics (Fiala, 2008). However, there
are recent applications of EFs based on input-output data that allow to account for the impacts
generated by international trade (Fiala, 2008; Galli et al., 2012). eHANPP is based on the
differential HANPP consumed and produced by a nation and as such, allows to account for the
impacts of international trade. The incorporation of spillovers in the calculations would demand
enhanced traceability of the primary products used for the consumption or production of a
country or agent and the waste generated. A concrete example in this direction is provided
by Kastner et al. (2011) who introduced an algebraic algorithm allowing to trace the origin of
the primary products used in a product consumed elsewhere based on bilateral trade data.
Moreover, the inclusion of spillovers will demand broadening the scope of the environmental
dimensions considered in these footprint indicators (such as emission flows) (Turner et al.,
2007). The same applies for iLUC spillovers because land footprints only account for direct land
use change impacts and exclude the indirect impacts triggered by market dynamics, social
dynamics, and the competition between different land uses. The inclusion of long-term effects
into the calculations would need an improved understanding of cause-effect mechanisms
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and the calculation of impacts across time. These methods are not designed to account for
feedbacks but could be coupled with methods able to address them. To achieve spatial-explicit
footprints, it is necessary to overcome data limitations and to produce place-specific conversion
factors. Finally, footprint indicators can help to incorporate specific environmental dimensions
to other methods.

3.3 Deterministic equilibrium models

3.3.1 General description

The economic and environmental impacts embodied in international trade have been modeled
with economy-based methods such as Input-Output analysis (10), Computable General (CGE),
and Partial Equilibrium (PE) models. 10 is an empirical method to model market dynamics by
calculating linear equations to describe inter-industry relationships in a given economy based
on demand data (Miller and Blair, 2009; Rose et al., 1995). It is traditionally based on transaction
tables of yearly monetary flows between economic sectors of countries (Miller and Blair, 2009).
Recent 10 analysis based on biophysical input-output tables have been proposed (Weisz and
Duchin, 2006). 10 can be considered as a component of CGE and PE models (Miller and Blair,
2009; West, 1995). CGE and PE are dynamic models that are built on the conceptual basis of |0
but with important differentiations (Rose et al., 1995; West, 1995). CGE and PE model markets
and economic sectors respectively and provide future economic projections for a defined time
frame based on optimized equilibriums (long term economic equilibrium solutions) generated
by demand, supply, and price (Henders and Ostwald, 2014; West, 1995). CGE uses the technical
coefficients obtained with 10 but incorporates, among other things, supply, and price data (Miller
and Blair, 2009; Rose et al., 1995). CGE and PE consider that both supply and demand regulate
each other in perfect equilibrium through feedback loops (market feedbacks), which allows them
to model international economic competition (Rose et al., 1995). 10 is better suited for small-
scale analysis (e.g., national) whereas CGE are more adequate for larger scales (e.g., regional, or
global). Both methods have as a core data from input-output tables of global databases such as
EoRA, GTAP, EXIOBASE, or WIOD (Dietzenbacher et al., 2013; Inomata and Owen, 2014; Lenzen
et al,, 2013; Moran and Wood, 2014; Wood et al., 2015) (see Table 1 from Appendix A). These
tables report on the monetary transactions between countries and economic sectors including
exports, capital formation, and final consumption (Tukker et al., 2006).
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3.3.2 General limitations

Due to the highly aggregated input data (non-differentiated production sectors) and the large
set of assumptions, these methods often carry large uncertainties and lack granularity for
fine-scale studies (e.g., product level) (Henders and Ostwald, 2014; Hoekstra and Wiedmann,
2014; Ramos et al., 2016). 10 is static (no forecast capacity) because it only analyzes past data
and because it is based on constant coefficients that do not incorporate dynamics (e.g.,
price changes, technological changes, and capital instability) that would allow to provide
future projections (West, 1995). Moreover, IO assumes an unlimited supply of products and
homogeneous global prices for products (West, 1995). CGE and PE assume rational economic
behavior, economic equilibrium between supply and demand, homogeneous, global
prices, and perfect economies (perfectly competitive markets, zero transaction costs and
homogeneous product quality) (Henders and Ostwald, 2014; Rose et al., 1995; Verburg et al.,
2016). Additionally, 10 databases are available only for certain years, for certain countries, and
with distinct sector-detail information (usually highly aggregated). Finally, by coming from the
economic field, these methods do not include environmental and social interaction that can
feedback on the economic dynamics.

3.3.3  Suitability for telecoupled systems

The system boundaries of 10, CGE, and PE are set at broad scales (e.g., national, global, and
sectoral) which allows the incorporation of large-scale economic dynamics into the analysis
and makes them very appealing to study telecoupled systems. However, one disadvantage
of such an approach is that these methods cannot consider place-specific dynamics, so fine-
scale studies are difficult to address with these models. Because CGE and PE models integrate
non-linear economic dynamics by using complex solution algorithms (West, 1995), they are
capable of accounting for market feedbacks loops and non-linear responses. Single 10 analysis
(at the country level, only) cannot integrate feedback loops but multi-regional 10 (MRIO)
analysis can (Wiedmann et al., 2007). Therefore, CGE, PE and MRIO are promising methods to
assess telecoupled systems at a global scale. Moreover, by considering the broader economic
spectrum, CGE, PE, and IO help to calculate economic spillovers and indirect, economy-
linked, impacts. These features have inspired LCA practitioners to integrate 10 into their
analysis with the goal of expanding the product-centered analysis of a normal LCA with the
impacts of international trade on a value chain (Tukker et al., 2006; Wiedmann et al., 2007). The
improvement of the resolution of these methods would need more disaggregated data about
production sectors in databases. Continuous time-series and data about more countries are also
needed. CGE and PE provide forecasts but to account for time-related telecoupling dynamics
(such as time-lags, legacy effects, and cascading effects) they would need improved algorithms.
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The integration of environmental and social variables would also improve the forecasting
practices and the capacity of these methods to reflect the full spectrum of dynamics. There
are several hybrid approaches documented in this direction, such as the environmentally
extended input-output analysis that aims to analyze the impacts that international trade has
on the environment (Kitzes, 2013; Wiedmann et al., 2007). Besides, by integrating IO, footprints
could estimate the embodied environmental impacts of production, consumption, imports,
and exports (Turner et al., 2007; Wiedmann et al., 2007). Regarding land systems, CGE, PE,
and 10 have been combined with land use allocation models to analyze the iLUCs caused by
international trade in a spatially-explicit manner (Havlik et al., 2014; Prell et al., 2017; Van Asselen
and Verburg, 2013; Wiedmann et al., 2007; Yu et al., 2013). These methods are highly suitable
to evaluate feedbacks and spillovers (including iLUC) in a spatially-explicit manner if coupled
with land use models and methods accounting for specific environmental impacts (Bruckner
et al., 2015; Henders and Ostwald, 2014) as done by Di Fulvio et al. (2019), Leip et al. (2010),
and Searchinger et al. (2008) with LCA. Such combinations are often made by downscaling
the aggregated results with simple spatial algorithms following some kind of land suitability
map (Irwin and Geoghegan, 2001). However, transformations from monetary data to land use
change values are based on global or regional average yields that deny the importance of land
heterogeneities (Henders and Ostwald, 2014). Moreover, the downscaled land change patterns
do not feedback on the global equilibrium calculations.

3.4 Rule and process-based models

3.41 General description

Agent-based models (ABMs) and system dynamics models (SDMs) are rule and process-based
models relevant to telecoupling systems. ABM is a computer-simulated method designed
to understand the dynamics of a system and make forecasts about it. ABMs model agents’
behavior (agency) (e.g., humans, institutions, and any social structure) in relation to the
environment based on defined decision rules (Groeneveld et al., 2017; MacPherson and Gras,
2016; Verburg et al.,, 2016). These decision rules are defined in a finite space and time in a
quantitative or qualitative manner in ABM models (An et al., 2014; Hare and Deadman, 2004).
ABMs allow the parameterization of human interactions, adaptation, and learning processes
and can capture the diversity and uncertainty of human behavior in a flexible and context-
specific way (Groeneveld et al., 2017; Hare and Deadman, 2004).

SDM is a flexible computer-modeling framework used to understand the dynamics of a given

system by representing the processes and relationships occurring between their elements.
SDMs aim to go beyond the representation of cause-effect relationships towards a more
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holistic understanding of the functioning of systems (Ercan et al., 2016). To do so, SDM uses
mathematical equations and decision rules to parameterize processes and relationships
(Filatova et al., 2016; Ramankutty and Coomes, 2016). Because SDMs and ABMs are general
modeling frameworks they can be applied at local, regional, or global scales (Millington et
al., 2017).

3.4.2 General limitations

Although both ABMs and SDMs are flexible modeling frameworks, the large data needed
challenges the expansion of system boundaries and their application to broad geographic
scales in practice (Verburg et al., 2016a). Therefore, ABMs are better suited for fine-scale studies,
and global applications are limited. The flexibility of ABMs and SDMs has been criticized for
including several decision rules and assumptions that do not rely on economic, physiological,
or sociological theories (Groeneveld et al., 2017). Due to the strong bottom-up approach of
ABMs, the integration of exogenous dynamics operating at larger scales (e.g., global trade and
price development of agricultural commodities) is limited (Verburg et al., 2016a). Although
ABMs and SDMs in theory allow forecasting based on past trends, most of them are not used
for this purpose but rather to understand system dynamics (Groeneveld et al., 2017; Mai and
Smith, 2018).

3.4.3 Suitability for telecoupled systems

The possibility to parameterize agents’ behavior has made ABMs useful to model socio-
ecological systems (e.g., to model land use change) (An et al., 2014; Filatova et al., 2013;
Groeneveld et al., 2017; Hare and Deadman, 2004; Judson, 1994; MacPherson and Gras, 2016;
Valbuena et al., 2010). Recent articles argue that ABMs are a highly valuable tool to parameterize
the complex dynamics occurring in telecoupled systems because they can parameterize
feedbacks and address spillovers (An et al., 2014; Tonini and Liu, 2017)t al., 2014; Tonini and
Liu, 2017). This is because ABMs can represent external forces (such as climate change, global
market influences, etc.) and can integrate data across multiple spatial and temporal scales (An,
2012; An et al., 2014a). SDMs are also suitable for incorporating these and other telecoupling
dynamics (e.g., feedback loops, rebound effects and indirect impacts) (Mavrommati et al.,
2013; Millington et al., 2017; Onat et al., 2017). The conceptualization and parameterization
of feedback loops between system components is done with decision rules and is a central
component of SDMs (Millington et al., 2017; Onat et al., 2014). Moreover, because the data
demand of these methods is flexible (ranging from qualitative to quantitative), the inclusion
of the telecoupled dynamics finds less constraints than purely quantitative methods (Coyle,
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2000; Millington et al., 2017). ABMs and SDMs also allow the simultaneous parameterization
of several processes affecting human interactions such as biophysical, socioeconomic, and
demographic ones (An et al., 2014a). This can be done through the integration of footprint
measures or environmental indicators (Mavrommati et al., 2013). This feature is interesting for
telecoupled systems, but the assumptions set in models must be improved if the integration
of multi-level and multi-disciplinary variables is to be done consistently.

There is no analytical framework for forecasting in SDMs, while the strong fine-scale focus of
ABM s limits this possibility. However, the integration of these models with other methods, such
as general equilibrium models and land use models, could help to overcome this limitation.
While many ABMs provide a spatially explicit representation of impacts (Filatova et al., 2013;
Groeneveld et al., 2017; Matthews et al., 2007), SDMs usually lack this type of representation.
Spatially-explicit ABMs are important to capture the spatial heterogeneity of the behavior
and factors parameterized in the model (Filatova et al., 2013) and are key to capturing iLUC
caused by the agents. Examples of this are available (Happe et al., 2011; Schouten et al., 2013;
Valbuena et al., 2010) and have been reviewed by Filatova et al. (2013), Groeneveld et al. (2017),
and Matthews et al. (2007). Millington et al. (2017) proposed a conceptual framework for the
integration of ABMs, SDMs, and CGE models to simulate the dynamics between international
food trade and land use change under different social, political, economic, and environmental
scenarios. This hybrid proposal could certainly improve the analysis of multi-temporal and
multi-level dynamics and feedbacks. However, the spatial-explicit allocation of impacts (e.g.,
iLUC) and the operationalization of land heterogeneity would remain a challenge that could
be overcome with land use models.

3.5 Land use models

3.5.1 General description

Land use change modeling can be achieved with specialized land use models (LUMs) and
integrated assessment models (IAMs) that often include simplified land use modules (Verburg
etal., 2016a). Modeling parameters can be informed by the outputs from other models (usually
on CGE and PE) and are based on hybrid data (e.g., economic or biophysical data) (Alexander
et al., 2017). LUM can be process-based (e.g., representing agent behavior) or pattern-based
(e.g., describing changes) (Brown et al., 2013). Different models simulate land use changes using
similar rationale but have different allocation procedures. LUMs have forecast capacity and
allow the evaluation of impacts under different scenarios. LUMs can use diverse data sources,
have diverse spatial and temporal resolutions, and include different assumptions. For instance,
CLUMondo, GLOBIOM, IMAGE and MagPIE use the outputs of CGE and PE models to define
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demand shifts of crops (Alexander et al., 2017; Havlik et al., 2014; Nelson et al., 2014; Popp et
al., 2014; Schmitz et al., 2014, Stehfest, E., van Vuuren, D., Kram, T., Bouwman, L., Alkemade,
R., Bakkenes, M., Biemans, H., Bouwman, A., den Elzen, M., Janse, J., Lucas, P., van Minnen, J.,
Mdiller, C., Prins, 2014) (See Table 2 from Appendix A). All models calculate location suitability
to determine the likelihood of land use changes across space.

3.5.2 General limitations

Each LUM is designed to answer specific questions at a specific scale. Therefore, the system
boundary can be either narrowed to study fine-scale changes or broadened to study global
or regional changes. Models integrating these cross-scales face several technical and practical
challenges. Due to the complexity of highly integrated models (IAMs), these are subject to
very high uncertainties (Alexander et al., 2017) and are difficult to validate due to the lack
of historical observational data (Prestele et al., 2016). These uncertainties come from the
underlying assumptions, input data, scenario assumptions, scale mismatches, and defined
land cover classes (Prestele et al., 2016). These models can include multiple variables, but some
are still challenging to incorporate. For instance, few models incorporate land use management
categories as drivers of land use change (Pongratz et al., 2017). Fine-scale models integrate
actors’ behavior, but large-scale ones often do not (Brown et al., 2013). In many cases, the
complexity of underlying processes leads to the simplification and exclusion of certain social,
economic, and environmental variables.

3.5.3 Suitability for telecoupled systems

Land systems are important for telecoupling analysis because they reflect the outcome of the
interaction of social, economic, and environmental dynamics. Land use models are of special
interest to telecoupled systems because they can account for land-related spillovers (iLUC) and
can be used for scenario analysis (Verburg et al., 2015). Land use models with global coverage
are relevant because they can analyze multiple large-scale processes (Lambin et al., 2001).
However, large-scale models can sacrifice granularity and have limited applicability at the scale
needed by decision makers (Schaldach et al., 2011). Hybrid land use models that can represent
human decisions, socioeconomic and environmental factors simultaneously are available and
have been reviewed by Brown et al. (2013). Although most LUMs are very capable of calculating
and allocating iLUC, the full parameterization of cross-scale processes and feedbacks face
limitations due to a lack of understanding of the processes embedded, computation capacity,
and the availability of data (Verburg et al., 2015). However, despite this advantageous capacity,
LUMs are not product-centered and as such have limited capacities to analyze the value chains
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of products. IAMs are designed to incorporate feedbacks within the studied systems, however,
the simulation of feedbacks between causal mechanisms and impacts beyond them is still
limited (Verburg et al., 2016a). Other impact categories such as biodiversity loss, carbon release,
or other related to ecosystem services can be calculated using the simulated land use changes
as a basis (Chaplin-Kramer et al., 2017). Moreover, in some models the data about demand is
based on aggregated groups of products so the analysis of specific products is not possible.
However, novel applications have modeled the demands for subsistence commodities and
marketed commodities, which allows to distinguish locally-driven processes from those driven
by telecoupled dynamics (Debonne et al., 2018; Ornetsmiiller et al., 2016).

4, Discussion

In the previous section, we identified the challenges related to impact assessment methods.
In this section, we discuss the overarching challenges that require attention to account for the
telecoupled impacts of agricultural value chains.

4.1 Systems boundaries

The definition of boundaries has an important effect on the capacity of methods to account
for the impacts caused by telecoupling dynamics (Filatova et al., 2016; Friis and Nielsen, 2017).
Nevertheless, these are often chosen arbitrarily without a science base. Truncation points that
exclude large-scale dynamics or context-specific factors and responses are commonly defined
and lead to over-simplification. Setting a correct system boundary depends on the goals of
the study and the scale of the analysis. Top-down approaches, such as CGE and PE, have the
advantage of capturing large-scale processes but lack the capacity to account for place-specific
impacts. Therefore, for this type of methods, system boundary expansion means allowing
the inclusion of place-specific factors to improve the global average factors commonly used.
Bottom-up approaches (such as LCA and ABM) are well suited to capture place-or product-
specific dynamics but have limitations to account for large-scale dynamics influencing the
impacts of a value chain. For this type of methods, system boundary expansion means
capturing large-scale dynamics, which could be achieved by coupling them with other methods
having this capacity. The integration of top-down and bottom-up modeling approaches is
needed to capture telecoupled dynamics (Hellweg and Canals, 2014; Sala et al., 2013).
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4.2 Hybrid models to assess telecoupled impacts

The multi-disciplinary nature of telecoupled systems requires the integration of various
methods to be able to address the broad variety of sustainability dimensions with sufficient
detail (Verburg et al., 2016a). Hybrid approaches could bridge the gaps between different
methods. Examples of hybrid methods available and their contribution to the assessment of
telecoupled impacts are provided in Table 3.

Footprints and impact indicators can be included in LCA to add environmental dimensions to
the analysis. LCA studies can also be complemented with the integration 10 of analysis (Ewing
et al., 2012; Hertwich and Peters, 2009; Turner et al., 2007; Weinzettel et al., 2013) and SDMs
(Jin et al., 2009) to expand the system boundaries in the inventory phase. LCA can be coupled,
and with equilibrium models to capture economic feedbacks influencing value chains impacts.
Examples of LCA coupled with equilibrium models (Di Fulvio et al., 2019; Earles and Halog, 2011;
Kloverpris et al., 2008; Leip et al., 2010; Lenzen et al., 2003; Searchinger et al., 2008), 10 (Hawkins
et al., 2007; Igos et al., 2015; Kennelly et al., 2019; Yi et al., 2007) and other methods (Onat et
al., 2017) are available. In addition, LCA has been coupled with LUMs to calculate direct and
indirect land use change impacts and capture spatial variability (Chaplin-Kramer et al., 2017;
De Rosa et al., 2016; Di Fulvio et al., 2019; Kloverpris et al., 2008). The calculation of spatially-
explicit conversion factors needed to conduct such assessments are under development (Mila
i Canals et al., 2007; Saad et al., 2011; van Zelm et al., 2018). Therefore, LCA has the potential to
capture telecoupled impacts caused by value chains. To achieve a comprehensive scope, LCA
practitioners could benefit from clear guidelines.

Deterministic equilibrium models allow to capture economic feedback loops and account for
economic spillovers at large scales. Equilibrium models that incorporate the environmental
dimension have already been used to assess direct and indirect land use changes (e.g.,
GLOBIOM and MagPIE) (Alexander et al., 2017). Efforts to add the environmental dimension to
economic-centered 10 analysis include the environmentally extended-10 analysis (Kitzes, 2013;
Tukker et al., 2006) and IO studies that integrated environmental footprint indicators (Ewing et
al., 2012; Hertwich and Peters, 2009; Kitzes, 2013; Prell et al., 2017b; Tukker et al., 2006).

Human behavior and agency are important modulating factors of telecoupled impacts that are
absent or simplified in the scope of LCA, footprints, CGE, PE, and 10 analysis. ABMs can model
decision making processes of actors about the biophysical systems they are part of. ABMs and
SDMs could be coupled with LUMs to address environmental spatial variability and calculate
indirect land use changes more explicitly. Studies coupling ABMs with environmental and
spatially-explicit methods are available (Filatova et al., 2013; Groeneveld et al., 2017; Matthews
etal., 2007). The fine scale level of analysis of ABMs and SDMs complicates their application to
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large scales, but they can be coupled with equilibrium models to incorporate global economic
dynamics, for instance (Millington et al., 2017).

From a producer perspective, Value Chain Analysis (VCA) is an important tool to evaluate the
sustainability performance of value chains by supporting the identification of environmental
risk hotspots (Bolwig et al., 2010; Kaplinsky and Morris, 2000). Industry has a long tradition of
using VCA to improve the strategic and operational steps of their value chains (Fearne et al.,
2012) and the increased awareness of the environmental dimension has encouraged its use
as a tool to improve the environmental sustainability of value chains. This has usually been
done by coupling VCA with other methods such as LCA, material flow analysis, and footprints
(Fasse et al., 2011, 2009; Fearne et al., 2012). Because the factors affecting the quality and
efficiency of value chains can modulate environmental impacts, VCA can play an important
role in the identification of factors and agents triggering telecoupled impacts. This is possible
because VCA goes beyond the product-level and adopts a multi-dimensional approach by
integrating vertical and horizontal elements of value chains (Bolwig et al., 2010; De Marchi
et al., 2013; Kaplinsky and Morris, 2000; Mahutga, 2012). VCA could be coupled with LUMs to
analyze indirect land use changes in a spatially explicit manner.

Finally, method integrations should be done carefully to avoid conceptual, technical, and
semantic contradictions and avoid the use of dysfunctional hybrid models of unmanageable
complexity (Millington et al., 2017; Panichelli and Gnansounou, 2015; Voinov and Shugart,
2013). Technical differences might include geometry and spatial resolution, data scope, non-
standardized ontologies, and conceptual mismatches that could lead to the loss of important
individual properties of models when coupled with others (Voinov and Shugart, 2013). Despite
the hybrid proposals presented in this paper; it is important to mention that the improvement
of individual methods must go together with method integration to avoid overwhelmingly
complex methods where the individual tools still face difficulties in addressing basic questions.

4.3 Long term impacts

The inclusion of long-term impacts in methods is important because agricultural activities can
cause impacts that extend over time (e.g., soil depletion and toxicity) and can also be affected
by long-term phenomena such as climate change. This also applies to the socio-ecological
dynamics linked to agricultural value chains (Meyfroidt et al., 2018) that could generate regime
shifts (i.e., abrupt structural changes) and cascade effects (Filatova et al., 2016). Because the
dynamics of telecoupled systems occur at diverse temporal and spatial scales, methods should
be able to reconcile these scales (Verburg et al., 2016a). Despite some attempts, there is little
consensus about how to integrate short- and long-term dynamics in impact assessments
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(Hellweg and Frischknecht, 2004; Verburg et al., 2016). The inclusion of long-term dynamics in
impact assessments could facilitate the implementation of early contingency measures and
support decision making processes.

Table 3. Examples of hybrid methods to analyze telecoupled agricultural systems.

Abbreviations stand for: LCA=life cycle assessment; CGE= computable general equilibrium models; PE= partial
equilibrium models; 10= input-output analysis; ABM= agent-based models; SDM= system dynamics models;

LUM= land use models.

Method Family Description

Main contribution to the
assessment of telecoupled
impacts

Examples

LCA and LUM Uses LUMs to predict, calculate
and allocate the impacts of land
use change in LCA.

LCA and CGE/ Couples LCA with CGE/PE-based

PE-based LUM LUMs (e.g., GLOBIOM) to quantify
and spatially allocate direct

and indirect land use change
impacts and calculate other
environmental impacts caused

by international trade.

10 and Uses simple or multi-regional

footprints or 10 tables coupled with

indicators environmental data, footprints,
and indicators to calculate the
environmental impacts caused
by trade.

10 and LCA Uses input-output tables to track
resources used in the life cycle
of a product to calculate the
environmental impacts caused
in response to market changes.

SDM and Represent wider system

footprints or dynamics and link it to

indicators environmental indicators to
represent the relationship
between environmental impacts
and socio-economic drivers.

ABM,SDMand  Uses ABM to represent land

CGE use decision-making, CGE to

represent markets and SDM to
represent flows.

Spatially-explicit forecasting
of land-related spillovers
(iLUC change).

System boundary expansion
(to the global economy),
integration of economic
feedbacks, analysis of land-
related spillovers (iLUC).

System boundary expansion
and integration of economic
feedbacks (only for the case
of MRIO).

System boundary expansion.

System boundary expansion,
integration of feedback loops
and spillovers.

System boundary expansion
(to the global economy),
integration of feedback loops
and spillovers caused by
agents.

(Chaplin-Kramer et al., 2017)
(Geyer et al., 2010)
(De Rosa et al., 2016)

(Di Fulvio et al., 2019)
(Searchinger et al., 2008)
(Leip et al., 2010)
(Kloverpris et al., 2008)

(Kitzes, 2013)
(Tukker et al., 2006)

(Prell et al., 2017)

(Ewing et al., 2012)
(Hertwich and Peters, 2009)
(Weinzettel et al., 2013)
(Turner et al., 2007)

(Hawkins et al., 2007)
(Igos et al., 2015)
(Kennelly et al., 2019)
(Yietal., 2007)

(Mavrommati et al., 2013)

(Millington et al., 2017)
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4.4 Geographic heterogeneity

Land heterogeneity and land management practices get little attention in most methods
assessing the impacts of agricultural value chains. Pongratz and colleagues (2017) described
the importance of representing land management practices in models to significantly increase
their comprehensiveness (Ercan et al., 2016). Critical aspects of land heterogeneity and land
management practices need to be first identified, understood, prioritized, and parametrized
to be included in methods. Methods would need to implement place-specific information to
increase their accuracy (Henders and Ostwald, 2014). Moreover, the use of baseline information
(e.g., land cover maps, biome maps, etc.) should ideally be homogenized to allow comparability
between studies using the same scale. One of the most extended practices leading to
the exclusion of landscape-specific considerations in methods is the use of generalized
assumptions and highly aggregated data (Galli et al., 2012; Schaffartzik et al., 2015). To overcome
these limitations, it is necessary to increase the understanding of the importance of context-
specific factors and spatial heterogeneity and the calculation of impact factors having this
level of detail. Empirical studies play an important role in filling this gap and can contribute
to improving available method scopes (Filatova et al., 2013; Magliocca et al., 2014; Verburg et
al., 2016).

4.5 Suitability for different user types and hands-on approach

There is a wide range of stakeholders using impact assessment studies to help improve the
environmental performance of a given product, territory, service, or value chain. Since the
choice of a given impact assessment method carries different implications (Franzen and Mader,
2018), this selection must be carried out carefully. Regardless of the technical criteria described
in this paper, the choice of an adequate method is strongly influenced by the practical goals
of the analysis, which are closely related to the target audience. Different stakeholders rule
over different subjects (products, value chains, territories, consumers, laws, etc.) and therefore,
need distinct approaches.

The methods analyzed in this article have either a consumption, production, geographical, or a
system approach. The allocation of responsibility is highly influenced by the chosen approach
and has been widely discussed in the literature (e.g., for the case of carbon emissions). For
consumption-based approaches (e.g., EF), the responsibility of a given agent relies solely on
the products consumed regardless of all the impacts caused through their own production
activities (Ferng, 2003; Steininger et al., 2014). Therefore, this approach assesses the impacts
embedded in products and attributes them to the agents consuming them. While this
approach accounts for the impacts caused by product demand, it has limitations in promoting
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management strategies because consumers might have no interference power above the
producers of the services and products (Schaffartzik et al., 2015a). For production-based
approaches (e.g., LCA), the responsibility is allocated to production processes regardless of
the final consumer (Steininger et al., 2014). This approach accounts for the impacts of supply,
but it can be problematic when it comes to use it for effective management, as it can negatively
incentivize producers to outsource harmful activities or inputs to avoid responsibility (Galli et
al., 2012). Methods with a spatial approach (e.g., LUM) focus on a spatially defined area where
diverse human and natural forces interact and cause impacts over that territory. Therefore, its
main goal is to spatially allocate impacts caused by a set of activities. One limitation of this
approach is that it does not provide explicit decision-support information to producers or to
consumers because it describes impacts over territorial areas without assigning responsibility
to specific actors. The system approach (e.g., ABM and SDM) includes methods whose goal is to
understand the dynamics and processes embedded in telecoupling systems without necessarily
quantifying impacts or allocating responsibility (Millington et al., 2017). An advantage is that
they are flexible enough to emphasize both the consumption and production sites.

Additionally, it is important to note the trade-offs between the applicability and
comprehensiveness of methods. Single impact scores (e.g., from EF) have a communicative
advantage for decision-making because they facilitate comparison. At the same time, the
application of studies having a large spatial coverage (e.g., LUM and CGE) is limited because
they do not provide information at the scale needed for practical actions (Verburg et al., 2016a).
Interdisciplinary science-policy collaborations should be encouraged to achieve meaningful
and hands-on assessments.

4.6 Reference points for sustainability

“A given indicator does not say anything about sustainability, unless a reference value or
threshold is given to it” (Lancker and Nijkamp, 2000). LCA for instance, is mainly designed for
comparison between products but does not provide information about the sustainability of
the products themselves. Similarly occurs with EFs and LUMs. These methods are strongly
criticized for oversimplifying the concept of sustainability and authors have discouraged their
use for that purpose (Fiala, 2008). ABMs and SDMs are more focused on understanding the
functioning of systems than on quantifying impacts. CGEs and PEs, when coupled with other
methods, can quantify environmental impacts but do not provide references to sustainability.
To solve these limitations, Heck, and colleagues (2018) proposed reference levels for maximum
land-use capacities within planetary boundaries. Bjorn and Hauschild (2015) proposed the
use of carrying capacities as reference points for environmental sustainability. Zhang and
colleagues (2017) re-defined and re-calculated biocapacities for the calculation of EF. Hoekstra
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and Wiedmann (2014) proposed the definition of maximum environmental footprints. The
cited initiatives are important steps toward increasing the application of impact assessment
studies, but more empirical studies are needed to analyze their suitability.

5. Conclusions

The implementation of sustainable agricultural value chains can be informed by impact
assessments capable of accounting for the direct and indirect social, environmental, and
economic impacts occurring along the value chain of products (Herva et al., 2011a). Although
there is a wide range of tools available to assess the different impacts of telecoupled systems,
there is no method that can fully assess these impacts while considering the telecoupling
dynamics in a spatially explicit manner. This is not necessarily a single desired goal, but
rather the confluence of independent achievements to improve methods and their smart
hybridization. The technical challenges of hybrid models described in this paper must be
surpassed to succeed in this path. The improvement of impact assessment methods requires
the expansion of system boundaries to capture bottom-up and top-down dynamics, improving
the geographic resolution and time-coverage of databases, the integration of landscape
heterogeneity, the calculation of location-specific impact factors, improved data transparency,
and the careful review of assumptions embedded in methods. Improving the understanding
cause-effect mechanisms that modulate value chain impacts is of particular importance to
these goals. Additionally, it is important to acknowledge the trade-offs between the simplicity
and comprehensiveness of methods for decision making. Finally, the definition of sustainability
reference points is needed to go from product benchmarking towards methods that provide
straight forward advice about the sustainability of value chains.
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Abstract

Impact assessments are used to raise evidence and guide the implementation of sustainability
strategies in commodity value chains. Due to methodological and data difficulties, most
assessments of agricultural commodities capture the impacts occurring at the farm-level but
often dismiss or oversimplify the impacts caused by land use dynamics at larger geographic
scale. In this study we analyzed the impacts of two cocoa production systems, full-sun, and
agroforestry, at the farm-level and beyond the farm-level. We used life cycle assessment to
calculate the impacts at the farm-level and a combination of land use modeling with spatial
analysis to calculate the impacts beyond the farm-level. We applied this to three different future
cocoa production scenarios. The impacts at the farm-level show that, due to lower yields, cocoa
agroforestry performs worse than cocoa full-sun for most impact indicators. However, the impacts
beyond the farm-level show that promoting cocoa agroforestry in the landscape can bring the
largest gains in carbon and biodiversity. The impacts at the landscape level show large nuances
that depend on the cocoa farming system adopted, market dynamics, and nature conservation
policies. Providing that sustainable land management and sustainable intensification are
adopted, increasing cocoa demand does not necessarily result in negative impacts for carbon
stocks and biodiversity. Landscape-level impacts can be larger than farm-level impacts or show
completely opposite direction, which highlights the need to complement farm-level assessments
with assessments accounting for land use dynamics beyond the farm-level.

Published as: Parra-Paitan, C., Verburg, P.H., 2022. Accounting for land use changes beyond the
farm-level in sustainability assessments: The impact of cocoa production. Science of the Total
Environment. 825, 154032. https://doi.org/10.1016/J.SCITOTENV.2022.154032
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1. Introduction

Life cycle assessment (LCA) is one of the most used tools to assess the environmental
performance of value chains and guide the implementation of sustainability strategies (Frankl
and Rubik, 2000; Hellweg and Canals, 2014; Ibafez-Forés et al., 2016; Lozano, 2020; Perminova
et al,, 2016; Stewart et al., 2018). As defined by international standards, LCA is a flexible and
versatile tool capable of accounting for a wide range of impacts caused by industrial activities,
especially those of highly manufactured products (ILCD and ILCD Handbook, 2010; ISO 14044,
2006; UNEP-SETAC, 2016, 2019). Despite of this flexibility, existing data and methodological
challenges can limit the completeness of LCA studies, especially for value chains that involve an
agricultural commodity (Curran, 2014; Finkbeiner et al., 2014; Godar et al., 2016; Haas et al., 2000;
Klgverpris et al., 2020; Notarnicola et al., 2017; Reap et al., 2008; Roy et al., 2009). Agricultural
practices are highly diverse, and their impacts are strongly dependent on contextual factors
such as biophysical factors, climatic conditions, and landscape configurations. Therefore,
accounting for the impacts of value chains using agricultural commodities requires highly
specific data on farming practices, local conditions, and contextual factors of the landscapes
where farming occurs (De Rosa, 2018; Stefanie Hellweg and Canals, 2014b; Mila i Canals et al.,
2007b; Notarnicola et al., 2017). However, this information is often difficult to obtain due to
the limited traceability and transparency of sourcing areas faced by global commodity value
chains such as cocoa (Bostréom et al., 2015; Gardner et al., 2018; Hellweg and Canals, 2014).

Land use change is one of the main drivers of global environmental change and is responsible
for about a third of total greenhouse gas emissions (Crippa et al., 2021; Foley et al., 2005; IPCC,
2019a; Lambin et al., 2001). Agriculture is a major driver of land use change; therefore, it is
important that impact assessments of agriculture account for the land use change effects
that farming causes beyond the farm-level (Finkbeiner et al., 2014; Notarnicola et al., 2017;
Searchinger et al., 2008b; Teillard et al., 2016; Van Asselen and Verburg, 2013b). The impacts
of agriculture are partly determined by the agrochemical usage, farm management practices,
and biophysical conditions on the production site (Dijkman et al., 2012; Millard et al., 2021;
Seufert and Ramankutty, 2017). However, giving that agriculture is embedded in socioeconomic
systems and therefore competes for land resources with other economic activities, agriculture
can trigger land use displacements and cause environmental degradation beyond the farm-
level (Liu et al., 2013; Meyfroidt et al., 2018, 2013). These land use changes depend on land
suitability and opportunity costs and are regulated by spatial policies and market forces (Turner
etal., 2020; Van Asselen and Verburg, 2013). Therefore, the environmental impact of agriculture,
especially of that on biodiversity and carbon stocks, is ultimately determined by the landscape
configuration, the location of farming and intensity of agricultural practices (Chaplin-Kramer
et al., 2015; Dullinger et al., 2021). Previous studies have found that these indirect impacts of
agricultural production on carbon and biodiversity span beyond the agricultural field and
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may far exceed the impacts occurring on the farmland. The conclusions of impact assessment
studies accounting for land use changes beyond the farm-level may therefore contradict
conclusions taken based on farm-level assessments (Barnes et al., 2017; Stefanie Hellweg and
Canals, 2014b; Lapola et al., 2010; Magliocca et al., 2020; Richards et al., 2014; Searchinger et al.,
2008b). If indirect land use impacts are not considered, sustainability governance initiatives
of agriculture-based value chains may unknowingly displace environmental burdens across
places and reward seemingly harmless practices (Curran, 2014; Hellweg and Canals, 2014).

Recent developments in the LCA community are helping to close this gap by increasing
the spatial resolution of impact characterization factors (Blonk Consultants, 2021; BSI, 2012;
Bulle et al.,, 2019; Chaudhary et al., 2015; Verones et al., 2020), expanding LCA agricultural
databases (Blonk Consultants, 2019a, 2019b; Koch and Salou, 2014; Weidema et al., 2013), and
complementing LCA with additional methods (Chaplin-Kramer et al., 2017; Crawford et al.,
2018; Othoniel et al.,, 2019). Nevertheless, most of the methods used to account for land use
change impacts in LCA have limitations to capture the fine-scale spatial dynamics arising from
socioecological interactions (Earles and Halog, 2011; Finkbeiner, 2014; Mila i Canals et al., 2007;
Schmidt et al., 2015). These assessments are usually based on economic models, biophysical
models or normative rules and often define coarse units of impact (e.g., administrative units)
or generalize cause-effect relationships to some degree (Schmidt et al., 2015). Consequential
LCA is one of the methods most suited to assess the impacts beyond the farm-level, however, it
also does so from a broader perspective by accounting for the effect of global market dynamics
(ILCD and ILCD Handbook, 2010; Weidema, 2003). Despite these efforts, LCA methods that
anticipate and account for impacts caused by land use change are far from mainstream and
often address limited components of land use dynamics (Roca and Searcy, 2012; Schmidt et
al., 2015). Sustainability governance initiatives in agricultural producing landscapes will benefit
from complementing farm-level assessments with methods capable of accounting for fine-
scale land use dynamics (Hellweg and Canals, 2014; Notarnicola et al., 2017; Parra Paitan and
Verburg, 2019).

While several LCA studies accounting for land use change exist for biofuels, other crops have
gotten limited attention and no study on cocoa exist to our knowledge (Di Lucia et al., 2012;
McManus and Taylor, 2015; Palmer and Owens, 2015; Prapaspongsa and Gheewala, 2016;
Searchinger et al., 2008b; Somé et al., 2018). We use the case of cocoa production in Ghana,
the second-largest cocoa producing country, to advance the assessment of impacts caused by
land use dynamics beyond the farm-level. Cocoa is an important agricultural commodity whose
value chain is responsible for the conversion of large areas of tropical rainforest (Fountain and
Huetz-Adams, 2020; Goldman et al., 2020; Pendrill et al., 2019). Our goal is to complement a
farm-level LCA with a method that captures fine-scale spatial dynamics beyond the farm-level
and analyze differences in the magnitude of impacts accounted. We conduct an attributional
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LCA to assess impacts of cocoa the farm-level and a combination of land use modeling and
spatial analysis to account for the impacts beyond the farm-level. We define three future
demand scenarios that differ in the type of cocoa farming system encouraged in the landscape
(agroforestry and full-sun monocrops) and other socioeconomic factors. Finally, we discuss the
implications of land use dynamics for impact assessments and the sustainability governance
of value chains that involve an agricultural phase.

2. Methods

We used LCA to quantify the farm-level environmental impacts of producing one kilogram
of cocoa beans under two different farming systems: cocoa full-sun (e.g., cocoa monocrops)
and cocoa agroforestry (e.g., cocoa cultivated along with shade trees). In this stage, our goal
was to calculate the impacts caused by cocoa production at the farm-level, therefore we use
an attributional life cycle assessment. We complemented this farm-level accounting with
the impacts caused beyond the farm-level due to land use dynamics. We combined land use
modeling and spatial analysis to calculate changes in biodiversity and carbon stocks beyond
the farm-level. We accounted impacts in three different future scenarios depicting increases
in cocoa demand (Figure 1). We then compared the impacts calculated at the farm-level and
beyond. See Table 1 for an overview of the main methods and data sources used.

Spatial analysis

Assessment of impacts

(Life cycle assessment beyond the farm-level on
% biodiversity & carbon
| Assessment of farm-level i stocks

impacts on: L

i) Environmental toxicity &
human health

ii) Biodiversity & carbon " Land use modelling \
stocks :

Scenarios 2015-2030

i) Green Development

ii) Intensive Agriculture
Development

iii) Regulated Investments

Figure 1. Overview of the methods used to account for the impacts of cocoa production in Ghana.
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2.1 Attributional life cycle assessment

Although multiple life cycle inventory databases and life cycle impact assessment methods
exist, we decided to use open-source tools as these are accessible to most stakeholders.

2.1.1 Goal and scope definition

The boundaries of the system were defined strictly around the agricultural phase, including
the application of agrochemicals and the use of land. Cocoa production in Ghana is mainly
rain-fed and is not mechanized. Therefore, water consumption was not considered, and the use
of machinery comprised only the use of pesticide sprayers. We defined the functional unit as
one kilogram of cocoa beans ready for further processing (post-fermentation on farm or field).

2.1.2  Life cycle inventory

The life cycle inventory was based on a previous LCA of cocoa production in Ghana (Ntiamoah,
2009; Ntiamoah and Afrane, 2008). Based on this study we defined inventories for two cocoa
production systems: cocoa agroforestry and full-sun. This inventory differentiation was based
on literature reporting farming inputs and yields for these cocoa systems (Abdulai et al., 2018;
Asare et al., 2019; Bymolt et al., 2018). To set cocoa yields, we multiplied the average yields
reported by Abdulai et al. (2018), for low and medium shade cocoa systems in non-dry cocoa
areas (511 and 643 kg/ha for agroforestry and full-sun systems, respectively), by and adjustment
factor (0.82). The latter was calculated by dividing the total cocoa volume produced in the
study area (Ghana Statistical Service, 2019) with the total cocoa volume produced based on
Abdulai et al. (2018). The final yield values were set to 418 and 525 kg/ha of cocoa beans for
cocoa agroforestry and full-sun systems, respectively. The quantity of fertilizers used per area
in cocoa full-sun systems was set as twice that of cocoa agroforestry systems (Abdulai et al.,
2018). Pesticide usage per area was considered equal for both cocoa systems because these are
applied homogeneously by the Cocoa Pest and Disease Control agency (CODAPEC) (Abdulai et
al., 2018). Petrol for pesticide spraying application was considered equal for both systems for
the same reason. The inventory of emissions caused by pesticide application was based on the
PestLCl 2.0 model (Dijkman et al., 2012). The inventory of emissions caused by the application
of fertilizers was based on Ecoinvent methodologies (Nemecek and Kagi, 2007; Nemecek and
Schnetzer, 2011; Prasuhn, 2006). A more detailed description of the inventory of inputs and
outputs can be found in Table 1 from Appendix B.

63



Chapter 3
2.1.3  Life cycleimpact assessment

The life cycle impact assessment of the following indicators was based on the IMPACT World+
model (Bulle et al., 2019): acidification potential, eutrophication potential, freshwater eco-
toxicity potential, global warming potential, human toxicity potential, and disability-adjusted
life years (DALY). The DALY indicator refers to the number of years of life lost due to the negative
impacts of toxic substances on human health. We used the potential permanent disappeared
fraction of species (PDF) indicator to calculate the impacts of land use change on biodiversity
loss (Chaudhary et al., 2015; Jolliet et al., 2018). We selected this method over the one proposed
by De Baan et al. (2013) following the suggestion of the UNEP/SETAC Life Cycle Initiative (UNEP-
SETAC, 2016). This choice also allows comparability with the biodiversity indicator used in the
spatial assessment. However, since the meaning and unit of this indicator is different than
other indicators from the IMPACT World+ model (Bulle et al., 2019), its interpretation was done
independently from other impact indicators. Consequently, the damage indicator used for
biodiversity only accounted for the effects of land use change and not the effect of the use
of agrochemicals. The impact of land use change on carbon emissions was calculated based
on the PAS 2050-1 methodology (BSI, 2012) according to the “country known, previous land
use known” treatment, which amortizes impacts over 20 years. As advised, we replaced the
default emission factors with those reported for each type of land conversion in each type of
vegetation zone of Ghana (Kongsager et al., 2013). More details about the impact assessment
methods used can be found in Tables 3, 10 and 12 Appendix B.

2.2 Land use modeling of future scenarios

We defined three scenarios to simulate future land use conversions caused by cocoa production:
a) Green Development, b) Intensive Agriculture Development, and c) Regulated Investments.
This was done for the main cocoa producing area of Ghana, the high forest zone (Forestry
Commission, 2017). We used the CLUMondo model (Van Asselen and Verburg, 2013) to simulate
future land use changes. CLUMondo makes a spatially explicit allocation of future land use
changes following an iterative process in which land use types compete for land to satisfy
external demands of resources. This allocation is based on location suitability (e.g., biophysical
factors), spatial policies (e.g., protected areas), land conversion elasticity, and the capacity of
each land use type to provide specific resources.

The scenarios differ slightly in terms on market demands but mainly in the cocoa farming
systems adopted to satisfy this demand (agroforestry or full-sun), forest protection policies
(Table 2). Population growth and food demand are similar among all scenarios. The definition
and quantification of scenarios was done according to the shared socioeconomic pathways
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(SSPs) (O'Neill et al., 2017). The Green Development, Intensive Agriculture Development, and
Regulated Investments scenarios were framed around SSP1, SSP5, and SSP3, respectively.
Simulations were done for 15 years starting in 2015. In short, Green Development tried to satisfy
an increase in cocoa demand while avoiding deforestation and promoting cocoa agroforestry
systems. In Intensive Agriculture Development there was a slightly higher increase in cocoa
demand, little attention to forest protection, and a strong adoption of cocoa full-sun systems.
Regulated Investments was an intermediate scenario where cocoa agroforestry and full-sun
were given equal opportunity while also protecting forests. We set specific demand changes
for rubber production as it is an important cash crop in Ghana. Cocoa yields changed over
time to simulate agricultural intensification. In the Green Development scenario, only cocoa
agroforestry yields were gradually increased up to the national target (1000 kg/ha) (Ministry
of Food and Agriculture of Ghana, 2016). In Intensive Agriculture Development, only cocoa
full-sun yields were similarly increased, and in Regulated Investments yields were increased
for both cocoa farming systems up to the same threshold (Ministry of Food and Agriculture
of Ghana, 2016; Wessel and Quist-Wessel, 2015). These yield increases followed government
targets and are moderate in contrast to yields reported by other experimental studies (Bymolt
et al., 2018; Wessel and Quist-Wessel, 2015).

We used a previous map of the high forest zone of Ghana (Wolff et al., 2020) as initial land cover
map for the year 2015. This map reported nine land use classes: built-up areas, water bodies,
mining, rubber plantations, closed forest, open forest, cocoa, mixed forest with agriculture, and
agriculture with sparse tree cover (Figure 3). Closed forest differs in tree cover percentage from
open forest (>50% and <30%, respectively), and the last two land use classes are primarily food
crop production areas with different tree cover values (>30% for mixed forest with agriculture,
and <30% for agriculture with sparse tree cover). We differentiated cocoa agroforestry and
cocoa full-sun from the general cocoa class of the initial map. This differentiation was done
using high-resolution tree cover data (Hansen et al., 2013). In cocoa producing areas, we
calculated the tree cover for 2015 by adding tree cover gains (2000-2012, only data available)
and subtracting tree cover loss (2000-2015) to the tree cover map of the year 2000. We defined
the last quantile of these pixels as cocoa agroforestry pixels and the remaining ones as cocoa
full-sun. This threshold was chosen according to data sources citing that complex cocoa
agroforests have a similar tree cover structure to open forests (FAO, 2014; Tutu Benefoh et al.,
2018). The suitability of pixels to each land use type was defined using a combination of 17
physical and socioeconomic variables (see Table 7 from Appendix B). Suitability was defined
after testing the relationship between these variables and the actual distribution of land uses
using logistic regression functions with stepwise elimination. The capacity of each pixel to
provide resources (e.g., cocoa, food, rubber, tree cover, and built-up areas) was defined using
subnational production statistics of cocoa, rubber, and food crops (based on cassava, maize,
and plantain) for 2015 (Ghana Statistical Service, 2019). Future demands and yield increases
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were defined according to country-level quantifications of SSPs for built-up areas, food crops,
and cocoa (IFPRI, 2017; IIASA, 2020; Riahi et al., 2017; Sulser et al., 2015). We used official national
targets on forest protection, restoration, and forest plantation to define future tree cover (Dave
et al., 2019a; Forestry Commission, 2016; Republic of Ghana, 2017). Due to the lack of official
projected data on future rubber demand and yield increases, we used linear projections of
historical rubber production statistics (2000-2015) (FAOSTAT, 2020). Further details on the
settings of the model can be found in Tables 4, 5,6, 8, and 9 from Appendix B.

2.3 Spatial analysis of impacts on carbon and biodiversity

Using spatial analysis, we identified the pixels converted from and into cocoa in each scenario
projection result. Consequently, we calculated changes in carbon stocks and biodiversity using
official carbon emission factors for Ghana (Forestry Commission, 2017) and the GLOBIO-InVEST
model (Alkemade et al., 2009; Natural Capital Project, 2020; Sharp et al., 2018), respectively.

The Forestry Commission of Ghana reports carbon emission factors (t CO,eq/ha per vegetation
zone and for land use conversions between closed forest, open forest, cocoa, oil palm, rubber,
cropland, grasslands, settlements, and bare land. We used the same methodology to recalculate
emission factors that in the original report were given zero values to avoid perverse incentives
on deforestation. We adapted these emission factors to our specific land use classes based
on literature reporting carbon content in these systems. The reported cocoa emission factors
were assumed to apply to cocoa agroforestry because the source study was done in cocoa
farms with the same characteristics (Kongsager et al., 2013). Cocoa full-sun emission factors
were calculated based on the reported cocoa agroforestry/full-sun carbon ratio for Ghana
(Isaac et al., 2007). The emission factors reported for cropland were assigned to the agriculture
sparse tree land cover class. The values for the mixed forest with agriculture land use class were
calculated as the average of cocoa agroforestry and cropland. To find the final cocoa-driven
carbon stock change in each scenario at the landscape level, the corresponding emission
factors were multiplied by the respective area of converted land.

The GLOBIO-InVEST model calculates changes in biodiversity associated with land use change,
habitat fragmentation, and infrastructure (Sharp et al., 2018). This model uses the mean species
abundance indicator (MSA) as an indicator of biodiversity, which is an aggregate metric
reflecting the richness and abundance of species in a certain area in comparison to its pristine
state. Mean species abundance (MSA) values due to land use change are calculated based on a
systematic review of biodiversity studies in eleven land use types. Accordingly, a MSA of value
1 indicates that biodiversity is in a pristine state while 0 indicates that it has been decimated.
We adapted our land use classes to the eleven land use classes considered by GLOBIO-InVEST
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as follows: rubber plantation = plantation forest; open forest = secondary vegetation; mixed
forest with agriculture and agriculture with sparse tree cover and cocoa full-sun = low input
agriculture; cocoa agroforestry = agroforestry. Finally, we applied the standard values of forest
fragmentation on MSA (Alkemade et al., 2009) and used the road network of Ghana to calculate
impacts of infrastructure (UN-OCHA, 2020). The GLOBIO-InVEST model calculates changes in
biodiversity by multiplying the MSA values of land use change, habitat fragmentation, and
infrastructure per pixel. The impact of cocoa production on biodiversity corresponded to the
average MSA value of the land areas converted. Same as for carbon, this was used to calculate
the impacts of cocoa production in the entire resulting landscape of each scenario. Further
details about the calculation of carbon and biodiversity changes can be found in Tables 10,
11, and 12 from Appendix B.

3. Results

3.1. Impacts of cocoa production at the farm-level

According to LCA, the production of one kilogram of cocoa beans under cocoa full-sun farming
systems caused on average 22% less negative impacts to air, water, and soils (indicators:
acidification potential, freshwater ecotoxicity, freshwater eutrophication, and global warming
potential) than under cocoa agroforestry systems. This was due to the higher yields of cocoa full-
sun using the same quantity of pesticides per hectare. However, cocoa full-sun was on average
60% more harmful to human health (human toxicity and disability-adjusted life years-DALY)
due to the higher use of fertilizers, particularly because of the emissions released to surface
water (Cu, Zn, Pb) (see Table 2 from Appendix B). Nevertheless, due to its farming intensity,
cocoa full-sun was almost three times more harmful to biodiversity (potential disappeared
fraction of species, PDF). Because of higher yields, cocoa full-sun farms requires less land than
cocoa agroforestry to produce one kilogram of cocoa beans. Therefore, carbon emissions due
to land use change were 18% lower for cocoa full-sun than for cocoa agroforestry. Interestingly,
the carbon emissions caused by land use change were almost 300 times higher than those
caused using agricultural inputs (Figure 2).
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Figure 2. Impacts of cocoa full-sun and agroforestry per kilogram of cocoa beans at the farm-level. Units for each
impact category are shown within parenthesis. The first six are mid-point indicators and the last two are end-
point indicators. Land use carbon emissions correspond to the weighted average reported by PAS2050-1 method.

3.2. Land use change impacts of cocoa production

The landscape configuration obtained with the land use model determined the magnitude of
the impacts of cocoa production beyond the farm-level (Figure 3). Combining a land-sharing
approach while conserving primary forests, as in the Green Development scenario, led to a
trifold expansion of cocoa agroforestry systems (Figures 4 and 5). This expansion was mainly
achieved by replacing degraded forest areas and slightly reducing the rubber plantation area.
At the same time, 30% of primary forests areas (ca. 294 Kha) were restored and 44% of cocoa
full-sun areas were converted into more sustainable food agroforestry systems. The Intensive
Agriculture Development scenario achieved land-sparing, thereby reducing in 21% the cocoa full-
sun area. However, the limited environmental protection in this scenario led to the displacement
of cocoa full-sun into the south-western region, displacing 43% of the remaining primary forest
areas (ca. 426 Kha). In the Regulated Investments scenario, cocoa full-sun and agroforestry areas
were reduced in 31% and 30%, respectively, while 10% of primary forests areas were restored.
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Land use types
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Figure 3. Spatial distribution of land use types in initial (a) and modeled years (b-d).
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Figure 4. Changes in the area of land use types between the initial (2015) and modeled years (2030, the last
three bars).
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Figure 5. Area of cocoa full-sun (a) and cocoa agroforestry (b) gained and lost to other land use types in each
scenario. Positive values represent cocoa areas gained to previous land uses while negative values represent
cocoa areas lost to other land uses.

3.3 Impacts of cocoa production beyond the farm-level in each scenario

The impacts of land use change on carbon and biodiversity in each scenario were strongly
nuanced at the landscape level (Figure 6). Land conversions to meet cocoa demand caused 62
MtCO,eq of net carbon gains in the Green Development scenario, 14 MtCO,eq of net carbon
gains in the Regulated Investments scenario, and 52 MtCO,eq of net carbon losses in the
Intensive Agriculture Development scenario. The Regulated Investments scenario showed
the largest net biodiversity gains, closely followed by the Green Development scenario, while
the Intensive Agriculture Development scenario showed net biodiversity losses. In the Green
Development scenario carbon and biodiversity gains were due to the expansion of cocoa
agroforestry into formerly degraded forest areas (ca. 30 MtCO,eq gain, ca. 0.006 MSA gain) and
the large conversion of cocoa full-sun farms into food agroforestry systems (ca. 31 MtCO,eq
gain, ca. 0.2 MSA gain) (Figures 6). The Regulated Investments scenario showed carbon and
biodiversity gains (ca. 14 MCO,eq t, ca. 0.04 MSA) mainly due to reduction of cocoa full-sun areas.
This reduction created abandoned areas that were later followed by ecological succession and
resulted in gains of carbon and biodiversity. The Intensive Agriculture Development scenario
showed large carbon and biodiversity loss (ca. 52 MtCO,eq, ca. 0.1 MSA) due to the replacement
of primary forests with cocoa full-sun plots. This occurred because the weak forest protection
policies encouraged the migration of cocoa full-sun farms into highly fertile forest soils.
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At the farm-level, life cycle assessment calculated larger carbon losses for cocoa agroforestry
systems while, at the landscape level, the spatial assessment calculated larger carbon losses
for the scenario discouraging cocoa agroforestry (Intensive Agriculture Development) and
calculated net carbon gains in scenarios promoting cocoa agroforestry. Carbon losses at the
landscape level were 6% larger than at the farm-level in the Intensive Agriculture Development
scenario. The two scenarios calculated net carbon gains at in the landscape level. Biodiversity
loss at the farm-level occur in all scenarios while at the landscape-level losses occur only in the
Intensive Agriculture Development scenario (almost double the farm-level loss). The impacts
of cocoa production at the landscape level are a result of the different scenarios settings and
show the important role of the socioeconomic context.
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Figure 6. Impacts of cocoa production on biodiversity and greenhouse gas emissions (GHG, in MtCO,eq) at the
farm-level and beyond the farm-level (landscape). Zero is indicated with a dashed red line. Impacts are shown for
each scenario and for the entire study area. Positive values indicate losses in biodiversity or carbon (emissions)
and negative values indicate gains (e.g., gains in biodiversity or carbon sequestration).
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4. Discussion

Our results reinforce previous findings in the field and contribute to highlight the importance
of analyzing the impacts of land use dynamics caused by agricultural production. Our study
finds that: 1) the impacts of land use change are best accounted for when placed in the
corresponding spatial context, 2) the impacts of land use change span beyond agricultural
production units and trigger indirect impacts that need to be analyzed in impact assessments,
3) land use interactions need to be evaluated in a non-linear manner by considering the
dynamics of competing land uses in light of context-dependent factors, 4) farm management
choices have a strong influence the on the intensity of impacts beyond the farm-level and
these differences need to be captured in impact assessments. We elaborate on these findings
and the policy implications in the coming paragraphs.

4.1 Trade-offs of including or excluding land use dynamics in impact
assessments

This study finds that for full accounting, impact assessments of cocoa production need
to be contextualized in the producing landscape to be able to capture fine-scale land use
dynamics. The impacts of cocoa production do not increase linearly with increasing demand
but are strongly dependent on local socioeconomic factors that ultimately determine the
spatial configuration (Chaplin-Kramer et al., 2017; Garrett et al., 2013; Koellner and Scholz,
2008; Richards, 2021). Market forces, land use planning, agricultural policies, farm management
strategies, and environmental regulation policies influence the final spatial allocation and,
therefore, the impacts of cocoa production beyond the farm-level (De Rosa, 2018; Stefanie
Hellweg and Canals, 2014b; McManus and Taylor, 2015; Meyfroidt et al., 2018b; Turner et al.,
2020; Van Asselen and Verburg, 2013b). According to our study, increasing cocoa demands
do not have to necessarily go together with negative environmental impacts. If sustainable
intensification, forest protection, and more sustainable farming systems (cocoa agroforestry)
are encouraged in the landscape (Regulated Investments and Green Development scenarios),
positive impacts can be achieved. Increasing demand threatens forest areas only in the absence
of these regulatory and protection measures.

When the impacts of cocoa production are calculated at the farm-level, cocoa full-sun seems to
balance better the trade-offs between sustainability and productivity by having higher yields
and showing lower impacts for most midpoint impact indicators than cocoa agroforestry.
These findings are in line with other studies reporting that, due to lower yields, sustainable
production systems perform better per unit of area than per unit of product (Andres et al.,
2016; Blaser et al., 2018, 2017; Cucurachi et al., 2019; Jacobi et al., 2014; Mortimer et al., 2018;
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Seufert and Ramankutty, 2017). Our results on the impacts of cocoa production on carbon
and biodiversity at the farm-level are in line with previous studies reporting larger negative
impacts for cocoa full-sun systems (Andres et al., 2016; Blaser et al., 2018; Jacobi et al., 2014).
The analysis beyond the farm-level shows that, in the absence of other protection measures,
the promotion of cocoa full-sun systems could generate more detrimental impacts at the
landscape-level, especially for biodiversity and carbon emissions due to land use change.
This means that promoting high-yield cocoa systems could help reduce the net cocoa area
but, without sustainable intensification and forest conservation measures, this jeopardizes
the sustainability of cocoa landscapes. The largest carbon fixation and biodiversity gains are
obtained when promoting forest conservation and encouraging cocoa agroforestry systems at
the same time (Green Development scenario). However, to also deliver socioeconomic benefits,
this strategy must consider adequate shade levels in agroforestry systems to avoid negative
trade-offs between cocoa yields and biodiversity (Andres et al., 2016; Asare et al., 2019; Blaser
et al,, 2017; Phalan et al., 2011). Moreover, restored closed forest areas could only bring the
expected carbon in biodiversity gains if they remain standing for at least 80 years (Cole et al.,
2014; Martin et al., 2013).

The characterization factors used for carbon emissions due to land use change differ from those
reported by the intergovernmental panel on climate change (IPCC). The latter reports much
lower carbon emission factors for agroforestry and perennial monocrops in tropical areas (88
and 110- 146 tCO_eq, respectively) (IPCC, 2019b) than those used by this study (on average 250
and 187 CO,eq, respectively). This difference might arise because IPCC factors were obtained
by averaging the emissions from various cropping systems within a wide range of tropical
forests, while the values used by this study follow local carbon measurements in cocoa farms
in each vegetation zone of Ghana. This once again highlights the importance of using spatial
explicit assessments that take into account previous land uses.

4.2 Practical implications for practitioners and potential ways of
improvement

The large negative impacts of cocoa full-sun on human toxicity could be solved with improved
fertilizer use. The low productivity of cocoa agroforestry systems could be improved through
sustainable yield increases. Sustainable yield increases balance environmental benefits with
productivity increases by combining improved use of agrochemicals, sanitation practices
(weeding, pruning, thinning), and, in some cases, cocoa tree replanting (Carodenuto, 2019).
These improved farm management practices have a strong influence on environmental impacts
but also require investments in farm training and enabling policy environments (Blaser et al.,
2018; Costa et al., 2020; Erb et al., 2017; Kleppel, 2020; Schulze et al., 2019).
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Companies could benefit from the inclusion of land use dynamics in the assessment of impacts
by showing that business goals, if managed properly in the landscape, do not necessarily
contradict sustainability goals. By making more contextualized assessments of impacts,
companies can not only anticipate future changes caused by sourcing strategies but can also
help to strengthen the very much needed trust of consumers (Gardner et al., 2018; Lambin
et al.,, 2018). Such assessments could also help companies to have more accurate information
about the extent of their negative impacts and improve the scope of sustainability strategies.

Our results suggest that corporate decisions on cocoa sourcing (volumes and locations) may
have much larger impacts than those usually accounted for by non-spatially explicit methods
that do not account for fine-scale land use dynamics. Therefore, companies might be not only
making decisions based on incomplete information but might be also missing the opportunity
to demonstrate environmental gains in the landscape due to sustainable initiatives. Companies
could reduce impacts by fostering investments in activities that drive positive impacts in the
entire landscape, such as sustainable yield increases or more sustainable farming systems.

To effectively minimize negative impacts, the close and transparent coordination of private
and public actors is necessary for the assessment, management, and monitoring stages of
sustainability actions (Folke et al., 2019; Lambin et al., 2018). Isolated initiatives, either from
the private or public sector, are insufficient to tackle sustainability challenges of forest-risk
commodities like cocoa. On the one hand, clear land use planning and regulatory policies
are needed to guide companies’ business goals and sourcing strategies. At the same time,
companies need to assess the landscape-level implications of future business strategies.

The jurisdictional approach is an increasingly promoted strategy to govern the impacts of
farming systems beyond the farm-level. By engaging multiple stakeholders in the planning
of sustainability interventions at the landscape-level, the jurisdictional approach aims at
minimizing the risk of displacing negative outcomes of cocoa farming into other parts of the
landscape (Boshoven et al., 2021; von Essen et al., 2021) . In support of these initiatives, the
LCA research community is increasingly promoting the landscape approach with the aim of
better capturing the effect that landscape configurations have on the impacts caused by
agricultural systems. By capturing the impacts that expand beyond farming units in space
and time (e.g., biodiversity loss, soil degradation, indirect land use change), this approach also
helps to prevent LCA studies from being bias towards highly-intensive farming systems by
default (van der Werf et al., 2020; Wu et al., 2021). Jurisdictional approaches can benefit from
the inclusion of land use dynamics in the assessment of impacts of cocoa production.
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4.3 Challenges for the inclusion of land use change impacts beyond the
farm-level

Although the importance of accounting for land use change impacts on biodiversity and
carbon emissions has been widely acknowledged in the LCA community, the inclusion of
these indicators remains limited in practice (Knudsen et al., 2020; Winter et al., 2017). LCA
remains a very useful tool to account for the toxicity impacts of agricultural production on
humans and ecosystems. However, sustainability practitioners in the corporate sector should
seek to complement LCA assessments with tools able to impacts beyond the farm-level
(Crenna et al., 2020; McManus and Taylor, 2015; Parra Paitan and Verburg, 2019; Raschio et al.,
2018). One complication is that in practice, due to the high complexity and fragmentation of
value chains, companies usually do not know the exact origin of the products they use. Due
to the high cost and logistic complications of achieving full traceability, companies mostly
rely on volume data to assess the impacts caused by value chains. Therefore, achieving full
traceability of agricultural commodities is one of the first challenges to complete. Traceability
and transparency efforts of recent years show that multiple industry sectors are moving in
that direction (Gardner et al., 2018; Ingram et al., 2018b). As more of these initiatives emerge
in different value chains, multi-stakeholder platforms become necessary to ensure that they
are regulated to collectively maximize synergies and minimize trade-offs (Folke et al., 2019).
This would require setting adequate open and independent monitoring and reporting systems
alongside corporate sustainability strategies (Lambin et al., 2018), which could benefit from
a close collaboration with organizations holding information about local landscapes (e.g.,
government for providing land use maps or scoping future regulatory policies).

Consequential LCA (CLCA) is an LCA tool that integrates economic modeling to assess the
consequences of value chain decisions on physical flows and impacts (Earles and Halog, 2011;
Prox and Curran, 2017). This tool could have also been used to evaluate impacts beyond the
farm-level. However, CLCA would have done so from a global economic perspective and defining
coarser units of analysis, while our goal was to address fine-scale land use dynamics. Our land use
modeling approach also accounts for broad scale economic dynamics by defining demand shifts
according to the outputs of computable general equilibrium models (e.g., IMAGE). Although our
study area only covers a small part of the world, it is second most important cocoa production
area and thus, the analysis, has importance even from a global perspective.
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4.4 Limitations and ways forward

We used a life cycle impact assessment method with high geographic differentiation (IMPACT
World+). However, in some cases, the geographic resolution of this approach was very coarse,
so continental or global averages had to be used as characterization factors (see Table 3
from Appendix B). When these were not available for the substances reported in our case
study, we used factors from equivalent substances (e.g., for the case of some pesticides in the
PestLCl 2.0 model). The selection of these equivalent values strictly followed the literature
and scientific advice, so this might only affect slightly the accuracy of our results. The life cycle
inventory data and the characterization factors for biodiversity and carbon changes used did
not provide with variability ranges reflecting the actual variability in yields, agrochemical
inputs, biodiversity composition and carbon stocks in cocoa farms. However, it is important
to keep in mind that these factors vary greatly (and might even overlap) depending on soil
type, tree age, phenology stage, cocoa variety, farm management practices, and local climatic
conditions (Blaser et al., 2018). If available, cocoa value chain decisions regarding sustainability
would need to complement our findings with information on specific locations, farming types
and phenology stage. Additionally, it is important to mention that although, due to our data
sources, we used average characterization factors, the biodiversity composition and carbon
stocks in cocoa agroforestry and full-sun systems vary greatly.

The land use model used allows to account for potential indirect impacts caused by cocoa
demand and production within the Ghanaian high forest zone, however, it does not capture
spillovers beyond it. This means that we cannot assess the impacts that sustainability strategies
in this area could cause in other cocoa-producing landscapes, countries, or markets. Because
land resources are limited, spillovers and leakages may emerge in different locations. Therefore,
the conclusions made in this study are only valid in the given context. The integration of other
modeling methods may help to address this challenge (e.g., computable general equilibrium
models) (Cucurachi et al., 2019; Hellweg and Canals, 2014; Parra Paitan and Verburg, 2019). In
this study, the Volta region was not included due to the low quantities of cocoa produced
nowadays (Forestry Commission, 2017). Although this would not strongly affect our results,
the Volta region could be used to complement landscape restoration initiatives.

The land use model considers cocoa yield increases that require changes in farm management
practices. However, we only accounted for changes in carbon and biodiversity due to yield
increases in the LCA analysis. Due to lack of documentation, we did not assess the impacts
that the new farm management practices would bring due to changing agrochemical usage.
The land use model did not account for lag-times in the production of perennial crops and
due to the data limitations explained, the effect of price fluctuation on rubber demand was
not considered when defining future rubber demand.
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Itisimportant to emphasize that the method chosen to account for carbon emissions from land
use change in LCA aims to exemplify the situation in which a company or practitioner conducts
an assessment relying solely on cocoa volumes due to lack of information on the origin of cocoa
and the land use dynamics in the production area. Spatially explicit characterization factors
could be used within LCA when the necessary information is available.

The land use model was designed to reflect plausible demand shifts rather than hypothetical
experimental conditions. Our approach prioritizes reality over comparative capacity by changing
not cocoa demands alongside other demands (e.g., rubber, forest cover) between scenarios.
This was, our results are easier to apply to reality but, at the same time, they did not allow us to
completely isolate the effects of cocoa production. Because cocoa production is dominant in the
landscape and one of the strongest drivers of land use change, the risk of false impact attribution
is minimal. Moreover, cocoa is embedded in a socioeconomic system that also changes when
cocoa demand change. Therefore, it is important to keep consistency in all other socioeconomic
factors linked to cocoa production. Impacts of changing rubber demands remained constrained
to the southern non-cocoa producing area due to land suitability. Therefore, minimally affecting
the spatial allocation of cocoa farms. Oil palm is another cash crop present in the landscape
however, due to lack of spatial data, we could not include it in the analysis.

Indirect nitrous oxide emissions (N,O) due to the mineralization of organic matter were not
accounted because of the lack of characterization factors differentiating cocoa agroforestry
and full-sun systems under our study conditions. Land use change can generate nitrous oxide
emissions but in the long term they are mainly determined by nitrogen input rates (Corré,
2002; Veldkamp et al., 2008; Verchot et al., 2020). Therefore, this omission might have limited
implications giving the absence of nitrogen fertilizers in our case study.

Finally, we acknowledge that this study mainly addresses environmental impacts and does not
address the socioeconomic trade-offs that could arise as a result of sustainability initiatives.
Worrisome problems linked to cocoa production such as poverty and child labor need to be
assessed alongside to balance the suggestions taken based on environmental assessments
(De Rosa, 2018; Onat et al.,, 2017; Ruf, 2011; Sala et al., 2013).

5. Conclusions

This study shows that the impacts of cocoa production can only be accurately accounted for
when the land use dynamics in the original production context are taken into account. Impact
assessments of value chains involving an agricultural phase need to complement farm-level
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accounting methods with tools able to capture the land use change impacts that farming
causes beyond the farm-level. Land use modeling and fine-scale spatial assessments can help
the assessment of these context-specific land use dynamics. Due to its lower yields, most
impact indicators of cocoa agroforestry perform worse than those of cocoa full-sun except for
biodiversity and human toxicity. Nevertheless, increasing cocoa demand can deliver positive
impacts for biodiversity and carbon stocks if cocoa agroforestry, sustainable intensification,
and forest protection policies are implemented. The impacts on biodiversity and carbon stocks
at the landscape level can be worse than those at the farm-level or even show contrary trends.
Due to the entangled nature of drivers and impacts of cocoa production, close cooperation
between private and public actors is needed to solve sustainability issues in cocoa value-chains.
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Large gaps in voluntary sustainability commitments covering the global cocoa trade

Abstract

The production and trade of agricultural commodities, such as cocoa, have important impacts
on farmer livelihoods and the environment, prompting a growing number of companies to
adopt public commitments to address sustainability issues in their value chains. Though
trading companies, who handle the procurement and export of these commodities, are key
actors in corporate sustainability efforts, cross-country data on their identity, market share,
and adoption of sustainability commitments is lacking. Here, we address this gap for the
cocoa sector by compiling detailed shipping data from eight countries responsible for 80% of
global cocoa exports, developing a typology of trader types, and assessing their adoption of
sustainability commitments. We find that cocoa trading is a highly concentrated market: seven
transnational companies handled 62% of the global cocoa trade, with even larger shares in
individual cocoa producing countries. The remaining 38% of exports were handled by domestic
trading companies and farmer cooperatives. Overall, the adoption of public sustainability
commitments is low. We estimated that just over one quarter (26%) of cocoa is traded under
some form of sustainability commitment, with gaps arising from their exclusion of indirect
sourcing, low adoption rates by domestic traders, and commitment blind spots, notably on
forest degradation and farmer incomes. Low rates of traceability and transparency pose a
further barrier to the broadscale implementation and monitoring of these commitments:
one quarter of traders report being able to trace at least some of their cocoa back to farmer
cooperatives and only half of them openly disclose the identity of their suppliers. We discuss
the opportunities and limitations of voluntary sustainability initiatives and argue that, to realize
visions of sustainable trade, the gaps in commitment coverage must be closed by extending
current efforts to smaller traders and indirect suppliers. However, companies must support,
coordinate, and align with government efforts so that voluntary initiatives are ultimately
rendered more transparent and accountable.

Published as: Parra-Paitan, C., zu Ermgassen, E.K.H.J., Meyfroidt, P., Verburg, P.H., 2023.
Large gaps in voluntary sustainability commitments covering the global cocoa trade. Global
Environmental Change. 81, 102696. https://doi.org/10.1016/J.GLOENVCHA.2023.102696
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1. Introduction

Global value chains that connect geographically dispersed production activities have
become the centerpiece of the world economy, with fundamental repercussions for societies,
economies, and the environment (Kano et al., 2020; OECD, 2013; Ponte et al., 2019). In particular,
agrifood value chains play a key role in global food security and the livelihoods of billions of
rural laborers, while also being a driver of environmental degradation (Clapp, 2021).

Cocoa (Theobroma cocoa) is one of the agrifood commodities raising sustainability concerns due
to issues such as persistent poverty and child labor among cocoa farmers, and deforestation
due to the expansion of cocoa farming (Abdullah et al., 2022; Fountain and Huetz-Adams,
2020; Sadhu et al., 2020). Cocoa, originating from the Amazon rainforest, is now planted across
the tropics and its consumption, although still dominated by Europe and North America,
is rapidly increasing in emerging economies of Asia, Latin America, and the Middle East
(Fountain and Huetz-Adams, 2020; KPMG, 2014; Neilson et al., 2018). The global cocoa sector
was worth 44 billion US dollars in 2019 and cocoa bean production has doubled in the last
thirty years (Fortune Business Insights, 2019), which has contributed to make it one of the top
ten deforestation-risk agricultural commodities globally (Goldman et al., 2020; Ordway et al.,
2017; Pendrill et al., 2022).

In recent decades, the sustainability governance of commodity production, including of
cocoa, has shifted from being state led to become polycentric, with an expansion of the
influence of market actors. Governance efforts are increasingly oriented around global
value chains, implemented through a combination of voluntary, self-regulatory, market-led
initiatives (Meemken et al., 2021; Ostrom, 2010; Thorlakson, 2018). These efforts include multi-
stakeholder initiatives (e.g. the Cocoa and Forests Initiative-CFl) (Carodenuto and Buluran,
2021; 1Cl, 2021; Thorlakson, 2018; Vellema and Van Wijk, 2015; World Cocoa Foundation, 2017),
third-party certification schemes (e.g. Fairtrade, Rainforest Alliance, UTZ, Organic) (Grabs
and Carodenuto, 2021; Ingram et al., 2018b), own-firm sustainability standards (e.g. Forever
Chocolate, Cocoa Compass) (Grabs and Carodenuto, 2021), and national publicly-led initiatives
(e.g. Beyond Chocolate in Belgium, GISCO in Germany, DISCO in the Netherlands) (Wahba and
Higonnet, 2020). In each of these governance structures, companies have taken a lead role in
the definition and implementation of sustainability (Ponte, 2019; Thorlakson, 2018). Among
companies, international traders, defined in this study as companies in charge of exporting
cocoa from producing countries, are keystone actors who, because of their position in the
value chain, often carry the responsibility of translating industry sustainability signals into
ground-level action (Figure 1) (Grabs and Carodenuto, 2021; Thorlakson, 2018). In addition to
industry-led initiatives, legislative efforts are also expanding, such as the upcoming European
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due diligence legislation, which intends to hold trading companies legally accountable for
impacts embedded in their value chains (European Commission, 2021).

Within the frame of this article, we use the term 'value chain sustainability initiatives’ to
include both voluntary, publicly made corporate commitments (made either by individual
companies or collectively by companies participating in multi-stakeholder initiatives) and
third-party certification. Commitments notably differ from third-party certification in their
self-reported nature and the lack of third-party verification or auditing mechanisms to
guarantee implementation. We also differentiate between the adoption of commitments -
the self-reported promise to implement a concrete sustainability action or program - and
implementation, which is the concrete execution of such commitments. Further, there may be
a gap between implementation and impact, the measurable accomplishment of the promised
commitments. Third-party certification can be used as an implementation mechanism of
commitments, however, the information made available by companies does not allow to
differentiate them from the commitments adopted.

Multiple studies have tried to understand why some companies adopt sustainability
commitments and others do not. According to global value chain theory, the organization of
value chains has a fundamental impact on how sustainability is steered by a company (Gereffi,
2018; Gereffi et al., 2006; Lebaron et al., 2019). Complementarily, agency theory explains how
principal actors (i.e., larger companies with more extended trade networks) utilize their power
on agents (i.e., smaller companies or suppliers of principals) to lead the implementation of
sustainability standards. The principal-agent relation seeks to ensure favorable agent’s
behavior and it is modulated by power, information, and goal asymmetries between the two
(Beal Partyka, 2022; Matinheikki et al., 2022). In the context of global value chains, power is
understood as the capacity of actors to dictate or influence behavior of other actors or strategic
market factors, and it is often used to increase value, gain competitive advantage, and achieve
desired market outcomes (Dallas et al., 2019). Agency theory also explains how principal actors
foster collaborative initiatives with industry partners to improve their own performance and
protect their own interests (Delbufalo, 2018; Mason, 2019). However, the asymmetric nature
of the principal-agent relation can lead to opportunistic agent behavior and the failure of a
sector to deliver the sustainability outcomes (Wiese and Toporowski, 2013). Studies on various
commodities found that, due to the stronger pressure received from civil society, larger
companies are more likely to adopt sustainability commitments than smaller ones (Bager
and Lambin, 2020; Dauvergne and Lister, 2012; Garrett et al., 2019). In addition, the higher
visibility of companies closer to the consumer end and the involvement of companies in other
commodities facing similar sustainability issues, have been identified as factors contributing
to a higher adoption of commitments (Bager and Lambin, 2020; Grabs and Carodenuto, 2021).
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Evidence also shows that companies utilize different implementation strategies and prioritize
only certain sustainability issues. Over the recent years, large companies have increasingly
shifted from relying primarily on third-party certification labels towards developing their own
in-house sustainability commitments, programs, and standards (Grabs and Carodenuto, 2021;
Ingram et al., 2018b). In contrast, smaller companies typically lack the resources to develop
such in-house schemes and continue to rely more on third-party certification (Bager and
Lambin, 2020; Lambin and Thorlakson, 2018; Thorlakson, 2018). Further, commitments are
mostly framed around problems receiving high media attention, such as deforestation and
child-labor. Often, these topics are not always aligned with the priorities identified in producing
countries, such as poverty, living incomes, low market prices, or the need to favor domestic
processing and export of processed products (such as cocoa butter and powder) instead of
raw product exports (Carodenuto, 2019; Neilson, 2007; Oomes et al., 2016).

Recent studies have documented sustainability commitments in the cocoa sector (Carodenuto,
2019; Grabs and Carodenuto, 2021; Ingram et al., 2018a; Thorlakson, 2018). Others have studied
the factors driving commitment implementation and have analyzed the factors influencing
commitment effectiveness (Garrett et al., 2019; Gereffi and Lee, 2012; Ingram et al., 2017; Nelson
and Phillips, 2018; Tayleur et al., 2017). Despite these research advances, four main gaps remain
in the knowledge: First, most of the studies have focused essentially on large traders, which
represent a large share of the cocoa volumes, yet little is known about the non-negligible
shares of cocoa traded by a myriad of smaller companies. Second, no study has yet analyzed
the heterogeneity in the adoption of sustainability commitments between types of traders
in the cocoa sector. Third, no study has properly analyzed whether these commitments cover
the various sustainability issues. Fourth, no study has quantified the uptake of different
implementation approaches for sustainability initiatives in the cocoa sector at a global scale.

In this study, our objective is to identify coverage and gaps in the adoption of sustainability
commitments among cocoa traders and compare choices in implementation strategies and
sustainability priorities. In contrast to previous studies, we address traders regardless of their
market dominance. We address this through four questions:

1. How is the cocoa trading market structured? Following Clapp (2021), here our first
hypothesis is that the downstream market concentration extends also to cocoa trading. To
test this, we described the market share, and degree of vertical and horizontal integration
of traders, both globally and within each country of production.

2. Which traders adopt sustainable sourcing commitments? Here, our second hypothesis is
that larger, more vertically and horizontally integrated companies are likely to adopt more
commitments. To test this, we compared the sustainability commitments made by cocoa
traders with different market coverage and market integration profiles.
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3. What are the gaps in commitment adoption coverage? Here, our third hypothesis is that
gaps exist in the coverage of sustainability commitments due to the limited involvement
of small traders, the selective application of commitments to direct suppliers, and the
prioritization of specific sustainability topics. To test this, we analyzed the global coverage
of commitments and the topics engaged with by traders.

4. What strategies do companies use to implement sustainable value chain initiatives? Here,
our fourth hypothesis is that smaller companies prioritize externalizing sustainability
action (i.e., third-party certification and ecolabels) while larger companies prioritize in-
house sustainability programs (i.e., own schemes). To test this, we compared sustainability
initiatives adopted by different traders.

To address these questions, we compiled shipping data of the eight largest cocoa exporting
countries and documented the sustainability initiatives adopted by companies exporting cocoa
from these countries. We used a combination of descriptive statistics and generalized linear
models to evaluate our hypotheses. Following the literature on the effectiveness of voluntary
sustainability commitments, we discussed the potential implications of the limited commitment
coverage and the limited involvement of small companies on resolving sustainability issues
in the global cocoa value chain. For this, we elaborate on the role of market coverage as a key
enabling condition for the effectiveness of voluntary sustainability commitments, and as a key
factor for mainstreaming market action and reducing opportunities for leakage (Garrett et al.,
2019; Gollnow et al., 2022; Meemken et al., 2021). Here, we do not go so far as to evaluate the
impact of these value chain sustainability initiatives, though we discuss the potential risks of
sustainability agency concentration and the need to address known limitations of voluntary
schemes to migrate from commitment implementation to impact. Using a key commodity as a
case study case, our research contributes to deepening the understanding of the role of private
voluntary sustainability mechanisms in addressing sustainability issues in one of the largest
sectors contributing to global environmental change, the agrifood business.
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Figure 1. Global cocoa value chain and boundaries of the study (in gray).

2. Methods

2.1 Data collection and classification

We compiled shipping data of exports of cocoa beans and cocoa derivatives (cocoa butter,
paste, powder, and waste) from eight of the world’s leading cocoa-producing countries (Cote
d’lvoire, Ghana, Cameroon, Indonesia, Ecuador, Peru, Colombia, and Brazil). We obtained this
data from the Transparency for Sustainable Economies (Trase) initiative (www.trase.earth) and
contains information on the cocoa volumes traded per company, country of origin, country
of destination, type of cocoa product traded (e.g., cocoa beans, butter, paste or waste) and
the free on-board price (FOB). This data covers 80% of global cocoa exports (ICCO, 2021). The
data available corresponds to records for 2018 for all countries except Brazil, for which only the
records of 2017 were available. We validated this data against trade volumes reported by the
United Nations International Trade Statistics Database and International Cocoa Organization
(ICCO) (Figure 7 from Appendix). When aggregating traded volumes of different cocoa products,
we converted all products into ‘cocoa bean equivalents’ using standard conversion coefficients
(see Table 1 from Appendix C). We used data from the eight largest cocoa producers, though
our data do not account for re-exports of cocoa that may be exported from one country (e.g.,
Ghana) and processed in another (e.g., Brazil, Malaysia) before re-export. In these cases, we
may double-count cocoa if processing and re-export occurs within the same year, though
three-quarters of global cocoa grinding takes place in Africa, Europe, or the United States and
so this is unlikely to dramatically alter our results (ICCO, 2021).
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Shipping records commonly refer to both the “exporter” and “importer” of a commodity. In
this study, we focused on the “exporter” (henceforth the “trader”), except in Ghana, where
we selected the importing company as the trader. We chose this because in Ghana the Cocoa
Marketing Company (CMC) is listed as the only exporter of cocoa beans. The CMC is part of
The Ghana Cocoa Board, the government-owned cocoa marketing institution that controls
the Ghanaian cocoa market by setting prices and coordinating the purchase of all cocoa
from farmers through licensed buying companies. The CMC is the institution responsible for
mediating the trade between national producers and international traders (Bymolt et al., 2018).
The CMC sells to trading companies such as Cargill or Olam, listed as the “importer” in customs
records — hence the selection of the importer as the “trader” in Ghana for our analysis. This
approach best captures the trade relations of Ghana with international cocoa markets in a
manner consistent with our representation from other countries. However, we present how
selecting the “exporter” data for Ghana would affect our analysis in the Appendix (Figure 3
from Appendix Q).

We grouped together the records with different trader names corresponding to subsidiaries of
the same company, as is often the case of transnational companies (see Table 2 from Appendix
C). For these trader groups (to which we simply refer as “traders”) we first recorded general
company information, including ownership status (i.e., whether they are publicly listed or
privately owned), their legal country address, horizontal integration (i.e., whether they trade
other agricultural commodities as well), and vertical integration (i.e., the level of involvement
in other cocoa business besides trading). We classified the degree of vertical integration
through four binary variables, depending on whether companies reported being engaged
in subnational sourcing (i.e., purchase from farmers or farmer groups, rather than indirectly
sourcing from intermediates), primary cocoa processing (i.e., transformation of cocoa beans into
butter, paste, powder, liquor, etc.), chocolate preprocessing (i.e., manufacturing of non-finished
forms of chocolate), and chocolate manufacturing (i.e., production of finished chocolate
products for direct consumption) (Table 1). Secondly, we recorded the sustainability initiatives
self-reported by each company. These initiatives included: 1) sustainability commitments
related to deforestation, forest degradation, child labor, poverty alleviation, climate change
adaptation, agroforestry, traceability, and transparency; 2) third-party certification labels: UTZ,
Rainforest Alliance, Fairtrade and Organic. UTZ and Rainforest Alliance were kept separated
because the documentation of initiatives was collected for the period when these labels were
not yet operationally merged.

We recorded information on cooperative-level traceability and transparency since this is
an important step to determining the origin and impact of cocoa. Traceability refers to the
capacity of a company to trace a product to its origins and transparency refers to the public
disclosure of this information (Gardner et al., 2018). We recorded all sustainability initiatives
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as binary variables, with 0 for lack of reported initiative, 1 for a reported initiative on a given
topic. Because we focused on self-reported initiatives, lack of information was always recorded
as zero (e.g., in case of the lack of company website or lack of reported sustainability initiative).

These two types of company data collection followed an online search of official websites,
official social media accounts, and official reports disclosed by companies or their partner
organizations (e.g., NGOs or the World Cocoa Foundation). We assessed all traders covering
the top 80% of exports from each country (67 companies), plus a random sample of 10% of the
companies handling the remaining 20% in each country (@another 80 companies). The complete
list of traders in the full dataset comprises 968 traders and our final sample comprises 147
including: 33 traders from Ecuador, 24 from Indonesia, 24 from Ghana, 23 from Peru, 19 from
Cote d'lvoire, 9 from Brazil, 8 from Cameroon, and 7 from Colombia. This range reflects the
diversity in the number of small companies in each producing country.

Next, we designed a decision tree to classify our sample of traders based on the volume of cocoa
beans traded, the number of sourcing countries, and the level of participation within national
markets (for domestic traders) (Figure 2). We did not include the number of destinations as a
classification criterion because our dataset did not account for re-exports and, therefore, did
not have information on final destinations. The type of consumer demands of different market
destinations influences the pressure exerted on value chains so this might be an important
factor to consider in future research. Due to the special role of farmer cooperatives in the
cocoa market, we separated these into a specific category. We used this typology of traders
as a reference for the subsequent analysis of sustainability initiatives.
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Figure 2. Criteria used to classify cocoa traders. CBE stands for cocoa bean equivalent.

2.2 Descriptive analysis of company types

We provide a descriptive analysis of the market shares of traders and trader’s types at the global
level and per producing country. We used the four-firm Concentration Ratio as an indicator of
market concentration per producing country (OECD, 2018). By summing the market shares of
the four largest cocoa traders in each producing country, this indicator distinguishes markets as
competitive (<50%), oligopolistic (=50%), monopolistic (where a single company concentrates
most of the market share), and pure monopoly (a single company holds 100%). This index
sheds light on potential market asymmetries and the responsibilities and opportunities of
traders in moving the sustainability agenda forward (Folke et al., 2019). Next, we analyzed
the involvement of traders in subnational sourcing of cocoa beans and the levels of vertical
integration, horizontal integration, and industrialization. Additionally, we characterized each
type of trader in terms of the number of cocoa origin countries and the number of destination
countries, using the Shannon-Weaver diversity index, which balances the number of trading
partners (i.e., “richness”) with the homogeneity of this exchange (i.e., “evenness”) (according to
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the volume traded with each partner) (Magurran, 2004). This index usually varies between 0-5

with lower values indicating little to no richness and evenness, and higher values indicating

companies with richer and more even trade relations. We used trade data from 2017/2018 to

describe these patterns. We acknowledge that sourcing can change year on year, yet there

is evidence that national-level sourcing is relatively consistent, as seen by small changes in

sourcing reported by companies during the COVID-19 pandemic (Nestlé, 2021). Even so, we

suggest future research to evaluate the stability of trade relationships over time if data is
available (Reis et al., 2020).

Table 1. Information on general characteristics and sustainability initiatives recorded per traded company. All
variables except “country name” were coded as binary variables. More information on definitions used and
methods to record the information are in Appendix C.

Variable category

Description

Variables

General company characteristics

Company origin

Cocoa quality
traded

Ownership

Vertical integration

Horizontal
integration

Country where the company is legally registered.

Whether the company trades fine-flavor or bulk cocoa
beans or both. Fine-flavor cocoa comprises beans with
special aromatic and flavor profiles that are sold at higher
prices.

Legal ownership of the company between publicly listed
and privately owned.

Company involvement in different sourcing and industrial
activities along the cocoa value chain.

Company involvement in the trade of other agricultural
commodities (e.g., coffee, soybeans, oil palm, etc.).

Country name

Cocoa bulk
Cocoa fine-flavor

Publicly listed
Privately own

Subnational sourcing

Primary cocoa processing
Chocolate preprocessing
Chocolate manufacturing

Horizontal integration

Sustainability initiatives

Traceability

Transparency

Certification

CFlsignatory

Zero deforestation
Forest degradation

Climate change

Company traceability capacity to the cooperative or
farm-level. Interpreted as the maximum traceability level
achieved by a company.

Company transparent disclosure of cooperatives or farms
supplying cocoa beans. Interpreted as the maximum
transparency level achieved by a company.

Certifications a company has adopted any third-party
certification scheme between UTZ, Rainforest Alliance,
Fairtrade, and Organic.

The company is a signatory of the Cocoa and Forest
Initiative (CFI).

Company commitment to zero deforestation.
Company commitment to avoid forest degradation.

Company commitment to support farmers in adapting to
climate change by using climate smart agriculture.

Traceability to cooperative

Transparency to cooperative

uTz

Rainforest Alliance
Fairtrade

Organic

CFI

Zero deforestation
Forest degradation

Climate smart agriculture
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Variable category Description Variables
Agroforestry Company commitment to promoting agroforestry systems.  Agroforestry
Living income Company commitment to provide a fair price and living Living income

income to farmers.

Child labor Company commitment to end child labor in cocoa farms. Child labor
Child labor follows the International Labor Organization'’s
definition: activities that harm or compromise the physical,
mental, social or moral integrity of children, and compromise
schooling. Child labor, therefore, is differentiated from child
work in this paper, and it can include child slavery as its worst
form (Abdullah et al., 2022; ILO, 2020).

CLMRS Company implements a Child Labor Monitoring and CLMRS
Remediation System (CLMRS) in its cocoa value chain.

2.3 Analysis of sustainability initiatives between company types

To understand how voluntary sustainability initiatives were adopted by different types of
traders, we aggregated and compared the market shares of companies engaged in each of
these initiatives. When reporting the coverage of sustainability initiatives of smaller traders, we
extrapolated the data from our random sample of these smaller companies. For example, if for
the traders handling the top 80% of cocoa exports in a country, they traded 90% of this under
a sustainability initiative, and for the remaining 20% of exports, our sample of companies had
5% of their volume covered by an initiative, then the overall percentage was 73% (i.e., 80*0.9
+20*0.05). When a company reported a sustainability initiative, we assigned the market share
linked to that initiative to the direct supply share managed by that company, as reported by
(Fountain and Huetz-Adams, 2020). We calculated this by multiplying the direct value chain
share of that company by its global market share. We did this because large traders source
an important share of cocoa beans (between 30-100%) through indirect suppliers. In indirect
sourcing, cocoa beans are bought to intermediate suppliers who operate independently from
company policies, with companies therefore lacking oversight or leverage on the production
conditions (Fountain and Huetz-Adams, 2020; Zu Ermgassen et al., 2022). As a result, most of the
initiatives of these companies are exclusively targeted to their direct suppliers. In the Appendix
(Figure 4 from Appendix C) we provide results using the full market shares of companies as
this represents, in principle, the market share over which they can be considered accountable.
We document sustainability initiatives as reported by companies in 2021, while our trade data
is from 2017-2018. Given the growing awareness of sustainability, our results may over-report
the share of cocoa that was traded with initiatives in 2017/2018. However, given the limited
transparency and verification systems, this is the best available information (Thorlakson, 2018).
We based our search on digital material, which has the risk of underreporting the initiatives
of, often smaller, companies that do not have websites or do not update them regularly.
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Nevertheless, we make explicit our focus on “openly reported” initiatives. In addition, there
may be some noise in our numbers for market share and sustainable initiative coverage, caused
by transactions between traders. For example, in Cote d’lvoire, transnational companies are
required to source 20% of their cocoa through local traders (Reuters, 2021) - it is ambiguous
whether this exchange is recorded within country (i.e., contributing to their indirect sourcing),
or whether it is recorded after export, with transnational traders acting as ‘importers’ - in
the latter case, our estimates of transnationals’ market share would be lower than if we were
analyzing import data.

To test whether the level of adoption of sustainability initiatives was influenced by the type of
trading company, we built generalized linear models (GLM) with these reported adoptions as
response variables, and company types and company characteristics as explanatory variables.
We first assessed the correlations among our variables to guide the final selection of variables
and minimize the risk of collinearity in the models, using the Spearman correlation index
(Crawley, 2013). If two variables showed strong correlation (<-0.8 or >0.8), we included the
variable with the most important theoretical meaning in the statistical models. The explanatory
variables comprised all the types of companies as dummy variables, and the following company
characteristics that were not captured by the typology: number of destination countries,
company ownership, horizontal integration, subnational sourcing, and level of vertical
integration. The response variables were of two types: i) summary variables describing the
overall level of engagement of a company, i.e., the number of initiatives (commitments and
third-party certifications) adopted, and ii) binary variables on specific initiatives. Because of
the different nature of explanatory variables, we used two types of regression models. GLM
with Poisson errors was used for the cases of count data as response variables (number of
commitments and certifications). Our models showed little over-dispersion, justifying the
selection of GLMs with Poisson errors instead of Negative Binomial errors. GLM with binomial
errors (logistic regression) was used for the remaining binary response variables. We included
the same set of explanatory variables in each initial model, except for variables causing perfect
separation in the model. We then automatized the simplification and selection of the best-fitted
model by using stepwise deletion based on Akaike’s information criterion (AIC). To facilitate
interpretation, we report the odds ratios (OR) for the logistic regression models (Table 5 from
Appendix C) and 95% confidence intervals (Cl). Odds ratios represent the odds of an outcome
(dependent variable) to occur in the presence of a particular condition (independent variable),
if all other conditions remain constant, compared to the odds of the outcome occurring in the
absence of that condition. To correct for multiple comparisons, we used the false discovery
rate (Benjamini-Hochberg method) to calculate adjusted p-values (Crawley, 2013).
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3. Results

3.1 The market coverage of cocoa trader types

At the global level, transnational traders handled 62% of the cocoa bean trade, with 40%,
18%, and 4% being handled by large, medium, and small transnational traders, respectively
(Figure 3). Among large transnational traders, Olam had the highest share, handling 17% of
the cocoa trade, followed by Cargill with 12%, and Barry Callebaut with 11% (Figure 4). Medium
transnational companies included Ecom, which had 5% of the global market share, Touton with
6%, Sucden with 4%, and Guan Chong Bhd with 3%. The remaining 38% of the global cocoa
market was handled by domestic traders, from which 27% was handled by small domestic
traders, 8% by large domestic traders, and 2% by farmer cooperatives (Figure 3). Almost all
medium and large transnational traders are headquartered in high-income countries: Olam in
Singapore, Cargill in the USA, Barry Callebaut and Ecom in Switzerland, and Touton and Sucden
in France, with one headquartered in a middle-income country (Guan Chong Bhd in Malaysia).

Even though cocoa production has expanded to many countries and that most of them are
increasing production volumes, the global market remains strongly dependent on Ivorian
and Ghanaian bulk cocoa supplies (Figure 3). Over 60% of the supply of the six largest cocoa
trading companies depended on Céte d’lvoire and Ghana, with the three largest companies
(Olam, Cargill, and Barry Callebaut) also sourcing importantly from Indonesia and Brazil. The
four-firm concentration ratio indicated that the cocoa bean export markets are oligopolies in all
countries, except Cote d'lvoire and Ecuador (Figure 4). These results support our first hypothesis
on the high market concentration extended to traders, however, it provides important nuance
on the context-specific occurrence of market concentration, as it does not apply to all top
exporters nor globally. Most countries with oligopolies had a market dominated by the three
largest transnational companies: Olam, Cargill, and Barry Callebaut. Countries where these
companies did not dominate the market (Ecuador, Peru, and Colombia) had a more balanced
competition between domestic traders. Transnational companies handled between 59-97%
of the market in most cocoa producing countries except Ecuador, Peru, and Cameroon, where
domestic traders handled more than 50% of exports (Figure 3). A special case is Colombia,
where 64% of the exports were handled by the small transnational companies “Casa Luker”
and “Grupo Nutresa”, which are domestic traders that have started to expand into other Latin-
American countries in the last decade. Additionally, farmer cooperatives had a particularly
strong presence in Colombia and Peru (21% and 13% of the market share, respectively). The
presence of domestic traders was among the lowest in the two main global cocoa suppliers
Cote d’lvoire and Ghana (with 42% and 23% of the market shares, respectively).

95



Chapter 4

GLOBAL 4

GLOBAL

COTE D'VOIRE 1
GHANA -
INDONESIA 4
ECUADOR
CAMEROON -
PERU 1

BRAZIL -

COLOMBIA 1

. COTE D'IVOIRE PERU

25 50 75 100

o 4

B crana BRAZIL )
o
B Ecuapor COLOMBIA
. LARGE TRANSNATIONAL FIRM LARGE DOMESTIC FIRM
. INDONESIA Other
MEDIUM TRANSNATIONAL FIRM ~ SMALL DOMESTIC FIRM
CAMEROON
SMALL TRANSNATIONAL FIRM FARMER COOPERATIVE

Figure 3. Market coverage per country (left panel), and per type of trader within each producing country (right panel).

3.2 Market differentiation between types of traders

Overall, transnational traders were more commonly engaged in subnational sourcing, cocoa
processing, and the export of other non-cocoa commodities (i.e., horizontal integration),
than in downstream activities (i.e., chocolate pre-processing and manufacture), but with
important variations (Figure 5). For example, the only transnational traders involved in
chocolate manufacturing were the Colombian small transnational traders Grupo Nutresa and
Casa Luker, which also produce non-chocolate finished food products. Domestic traders and
farmer cooperatives mainly exported untransformed cocoa beans, with about a third involved
in cocoa processing and less than a quarter in further cocoa industrial transformation. All farmer
cooperatives and medium-to-large transnational traders were involved in subnational sourcing
activities, while only half of domestic traders reported doing so. Horizontal integration into
other agricultural commodities was the highest among farmer cooperatives and transnational
traders while domestic traders tended to focus exclusively on cocoa beans.
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Figure 4. Market shares of the four largest traders in each producing country, except in “Global” where the
seven largest traders are displayed. The dashed line indicates where the Concentration Ratio is 50%, depicting a
threshold between competitive markets and oligopolies.

The diversity of countries that each trader sourced from and sold to varied greatly among
types of traders (Figure 6). Large transnational traders had a more diverse country portfolio and
evenly distributed volume (higher diversity index), followed by medium and small transnational
companies. Guan Chong Bhd is the only transnational firm with a low diversity because it sources
almost entirely from Indonesia. The number of destination countries showed less differentiation
between types of traders (Figure 6 and 7). Large transnational traders exported to more than
45 countries while other companies exported to ~30 or fewer countries. The diversity index of
export countries for large transnational companies was lowered by Cargill whose exports are
unevenly targeted to the Netherlands, which is both a major hub for re-exports and the site of
four of their processing plants (Cargill, 2022). Domestic traders and cooperatives supplied cocoa
to multiple international markets, either evenly or strongly focusing on a few countries, which
explains the high dispersion of diversity index values (Figure 6a).
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Figure 5. Share of companies that are vertically and horizontally integrated. Because each company can do mul-
tiple activities, each row must be interpreted independently, e.g., 60% of small transnational traders are involved
in industrial manufacturing and 60% in horizontal integration, yet these might be the same or a different set of
companies. COOP= Cooperative, DF= Domestic firm, TN= Transnational company.
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Figure 6. Diversity and evenness of trade relations per type of trader as calculated with the Shannon-Weaver
diversity index for a) sourcing countries and b) destination countries. Horizontal lines indicate mean values.
Higher values indicate higher diversity in sourcing or destination countries. See numeric values in the Appendix
(Table 3 from Appendix C).

Large Transnational Firm Medium Transnational Firm Small Transnational Firm

Large Domestic Firm Small Domestic Firm Farmer Cooperative

Figure 7. Example trade networks for each type of trading company. Edges connect all the sourcing and desti-
nation countries of a representative company in each group. Selected companies are depicted as examples for
each case: Olam (large transnational firm), Ecom (medium transnational firm), Casa Luker (small transnational firm),
Machu Picchu Trading (big domestic firm), Sanchez Group (small domestic firm), and Ecookim (farmer cooperative).
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3.3 Sustainability commitments

In line with our second hypothesis, public sustainability commitments were more commonly
adopted by large, transnational traders. Of the reviewed cocoa trading companies, only 14%
made one or more public sustainability commitments. Half of these public commitments were
made by transnational traders, a quarter by large domestic traders and the other quarter
by farmer cooperatives. Though domestic traders and farmer cooperatives handled 38% of
the global market share, they rarely made public sustainability commitments. Only two large
domestic traders publicly committed to address child-labor and most farmer cooperatives
had no commitments or focused only on one particular topic (with climate change and CLMRS
rarely included). In general, companies adopting public commitments tended to adopt more
than one (see Figure 5 from Appendix C), while transnational companies were likely to adopt
most of them.

We also find large gaps in the market coverage and the imbalanced engagement on certain
sustainability topics, in line with our third hypothesis. In terms of traded volumes, only 26%
of global cocoa was traded under any commitment (Figure 8). Yet, if commitments would
also cover the indirect sourcing shares of companies, more than 60% of the whole cocoa
value chain would be reached by sustainability commitments (Figure 4 from Appendix C).
A key mechanism through which commitments were adopted is membership of the CFI, to
which all transnational companies are signatories. The CFl sets targets for deforestation, forest
restoration, agroforestry, and income diversification, but has been criticized for excluding forest
degradation from corporate action plans - a notable blind spot (Carodenuto and Buluran, 2021;
World Cocoa Foundation, 2017). Only three companies, covering 10% of the traded volume,
committed to address forest degradation: Nestle, Touton, Guan Chong Bhd, as well as the
Peruvian cooperative Cooperativa Agraria Naranjillo. In contrast with other commitments,
fewer transnational companies adopted child labor, CLMRS and living income commitments.
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Figure 8. Percentage of companies and shares of cocoa beans traded by companies adopting sustainability
commitments (first nine columns) and trading cocoa under certification labels (last four columns). The first row
depicts the total market share of companies engaged in each initiative and the remaining rows depict the per-
centage of companies involved.

3.4 Third-party certification labels

In line with our fourth hypothesis, we found that small companies were more likely to trade
third-party certified cocoa than to adopt sustainability commitments (Figure 8). We found,
however, that although large transnational traders increasingly adopted their own sustainability
commitments, they also continued to trade cocoa certified under multiple labels. An important
nuance is that our findings only refer to the number of initiatives of traders and not to the
volume traded, since the data did not allow us to make this distinction. Overall, transnational
companies and farmer cooperatives were the largest users of certification labels; 75-100%
of transnational traders and 25-67% of farmer cooperatives traded cocoa with at least one
certification (favoring UTZ and Organic, respectively). However, this does not mean that all
these companies’ exports were certified: in Cote d’Ivoire, for example, it is estimated that
less than 40% of exports by the transnational traders Cargill, Barry Callebaut, and Olam come
from certified cooperatives (Renier et al., 2023). Fewer than 40% of large domestic traders
traded some certified cocoa, among which most traded cocoa with more than one certification,
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especially UTZ. The larger market penetration of UTZ is generally explained by its relatively
lower requirements compared to other standards (Krauss and Barrientos, 2021). Domestic
traders and farmer cooperatives adopting certifications were mostly based in Latin America
(mainly Peru and Ecuador) and favored organic labels probably due to the larger government
support to organic farmers in this region (Meemken et al., 2021; Raynolds, 2004).

3.5 Traceability and transparency

Only 22% of all companies, handling 32% of cocoa exports, reported being able to trace their
directly sourced cocoa back to farmer cooperatives, and only 8% of companies (handling 23% of
cocoa volumes) were transparent about the identity or location of their direct suppliers (Figure
9). The information disclosed varied, but most companies disclosed either the jurisdiction of
origin and/or name of farmer cooperatives, with some also including the number of farmers, the
certifications adopted, and the volumes traded. All medium and large transnational traders traced
at least some of the cocoa they source to the cooperative level. Among medium transnational
companies, only one in four, Touton, openly disclosed this information. Only 60% of small
transnational companies, 38% of large and domestic traders and 5% of small domestic companies
reported tracing some of the cocoa traded to the cooperative level - in line with their lower
engagement in subnational sourcing. It is important to clarify that traceability to cooperative level
does not necessarily imply full traceability to the farm-level, not even for farmer cooperatives.
Currently disclosed information is scattered, not constantly updated, and does not allow to verify
whether traceability to farm-level is achieved by any company (Renier et al., 2023).

a) Market share b) Percentage of companies
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Figure 9. Share of traded cocoa (a) and percentage of companies (b) reportedly having traceability and transpar-
ency systems up to the cooperative level for at least some of the cocoa beans traded.
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3.6 Correlates of sustainability initiatives adoption

Our statistical modeling confirmed the above-mentioned results and hypothesis (Table 2).
In general, the adoption of sustainability commitments was low. Transnational companies
adopted significantly more sustainability commitments (8>2.1, p<0.01), and small domestic
traders significantly fewer (8=-3.96, p<0.01). Small domestic traders were also significantly
less likely to report traceability information (OR 0.20, p<0.01) or be transparent about their
sourcing (OR 9E-03, p<0.01) (Table 4 from Appendix C). Companies engaging in subnational
sourcing acquired a significantly higher number of certification labels (3=1.74, p<0.01) and were
more likely to report sourcing traceable cocoa (OR 31, p<0.01). Large domestic traders were
more likely to adopt child labor commitments (OR 17, p<0.05). Publicly listed companies were
significantly more likely to adopt deforestation (OR 18.5, p<0.01) or child labor commitments
(OR 19.4, p<0.05). Vertically integrated companies were more likely to adopt traceability
commitments (OR 2.2, p<0.1) and horizontally integrated companies were more likely to adopt
transparency commitments (OR 5.4, p<0.1), which may reflect a “spillover” from transparency
commitments set for other agricultural commodities. We also found that traders involved in
cocoa processing that are horizontally integrated adopted ten times as many commitments
as traders engaged in chocolate manufacturing (Figure 6 from Appendix C).
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4. Discussion

In the following sections we discuss the importance of market concentration in the prevalence,
distribution, focus and potential effectiveness of value chain sustainability commitments; the
factors that may explain such market concentration in the cocoa sector; the current gaps in
sustainability commitments and strategies; and end with broader implications for commitment
implementation, effectiveness, and accountability for addressing global environmental
challenges.

4.1 Market concentration - a double-edged sword

Previous studies have demonstrated that cocoa processing and chocolate manufacturing is
concentrated in the hands of a few transnational companies (Oomes et al., 2016). Here, we show
that this concentration also extends to cocoa trading in which transnational traders handle
around two thirds of global cocoa exports. Often presented as an opportunity for sustainability
(Folke et al., 2019; Ponte, 2019), market concentration presents a double-edged sword.

On the one hand, high market coverage can be seen as a prerequisite for corporate sustainability
initiatives to be effective (Garrett et al., 2019). It has been argued that sustainability upgrading
is more likely when power is exercised by a group of (concentrated) lead firms than in value
chains with a more balanced power distribution (Ponte, 2019). Similarly, the “hourglass” theory
of change posits that market concentration offers an opportunity for sustainability impact, as
the actions of a small number of companies active in the middle of value chains can improve
sustainability outcomes across large sourcing regions (Folke et al., 2019; Gollnow et al., 2022;
Grabs et al., 2021; Lyons-White and Knight, 2018). For this reason, and their position as suppliers
to global brands, traders have been identified as key actors in sustainable global value chains
(Grabs and Carodenuto, 2021; Zu Ermgassen et al., 2022). In line with agency theory, the
leadership of large companies in sustainability commitments could, therefore, be advantageous
if the accumulated agency of these actors is used as an opportunity to create leverage points for
sustainability initiatives in the entire sector (Folke et al., 2019). This opportunity could apply to
transnational traders that are horizontally integrated into trading other agricultural commodities
and that face similar social and environmental challenges (e.g., Cargill, Olam and Ecom). These
companies adopt similar commitments across different commodities, which is facilitated by
the lower costs of expanding commitment portfolios to commodities with similar strategic
requirements (Fountain and Hiitz-Adams, 2017; KPMG, 2014; Oomes et al., 2016).

On the other hand, market concentration allows leading companies (principals) to exert uneven
pressure on less powerful actors (agents) to obtain strategic market and sustainability outcomes
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(Dallas et al., 2019). Concentration, for instance, increases the agency of larger companies in
priority-setting of policy agendas and can exacerbate the unequal representation of smaller
actors in sustainability governance structures. Arguably, the greater focus that transnational
companies and multi-stakeholder initiatives like the CFl place on forests, rather than poverty
or living income, partially reflects this power over agenda-setting (Clapp, 2021; Schneider
et al., 2020). Larger traders have more resources to set up commitments and can attract
more investment from sustainability-oriented downstream companies. Therefore, voluntary
sustainability markets indirectly provide an unequal competitive advantage to large traders,
which creates a self-reinforcing process of ever deepening market concentration (Mcdermott
etal., 2022; Smith et al., 2019). Lead companies also push sustainability costs and risks upstream
onto less powerful actors, the local traders or farmers supplying multinational traders, thus
raising the entry barrier, and leading to their own consolidation (Ponte, 2020, 2019). Despite
achieving some improvements, claimed sustainability solutions might be reinforcing the
underlying drivers of sustainability issues while providing a false sense of security to consumers
(LeBaron and Lister, 2021). In addition, market concentration can lead to a softening or delay
of government sustainability agendas by generating a deterring effect on policy makers who
fear that more stringent regulation would incentivize divestment or, even worse, the relocation
of trade (Clapp, 2021). This can be of particular concern when private companies are part of
multistakeholder partnerships with governments, in which the efforts to implement more
stringent policy regulations are at risk to be delayed or weakened (Ponte, 2019).

4.2 Factors explaining market concentration

Concentration is partly driven by efforts to benefit from economies of scale, of particular
concern in low-margin businesses, as commodity trading is typically characterized (Bonfiglioli
etal., 2021; Oomes et al., 2016). It is estimated that traders only capture 3-5% of the net margins
associated with a typical chocolate bar (FAO and BASIC, 2020). Market concentration between
cocoa traders has occurred through a series of company mergers (Oomes et al., 2016). In Cote
d’Ivoire for example, the USA trader Archer Daniels Midland exited the cocoa sector in 2013,
citing low margins (Reuters, 2013). Its cocoa branch was then purchased by its transnational
rival Cargill (Cargill, 2015).

The pattern of market concentration differs between producer countries. Transnational
companies handle most exports in Céte d’Ivoire, Ghana, Indonesia, Brazil, and Colombia, but
not in Peru, Colombia, and Ecuador. The latter markets are major producers of fine flavor cocoa
(ICCO, 2020), which has a more heterogeneous and complex aromatic and flavor profile and
is rarely traded in bulk volumes typical of transnational companies (Daniels et al., 2012; ICCO,
2021; Leissle, 2013; Oomes et al., 2016). The high market penetration of domestic traders in these
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countries is also a consequence of longstanding national incentives to national entrepreneurs
(Meliciani and Savona, 2015; Neilson et al., 2020; Purcell, 2018; Scott et al., 2015). The apparent
market differentiation between fine and bulk cocoa might dissipate in the future, however,
as with the growth of the market for fine flavor cocoa, transnational traders have increasingly
invested in in-house fine-cocoa trading divisions (Confectionery News, 2021b, 2021a).

In addition, farmer cooperatives buffered market concentration in Brazil and Peru, which are
countries with long-term technical support, infrastructure, and financial assistance for rural
community enterprises through government and NGO programs (Donovan et al., 2008; Neilson,
2007; Scott et al., 2015). In West Africa, cooperatives had an important but lesser participation,
and have been supported by private companies seeking high quality products and stable
and predictable supplies in return (Donovan et al., 2017, 2008). Other countries, such as
Indonesia, have given more emphasis to trade and taxation policies and have discouraged the
organization of cooperatives as they gathered agency and were seen as politicized institutions
(Neilson, 2007). Varying degrees of market concentration thus stem from factors related to the
cocoa value chain itself (e.g., the focus of some countries on fine flavor versus bulk cocoa) as
well as factors related to countries’ socio-political contexts.

4.3 Gaps in sustainability commitments

Despite the existing market concentration and the leadership of large companies in
commitment setting, we identified large gaps in sustainability commitments - through the
partial adoption of commitments, non-signatory traders, and commitment blind spots. First,
our estimate that only 26% of cocoa is traded under some form of sustainability commitment
accounts for the fact that traders only apply commitments to their so-called ‘direct’ value
chains, where they purchase cocoa directly from known farmer groups or cooperatives. The
inclusion of indirect sourcing through intermediary local traders in sustainability monitoring
and reporting is essential to the success of corporate sustainability efforts (Zu Ermgassen et
al., 2022). If transnational traders were to apply commitments to volumes sourced through
local intermediaries and through international spot markets, the coverage of sustainability
commitments would more than double, to cover 60% of global trade.

Second, the exclusion of smaller traders is also an important contributor to the gaps in
sustainability commitments. Domestic traders and farmers cooperatives represent an important
‘missing link” in sustainable cocoa initiatives. These companies were responsible for 38% of the
global trade, with only 7% of traders adopting at least one sustainability commitment, and
just 28% using certification labels. One positive step would be for multi-stakeholder initiatives,
such as the CFl, to bring domestic traders into the fold. However, these companies would still
face important challenges in implementing sustainable procurement initiatives due to the high
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entry barriers favored by the existing power asymmetry. Domestic companies inevitably have
less agency and fewer financial resources than their larger, transnational rivals to establish,
for instance, costly traceability of child-labor monitoring and remediation systems (CLMRS)
systems, and satellite-based deforestation monitoring systems (Carodenuto, 2019; Fountain
and Huetz-Adams, 2020). This is one reason why they more commonly rely on certification
labels than setting up their own independent commitments. Further, traceability is a very
important requirement for commitment implementation, and we found that domestic traders
have a business model that limits the visibility of the value chain and complicates traceability
even more. Domestic traders were less likely to engage in subnational sourcing: rather than
buying cocoa from specific farmer groups, they were more likely to source through local
aggregators and intermediaries (Grabs and Carodenuto, 2021; Zu Ermgassen et al., 2022).

Third, in terms of sustainability topic gaps and alignment, the type of information disclosed
in commitments reports focused on only a few issues, was variable, and rarely aligned with
reporting norms such as the Accountability Framework Initiative. Even among transnational
trading companies, some issues received more attention than others without acknowledging
that the range of sustainability issues in the cocoa sector encompasses many additional
dimensions, such as forest degradation, biodiversity loss, soil degradation, climate vulnerability,
etc. (Tennhardt et al., 2022). Agency seems to be used to adopt commitments on factors driving
reputation gains and increased value creation rather than addressing systemic issues. We
found that traders more commonly adopted forest-related commitments than they adopted
commitments to ensure a living income, or address child labor through the implementation of
CLMRS systems. This focus also is a missed opportunity, as deforestation cannot be addressed
without addressing poverty and farmer incomes as underlying drivers (Meyfroidt et al., 2022;
Pendrill et al., 2022; Southworth, 2009). Even so, only three traders made explicit commitments
to address forest degradation, which can rival deforestation as a source of carbon emissions
and biodiversity loss and can contribute to the expansion of the cocoa frontier (Barlow et al.,
2016; Matricardi et al., 2020; Renier et al., 2023). Agroforestry was actively promoted as a ‘win-
win’ option for combining cocoa production with biodiversity protection and carbon storage.
However, in most cases companies did not provide definitions about the actual practices
promoted. In addition, there is a lack of recognition that the benefits of agroforestry systems
are likely to be context-specific due to land use dynamics and potential leakage effects across
producing landscapes (Meyfroidt et al., 2014). Where it replaces sun grown cocoa, agroforestry
can indeed benefit biodiversity, carbon storage, and soil fertility (Blaser et al., 2018; Martin
and Raveloaritiana, 2022; Parra-Paitan and Verburg, 2022). But where shade-grown cocoa
encroaches into old-growth forest, it is likely to erode these services too, which is a process
that is not actively detected and acknowledged by sustainability initiatives (Renier et al., 2023;
Wurz et al., 2022). Therefore, corporate efforts to promote agroforestry should be guided by
land use planning to navigate these trade-offs.
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In addition, by having narrow geographic units of intervention (i.e., some farmers in some areas)
these commitments and certification labels fail to address the systemic problems that emerge
at the landscape level due to the telecoupled nature of land-based issues. The competing
interests that arise at larger scales need to be addressed to avoid leakage and compromising
other environmental and development agendas. Therefore, sustainable value chain initiatives
can be more effective if they are aligned to and complement efforts addressing issues at wider
scales and dimensions (Mcdermott et al., 2022; Pendrill et al., 2022; Smith et al., 2019).

Overall, this imbalanced distribution of commitments scope and coverage can lead to the
abandonment of important sustainability dimensions and to the displacement of negative
practices into smaller non-committed companies or other sectors (LeBaron and Lister, 2021).
This can lead to market bifurcation where traders from high-demanding consumer markets
prefer sourcing from cocoa origins with less social and environmental challenges, while traders
from less-demanding markets source from countries with more challenges and less stringent
regulations (Lambin et al., 2018; Meyfroidt et al., 2020). To avoid leakage and scale up the impact
of own-company sustainability commitments, government interventions at multiple levels are
needed to create a legally-binding, level playing field where all companies are requested to
fulfill sustainability criteria (Gollnow et al., 2022; Grabs and Carodenuto, 2021; Mayer and Gereffi,
2010). Yet, to avoid further marginalization of smaller traders, it is necessary to also support the
bottom-up inclusion of all types of traders in the sustainability market, notwithstanding their
market share, in all parts of the value chain (direct and indirect) (Gardner et al., 2018; Lambin
et al., 2018; Pedersen et al., 2021).

4.4 Commitment implementation, effectiveness, and accountability

So far, we have discussed what sustainability commitments trading companies preach,
which are not necessarily the same as what they practice. Though corporate sustainability
commitments have been shown to improve sustainability outcomes in several commodity
contexts (Chen et al., 2019; Gollnow et al., 2022; Heilmayr et al., 2020; Heilmayr and Lambin,
2016), there are also many examples of companies not living up to their sustainability ideals
(Hofmeister et al., 2022; Mighty Earth, 2022; Ponte, 2020). Specifically in the cocoa sector, child
labor (Krauss and Barrientos, 2021; Sadhu et al., 2020), poverty (DeFries et al., 2017; Guzman
and Chire Fajardo, 2019), deforestation (Goldman et al., 2020; Oomes et al., 2016; van der Ven
etal., 2018a), and environmental degradation (Barnett et al., 2021; Clapp, 2021) persist, despite
the proliferation of sustainability commitments.

The factors that make voluntary sustainability governance arrangements attractive for
participating companies are arguably also what potentially limits their impact. When
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sustainability is voluntary, it can be used strategically for product differentiation and value
capture by lead firms - sometimes referred to as ‘green capital accumulation’ (Ponte, 2019).
Besides new market opportunities, voluntary commitments offer companies flexibility in
goal-setting and progress reporting, with low bureaucratic cost and no legal risks when
targets are not met. As a result, voluntary sustainability commitments are not enforceable,
and generally lack external auditing, reporting and verification mechanisms, cross-sectoral
benchmarks, and standardized definitions around sustainability issues (e.g., of deforestation,
risk, agroforestry) (Clapp, 2021; Garrett et al., 2019; Meemken et al., 2021; Tayleur et al., 2017).
Though some companies issue annual reports documenting the implementation of their
commitments, such as the Cocoa Compass from Olam, Cocoa Promise report from Cargill,
Cocoa Horizons report from Barry Callebaut, the statements contained are not third-party
verified and often do not allow distinguishing the contribution of certification labels and
voluntary commitments. Altogether, the incentive for sustainability value creation, the lack of
minimum standards, transparency, accountability, and the risk of softened regulation creates
an enabling environment for potential corporate greenwashing (Ponte, 2019; Wu et al., 2020).

Though certification schemes are third-party audited, which in principle provides them higher
accountability than voluntary sustainability commitments, the capacity of auditing bodies is
questioned (Greenpeace, 2021; Ruf et al., 2019) and even certification shows limited evidence
of efficacy, with heterogeneous impacts on farm worker incomes and deforestation (Dietz
and Grabs, 2021; Meemken et al., 2021; Oberlack et al., 2023; Tayleur et al., 2018). Moreover,
certifications focus on an even narrower set of sustainability topics than commitments, and
their benefits have been reported to not match with the implementation costs (Ingram et al.,
2018a; Mcdermott et al., 2022; Thorlakson, 2018; van der Ven et al., 2018) . Other bottom-up
initiatives complementary to certification can help navigate these challenges by enhancing the
agency and representativeness of farmer organizations in global value chains. Some studies
have documented positive outcomes of solidarity economy, inclusive business, and participatory
guarantee schemes in sustainability outcomes and inclusive value creation. These bottom-up
schemes use participatory tools to build trust-based schemes for the definition, measurement,
and assessment of sustainability (Loconto and Hatanaka, 2018; Oberlack et al., 2023).

A prerequisite for the implementation of sustainability commitments, however, is knowing
where the products come from. It is therefore concerning that only 32% of cocoa trading was
handled by traders who reported being able to trace directly sourced cocoa back to specific
farmer cooperatives or groups. Ultimately, accountability for and monitoring the impact of
corporate sustainability efforts requires that companies are transparent about their sourcing
practices and publish independent audits of their sustainability activities. Despite annual
reporting under initiatives such as the CFIl, few companies (cumulatively handling 23% of cocoa
trade) disclose information about the identity and location of their suppliers according to
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the Accountability Framework (AFI, 2019). Traceability and transparency often require costly
up-front investments for GPS farm mapping, digitalization, and online transparency portals
that are less available to smaller traders (Carodenuto, 2019). The need for traceability will
become even more acute with proposed due-diligence legislation from the European Union
and other importing markets. These laws require trading companies to geolocate the origin
of deforestation-risk products, including cocoa, and provide evidence that products do not
originate from recently deforested land nor are associated with human rights abuses.

Multi-level initiatives are needed to balance competition in the sustainability market and create
an enabling environment for achieving sustainability upgrading (Furumo and Lambin, 2021).
In addition to the bottom-up initiatives cited above, national, and subnational governments
can play a variety of ‘orchestrating roles’ to address the shortfalls of sustainable value chain
initiatives and deliver improved sustainability outcomes (Ponte, 2019; Zu Ermgassen et al., 2022).
Governments in producer countries can facilitate traceability for all companies, regardless of
their financial resources (Zu Ermgassen et al., 2022). The governments of Coéte d’lvoire and
Ghana, for instance, are setting up farm-level traceability systems to support sustainability
accountability efforts. Similarly, governments can set minimum standards, reporting norms, or
transparency requirements - arguably, the European Union’s proposed due-diligence legislation
is an effort to provide this for the European market, though side-effects of such policies are
also likely (Sellare et al., 2022). At subnational level, jurisdictional sourcing approaches are
initiatives that can help addressing the lack of oversight in indirect sourcing volumes, in which
actors (e.g., companies, local governments, and civil society organizations) operating in a
common jurisdiction or landscape establish targets for production, incomes, and conservation
through a multi-stakeholder process (Boshoven et al., 2021; Zu Ermgassen et al., 2022). Recent
studies have documented the potential holistic benefits of this approach (Torralba et al.,
2023) and the CFl has started to implement this approach by identifying a number of priority
landscapes in Ghana and Céte d’lvoire (WCF, 2023), though these remain in the pilot stage.
In order to make sustainability standards enforceable, governments can move to internalize
market-led or multi-stakeholder standards into regulation (Ponte, 2019). For example, in the
Brazilian cattle sector, more than 100 slaughterhouses in the Amazon have voluntarily entered
legally-binding sustainable procurement commitments, coordinated by the Federal Public
Prosecutor's Office. It is important to stress, however, that for improved sustainability outcomes
in polycentric governance arrangements, it is not simply a case of governments creating an
enabling environment for market-led initiatives, but it is also necessary for companies to
support government initiatives.
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5. Conclusion

The current paradigm of market-led governance arguably emerged as a response to weak
national and international regulation of environmental and social issues arising in value
chains (Bernstein and Cashore, 2007; Ponte, 2019). Now, more than two decades since the
emergence of these initiatives, there is growing frustration at the perceived lack of progress on
sustainability goals, and even their unintended consequences (LeBaron and Lister, 2021; Ponte,
2020). For the case of global cocoa trading, this study found high levels of market concentration
among traders and an imbalanced representation of large companies in the adoption of
sustainability commitments. Only seven companies trade most of the cocoa volumes and have
the largest adoption of sustainability commitments. Despite this dominance, we identified large
gaps in the adoption, framing, and implementation of these commitments which conspire to
undermine their potential effectiveness: less than 30% of cocoa is traded under some form of
sustainability commitment due to the selective focus of these commitments on direct cocoa
supplies. Smaller companies, domestic traders and farm cooperatives hold an important market
(38%) share but rarely adopt commitments. The agency derived from market concentration
could support sustainability efforts only if it creates leverage points for upgrading in the entire
sector. However, the power asymmetry from concentrated markets also creates high entry
barriers to smaller traders in the sustainability market. Government interventions can help level
the playing field by promoting the representation of smaller traders in sustainability agenda-
setting, leading cross-sectoral initiatives to set up standards, and providing the infrastructure
for traceability and transparency systems.

Further, commitment does not equal implementation or impact, and voluntary sustainability
initiatives have known limitations regarding these. Voluntary mechanisms can improve on
certain sustainability outcomes but are insufficient to fully address sustainability issues in global
value chains, as they often lack external verification, follow non-standardized definitions, cover
only some sustainability topics, have limited coverage, are not enforceable, and do not address
the root causes of sustainability issues that include poverty, inequality, tenure insecurity, lack
of regulation enforcement, and power asymmetries. Several other interventions are needed.
Jurisdictional approaches can support addressing the lack of commitments covering indirect
sourcing, bottom-up initiatives can enhance the agency and representativeness of farmer
organizations, national initiatives and international initiatives can help minimizing spillovers
across locations and sectors. Without coordinated corporate and government efforts to make
sustainable value chain initiatives transparent, monitorable, and enforceable, the cocoa sector
will not succeed in closing the gap between sustainability rhetoric and reality.
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Deforestation and climate risk hotspots in the global cocoa value chain

Abstract

Climate change and deforestation are two of the most pressing environmental issues of the
global cocoa value chain. Deforestation that often precedes cocoa farm establishment releases
large amounts of greenhouse gases contributing to global warming. At the same time, cocoa
production is highly vulnerable to the impacts of climate change. In this study, we produced a
spatially explicit diagnosis of the deforestation hotspots and future climate risk (2050) of cocoa
producing areas, zooming into the top 8 cocoa exporting countries and the main global cocoa
traders. Cocoa-driven deforestation often co-occurs with deforestation driven by other agri-
commodities, and thus needs to be tackled jointly. Climate risk will be substantially increased
in Cote d’lvoire and Ghana, the two most important suppliers of cocoa, and thus may bring
failures in supply and severe socio-economic impacts if it remains unaddressed. Climate risk
and deforestation have a high spatial variability between and within countries, calling for
geographically differentiated approaches to mitigation and adaptation. Large transnational
traders relying heavily on West African supplies, and even more the regionally based exporting
farmer cooperatives and domestic firms, will be affected by the increased climate risk in that
region. With regional exceptions, traders operating in Latin America and Southeast Asia might
only face a modest increase in climate risk. Together, these results question the soundness of
sustainability commitments made by companies and other sector initiatives, which focus on
single commodities and do not integrate the diversity of actors adding pressure on landscapes.
Tackling these issues requires a joint effort of diverse sectors and stakeholders linked to land
use decisions to avoid geographical displacement of negative impacts, prioritize urgent
action, and implement these in an efficient and coordinated manner. Further, sustainability
commitments rarely target climate change adaptation, with agroforestry and climate smart
agriculture action focused mostly on carbon reductions and increased farmer income, giving
much less attention to farm practices that reduce cocoa vulnerability.

In review as: Parra-Paitan, C., Meyfroidt, P., Verburg, P.H., zu Ermgassen, E.K.H.J. Deforestation
and climate risk in the global cocoa value chain.
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1. Introduction

Cocoa production is both a driver of climate change and is highly vulnerable to its impacts.
Cocoa production releases greenhouse gases (GHG) mainly through the removal of tropical
forests that precedes farm establishment (Parra-Paitan and Verburg, 2022). Deforestation is
one of the most negative environmental impacts associated with cocoa production as, besides
releasing GHG, it causes habitat destruction, biodiversity loss, and soil degradation (Maney
etal., 2022; Sassen et al., 2022). Cocoa is produced worldwide by more than 5 million farmers,
the majority of which are smallholder family farmers producing below cocoa yield potentials
and without a minimum living income (Bermudez et al., 2022; Fountain and Huetz-Adams,
2020). Climate change is set up to worsen these concerns due to increasing climatic stress that
will negatively affect cocoa producing regions with rising temperatures, changes in rainfall
patterns and more intense, and frequent drought events (Ercin et al., 2021; Malek et al., 2022).
In the absence of adaptation measures, climate change will increase the vulnerability of cocoa
farmers and disrupt global cocoa supplies, with knock-on effects for the economies of cocoa
producing countries and businesses across the cocoa value chain.

Besides the urgency to act upon these challenges, coming regulatory initiatives are increasingly
mandating governments and companies to act. Across major cocoa consuming regions,
approved and coming legislative regulations are set to grant market access only to businesses
addressing sustainability issues related to human rights and the environment. The recently
approved European Deforestation-free legislation will require companies to demonstrate that
certain forest-risk commodities imported into the European Union have not been produced
at the expense of natural forests cleared after December 2020 (European Commission, 2021)
Complementarily, the proposed European Due Diligence legislation will, if approved, request
companies importing goods into the European Union to perform due-diligence assessments to
identify, prevent, mitigate, monitor, remediate, and verify environmental damage and human-
right abuses within their own and subsidiaries’ operations (European Commission, 2022). Similar
legislative initiatives are foreseen in important consuming markets such as the USA and the
UK. Cocoa producing countries and cocoa value chain actors need to quickly build robust and
transparent systems to account, monitor, and remediate sustainability issues linked to their
operations, among which deforestation and climate risk.

To prioritize action and guide the implementation of mitigation strategies, it is necessary
to identify hotspots of risk across the global cocoa value chain. Such identification is key to
inform decisions to mitigate local risks and to provide an overview of risk hotspots at a wider
geographic range so that local mitigation actions implement measures to avoid displacing
negative impacts across scales. Having this overview of risks can also help regulators to
prioritize actions, balance the trade-offs of risk mitigation measures and avoid opportunistic
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behavior, thus ensuring net sustainable outcomes, and avoiding worsening inequality among
farmers, producing regions, and companies. In this study, we applied spatial analysis and
exploratory statistics to quantify and characterize the risk levels of the top 8 cocoa exporting
countries and the major traders operating in these countries for two of the most pressing
environmental issues affecting the global cocoa value chain: deforestation and climate risk.
We build on datasets developed by previous studies to ask: (i) Where are climate risk and
deforestation hotspots located? (ii) Where do climate risk and deforestation hotspots converge?
(iii) What is the level of climate risk and deforestation attributable to cocoa of global cocoa
traders? Earlier research quantified cocoa-driven deforestation (Pendrill et al 2022, Goldman
et al 2020, Renier et al 2023), and cocoa climate risks (Ceccarelli et al., 2021; Ercin et al., 2021;
Gateau-Rey et al., 2018; Igawa et al., 2022; Laderach et al., 2013; Malek et al., 2022) within
jurisdictional boundaries or from a global perspective. This study adds a new level of detail by
analyzing jointly two of the most pressing environmental risks in the cocoa sector, in a spatially
explicit manner, breaking these risks down for each of the world’s cocoa trading companies
based on their sourcing patterns. The latter is of utmost importance given that traders can
be key actors in charge of operationalizing sustainability action (Grabs and Carodenuto, 2021;
Parra-Paitan et al., 2023).

2. Methods

We combined four spatially explicit datasets providing information on cocoa production
area, cocoa yield, deforestation driven by agri-commodities, and the future climate risk
of cocoa (Table 1). Cocoa crop area and yield were obtained by the model “Mapping and
Analysis of Agro-Ecosystems and their Potentials” (MapSPAM), which used a combination of
satellite imagery, statistical modeling of biophysical factors, crop production primary data,
and agriculture statistics to spatially allocate global production areas of 42 crops for 2010
(IFPRI, 2019). Sub-Saharan data exists for 2017 but for consistency, we utilized 2010 maps for all
geographic areas. The maps linking deforestation to agricultural expansion (per commodity
including cocoa, robusta coffee, arabica coffee, oil palm, soybean, and pasture lands) were
obtained from Goldman et al. (2020). That study quantified and spatially allocated the yearly
extent of deforestation driven by each crop by combining crop distribution maps of MapSPAM
or, depending on the crop, more detailed/recent sources, with yearly FAO statistics on farm
area per country, and yearly deforestation maps (2001-2018) of Hansen et al. (2013)

To characterize the future climate risk of cocoa, we used the drought severity index, which

reflects the change in the intensity, frequency, duration, and spatial spread of anomalous
drought events between current and future climate change scenarios. We used the drought
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severity index calculated by Ercin et al. (2021) for 2050 under the Representative Concentration
Pathway (RCP) 6.0 scenario. This indicator is based on soil moisture variation and is an
aggregation of four different General Circulation Models and four Global Hydrological Models.
The RCP 6.0 scenario assumes that temperatures continue increasing until 2100, greenhouse
gases double by 2060 (relative to late-20th to early-21st centuries), and the total radiative
forcing is stabilized after 2100 through the implementation of emission reduction strategies.
Drought severity values <1 indicate less future frequent, intense, less widespread anomalous
drought events compared to current drought severity levels, while values >1 indicate the
opposite. Following Ercin et al. (2021), positive values <1.2 indicate low increase in a climate
risk, values >1.2 and <1.5 represent moderate levels, and values >1.5 indicate high future climate
risk. We used the drought severity index as the only indicator of climate risk following research
documenting that drought stress is the main limiting factor for cocoa physiology (Lahive et
al., 2018), although it can have a stronger effect when combined with heat stress (Malek et al.,
2022; Schroth et al., 2016). We provide results using the RCP 2.6 scenario in Figures 2-4 from
Appendix D, this scenario assumes that global warming remains below 2 degrees Celsius, with
radiative forcing peaking in 2050 and stably decreasing until 2100 due to substantial mitigation
strategies that lead to negative GHG emissions.

We used these spatially explicit data on deforestation and climate risk to characterize eight
major cocoa exporting countries (Cote d’lvoire, Ghana, Indonesia, Ecuador, Cameroon, Peru,
Brazil and Colombia, together responsible for 80% of global cocoa exports) and the traders
operating their cocoa value chains. The selection of countries and traders was based on the
work done by Parra-Paitan et al. (2023) which provided a typology of cocoa traders in these
countries using 2018 shipping data compiled by the Transparency for Sustainable Economies
(Trase) initiative (www.trase.earth). This typology distinguished six types of traders: large
transnationals, medium transnationals, small transnationals, large domestic, small domestic,
and farmer cooperatives. Additionally, this study detailed the traders’ market share in each
country and provided information on their vertical and horizontal integration and their public
sustainability initiatives. We analyzed individually the large (Olam, Cargill, and Barry Callebaut)
and medium transnational traders (Ecom, Touton, Sucden, and Guan Chong BHD) as defined
in Parra-Paitan et al. (2023), while we keep aggregated small transnationals, large domestic,
small domestic, and farmer cooperatives.

We used the MapSPAM data to create a mask by retaining all the 0.5 x 0.5-degree grid cells
that contained more than one hectare of cocoa producing area (hereafter referred to as “cocoa
producing landscapes”). We quantified the deforestation attributed to cocoa, deforestation
attributed to all agri-commodities, and future climate risk for the cocoa producing landscapes
of each country and the cocoa sourcing landscapes of each trader. For the country-level
characterization, we assessed these risks across all cocoa producing landscapes within each
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country; when characterizing risks linked to each trader, we used a sample of locations (grid
cells), weighing the sample of each trader based on their proportions of sourcing from different
countries. This approach was used due to a lack of data on subnational sourcing areas per trader,
and it is thus only intended to represent the distribution range of these indicators considering
how much each trader sources from the different countries. This is not expected to significantly
alter our results, as recent research has shown that traders source from the same landscapes
(Renier et al., 2023). We sampled a total of 5000 pixels for each type of trader, distributing this
sample among exporting countries according to the country-sourcing proportion of each
trader (Figure 1 from Appendix D). We sampled pixels randomly, with replacement, weighting
the sampling probability of each pixel by its contribution to the cocoa production volume in
each country (as reported by MapSPAM). To build the cumulative curves of cocoa production
affected by drought severity and cocoa-driven deforestation shown in Figure 2, we sequentially
added the national proportion of cocoa produced by cocoa pixels having increasing drought
severity or cocoa-driven deforestation.

Cocoa-driven deforestation (%) reflects the share of deforestation driven by agri-commodities
attributed to cocoa (which, in the dataset used, is distributed between a set of commodities,
i.e., robusta coffee, arabica coffee, cocoa, oil palm, soybean, and pasture), see Figures 1, 2, and
3. The overall deforestation driven by agri-commodities (%) was calculated by dividing the
area (ha) of deforestation driven by agri-commodities by the cocoa producing landscape area
(pixel area in ha), see Figure 4b.

Table 1. Detail of datasets used.

Variable Description Unit Resolution Source
Cocoa production  Area of physical cocoa ha 0.5 x 0.5-degree IFPRI, 2019
area farms
Cocoa yield Average cocoa kg/ha 0.5 x 0.5-degree (IFPRI, 2019)
production in kilograms
per ha.
Deforestation Area of forests replaced  ha 0.5 x 0.5-degree (Goldman et al., 2020)
driven by agri- by cocoa, oil palm,
commodities robusta coffee, arabica
coffee, pasture, and
soybeans
Climate change Indicator of drought SE 0.5 x 0.5-degree (Ercin et al., 2021

risk (Drought
severity index)

Cocoa traders’
sourcing matrix

severity (SE) based on
duration and intensity
modeled under RCP 6.0
and 2.6 scenarios for
2050.

Global cocoa trader
types and market
share in the top eight
exporting countries.

(Parra-Paitan et al., 2023)
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3. Results and discussion

3.1 Where are the hotspots of high deforestation attributed to cocoa?

Cocoa is responsible for more than 60% of deforestation driven by agri-commodities occurring
since 2000 in cocoa producing landscapes of Cote d’lvoire, Ghana, and Cameroon, three of
the top 8 cocoa exporting countries (Figure 1). Pasture for livestock feed and oil palm are the
dominant drivers of agri-commodity deforestation in cocoa producing landscapes of South
America and Indonesia, respectively. However, cocoa-driven deforestation always occurs
alongside other commodities also driving deforestation, even in cocoa landscapes where it
is the dominant driver. Robusta coffee and arabica coffee, for example, are grown in cocoa
landscapes and are also important drivers for deforestation in those areas.

Disaggregating the association between cocoa production and cocoa-driven deforestation
within each country shows contrasting patterns. In Cote d’lvoire, Ghana, and Cameroon, most
of the cocoa is produced in landscapes where cocoa is an important deforestation driver among
agri-commodities (Figure 2a), e.g., about 90% of the cocoa produced in Cote d’Ivoire is farmed
in landscapes where cocoa dominates the landscape, and thus contributed to at least 75% of
all deforestation driven by agri-commodities. In contrast, in South America, larger volumes are
produced in landscapes where cocoa is a minimal contributor, e.g., in Colombia, about 75%
of the cocoa is produced in landscapes where cocoa deforestation amounted to 25% or less
of deforestation driven by agri-commodities, and only ~3% is produced in landscapes where
cocoa drove more than half of the deforestation driven by agri-commodities. In Indonesia
and Brazil, the contribution of cocoa to deforestation driven by agri-commodities is notable,
with ~60% and ~35% of volumes linked to more than half of deforestation driven by agri-
commodities.
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Figure 1. Deforestation driven by agri-commodities in cocoa producing landscapes of top 8 cocoa exporters.

More than 95% of the cocoa produced in Cote d’Ivoire, Ghana, and Cameroon is produced
in landscapes where cocoa is the dominant crop and thus responsible for more than 50% of
deforestation driven by agri-commaodities (Figure 2a). This share is even larger in Cote d’Ivoire,
where almost 90% of the volume is produced in landscapes where cocoa is responsible for
more than 75% of deforestation. In Indonesia and Brazil yields are higher than in West Africa but
cocoa still contributes importantly (~60% and ~35% of volumes respectively) to deforestation
(>50%) in certain landscapes. In South America, cocoa appears to be the least responsible
for deforestation, with only ~3%, 5%, and 30% of volumes in Colombia, Peru, and Ecuador,
respectively, responsible for more than 50% of deforestation.

3.2 Where are the climate risk hotspots located?

The intensity of future climate risks is quite heterogeneous across countries (Figure 2b). Active
and old cocoa frontiers in Cote d’Ivoire and Ghana that sustain 60% of global exports will be
exposed to increased climate risks in 2050, while landscapes where cocoa is a less dominant
land use (Ecuador, Peru, Indonesia, Brazil, and Cameroon), will face less climate risks (Figure
3). More than 66% of cocoa in Cote d’lvoire is produced in areas that will experience a modest
increase in drought severity, with a further 14% in areas that will experience a moderate
increase, and ~1% of cocoa produced in areas facing a sharp increase in drought severity in
2050. In Ghana, areas producing more than 92% of cocoa will experience a modest increase
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in drought severity, and areas producing 7% will experience a moderate increase. Climate risk
will be less severe in South American countries, with less than 1% and 25% of cocoa in Ecuador
exposed to high and moderate climate risk, respectively, and less than 1% and 19% of cocoa in
Brazil exposed to high and moderate climate risk, respectively. Similarly, less than 46%, 23%,
18%, and 1% of cocoa produced in Colombia, Peru, Indonesia, and Cameroon, respectively,
will face a modest increase in climate risk, with remaining volumes experiencing reduced
climate risk in 2050. In general, areas producing 1%, 6%, and 44% of cocoa supply in the eight
countries studied will be affected by high (>1.5), moderate (>1.2 and <1.5), and modest (>1 and
<1.2) increased climate risk, respectively.
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Figure 2. (a) Cumulative cocoa production (%) affected by agri-commodity deforestation attributed to cocoa (%),
and (b) future drought severity in cocoa producing landscapes of top 8 cocoa exporters. In (b), the red vertical
lines indicate the thresholds for reduced (<1), modest (>1 and <1.2), moderate (>1.2 and <1.5), and high (>1.5)
drought severity.

3.3 Where do climate risk and deforestation hotspots converge?

As Figure 3 shows, cocoa-driven deforestation and climate risks do not always co-occur and
vary substantially between and within countries. The prioritization of sustainability actions
by governments or value chain actors must be adapted to the severity of these phenomena
in each of these regions. Southwestern areas of Cote d’lvoire and Ghana (as well as of Nigeria,
which is not formally part of our analysis) are some of the oldest and still active hotspots of
cocoa-driven deforestation that will also be severely hit by high future climate risk. In the cocoa
landscapes of these countries, livelihoods are highly dependent on cocoa and thus, urgently
require climate adaptation measures to avoid the collapse of the local economy. Additionally,
being the major cocoa exporting region, adaptation in West Africa should be of global concern,
as the local impacts of climate change will likely generate a ripple effect across the entire value
chain by disrupting global supplies.
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Northern Cote d'Ivoire, Uganda, Cameroon, Brazil (Rondo6nia and Para), Guayas and Manabi
in Ecuador, and Ucayali in Peru have experienced low to medium cocoa-driven deforestation
until 2018 and will experience less future climate risks in 2050. In Southeast Asia, only some
confined areas have this level combination: North Sumatra, East Kalimantan, Sulawesi,
East Sepik and Madang in Papua New Guinea, and Sarawak in Malaysia. These areas will
become more attractive for cocoa expansion and might therefore experience an increased
risk of deforestation. This can occur directly through forest encroachment or indirectly by
the displacement of other land uses elsewhere (Meyfroidt et al., 2018), calling for policy
interventions to organize territories before cocoa might boom. Areas with low to medium cocoa-
driven deforestation that will experience higher climate risks are ubiquitous to all countries
but heavily concentrated in West Africa, Sumatra, Kalimantan, Bahia, Malaysia, Dominican
Republic. In these areas, cocoa might be replaced by more suitable crops or might experience
the introduction of technological innovations that help to buffer drought stress. Finally, areas
that have high cocoa-driven deforestation but will have lower climate risks are minimal and can
be found in limited areas of Ucayali in Peru, and Para in Brazil, and Sulawesi in Indonesia. These
areas could experience increased deforestation rates in the remaining forest areas and could
witness the consolidation of the cocoa sector in past deforested areas, requiring also preventive
land use planning policy interventions to avoid deepening deforestation.
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Figure 3. Combined levels of drought severity change and agri-commodity deforestation attributed to cocoa
(%) in cocoa producing landscapes.
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3.4 What is the level of incidence of deforestation among global cocoa
traders?

Global cocoa traders, such as Olam, Cargill, Barry Callebaut (large transnational firms) and
Ecom, Touton, and Sucden (medium transnational firms), source cocoa from countries with
cocoa producing landscapes in which most of the deforestation can be attributed to cocoa
(Figure 4a) and where deforestation driven by agri-commodities is about the same in cocoa
producing landscapes (Figure 4b). Cargill, by sourcing proportionally less from Ghana, has less
deforestation linked to cocoa than Olam and Barry Callebaut. Among medium transnationals,
Sucden, Touton, and Ecom have, in descending order, the highest levels of cocoa-driven
deforestation due to their higher proportion of sourcing from Ghana, which has the highest
levels of deforestation attributed to cocoa. Guan Chong BHD, by sourcing almost entirely from
Indonesia, has the lowest, among transnationals, average level of deforestation attributable
to cocoa in its sourcing landscapes, however, it has the highest deforestation driven by other
agri-commodities due to the dominant role of oil palm relative to cocoa in Indonesian cocoa-
producing landscapes. Small transnational firms source importantly from Indonesia and
have similar characteristics. Large Domestic Firms source from landscapes with relatively low
fractions of cocoa-driven deforestation due to their stronger presence in Ecuador, Colombia,
and Peru. Small Domestic Firms, and Farmer Cooperatives source from landscapes where most
of the deforestation is linked to cocoa because they are strongly present in Cote d’Ivoire.
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Figure 4. (a) Agri-commodity deforestation attributed to cocoa (%), and b) overall deforestation driven by
agri-commodities in cocoa producing landscapes (%) in the value chain of global cocoa traders. “X” indicates
the mean.

3.5 What is the level of future climate risk among global cocoa traders?

Regarding climate change, small domestic firms and farmer cooperatives will be the most
affected with moderate to highly increased future climate risk (Figure 5). Guan Chong BHD,
small transnational firms, and large domestic firms may benefit the most from reduced future
climate risk. Transnationals Touton and Sucden, by relying strongly on lvorian and Ghanaian
supplies, have the highest levels of future climate risk (~9% of supplies exposed to moderated
to high future climate risk, 84% of supplies exposed to a modest increase in future climate risk).
Olam, Cargill, and Barry Callebaut, by having a more diversified sourcing matrix in countries
with future favorable climatic conditions (Ecuador, Peru, Indonesia), have ~20-28% of their
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value chain that is exposed to a somewhat reduced future climatic risk, ~7-9% exposed to
moderate to high future climate risk, and ~63-70% exposed to a modest increase in future
climate risk. Guan Chong BHD and Small Transnational Firms, sourcing mainly from Indonesia,
have an overall reduced future climate risk in 87% and 63 % of their supply, respectively. The
same applies to 41% of Large Domestic Firms’ supplies. Small Domestic Firms and Farmer
Cooperatives, by sourcing importantly from Cote d’lvoire and Ghana, will have a modest and
moderate-high increase in future climate risk in ~63-70% and ~10-13% of their supply.
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Figure 5. Change in drought severity risk in cocoa producing landscapes in the value chain of global cocoa trad-
ers. “X” indicates the mean. The red vertical lines indicate the thresholds for reduced (<1), modest (>1 and <1.2),
moderate (>1.2 and <1.5), and high (>1.5) drought severity.

3.6 Implications and possible avenues

The mix of factors driving deforestation in cocoa landscapes highlights the importance of
articulating initiatives to curb deforestation with initiatives in other agriculture commodity
sectors. In essence, it is necessary to design strategies that go beyond single commodities
and have a narrow geographic focus, to transition towards tackling underlying factors driving
deforestation (Carodenuto et al., 2015; Schaeffer et al., 2005; Staal et al., 2018). Existing national
initiatives are focused on single commodities (e.g., all the cocoa sustainability boards-the
ISCOs: Beyond Chocolate in Belgium, GISCO in Germany, DISCO in the Netherlands, SWISSCO in
Switzerland) and need to be integrated with initiatives in other commodities to avoid repetition
or cause geographical or sectoral displacement of deforestation (Wahba and Higonnet,
2020). Our results show that integrating sustainability action to curb deforestation in cocoa
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production landscapes could benefit of the articulation with active initiatives in the coffee, oil
palm, and beef industries, which strongly overlap with cocoa production landscapes (Buckley
etal., 2019; Lambin et al., 2018; Leijten et al., 2020; Levy et al., 2023; Zu Ermgassen et al., 2020)

Besides the agri-commodities included in this study, other factors are also important drivers of
deforestation in cocoa landscapes, such as food crops, gold mining, and logging, with recent
research also showing that land speculation is important (Kan et al., 2023; Renier et al., 2023).
Strategic spatial planning and jurisdictional and landscape approaches are important examples
of multi-stakeholder and multi-sectoral initiatives on how to leverage land use planning to
navigate competing interests of actors in a landscape, so that all needs are covered (Boshoven
et al,, 2021; Oliveira and Meyfroidt, 2021). If rising cocoa demand is to be met without further
deforestation (Bermudez et al., 2022), increases in productivity per area unit are required to limit
the expansion of cocoa producing area. However, land use planning is necessary to balance the
environmental and socioeconomic trade-offs between expansion and intensification (Parra-
Paitan and Verburg, 2022).

Cocoa traders must take the lead on the implementation of zero-deforestation action in
landscapes where cocoa is responsible for the largest fraction of deforestation driven by
agri-commodities. However, cocoa traders sourcing from areas where other commodities
are important drivers of deforestation must articulate voluntary sustainability initiatives
with public initiatives, initiatives of other land-based sectors, and territorial initiatives.
Horizontally integrated traders (i.e., those trading also other commodities produced in cocoa
landscapes) are key in this articulation as they have the know-how of sustainability issues
across commodities and have cross-commodity agency (Parra-Paitan et al., 2023). So far, private
initiatives are strongly focused on individual commodities (e.g., Cocoa and Forest Initiative,
Roundtable for Sustainable Palm Oil, Roundtable on Responsible Soy, etc.) and act in isolation
from each other. On the other hand, the increasing landscape and jurisdictional programs
supported by private actors or multi-stakeholder coalitions often target single commodities,
overlooking other forest-risk commodities and other land use change drivers, and often lack
government engagement when these are led by private actors. When these are led by state
actors, they strongly focus on regulatory reforms to create enabling conditions but have limited
involvement of value chain actors (Carodenuto, 2019; von Essen et al., 2021)

Yet, this key role of horizontally integrated traders should be balanced with stronger efforts to
involve smaller, often less horizontally integrated, traders. The EU legislation on deforestation-
free value chains and due diligence might incentivize multi-sectoral and multi-stakeholder
efforts to reduce overall risks, but it is important to evaluate the potential effects of excluding
responsibility from Small and Medium Enterprises (SMEs), as currently framed in the legislation
(European Commission, 2021). This is of particular concern, as 38% of global supplies are
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managed by small traders that rarely make zero deforestation commitments, which have
even higher market participation in other cocoa exporting countries with high cocoa-driven
deforestation (Parra-Paitan et al., 2023). Voluntary sustainability commitments to achieve zero
deforestation value chains in the coming years have been mostly issued by the largest traders
(large transnationals Olam, Cargill, Barry Callebaut), which are all horizontally integrated into
other forest-risk commodities. However, the impact of these commitments in addressing such
a multidimensional and cross-sectoral challenge is limited, as these commitments are strongly
divided per commodity, lack a landscape approach to tackle drivers of land use change at a
scale, target only direct value chains, and lack external verification (Parra-Paitan et al., 2023).

In terms of climate risk, countries with more diversified farming sectors and less economically
dependent on cocoa will be the least affected in case of increased climate risk. Regions that
will experience less climate risk will become more attractive to cocoa farming and will require
early policy interventions to organize the use of the land before cocoa booms and drives further
deforestation. Traders having a more diverse sourcing matrix might be in a better position to
navigate better future climate risks than those dependent on a few exporting countries that
will experience increased risks. Traders relying strongly on Cote d’lvoire and Ghana supplies,
such as Touton, Sucden, Barry Callebaut, Cargill, and Olam, will be severely affected if they
do not help implement adaptation measures among cocoa farmers. Besides being a priority
for these traders, climate adaptation in these countries should be of global concern due to
the current dependence on global supplies of lvorian and Ghanaian cocoa. Potential actions
include technological innovations such as precision agriculture, improved planting material,
or farming practices more resilient to climate change, such as climate smart agriculture. Small
traders sourcing from a single country depend entirely on the future climate risk of their
current sourcing location and are thus less resilient to supply shocks (Kummu et al., 2020;
Puma et al., 2015), which is especially worrisome for farmer cooperatives and domestic firms
in West Africa. Smaller traders that are more prominent in Latin America will have an improved
opportunity window to help secure global supplies while limiting deforestation. Large traders
have a more geographically spread sourcing, larger financial resources, and larger agency
than smaller traders (Parra-Paitan et al., 2023) and therefore more opportunities to adapt
their sourcing matrix or implement ground-level climate adaptation strategies. Consequently,
larger traders might be better prepared to scrap the benefits of future reduced climate risks
in certain locations, which could reinforce current patterns of high market concentration and
power accumulation by large companies (Parra-Paitan et al., 2023). Besides these alarming
future risks, cocoa traders of all sizes have not issued explicit commitments to address climate
vulnerability among cocoa farmers. At most, commitments focus on agroforestry and climate
smart agriculture, but their narrative is strongly focused on increasing tree cover on farm,
carbon, and biodiversity stocks, and raising farmer income through intercropping. Studies
argue that this might be due to private actors prioritizing action that leads to increased value
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creation and brings reputation gains, leading to the abandonment of other pressing issues
and their root causes (Parra-Paitan et al., 2023; Tennhardt et al., 2022). Instead, companies are
testing strategies that go beyond smallholder systems, as it is shown by the increasing wave of
large investments in cocoa plantations that try to unlock the most efficient and resilient way of
doing cocoa farming. Barry Callebaut, Olam, Mars, and Mondelez have, for example, acquired
cocoa plantations to conduct research and innovation with this purpose across Ecuador and
Indonesia (Barry Callebaut, 2022; Confectionery News, 2016; Mondelez International, 2021). If
these initiatives prove successful, smallholder farmers and smaller traders might be put out of
business which, without proper transition plans, will put their livelihoods at risk. The choice of
action cannot be left solely to private actors, as this risks initiatives to favor market imperatives
rather than global net sustainable outcomes and opportunities for disadvantaged farmers.

3.7 Uncertainties and key monitoring needs

In this study, we used MapSPAM to identify cocoa production areas, which was also used
by Ercin et al. (2021) and Goldman et al. (2020) for climate risk and deforestation studies,
respectively. MapSPAM is one of the only spatially explicit global agricultural datasets and,
although it is the most recent one, it represents data from 2010 (2017 for Sub-Saharan Africa),
which underestimates the current extent of cropland area (and cocoa) given that this has
expanded in 7% between 2008 and 2019 (Potapov et al., 2021). Several remote sensing
innovations are being implemented to improve the mapping accuracy of cocoa farms though
these are not yet available at the pantropical scale (Abu et al., 2021; Kalischek et al., 2022). One
important aspect to consider in future work would be the differentiation of different cocoa
farming systems (e.g., agroforestry vs., full sun), as they are expected to have different climate
change vulnerability levels (Blaser et al., 2018; Niether et al., 2020).

On the other hand, it is important to improve the method used to identify deforestation drivers.
Our reference study was based on Curtis et al. (2018) which allocates deforestation to the
dominant driver among commodity-driven deforestation, shifting cultivation, forestry, wildfire,
or urbanization. The deforestation linked to a specific commodity is then proportionally
allocated to the crop area of the shortlisted commodities (cocoa, coffee, soybeans, oil palm,
pasture). This can lead to the overestimation of deforestation allocated to each of these crops,
and it obscures other important drivers of deforestation such as food crops or other crops. By
doing so, this method does not allow to isolate the effect of cocoa as a direct or indirect driver
of deforestation, which could arise, for instance, due to cocoa displacing other crops in the
landscape (Figure 5 from Appendix D). Due to this, we used Goldman et al. (2020) primarily
to provide insights about the interaction of cocoa with other agri-commodities driving
deforestation rather than as an absolute metric of cocoa deforestation risk.
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In addition, our measure of deforestation is a historical one, based on forest loss from 2001-
2018; however, deforestation is not, static, therefore making new cocoa frontiers possible.
This means that companies must be continually vigilant to land use changes in their sourcing
landscapes. Efforts to improve pantropical deforestation mapping should be followed closely to
update this analysis. Current maps could be improved by utilizing higher resolution and readily
available satellite data and including more accurate and updated information on plantations
and shifting agriculture where repeated cycles of tree cover removal occur (Finer et al., 2018;
Pendrill et al., 2022).

Regarding climate risk data, the drought severity index should be combined with other climatic
factors affecting cocoa physiology, such as heat stress, flooding, and the effect of increased
carbon dioxide levels (Lahive et al., 2018; Schroth et al., 2016). This is important to have a
complete understanding of the potential impacts of climate change, however, this also requires
an improved understanding of the physiological responses of cocoa to climate variables (Ercin
et al., 2021; Lahive et al., 2018; Malek et al., 2022). In addition, future work must consider a
wider range of climate scenarios and impacts, as previous research has shown that substantial
differences between climate forecasts can complicate efforts to identify which companies are
exposed to the greatest climate risks (Stokeld et al., 2020).

Finally, we characterized the risk of global traders without specific information about their
exact subnational sourcing areas within each country, by weighting deforestation and climate
risk based on the volumes sourced from each cocoa-producing country. Our approach could
be improved by having subnational maps to determine where each company sourced from
within these countries, though subnational mapping is currently constrained by the limited
traceability and transparency in the global cocoa value chain (Renier et al., 2023; Zu Ermgassen
etal, 2022).

4, Conclusion

Deforestation and climate risk levels differ for producing countries and cocoa traders. Our
results show that cocoa is hardly ever the only agricultural commodity driving deforestation
in a landscape, even in cocoa-dominated landscapes. To tackle deforestation, therefore, it
is necessary to articulate the sustainability initiatives of all commodity sectors competing
for agricultural land. Our results show that coffee and pasture are also important drivers
of deforestation in most cocoa landscapes and thus should be tackled together to avoid
displacement between sectors and regions. Oil palm and soybeans play an important role
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in Indonesia and Brazil. Other crops (food crops like maize, sorghum, cassava, etc.) and non-
agricultural drivers not addressed in this article should also be considered in efforts to halt
deforestation, as well as gold mining and logging. Future climate risks vary substantially
across countries and have variable co-occurrence with deforestation, which calls for context-
specific strategic approaches to manage both. Current global supplies are at risk due to their
dependency on West African supplies, which will experience high future climate risk. Due to
the significant economic dependency of Cote d’lvoire and Ghana on cocoa exports, climate
change threatens the livelihoods and millions of farmers and the stability of the local economy.
Areas with low future climate risk could become more attractive for cocoa expansion and
risk further deforestation, calling for policy interventions to organize territories before cocoa
might boom. Traders play a vital role in operationalizing risk-reducing strategies, particularly
traders horizontally integrated in the value chain, as they can enact action across commodities
co-driving deforestation in the same landscapes. The value chains of traders with a more
geographically spread sourcing matrix (large transnationals) are likely more resilient by having a
diversified matrix with increased and reduced climate risks that could help them buffer climate
change impacts on their business. Smaller traders have less flexibility because they source
mostly from a single country and are less resourceful. Those in West Africa urgently require
climate adaptation and deforestation mitigation support, while those in Latin America and
Southeast Asia might possibly experience an improved window of opportunity in the global
market. We call for multi-stakeholder and multi-sectoral initiatives that tackle sustainability
risks beyond single commodities and limited geographies.

133






0. Synthesis







Synthesis

The overall objective of this thesis was to better understand the role of agricultural value
chains in triggering telecoupled sustainability impacts. It also aimed to understand how these
impacts can be strategically mitigated to achieve net sustainability gains that benefit nature
and people. The cocoa value chain was used to explore our initial research questions. In this
chapter, the research questions presented in Chapter 1 will be revisited to explore the extent
to which they have been answered and to identify future research avenues that will help to
advance this field of research. Finally, the broader social implications of this thesis will be
discussed at the end of this chapter.

1. How can we evaluate the telecoupled sustainability impacts of
agricultural GVCs, such as those involving cocoa?

Given that agricultural value chains are embedded in socioecological systems, they have a
reciprocal relation with the environment; they impact the environment and are impacted
by environmental dynamics. Multidirectional dynamics can arise as a direct or indirect
consequence of GVC's operations, (e.g., feedbacks on poor production performance due to
soil erosion, or reduced pollination due to excessive use of agrochemicals) and can be distantly
linked to GVC’s direct operations (e.g., climate change, and ozone depletion). At the same time,
these environmental dynamics can be modulated by socioeconomic factors influencing GVCs,
such as policies, regulations, and market dynamics (e.g., subsidies to increase agrochemical
use efficiency, shifts in demand preferences, and carbon taxes). In that sense, to grasp the
complete array of telecoupled impacts, it is important to consider all the feedback loops arising
from the socioeconomic and environmental dynamics playing at multiple scales. Chapter 2
discussed how telecoupled impacts can be accounted for with the integration of multiple
impact assessment methods, while Chapters 3 and 5 explored this question quantitatively
through empirical case studies.

The diverse and complex nature of environmental dynamics linked to agricultural production
and the several impact pathways that arise complicate the identification and quantification
of impacts caused by agricultural GVCs on multiple systems, such as on human health, water
bodies, biodiversity, and air quality. Chapters 2 and 3 showed that capturing these dynamics and
quantifying impacts require: 1) the integration of assessment tools approaching the different
aspects of these dynamics, 2) clear causality attribution, and 3) granular and consistent data.

Environmental impact pathways are not yet fully understood individually and in interaction

with other factors. This complicates causality attribution and impact accounting exercises
and suggests the need to improve available impact assessment factors (e.g., GHG emission
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factors). For instance, it is known that increasing CO, atmospheric concentration can accelerate
photosynthesis, but it is not yet clear how this can interact with other factors limiting plant
physiology, such as water, nutrient mineralization, and increasing temperatures, and the
differential effect that these changes can have on species with different photosynthetic cycles in
the long term (Hovenden and Newton, 2018; Wang et al., 2020). In addition, impact assessments
could benefit from more granular analysis using spatially explicit impact factors (Chapter 3),
which also require improved traceability and transparency in GVCs to be operationalized
(Chapter 4). As shown in Chapter 3, besides the progress made in impact accounting methods,
the most widely used impact factors simplify cause-effect dynamics and are provided at coarse
units of analysis (e.g., countries, regions).

Complicating this picture, the dynamics playing at the local level (e.g., farm-level) interact
with socioeconomic dynamics (e.g., market and policy dynamics) from nearby and distant
systems, which can lead to the bifurcation of impacts in ways difficult to predict. For instance,
environmental economists have shown that increased farming efficiency - through agronomic
yield improvements - can lead to further nature conversion instead of reducing it (exemplifying
the Jevons paradox) due to the incentives created by the improved efficiency achieved. This
points out the need for contextualizing small-scale scientific findings (e.g., plant science
research) with market and policy dynamics proper of socioecological telecoupled systems
(Hamant, 2020), as it was done in Chapter 3 and Chapter 5. In agricultural value chains, since
the outcomes of socioecological dynamics are ultimately translated on the land, the land use
approach helps to connect these cross-scale impacts. However, several limitations in the land
research field need to be overcome to make this possible, such as better identifying land use
trajectories, quantifying spatially-explicit impacts, and attribute responsibility (Baumann et
al., 2022; Meyfroidt et al., 2022).

This thesis provided a detailed description of the pros and cons of available impact assessment
methods, concluding that no method is sufficient in isolation to capture impacts of agriculture
value chains across scales and that, instead, a combination of available methods is needed to
bridge the gaps between them (as shown in Chapter 2 and 3). For instance, economic modeling
techniques can help capture the impacts triggered by global-local market dynamics, agent-
based modeling can help capture the factors influencing local decision making, and more
granular impact characterization factors can help capture context-specific impacts. Using
the land use approach, Chapter 2 stressed the need for capturing the telecoupled impacts
triggered beyond the agricultural unit of production due to the interconnectedness of global
land systems and the importance of doing so spatially explicitly. Using a combination of life
cycle assessment, land use modeling, and spatial analysis, Chapter 3 accounted for the land use
impacts triggered by telecoupled dynamics beyond the farm-level by considering economic
dynamics linked to future demand scenarios. However, it did not go as far as to capture the
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telecoupled impacts that extend beyond the Ghanaian cocoa producing region. This would
require the use of more advanced economic techniques such as computable equilibrium
models or input-output analysis (Leijten et al., 2023). Chapter 5 helped to grasp the global
heterogeneity of climate risk and deforestation exposure of cocoa producing regions so that
sustainability decisions can consider the potential telecoupled effects of local actions. However,
this thesis did not account for feedback loops triggered by climate change or other broader
environmental factors, which would have required updating the future land suitability maps
used in the iterative and dynamic land use model of Chapter 3.

2. How do the environmental impacts triggered by the cocoa GVC at
different scales compare to each other?

Chapter 2 concluded that a mix of methods is needed to capture the telecoupled impacts
driven by agricultural value chains across geographic and temporal scales. Using the land use
approach, Chapter 3 confirmed this by concluding that when broader dynamics are considered,
the impacts on biodiversity and carbon caused by cocoa-driven land conversion at the
landscape level can be opposite to those caused by cocoa production within the farm. Because
of environmental gains at the farm-level, agroforestry is largely promoted by state and private
actors against full-sun cocoa monocrops. However, our study found that while the promotion
of cocoa full-sun causes larger negative impacts on biodiversity and carbon stocks at the farm-
level, by requiring less land to produce the same yield as agroforestry systems, at landscape
scale cocoa full-sun could help to spare land and generate net biodiversity and carbon gains
through higher yield outcomes, if environmental protection policies are in place (to avoid the
Jevons paradox). Promoting agroforestry at the farm scale might seem more beneficial but
it can trigger larger biodiversity losses as it requires more land to produce the same cocoa
volume than cocoa full-sun systems. Chapter 3 suggests that, due to telecoupled dynamics,
developing state or private policies that are based on the extrapolation of conclusions from
farm-level assessments can risk causing large net negative impacts on carbon and biodiversity.

Chapter 3 focused on identifying the displacement of impacts at the landscape scale which,
although larger than the farm scale, is still limited in geographic scope. The cocoa GVC expands
across multiple countries from the African, Asian, South, and North American continents and
the telecoupled feedback loops therefore operate at a global scale. Consequently, quantifying
the indirect impacts caused by the telecoupled cocoa GVC requires dynamic assessments, like
Chapter 3, to be applied at the global scale. This would require large sets of data with the
necessary granularity and comparability, and it would require an improved understanding of
large-scale telecoupled dynamics for causality attribution. Globally consistent land use maps

139



Chapter 6

differentiating cocoa farming systems and with sufficiently detailed land cover classes would
be required (i.e., differentiating industrial vs. smallholder intercropping systems, instead of
just setting an agricultural land over class), together with the integration of economic and
policy dynamics and the use of spatially explicit impact factors covering these regions.
Currently, several studies have attempted to map cocoa farms using high-resolution satellite
images and improved remote sensing algorithms, however, these efforts are mostly focused
on Cote d'Ivoire and Ghana and have difficulties in differentiating types of cocoa farming
systems (e.g., full-sun, agroforestry) (Abu et al., 2021; Kalischek et al., 2022). Limitations also
exist regarding mapping natural ecosystems and land cover classes across time to understand
historical land use trajectories, which is needed for accurate causality attribution (Baumann
et al., 2022; Pendrill et al., 2022; Vancutsem et al., 2021). Chapter 3 quantified impacts based
on modeled land conversion, however, the deforestation dataset used in Chapter 5 assumed
a much more generalized impact attribution approach by assuming that most current cocoa
and other crop areas have directly replaced forest, which dismisses land use dynamics causing
indirect deforestation and other potential land use trajectories. This discrepancy in methods was
accepted on the ground of the limited data availability faced by Goldman et al. (2020), however,
we encourage the refinement of causality attribution with more accurate information on land
use trajectories. Finally, incorporating socioecological telecoupled dynamics at a global scale
and modeling spatially explicitimpacts is computationally and data intensive, however, it could
be replicated following recent studies that used a combination of land use models and multi-
commodity and multiregional computable general equilibrium models (Leijten et al., 2023).

Chapter 5 provided a spatially explicit assessment of another dimension of impacts triggering
telecoupled dynamics, those of future climate risks and historical deforestation associated
with the main producing countries and traders of the cocoa GVC. Although this analysis had a
static approach and, as such, did not identify the telecoupled climate change and deforestation
dynamics across cocoa production regions, it provided a spatially explicit overview of areas that
might experience future land use changes due to future climate risk and deforestation pressures.
It also provided a spatially explicit overview of the interconnected deforestation drivers present
in cocoa producing areas, suggesting research avenues to better understand the drivers of land
use change, such as other commodities (e.g., other agri and non-agri-commodities), availability
of resources (e.g., fertile forest soils), and infrastructure (i.e., accessibility). The findings of Chapter
5 can be used to identify landscapes of concern where dynamic assessments, such as those
provided by Chapter 3, should be prioritized. Complementarily, identifying the main cocoa value
chain actors affected by telecoupled dynamics, such as climate risk and deforestation (Chapter
5), and identifying the sustainability commitments taken by them (Chapter 4) can inform the
definition of policy dynamics in assessment models that try to capture telecoupled dynamics.
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This thesis showed that to capture the telecoupled impacts of cocoa and agricultural GVCs,
assessments need to account for context-specific factors and consider the dynamics playing
at larger scales, such as market, land use, and climate dynamics. Chapter 3 showed that
industrial rubber plantations and food crop systems are important sectors competing for land
in cocoa producing landscapes of Ghana, however, Chapter 5 showed that coffee, oil palm,
and pastureland for beef production are important competing sectors in other countries,
suggesting that multi-commodity assessments are needed to capture telecoupled global land
dynamics even when the focus is just on a single crop. The findings of Chapter 4 showed that
the strong focus of dominant traders on zero deforestation commitments in Cote d’lvoire and
Ghana might modulate these land dynamics differently than in other regions where these
commitments are lacking (e.g., South America). It could be argued that the consolidated cocoa
sector in West Africa has helped other cocoa-suitable regions to spare land from cocoa farming,
has minimized the pressure of cocoa on forests, and might have favored the establishment
of other agricultural commodities. However, as shown in Chapter 5, climate change might
alter this equilibrium, as the low-yielding regions in West Africa will be exposed to increased
climate risks through increased future drought severity. This might transform the landscape
depending on the adaptation measures implemented, the local land use dynamics (within and
beyond the agricultural sector), and, as shown in Chapter 3, the environmental regulations
enforced. Ivorian and Ghanaian cocoa farmers might be put out of business and land be
replaced by other more suitable crops that are not yet targeted by stringent regulations (e.g.,
EU legislation on imported deforestation), while displacing the pressure to other producing
regions. However, the outcome could be different if the strong dependency of the cocoa GVCs
on Ivorian and Ghanaian cocoa triggers investments on climate-smart agriculture to support
smallholder farmers, further consolidating the dominance of this region and allowing other
crops to consolidate in other regions.

3. How can cocoa GVC actors mitigate environmental risks at
different scales?

Understanding the agency of value chain actors is key to understanding how sustainability
can be leveraged in a sector. The dominance of private actors in the local and global markets
determines their agency to steer sustainability and business agendas both in sourcing and
destination markets. Following this logic, Chapter 4 characterized the interplay of cocoa
value chain actors at global and national scales, showing that the management decisions of
transnational corporations can trigger inter-continental (telecoupled) impacts due to their
strong market dominance across regions and their geographically extended sourcing network.
On the contrary, smaller companies mostly act at a domestic scale or, at most, at a subregional
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scale (i.e., sourcing from 2-3 nearby countries), and have therefore less agency to influence
global market dynamics and sustainability agendas. The market dominance of domestic and
transnational companies differs in cocoa producing countries, with domestic companies
present in all countries but dominating the local market only in some countries (e.g., Peru and
Ecuador). Sustainability commitments to address deforestation, poverty, child labor, etc., are
mostly issued by transnational corporations and are mostly exclusively targeted to the two
largest producing countries, Cote d’lvoire, and Ghana, leaving other countries unattended.
The imbalanced coverage of sustainability commitments can incentivize the displacement
of negative impacts (i.e., spillovers) from committed to non-committed regions and from
committed to non-committed companies (often smaller domestic companies). Therefore, to
achieve net global sustainability gains, value chain initiatives need to integrate the entire
ecosystem of value chain actors regardless of their market size, which is particularly relevant
given that 38% of exports are handled by small domestic trading companies and farmer
cooperatives that rarely issue sustainability commitments. In addition, as shown in Chapter 5,
there is the need to expand the single-commodity focus of most sustainability initiatives to
a multi-commodity one as, for instance, cocoa traders are connected through the landscape
with actors from other land competing sectors (agriculture or not) whose activities (e.g., land
expansion) can lead to indirect impacts in the cocoa value chain. Dynamic modeling techniques
as those discussed in Chapters 2 and 3 showed how these telecoupled dynamics could be
quantified. Current voluntary sustainability mechanisms are ill-equipped in their current design
to achieve effective and long-term sustainability upgrading in the cocoa GVC.

Although voluntary sustainability commitments are just one of the existing sustainability
governance mechanisms, they are currently widely extended as, under the strong influence
of large companies, value chain actions have shifted from state regulation to voluntary private
mechanisms in the last few years. As shown in Chapter 4, the high market concentration
exhibited by the cocoa GVC could play a positive role if dominant actors commit and implement
sustainability commitments aligned to global standards and are open to external verification
systems. However, market concentration translates to unequal competitiveness against smaller
market actors because larger companies have more resources to invest in sustainability action
and, as such, can benefit from product differentiation, which can deepen market concentration
and lead to the domination of sustainability agendas by the lobbying of large companies
(Clapp, 2021; Ponte, 2019). Government action is needed to create a level playing field and
balance these dynamics. Such initiatives can be informed by the identification of sustainability
risk hotspot areas described in Chapter 5 and the knowledge of land use dynamics described
in Chapter 3. Legally binding regulations, supporting bottom-up participation schemes, and
setting up jurisdictional approaches that include multi-stakeholder coalitions are some of
the potential options to help voluntary initiatives achieve net sustainability gains. However,
research has shown that any single sustainability governance intervention is unlikely to match
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the scale of the environmental and social problems generated by telecoupled systems, such
as the cocoa GVC (Coenen et al.,, 2023; Newig, 2018). Therefore, a combination of governance
approaches is needed to address these scale mismatches. Currently, the importance of cross-
sectoral and cross-scale organized action is not yet fully understood let alone operationalized
in the value chains.

4. Broader implications of this research

This thesis has helped to expand the understanding of the dynamics determining the
telecoupled impacts of global agricultural value chains, has provided advice on the use of
multiple methods to capture these impacts, and has provided concrete examples on how to
capture telecoupled dynamics in sustainability impact assessments. Given the complexity and
interdisciplinarity of the factors at play, research in this field is in constant need to integrate
additional factors proper of socioecological systems into the sustainability equation. This
thesis has contributed with concrete and quantitative examples to the debate about land
extensification and intensification (land sharing and land sparing) using different farm
management systems (agroforestry and full-sun in the case of cocoa), and the impacts of
promoting these beyond the farm-level. It has provided concrete guidance on this polarized
topic by looking beyond farm-level impacts and modeling other socioeconomic factors
influencing real-life situations. In this regard, this thesis has also shown that it is important
to look beyond the land-sharing and land-sparing dichotomy and integrate a deeper
understanding of the market dynamics, the agency of actors in driving sustainability action,
and the spatially explicit and context-specific nature of the sustainability problems affecting the
cocoa sector. This thesis has also suggested topics for a future research agenda to improve the
accountability of telecoupled impacts caused by agricultural GVCs, such as the improvement of
spatially explicit datasets (e.g., land use maps, impact factors), improved causality attribution,
identification of land use trajectories, the integration of differentimpact modeling approaches,
modeling of cross-scale indirect impacts and feedback loops and increasing value chain
transparency and traceability.

Drawing on the cocoa case, this thesis has provided a benchmark on how to analyze the
value chain configuration of agricultural GVCs to understand the role of market dominance
and power-relations on sustainability outcomes. This thesis can help guide decision makers
to design tailored strategies, prioritize action, and tackle the most vulnerable hotspots while
being aware of global teleconnections to avoide shifting burdens across scales, sectors, and
actors (spillovers). It can also be used by committed private actors to direct resources to the
most needed areas, implement tailored sustainability strategies, and guide the engagement
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with other actors competing for land resources and influencing sustainability outcomes in their
operating landscapes. This comes particularly at hand with the current legislative initiatives
in the sector that will grant licenses to operate in exclusive cocoa markets only to companies
able to demonstrate sustainability compliance (EU legislation on deforestation and coming due
diligence legislation). In that sense, this thesis has shown how this initiative that helped level
the playing field still has a way to go to include small and medium enterprises into the fold to
avoid negative unintended consequences that jeopardize the achievement of sustainability
ambitions in the entire sector. The telecoupled nature of GVCs impacts requires the integration
of multiple governance approaches that bridge the mismatches between current governance
approaches and the scale of the social and environmental problems caused by telecoupled
systems.

Overall, this thesis has shown that the assessment of the telecoupled impacts caused by
agricultural value chains can be largely improved with the integration of diverse assessment
methods and information on value chain configurations. Besides the knowledge gaps that
are still to be addressed, this thesis has shown that the nuanced insights generated by this
combination of methods and data can already be actionable to better inform and guide the
sustainability governance initiatives coming from multiple stakeholders in the agriculture sector.

144



Synthesis

145



References

References

9.

10.

11.

12.

13.

14.

146

Abdulai, I., Jassogne, L., Graefe, S., Asare, R., Van Asten, P., Laderach, P., Vaast, P., 2018. Characterization
of cocoa production, income diversification and shade tree management along a climate gradient in
Ghana. PLoS One 13, 1-17. https://doi.org/10.1371/journal.pone.0195777

Abdullah, A., Huynh, I., Emery, C.R., Jordan, L.P., 2022. Social Norms and Family Child Labor: A Systematic
Literature Review. Int J Environ Res Public Health 19. https://doi.org/10.3390/ijerph19074082

Abu, I.O., Szantoi, Z., Brink, A., Robuchon, M., Thiel, M., 2021. Detecting cocoa plantations in Céte d’lvoire
and Ghana and their implications on protected areas. Ecol Indic 129, 107863. https://doi.org/10.1016/J.
ECOLIND.2021.107863

AFl, 2019. Accountability Framework Initiative Core Principles. https://accountability-framework.org/
get-started/download-framework-documents/

Aguiar, A., Narayanan, B., McDougall, R., 2016. An Overview of the GTAP 9 Data Base. J. Glob. Econ. Anal.
1, 181-208. https://doi.org/10.21642/JGEA.010103AF

Albareda, L., Lozano, J.M., Ysa, T., 2007. Public policies on corporate social responsibility: The role of
governments in Europe. Journal of Business Ethics 74, 391-407. https://doi.org/10.1007/s10551-007-
9514-1

Alexander, P., Prestele, R., Verburg, P.H., Arneth, A., Baranzelli, C., Batista e Silva, F., Brown, C., Butler, A,,
Calvin, K., Dendoncker, N., Doelman, J.C., Dunford, R., Engstrém, K., Eitelberg, D., Fujimori, S., Harrison,
P.A., Hasegawa, T., Havlik, P, Holzhauer, S., Humpendder, F., Jacobs-Crisioni, C., Jain, A.K., Krisztin, T., Kyle,
P., Lavalle, C., Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T., Sands, R.D., Schaldach, R., Stehfest,
E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M.A., Rounsevell, M.D.A., 2017. Assessing uncertainties
in land cover projections. Glob Chang Biol 23, 767-781. https://doi.org/10.1111/gcb.13447

Ali, E., & Gninigue, M., 2022. Global value chains participation and structural transformation in Africa:
Are we advocating environmental protection? Journal of Cleaner Production, 366, 132914. https://doi.
org/10.1016/J.JCLEPRO.2022.132914

Alkemade, R., Van Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M., Ten Brink, B., 2009. GLOBIO3:
A framework to investigate options for reducing global terrestrial biodiversity loss. Ecosystems 12,
374-390. https://doi.org/10.1007/s10021-009-9229-5

Ambikapathi, R., Schneider, K. R., Davis, B., Herrero, M., Winters, P., & Fanzo, J. C., 2022. Global food
systems transitions have enabled affordable diets but had less favourable outcomes for nutrition,
environmental health, inclusion and equity. Nature Food 2022 3:9, 3, 764-779. https://doi.org/10.1038/
s43016-022-00588-7

An, L., 2012. Modeling human decisions in coupled human and natural systems: Review of agent-based
models. Ecol Model 229, 25-36. https://doi.org/10.1016/j.ecolmodel.2011.07.010

An, L., Zvoleff, A., Liu, J., Axinn, W., 2014. Agent-Based Modeling in Coupled Human and Natural Systems
(CHANS): Lessons from a Comparative Analysis. Annals of the Association of American Geographers 104,
723-745. https://doi.org/10.1080/00045608.2014.910085

Andres, C., Comoé, H., Beerli, A., Schneider, M., Rist, S., Jacobi, J., 2016. Cocoa in Monoculture and
Dynamic Agroforestry. Springer, Cham, pp. 121-153. https://doi.org/10.1007/978-3-319-26777-7_3

Arodudu, O., Helming, K., Wiggering, H., Voinov, A., 2017. Towards a more holistic sustainability
assessment framework for agro-bioenergy systems — A review. Environ Impact Assess Rev 62, 61-75.
https://doi.org/10.1016/j.eiar.2016.07.008



15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.
27.

28.

References

Asare, R., Markussen, B., Asare, R.A., Anim-Kwapong, G., Raebild, A., 2019. On-farm cocoa yields increase
with canopy cover of shade trees in two agro-ecological zones in Ghana. Clim Dev 11, 435-445. https://
doi.org/10.1080/17565529.2018.1442805

Asigbaase, M., Dawoe, E., Lomax, B. H., & Sjogersten, S., 2021. Biomass and carbon stocks of organic and
conventional cocoa agroforests, Ghana. Agriculture, Ecosystems & Environment, 306, 107192. https://
doi.org/10.1016/J.AGEE.2020.107192

Bager, S.L., Lambin, E.F.,, 2020. Sustainability strategies by companies in the global coffee sector. Bus
Strategy Environ 1-16. https://doi.org/10.1002/bse.2596

Barlow, J., Lennox, G.D., Ferreira, J., Berenguer, E., Lees, A.C., Nally, R. Mac, Thomson, J.R., Ferraz, S.F.D.B.,
Louzada, J., Oliveira, V.H.F,, Parry, L., Ribeiro De Castro Solar, R., Vieira, I.C.G., Aragad, L.E.O.C., Begotti,
R.A., Braga, R.F,, Cardoso, T.M., Jr, R.C.D.O., Souza, C.M., Moura, N.G., Nunes, S.S., Siqueira, J.V., Pardini,
R., Silveira, J.M., Vaz-De-Mello, F.Z., Veiga, R.C.S., Venturieri, A., Gardner, T.A., 2016. Anthropogenic
disturbance in tropical forests can double biodiversity loss from deforestation. Nature 2016 535:7610
535, 144-147. https://doi.org/10.1038/nature18326

Barnes, A.D., Allen, K., Kreft, H., Corre, M.D., Jochum, M., Veldkamp, E., Clough, Y., Daniel, R., Darras, K.,
Denmead, L.H., Haneda, N.F,, Hertel, D., Knohl, A., Kotowska, M.M., Kurniawan, S., Meijide, A., Rembold,
K., Prabowo, W.E., Schneider, D., Tscharntke, T., Brose, U., 2017. Direct and cascading impacts of tropical
land-use change on multi-trophic biodiversity. Nature Ecology and Evolution 2017 1:10 1, 1511-1519.
https://doi.org/10.1038/541559-017-0275-7

Barnett, B.M.L., Cashore, B., Henriques, |, Husted, B.W., Panwar, R., Pinkse, J., 2021. Reorient the Business
Case for Corporate Sustainability. SSIR. https://ssir.org/articles/entry/reorient_the_business_case_for_
corporate_sustainability (accessed 3.3.22).

Barrientos, S., Asenso-Okyere, K., Asuming-Brempong, S., Sarpong, D., Anyidoho, N., Kaplinsky, R., &
Leavy, S., 2007. Mapping Sustainable Production in Ghanaian Cocoa. Report to Cadbury Schweppes
Plc, August. https://doi.org/10.13140/RG.2.1.470

Barry Callebaut, 2022. Barry Callebaut establishes Farm of the Future in Ecuador. https://www.barry-
callebaut.com/en/group/media/news-stories/Barry-Callebaut-establishes-Farm-of-the-Future-in-
Ecuador (accessed 4.30.23).

Bastos Lima, M. G., Persson, U. M., & Meyfroidt, P., 2019. Leakage and boosting effects in environmental
governance: a framework for analysis. Environmental Research Letters, 14, 105006. https://doi.
org/10.1088/1748-9326/AB4551

Baumann, M., Gasparri, |., Buchadas, A., Oeser, J., Meyfroidt, P., Levers, C., Romero-Munoz, A., Le Polain
De Waroux, Y., Miller, D., Kuemmerle, T., 2022. Frontier metrics for a process-based understanding of
deforestation dynamics. Environmental Research Letters 17,095010. https://doi.org/10.1088/1748-9326/
AC8B9A

Bennett, R. E., Scott Sillett, T, Rice, R. A., Marra, P. P., & Ruth Bennett, C. E., 2022. Impact of cocoa
agricultural intensification on bird diversity and community composition. Conservation Biology, 36,
e13779. https://doi.org/10.1111/COBI.13779

Bermudez, S., Voora, V., Larrea, C., Luna, E., 2022. Global Market Report. Cocoa prices and sustainability.

Bernstein, S., Cashore, B., 2007. Can non-state global governance be legitimate? An analytical framework.
Regul Gov 1, 347-371. https://doi.org/10.1111/J.1748-5991.2007.00021.X

Bjern, A., Hauschild, M.Z., 2015. Introducing carrying capacity-based normalisation in LCA: framework
and development of references at midpoint level. International Journal of Life Cycle Assessment 20,
1005-1018. https://doi.org/10.1007/511367-015-0899-2

147



References

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

148

Blaser, W.J., Oppong, J., Hart, S.P., Landolt, J., Yeboah, E., Six, J., 2018. Climate-smart sustainable
agriculture in low-to-intermediate shade agroforests. Nat Sustain 1, 234-239. https://doi.org/10.1038/
s41893-018-0062-8

Blaser, W.J., Oppong, J., Yeboah, E., Six, J., 2017. Shade trees have limited benefits for soil fertility in cocoa
agroforests. Agric Ecosyst Environ 243, 83-91. https://doi.org/10.1016/j.agee.2017.04.007

Blonk Consultants, 2021. LUC Impact tool. Gouda, Netherlands.

Blonk Consultants, 2019a. Agri-footprint 5.0 Part 2: Description of data. Blonk Consultants. https:/www.
agri-footprint.com/wp-content/uploads/2019/11/Agri-Footprint-5.0-Part-2-Description-of-data-17-7-
2019-for-web.pdf (accessed 7.9.21).

Blonk Consultants, 2019b. Agri-footprint 5.0 Part 1: Methodology and basic principles.

Bolwig, S., Ponte, S., Toit, A., Riisgaard, L., Halberg, N., 2010. Integrating Poverty and Environmental
Concerns into Value-Chain Analysis A Conceptual Framework - Bolwig - 2010 - Development Policy
Review - Wiley Online Library. Development Policy Review 28, 173-194. https://doi.org/10.1111/j.1467-
7679.2010.00480.x

Bonfiglioli, A., Crino, R., Gancia, G., 2021. Concentration in international markets: Evidence from US
imports. J Monet Econ 121, 19-39. https://doi.org/10.1016/j.jmoneco.2021.04.008

Borsato, E., Tarolli, P., Marinello, F., 2018. Sustainable patterns of main agricultural products combining
different footprint parameters. J Clean Prod 179, 357-367. https://doi.org/10.1016/j.jclepro.2018.01.044

Boshoven, J.,, Fleck, L.C., Miltner, S., Salafsky, N., Adams, J., Dahl-Jergensen, A., Fonseca, G., Nepsted,
D., Rabinovitch, K., Seymour, F., 2021. Jurisdictional sourcing: Leveraging commodity supply chains to
reduce tropical deforestation at scale. A generic theory of change for a conservation strategy, v 1.0.
Conserv Sci Pract 3, 1-16. https://doi.org/10.1111/csp2.383

Bostrom, M., Jonsson, A.M., Lockie, S., Mol, A.P.J., Oosterveer, P., 2015. Sustainable and responsible supply
chain governance: Challenges and opportunities, in: Journal of Cleaner Production. pp. 1-7. https://doi.
org/10.1016/j.jclepro.2014.11.050

Brooks, S.T., Jabour, J., Bergstrom, D.M., 2018. What is “footprint” in Antarctica: Proposing a set of
definitions. Antarct Sci 30, 227-235. https://doi.org/10.1017/50954102018000172

Brown, D.G., Verburg, P.H., Pontius, R.G., Lange, M.D., 2013. Opportunities to improve impact, integration,
and evaluation of land change models. Curr Opin Environ Sustain 5, 452-457. https://doi.org/10.1016/j.
cosust.2013.07.012

Bruckner, M., Fischer, G., Tramberend, S., Giljum, S., 2015. Measuring telecouplings in the global land
system: A review and comparative evaluation of land footprint accounting methods. Ecological
Economics 114, 11-21. https://doi.org/10.1016/j.ecolecon.2015.03.008

BSI, 2012. PAS 2050-1:2012. Assessment of life cycle greenhouse gas emissions from horticultural
products, British Standards Institution. British Standards Institution.

Buckley, K.J., Newton, P., Gibbs, H.K., McConnel, I., Ehrmann, J., 2019. Pursuing sustainability
through multi-stakeholder collaboration: A description of the governance, actions, and perceived
impacts of the roundtables for sustainable beef. World Dev 121, 203-217. https://doi.org/10.1016/J.
WORLDDEV.2018.07.019

Bulle, C., Margni, M., Patouillard, L., Boulay, A.-M., Bourgault, G., De Bruille, V., Cao, V., Hauschild, M.,
Henderson, A., Humbert, S., Kashef-Haghighi, S., Kounina, A., Laurent, A., Levasseur, A., Liard, G.,
Rosenbaum, R.K., Roy, P-O., Shaked, S., Fantke, P., Jolliet, O., 2019. IMPACT World+: a globally regionalized
life cycle impact assessment method. Int J Life Cycle Assess 24, 1653-1674. https://doi.org/10.1007/
s11367-019-01583-0



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

References

Bymolt, R., Laven, A,, Tyszler, M., 2018. Demystifying the cocoa sector in Ghana and Céte d’Ivoire. The
Royal Tropical Institute (KIT), Amsterdam.

Cargill, 2022. Locations | Cargill Cocoa and Chocolate. URL https://www.cargill.com/food-beverage/
cocoa-chocolate/locations (accessed 10.8.22).

Cargill, 2015. Cargill completes acquisition of ADM'’s global chocolate business, deepening service
offering to its customers | Cargill.

Carodenuto, S., 2019. Governance of zero deforestation cocoa in West Africa: New forms of public-private
interaction. Environmental Policy and Governance 29, 55-66. https://doi.org/10.1002/eet.1841

Carodenuto, S., Buluran, M., 2021. The effect of supply chain position on zero-deforestation
commitments: evidence from the cocoa industry. Journal of Environmental Policy and Planning 0, 1-16.
https://doi.org/10.1080/1523908X.2021.1910020

Carodenuto, S., Merger, E., Essomba, E., Panev, M., Pistorius, T., Amougou, J., 2015. A Methodological
Framework for Assessing Agents, Proximate Drivers and Underlying Causes of Deforestation: Field Test
Results from Southern Cameroon. Forests 2015, Vol. 6, Pages 203-224 6, 203-224. https://doi.org/10.3390/
F6010203

Castellani, V., Benini, L., Sala, S., Pant, R., 2016. A distance-to-target weighting method for Europe 2020.
International Journal of Life Cycle Assessment 21, 1159-1169. https://doi.org/10.1007/s11367-016-1079-8

Ceccarelli, V., Fremout, T., Zavaleta, D., Lastra, S., Iman Correa, S., Arévalo-Gardini, E., Rodriguez, C.A.,
Cruz Hilacondo, W., Thomas, E., 2021. Climate change impact on cultivated and wild cacao in Peru and
the search of climate change-tolerant genotypes. Divers Distrib 27, 1462-1476. https://doi.org/10.1111/
DDI.13294

Chaplin-Kramer, R., Sharp, R.P,, Mandle, L., Sim, S., Johnson, J., Butnar, I., Mila i Canals, L., Eichelberger,
B.A., Ramler, I., Mueller, C., McLachlan, N., Yousefi, A, King, H., Kareiva, P.M., 2015. Spatial patterns
of agricultural expansion determine impacts on biodiversity and carbon storage. Proceedings of the
National Academy of Sciences 112, 7402-7407. https://doi.org/10.1073/pnas.1406485112

Chaplin-Kramer, R., Sim, S., Hamel, P,, Bryant, B., Noe, R., Mueller, C., Rigarlsford, G., Kulak, M., Kowal, V.,
Sharp, R., Clavreul, J., Price, E., Polasky, S., Ruckelshaus, M., Daily, G., 2017. Life cycle assessment needs
predictive spatial modeling for biodiversity and ecosystem services. Nat Commun 8, 1-8. https://doi.
0rg/10.1038/ncomms15065

Chaudhary, A., Verones, F., De Baan, L., Hellweg, S., 2015. Quantifying Land Use Impacts on Biodiversity:
Combining Species-Area Models and Vulnerability Indicators. Environ Sci Technol 49, 9987-9995. https://
doi.org/10.1021/acs.est.5b02507

Chen, B., Kennedy, C.M., Xu, B., 2019. Effective moratoria on land acquisitions reduce tropical
deforestation: evidence from Indonesia. Environmental Research Letters 14, 044009. https://doi.
org/10.1088/1748-9326/ABO51E

Clapp, J., 2021. The problem with growing corporate concentration and power in the global food system.
Nat Food 2, 404-408. https://doi.org/10.1038/s43016-021-00297-7

Clapp, J., Noyes, I., & Grant, Z., 2021. The Food Systems Summit’s Failure to Address Corporate Power.
Development, 0123456789, 1-7. https://doi.org/10.1057/s41301-021-00303-2

Clift, R., Sim, S., King, H., Chenoweth, J.L., Christie, I., Clavreul, J., Mueller, C., Posthuma, L., Boulay, A.M.,
Chaplin-Kramer, R., Chatterton, J., DeClerck, F., Druckman, A., France, C., Franco, A., Gerten, D., Goedkoop,
M., Hauschild, M.Z., Huijbregts, M.A.J.,, Koellner, T., Lambin, E.F., Lee, J., Mair, S., Marshall, S., McLachlan,
M.S., Mila i Canals, L., Mitchell, C., Price, E., Rockstrom, J., Suckling, J., Murphy, R., 2017. The challenges
of applying planetary boundaries as a basis for strategic decision-making in companies with global
supply chains. Sustainability (Switzerland) 9, 1-23. https://doi.org/10.3390/su9020279

149



References

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

150

Coenen, J., Sonderegger, G., Newig, J., Meyfroidt, P., Challies, E., Bager, S. L., Busck-Lumholt, L. M.,
Corbera, E., Friis, C., Pedersen, A. F,, Laroche, P. C. S. J., Parra Paitan, C., Qin, S., Roux, N., Zaehringer, J.
G., 2023. Toward spatial fit in the governance of global commodity flows. Ecology and Society. https://
doi.org/10.5751/ES-14133-280224

Cole, L.E.S., Bhagwat, S.A., Willis, K.J., 2014. Recovery and resilience of tropical forests after disturbance.
Nature Communications 2014 5:1 5, 1-7. https://doi.org/10.1038/ncomms4906

Confectionery News, 2021a. Olam Cocoa launches Twenty Degrees business model to help farmers
market single origin beans.

Confectionery News, 2021b. Cargill expands its couverture chocolate line with rare signature cocoa.

Confectionery News, 2016. Mars La Chola buy a ‘turning point’ for Ecuador cocoa and CCN-51. https://
www.confectionerynews.com/Article/2016/04/27/Mars-La-Chola-buy-a-turning-point-for-Ecuador-
cocoa-and-CCN-51 (accessed 4.30.23).

Corré, W.J., 2002. Agricultural land use and emissions of CH4 and N20 in Europe. Wageningen.

Costa, M.P., Chadwick, D., Saget, S., Rees, R.M., Williams, M., Styles, D., 2020. Representing crop rotations
in life cycle assessment: a review of legume LCA studies. The International Journal of Life Cycle
Assessment 2020 25:10 25, 1942-1956. https://doi.org/10.1007/511367-020-01812-X

Coyle, R.G., 2000. Qualitative and Quantitative Modeling in System Dynamics: Some Research Questions.
Syst Dyn Rev 16, 225-244. https://doi.org/10.1002/1099-1727(200023)16:3<225::AID-SDR195>3.0.CO;2-D

Crawford, R.H., Bontinck, P.A., Stephan, A., Wiedmann, T., Yu, M., 2018. Hybrid life cycle inventory
methods - A review. J Clean Prod 172, 1273-1288. https://doi.org/10.1016/j.jclepro.2017.10.176

Crawley, M.J., 2013. The R Book, Second Edi. ed. John Wiley and Sons, Ltd, Silwood Park, UK.

Crenna, E., Marques, A., La Notte, A,, Sala, S., 2020. Biodiversity Assessment of Value Chains: State of the
Artand Emerging Challenges. Environ Sci Technol 54, 9715-9728. https://doi.org/10.1021/acs.est.9b05153

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F.N., Leip, A., 2021. Food systems
are responsible for a third of global anthropogenic GHG emissions. Nature Food 2021 2:3 2, 198-209.
https://doi.org/10.1038/543016-021-00225-9

Cucek, L., Klemes, J.J.,, Kravanja, Z., 2012. A review of footprint analysis tools for monitoring impacts on
sustainability. J Clean Prod 34, 9-20. https://doi.org/10.1016/j.jclepro.2012.02.036

Cucurachi, S., Scherer, L., Guinée, J., Tukker, A., 2019. Life Cycle Assessment of Food Systems. One Earth
1,292-297.

Cummins, S., Reilly, T.M., Carlson, L., Grove, S.J., Dorsch, M.J., 2014. Investigating the Portrayal and
Influence of Sustainability Claims in an Environmental Advertising Context. Journal of Macromarketing
34, 332-348. https://doi.org/10.1177/0276146713518944

Curran, M., Baan, L. De, Schryver, A.M. De, Zelm, R. Van, Hellweg, S., Koellner, T., Sonnemann, G.,
Huijbregts, M. a J., 2011. Toward meaningful endpoints of biodiversity in Life Cycle Assessment. Environ
Sci Technol 45, 70-79. https://doi.org/10.1021/es101444k

Curran, M.A., 2014. Strengths and Limitations of Life Cycle Assessment, in: LCA Compendium - The
Complete World of Life Cycle Assessment. Springer, Dordrecht, pp. 189-206. https://doi.org/10.1007/978-
94-017-8697-3_6

Curran, M.A., 2013. Life Cycle Assessment: A review of the methodology and its application to
sustainability. Curr Opin Chem Eng 2, 273-277. https://doi.org/10.1016/j.coche.2013.02.002



78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

References

Curtis, P.G,, Slay, C.M., Harris, N.L., Tyukavina, A., Hansen, M.C., 2018. Classifying drivers of global forest
loss. Science (1979) 361, 1108-1111. https://doi.org/10.1126/SCIENCE.AAU3445/SUPPL_FILE/AAU3445_
CURTIS_SM.PDF

Dallas, Mark P., Ponte, S., Sturgeon, T.J., 2019. Power in global value chains. Rev Int Polit Econ 26, 666-694.
https://doi.org/10.1080/09692290.2019.1608284

Dallas, Mark P, Ponte, S., Sturgeon, T.J., Dallas, M.P., Ponte, S., Power, T.J.S., 2019. Review of International
Political Economy Power in global value chains. Rev Int Polit Econ 26, 666-694. https://doi.org/10.108
0/09692290.2019.1608284

Daniels, S., Laderach, P., Paschall, M., 2012. Reaching High-Value Markets: fine flavor cocoa in Ghana.

Dauvergne, P,, Lister, J., 2012. Big brand sustainability: Governance prospects and environmental limits.
Global Environmental Change 22, 36-45. https://doi.org/10.1016/J.GLOENVCHA.2011.10.007

Dave, R., Saint-Laurent, C., Murray, L., Antunes Daldegan, G., Brouwer, R., de Mattos Scaramuzza, C.A.,
Raes, L., Simonit, S., Catapan, M., Garcia Contreras, G., Ndoli, A., Karangwa, C., Perera, N., Hingorani,
S., Pearson, T., 2019b. Second Bonn Challenge progress report. Application of the Barometer in 2018.
https://doi.org/10.2305/iucn.ch.2019.06.en

Davison, C. W., Rahbek, C., & Morueta-Holme, N., 2021. Land-use change and biodiversity: Challenges
for assembling evidence on the greatest threat to nature. Global Change Biology, 27, 5414-5429. https://
doi.org/10.1111/GCB.15846

De Baan, L., Mutel, C.L., Curran, M., Hellweg, S., Koellner, T., 2013. Land use in life cycle assessment: Global
characterization factors based on regional and global potential species extinction. Environ Sci Technol
47,9281-9290. https://doi.org/10.1021/es400592q

De Boer, D., Limpens, G., Rifin, A., & Kusnadi, N., 2019. Inclusive productive value chains, an overview of
Indonesia’s cocoa industry. Journal of Agribusiness in Developing and Emerging Economies, 9, 439-456.
https://doi.org/10.1108/JADEE-09-2018-0131/FULL/PDF

De Haes, U., Heijungs, R., Suh, S., Huppes, G., 2004. Three strategies to overcome the limitations of LCA.
JInd Ecol 8, 19-32.

De Marchi, V., Di Maria, E., Micelli, S., 2013. Environmental Strategies, Upgrading and Competitive
Advantage in Global Value Chains. Bus Strategy Environ. https://doi.org/10.1002/bse.1738

De Rosa, M., 2018. Land Use and Land-use Changes in Life Cycle Assessment: Green Modeling or Black
Boxing? Ecological Economics 144, 73-81. https://doi.org/10.1016/j.ecolecon.2017.07.017

De Rosa, M., Knudsen, M.T., Hermansen, J.E., 2016. A comparison of Land Use Change models: Challenges
and future developments. J Clean Prod 113, 183-193. https://doi.org/10.1016/j.jclepro.2015.11.097

Debonne, N., van Vliet, J., Heinimann, A., Verburg, P., 2018. Representing large-scale land acquisitions in
land use change scenarios for the Lao PDR. Reg Environ Change 18, 1857-1869. https://doi.org/10.1007/
s10113-018-1316-8

DefFries, R.S., Fanzo, J., Mondal, P, Remans, R., Wood, S.A., 2017. Is voluntary certification of tropical
agricultural commodities achieving sustainability goals for small-scale producers? A review of the
evidence. Environmental Research Letters 12, 33001. https://doi.org/10.1088/1748-9326/aa625e

Delbufalo, E., 2018. Agency Theory and Sustainability in the Global Supply Chain. SpringerBriefs in
Business. https://doi.org/10.1007/978-3-319-72793-6

Di Fulvio, F., Forsell, N., Korosuo, A., Obersteiner, M., Hellweg, S., 2019. Spatially explicit LCA analysis
of biodiversity losses due to different bioenergy policies in the European Union. Science of the Total
Environment 651, 1505-1516. https://doi.org/10.1016/j.scitotenv.2018.08.419

151



References

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

152

Di Lucia, L., Ahlgren, S., Ericsson, K., 2012. The dilemma of indirect land-use changes in EU biofuel policy
- An empirical study of policy-making in the context of scientific uncertainty. Environ Sci Policy 16, 9-19.
https://doi.org/10.1016/j.envsci.2011.11.004

Dietz, T., Grabs, J., 2021. Additionality and Implementation Gaps in Voluntary Sustainability Standards.
https://doi.org/10.1080/13563467.2021.1881473 27, 203-224 27, 203-224. https://doi.org/10.1080/1356
3467.2021.1881473

Dietzenbacher, E., Los, B., Stehrer, R., Timmer, M., de Vries, G., 2013. The Construction of World Input-
Output Tables in the WIOD Project. Economic Systems Research 25, 71-98. https://doi.org/10.1080/09
535314.2012.761180

Dijkman, T.J., Birkved, M., Hauschild, M.Z., 2012. PestLCl 2.0: A second generation model for estimating
emissions of pesticides from arable land in LCA. International Journal of Life Cycle Assessment 17, 973-
986. https://doi.org/10.1007/s11367-012-0439-2

Donovan, J., Blare, T., Poole, N., 2017. Stuck in a rut: emerging cocoa cooperatives in Peru and the factors
that influence their performance. Int J Agric Sustain 15, 169-184. https://doi.org/10.1080/14735903.20
17.1286831

Donovan, J., Stoian, D., Poole, N., 2008. Global Review of Rural Community Enterprises: The Long and
Winding Road to Creating Viable Businesses, and Potential Shortcuts, Serie técnica CATIE.

Dreyer, L., Hauschild, M., Schierbeck, J., 2006. A Framework for Social Life Cycle Impact Assessment. Int
J Life Cycle Assess 11, 88-97. https://doi.org/10.1065/1ca2005.08.223

Dullinger, I, Essl, F., Moser, D., Erb, K., Haberl, H., Dullinger, S., 2021. Biodiversity models need to represent
land-use intensity more comprehensively. Global Ecology and Biogeography 30, 924-932. https://doi.
org/10.1111/GEB.13289

Earles, J.M., Halog, A., 2011. Consequential life cycle assessment: A review. International Journal of Life
Cycle Assessment 16, 445-453. https://doi.org/10.1007/511367-011-0275-9

Erb, K.H., Krausmann, F., Lucht, W., Haberl, H., 2009. Embodied HANPP: Mapping the spatial disconnect
between global biomass production and consumption. Ecological Economics 69, 328-334. https://doi.
org/10.1016/j.ecolecon.2009.06.025

Erb, K.-H., Luyssaert, S., Meyfroidt, P, Pongratz, J., Don, A, Kloster, S., Kuemmerle, T., Fetzel, T., Fuchs,
R., Herold, M., Haberl, H., Jones, C.D., Marin-Spiotta, E., McCallum, I., Robertson, E., Seufert, V., Fritz,
S., Valade, A., Wiltshire, A., Dolman, A.J.,, 2017. Land management: data availability and process
understanding for global change studies. Glob Chang Biol 23, 512-533. https://doi.org/10.1111/gcb.13443

Ercan, T., Onat, N.C., Tatari, O., 2016. Investigating carbon footprint reduction potential of public
transportation in United States: A system dynamics approach. J Clean Prod 133, 1260-1276. https://doi.
org/10.1016/j.jclepro.2016.06.051

Ercin, E., Veldkamp, T.I.E., Hunink, J., 2021. Cross-border climate vulnerabilities of the European Union
to drought. Nature Communications 2021 12:1 12, 1-10. https://doi.org/10.1038/s41467-021-23584-0

European Commission., 2021. Guidance on Due Diligence for Eu Businesses To Address the Risk of Forced
Labour in Their Operations and Supply Chains. https://www.google.com/url?sa=t&rct=j&q=8&esrc=s&s
ource=web&cd=&ved=2ahUKEwjO3NSJ1d-AAxU6i_OHHb9XB-4QFnoECCYQAQ&url=https%3A%2F%2
Fcircabc.europa.eu%2Frest%2Fdownload%2Fde3d9ab5-dcal-4037-aeb8-8704a379c67b&usg=A0vVaw
3N4EBumtlVr-sqfRr3zd13&opi=89978449

European Commission, 2021. Proposal for a Regulation of The European Parliament and of The Council
on the making available on the Union market as well as export from the Union of certain commodities
and products associated with deforestation and forest degradation and repealing Reg. https://doi.
0rg/10.4324/9781849776110-28



110.

111,

112.
113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

References

European Commission, 2022. Just and sustainable economy: Commission lays down rules for companies
to respect human rights and environment in global value chains. https://ec.europa.eu/commission/
presscorner/detail/en/ip_22_1145 (accessed 4.28.23).

Ewing, B.R., Hawkins, T.R., Wiedmann, T.O., Galli, A., Ercin, A.E., Weinzettel, J., Steen-Olsen, K., 2012.
Integrating ecological and water footprint accounting in a multi-regional input-output framework.
Ecol Indic 23, 1-8. https://doi.org/10.1016/j.ecolind.2012.02.025

FAO, 2014. Global Forest Resources Assessment 2015. Country Report Ghana.

FAO, BASIC, 2020. Comparative study on the distribution of value in European chocolate chains, Research
report. Paris.

FAOSTAT, 2020. FAOSTAT. Food and Agriculture Organization of the United Nations FAOSTAT database.
URL http://www.fao.org/faostat/ (accessed 10.13.20).

Fasse, A.C., Grote, U., Winter, E., 2011. Recent developments in applying environmental value chain
analysis. Environmental Economics 2, 74-86.

Fasse, A.C., Grote, U., Winter, E., 2009. Value chain analysis: Methodologies in context of environment
and trade research. Hannover Economic Papers. Hannover, Germany: Leibniz Universitat 408A-10A.
https://doi.org/10.1021/es983675z

Fearne, A., Garcia Martinez, M., Dent, B., 2012. Dimensions of sustainable value chains: Implications
for value chain analysis. Supply Chain Management: An International Journal 17, 575-581. https://doi.
0rg/10.1108/13598541211269193

Ferng, J.J., 2003. Allocating the responsibility of CO2over-emissions from the perspectives of benefit
principle and ecological deficit. Ecological Economics 46, 121-141. https://doi.org/10.1016/50921-
8009(03)00104-6

Fiala, N., 2008. Measuring sustainability: Why the ecological footprint is bad economics and bad
environmental science. Ecological Economics 67, 519-525. https://doi.org/10.1016/j.ecolecon.2008.07.023

Filatova, T., Polhill, J.G., van Ewijk, S., 2016. Regime shifts in coupled socio-environmental systems:
Review of modeling challenges and approaches. Environmental Modeling and Software 75, 333-347.
https://doi.org/10.1016/j.envsoft.2015.04.003

Filatova, T., Verburg, P.H., Parker, D.C., Stannard, C.A., 2013. Spatial agent-based models for socio-
ecological systems: Challenges and prospects. Environmental Modeling and Software 45, 1-7. https://
doi.org/10.1016/j.envsoft.2013.03.017

Finer, B.M., Novoa, S., Weisse, M.J., Petersen, R., Mascaro, J.,, Souto, T., Stearns, F., Martinez, R.G., 2018.
Combating deforestation: From satellite to intervention. Science (1979) 360, 1303-1305. https://doi.
org/10.1126/SCIENCE.AAT1203/SUPPL_FILE/AAT1203_TABLES1.XLSX

Finkbeiner, M., 2014. Indirect land use change - Help beyond the hype? Biomass Bioenergy 62, 218-221.
https://doi.org/10.1016/j.biombioe.2014.01.024

Finkbeiner, M., Ackermann, R., Bach, V., Berger, M., Brankatschk, G., Chang, Y.-J., Grinberg, M.,
Lehmann, A., Martinez-Blanco, J., Minkov, N., Neugebauer, S., Scheumann, R., Schneider, L., Wolf, K.,
2014. Challenges in Life Cycle Assessment: An Overview of Current Gaps and Research Needs, in: LCA
Compendium - The Complete World of Life Cycle Assessment. Springer, Dordrecht, pp. 207-258. https://
doi.org/10.1007/978-94-017-8697-3_7

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Coe, M.T,, Daily, G.C.,
Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice,
I.C., Ramankutty, N., Snyder, P.K., 2005. Global consequences of land use. Science (1979) 309, 570-574.
https://doi.org/10.1126/science.1111772

153



References

126.

127.
128.
129.

130.

131.
132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

154

Folke, C., Osterblom, H., Jouffray, J.B., Lambin, E.F.,, Adger, W.N., Scheffer, M., Crona, B.I., Nystrém, M.,
Levin, S.A., Carpenter, S.R., Anderies, J.M., Chapin, S., Crépin, A.S., Dauriach, A., Galaz, V., Gordon, L.J.,
Kautsky, N., Walker, B.H., Watson, J.R., Wilen, J., de Zeeuw, A., 2019. Transnational corporations and the
challenge of biosphere stewardship. Nat Ecol Evol 3, 1396-1403. https://doi.org/10.1038/541559-019-
0978-z

Forestry Commission, 2017. Emission Reductions Programme Document (ER-PD).
Forestry Commission, 2016. Ghana Forest Plantation Strategy: 2016 - 2040.

Forestry Commission, National REDD+ Secretariat Forestry Commission, 2017. Ghana'’s National Forest
Reference Level.

Fortune Business Insights, 2019. Cocoa and Chocolate Market Size, Trends, Share and COVID Impact
Analysis. Market Research Report. https://www.fortunebusinessinsights.com/industry-reports/cocoa-
and-chocolate-market-100075 (accessed 10.13.21).

Fountain, A.C., Huetz-Adames, F., 2020. Cocoa Barometer 2020.

Fountain, A.C., Hitz-Adams, F., 2017. Raising Farm Gate Prices. Approaches to Ensure a Living Income
for Smallholder Cocoa Farmers. Cocoa Barometer Consultation Paper 1-4.

Frankl, P, Rubik, F., 2000. Life Cycle Assessment in Industry and Business. Springer Berlin Heidelberg,
Berlin.

Franzen, A., Mader, S., 2018. Consumption-based versus production-based accounting of CO2emissions:
Is there evidence for carbon leakage? Environ Sci Policy 84, 34-40. https://doi.org/10.1016/].
envsci.2018.02.009

Friis, C., Nielsen, J.@.,2017. On the system. Boundary choices, implications, and solutions in telecoupling
land use change research. Sustainability (Switzerland) 9, 1-20. https://doi.org/10.3390/su9060974

Furumo, P.R., Lambin, E.F., 2021. Policy sequencing to reduce tropical deforestation. Global Sustainability
4, e24. https://doi.org/10.1017/SUS.2021.21

Galli, A, Wiedmann, T., Ercin, E., Knoblauch, D., Ewing, B., Giljum, S., 2012. Integrating Ecological, Carbon
and Water footprint into a “footprint family” of indicators: Definition and role in tracking human pressure
on the planet. Ecol Indic 16, 100-112. https://doi.org/10.1016/j.ecolind.2011.06.017

Garcia-Caceres, R. G., Perdomo, A., Ortiz, O., Beltran, P., & Lopez, K., 2014. Characterization of the supply
and value chains of Colombian cocoa. DYNA, 81, 30-40. https://doi.org/10.15446/DYNA.V81N186.39555

Gardner, T.A., Benzie, M., Borner, J., Dawkins, E., Fick, S., Garrett, R., Godar, J., Grimard, A., Lake, S.,
Larsen, R.K., Mardas, N., McDermott, C.L., Meyfroidt, P., Osbeck, M., Persson, M., Sembres, T., Suavet,
C., Strassburg, B., Trevisan, A., West, C., Wolvekamp, P., 2018. Transparency and sustainability in global
commodity supply chains. World Dev 121, 163-177. https://doi.org/10.1016/j.worlddev.2018.05.025

Garrett, R. D., Carlson, K. M., Rueda, X., & Noojipady, P., 2016. Assessing the potential additionality of
certification by the Round table on Responsible Soybeans and the Roundtable on Sustainable Palm Oil.
Environmental Research Letters, 11, 1-15. https://doi.org/10.1088/1748-9326/11/4/045003

Garrett, R.D., Lambin, E.F., Naylor, R.L., 2013. Land institutions and supply chain configurations as
determinants of soybean planted area and yields in Brazil. Land use policy 31, 385-396. https://doi.
org/10.1016/j.landusepol.2012.08.002

Garrett, R.D., Levy, S., Carlson, K.M., Gardner, T.A., Godar, J., Clapp, J., Dauvergne, P., Heilmayr, R.,
le Polain de Waroux, Y., Ayre, B., Barr, R, Davre, B., Gibbs, H.K., Hall, S., Lake, S., Milder, J.C., Rausch,
L.L., Rivero, R., Rueda, X., Sarsfield, R., Soares-Filho, B., Villoria, N., 2019. Criteria for effective zero-
deforestation commitments. Global Environmental Change 54, 135-147. https://doi.org/10.1016/j.
gloenvcha.2018.11.003



143.

144.

145.

146.

147.

148.

149.
150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

References

Garrett, R.D., Levy, S.A., Gollnow, F., Hodel, L., Rueda, X., 2021. Have food supply chain policies improved
forest conservation and rural livelihoods? A systematic review. Environmental Research Letters 16,
033002. https://doi.org/10.1088/1748-9326/ABEOED

Gateau-Rey, L., Tanner, EV.J., Rapidel, B., Marelli, J.P., Royaert, S., 2018. Climate change could threaten
cocoa production: Effects of 2015-16 El Niflo-related drought on cocoa agroforests in Bahia, Brazil. PLoS
One 13. https://doi.org/10.1371/JOURNAL.PONE.0200454

Gereffi, G., 2018. Global Value Chains and Development, Global Value Chains and Development.
Cambridge University Press. https://doi.org/10.1017/9781108559423

Gereffi, G, Humphrey, J., Sturgeon, T., 2006. The governance of global value chains. https://doi-org.vu-nl.
idm.oclc.org/10.1080/09692290500049805 12, 78-104. https://doi.org/10.1080/09692290500049805

Gereffi, G., Lee, J.,, 2012. Why the World Suddenly Cares About Global Supply Chains. Journal of Supply
Chain Management 48, 24-32. https://doi.org/10.1111/j.1745-493X.2012.03271.x

Geyer, R, Lindner, J.P,, Stoms, D.M., Davis, FW., Wittstock, B., 2010a. Coupling GIS and LCA for biodiversity
assessments of land use. International Journal of Life Cycle Assessment 15, 692-703. https://doi.
0rg/10.1007/511367-010-0199-9

Ghana Statistical Service, 2019. CountrySTAT Ghana. http://ghana.countrystat.org/ (accessed 10.13.19).

Godar, J., Suavet, C., Gardner, T.A., Dawkins, E., Meyfroidt, P, 2016. Balancing detail and scale in assessing
transparency to improve the governance of agricultural commodity supply chains. Environmental
Research Letters 11, 35015. https://doi.org/10.1088/1748-9326/11/3/035015

Goldman, E., Weisse, M.J., Harris, N., Schneider, M., 2020. Estimating the Role of Seven Commodities in
Agriculture-Linked Deforestation: Oil Palm, Soy, Cattle, Wood Fiber, Cocoa, Coffee, and Rubber. Technical
Note., World Resources Institute. Washington, DC. https://doi.org/10.46830/writn.na.00001

Gollnow, F., Cammelli, F.,, Carlson, K.M., Garrett, R.D., 2022. Gaps in adoption and implementation limit
the current and potential effectiveness of zero-deforestation supply chain policies for soy. Environmental
Research Letters 17, 114003. https://doi.org/10.1088/1748-9326/AC97F6

Grabs, J., Cammelli, F.,, Levy, S.A., Garrett, R.D., 2021. Designing effective and equitable zero-
deforestation supply chain policies. Global Environmental Change 70, 102357. https://doi.org/10.1016/J.
GLOENVCHA.2021.102357

Grabs, J., Carodenuto, S.L., 2021. Traders as sustainability governance actors in global food supply chains:
A research agenda. Bus Strategy Environ 30, 1314-1332. https://doi.org/10.1002/bse.2686

Greenpeace, 2021. Destruction: Certified - Greenpeace International. https://www.greenpeace.org/
international/publication/46812/destruction-certified/ (accessed 10.11.22).

Groeneveld, J., Mller, B., Buchmann, C.M., Dressler, G., Guo, C., Hase, N., Hoffmann, F., John, F., Klassert,
C., Lauf, T., Liebelt, V., Nolzen, H., Pannicke, N., Schulze, J., Weise, H., Schwarz, N., 2017a. Theoretical
foundations of human decision-making in agent-based land use models — A review. Environmental
Modeling and Software 87, 39-48. https://doi.org/10.1016/j.envsoft.2016.10.008

Guinée, J., Heijungs, R., Huppes, G., Zamagni, A., Masoni, P., Buonamici, R., Ekvall, T., Rydberg, T., 2011.
Life Cycle Assessment: Past , 45, 90-96. https://doi.org/DOI:10.1021/es101316v

Guinée, J.B., 2016. Life Cycle Sustainability Assessment: What Is It and What Are Its Challenges?, in: Clift,
R., Druckman, A. (Eds.), Taking Stock of Industrial Ecology. pp. 1-362. https://doi.org/10.1007/978-3-
319-20571-7

Guzméan, J.H., Chire Fajardo, G.C., 2019. Evaluacién de la cadena de valor del cacao (Theobroma cacao
|.) peruano. Enfoque UTE 10, 97-116. https://doi.org/10.29019/enfoqueute.v10n1.339

155



References

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

156

Ha, L.T.,, & Huyen, N.T.T., 2022. Global value chains and shadow economy: A multi-dimensional analysis.
Https://Doi-Org.vu-NI.Idm.Oclc.0rg/10.1080/09638199.2022.2064902, 31, 1173-1198. https://doi.org/10
.1080/09638199.2022.2064902

Haas, G., Wetterich, F., Geier, U., 2000. Life cycle assessment framework in agriculture on the farm level.
International Journal of Life Cycle Assessment 5, 345-348. https://doi.org/10.1007/BF02978669

Haberl, H., Erb, K.H., Krausmann, F., Berecz, S., Ludwiczek, N., Martinez-Alier, J., Musel, A., Schaffartzik,
A., 2009. Using embodied HANPP to analyze teleconnections in the global land system: Conceptual
considerations. Geografisk Tidsskrift 109, 119-130. https://doi.org/10.1080/00167223.2009.10649602

Hamant, O., 2020. Plant scientists can’t ignore Jevons paradox anymore. Nature Plants 2020 6:7, 6, 720-
722. https://doi.org/10.1038/s41477-020-0722-3

Hansen, M.C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S.A., Tyukavina, A., Thau, D., Stehman,
S. V., Goetz, S.J., Loveland, T.R., Kommareddy, A., Egorov, A., Chini, L., Justice, C.O., Townshend, J.R.G.,
2013. High-resolution global maps of 21st-century forest cover change. Science (1979) 342, 850-853.
https://doi.org/10.1126/science.1244693

Happe, K., Hutchings, N.J.,, Dalgaard, T., Kellerman, K., 2011. Modeling the interactions between regional
farming structure, nitrogen losses and environmental regulation. Agric Syst 104, 281-291. https://doi.
org/10.1016/J.AGSY.2010.09.008

Hare, M., Deadman, P., 2004. Further towards a taxonomy of agent-based simulation models
in environmental management. Math Comput Simul 64, 25-40. https://doi.org/10.1016/50378-
4754(03)00118-6

Hauschild, M.Z., Goedkoop, M., Guinée, J., Heijungs, R., Huijbregts, M., Jolliet, O., Margni, M., De Schryver,
A., Humbert, S., Laurent, A,, Sala, S., Pant, R., 2013. Identifying best existing practice for characterization
modeling in life cycle impact assessment. International Journal of Life Cycle Assessment 18, 683-697.
https://doi.org/10.1007/511367-012-0489-5

Havlik, P., Valin, H., Herrero, M., Obersteiner, M., Schmid, E., Rufino, M.C., Mosnier, A., Thornton, P.K.,
Bottcher, H., Conant, R.T,, Frank, S., Fritz, S., Fuss, S., Kraxner, F., Notenbaert, A., 2014. Climate change
mitigation through livestock system transitions. Proceedings of the National Academy of Sciences 111,
3709-3714. https://doi.org/10.1073/pnas.1308044111

Hawkins, T., Hendrickson, C., Higgins, C., Matthews, H.S., Suh, S., 2007. A mixed-unit input-output model
for environmental life-cycle assessment and material flow analysis. Environ Sci Technol 41, 1024-1031.
https://doi.org/10.1021/es060871u

Heck, V., Gerten, D., Lucht, W., Popp, A., 2018. Biomass-based negative emissions difficult to reconcile
with planetary boundaries. Nat Clim Chang 8, 151-155. https://doi.org/10.1038/541558-017-0064-y

Heilmayr, R., Lambin, E.F., 2016. Impacts of nonstate, market-driven governance on Chilean forests.
Proc Natl Acad Sci U S A 113, 2910-2915. https://doi.org/10.1073/PNAS.1600394113/SUPPL_FILE/
PNAS.201600394SI.PDF

Heilmayr, R., Rausch, L.L., Munger, J., Gibbs, H.K., 2020. Brazil’'s Amazon Soy Moratorium reduced
deforestation. Nature Food 2020 1:12 1, 801-810. https://doi.org/10.1038/s43016-020-00194-5

Hellweg, S., Canals, L.M.l., 2014. Emerging approaches, challenges and opportunities in life cycle
assessment. Science (1979) 344, 1109-1113. https://doi.org/10.1126/science.1248361

Hellweg, S., Frischknecht, R., 2004. Evaluation of Long-Term Impacts in LCA. Int J Life Cycle Assess 9,
339-341. https://doi.org/10.1007/BF02979427

Henders, S., Ostwald, M., 2014. Accounting methods for international land-related leakage and distant
deforestation drivers. Ecological Economics 99, 21-28. https://doi.org/10.1016/j.ecolecon.2014.01.005



176.

177.

178.

179.
180.

181.

182.

183.

184.
185.

186.
187.

188.

189.

190.

191.

192.

193.

194.

References

Hertwich, E.G., Peters, G.P., 2009. Carbon Footprint of Nations: A Global, Trade-Linked Analysis. Environ
Sci Technol 43, 6414-6420. https://doi.org/10.1021/es803496a

Herva, M., Franco, A., Carrasco, E.F., Roca, E., 2011. Review of corporate environmental indicators. J Clean
Prod 19, 1687-1699. https://doi.org/10.1016/j.jclepro.2011.05.019

Hoekstra, A.Y., Wiedmann, T.O., 2014. Humanity's unsustainable environmental footprint. Science (1979)
344, 1114 LP - 1117.

Hofmeister, N., Campos, A., Gil, A., 2022. Forest turned into animal feed. Sdo Paulo.

Hovenden, M., & Newton, P., 2018. Plant responses to CO2 are a question of time. Science, 360, 263-264.
https://doi.org/10.1126/SCIENCE.AAT2481

Huang, Y., & Zhang, Y., 2023. Digitalization, positioning in global value chain and carbon emissions
embodied in exports: Evidence from global manufacturing production-based emissions. Ecological
Economics, 205, 107674. https://doi.org/10.1016/J.ECOLECON.2022.107674

Hutchins, M.J., Sutherland, J.W., 2008. An exploration of measures of social sustainability and
their application to supply chain decisions. J Clean Prod 16, 1688-1698. https://doi.org/10.1016/j.
jclepro.2008.06.001

Ibanez-Forés, V., Pacheco-Blanco, B., Capuz-Rizo, S.F., Bovea, M.D., 2016. Environmental Product
Declarations: Exploring their evolution and the factors affecting their demand in Europe. J Clean Prod
116, 157-169. https://doi.org/10.1016/j.jclepro.2015.12.078

ICCO, 2021. ICCO Quaterly Bulletin of Cocoa Statistics, Vol. XLVII, No. 1, Cocoa year 2020/21.

ICCO, 2020. Revision of Annex “C” of the International Cocoa Agreement (ICA), 2010-34th Special Session
of the International Cocoa Council.

ICI, 2021. International Cocoa Initiative. https://cocoainitiative.org/ (accessed 5.26.21).

IFPRI, 2019. Global Spatially-Disaggregated Crop Production Statistics Data for 2010 Version 2.0. Harvard
Dataverse, V4. https://doi.org/https://doi.org/10.7910/DVN/PRFF8V

IFPRI, 2017. Extended results from the International Model for Policy Analysis of Agricultural Commaodities
and Trade (IMPACT version 3.2.1). Harvard Dataverse, V1., Country Level Data. https://doi.org/doi:10.7910/
DVN/XEZXT4

Ilgawa, T.K., de Toledo, P.M., Anjos, L.J.S., 2022. Climate change could reduce and spatially reconfigure
cocoa cultivation in the Brazilian Amazon by 2050. PLoS One 17, e0262729. https://doi.org/10.1371/
JOURNAL.PONE.0262729

Igos, E., Rugani, B., Rege, S., Benetto, E., Drouet, L., Zachary, D.S., 2015. Combination of equilibrium
models and hybrid life cycle-input-output analysis to predict the environmental impacts of energy
policy scenarios. Appl Energy 145, 234-245. https://doi.org/10.1016/j.apenergy.2015.02.007

IIASA, 2020. SSP Database (Shared Socioeconomic Pathways)-Version 2.0. https://tntcat.iiasa.ac.at/
SspDb/dsd?Action=htmlpageandpage=10 (accessed 9.15.20).

Ingram, V., van den Berg, J., van Oorschot, M., Arets, E., Judge, L., 2018a. Governance Options to Enhance
Ecosystem Services in Cocoa, Soy, Tropical Timber and Palm Qil Value Chains. Environ Manage 62, 128-
142. https://doi.org/10.1007/s00267-018-0996-7

Ingram, V., van Rijn, F., Waarts, Y., Dekkers, M., de Vos, B., Koster, T., R., T., A., G., 2017. Towards sustainable
cocoa in Céte d’lvoire. The impacts and contribution of UTZ certification combined with services
provided by companies. Wageningen.

Ingram, V., van Rijn, F., Waarts, Y., Gilhuis, H., 2018b. The impacts of cocoa sustainability initiatives in
West Africa. Sustainability (Switzerland) 10, 1-20. https://doi.org/10.3390/su10114249

157



References

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

158

Inomata, S., Owen, A., 2014. Comparative Evaluation of MRIO Databases. Economic Systems Research
26, 239-244. https://doi.org/10.1080/09535314.2014.940856

IPCC, 2019a. Climate Change and Land: an IPCC special report on climate change, desertification, land
degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial
ecosystems.

IPCC, 2019b. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

Irwin, E.G., Geoghegan, J., 2001. Theory, data, methods: developing spatially explicit economic models
of land use change. Agric Ecosyst Environ 85, 7-24. https://doi.org/10.1016/50167-8809(01)00200-6

Isaac, M.E., Timmer, V.R., Quashie-Sam, S.J., 2007. Shade tree effects in an 8-year-old cocoa agroforestry
system: Biomass and nutrient diagnosis of Theobroma cacao by vector analysis. Nutr Cycl Agroecosyst
78, 155-165. https://doi.org/10.1007/s10705-006-9081-3

I1SO 14044, 2006. Environmental Management. Life cycle assessment. Requirements and guidelines,
First edit. ed. Geneva.

IUCN, n.d. Guidelines for Forest Restoration in Ghana. Accra.

Jacobi, J., Andres, C., Schneider, M., Pillco, M., Calizaya, P., Rist, S., 2014. Carbon stocks, tree diversity, and
the role of organic certification in different cocoa production systems in Alto Beni, Bolivia. Agroforestry
Systems 88, 1117-1132. https://doi.org/10.1007/s10457-013-9643-8

Jin, W., Xu, L., Yang, Z., 2009. Modeling a policy making framework for urban sustainability: Incorporating
system dynamics into the Ecological Footprint. Ecological Economics 68, 2938-2949. https://doi.
0rg/10.1016/J.ECOLECON.2009.06.010

Jolliet, O., Anton, A., Boulay, A.-M.M., Cherubini, F., Fantke, P., Levasseur, A., McKone, T.E., Michelsen, O.,
Mila i Canals, L., Motoshita, M., Pfister, S., Verones, F.,, Vigon, B., Frischknecht, R., 2018. Global guidance
on environmental life cycle impact assessment indicators: impacts of climate change, fine particulate
matter formation, water consumption and land use. International Journal of Life Cycle Assessment 23,
2189-2207. https://doi.org/10.1007/511367-018-1443-y

JRC-IES, 2010. International Reference Life Cycle Data System (ILCD) Handbook - General guide for Life
Cycle Assessment - Detailed guidance, International Reference Life Cycle Data System (ILCD) Handbook.
Luxembourg. https://doi.org/10.2788/38479

Judson, O.P.,, 1994. The rise of the individual-based model in ecology. Trends Ecol Evol 9, 9-14. https://
doi.org/10.1016/0169-5347(94)90225-9

Kalischek, N., Lang, N., Renier, C., Daudt, R.C., Addoah, T., Thompson, W., Blaser-Hart, W.J., Garrett, R.,
Schindler, K., Wegner, J.D., 2022. Satellite-based high-resolution maps of cocoa for Coéte d’Ivoire and
Ghana.

Kan, S., Chen, B,, Persson, U.M., Chen, G., Wang, Y., Li, J., Meng, J., Zheng, H., Yang, L., Li, R., Du, M., Kastner,
T., 2023. Risk of intact forest landscape loss goes beyond global agricultural supply chains. One Earth
6, 55-65. https://doi.org/10.1016/J.ONEEAR.2022.12.006

Kano, L., Tsang, EW.K., Yeung, H.W. chung, 2020. Global value chains: A review of the multi-disciplinary
literature. J Int Bus Stud 51, 577-622. https://doi.org/10.1057/S41267-020-00304-2/TABLES/3

Kaplinsky, R., Morris, M., 2000. A handbook for value chain research, Institute for Development Studies.
Brighton, UK. https://doi.org/10.1057/9781137373755.0007

Kastner, T., Kastner, M., Nonhebel, S., 2011. Tracing distant environmental impacts of agricultural
products from a consumer perspective. Ecological Economics 70, 1032-1040. https://doi.org/10.1016/j.
ecolecon.2011.01.012



212.

213.

214.

215.

216.

217.

218.
219.

220.

221.

222,
223,

224,

225,

226.

227.

References

Kennelly, C., Berners-Lee, M., Hewitt, C.N., 2019. Hybrid life-cycle assessment for robust, best-practice
carbon accounting. J Clean Prod 208, 35-43. https://doi.org/10.1016/j.jclepro.2018.09.231

Kitzes, J., 2013. An Introduction to Environmentally-Extended Input-Output Analysis. Resources 2,
489-503. https://doi.org/10.3390/resources2040489

Kleppel, G.S., 2020. Do Differences in Livestock Management Practices Influence Environmental Impacts?
Front Sustain Food Syst 0, 141. https://doi.org/10.3389/FSUFS.2020.00141

Kloverpris, J., Wenzel, H., Nielsen, P.H., 2008. Life cycle inventory modeling of land use induced by crop
consumption - Part 1: Conceptual analysis and methodological proposal. International Journal of Life
Cycle Assessment 13, 13-21. https://doi.org/10.1065/1ca2007.10.364

Klgverpris, J.H., Scheel, C.N., Schmidt, J., Grant, B., Smith, W., Bentham, M.J., 2020. Assessing life cycle
impacts from changes in agricultural practices of crop production Methodological description and case
study of microbial phosphate inoculant. International Journal of Life Cycle Assessment 25, 1991-2007.
https://doi.org/10.1007/s11367-020-01767-z

Knudsen, M.T.M.T., Dorca-Preda, T., Djomo, S.N.S.N., Pefa, N., Padel, S., Smith, L.G., Zollitsch, W.,
Hortenhuber, S., Hermansen, J.E., 2020. The importance of including soil carbon changes, ecotoxicity
and biodiversity impacts in environmental life cycle assessment of organic and conventional milk in
Western Europe. J Clean Prod 215, 433-443. https://doi.org/10.1016/j.jclepro.2018.12.273

Koch, P., Salou, T., 2014. AGRIBALYSE: Methodology, Version 1.1 384.

Koellner, T., Scholz, R.W., 2008. Assessment of land use impacts on the natural environment. Part 2:
generic characterization factors for local species diversity in Central Europe. Int J Life Cycle Assess 13,
32-48. https://doi.org/10.1065/1ca2006.12.292.2

Koellner, T., Scholz, R.W., 2007. Assessment of land use impacts on the natural environment. Part 1: an
analytical framework for pure land occupation and land use change. Int J Life Cycle Assess 12, 16-23.
https://doi.org/10.1065/1ca2006.12.292.1

Kongsager, R., Napier, J., Mertz, O., 2013. The carbon sequestration potential of tree crop plantations.
Mitig Adapt Strateg Glob Chang 18, 1197-1213. https://doi.org/10.1007/s11027-012-9417-z

KPMG, 2014. A taste of the future.

Krausmann, F., Erb, K.-H., Gingrich, S., Haberl, H., Bondeau, A., Gaube, V., Lauk, C., Plutzar, C,,
Searchinger, T.D., 2013. Global human appropriation of net primary production doubled in the 20th
century. Proceedings of the National Academy of Sciences 110, 10324-10329. https://doi.org/10.1073/
pnas.1211349110

Krauss, J.E., Barrientos, S., 2021. Fairtrade and beyond: Shifting dynamics in cocoa sustainability
production networks. Geoforum 120, 186-197. https://doi.org/10.1016/j.geoforum.2021.02.002

Kummu, M., Kinnunen, P., Lehikoinen, E., Porkka, M., Queiroz, C., R60s, E., Troell, M., Weil, C., 2020.
Interplay of trade and food system resilience: Gains on supply diversity over time at the cost of trade
independency. Glob Food Sec 24, 100360. https://doi.org/10.1016/J.GFS.2020.100360

Laderach, P, Martinez-Valle, A., Schroth, G., Castro, N., 2013. Predicting the future climatic suitability
for cocoa farming of the world’s leading producer countries, Ghana and Céte d’Ivoire. Clim Change 119,
841-854. https://doi.org/10.1007/S10584-013-0774-8

Lahive, F., Hadley, P, Daymond, A.J., 2018. The physiological responses of cacao to the environment and
the implications for climate change resilience. A review. Agronomy for Sustainable Development 2018
39:1 39, 1-22. https://doi.org/10.1007/513593-018-0552-0

159



References

228.

229,

230.

231.

232,

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

160

Lambin, E.F., Gibbs, H.K., Heilmayr, R., Carlson, K.M., Fleck, L.C., Garrett, R.D., Le Polain De Warou, Y.,
McDermott, C.L., McLaughlin, D., Newton, P., Nolte, C., Pacheco, P., Rausch, L.L., Streck, C., Thorlakson,
T., Walker, N.F., 2018. The role of supply-chain initiatives in reducing deforestation. Nat Clim Chang 8,
109-116. https://doi.org/10.1038/541558-017-0061-1

Lambin, E.F., Meyfroidt, P., 2010. Land use transitions: Socio-ecological feedback versus socio-economic
change. Land use policy 27, 108-118. https://doi.org/10.1016/j.landusepol.2009.09.003

Lambin, E. F.,, & Thorlakson, T., 2018. Sustainability standards: Interactions between private actors, civil
society, and governments. Annual Review of Environment and Resources, 43, 369-393. https://doi.
org/10.1146/annurev-environ-102017-025931

Lambin, E.F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Folke, C., Bruce, J.W., Coomes, O.T.,
Dirzo, R., George, P.S., Homewood, K., Imbernon, J., Leemans, R, Li, X., Moran, E.F., Mortimore, M.,
Ramakrishnan, P.S., Richards, J.F., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C., Xu, J.,
2001. The causes of land-use and land-cover change : moving beyond the myths. Global Environmental
Change 11, 261-269. https://doi.org/10.1016/50959-3780(01)00007-3

Lancker, E., Nijkamp, P., 2000. A policy scenario analysis of sustainable agricultural development
options: A case study for Nepal. Impact Assessment and Project Appraisal 18, 111-124. https://doi.
org/10.3152/147154600781767493

Lapola, D.M., Schaldach, R., Alcamo, J., Bondeau, A., Koch, J., Koelking, C., Priess, J.A., 2010. Indirect
land-use changes can overcome carbon savings from biofuels in Brazil. Proceedings of the National
Academy of Sciences 107, 3388-3393. https://doi.org/10.1073/PNAS.0907318107

Lebaron, G., Gore, E., Gore, E., 2019. Gender and Forced Labour: Understanding the Links in Global Cocoa
Supply Chains Gender and Forced Labour: Understanding the Links in Global Cocoa Supply Chains. J
Dev Stud 0, 1-23. https://doi.org/10.1080/00220388.2019.1657570

LeBaron, G., Lister, J., 2021. The hidden costs of global supply chain solutions. Rev Int Polit Econ 29,
669-695. https://doi.org/10.1080/09692290.2021.1956993/SUPPL_FILE/RRIP_A_1956993_SM5844.XLSX

Lee, J., & Gereffi, G., 2015. Global value Chains, rising power firms and economic and social upgrading.
Critical Perspectives on International Business, 11, 319-339. https://doi.org/10.1108/cpoib-03-2014-0018

Leijten, F., Lantz C Baldos, U., Johnson, J. A., Sim, S., & Verburg, P. H., 2023. Projecting global oil palm
expansion under zero-deforestation commitments: Direct and indirect land use change impacts.
IScience, 26, 106971. https://doi.org/10.1016/J.1SC1.2023.106971

Leijten, F., Sim, S., King, H., Verburg, P.H., 2020. Which forests could be protected by corporate zero
deforestation commitments? A spatial assessment. Environmental Research Letters 15,064021. https://
doi.org/10.1088/1748-9326/AB8158

Leip, A., Weiss, F., Wassenaar, T., Perez, |., Fellmann, T., Loudjani, P., Tubiello, F., Grandgirard, D., Monni,
S., Biala, K., 2010. Evaluation of the livestock sector’s contribution to the EU greenhouse gas emissions
(GGELS). Final report.

Leissle, K., 2013. Invisible West Africa: The Politics of Single Origin Chocolate. Gastronomica 13, 22-31.
https://doi.org/10.1525/gfc.2013.13.3.22.This

Lenzen, M., Moran, D., Kanemoto, K., Geschke, A., 2013. Building Eora: a Global Multi-Region Input-
Output Database At High Country and Sector Resolution. Economic Systems Research 25, 20-49. https://
doi.org/10.1080/09535314.2013.769938

Lenzen, M., Murray, J., Sack, F., Wiedmann, T., 2007. Shared producer and consumer responsibility -
Theory and practice. Ecological Economics 61, 27-42. https://doi.org/10.1016/j.ecolecon.2006.05.018



243.

244,

245.

246.

247.

248.

249,

250.

251.

252.

253.

254,

255.
256.

257.

References

Lenzen, M., Murray, S.A., Korte, B., Dey, C.J., 2003. Environmental impact assessment including indirect
effects - A case study using input-output analysis. Environ Impact Assess Rev 23, 263-282. https://doi.
org/10.1016/50195-9255(02)00104-X

Levy, S.A., Cammelli, F,, Munger, J., Gibbs, H.K., Garrett, R.D., 2023. Deforestation in the Brazilian Amazon
could be halved by scaling up the implementation of zero-deforestation cattle commitments. Global
Environmental Change 80, 102671. https://doi.org/10.1016/J.GLOENVCHA.2023.102671

Liu, J., Dou, Y., Batistella, M., Challies, E., Connor, T, Friis, C., Millington, J. D. A., Parish, E., Romulo, C.,
Silva, R.F. B. da, Triezenberg, H., Yang, H., Zhao, Z., Zimmerer, K., Huettmann, F., Treglia, M. L., Basher, Z.,
Chung, M. G., Herzberger, A., Lenschow, A., Mechiche-Alami, A., Newig, J., Roche, J., Sun, J., 2018. Spillover
systems in a telecoupled Anthropocene: Typology, methods, and governance for global sustainability.
Current Opinion in Environmental Sustainability, 33, 58-69. https://doi.org/10.1016/j.cosust.2018.04.009

Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., Hertel, T. W., Izaurralde, R. C., Lambin, E. F,, Li,
S., Martinelli, L. A., McConnell, W.J., Moran, E. F,, Naylor, R., Ouyang, Z., Polenske, K. R., Reenberg, A.,
de Miranda Rocha, G., Simmons, C. S., Verburg, P. H., Vitousek, P. M., Zhang, F., Zhu, C. 2013a. Framing
Sustainability in a Telecoupled World. Ecology and Society 18, 26. https://doi.org/10.5751/ES-05873-
180226

Loconto, A., Hatanaka, M., 2018. Participatory Guarantee Systems: Alternative Ways of Defining,
Measuring, and Assessing ‘Sustainability. Sociol Ruralis 58, 412-432. https://doi.org/10.1111/SORU.12187

Loiseau, E., Aissani, L., Le Féon, S., Laurent, F., Cerceau, J., Sala, S., Roux, P., 2018. Territorial Life Cycle
Assessment (LCA): What exactly is it about? A proposal towards using a common terminology and a
research agenda. J Clean Prod 176, 474-485. https://doi.org/10.1016/j.jclepro.2017.12.169

Lopez Gonzalez, J., Kowalski, P., & Achard, P., 2015. Trade, global value chains and wage-income
inequality. OECD Trade Policy Papers. https://doi.org/10.1787/5js009mzrqd4-en

Lozano, R., 2020. Analysing the use of tools, initiatives, and approaches to promote sustainability in
corporations. Corp Soc Responsib Environ Manag 27, 982-998. https://doi.org/10.1002/csr.1860

Lyons-White, J., Knight, A.T., 2018. Palm oil supply chain complexity impedes implementation of
corporate no-deforestation commitments. Global Environmental Change 50, 303-313. https://doi.
org/10.1016/J.GLOENVCHA.2018.04.012

MacPherson, B., Gras, R., 2016. Individual-based ecological models: Adjunctive tools or experimental
systems? Ecol Model 323, 106-114. https://doi.org/10.1016/j.ecolmodel.2015.12.013

Magliocca, N.R., Khuc, Q. Van, Bremond, A. de, Ellicott, E.A., 2020. Direct and indirect land-use change
caused by large-scale land acquisitions in Cambodia. Environmental Research Letters 15, 024010. https://
doi.org/10.1088/1748-9326/AB6397

Magliocca, N.R., Rudel, T.K., Verburg, P.H., McConnell, W.J., Mertz, O., Gerstner, K., Heinimann, A, Ellis,
E.C., 2014. Synthesis in land change science: methodological patterns, challenges, and guidelines. Reg
Environ Change 15, 211-226. https://doi.org/10.1007/s10113-014-0626-8

Magurran, A.E., 2004. Ecological Diversity and Its Measurement. Blackwell Publishing, Oxford.
Mahutga, M.C., 2012. When do value chains go global? A theory of the spatialization of global value
chains. Global Networks 12, 1-21. https://doi.org/10.1111/j.1471-0374.2011.00322.x

Mai, T., Smith, C., 2018. Scenario-based planning for tourism development using system dynamic
modeling: A case study of Cat Ba Island, Vietnam. Tour Manag 68, 336-354. https://doi.org/10.1016/j.
tourman.2018.04.005

161



References

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

162

Malek, Z., Loeffen, M., Feurer, M., Verburg, P.H., 2022. Regional disparities in impacts of climate extremes
require targeted adaptation of Fairtrade supply chains. One Earth 5, 917-931. https://doi.org/10.1016/J.
ONEEAR.2022.07.008

Maney, C., Sassen, M., Hill, S.L.L., 2022. Modeling biodiversity responses to land use in areas of cocoa
cultivation. Agric Ecosyst Environ 324, 107712. https://doi.org/10.1016/J.AGEE.2021.107712

Martin, D.A., Raveloaritiana, E., 2022. Using land-use history and multiple baselines to determine bird
responses to cocoa agroforestry. Conservation Biology 36, €13920. https://doi.org/10.1111/COBI.13920

Martin, P.A., Newton, A.C., Bullock, J.M., 2013. Carbon pools recover more quickly than plant biodiversity
in tropical secondary forests. Proceedings of the Royal Society B: Biological Sciences 280. https://doi.
org/10.1098/RSPB.2013.2236

Mason, M., 2019. Transparency, accountability and empowerment in sustainability governance: a
conceptual review. https://doi-org.vu-nl.idm.oclc.org/10.1080/1523908X.2019.1661231 22, 98-111. https:/
doi.org/10.1080/1523908X.2019.1661231

Matinheikki, J., Kauppi, K., Brandon-Jones, A., van Raaij, E.M., 2022. Making agency theory work
for supply chain relationships: a systematic review across four disciplines. International Journal of
Operations and Production Management 42, 299-334. https://doi.org/10.1108/IJOPM-12-2021-0757/
FULL/PDF

Matricardi, E.AT., Skole, D.L., Costa, O.B., Pedlowski, M.A., Samek, J.H., Miguel, E.P., 2020. Long-term forest
degradation surpasses deforestation in the Brazilian Amazon. Science (1979) 369, 1378-1382. https://
doi.org/10.1126/SCIENCE.ABB3021/SUPPL_FILE/ABB3021_MATRICARDI_SM.PDF

Matthews, R.B., Gilbert, N.G., Roach, A., Polhill, J.G., Gotts, N.M., 2007. Agent-based land-use models: A
review of applications. Landsc Ecol 22, 1447-1459. https://doi.org/10.1007/s10980-007-9135-1

Mattila, T., Helin, T., Antikainen, R., Helin, T., Assessment, S., 2012. Land use indicators in life cycle
assessment A case study on beer production. International Journal of Life Cycle Assessment 17, 277-286.
https://doi.org/10.1007/5s11367-011-0353-z

Mavrommati, G., Bithas, K., Panayiotidis, P., 2013. Operationalizing sustainability in urban coastal systems:
A system dynamics analysis. Water Res 47, 7235-7250. https://doi.org/10.1016/j.watres.2013.10.041

Mayer, F., Gereffi, G., 2010. Regulation and economic globalization: Prospects and limits of private
governance. Bus Polit 12, 1-25. https://doi.org/10.2202/1469-3569.1325

Mcdermott, C.L., Bennett, A., Hamilton, R., Hirons, M., Gueiros, C., Maguire-rajpaul, V.A., Parry, E., Picot,
L., 2022. Transforming land use governance: Global targets without equity miss the mark 1-13. https://
doi.org/10.1002/eet.2027

McManus, M.C., Taylor, C.M., 2015. The changing nature of life cycle assessment. Biomass Bioenergy 82,
13-26. https://doi.org/10.1016/j.biombioe.2015.04.024

Meemken, E.-M., Barrett, C.B., Michelson, H.C., Qaim, M., Reardon, T., Sellare, J., 2021. Sustainability
standards in global agrifood supply chains. Nat Food 3-5. https://doi.org/10.1038/s43016-021-00360-3

Meliciani, V., Savona, M., 2015. The determinants of regional specialisation in business services:
Agglomeration economies, vertical linkages and innovation. J Econ Geogr 15, 387-416. https://doi.
org/10.1093/jeg/Ibt038

Meyfroidt, P., Borner, J., Garrett, R., Gardner, T., Godar, J., Kis-Katos, K., Soares-Filho, B.S., Wunder, S.,
Meyfroidt, P., 2020. Focus on leakage and spillovers: informing land-use governance in a tele-coupled
world. Environmental Research Letters 15, 090202. https://doi.org/10.1088/1748-9326/AB7397



274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.
285.

286.

References

Meyfroidt, P., Carlson, K.M., Fagan, M.E., Gutiérrez-Vélez, V.H., Macedo, M.N., Curran, L.M., Defries, R.S.,
Dyer, G.A., Gibbs, H.K., Lambin, E.F., Morton, D.C., Robiglio, V., 2014. Multiple pathways of commodity
crop expansion in tropical forest landscapes. Environmental Research Letters 9, 074012. https://doi.
org/10.1088/1748-9326/9/7/074012

Meyfroidt, P., Chowdhury, R., De Bremond, A., Ellis, E.C., Erb, K.-H., Filatova, T., Garrett, R.D., Grove, J.M.,
Heinimann, A., Kuemmerle, T., Kull, C.A., Lambin, E.F., Landon, Y., le Polain de Waroux, Y., Messerli, P.,
Mdiller, D., Nielsen, J., Peterson, G.D., Rodriguez Garcia, V., Schliter, M., Turner Il, B.L., Verburg, P.H., 2018.
Middle-range theories of land system change. Global Environmental Change 53, 52-67. https://doi.
0rg/10.1016/j.gloenvcha.2018.08.006

Meyfroidt, P., de Bremond, A., Ryan, C.M., Archer, E., Aspinall, R., Chhabra, A., Camara, G., Corbera, E.,
DefFries, R., Diaz, S., Dong, J., Ellis, E.C., Erb, K.H., Fisher, J.A., Garrett, R.D., Golubiewski, N.E., Grau, H.R.,
Grove, J.M., Haberl, H., Heinimann, A., Hostert, P., Jobbagy, E.G., Kerr, S., Kuemmerle, T., Lambin, E.F.,
Lavorel, S., Lele, S., Mertz, O., Messerli, P., Metternicht, G., Munroe, D.K., Nagendra, H., Nielsen, J.@.,
Ojima, D.S., Parker, D.C., Pascualc, U., Porter, J.R., Ramankutty, N., Reenberg, A., Chowdhury, R.R., Seto,
K.C., Seufert, V., Shibata, H., Thomson, A., Turner, B.L., Urabe, J., Veldkamp, T., Verburg, P.H., Zeleke, G.,
zu Ermgassen, E.K.H.J., 2022. Ten facts about land systems for sustainability. Proc Natl Acad Sci U S A
119, €2109217118. https://doi.org/10.1073/pnas.2109217118

Meyfroidt, P., Lambin, E.F., Erb, K.H., Hertel, TW., 2013. Globalization of land use: Distant drivers of land
change and geographic displacement of land use. Curr Opin Environ Sustain 5, 438-444. https://doi.
0rg/10.1016/j.cosust.2013.04.003

Middendorp, R.S., Vanacker, V., & Lambin, E. F., 2018. Impacts of shaded agroforestry management on
carbon sequestration, biodiversity and farmers income in cocoa production landscapes. Landscape
Ecology 2018 33:11, 33, 1953-1974. https://doi.org/10.1007/510980-018-0714-0

Mighty Earth, 2022. How the Chocolate Industry has Failed to Honor Promises to End Deforestation for
Cocoa in Cote d’Ivoire and Ghana. Washington, DC.

Mila i Canals, L., Bauer, C., Depestele, J., Dubreuil, A., Knuchel, R.F., Gaillard, G., Michelsen, O., Miller-
Wenk, R., Rydgren, B., 2007a. Key elements in a framework for land use impact assessment within LCA.
Int. J. Life Cycle Assess. 12, 5-15. https://doi.org/10.1065/1ca2006.05.250

Millard, J., Outhwaite, C.L., Kinnersley, R., Freeman, R., Gregory, R.D., Adedoja, O., Gavini, S., Kioko, E.,
Kuhlmann, M., Ollerton, J., Ren, Z.-X., Newbold, T., 2021. Global effects of land-use intensity on local
pollinator biodiversity. Nature Communications 2021 12:1 12, 1-11. https://doi.org/10.1038/541467-021-
23228-3

Miller, R.E., Blair, P.D., 2009. Input — Output Analysis. Foundations and Extensions., 2nd Editio. ed.
Cambridge University Press, Washington DC.

Millington, J., Xiong, H., Peterson, S., Woods, J., 2017. Integrating Modeling Approaches for Understanding
Telecoupling: Global Food Trade and Local Land Use. Land (Basel) 6, 56. https://doi.org/10.3390/
land6030056

Ministry of Food and Agriculture of Ghana, 2016. Agriculture in Ghana. Facts and figures 2015.

Mondelez International, 2021. Partnership with Olam to create largest sustainable commercial cocoa
farm. https://www.mondelezinternational.com/News/Partnership-with-Olam-to-create-largest-
sustainable-commercial-cocoa-farm (accessed 4.30.23).

Moran, D., Wood, R., 2014. Convergence Between the Eora, Wiod, Exiobase, and Openeu’S Consumption-
Based Carbon Accounts. Economic Systems Research 26, 245-261. https://doi.org/10.1080/09535314.2
014.935298

163



References

287.

288.

289.

290.

291.

292,

293.

294.

295.

296.

297.

298.

299,

300.

301.

164

Mortimer, R., Saj, S., David, C., Mortimer, R., Saj, S., David, C., 2018. Supporting and regulating ecosystem
services in cacao agroforestry systems. Agroforestry Systems 92, 1639-1657. https://doi.org/10.1007/
510457-017-0113-6

Natural Capital Project, 2020. InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs). https://
naturalcapitalproject.stanford.edu/software/invest (accessed 10.12.20).

Neilson, J., 2007. Global markets, farmers and the state: Sustaining profits in the Indonesian cocoa sector.
Bull Indones Econ Stud 43, 227-250. https://doi.org/10.1080/00074910701408073

Neilson, J., Dwiartama, A., Fold, N., Permadi, D., 2020. Resource-based industrial policy in an era of global
production networks: Strategic coupling in the Indonesian cocoa sector. World Dev 135, 105045. https://
doi.org/10.1016/j.worlddev.2020.105045

Neilson, J., Pritchard, B., Fold, N., Dwiartama, A., 2018. Lead Firms in the Cocoa-Chocolate Global
Production Network: An Assessment of the Deductive Capabilities of GPN 2.0. Econ Geogr 94, 400-424.
https://doi.org/10.1080/00130095.2018.1426989

Nelson, G.C., Valin, H., Sands, R.D., Havlik, P., Ahammad, H., Deryng, D., Elliott, J., Fujimori, S., Hasegawa,
T., Heyhoe, E., Kyle, P., Von Lampe, M., Lotze-Campen, H., Mason d'Croz, D., van Meijl, H., van der
Mensbrugghe, D., Miller, C., Popp, A., Robertson, R., Robinson, S., Schmid, E., Schmitz, C., Tabeau,
A., Willenbockel, D., 2014. Climate change effects on agriculture: Economic responses to biophysical
shocks. Proceedings of the National Academy of Sciences 111, 3274-3279. https://doi.org/10.1073/
pnas.1222465110

Nelson, V., Phillips, D., 2018. Sector, Landscape or Rural Transformations? Exploring the Limits and
Potential of Agricultural Sustainability Initiatives through a Cocoa Case Study. Bus Strategy Environ 27,
252-262. https://doi.org/10.1002/bse.2014

Nemecek, T., Kagi, T., 2007. Life cycle inventories of Agricultural Production Systems, Ecoinvent report
No. 15.

Nemecek, T., Schnetzer, J., 2011. Methods of assessment of direct field emissions for LCls of agricultural
production systems. Data quality guideline for ecoinvent database version 3.0. Agroscope Reckenholz-
Tanikon Research Station ART 0, 34.

Ness, B., Urbel-Piirsalu, E., Anderberg, S., Olsson, L., 2007. Categorising tools for sustainability assessment.
Ecological Economics 60, 498-508. https://doi.org/10.1016/j.ecolecon.2006.07.023

Nestlé, 2021. Does Nestlé support a living income for cocoa farmers? | Nestlé Global. https:/www.
nestle.com/ask-nestle/human-rights/answers/support-living-income-cocoa-farmers (accessed 10.12.21).

Newig, J., Challies, E., Cotta, B., Lenschow, A., Schilling-Vacaflor, A., Newig, J., Challies, E., Cotta, B.,
Lenschow, A., & Schilling-Vacaflor, A., 2020. Governing global telecoupling toward environmental
sustainability. Ecology and Society. D0i:10.5751/ES-11844-250421, 25(4), 1-17. https://doi.org/10.5751/
ES-11844-250421

Niether, W., Jacobi, J., Blaser, W.J., Andres, C., Armengot, L., 2020. Cocoa agroforestry systems versus
monocultures: a multi-dimensional meta-analysis. Environmental Research Letters 15, 104085. https://
doi.org/10.1088/1748-9326/ABB053

Notarnicola, B., Sala, S., Anton, A., McLaren, S.J., Saouter, E., Sonesson, U., 2017. The role of life cycle
assessment in supporting sustainable agri-food systems: A review of the challenges. J Clean Prod 140,
399-4009. https://doi.org/10.1016/j.jclepro.2016.06.071

Ntiamoah, A., 20009. Life cycle assessment applied to chocolate production in Ghana. Kwame Nkrumah
University of Science and Technology (KNUST).



302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

References

Ntiamoah, A., Afrane, G., 2008. Environmental impacts of cocoa production and processing in Ghana:
life cycle assessment approach. J Clean Prod 16, 1735-1740. https://doi.org/10.1016/j.jclepro.2007.11.004

Oberlack, C., Blare, T., Zambrino, L., Bruelisauer, S., Solar, J., Villar, G., Thomas, E., Ramirez, M., 2023. With
and beyond sustainability certification: Exploring inclusive business and solidarity economy strategies
in Peru and Switzerland. World Dev 165, 106187. https://doi.org/10.1016/J.WORLDDEV.2023.106187

Oberlack, C., Boillat, S., Bronnimann, S., Gerber, J. D., Heinimann, A., Speranza, C. ., Messerli, P, Rist, S.,
& Wiesmann, U., 2018. Polycentric governance in telecoupled resource systems. Ecology and Society.
D0i:10.5751/ES-09902-230116, 23, 16. https://doi.org/10.5751/ES-09902-230116

OECD, 2018. Market Concentration.

OECD, 2013. Interconnected economies: Benefiting from global value chains. Organization for Economic
Co-operation and Development.

Oliveira, E., Meyfroidt, P., 2021. Strategic land-use planning instruments in tropical regions: state of
the art and future research. J Land Use Sci 16, 479-497. https://doi.org/10.1080/1747423X.2021.2015471

Onat, N., Kucukvar, M., Halog, A., Cloutier, S., 2017. Systems Thinking for Life Cycle Sustainability
Assessment: A Review of Recent Developments, Applications, and Future Perspectives. Sustainability
9, 706. https://doi.org/10.3390/su9050706

Onat, N.C,, Egilmez, G., Tatari, O., 2014. Towards greening the U.S. residential building stock. A system
dynamics approach. Build Environ 78, 68-80. https://doi.org/10.1016/j.buildenv.2014.03.030

O’'Neill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., van Ruijven, B.J., van
Vuuren, D.P,, Birkmann, J., Kok, K., Levy, M., Solecki, W., 2017. The roads ahead: Narratives for shared
socioeconomic pathways describing world futures in the 21st century. Global Environmental Change
42, 169-180. https://doi.org/10.1016/j.gloenvcha.2015.01.004

Oomes, N., Tieben, B., Laven, A., Ammerlaan, T., Appelman, R., Biesenbeek, C., Buunk, E., 2016. Market
Concentration and Price Formation in the Global Cocoa Value Chain. Amsterdam.

Ordway, E.M., Asner, G.P., Lambin, E.F., 2017. Deforestation risk due to commodity crop expansion in sub-
Saharan Africa. Environmental Research Letters 12, 044015. https://doi.org/10.1088/1748-9326/aa6509

Ornetsmiiller, C., Verburg, P.H., Heinimann, A., 2016. Scenarios of land system change in the Lao PDR:
Transitions in response to alternative demands on goods and services provided by the land. Applied
Geography 75, 1-11. https://doi.org/10.1016/j.apgeo0g.2016.07.010

Ortiz-R, 0. 0., Gallardo, R. A. V., & Rangel, J. M., 2014. Applying life cycle management of colombian cocoa
production. Food Science and Technology, 34, 62-68. https://doi.org/10.1590/50101-20612014005000006

Ostrom, E., 2010. Beyond Markets and States: Polycentric Governance of Complex Economic Systems.
American Economic Review 100, 641-72. https://doi.org/10.1257/AER.100.3.641

Ostrom, E., 2010b. Polycentric systems for coping with collective action and global environmental
change. Global Environmental Change, 20, 550-557. https://doi.org/10.1016/J.GLOENVCHA.2010.07.004

Othoniel, B., Rugani, B., Heijungs, R., Beyer, M., Machwitz, M., Post, P., 2019. An improved life cycle impact
assessment principle for assessing the impact of land use on ecosystem services. Science of the Total
Environment 693, 133374. https://doi.org/10.1016/j.scitotenv.2019.07.180

Palmer, J., Owens, S., 2015. Indirect land-use change and biofuels: The contribution of assemblage theory
to place-specific environmental governance. Environ Sci Policy 53, 18-26.

Panichelli, L., Gnansounou, E., 2015. Impact of agricultural-based biofuel production on greenhouse gas
emissions from land-use change: Key modeling choices. Renewable and Sustainable Energy Reviews
42,344-360. https://doi.org/10.1016/j.rser.2014.10.026

165



References

320.

321.

322.

323.

324,

325.

326.

327.

328.

329,

330.

331.

332.

333.
334.

335.

166

Park, Y.S., Egilmez, G., Kucukvar, M., 2016. Emergy and end-point impact assessment of agricultural and
food production in the United States: A supply chain-linked Ecologically-based Life Cycle Assessment.
Ecol Indic 62, 117-137. https://doi.org/10.1016/j.ecolind.2015.11.045

Parra Paitan, C., Verburg, P.H., 2019. Methods to assess the impacts and indirect land use change caused
by telecoupled agricultural supply chains: A review. Sustainability (Switzerland) 11, 1-28. https://doi.
0rg/10.3390/s5u11041162

Parra-Paitan, C., Verburg, P.H., 2022. Accounting for land use changes beyond the farm-level in
sustainability assessments: The impact of cocoa production. Science of The Total Environment 825,
154032. https://doi.org/10.1016/J.SCITOTENV.2022.154032

Parra-Paitan, C., zu Ermgassen, E.K.H.J., Meyfroidt, P., Verburg, P.H., 2023. Large gaps in voluntary
sustainability commitments covering the global cocoa trade. Global Environmental Change 81, 102696.
https://doi.org/10.1016/J.GLOENVCHA.2023.102696

Partyka, R.B, 2022. Supply chain management: an integrative review from the agency theory perspective.
Revista de Gestao 29, 175-198. https://doi.org/10.1108/REGE-04-2021-0058/FULL/PDF

Pedersen, A.F., Nielsen, J.@., Mempel, F., Bager, S.L., Jonsson, J.B., Corbera, E., 2021. The ambiguity of
transparency in the artisanal and small-scale mining sector of Tanzania. Extr Ind Soc 101004. https://
doi.org/10.1016/J.EX1S.2021.101004

Pendrill, F., Gardner, T.A., Meyfroidt, P., Persson, U.M., Adams, J., Azevedo, T., Lima, M.G.B., Baumann,
M., Curtis, P.G., Sy, V. De, Garrett, R., Godar, J., Goldman, E.D., Hansen, M.C., Heilmayr, R., Herold, M.,
Kuemmerle, T., Lathuilliere, M.J., Ribeiro, V., Tyukavina, A., Weisse, M.J., West, C., 2022. Disentangling the
numbers behind agriculture-driven tropical deforestation. Science (1979) 377. https://doi.org/10.1126/
SCIENCE.ABM9267

Pendrill, F., Persson, U.M., Godar, J., Kastner, T., 2019. Deforestation displaced: trade in forest-risk
commodities and the prospects for a global forest transition. Environmental Research Letters 14, 055003.
https://doi.org/10.1088/1748-9326/ab0d41

Perminova, T, Sirina, N., Laratte, B., Baranovskaya, N., Rikhvanov, L., 2016. Methods for land use impact
assessment: A review. Environ Impact Assess Rev 60, 64-74. https://doi.org/10.1016/j.eiar.2016.02.002

Phalan, B., Onial, M., Balmford, A., Green, R.E., 2011. Reconciling food production and biodiversity
conservation: Land sharing and land sparing compared. Science (1979) 333, 1289-1291. https://doi.
org/10.1126/science.1208742

Pongratz, J.,, Dolman, H., Don, A., Erb, K.-H., Fuchs, R., Herold, M., Jones, C., Kuemmerle, T., Luyssaert, S.,
Meyfroidt, P., Naudts, K., 2017. Models meet data: Challenges and opportunities in implementing land
management in Earth system models. Glob Chang Biol 1470-1487. https://doi.org/10.1111/gcb.13988

Ponte, S., 2020. The hidden costs of environmental upgrading in global value chains. Review of
International Political Economy. 818-843. https://doi.org/10.1080/09692290.2020.1816199 29,

Ponte, S., 2019. Green Capital Accumulation: Business and Sustainability Management in a World of
Global Value Chains. New Political Economy 25, 72-84. https://doi.org/10.1080/13563467.2019.1581152

Ponte, S., Gereffi, G., Raj-Reichert, G., 2019. Handbook on global value chains. Edward Elgar Publishing.

Popp, A., Humpendder, F.,, Weind|, |, Bodirsky, B.L., Bonsch, M., Lotze-Campen, H., Miller, C., Biewald,
A., Rolinski, S., Stevanovic, M., Dietrich, J.P., 2014. Land-use protection for climate change mitigation.
Nat Clim Chang 4, 1095-1098. https://doi.org/10.1038/nclimate2444

Potapov, P.,, Turubanova, S., Hansen, M.C., Tyukavina, A., Zalles, V., Khan, A., Song, X.P., Pickens, A., Shen,
Q., Cortez, J., 2021. Global maps of cropland extent and change show accelerated cropland expansion
in the twenty-first century. Nature Food 2021 3:1 3, 19-28. https://doi.org/10.1038/543016-021-00429-z



336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

References

Prapaspongsa, T., Gheewala, S.H., 2016. Risks of indirect land use impacts and greenhouse gas
consequences: an assessment of Thailand’s bioethanol policy. J Clean Prod 134, 563-573.

Prasuhn, V., 2006. Erfassung der PO4-Austrége fiir die Okobilanzierung - SALCA-Phosphor. Agroescope
Reckenholz 20.

Prell, C., Sun, L., Feng, K., He, J., Hubacek, K., 2017. Uncovering the spatially distant feedback loops of
global trade: A network and input-output approach. Science of the Total Environment 586, 401-408.
https://doi.org/10.1016/j.scitotenv.2016.11.202

Prestele, R., Alexander, P., Rounsevell, M.D.A., Arneth, A, Calvin, K., Doelman, J., Eitelberg, D.A., Engstrém,
K., Fujimori, S., Hasegawa, T., Havlik, P., Humpendder, F., Jain, A.K., Krisztin, T., Kyle, P., Meiyappan, P.,
Popp, A., Sands, R.D., Schaldach, R., Schiingel, J., Stehfest, E., Tabeau, A., Van Meijl, H., Van Vliet, J.,
Verburg, P.H., 2016. Hotspots of uncertainty in land-use and land-cover change projections: a global-
scale model comparison. Glob Chang Biol 22, 3967-3983. https://doi.org/10.1111/gcb.13337

Prestele, R., & Verburg, P. H., 2020. The overlooked spatial dimension of climate-smart agriculture. Global
Change Biology, 26, 1045-1054. https://doi.org/10.1111/GCB.14940

Prox, M., Curran, M.A., 2017. Consequential Life Cycle Assessment 145-160. https://doi.org/10.1007/978-
94-024-0855-3_4

Puma, M.J., Bose, S., Chon, S.Y., Cook, B.I., 2015. Assessing the evolving fragility of the global food system.
Environmental Research Letters 10, 024007. https://doi.org/10.1088/1748-9326/10/2/024007

Purcell, T.F., 2018. ‘Hot chocolate” financialized global value chains and cocoa production in Ecuador.
Journal of Peasant Studies 45, 904-926. https://doi.org/10.1080/03066150.2018.1446000

Ramankutty, N., Coomes, O.T., 2016. Land-use regime shifts: An analytical framework and agenda for
future landuse research. Ecology and Society 21. https://doi.org/10.5751/ES-08370-210201

Ramankutty, N., Evan, A. T., Monfreda, C., & Foley, J. A., 2008. Farming the planet: 1. Geographic
distribution of global agricultural lands in the year 2000. Global Biogeochemical Cycles, 22. https://
doi.org/10.1029/2007GB002952

Ramos, S., Larrinaga, L., Albinarrate, U., Jungbluth, N., Ingolfsdottir, G.M., Yngvadottir, E., Landquist,
B., Woodhouse, A., Olafsdottir, G., Esturo, A., Zufia, J., Perez-Villareal, B., 2016. SENSE tool: easy-to-use
web-based tool to calculate food product environmental impact. International Journal of Life Cycle
Assessment 21, 710-721. https://doi.org/10.1007/s11367-015-0980-x

Raschio, G., Smetana, S., Contreras, C., Heinz, V., Mathys, A., 2018. Spatio-Temporal Differentiation of Life
Cycle Assessment Results for Average Perennial Crop Farm: A Case Study of Peruvian Cocoa Progression
and Deforestation Issues. J Ind Ecol 22, 1378-1388. https://doi.org/10.1111/jiec.12692

Rasmussen, L.V., Coolsaet, B., Martin, A., Mertz, O., Pascual, U., Corbera, E., Dawson, N., Fisher, J.A., Franks,
P., Ryan, C.M., 2018. Social-ecological outcomes of agricultural intensification. Nat Sustain in revisio,
275-282. https://doi.org/10.1038/s41893-018-0070-8

Raworth, K., 2017. A Doughnut for the Anthropocene: humanity’s compass in the 21st century. The Lancet
Planetary Health, 1, e48-e49. https://doi.org/10.1016/52542-5196,30028-1

Raynolds, L.T., 2004. The globalization of organic agro-food networks. World Dev 32, 725-743. https://
doi.org/10.1016/j.worlddev.2003.11.008

Reap, J.,, Roman, F.,, Duncan, S., Bras, B., 2008. A survey of unresolved problems in life cycle assessment.
Part 2: Impact assessment and interpretation. International Journal of Life Cycle Assessment 13, 374-388.
https://doi.org/10.1007/511367-008-0009-9

167



References

352.

353.

354.

355.

356.

357.

358.
359.

360.

361.

362.

363.

364.

365.

168

Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkeler, D., Norris, G., Rydberg, T., Schmidt, W.P., Suh, S.,
Weidema, B.P., Pennington, D.W., 2004. Life cycle assessment Part 1: Framework, goal and scope
definition, inventory analysis, and applications. Environ Int 30, 701-720. https://doi.org/10.1016/j.
envint.2003.11.005

Recanati, F., Marveggio, D., & Dotelli, G., 2018. From beans to bar: A life cycle assessment towards
sustainable chocolate supply chain. Science of the Total Environment, 613-614, 1013-1023. https://doi.
org/10.1016/j.scitotenv.2017.09.187

Reis, T.N.P. dos, Meyfroidt, P., zu Ermgassen, E.K.H.J., West, C., Gardner, T., Bager, S., Croft, S., Lathuilliére,
M.J., Godar, J., 2020. Understanding the Stickiness of Commodity Supply Chains Is Key to Improving
Their Sustainability. One Earth 3, 100-115. https://doi.org/10.1016/j.oneear.2020.06.012

Renier, C., Vandromme, M., Meyfroidt, P., Ribeiro, V., Kalischek, N., Ermgassen, E.K.H.J.Z., 2023.
Transparency, traceability, and deforestation in the Ivorian cocoa supply chain. Environmental Research
Letters 18, 024030. https://doi.org/10.1088/1748-9326/ACADSE

Republic of Ghana, 2017. Announcement of Ghana'’s national voluntary contribution to achieving the
targets of the global forest goals for the united nations strategic plans on forests 2017-2020.

Reuters, 2021. Ivory Coast to boost local firms’ share in cocoa exports, say sources | Reuters. https://www.
reuters.com/world/africa/ivory-coast-boost-local-firms-share-cocoa-exports-say-sources-2021-04-27/
(accessed 9.29.21).

Reuters, 2013. EXCLUSIVE - Cargill close to agreeing purchase of ADM'’s cocoa unit - sources.

Riahi, K., van Vuuren, D.P., Kriegler, E., Edmonds, J., O'Neill, B.C., Fujimori, S., Bauer, N., Calvin, K., Dellink,
R., Fricko, O., Lutz, W., Popp, A., Cuaresma, J.C., KC, S., Leimbach, M., Jiang, L., Kram, T., Rao, S., Emmerling,
J., Ebi, K., Hasegawa, T., Havlik, P., Humpendder, F.,, Da Silva, L.A., Smith, S., Stehfest, E., Bosetti, V., Eom,
J., Gernaat, D., Masui, T., Rogelj, J., Strefler, J., Drouet, L., Krey, V., Luderer, G., Harmsen, M., Takahashi, K.,
Baumstark, L., Doelman, J.C., Kainuma, M., Klimont, Z., Marangoni, G., Lotze-Campen, H., Obersteiner,
M., Tabeau, A., Tavoni, M., 2017. The Shared Socioeconomic Pathways and their energy, land use, and
greenhouse gas emissions implications: An overview. Global Environmental Change 42, 153-168. https://
doi.org/10.1016/j.gloenvcha.2016.05.009

Richards, P., 2021. A Key Ingredient in Deforestation Slowdowns? A Strong Brazilian Economy. Frontiers
in Forests and Global Change 4, 1-6. https://doi.org/10.3389/ffgc.2021.613313

Richards, P.D., Walker, R.T., Arima, E.Y., 2014. Spatially complex land change: The Indirect effect of
Brazil's agricultural sector on land use in Amazonia. Global Environmental Change 29, 1-9. https://doi.
org/10.1016/J.GLOENVCHA.2014.06.011

Roca, L.C., Searcy, C., 2012. An analysis of indicators disclosed in corporate sustainability reports. J Clean
Prod 20, 103-118. https://doi.org/10.1016/j.jclepro.2011.08.002

Rockstrém, J., Steffen, W., Noone, K., Persson, A., Chapin, F. S., Lambin, E. F,, Lenton, T. M., Scheffer, M.,
Folke, C., Schellnhuber, H. J., Nykvist, B., De Wit, C. A., Hughes, T., Van Der Leeuw, S., Rodhe, H., Sorlin,
S., Snyder, P. K., Costanza, R., Svedin, U., Falkenmark, M., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B.,
Liverman, D., Richardson, K., Crutzen, P., Foley, J. A, 2009. A safe operating space for humanity. Nature
2009 461:7263, 461, 472-475. https://doi.org/10.1038/461472a

Rosa, I. M. D., Smith, M. J., Wearn, O. R., Purves, D., & Ewers, R. M., 2016. The Environmental Legacy of
Modern Tropical Deforestation. Current Biology, 26, 2161-2166. https://doi.org/10.1016/J.CUB.2016.06.013

Rose, A, Rose, A., Rose, A., 1995. Input-output economics and computable general equilibrium models.
Structural Change and Economic Dynamics 6, 295-304. https://doi.org/10.1016/0954-349X(95)00018-I



366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

References

Roy, P., Nei, D., Orikasa, T., Xu, Q., Okadome, H., Nakamura, N., Shiina, T., 2009. A review of life
cycle assessment (LCA) on some food products. J Food Eng 90, 1-10. https://doi.org/10.1016/j.
jfoodeng.2008.06.016

Ruf, F., Uribe Leitz, E., Gboko, K.C., Carimentrand, A., 2019. Des certifications inutiles? Les relations
asymétriques entre coopératives, labels et cacaoculteurs en Cote d’lvoire. Revue internationale des
études du développement N°240, 31-61. https://doi.org/10.3917/RIED.240.0031

Ruf, F.O., 2011. The Myth of Complex Cocoa Agroforests: The Case of Ghana. Hum Ecol 39, 373-388.
https://doi.org/10.1007/s10745-011-9392-0

Saad, R., Koellner, T., Margni, M., 2013. Land use impacts on freshwater regulation, erosion regulation,
and water purification: A spatial approach for a global scale level. International Journal of Life Cycle
Assessment 18, 1253-1264. https://doi.org/10.1007/s11367-013-0577-1

Saad, R., Margni, M., Koellner, T., Wittstock, B., Deschénes, L., 2011. Assessment of land use impacts
on soil ecological functions: Development of spatially differentiated characterization factors within a
Canadian context. International Journal of Life Cycle Assessment 16, 198-211. https://doi.org/10.1007/
s11367-011-0258-x

Sadhu, S., Kysia, K., Onyango, L., Zinnes, C., Lord, S., Monnard, A., Arellano, I.R., 2020. NORC Final Report:
Assessing Progress in Reducing Child Labor in Cocoa Production in Cocoa Growing Areas of Céte d’lvoire
and Ghana.

Sala, S., Ciuffo, B., Nijkamp, P., 2015. A systemic framework for sustainability assessment. Ecological
Economics 119, 314-325. https://doi.org/10.1016/j.ecolecon.2015.09.015

Sala, S., Farioli, F., Zamagni, A., 2013. Life cycle sustainability assessment in the context of sustainability
science progress (part 2). International Journal of Life Cycle Assessment 18, 1686-1697. https://doi.
0rg/10.1007/511367-012-0509-5

Saliola, F., & Zanfei, A., 2009. Multinational firms, global value chains and the organization of knowledge
transfer. Research Policy, 38, 369-381. https://doi.org/10.1016/J.RESPOL.2008.11.003

Sassen, M., van Soesbergen, A., Arnell, A.P., Scott, E., 2022. Patterns of (future) environmental risks from
cocoa expansion and intensification in West Africa call for context specific responses. Land use policy
119, 106142. https://doi.org/10.1016/J.LANDUSEPOL.2022.106142

Schaeffer, R., Rodrigues, R.L.V., Laurance, W.F., Albernaz, A.K.M., Fearnside, P.M., Vasconcelos, H.L.,
Ferreira, L. V., 2005. Underlying Causes of Deforestation. Science (1979) 307, 1046-1047. https://doi.
org/10.1126/SCIENCE.307.5712.1046

Schaffartzik, A., Haberl, H., Kastner, T., Wiedenhofer, D., Eisenmenger, N., Erb, K.H., 2015. Trading land: A
review of approaches to accounting for upstream land requirements of traded products. J Ind Ecol 19,
703-714. https://doi.org/10.1111/jiec.12258

Schaldach, R., Alcamo, J., Koch, J., Kélking, C., Lapola, D.M., Schiingel, J., Priess, J.A., 2011. An integrated
approach to modeling land-use change on continental and global scales. Environmental Modeling and
Software 26, 1041-1051. https://doi.org/10.1016/j.envsoft.2011.02.013

Schleifer, P., Fiorini, M., & Auld, G., 2019. Transparency in transnational governance: The determinants
of information disclosure of voluntary sustainability programs. Regulation & Governance, 13, 488-506.
https://doi.org/10.1111/rego.12241

Schmidt, J.H., 2015. Life cycle assessment of five vegetable oils. J Clean Prod 87, 130-138. https://doi.
org/10.1016/j.jclepro.2014.10.011

Schmidt, J.H., Weidema, B.P., Brandao, M., 2015. A framework for modeling indirect land use changes in
Life Cycle Assessment. J Clean Prod 99, 230-238. https://doi.org/10.1016/j.jclepro.2015.03.013

169



References

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394,

395.

396.

170

Schmitz, C., van Meijl, H., Kyle, P, Nelson, G.C., Fujimori, S., Gurgel, A., Havlik, P., Heyhoe, E., d'Croz, D.M.,
Popp, A., Sands, R., Tabeau, A., van der Mensbrugghe, D., von Lampe, M., Wise, M., Blanc, E., Hasegawa,
T., Kavallari, A., Valin, H., 2014. Land-use change trajectories up to 2050: insights from a global agro-
economic model comparison. Agricultural Economics 45, 69-84. https://doi.org/10.1111/agec.12090

Schneider, A., Hinton, J., Collste, D., Gonzdlez, T.S., Cortes-Calderon, S.V., Aguiar, A.P.D., 2020. Can
transnational corporations leverage systemic change towards a ‘sustainable’ future? Nat Ecol Evol 4,
491-492. https://doi.org/10.1038/5s41559-020-1143-4

Schouten, M.A.H., Polman, N.B.P., Westerhof, E.J.G.M., 2013. Exploring green agricultural policy scenarios
with a spatially explicit agent-based model. Wageningen.

Schroth, G., Laderach, P., Martinez-Valle, A.l,, Bunn, C., Jassogne, L., 2016. Vulnerability to climate
change of cocoa in West Africa: Patterns, opportunities and limits to adaptation. Science of the Total
Environment 556, 231-241. https://doi.org/10.1016/j.scitotenv.2016.03.024

Schulze, K., Malek, Z., Verburg, P.H., 2019. Towards better mapping of forest management patterns: A
global allocation approach. For Ecol Manage 432, 776-785. https://doi.org/10.1016/J.FOREC0.2018.10.001

Scott, G.J., Donovan, J., Higuchi, A., 2015. Costs, quality, and competition in the cocoa value chain in
Peru: An exploratory assessment. Custos e Agronegocio 11, 324-358.

Searchinger, T., Heimlich, R., Houghton, R.A., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz, S., Hayes, D., Yu,
T., 2008. Emissions from land-use change. Science (1979) 423, 1238-1240.

Sellare, J., Borner, J., Brugger, F.,, Garrett, R., Glnther, |, Meemken, E.M., Pelli, E.M., Steinhibel, L.,
Wuepper, D., 2022. Six research priorities to support corporate due-diligence policies. Nature 2022
606:7916 606, 861-863. https://doi.org/10.1038/d41586-022-01718-8

Selwyn, B., 2019. Poverty chains and global capitalism. Competition and Change, 23, 71-97. https://doi.
org/10.1177/1024529418809067

Seufert, V., Ramankutty, N., 2017. Many shades of grey — The context - dependent performance of organic
agriculture. Sci Adv In press, 1-50.

Sharp, R., Tallis, H.T., Ricketts, T., Guerry, A.D., Wood, S.A., Chaplin-Kramer, R., Nelson, E., D., E., Wolny,
S., Olwero, N., Vigerstol, K., Pennington, D., Mendoza, G., Aukema, J., Foster, J., Forrest, J., Cameron, D.,
Arkema, K., Lonsdorf, E., Kennedy, C., Verutes, G., Kim, C.K., Guannel, G., Papenfus, M., Toft, J., Marsik,
M., Bernhardst, J., Griffin, R., Glowinski, K., Chaumont, N., Perelman, A., Lacayo, M., Mandle, L., Hamel,
P, Vogl, A.L., Rogers, L., Bierbower, W., Denu, D., and Douglass, J., 2018. InVEST User Guide, National
Capital Project.

Smith, W.K., Nelson, E., Johnson, J.A,, Polasky, S., Milder, J.C., Gerber, J.S., West, P.C., Siebert, S., Brauman,
K.A., Carlson, K.M., Arbuthnot, M., Rozza, J.P., Pennington, D.N., 2019. Voluntary sustainability standards
could significantly reduce detrimental impacts of global agriculture. Proc Natl Acad Sci U S A 116, 2130-
2137. https://doi.org/10.1073/pnas.1707812116

Somé, A., Dandres, T., Gaudreault, C., Majeau-Bettez, G., Wood, R., Samson, R., 2018. Coupling Input-
Output Tables with Macro-Life Cycle Assessment to Assess Worldwide Impacts of Biofuels Transport
Policies. J Ind Ecol 22, 643-655. https://doi.org/10.1111/JIEC.12640

Sonderegger, G., Heinimann, A., Diogo, V., & Oberlack, C., 2022. Governing spillovers of agricultural land
use through voluntary sustainability standards: A coverage analysis of sustainability requirements. Earth
System Governance, 14, 100158. https://doi.org/10.1016/J.ESG.2022.100158

Southworth, K., 2009. Corporate voluntary action: A valuable but incomplete solution to climate change
and energy security challenges. Policy Soc 27, 329-350. https://doi.org/10.1016/j.polsoc.2009.01.008



397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

References

Staal, A., Tuinenburg, O.A., Bosmans, J.H.C., Holmgren, M., Nes, E.H. van, Scheffer, M., Zemp, D.C., Dekker,
S.C., 2018. Forest-rainfall cascades buffer against drought across the Amazon. Nature Climate Change
2018 8:6 8, 539. https://doi.org/10.1038/541558-018-0177-y

Stehfest, E., van Vuuren, D., Kram, T., Bouwman, L., Alkemade, R., Bakkenes, M., Biemans, H., Bouwman,
A., den Elzen, M., Janse, J., Lucas, P, van Minnen, J., Miller, C., Prins, A., 2014. Integrated Assessment
of Global Environmental Change with IMAGE 3.0. Model description and policy applications. PBL
Publishers, The Hague.

Steininger, K., Lininger, C., Droege, S., Roser, D., Tomlinson, L., Meyer, L., 2014. Justice and cost
effectiveness of consumption-based versus production-based approaches in the case of unilateral
climate policies. Global Environmental Change 24, 75-87. https://doi.org/10.1016/j.gloenvcha.2013.10.005

Steinmann, Z.J.N., Schipper, A.M., Hauck, M., Huijbregts, M.A.J., 2016. How Many Environmental Impact
Indicators Are Needed in the Evaluation of Product Life Cycles? Environ Sci Technol 50, 3913-3919.
https://doi.org/10.1021/acs.est.5b05179

Stewart, R., Fantke, P, Bjorn, A., Owsianiak, M., Molin, C., Hauschild, M.Z., Laurent, A., 2018. Life cycle
assessment in corporate sustainability reporting: Global, regional, sectoral, and company-level trends.
Bus Strategy Environ 27, 1751-1764. https://doi.org/10.1002/bse.2241

Stokeld, E., Croft, S.A., Green, J.M.H., West, C.D., 2020. Climate change, crops and commodity traders:
subnational trade analysis highlights differentiated risk exposure. Clim Change 162, 175-192. https://
doi.org/10.1007/S10584-020-02857-5/FIGURES/5

Sulser, T.B., Mason-D'Croz, D., Islam, S., Robinson, S., Wiebe, K.D., Rosegrant, M.W., 2015. Africa in the
global agricultural economy in 2030 and 2050 - IFPRI Publications - IFPRI Knowledge Collections.
Washington, D.C.

Sun, J., TONG, Y. xin, & Liu, J., 2017. Telecoupled land-use changes in distant countries. Journal of
Integrative Agriculture, 16(2), 368-376. https://doi.org/10.1016/52095-3119,61528-9

Tayleur, C., Balmford, A., Buchanan, G.M., Butchart, S.H.M., Corlet Walker, C., Ducharme, H., Green,
R.E., Milder, J.C., Sanderson, F.J.,, Thomas, D.H.L., Tracewski, L., Vickery, J., Phalan, B., 2018. Where are
commodity crops certified, and what does it mean for conservation and poverty alleviation? Biol Conserv
217,36-46. https://doi.org/10.1016/j.biocon.2017.09.024

Tayleur, C., Balmford, A., Buchanan, G.M., Butchart, S.H.M., Ducharme, H., Green, R.E., Milder, J.C.,
Sanderson, F.J.,, Thomas, D.H.L., Vickery, J., Phalan, B., 2017. Global Coverage of Agricultural Sustainability
Standards, and Their Role in Conserving Biodiversity. Conserv Lett 10, 610-618. https://doi.org/10.1111/
conl.12314

Teillard, F., Maia de Souza, D., Thoma, G., Gerber, P.J,, Finn, J.A., 2016. What does Life-Cycle Assessment
of agricultural products need for more meaningful inclusion of biodiversity? Journal of Applied Ecology
53, 1422-1429. https://doi.org/10.1111/1365-2664.12683

Tennhardt, L., Lazzarini, G., Weisshaidinger, R., Schader, C., 2022. Do environmentally-friendly cocoa
farms yield social and economic co-benefits? Ecological Economics 197, 107428. https://doi.org/10.1016/J.
ECOLECON.2022.107428

Thorlakson, T., 2018. A move beyond sustainability certification: The evolution of the chocolate industry’s
sustainable sourcing practices. Bus Strategy Environ 27, 1653-1665. https://doi.org/10.1002/bse.2230

Tonini, F., Liu, J., 2017. Telecoupling toolbox: Spatially explicit tools for studying telecoupled human and
natural systems. Ecology and Society 22. https://doi.org/10.5751/ES-09696-220411

171



References

411.

412,

413.

414,

415.

416.

417.

418.

419.

420.

421.

422.

423.

424,

425.

426.

172

Torralba, M., Nishi, M., Cebrian-Piqueras, M.A., Quintas-Soriano, C., Maria Garcia-Martin, -, Tobias
Plieninger, -, 2023. Disentangling the practice of landscape approaches: a Q-method analysis on
experiences in socio-ecological production landscapes and seascapes. Sustainability Science 2023 1,
1-14. https://doi.org/10.1007/511625-023-01307-2

Tukker, A., Huppes, G., Oers, L. Van, Heijungs, R., 2006. Environmentally extended input-output tables
and models for Europe, Institute for Prospective Studies; European Commission (DG JRC).

Turner, B.L., Meyfroidt, P., Kuemmerle, T., Miller, D., Roy Chowdhury, R., 2020. Framing the search for a
theory of land use. J Land Use Sci 15, 489-508. https://doi.org/10.1080/1747423X.2020.1811792

Turner, K., Lenzen, M., Wiedmann, T., Barrett, J., 20077. Examining the global environmental impact of
regional consumption activities - Part 1: A technical note on combining input-output and ecological
footprint analysis. Ecological Economics 62, 37-44. https://doi.org/10.1016/j.ecolecon.2006.12.002

Tutu Benefoh, D., Villamor, G.B., van Noordwijk, M., Borgemeister, C., Asante, W.A., Asubonteng, K.O.,
2018. Assessing land-use typologies and change intensities in a structurally complex Ghanaian cocoa
landscape. Applied Geography 99, 109-119. https://doi.org/10.1016/j.apge0g.2018.07.027

Udo de Haes, H.A., 2006. How to approach land use in LCIA or, how to avoid the Cinderella effect?
Comments on 'key elements in a framework for land use impact assessment within LCAT. International
Journal of Life Cycle Assessment 11, 219-221. https://doi.org/10.1065/1ca2006.07.257

UNEP-SETAC, 2009. Guidelines for Social Life Cycle Assessment of Products, Management. https://doi.
org/DTI/1164/PA

UNEP-SETAC, 2019. Global Guidance on Environmental Life Cycle Impact Assessment Indicators. Volume
2. United Nations Environment Programme.

UNEP-SETAC, 2016. Global Guidance for Life Cycle Impact Assessment Indicators. Volume 1. United
Nations Environment Programme. https://doi.org/10.1146/annurev.nutr.22.120501.134539

UN-OCHA, 2020. Ghana-Roads. Humanitarian Data Exchange (HDX). https://data.humdata.org/dataset/
ghana-roads (accessed 10.13.20).

Utomo, B., Prawoto, A. A., Bonnet, S., Bangviwat, A., & Gheewala, S. H., 2016. Environmental performance
of cocoa production from monoculture and agroforestry systems in Indonesia. Journal of Cleaner
Production, 134(Part B), 583-591. https://doi.org/10.1016/J.JCLEPRO.2015.08.102

Valbuena, D., Verburg, P.H., Bregt, A.K,, Ligtenberg, A., 2010. An agent-based approach to model land-
use change at a regional scale. Landsc Ecol 25, 185-199. https://doi.org/10.1007/s10980-009-9380-6

Van Asselen, S., Verburg, P.H., 2013. Land cover change or land-use intensification: Simulating land
system change with a global-scale land change model. Glob Chang Biol 19, 3648-3667. https://doi.
org/10.1111/gcb.12331

van der Ven, H., Rothacker, C., Cashore, B., 2018. Do eco-labels prevent deforestation? Lessons from non-
state market driven governance in the soy, palm oil, and cocoa sectors. Global Environmental Change
52, 141-151. https://doi.org/10.1016/j.gloenvcha.2018.07.002

van der Werf, H.M.G., Knudsen, M.T., Cederberg, C., 2020. Towards better representation of organic
agriculture in life cycle assessment. Nature Sustainability 2020 3:6 3, 419-425. https://doi.org/10.1038/
$41893-020-0489-6

van Zelm, R., van der Velde, M., Balkovic, J., Cengi¢, M., Elshout, P.M.F,, Koellner, T, Nifiez, M., Obersteiner,
M., Schmid, E., Huijbregts, M.A.J., 2018. Spatially explicit life cycle impact assessment for soil erosion
from global crop production. Ecosyst Serv 30, 220-227. https://doi.org/10.1016/j.ecoser.2017.08.015



427.

428.

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

440.

References

Vancutsem, C., Achard, F.,, Pekel, J. F,, Vieilledent, G., Carboni, S., Simonetti, D., Gallego, J., Aragao, L. E.
0. C., &Nasi, R., 2021. Long-term (1990-2019) monitoring of forest cover changes in the humid tropics.
Science Advances, 7. https://doi.org/10.1126/SCIADV.ABE1603

Veldkamp, E., Purbopuspito, J., Corre, M.D., Brumme, R., Murdiyarso, D., 2008. Land use change effects
on trace gas fluxes in the forest margins of Central Sulawesi, Indonesia. J Geophys Res Biogeosci 113,
2003. https://doi.org/10.1029/2007JG000522

Vellema, S., Van Wijk, J., 2015. Partnerships intervening in global food chains: the emergence of co-
creation in standard-setting and certification. J Clean Prod 107, 105-113. https://doi.org/10.1016/j.
jclepro.2014.03.090

Verburg, P.H., Crossman, N., Ellis, E.C., Heinimann, A., Hostert, P., Mertz, O., Nagendra, H., Sikor, T., Erb,
K.H., Golubiewski, N., Grau, R., Grove, M., Konaté, S., Meyfroidt, P., Parker, D.C., Chowdhury, R.R., Shibata,
H., Thomson, A., Zhen, L., 2015. Land system science and sustainable development of the earth system:
A global land project perspective. Anthropocene 12, 29-41. https://doi.org/10.1016/j.ancene.2015.09.004

Verburg, P.H., Dearing, J.A., Dyke, J.G., Leeuw, S. van der, Seitzinger, S., Steffen, W., Syvitski, J., 2016.
Methods and approaches to modeling the Anthropocene. Global Environmental Change 39, 328-340.
https://doi.org/10.1016/j.gloenvcha.2015.08.007

Verchot, L. V., Dannenmann, M., Kengdo, S.K., Njine-Bememba, C.B., Rufino, M.C., Sonwa, D.J., Tejedor,
J.,2020. Land-use change and Biogeochemical controls of soil CO2, N20 and CH4 fluxes in Cameroonian
forest landscapes. https://doi.org/10.1080/1943815X.2020.1779092 45-67. https://doi.org/10.1080/194
3815X.2020.1779092

Vermeir, |., Verbeke, W., 2006. Sustainable food consumption: Exploring the consumer “attitude -
Behavioral intention” gap. J Agric Environ Ethics 19, 169-194. https://doi.org/10.1007/s10806-005-5485-3

Verones, F., Hellweg, S., Anton, A., Azevedo, L.B., Chaudhary, A., Cosme, N., Cucurachi, S., de Baan, L.,
Dong, Y., Fantke, P., Golsteijn, L., Hauschild, M., Heijungs, R., Jolliet, O., Juraske, R., Larsen, H., Laurent,
A., Mutel, C.L., Margni, M., Nufiez, M., Owsianiak, M., Pfister, S., Ponsioen, T., Preiss, P., Rosenbaum, R.K.,
Roy, P.O,, Sala, S., Steinmann, Z., van Zelm, R., Van Dingenen, R., Vieira, M., Huijbregts, M.A.J., 2020.
LC-IMPACT: A regionalized life cycle damage assessment method. J Ind Ecol 24, 1201-1219. https://doi.
org/10.1111/jiec.13018

Voinov, A., Shugart, H.H., 2013. “Integronsters”, integral and integrated modeling. Environmental
Modeling and Software 39, 149-158. https://doi.org/10.1016/j.envsoft.2012.05.014

von Essen, M., Lambin, E.F,, Essen, M. von, Lambin, E.F.,, 2021. Jurisdictional approaches to sustainable
resource use. Front Ecol Environ 19, 159-167. https://doi.org/10.1002/fee.2299

Wackernagel, M., Cranston, G., Morales, J.C., Galli, A., 2014. Ecological footprint accounts, in: Atkinson,
G., Dietz, S., Neumayer, E., Agarwala, M. (Eds.), Handbook of Sustainable Development. Edwar Elgar
Publishing Limited, Cheltenham, UK., pp. 371-396.

Wahba, J., Higonnet, E., 2020. ISCO Scorecard. Ranking and grading public-private platforms for
sustainable cocoa.

Wang, S., Zhang, Y., Ju, W., Chen, J.M,, Ciais, P., Cescatti, A., Sardans, J., Janssens, .A., Wu, M., Berry, J.A.,
Campbell, E., Fernandez-Martinez, M., Alkama, R., Sitch, S., Friedlingstein, P., Smith, W.K., Yuan, W., He,
W., Lombardozzi, D., Kautz, M., Zhu, D., Lienert, S., Kato, E., Poulter, B., Sanders, T.G.M., Krliger, |, Wang,
R.,Zeng, N., Tian, H., Vuichard, N., Jain, A.K., Wiltshire, A., Haverd, V., Goll, D.S., Pefiuelas, J., 2020. Recent
global decline of CO2 fertilization effects on vegetation photosynthesis. Science (1979) 370, 1295-1300.
https://doi.org/10.1126/SCIENCE.ABB7772/SUPPL_FILE/ABB7772_WANG_SM_V2.PDF

WCF, 2023. Introducing Cocoa and Forests Initiative 2.0. World Cocoa Foundation. https:/www.
worldcocoafoundation.org/blog/introducing-cocoa-forests-initiative-2-0/ (accessed 3.29.23).

173



References

441.

442.

443,

444,

445.

446.

447.

448.

449,

450.

451.

452.

453.
454,

455.

456.

174

Webber, M., Labaste, P., 2007. Using Value Chain Approaches in Agribusiness and Agriculture in Sub-
Saharan Africa: A Methodological Guide. Tools that make Value Chains work: Discussion and Cases.
The World Bank.

Weidema, B.P., 2003. Market information in life cycle assessment. Danish Environmnetal Protection
Agency.

Weidema, B.P., Bauder, C., Hischier, R., Mutel, C., Nemecek, T., Reinhard, J., O., V.C., Wernet, G., 2013.
Overview and methodology. Data quality guideline for the Ecoinvent database version 3. St. Gallen.

Weinzettel, J., Hertwich, E.G., Peters, G.P.,, Steen-Olsen, K., Galli, A., 2013. Affluence drives the global
displacement of land use. Global Environmental Change 23, 433-438. https://doi.org/10.1016/j.
gloenvcha.2012.12.010

Weisz, H., Duchin, F., 2006. Physical and monetary input-output analysis: What makes the difference?
Ecological Economics 57, 534-541. https://doi.org/10.1016/j.ecolecon.2005.05.011

Wessel, M., Quist-Wessel, P.M.F., 2015. Cocoa production in West Africa, a review and analysis of recent
developments. NJAS - Wageningen Journal of Life Sciences 74-75, 1-7. https://doi.org/10.1016/j.
njas.2015.09.001

West, G.R., 1995. Comparison of Input - Output, Input — Output + Econometric and Computable
General Equilibrium Impact Models at the Regional Level Comparison of Input-Output, Input-Output
+ Econometric and Computable General Equilibrium Impact Models at the Regional Lev 37-41. https://
doi.org/10.1080/09535319500000021

Wiedmann, T., Lenzen, M., Turner, K., Barrett, J., 2007. Examining the global environmental impact
of regional consumption activities - Part 2: Review of input-output models for the assessment of
environmental impacts embodied in trade. Ecological Economics 61, 15-26. https://doi.org/10.1016/j.
ecolecon.2006.12.003

Wiese, A., Toporowski, W., 2013. CSR failures in food supply chains - an agency perspective. British Food
Journal 115, 92-107. https://doi.org/10.1108/00070701311289894/FULL/PDF

Winter, L., Lehmann, A., Finogenova, N., Finkbeiner, M., 2017. Including biodiversity in life cycle
assessment — State of the art, gaps and research needs. Environ Impact Assess Rev 67, 88-100. https://
doi.org/10.1016/j.eiar.2017.08.006

Wolff, S., Meijer, J., Schulp, C.J.E., Verburg, P.H., 2020. Contextualizing local landscape initiatives in global
change: a scenario study for the high forest zone, Ghana. Reg Environ Change 20, 1-17. https://doi.
org/10.1007/s10113-020-01701-x

Wood, R., Stadler, K., Bulavskaya, T., Lutter, S., Giljum, S., de Koning, A., Kuenen, J., Schiitz, H., Acosta-
Ferndndez, J., Usubiaga, A., Simas, M., lvanova, O., Weinzettel, J., Schmidt, J.H., Merciai, S., Tukker, A.,
2015. Global sustainability accounting-developing EXIOBASE for multi-regional footprint analysis.
Sustainability (Switzerland) 7, 138-163. https://doi.org/10.3390/su7010138

World Cocoa Foundation, 2017. Cocoa and Forests Initiative: Statement of Intent.

Wu, S.R., Liu, X., Wang, L., Chen, J., Zhou, P., 2021. Integrating Life Cycle Assessment Into Landscape
Studies: A Postcard From Hulunbuir. https://doi.org/10.21203/RS.3.RS-287195/V1

Wu, Y., Zhang, K., Xie, J., 2020. Bad Greenwashing, Good Greenwashing: Corporate Social Responsibility
and Information Transparency. https://doi.org/10.1287/mnsc.2019.3340 66, 3095-3112. https://doi.
org/10.1287/MNSC.2019.3340

Wurz, A., Tscharntke, T., Martin, D.A., Osen, K., Rakotomalala, A.A.N.A., Raveloaritiana, E., Andrianisaina,
F., Droge, S., Fulgence, T.R., Soazafy, M.R., Andriafanomezantsoa, R., Andrianarimisa, A., Babarezoto,
F.S., Barkmann, J., Hanke, H., HoIscher, D., Kreft, H., Rakouth, B., Guerrero-Ramirez, N.R., Ranarijaona,
H.L.T., Randriamanantena, R., Ratsoavina, F.M., Raveloson Ravaomanarivo, L.H., Grass, |., 2022. Win-win
opportunities combining high yields with high multi-taxa biodiversity in tropical agroforestry. Nature
Communications 2022 13:1 13, 1-13. https://doi.org/10.1038/541467-022-30866-8



457.

458.

459.

460.

461.

462.

References

Yang, Y., Heijungs, R., 2018. On the use of different models for consequential life cycle assessment. Int
J Life Cycle Assess 23, 751-758. https://doi.org/10.1007/s11367-017-1337-4

Yi, I., Itsubo, N., Inaba, A., Matsumoto, K., 2007. Development of the interregional I/O based LCA method
considering region-specifics of indirect effects in regional evaluation. Int J Life Cycle Assess 12, 353-364.
https://doi.org/10.1065/1ca2007.06.339

Yu, Y., Feng, K., Hubacek, K., 2013. Tele-connecting local consumption to global land use. Global
Environmental Change 23, 1178-1186. https://doi.org/10.1016/j.gloenvcha.2013.04.006

Zhang, L., Dzakpasu, M., Chen, R., Wang, X.C., 2017. Validity and utility of ecological footprint accounting:
A state-of-the-art review. Sustain Cities Soc 32, 411-416. https://doi.org/10.1016/j.scs.2017.04.016

Zu Ermgassen, E.K.H.J., Ayre, B., Godar, J., Bastos Lima, M.G., Bauch, S., Garrett, R., Green, J., Lathuilli re,
M.J., Léfgren, P, Macfarquhar, C., Meyfroidt, P., Suavet, C., West, C., Gardner, T., 2020. Using supply chain
data to monitor zero deforestation commitments: an assessment of progress in the Brazilian soy sector.
Environmental Research Letters 15, 035003. https://doi.org/10.1088/1748-9326/AB6497

Zu Ermgassen, E.K.H.J.H.J., Bastos Lima, M.G., Bellfield, H., Dontenville, A., Gardner, T., Godar, J., Heilmayr,
R., Indenbaum, R., Reis, T.N.P,, Ribeiro, V., Abu, I, Szantoi, Z., Meyfroidt, P., 2022. Addressing indirect
sourcing in zero deforestation commodity supply chains. Sci Adv 8, 1-16. https://doi.org/10.1126/sciadv.
abn3132

175



Appendix

Appendix A

Table 1. Additional information of input-output databases mentioned in the main text.

Abbreviation Full name General description Main references
EoRA EoRA (no Global database of high-resolution multi-region (Lenzen et al., 2013)
abbreviation)  input-output tables coupling economic data with (Inomata and
environmental and social data. Considers 190 countries Owen, 2014; Moran
and 15909 industrial sectors. Time series for 1990-2015. and Wood, 2014)*
GTAP Global Trade Global input-output database to represent consumption,  (Aguiar et al., 2016)
Analysis production and international trade for 140 countries and (Inomata and
Project (GTAP) 57 industrial sectors for the years 2004, 2007, 2011 and Owen, 2014)*
2014. Earlier years available but with variable amount of
data and detail. It couples environmental data.
EXIOBASE EXIOBASE (no  Global environmentally extended multiregional input- (Wood et al., 2015)
abbreviation) output database for 43 countries and 163 industrial (Inomata and
sectors for the years 2000 and 2007. Owen, 2014; Moran
and Wood, 2014)*
WIOD World Global database of inter-country input-output tables (Dietzenbacher et
Input-Output  covering 56 industrial sectors from 43 countries. Yearly al., 2013)
Database data for 1995-2014. It incorporates socio-economic and (Inomata and

environmental accounts

Owen, 2014; Moran
and Wood, 2014)*

Table 2. Additional information of land use models mentioned in the main text.

Abbreviation

Full name

General description

Main references

CLUMondo

GLOBIOM

IMAGE

MagPIE

Conversion of Land
Use on Mondial Scale

Global Biosphere
Management Model

Integrated Model
to Assess the Global
Environment

Model of Agricultural
Production and

its Impact on the
Environment

Spatially explicit land system change

model to simulate future changes
to land use, land cover, and land

management. Based on land systems
approach. Makes emphasis on land use

intensity and livestock systems.

Global dynamic partial equilibrium

model that simulates the competition

between the largest land-based
production sectors (agriculture,

bioenergy, and forestry) for land in a

spatial explicit manner.

Spatially explicit global dynamic
integrated assessment model to

simulate changes generated by the

interaction of social, economic and
environmental factors.

Global spatially explicit land use
optimization model that combines
economic and biophysical data to

simulate land use change scenarios.

(Van Asselen and Verburg,
2013a)

(Alexander et al., 2017; Nelson et
al., 2014; Schmitz et al., 2014)*

(Havlik et al., 2014)
(Alexander et al., 2017; Nelson et
al., 2014; Schmitz et al., 2014)*

(Stehfest, E., van Vuuren,

D., Kram, T., Bouwman, L.,
Alkemade, R., Bakkenes, M.,
Biemans, H., Bouwman, A., den
Elzen, M., Janse, J., Lucas, P, van
Minnen, J., Mller, C., Prins, 2014)
(Alexander et al., 2017; Nelson et
al., 2014; Schmitz et al., 2014)*

(Popp et al., 2014)
(Alexander et al., 2017; Nelson et
al., 2014; Schmitz et al., 2014)*

176



Appendix

References for Appendix A

10.

11.

12.

Aguiar, A., Narayanan, B., McDougall, R., 2016. An Overview of the GTAP 9 Data Base. J Glob Econ Anal
1, 181-208. https://doi.org/10.21642/JGEA.010103AF

Alexander, P,, Prestele, R., Verburg, P.H., Arneth, A., Baranzelli, C., Batista e Silva, F., Brown, C., Butler, A.,
Calvin, K., Dendoncker, N., Doelman, J.C., Dunford, R., Engstrom, K., Eitelberg, D., Fujimori, S., Harrison,
P.A.,Hasegawa, T., Havlik, P., Holzhauer, S., Humpendder, F., Jacobs-Crisioni, C., Jain, A K., Krisztin, T., Kyle,
P., Lavalle, C., Lenton, T., Liu, J., Meiyappan, P., Popp, A., Powell, T,, Sands, R.D., Schaldach, R., Stehfest,
E., Steinbuks, J., Tabeau, A., van Meijl, H., Wise, M.A., Rounsevell, M.D.A., 2017. Assessing uncertainties
in land cover projections. Glob Chang Biol 23, 767-781. https://doi.org/10.1111/gcb.13447

Dietzenbacher, E., Los, B., Stehrer, R., Timmer, M., de Vries, G., 2013. The Construction of World Input-
Output Tables in the WIOD Project. Economic Systems Research 25, 71-98. https://doi.org/10.1080/09
535314.2012.761180

Havlik, P., Valin, H., Herrero, M., Obersteiner, M., Schmid, E., Rufino, M.C., Mosnier, A., Thornton, PK.,
Bottcher, H., Conant, RT,, Frank, S., Fritz, S., Fuss, S., Kraxner, F., Notenbaert, A., 2014. Climate change
mitigation through livestock system transitions. Proceedings of the National Academy of Sciences 111,
3709-3714. https://doi.org/10.1073/pnas.1308044111

Inomata, S., Owen, A., 2014. Comparative Evaluation of Mrio Databases. Economic Systems Research 26,
239-244. https://doi.org/10.1080/09535314.2014.940856

Lenzen, M., Moran, D., Kanemoto, K., Geschke, A., 2013. Building Eora: a Global Multi-Region Input-
Output Database At High Country and Sector Resolution. Economic Systems Research 25, 20-49. https://
doi.org/10.1080/09535314.2013.769938

Moran, D., Wood, R., 2014. Convergence Between the Eora, Wiod, Exiobase, and Openeu’S Consumption-
Based Carbon Accounts. Economic Systems Research 26, 245-261. https://doi.org/10.1080/09535314.2
014.935298

Nelson, G.C., Valin, H., Sands, R.D., Havlik, P., Ahammad, H., Deryng, D., Elliott, J., Fujimori, S., Hasegawa,
T., Heyhoe, E., Kyle, P., Von Lampe, M., Lotze-Campen, H., Mason d'Croz, D., van Meijl, H., van der
Mensbrugghe, D., Miiller, C., Popp, A., Robertson, R., Robinson, S., Schmid, E., Schmitz, C., Tabeau,
A., Willenbockel, D., 2014. Climate change effects on agriculture: Economic responses to biophysical
shocks. Proceedings of the National Academy of Sciences 111, 3274-3279. https://doi.org/10.1073/
pnas.1222465110

Popp, A., Humpendder, F., Weindl, I., Bodirsky, B.L., Bonsch, M., Lotze-Campen, H., Miller, C., Biewald,
A., Rolinski, S., Stevanovic, M., Dietrich, J.P., 2014. Land-use protection for climate change mitigation.
Nat Clim Chang 4, 1095-1098. https://doi.org/10.1038/nclimate2444

Schmitz, C., van Meijl, H., Kyle, P, Nelson, G.C., Fujimori, S., Gurgel, A., Havlik, P., Heyhoe, E., d'Croz, D.M.,
Popp, A., Sands, R., Tabeau, A., van der Mensbrugghe, D., von Lampe, M., Wise, M., Blanc, E., Hasegawa,
T., Kavallari, A., Valin, H., 2014. Land-use change trajectories up to 2050: insights from a global agro-
economic model comparison. Agricultural Economics 45, 69-84. https://doi.org/10.1111/agec.12090

Stehfest, E., van Vuuren, D., Kram, T., Bouwman, L., Alkemade, R., Bakkenes, M., Biemans, H., Bouwman,
A., den Elzen, M., Janse, J., Lucas, P., van Minnen, J., Miller, C., Prins, A., 2014. Integrated Assessment
of Global Environmental Change with IMAGE 3.0. Model description and policy applications. PBL
Publishers, The Hague.

Van Asselen, S., Verburg, P.H., 2013. Land cover change or land-use intensification: Simulating land
system change with a global-scale land change model. Glob Chang Biol 19, 3648-3667. https://doi.
org/10.1111/gcb.12331

177



Appendix

13. Wood, R,, Stadler, K., Bulavskaya, T., Lutter, S., Giljum, S., de Koning, A., Kuenen, J., Schiitz, H., Acosta-
Fernandez, J., Usubiaga, A., Simas, M., Ivanova, O., Weinzettel, J., Schmidt, J.H., Merciai, S., Tukker, A.,
2015. Global sustainability accounting-developing EXIOBASE for multi-regional footprint analysis.
Sustainability (Switzerland) 7, 138-163. https://doi.org/10.3390/su7010138

178



Appendix B

A. Inventory of inputs for life cycle assessment

Appendix

Table 1. Total inventory of inputs to produce 1 kg of cocoa beans with cocoa agroforestry and full-sun systems.

Inputs Unit Cocoa full-sun  Cocoa agroforestry
Water kg 4.7059 4.7059
Land occupation m2/year 0.6346 0.7979
Land transformation m2 19.0388 23.9382
Petrol (for sprayers) | 0.0198 0.0249
Fertilizers

N kg

P (P205) 22% kg 0.0690 0.0345
K (K20) 18% kg 0.0565 0.0282
S(S) 7% kg 0.0220 0.0110
MgO (MgO) 6% kg 0.0188 0.0094
CaO (Ca0) 9% kg 0.0282 0.0141
Insecticides

Confidor 200 SL (Imidacloprid) kg 0.0011 0.0014
Akate master (Bifenthrim) kg 0.0011 0.0014
Carbamult (Promecarb) kg 0.0107 0.0134
Fungicides

Champion (77% cupric hydroxide) kg 0.0034 0.0043
Ridomil 72 (12%metalaxyl, 60% Cu20) kg 0.0017 0.0022
Kocide 101 kg 0.0034 0.0043
Nordox 75 (85% Cu20, 14%inert) kg 0.0034 0.0043
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B. Inventory of outputs for life cycle assessment

The calculation of emissions caused by pesticides was done based on the PestLCl 2.0 model.
Some choices had to be made to apply this model to our case. The pesticides Bifenthrim
and Promecarb were replaced by Esfenvalerate and Methiocarb because the model did not
include data for those pesticides. The replacing pesticides were chosen based on their similarity
in terms of chemical family group and other physicochemical properties such as molecular
weight, vapor pressure and solubility. We chose physical and climatic conditions based on
similarity as well: olives in fruit development, soil type 1 and Mediterranean climate in August.

Table 2. Total inventory of outputs and emissions created to produce 1 kg of cocoa beans with cocoa agroforestry
(AF) and full-sun (FS) systems.

Outputs-emissions Unit  Cocoafull-sun  Cocoa agroforestry
To air

Imidacloprid to air kg 1.57544E-05 1.98086E-05
Bifenthrim to air kg 1.76319E-06 2.21693E-06
Promecarb to air kg 0.002501054 0.003144671
HC (hydrocarbon) kg 1.33271E-05 1.67567E-05
NOx kg 0.000150597 0.000189351
CO (carbon monoxide) kg 1.8658E-05 2.34594E-05
Carbon dioxide CO2 kg 0.044110216 0.055461476
Sulphur dioxide SO2 kg 1.05865E-06 1.33108E-06
Lead Pb kg 2.1467E-06 2.69913E-06
Methane CH4 kg 4.29339E-05 5.39825E-05
Benzene C6H6 kg 0.000139388 0.000175258
Cadmium Cd kg 1.47034E-10 1.84872E-10
Chromium Cr (IV) kg 7.3517E-10 9.24358E-10
Copper Cu kg 2.49958E-08 3.14282E-08
Dinitrogen monoxide/ oxide N20 kg 1.91144E-06 2.40333E-06
Nickel Ni kg 1.02924E-09 1.2941E-09
Zinc Zn kg 1.47034E-08 1.84872E-08
Benzo(a)pyrene C20H12 kg 5.88136E-10 7.39486E-10
Ammonia NH3 kg 5.88136E-07 7.39486E-07
Selenium Se kg 1.47034E-10 1.84872E-10
Benz(a)-Anthracene kg 1.10276E-09 1.38654E-09
Benzo(b)-Fluor -anthracene kg 5.88136E-10 7.39486E-10
Chrysene kg 1.47034E-10 1.84872E-10
Dibenzo(a, h)-Anthracene kg 2.20551E-09 2.77307E-09
Fluoranthene kg 6.61653E-09 8.31922E-09
Phenanthene kg 1.76441E-08 2.21846E-08
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Outputs-emissions Unit  Cocoa full-sun Cocoa agroforestry
To surface water

Imidacloprid to surface water kg 2.03638E-07 2.56042E-07
Bifenthrim to surface water kg 1.83085E-10 2.30199E-10
Promecarb to surface water kg 3.26158E-13 4.10091E-13
PO4 to freshwater kg 0.000295925 0.000385084
Cd to surface water (ions) kg 6.40906E-08 5.39057E-08
Cu to surface water kg 4.13042E-06 3.24201E-06
Zn to surface water kg 1.62706E-05 9.63885E-06
Pb to surface water kg 1.39275E-07 7.51572E-08
Cr to surface water (IV) kg 3.41528E-05 3.48264E-05
Hg to surface water kg 4.90521E-10 2.78507E-10
To groundwater

Imidacloprid to ground water kg 2.16872E-06 2.72681E-06
Bifenthrim to ground water kg 6.66101E-08 8.37514E-08
Promecarb to ground water kg 3.05498E-12 3.84115E-12
PO4 to ground water kg 0.00011837 0.000154034
Cd to groundwater (ions) kg 6.40906E-08 5.39057E-08
Cu to groundwater kg 4.13042E-06 3.24201E-06
Zn to groundwater kg 1.62706E-05 9.63885E-06
Pb to groundwater kg 1.39275E-07 7.51572E-08
Cr to groundwater (IV) kg 3.41528E-05 3.48264E-05
Hg to groundwater kg 4.90521E-10 2.78507E-10
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C. Life cycle impact assessment

Table 3. Impact categories and details of characterization factors used in life cycle assessment impact assessment.

Method Author Scope Name Unit Spatial resolution
Acidification potential 2x2.5-degree pixel
(freshwater and terrestrial) kg 50,9 average
Freshwater eutrophication kg PO, P-lim eq 0.5x0.5-degree pixel
average
T .
Freshwater ecotoxicity ¢ U (cor.nparatlve North Africa
toxic units)
IMPACT (Bull | midpoint  Global warming potential kg CO,eq Global average
Bulle et al.
World + ' Human toxicity, cancer CTU (comparative
. . 2019) Y p .
(midpoint) and non-cancer toxic units) North Africa
Land occupation, mZ2arable land eq Biome and land use
biodiversity peryr type
Land transformation, ) Biome and land use
S m?arable land eq
biodiversity type
damage Disability-adjusted life DALY Dlvgrse.'As in each
years +midpoint category
Biodiversity (Chaudhary ) . .
P | | PSL) PDF.m2, E |
loss etal, 2015) damage otential species loss (PSL) DF. m2yr coregion and land uses

182



Appendix
D. Land use modeling settings

D.1. Provision of goods and services per land use type: The provision of services per pixel of
each land use is calculated based on statistical data. These services include built-up area (ha),
tree cover (ha), rubber (kg), food crops (including cassava, plantain and maize in kg) and cocoa
beans (kg). This is calculated based on the area occupied by each land use and subnational
statistics reported by FAO for the year 2015.

Table 4. Land use matrix detailing the provision of services and goods per pixel from each land use.

Built-up Tree cover Rubber Food crops Cocoa beans

(ha) (ha) (kg) (kg) (kg)
Built-up 3.2 0.2 0.0 6750.1 0.0
Mining 0.0 0.0 0.0 0.0 0.0
Vegetation regularly flooded 0.0 0.4 0.0 9584.5 0.0
Rubber 0.0 0.6 515.1 1056.9 0.0
Closed Forest 0.0 4.1 0.0 728.0 0.0
Cocoa agroforestry 0.0 23 0.0 907.4 1308.2
Mixed forest with agriculture 0.0 23 8.3 14508.3 0.0
Open forest 0.0 1.6 2.2 1248.7 379
Agriculture. sparse tree cover 0.0 0.2 16.0 32550.8 0.0
Cocoa full-sun 0.0 0.5 0.0 195.0 1787.0

D.2.Productivity increases in the provision of good and services: The supply of services by
each pixel changes in each scenario along the years. The ratio of this change is obtained based
on linear projections of FAO data for 10 years (2005-2015) (for rubber), scenario projections
made for the Shared Socioeconomic Pathways (SSP Database) developed by (IIASA, 2020; Riahi
et al., 2017) (for built up areas) and IFPRI (for food crops and cocoa beans) (IFPRI, 2017; Sulser
etal, 2015).

Table 5. Total productivity increases (%) in the provision of goods and services for each scenario. AF= cocoa
agroforestry; FS= cocoa full-sun.

Scenario Built-up  Treecover Rubber Food crops Cocoa beans
Green Development 3% 0% 0% 19% 139%
Intensive Agriculture Development 0 0% 26% 19% 90%

0y
Regulated Investments 3% 0% 26% 19% 1933(;:((?5?
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D.3. Future demand of goods and services per scenario: Future demands were fixed
according to the country level quantification of Shared Socioeconomic Pathways (SSP
Database) developed by (IIASA, 2020; Riahi et al., 2017) for built up areas and developed by IFPRI
for food crops and cocoa (IFPRI, 2017; Sulser et al., 2015). To define the future demand of tree
crop we used the targets set by official national policy documents related to restoration and
forest plantation targets (Dave et al., 2019b; Forestry Commission, 2016; IUCN, n.d.; Republic
of Ghana, 2017).

Table 6. Demand changes in each scenario.

Scenario Built-up  Tree cover Rubber Food crops Cocoa beans
Green Development 20% 31% -20% 35% 27%
Intensive Agriculture Development 29% -20% 72% 23% 40%
Regulated Investments 20% 18% 72% 23% 33%
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Vegetation zone

Vegetation zone

[: Dry semideciduous (fire zone)

- Dry semideciduous (inner zone)

- Moist evergreen

- Moist semideciduous (north west subtype)
Moist semideciduous (south east subtype)
[j Savannah

- Southern marginal

- Upland evergreen

- Wet evergreen

Figure E1. Vegetation zones in study area.
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F. Spatial assessment - biodiversity

F.1. GLOBIO settings

Table 11. Land cover equivalences for the GLOBIO model.

Original land use

GLOBIO land use equivalent

GLOBIO Land use code

Built-up

Mining

Vegetation regularly flooded
Rubber

Closed forest

Cocoa agroforestry

Mixed forest with agriculture
Open forest

Agriculture sparse tree cover

Cocoa full-sun

Built-up
Built-up
Built-up

Plantation forest

Primary vegetation

Agroforestry

Low input agriculture

Secondary vegetation

Low input agriculture

Low input agriculture

10
10
10

0 0 W o0 N

Appendix

Table 12. MSA values for land use (msa_lu), distance to infrastructure (msa_i) and fragmentation (msa_f). FFQI
means a Fragmented Forest Quality Index.

MSA_type Measurement Value MSA_x SE
msa_i_tropical forest Distance(m) <1000 0.4 0.22
msa_i_tropical forest Distance(m) 1000-4000 0.8 0.13
msa_i_tropical forest Distance(m) 4000-14000 0.9 0.06
msa_i_tropical forest Distance(m) >14000 1 0.02
msa_i_grassland and cropland Distance(m) <500 0.4 0.22
msa_i_grassland and cropland ~ Distance(m) 500-2000 0.8 0.13
msa_i_grassland and cropland  Distance(m) 2000-7000 0.9 0.06
msa_i_grassland and cropland Distance(m) >7000 1 0.02
msa_f FFQI <0.43 0.3 0.15
msa_f FFQI 0.43-0.58 0.6 0.19
msa_f FFQI 0.58-0.90 0.7 0.19
msa_f FFQI 0.90-0.98 0.9 0.2
msa_f FFQI 0.98-0.99 0.95 0.2
msa_f FFQI 0.99-1 1 0.2
msa_lu LandCoverClass 0 0

msa_lu LandCoverClass 1 1 <0.01
msa_lu LandCoverClass 2 0.7 0.07
msa_lu LandCoverClass 3 0.5 0.03
msa_lu LandCoverClass 4 0.2 0.04
msa_lu LandCoverClass 5 0.7 0.05
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MSA_type Measurement Value MSA_x SE
msa_lu LandCoverClass 6 0.1 0.07
msa_lu LandCoverClass 7 0.5 0.06
msa_lu LandCoverClass 8 0.3 0.12
msa_lu LandCoverClass 9 0.1 0.08
msa_lu LandCoverClass 10 0.05 na
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H. Spatial analysis results

Table 14. Impacts due to cocoa farming in the entire landscape in each scenario.

Spatial analysis

LCA

GHG emissions (tCO2eq) MSA loss PDF GHG emissions (tCO2eq)
Regulated Investments -13740683 -0.039598 0.00197 365493
Intensive Agriculture
Development 5.2E+07 0.0803 0.041472 4.9E+07
Green Development -61505447 -0.030012  0.213869 6.2E+07
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Appendix C

A. Supplementary data

Table 1. HS codes and conversion coefficients for cocoa beans and cocoa processed products.

PRODUCT CONVERSION COEFFICIENT HS6 CODE
Cocoa beans 1 180100
Cocoa butter 1.72 180400
Cocoa paste 1.14 180310, 180320
Cocoa powder 0.63 180500
Cocoa waste 1 180200

Table 2. Trader names and corresponding subsidiary and/or alternative names used as equivalents in the analysis.

SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
GCB SPECIALTY CHOCOLATE
GOKALDAS AARISH GOKALDAS SDN BHD GUAN CHONG BHD
GUAN CHONG COCOA
ABCO SA DE CV ABCOTEX SA DE CV MANUFACTURER SDNBHD  GUAN CHONG BHD
AYD SANCHEZ AD SANCHEZ GUANG CHONG COCOA
ADSANCOCOA S A ADSANCOCOA MANUFACTURER SDNBHD  GUAN CHONG BHD
ADELCOCOAS A ADELCOCOA PT ASIA COCOA INDONESIA  GUAN CHONG BHD
GUAN CHONG COCOA
ADRIANA CIOCAN ADRIAN CIOCAN MANUFACTURER GUAN CHONG BHD
ADU MARX ENTERPRISES GUAN CHONG COCOA
LIMITED ADU MARX ENTERPRISES ~ MANUFACTURER SDNBHD ~ GUAN CHONG BHD
AFROTROPIC COCOA AFROTROPIC COCOA GUAN CHONG COCOA
PROCESSING COMPANY PROCESSING CO MANUFACTURER SDN GUAN CHONG BHD
AGP ALSERVICE BUSINESS GUANG ZHOU SUKE FOOD  GUANG ZHOU SUKE
SAC AGP ALSERVICE BUSINESS ~ CO FOOD
AGR4"$4%o0 COLA INMOBILIARIA GUANGALA
AGRICOLA CONDURULTDA  CONDURU SA GUANGALA
AGRICOLABEANANDCO  AGRICOLA BEAN AND CO
LA MEJORBEANMEJORS LA MEJORBEANMEJOR  AGRICOLA GUANGALASA  GUANGALA
AGRICOLA RIVAS PLATA
SAC AGRICOLARIVASPLATA  AGRIGUANGALA GUANGALA
GUANGZHOU CITY JICHEN  GUANGZHOU CHI CHEN
AGRITRADE S A C AGRITRADE TRADE COLT TRADE CO
GUANGZHOU CITY JICHEN  GUANGZHOU CHI CHEN
AGRO AMERICANOSAC  AGRO AMERICANO TRADE CO TRADE CO
AGROINDLFRUTADELA  AGROINDLFRUTADELA  GUANGZHOU CITY JICHEN  GUANGZHOU CITY Ji
PASION C PASION TRADE COLTD CHEN TRADE CO
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
AGRO INDUSTRIAS PUMA AGRO INDUSTRIAS PUMA  GUANGZHOU CITY JICHEN ~ GUANGZHOU CITY JI
REALSRL REAL TRADECOL CHEN TRADE CO
GUANGZHOU COCOA GUANGZHOU COCOA
AGRO MIPERU FOODSSAC AGRO MI PERU FOODS COMMODITIES LIMITED COMMODITIES
HARALD INDUSTRIA E HARALD INDUSTRIA
COMERCIO DE ALIMENTOS E COMERCIO DE
AGROALAVAS A AGROALAVA SA ALIMENTOS
HARD DISCOUNT PANAMA ~ HARD DISCOUNT
AGROCAVA sL AGROCAVA SA PANAMA
AGROCONDOR SRL AGROCONDOR NEO INDUSTRY HAWTHORNE PARTNERS
AGROFILIALSA'S AGROFILIAL HD COTTEREL HD COTTERELL
AGROFINO FOODSSAC AGROFINO FOODS HD COTTERELLBV HD COTTERELL
AGROGHANA LIMITED AGROGHANA HD COTTERELL GMBH HD COTTERELL
HD COTTERELL HAMBURG HD COTTERELL
LLC AGROIMPEKS TRADE AGROIMPEKS TREID GMBH HAMBURG
AGROINDL SALAZAR AGROINDL SALAZAR HD COTTERELL GMBH CO
MOLINA AGROSAMEX S A MOLINA AGROSAMEX KG HDCOTTERELL GMBH
AGROINDUSTRIA DE AGROINDUSTRIA DE HEDBLOM CACAO PERU
ALIMENTOS BRANGGISAC  ALIMENTOS BRANGGI SAC HEDBLOM CACAO PERU
AGROLAYAS A AGROLAYA HENACENT LIMITED HENACENT
AGRO MANOBANDA HNOS HERITAGE FRESH FOOD
S A AGROMABAN AGROMANOBANDA HNOS  VENTURES HERITAGE FRESH FOOD
AGROMER PROCESOS DEL AGROMER PROCESOS DEL
PERUEIRL PERU HERSHEY TRADING G HERSHEY TRADING

AGROMIX INDUSTRIAL S
AC

AGROPECUARIA SEMPRE
FIRME LTDA

AGROSANCHEZ COCOA
EXPORTS A

AGS CORP COLOMBIASA'S

MOLENBERGNATIE ESPANA

MOLENBERGNATIE ESPANA
SL

ALBRECHT DILL TRADING
GMB

ALBRECHT AND DILL
TRADING

ALBRECHT DILL TRADING
GMBH BALLIN

ALBRECHT AND DILL

AGROMIX INDUSTRIAL

AGROPECUARIA SEMPRE
FIRME

AGROSANCHEZ COCOA
EXPORT
AGS CORP COLOMBIA

AKIRA HOLDING
FOUNDATION

AKIRA HOLDING

FOUNDATION

ALBRECHT DILL TRADING

ALBRECHT DILL TRADING

ALBRECHT DILL TRADING

ALBRECHT DILL TRADING

HERSHEY TRADING GMB

WAWEL SA

DROSTE

HOTEL CHOCOLATE

HOTEL CHOCOLAT

IABGROUPSAS

IAS GHANA LIMITED

IVOIRE COMMODITIES

SOURCING

IKEIKESRL

IMPORTADORA CAPRILE
LIMITADA

HERSHEY TRADING

HOSTA INTERNATIONAL

HOSTA INTERNATIONAL

HOTEL CHOCOLAT
GROUP PLC

HOTEL CHOCOLAT

GROUP PLC

IAB GROUP

IAS GHANA

ICS-SA

IKE IKE

IMPORTADORA CAPRILE
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
ALECON COMERCIAL ALECON COMERCIAL
EXPORTADORA E EXPORTADORA E IMPORTADORA CAPRILE
REPRESENTACAO LTDA REPRESENTACAO LTDA IMPORTADORA CAPRILE
IMPORTADORA'Y IMPORTADORA Y
EXPORTADORA DONA EXPORTADORA DONA
SANDRA HECHT ALEXANDRA HECHT ISABEL E ISABEL
ALGARROBOS IMPORTADORA'Y IMPORTADORA'Y
ALGARROBOS ORGANICOS ~ ORGANICOS DEL PERU EXPORTADORA EL EXPORTADORA EL
DEL PERU SOCIEDAD A SAC PICAFLORE PICAFLOR
IMPORTADORAYEX-
IMPORTADORAYEXPORTA- ~ PORTADORA PAIS DEL
ALIGOODSAC ALIGOOD DORA PAIS DEL CACAO E CACAO
ALIMENTOS ANDINO S ALIMENTOS ANDINO INCAINVESTEIRL INCA INVEST
ALIMENTOS ZAELI LTDA ALIMENTOS ZAELI INCADEXSRL INCADEX
ALIMPROS S L ALIMPROS S INDCRESA INDCRE
ALMIGHTY FOODS LIMITED ~ ALMIGHTY FOODS INDCREASA INDCRE
INDUSTRIA BRASILEIRA INDUSTRIA BRASILEIRA
DE CACAU E GENEROS DE CACAU E GENEROS
AMANDAU S A AMANDAU ALIMENTICIOS LTDA ALIMENTICIOS
INDUSTRIA DE
INDUSTRIA DE PRODUTOS PRODUTOS
AMAZON BASIN AMAZON BASIN ALIMENTICIOS MAVALERIO  ALIMENTICIOS
TREASURESSRL TREASURES LTDA MAVALERIO
INDUSTRIA E COMERCIO DE  INDUSTRIA E COMERCIO
AMAZONAS TRADING PERU  AMAZONAS TRADING CACAU FINO MAGALHAES DE CACAU FINO
SAC PERU SAC LTDA ME MAGALHAES
INDUSTRIA E COMERCIO
AMAZONIA NATURALS INDUSTRIA E COMERCIO DE  DE COSMETICOS
LTDA AMAZONIA NATURALS COSMETICOS NATURALTDA  NATURA
AMMA TODOS OS AMMA TODOS OS
SANTHOS DIVISAO BRASIL ~ SANTHOS DIVISAO BRASIL  INDUSTRIALYJM SOCIEDAD
INDUSTRIA ECOMERCIO LT  INDUSTRIA E COMERCIO ANONIMA CERRADA INDUSTRIALYJM
AMP LOGISTICS GHANA INDUSTRIAS ALIMENTICIAS ~ INDUSTRIAS
LIMITED AMP LOGISTICS GHANA CUSCOSA ALIMENTICIAS CUSCO

DAARNHOUWER CO
DAARNHOUWER CO BVKO
DAARNHOUWER CO BV

DAARNHOUWER COBV

DAARNHOUWER AND CO
BV

ANDINA FOODS EXPORT
EMPRESA INDIVIDUAL D

ANDY CONCEPT CO

AMTRADA HOLDING
AMTRADA HOLDING
AMTRADA HOLDING

AMTRADA HOLDING

AMTRADA HOLDING

ANDINA FOODS EXPORT

EMPRESA INDIVIDUAL

ANDY CONCEPT

INDUSTRIAS EL SINAISA C
INDUSTRIAS TINKIY S A C
CJSCINFORUM PROM

ING BELGIUM BRUSSELS
GENEVA BRANCH

ING BELGIUM GENEVA
BRANCH

INKAFRESHS A C

INKA'S COMMODITIES
TRADINGSAC

INDUSTRIAS EL SINAI
INDUSTRIAS T INKIY
INFORUM PROM

ING GROEP NV

ING GROEP NV

INKA FRESH

INKA' S COMMODITIES
TRADING
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

ANHUI IMPORT EXPORT ANHUIIMPORT EXPORT

COLTD co INNOVA LTDA INNOVADA

ANHUI IMPORT AND ANHUI IMPORT EXPORT

EXPORT CO LTD co INSUQUIMSRL INSUQUIM

ANHUI IMPORT AND ANHUI IMPORT EXPORT INTERAMSA INTERAMSA

EXPORT C co AGROINDUSTRIALS A C AGROINDUSTRIAL
INTERCAMBIO

ANHUI IMPORT AND ANHUI IMPORT EXPORT INTERCAMBIO MEXICANO MEXICANO DE

EXPORT CO co DE COMERCIOSADECV COMERCIO SADE CV

ANIFFER TRADING CO

AOGFOODSSA
APTI ALIMENTOS LTDA

AQIA QUIMICA INDUSTRIAL
LTDA

ARASA INVESTMENTS
LIMITED

ARASCO FOOD BV

ARASCO FOOD

ARCO IRIS BRASIL IND
COM DE PRODUTOS
ALIMENTICIOS LTDA

ARCORSAIC

ARGIA SARL
ASCOLIHFDSRL

ASCOT

ASCOT AMSTERDAM BV
ASKINOSIE CHOCOLATE LL

ASOC DE ORGANIZACIONES
PRODUCTORAS DE CACAO
DELNUDO D

ASOCIACIN DE
PRODUCTORES
CACAOTEROS Y C

ATLANTIC COCOA
KAOKA

AVALMARTI S A AVALMARTI
SA

PACORINI GLOBAL
SERVICES

BAKEPLUS CO

ANIFFER TRADING

AOG FOODS
APTI ALIMENTOS

AQIA QUIMICA
INDUSTRIAL

ARASA INVESTMENTS
ARASCO HOLDING

ARASCO HOLDING

ARCO IRIS BRASIL IND
COM DE PRODUTOS
ALIMENTICIOS

ARCORSAI

ARGIA

ASCOLIHFD

ASCOT AMSTERDAM
ASCOT AMSTERDAM
ASKINOSIE CHOCOLATE

ASOCDE

ORGANIZACIONES
PRODUCTORAS DE
CACAO DEL NUDO

ASOCIACIN DE
PRODUCTORES
CACAOTEROS Y

ATLANTIC COCOA CO
ATLAS FOOD HOLDING

AVALMARTIS A
AVALMARTI

B PACORINI SPA
BAKEPLUS

INVERSIONES LA MINGA
EIRL

INVESMENTS PACIFICO SUR
SAC

NATRA CACAO SL

NATRA CACAO

ITOCHU CORPORATION
ITOCHU EUROPE PLC

ITOCHU FOODSALES AND
MARKETING CO

ITOCHU FOOD SALES AND
MARKETING CO

ITOCHUINTERNATIONAL
IVCOM

JAMES ASANTE MACLEAN
NANA ZIMMERMANN

JB COCOA SDN BHD

PT JEBE KOKO

JEBE KOKO

JB COCOA
GRIFFINS FOODS LIMITED
GRIFFINS FOODS

JOAQUIN CUTCHET E HIJOS
SRL

JPM COMERCIO E
EXPORTACAO LTDA

JS COCOA

INVERSIONES LA MINGA

INVESMENTS PACIFICO
SUR

INVESTINDUSTRIAL

INVESTINDUSTRIAL

ITOCHU CORP
ITOCHU CORP

ITOCHU CORP

ITOCHU CORP
ITOCHU CORP

IvCO

JAMES MACLEAN
JANA ZIMMERMANN
JBFOODS

JB FOODS

JBFOODS

JBFOODS
JG SUMMIT HOLDINGS
JG SUMMIT HOLDINGS

JOAQUIN CUTCHET E
HIJOS

JPM COMERCIO E
EXPORTACAO

JS COCOA HOLDING
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
BAKER PERKINS
BAKER PERKINS HOLDINGS JUAN ACIBERTS A JUAN A CIBERT
KALLAS PAPADOPOULOS
BANCO SANTANDER CHILE ~ BANCO SANTANDER SA KALLAS PAPADOPOULOS
BARRY CALLEBAUT NEGOCE
BCN BARRY CALLEBAUT KALLASPAPADOPOULOS KALLAS PAPADOPOULOS
BARRY CALLEBAUT BRASIL
INDUSTRIA E COMERCIO DE
PRODUTOS ALIM BARRY CALLEBAUT KAOKASAS KAOKA
BARRY CALLEBAUT
ECUADORS A BARRY CALLEBAUT KARGHER CORPORATION KARGHER CORP
BARRY CALLEBAUT NORD
CACAO BARRY CALLEBAUT HUYSER KEVIN HUYSER
BARRY CALLEBAUT NORD
CACAO SAS BARRY CALLEBAUT KINGBEE DUNAMIS LIMITED ~ KINGBEE DUNAMIS
BARRY CALLEBAUT MFG UK
BANBURY BARRY CALLEBAUT KOKOA DEL ISTMO S A KOKOA DEL ISTMO
BARRY CALLEBAUT NORD KONTROL TRADING E KONTROL TRADING E
COCOA BARRY CALLEBAUT TRANSPORTE LTDA ME TRANSPORTE
KORPERSHOEK KORPERSHOEK
BARRY CALLEBAUT NORD WAREHOUSING Y WAREHOUSING
COCAO BARRY CALLEBAUT FOWARDING FORWARDING
KREMLIN TRADE
BARRY CALLEBAUT COCAO  BARRY CALLEBAUT AB MARKET INTERNATIONAL
BARRY CALLEBAUT COCOA LABORATORIOS PORTUGAL  LABORATORIOS
GERMANY BARRY CALLEBAUT SRL PORTUGAL
BARRY CALLEBAUT GHANA
LIMITED BARRY CALLEBAUT LALA GUATEMALA S A LALA GUATEMALA
BARRY CALLEBAUT USA BARRY CALLEBAUT LALA NICARAGUA S A LALA NICARAGUA
BARRY CALLEBAUT COCOA
AG BARRY CALLEBAUT LANONEXPORT S A LANONEXPORT
BARRY CALLEBAUT LAZZARO ZONA LIBRE LAZZARO ZONA LIBRE
MANUFACTURING BARRY CALLEBAUT COLONSA COLON
BARRY CALLEBAUT LAZZARO ZONA LIBRE DE LAZZARO ZONA LIBRE
SOURCING BARRY CALLEBAUT COLONSA DE COLON
BARRY CALLEBAUT COCOA  BARRY CALLEBAUT LEI CORPORATIONEIRL LEI CORPORATION
BARRY CALLEBAUT MFG UK BARRY CALLEBAUT CIA LEVAPAN PANAMA S A LEVAPAN DE PANAMA
LFG COMERCIO
LFG COMERCIO ASSESSORIA  ASSESSORIA
BARRY CALLEBAUT IMPORTACAO E IMPORTACAO E
SUZHOU CHOCOLATE BARRY CALLEBAUT EXPORTACAO LTDA EXPORTACAO
BARRY CALLEBAUT
BELGIUM NV BARRY CALLEBAUT LIBEROMONDO SCS LIBEROMONDO SC
PT PAPANDAYAN COCOA
INDUSTRIES BARRY CALLEBAUT LINYI KALEFU FOOD CO LINYI KALEFU FOOD
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

BARRY CALLEBAUT

MANUFACTURING MALAY BARRY CALLEBAUT LMENVIOS PERUEIRL LM ENVIOS PERU

BARRY CALLEBAUR BARRY CALLEBAUT LODISER SA LODISER

BARRRY CALLEBAUT

SOURCING BARRY CALLEBAUT LOKFOODSSAS LOK FOODS

BARRY CALLEBEAUT LOTTE CONFECTIONERY

SOURCING BARRY CALLEBAUT LOTTE CONFECTIONERY co

BARRY CALLEBAUT MEXICO

SDERLD BARRY CALLEBAUT LOUISE HINES LOUISE HINDS

BARRY CALLEBAUT FRANCE  BARRY CALLEBAUT LOVECHOCK BV LOVECHOCK

BARRY CALLEBAUT AG LUA CACAO Y CHOCOLATE  LUACACAQOY

HEAD OFFICE BARRY CALLEBAUT LUATE CIA LTDA CHOCOLATE LUATE CIA

BARRY CALLEBAUT LUDWIG WEINRICH GMBH LUDWIG WEINRICH

CHOCOLATE ASIA PACI BARRY CALLEBAUT COKG GMBH

BARRY CALLEBAUT MFG

UKLTD BARRY CALLEBAUT LUIS GARRATON LUIS GARRAT&3a%0¥N

BARRY CALLEBAUT

MANUFACTURING POLSK BARRY CALLEBAUT M JTROPICAL LIMITED M JTROPICAL

BARRY CALLEBAUT MEXICO

SDERLC BARRY CALLEBAUT M LIBANIO AGRICOLAS A M LIBANIOAGRICOLA

BARRY CALLEBAUT ASIA

PACIFICPTELT BARRY CALLEBAUT MY MTRADINGSAS MY M TRADING

BARRY CALLEBAUT MEXICO

SDERLDE BARRY CALLEBAUT SUPERFOOD M80 PARTNERS NV

PT PAPANDAYAN COCOA MACHU PICCHU FOODS

INDS BARRY CALLEBAUT SAC MACHU PICCHU FOODS

BARRY CALLEBAUT

SOURCINGAG BARRY CALLEBAUT MACHU PICCHU FOOD SAC ~ MACHU PICCHU FOODS

BARRY CALLEBAUT NORD MACHU PICCHU COFFEE

CACAOSAS BARRY CALLEBAUT TRADING SAC MACHU PICCHU FOODS

BARRY CALLEBAUT MAGLIO ARTE DOLCIARIA MAGLIO ARTE

MALAYSIA SDN BHD BARRY CALLEBAUT SRL DOLCIARIA
MAGOREXPORT DEL MAGOREXPORT DEL

BARRY CALLEBANT USA BARRY CALLEBAUT ECUADORS A ECUADOR

SACO BARRY CALLEBAUT MAHAMADOU MOUSTAPHA  MAMADOU MOUSTAPHA

BARRY CALLEBAUT BELG BARRY CALLEBAUT MAMUSCHKA SR L MAMUSCHKA

PT PAPANAYAN COCOA BARRY CALLEBAUT MANACAO S A MANACAO

PAPANDAYAN COCOA

INDUSTRIES BARRY CALLEBAUT MANDINA HOLDINGSSAC ~ MANDINA HOLDINGS

PT BARRY CALLEBAUT

COMEXTRA INDONESIA BARRY CALLEBAUT MANJIMEXPORT S A MANJIMEXPORT

BD ASSOCIARES UKLTD BD ASSOCIARES UK MARANON CACAOSRL MARANON CACAO

BD ASSOCIATES UK LTD BD ASSOCIATES UK MAREMIS A C MAREMI
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SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
BEIJING ZHONG TIAN XU BEIJING ZHONG TIAN XU MARIANA COCOA EXPORT MARIANA COCOA
TENG FOOD CO TENG FOOD LTDA EXPORT
BELTRAN MARIN INVS BELTRAN MARIN INVS
AGROPSSAS AGROPS MARKA TRADINGSA'S MARKA TRADING
BERYLS CHOCOLATE
BERYLS CHOCOLATE AND CONFECTIONERY SDN GYAMARS AFRICAN FOOD
CONFECTIONARY BHD PTY MARS
BERYLS CHOCOLATE
BERYLS CHOCOLATE CONFECTIONERY SDN
CONFECTIONERY S BHD MARS FOODS JIAXING CO MARS
BERYLS CHOCOLATE
BERYLS CHOCOLATE AND CONFECTIONERY SDN
CONFECTIONERY BHD MARS FOODS CHINA CO MARS
MASSAMIRI FOR TRADE MASSAMIRI FOR TRADE
BANCO BICE BICECORP AND INDUSTRY LT AND INDUSTRY
BLUE PACIFIC OILS SA BLUE PACIFIC MAXLY FOOD CO MAXLY FOOD
MAZAPAN DE LA ROSA SA MAZAPAN DE LA ROSA
BOFAS COMPANY LIMITED BOFAS COMPANY DECV SADECV

BOHNKAF KOLONIAL GMBH
AND CO KG

BOHNKAF KOLONIAL GMBH
COKG

BRACAU TRADING CACAU
LTDA

NUTKAO USA
BRAZILCOA COM DE

PRODALIM LTDA

SOUZA CRUZ LTDA

BRYTEMEDIA LIMITED
BUCHBINDEREI BREMEN

BVR TRADING IMPORTACAO
E EXPORTACAO LTDA EPP

CICOLFOODSA
CIFRUTOS DE LOS ANDES
FRUANDESSA'S

C STEINWEG
HANDELSVEEM BV

C STEINWEG

BOHNKAFKOLONIAL
GMBH

BOHNKAFKOLONIAL
GMBH

BRACAU TRADING CACAU
BRAIDA FAMILY

BRAZILCOA COM DE
PRODALIM

BRITISH AMERICAN
TOBACCO PLC

BRYTEMEDIA
BUCHBINDER

BVR TRADING
IMPORTACAO E
EXPORTACAO

CICOLFOOD

CIFRUTOS DE LOS ANDES
FRUANDES

C STEINWEG
HANDELSVEEM BV
MANAGEMENT

C STEINWEG
HANDELSVEEM BV
MANAGEMENT

MAZEX FOR EXPORT
IMPORT

MC AGRI ALLIANCE LTD

MC AGRI ALLIANCE LTD
COFFEE COCOA

MC AGRIALLIANCE

MCDAN SHIPPING
COMPANY LIMITED

MEDCO GROUP COMPANY
LIMITED

MEGA INTERNATIONAL
COMMERCIAL BANK

MELARS A

MEMEX SOCIEDAD
ANONIMA CERRADA

MERCONTROL ESTUDIOS

DE DISTRIBUCION S L

MERIDIAN CACAO

MERRILL INTERNACIONAL
SAC

MG AGRO SOCIEDAD
ANONIMA CERRADA MG

MAZEX IMPORTEXPORT

MC AGRI ALLIANCE

MC AGRI ALLIANCE
MC AGRI ALLIANCE

MCDAN SHIPPING
COMPANY

MEDCO GROUP
COMPANY

MEGA FINANCIAL
HOLDING CO

MELAR

MEMEX

MERCONTROL ESTUDIOS
DE DISTRIBUCION
MERIDIAN CACAO CO

MERRILL
INTERNACIONAL

MG AGRO MG
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ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

CACAO DECOLOMBIASAS CACAO DE COLOMBIA MICHOC SA MICHOC

CACAO DE ORIGEN CACAO DE ORIGEN MIGRATE AUSTRALIA MIGRATE AUSTRALIA
CACAOSOURCESAS CACAOSOURCE IMPORT Y EXPORTSAS IMPORT Y EXPORT

CACAO DEL ORIENTES A C
CACAO HUNTERS JAPAN CO

CACAO JUNTOSSAC
CACAO PACIFICOS A
CACAOFRUITECS A

CACAU FOODS DO BRASIL
ALIMENTOS LTDA

CAFE TRES CORACOES SA

CARGILL GHANA LIMITED
CARGILL AGRICOLAS A

CARGILL DEL ECUADOR
CARGILLECUADOR CIA

CARGILL CO

CARGILL COCOA SARL

STE TELCAR COCOA
LIMITED

CARGIL WEST AFRICA

CARGILL BV CARGILL
COCOA AND CHOCOL

CARGILL JAPAN LIMITED

CARGILL JAPAN

CARGILL COCOA
CHOCOLATE

TOSHOKU SINGAPORE PTE
LTD

CARGILL COCOA AND
CHOCOLATE

CARGILL JAPAN LTD
CARGIL JAPAN

CARGILL BV CARGILL
COCOA AND CHOCO

CARGILL INVESTMENTS
CHINA

CACAO DEL ORIENTE
CACAO HUNTERS JAPAN

CACAO JUNTOS

CACAO PACIFICO
CACAOFRUITEC

CACAU FOODS DO BRASIL
ALIMENTOS

CAFE TRES CORACOES

CARGILL
CARGILL

CARGILL
CARGILL

CARGILL

CARGILL
CARGILL

CARGILL
CARGILL

CARGILL

CARGILL

CARGILL

CARGILL
CARGILL
CARGILL

CARGILL

CARGILL

MIHEHUA COMPANY
LIMITED

MIRAL SA

MIRANDA ENTERPRISE
LIMITED

MITSUI CO
MITSUI CO EUROPE PLC

MITSUI CO INDIA PVT LTD

HASHIM SULIMAN
MOHAMED ALI

MONDELEZ INDIA FOODS
PVT

MONDELEZ EGYPT FOODS

MONDELEZ PAKISTAN
LIMITED

MONDELEZ RUS

MONDELEZ SOUTH AFRICA
PTY

MONDELEZ SOUTH
AFFRICA PTY

MONDELE

MONDO IMPRENDITORE
SAC

MOOD FOODS LIMITED

CHRISTIAN AMELN

MULTIDIRECTION SA C

MULTINGENIOS MAKARIZA
SA

NAIKEEIRL
NAKAYAMA CO LTDA
NATIGOLD S A

NATRA CAMAA-AS DE
TORRENT SN

NATRA

MIHEHUA COMPANY
MIRAL

MIRANDA ENTERPRISE
MITSUI
MITSUI CO

MITSUI CO

MOHAMED ALI HASHIM

MONDELEZ
MONDELEZ

MONDELEZ
MONDELEZ

MONDELEZ

MONDELEZ
MONDELEZ

MONDO IMPRENDITORE
MOOD FOODS

MORTEN CHRISTIAN
AMELN

MULTIDIRECTION

MULTINGENIOS
MAKARIZA

NAIKE
NAKAYAMA CO
NATIGOLD

NATRA CAMAA DE
TORRENT SN

NATRAHUDSON EUROPE
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ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
CARGILL BV CARGILL
COCOA CHOCOLATE CARGILL AVON COLOMBIASAS NATURA CO HOLDING
CARGILL BV CARGILL NATURAL HEALTH FOODS NATURAL HEALTH
COCOA AND CHOCOLATE CARGILL SAC FOODS

NELLO COMERCIO NELLO COMERCIO
CARGILL BV CARGILL ATACADISTA DE ALIMENTOS  ATACADISTA DE
COCOA CARGILL LTDA EPP ALIMENTOS
CARGILL BV CARGILL
COCOA CHOCOLATE CARGILL NESTLE AUSTRALIA NESTLE
CARGILL BV CARGILL
COCOAY CARGILL NESTLE MEXICOSADECV  NESTLE

NESTLE DE MEXICOS A
CARGILL JAPN CARGILL DECV NESTLE
CARGILL LIMITED CARGILL NESTLE BRASIL LTDA NESTLE
PT CARGILL INDONESIA CARGILL CHOCOLATES GAROTO NESTLE
TELCA CARGILL NESTLE ECUADORS A NESTLE
TECLAR CARGILL NESTLE CAMEROUN NESTLE
CARIF JAPON CO CARIF JAPON NESTLE DE COLOMBIAS A NESTLE
CASALUKER EUROPEBVBA ~ CASA LUKER NESTRADE S A NESTLE
CASA LUKER EUROPEBVBA  CASA LUKER NESTLE ESPAAS A NESTLE
PRODS ALIMENTICIOS
PASCUALS A CASA LUKER NESTLE CHILES A NESTLE
CASA LUKER DEL PERU
SAC CASA LUKER NESTLE PERU S A NESTLE
SUCESORES DE JOSE JESUS
RESTREPOYCIASA CASA LUKER NESTLE USA NESTLE
HOSTA CEGEDIM NESTLEESPAASA NESTLE
PPCGRYFSA CEMOI NESTLE AUSTRALIA NESTLE
PPC GRYF CEMOI NESTLE ESPAAAS A NESTLE
CEMOI TRADING SA CEMOI NESTL NESTLE
CEMOICI CEMOI INDS NEUCHATEL S A NEUCHATEL
CEMOI CHOCOLATIER CEMOI NEVSKIY KONDITERLTD NEVSKIY KONDITER
CEMOI TRADING CEMOI NEXT CO NEXT

NICHE COCOA INDUSTRY NICHE COCOA INDUSTRY
CENCOSUD RETAIL CENCOSUD LIMITED LTD

CHARLES FLAVELLE NICHE COCOA SHANGHAI NICHE COCOA
PURDYS CHOCOLATES INVESTMENTS co SHANGHAI
CHAROEN POKPHAND

FUSION FOODSSAC FOODS PUBLIC CO NICHE FOOD SHANGHAICO  NICHE FOOD SHANGHAI

CHIZANDY COMPANY
LIMITED

CHIZANDY COMPANY

NUTRY BODY SOCIEDAD
ANONIMA CERRADA

NUTRY BODY
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SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
OLAM COCOA PROCESSING

CHOCOLARSRL CHOCOLAR GHANA LIMITED OLAM
OLAM COCOA PROCESSING

CHOCOLATE COLONIALSA  CHOCOLATE COLONIAL COTE DIVOIRE OLAM

CHOCOLATERA DE JALISCO  CHOCOLATERA DE

SADECV JALISCO SADE CV UNICAO OLAM

CHOCOLATERIE DE CHOCOLATERIE DE

BEUSSENT LACHELLE BEUSSENT LACHELLE SARL  OLAM CAMEROUN OLAM

CHOCOLATES BEST DE CHOCOLATES BEST DE

GUATEMALAS A GUATEMALA OLAM COCOA PTE OLAM

CHOCOLATES FINOS NALS CHOCOLATES FINOS NALS  OLAM AGRO INDIA PRIVATE

COFINAS A COFINA LIMITED OLAM
OLAM INTERNATIONAL

CHOCOLATESINDLSS A CHOCOLATES INDLS LIMITED OIL PR OLAM

CHOCOLATES CHOCOLATES OLAM INTERNATIONAL

INDUSTRIALES S A INDUSTRIALES LIMITEDOIL PROD OLAM

CHOCOLATES CHOCOLATES

INDUATRIALES S A INDUSTRIALES OLAM COCOA OLAM

CHOCOLATES LACASA CHOCOLATES LACASA

ARGENTINAS A ARGENTINA OUTSPAN IVOIRE SA OLAM

CHOCOMAC GHANA

LIMITED CHOCOMAC GHANA OLAM AGRICOLA LTDA OLAM

CHOCOMUSEO SOCIEDAD

ANONIMA CERRADA CH CHOCOMUSEO OUTSPAN ECUADORS A OLAM

CHOCONOSA CHOCONO OLAM INTERNATIONAL OLAM

CIA AGROCOMERCIAL

PANCHANA'Y ZAMBRANO CIA AGROCOMERCIAL OLAM INTERNATIONAL

SA PANCHANA 'Y ZAMBRANO  LIMITED OLAM

CIACOLAGROINDLSAS CIA COL AGROINDL OALM INTERNATIONAL OLAM

COMPANIA DE ALIMENTOS

LTDA CIA DE ALIMENTOS OLAM INTERNATIONALLTD OLAM
OLAM FOOD INGREDIENTS

CIAFRUYVERMADRIDSL  CIAFRUY VER MADRID S SPAIN SLU OLAM
QUEENSLAND COTTON

CIA FRUVER MADRID S L CIA FRUVER MADRID S CORP PTY OLAM

CIA NAL DE CHOCOLATES CIA NACIONAL DE OLAM AMERICAS OLAM

DCRSA CHOCOLATES DCR AMERICAS OLAM

COMPANIA NAL DE CIANACIONAL DE OLAM FOOD INGREDIENTS

CHOCOLATES DCRS A CHOCOLATES DCR SPAINS L OLAM
OLAM STORAGE AND

CIALH MORALESS L CIAL H MORALES S DISTRIBUTION OLAM

CIAL POZUELO DE PANAMA  CIAL POZUELO DE PT BUMITANGERANG

SA PANAMA MESINDOTAMA OLAM
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SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
CIALZDORA CIALZDORA
CLOUDFORESTCOCOACIAL CLOUDFORESTCOCOA CIA  OLAM AMERICAS OLAM
CIALZDORA DE PRODS CIALZDORA DE PRODS
AGRICOLAS ZAMBRANO AGRICOLAS ZAMBRANO
VELEZ AGROZAMVELSAS A VELEZ AGROZAMVELSA OLAMINT OLAM
COOPERATIVE NOUVEL PT BUMITANGERANG
ESPRIT DEK CNEK MESINDOTAMA JL OLAM
ESPRIT CNEK OLAM INTERNTIONAL OLAM
COCOA PROCESSING OLAM INTERNATIONAL
COMPANY LIMITED COCOA PROCESSING CO LIMITED OIL PRO OLAM

OLAM INTERNATIONL
COINPAL SR LTDA COINPAL SR LIMITED OLAM

SAM YAS SEBZE MEYVE
COLCOCOASAS COLCOCOA GIDA DEPOLAMA OLAM
COLOMBIAN BUSINESS
SAS COLOMBIAN BUSINESS ORECAOSA ORECAO
COMAS ROYAL COMPANY
LIMITED COMAS ROYAL COMPANY  ORGANIC HARVESTSA C ORGANIC HARVEST
COMERCIAL INDUSTRIAL COMERCIAL INDUSTRIAL
DEL CACAOSAC DEL CACAO ORGANIC RAINFORESTSAC  ORGANIC RAINFOREST
COMERCIAL LIBORIOEIRL  COMERCIAL LIBORIO ORIGEN PIURAEIRL ORIGEN PIURA
COMERCIALIZADORA EL COMERCIALIZADORA EL
GRANEROEIRL GRANERO ORIGIN PARTNERS A C ORIGIN PARTNERS

COMERCIOE

COMERCIO EDISTRIBUICAO  DISTRIBUICAO DE
DE PRODUTOS BRLTDA EPP  PRODUTOS BR ORKILA SENEGAL SA ORKILA SENEGAL
COMESTIBLES ITALOS A COMESTIBLES ITALO OSELLAS A OSELLA

OVERSEAS COMPANY FOR OVER SEAS COFOR
JUS INTERNATIONAL COMPAL ELECTRONICS FOOD PRODUCTS FOOD PRODUCTS SAE
COMPANIA DE GALLETAS COMPANIA DE GALLETEAS OVER SEAS COMPANY FOR  OVER SEAS CO FOR
POZUELO DCRS A POZUELO DCR FOOD PRODUCTS FOOD PRODUCTS SAE
CONFITECACA CONFITECA CA PACHAKUTEQS A C PACHAKUTEQ
CONFITECAS A CONFITECA CA PANIRISS A PANIRIS
CONFITECA C A CONFITES
ECUATORIANOS CONFITECA CA PAULISTAS A PAULISTA
CONFITERA CO LTD CONFITERA CO PEORIAS A PEORIA
CONGRUPO S A CONGRUPO PERU Y SUS REGIONESSA C  PERU Y SUS REGIONES
CONSERVAS Y ALIMENTOS PERUVIAN ORGANIC PERUVIAN ORGANIC
SA CONSERVAS Y ALIMENTOS GARDENSA C GARDEN
CONTATO COMERCIO CONTATO COMERCIO
IMPORTADORA E IMPORTADORA E PERUVIAN SUPERFOOD PERUVIAN SUPERFOOD
EXPORTADORA EIRELI ME EXPORTADORA EIRELI CORPORATIONEIRL CORPORATION
COOP AGRAR CAFETALERA  COOP AGRAR PETROFORCE TRADING PETROFORCE TRADING
ORO VERDE LTDA CAFETALERA ORO VERDE  AND SHIPPING SHIPPING
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ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

COOP AGRARIA COOP AGRARIA PETROFOERCETRADING ~ PETROFORCE TRADING

CAFETALERA SATIPOLTDA  CAFETALERA SATIPO AND SHIPPING SHIPPING
COOPERATIVA

COOPERATIVA AGRICOLA
MISTA DE TOME ACU

COOPERATIVA AGRARIA
ALLIMA CACAO LTDA

COOPERATIVA AGRARIA
CAFETALERA PANGOA LT

COOPERATIVA AGRARIA
CAFETERA DIVISORIA L

COOPERATIVA AGRARIA DE
CACAO AROMATICO C

COOPERATIVA AGRARIA EL
GRAN SAPOSOA LTDA

COOPERATIVA AGRARIA
INDUSTRIAL NARANJILL

COOPERATIVA AGRARIA
MONTE AZUL MONTE A

COOPERATIVA
AGROINDUSTRIAL
SONOMORO LTDA

COOPERATIVA
AGROINDUSTRIAL
TOCACHE LTDA

CHOCOLATS HALBA
CORACANS A
CORALACSA
CORDIS SA

CORP DIST DE ALIMENTOS
SA

IBERCACAO SA

CHOCOLATES DEL NORTE
SA

INDUSTRIAS DEL ESPINO SA

CORPORACION
EXPORTADORA ESTAPLES
FOODS S

CORPORACION GERONIMO
SAC

COSMO INGREDIENTSSA C

AGRa"$a%o COLA MISTA
DE TOMa&"$A&"3SSU

COOPERATIVA AGRARIA
ALLIMA CACAO

COOPERATIVA AGRARIA
CAFETALERA PANGOA

COOPERATIVA AGRARIA
CAFETERA DIVISORIA

COOPERATIVA AGRARIA
DE CACAO AROMATICO

COOPERATIVA AGRARIA
EL GRAN SAPOSOA

COOPERATIVA AGRARIA
INDUSTRIAL NARANJILLO

COOPERATIVA AGRARIA
MONTE AZUL

COOPERATIVA
AGROINDUSTRIAL
SONOMORO

COOPERATIVA
AGROINDUSTRIAL
TOCACHE

COOPGRUPPE
GENOSSENSCHAFT

CORACAN
CORALAC
CORDIS

CORP DIST DE ALIMENTOS

CORPORACION
CHOCOLATES LACASA

CORPORACION
CHOCOLATES LACASA

CORPORACION DE
SERVICIOS GR

CORPORACION
EXPORTADORA ESTAPLES
FOODS

CORPORACION
GERONIMO

COSMO INGREDIENTS

PIETER BON WAREHOUSING
BV

PLOT ENTERPRISE GHANA
LIMITED

PLURY QUIMICA LTDA
PRAC AGRIBUSINESS
TRADINGSAC
DISTRIBUIDORA NACIONAL
COOPERATIVA

PREDILECTA ALIMENTOS
LTDA

EMPRESAS CAROZZIS A

MOLITALIAS A

PROCOLCACAOCISAS

PRODS CHOCOLAS A

PROMOT DE CAFECOLS A
PROQUIMSA S A
PROYECTO CHAZUTASAC
TENDA ATACADO LTDA

PYMA LIMITED

PYMA STAR LIMITED

QCS QUICK CARGO SERVICE

QINGDAO NICK BROTHERS
TRADE CO

QORIPRODUCTSSAC

QUAST CONS GMBH CO KG
QUECHUAFOODSSAC

PIETER BON
WAREHOUSING

PLOT ENTERPRISE
GHANA

PLURY QUIMICA

PRAC AGRIBUSINESS SAC

PRECOOPERATIVA
DISTRIBUIDORA
NACIONAL

PREDILECTA ALIMENTOS

PRINCIPADO DE
ASTURIAS

PRINCIPADO DE
ASTURIAS

PROCOLCACAOCI

PRODS CHOCOLA

PROMOT DE CAFE COL
PROQUIMSA
PROYECTO CHAZUTA
PSN COMERCIAL

PYMA

PYMA STAR

QCSQUICK CARGO
SERVICE

QINGDAO NICK
BROTHERS TRADE

QORI PRODUCTS

QUAST CONS GMBH
QUECHUA FOODS
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ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
COSTA RICAN COCOA COSTA RICAN COCOA
PRODUCTS COMPANY S A PRODUCTS QUEVEXPORT S A QUEVEXPORT
BOSCH PACKAGING ROBERTBOSCHSTI
CREATION FOOD CO CREATION FOODS SYSTEMS FTUNG
OM FOODS CREATIVE CAFES RABOBANKINTL RABOBANK
RABOBANK TRADE
CULTIVAGROS A CULTIVAGRO COMMODITY FINANCE RABOBANK
CWT COMMODITIES
ANTWERP NV CWT INTERNATIONAL RAYMISAS A RAYMISA
CYMART INVESTMENTS
LIMITED CYMART INVESTMENTS REBECCA AMOAH REBECCA AMOAH CO
D ORIGENNSAS D ORIGENN RESIGHA LIMITED RESIGHA
RESOLT SOCIEDAD
ANONIMA CERRADA
DAARNHOUWER 7 CO DAARNHOUWER 7 RESOLT S RESOLT RESOLT
DALAMY S A DALAMY RETAILY MARKETINGSAS RETAIL Y MARKETING
DAMOA CORPORATION DS FREIGHT LOGISTICS
SAC DAMOA CORPORATION LIMITED RHENUS AIR OCEAN NV
DE AROMAS Y SABORES DE AROMAS Y SABORES RIJA IMPORTACAO E RIJAIMPORTACAO E
FINOS DASAFIS A FINOS DASAFI EXPORTACAO LTDA EPP EXPORTACAO
DE GUSTE GROUPSAC DE GUSTE GROUP SAC RISTOKCACAO S A RISTOKCACAO

STE DELTA INDUSTRIES INT

DENGO DO BRASIL LTDA

DELTA INDUSTRIES

BANQUE INTERNATIONALE

RUE LA BOETIE

ME DENSO CORP RUVICOA CIA LTDA RUVICOA CIA
DEPENDABLE DITRIBUTION ~ DEPENDABLE
SERVICES DISTRIBUTION SERVICES S3C S3
DESARROLLADORA DESARROLLADORA
CONDORCANQUISAC CONDORCANQUI SADIMEXSRL SADIMEX

DINAS DISTRIBUTION
DINAS DISTRIB CORP CORP SALEMOK GHANA LIMITED ~ SALEMOK GHANA
DIPEVIRES A DIPEVIRE SAMUEL ATTA MENSAH SAMUEL ATTAMENSAH
DISARS A DISAR SAMUEL K MENSAH SAMUEL MENSAH

DISENO Y DESARROLLO
ALMACENADORA DE ALMACENADORA AROMATIC COCOA EXPORT
MERCADER S A MERCADER S A AROMAEXCO SANCHEZ GROUP
DOMORISRL DOMORI SINODIS SHANGHAI CO SAVENCIA HOLDING SCA
DOSISSRL DOSIS SAVORY PACK SAVORY
DP CHOCOLATES DP CHOCOLATES PVT NOVA TRAFFIC SCHNEIDER CIE
DR OETKER BRASIL LTDA DR AUGUST OETKER KG SD TRADE OU SD TRADE CO

SEA OLIMPIC

DUAS RODAS INDUSTRIAL SEA OLIMPIC IMPORTACAO  IMPORTACAO E

LTDA DUAS RODAS INDUSTRIAL  E EXPORTACAO EIRELI EPP EXPORTACAO EIRELI
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ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
DUFRY DFAAS COLOMBIA
SAS DUFRY ORION SEDKO GROUP
SELVACACAO SOCIEDAD
DULFIXS A DULFIX ANONIMA CERRADA SELVACACAO
E COMMERCE LOGISTICS E COMMERCE LOGISTICS SERVICIOS INTEGRALES SERVICIOS INTEGRALES
SERVICES A SERVICE AGROEXPORTACION SR AGROEXPORTACION
SEVEN LOGISTICS GHANA SEVEN LOGISTICS
HUYSERMOLLER BV E WESTERWEEL BEHEER LIMITED GHANA
EAFFSA EAFF SEVILLE PRODUCTS SEVILLE PRODUCTS LTD
ECOOLASAC ECOOLA SEVILLE PRODUCTS LLC SEVILLE PRODUCTS LTD
ECOKAKAO S A ECOKAKAO SEVILLE PRODUCT LLC BR SEVILLE PRODUCTS LTD
AGROINDUSTRIAS
ARRIBA DEL ECUADOR
AGROARRIBAS A ECOM SEVILLE PRODUCTS BR SEVILLE PRODUCTS LTD
ECOM AGROTRADE ECOM SHANANTINASAC SHANANTINA
SHANDONG MAOBANG SHANDONG MAOBANG
ECOM AGROTRADE LIMITED ECOM TRADING CO TRADING
SHANDONG MAOBANG SHANDONG MAOBANG
ECOM AROTRADE ECOM TRAGING CO TRAGING
SHANGHAI'WIN WIN INTL SHANGHAI WIN WIN
ECOM AGROTRADE LTD ECOM co INTL
SHANGHAI YULI IMPORT SHANGHAI YULI IMPORT
ECOM AGOTRADE ECOM EXPORTCOL EXPORT CO
SHOEI FOODS
ECOM AGTROTRADE ECOM CORPORATION SHOEI FOODS CORP
THEOBROMA INVERSIONES SHOPBRAS COMERCIO E SHOPBRAS COMERCIO E
SAC ECOM DISTRIBUICAO EIRELI EPP DISTRIBUICAO EIRELI
THEOBROMA ECOM SILCOMS A SILCOM
THEOBROMA BV ECOM SITRAPAL SA SITRAPAL
THEOBROMA BV ECOM
COCOA ECOM SLOW WATER CAFE LTDA SLOW WATER CAFE
SMART ORGANIC AD EOOD
THEOBROMABYV ECOM BG SMART ORGANIC AD
ECOM AGROTRADE LTDOLD SMC FOOD THAILAND SMCFOOD THAILAND
BROAD STR ECOM COLTD co
SMC FOOD THAILAND
ZAMACOM SA ECOM SMCFOOD THILAND COLTD CO
AGROINDUSTRY UNIDAS SMC FOOD THAILAND CO SMC FOOD THAILAND
DE CACAO SA DE ECOM LTDLAEM C co
AGROINDUSTRIAS UNIDAS SMCFOOD 21 MALAYSIA SMCFOOD21 MALAYSIA
DECACAOSADECV ECOM SDN BHD SDN BHD
AGROINDS UNIDAS DE SMC FOOD21 MALAYSIA
CACAOSADECYV ECOM ENRICH MIX SDN BHD SDN BHD

21



Appendix

SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
AGROINDUSTRIAS UNIDAS SMC FOOD21MALAYSIA SMC FOOD21 MALAYSIA
DECACAOSA ECOM SDN BHD SDN BHD
AGROINDUSTRIAS UNIDAS SOC COM IMP EXP SOC COM IMP EXP
DE MEXICOSADECV ECOM SOGANOL LTDA SOGANOL
SOCIEDAD DE ALIMENTOS SOCIEDAD DE
AGROINDUSTRIAS UNIDAS PROCESADOS SANTIAGO ALIMENTOS
DE CACAO SADECV ECOM SRL PROCESADOS SANTIAGO
AGROINDUSTRIAS UNIDAS SOCIEDAD INDUSTRIALDE ~ SOCIEDAD INDUSTRIAL
DE CACAO ECOM YURIMAGUAS S A DE YURIMAGUAS
AGROINDUSTRIAL UNIDAS SOJITZ FOODS
DE CACAO SADECV ECOM CORPORATION SOJITZ CORP
ECOMMODITIES SOCIEDAD
ANONIMA CERRADA ECOM SOLLAS HOLLAND BV SOLLAS HOLLAND
AFRICA SOURCING ECOM NATURE VISIONS SOOUM CORP
ZAMACOM ECOM CIMPA SOPRA STERIA GROUP
AGROINDUSTRIAS
ARRIBA DEL ECUADOR SPIDERONIC TECHNOLOGY  SPIDERONIC
AGROARRIBAS A ECOM co TECHNOLOGY
CAFETALERA AMAZONICA BANQUE CANTONALE
SAC ECOM VAUDOISE LAUSANNE STATE OF VAUD
ENTREPRISE COOPERATIVE SOCIETE COOPERATIVE STE COOPERATIVE
KIMBE ECOOKIM AGRICOLE D AGRICOLE
STED USINTPOR ET EXPT STED USIN TPORET
ECPAD ECPAT DECC EXPTDEC
ECUADOR COCOA Y COFFEE  ECUADOR COCOA COFFEE
ECUACOFFEES A ECUACOFFEE STELLASA STELLA
ECUADOR KAKAO ECUADOR KAKAO
PROCESSING PROECUAKAO  PROCESSING STEVIAFARMA INDUSTRIAL ~ STEVIAFARMA
SA PROECUAKAO SA INDUSTRIAL
STICHTING ADMIN-
ISTRATIEKANTOOR
ECUAMAGIC ECUADOR ECUAMAGIC ECUADOR DEKKER TRANSPORT HA DEKKER GROEP
MAGIC FLOWERS S A MAGIC FLOWERS TANKOPSLAG HOLDING
STICHTING ADMIN-
ECUATORIANA ECUATORIANA ISTRATIEKANTOOR
DE CHOCOLATES DE CHOCOLATES DEKKER TRANSPORT HA DEKKER GROEP
ECUACHOCOLATESS A ECUACHOCOLATES TANKOSPLAG HOLDING
EDANREY S A EDANREY STLS LIMITED STLS
EL CAFETAL CO EL CAFETAL FCSTONE STONEX GROUP
FCSTONE MERCHANT
EL COLABORATORIOSAS EL COLABORATORIO SERVICESLLC STONEX GROUP
ELAHDUFOURSP A ELAH DUFOUR SPA SUCDEN COTE DIVOIRE SUCDEN
ELIT CIKOLATA VE SEKL ELIT CIKOLATA VE SEKL
SAN AS SAN SUCRES ET DENREES SUCDEN
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

ELSSY KESS COMPANY

LIMITED ELSSY KESS COMPANY SUCFES ET DENREES SUCDEN

ELVANTE LIMITED ELVANTE SUCREE ET DENREES SUCDEN

ENSINCROSRL ENSINCRO SUCRES ET DENREES SUCDEN

ERISLER YEM SANAYI VE ERISLER YEM SANAYI VE

TICARET AS TICARET GENERAL COCOA CO SUCDEN

ESCOFFEES A ESCOFFEE GENERA COCOA CO SUCDEN

ESPECIERA DEL SUR LTDA ESPECIERA DEL SUR GENERAL COCOA COMPANY  SUCDEN

ESPECIES PERUANASSA C ESPECIES PERUANAS GENERAL COCOA SUCDEN

ESPIRITO CACAU

INDUSTRIA E COMERCIO ESPIRITO CACAU

LTDA EPP INDUSTRIA E COMERCIO SUCRET ET DENREES SUCDEN

COCOANECTBV ETG SUCRES ET DENEES SUCDEN

EXPORT TRADING

CORPORATION ETG SUCRES DENREES SUCDEN

COCOANECT ETG GENERALCOCOACONY SUCDEN

EUR CACAO CIA LTDA EUR CACAO CIA SUCRES ET DENREES PARIS ~ SUCDEN
SUCESORES DE JOSE SUCESORES DE JOSE

EXIGRANOS S A EXIGRANOS SALGADOSAIC SALGADOSAI

EXPDORA IMPDORA INDL EXPDORA IMPDORAINDL ~ SUMAQAO SOCIEDAD

EXPORCAFE C EXPORCAFE ANONIMA CERRADA SUMAQAO

EXPDORA MANABI EXPDORA MANABI ISLA BONITA TROPICAL

EXPORTMANABI S A EXPORTMANABI FRUITSA SUMITOMO CORP
INTERNATIONALE
FRUCHTIMPORT

EXPERTOS EN CAFE PERU GESELLSCHAFT WEICHERT

SAC EXPERTOS EN CAFE PERU GMBH CO KG SUMITOMO CORP
SMC FOOD MALAYSIASDN  SUMITOMO MITSUI

EXPO COSURCASACI EXPO COSURCA BHD CONSTRUCTION CO

SUMMIT REAL ESTATE

EXPOCOLMENAREZ S A EXPOCOLMENAREZ BTL SERVICES HOLDINGS

EXPORGANICS A EXPORGANIC SURCACAOSAS SURCACAO

EXPORSELL COMERCIAL EXPORSELL COMERCIAL

EXPORTADORA E EXPORTADORA E

IMPORTADORA LTDA EPP IMPORTADORA TACHIBANA CO TACHIBANA

EXPORT IMPORT BETZALEL ~ EXPORT IMPORT

EIRL BETZALEL TACHIBANA COLTD TACHIBANA

EXPORT IMPORT GRUPO EXPORT IMPORT GRUPO

MEGA DE JESUSSAC MEGA DE JESUS TACHIBANA CO LIMITED TACHIBANA CO

EXPORT IMPORT MEGA
PERUSAC

EXPORTACIONES
LIBERTENOSHJSAC

EXPORT IMPORT MEGA
PERU

EXPORTACIONES
LIBERTENOS HJ

TACHITBANA CO LTD

TAIBA FOOD INDUSTRIES
co

TACHITBANA CO

TAIBA FOOD INDUSTRIES
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
EXPORTADORA CAMINOS EXPORTADORA CAMINOS  TASTYCHOCO FOODSTUFF ~ TASTYCHOCO
ALTOS DELPERUS A C ALTOS DEL PERU COLTD FOODSTUFF CO
EXPORTADORA E
IMPORTADORA GLOBO EXPORTADORAE
LTDA IMPORTADORA GLOBO TERRAAZULSAC TERRA AZUL
EXPORTADORA E THE ALEXANDRIA
IMPORTADORA PANAMBI EXPORTADORAE THE ALEXANDRIA CONFECTIONERY
LTDA EPP IMPORTADORA PANAMBI ~ CONFECTIONERY CHOC CHOCOLATE

THE BAKING PRODUCT THE BAKING PRODUCT
EXPORTADORAROMEXSA  EXPORTADORA ROMEX WLL WL
F LP LATINOAMERICAN F LP LATINOAMERICAN
PERISHABLES DEL PERISHABLES DEL THE GARFIELD WESTON
ECUADORS A ECUADOR PROSECCO SOURCE FOUNDATION
F PACHE DO BRASIL F PACHE DO BRASIL
IMPORTACAO E IMPORTACAO E THE LORD HEALS COMPANY  THE LORD HEALS
EXPORTACAO LTDA EXPORTACAO LIMITED COMPANY

THE MANSA GROUPE
FYDINVSSAC FYDINVS LIMITED THE MANSA GROUPE

THE NEW HORIZONTE CORP  THE NEW HORIZONTE
FACTAINT FACTA DBALACEN CORP

THE SUPERFOOD

THE SUPERFOOD COMPANY  COMPANY SOCIEDAD
FACTA INTERNATIONAL BV~ FACTA INTERNATIONAL SOCIEDAD ANONIMA C ANONIMA

TORONTO ON THOMSON
FACTA INTERNATIONALBV  FACTA INTERNATIONAL TERMINALS THOMSON TERMINALS

TIANJIN HAIYUN TIANJIN INTERNATIONAL
FACTORES MERCADEO S A FACTORES Y MERCADEO INTERNATIONAL TRADE TRADE CO
FECOLOGICALSAC FECOLOGICAL TIERRA ORGANICASAC TIERRA ORGANICA

TIGNISH FISHERIES

FENIX SUCESORES DE JOSE ~ FENIX SUCESORES DE ROYAL STAR FOODS COOPERATIVE
SALGADOSAIC JOSE SALGADO S A LIMITED ASSOCIATION

FERRERO TRADING LUX S A

SOREMARTEC ITALIASRL

SOREMARTEC ITALIA SRL
GRUPO FERRERO

FINCA SANTA ESTELA
SOCIEDAD ANONIMA CERR

FINO DE AROMA CO
FLAVIO ALEXANDRE
BARRETO DA SILVA ME

FLOTRADINGSAC

FERRERO FAMILY

FERRERO FAMILY

FERRERO FAMILY

FINCA SANTA ESTELA

FINO DE AROMA

FLAVIO ALEXANDRE

BARRETO DA SILVA

FLO TRADING

TIRYAKI AGOR GIDA SAN VE
TICAS

TIRYAKI AGRO GIDA SAN VE
TICAS

TIRYAKI AGRO GIDA SAN
VE TICAS

TIRYAKI AGRO GIDA SAN VE
TICAS

TIRYAKI AGRO GIDA
SANVETIC AS

TM AGL INSTALLER CO

TOREN GIDA SANAYI VE
TICARETAS

TIRYAKI AGOR GIDA SAN
VETIC

TIRYAKI AGRO GIDA
SANAYIVE TICARET

TIRYAKI AGRO GIDA
SANAYI VE TICARET

TIRYAKI AGRO GIDA
SANAYIVE TICARET

TIRYAKI AGRO GIDA
SANVETIC

TM AGL INSTALLER

TOREN GIDA SANAYI VE
TICARET
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER
FLORDHARIS A FLORDHARI TOUTON NEGOCE CI TNCI TOUTON
COCOATOUTON
PROCESSING COMPANY
FLORES ALLPA CHILELTDA  FLORES ALLPA CHILE GHA TOUTON
FLORIDA NATUMENTOS COCOATOUTON
SRL FLORIDA NATUMENTOS PROCESSING COMP GH TOUTON
FOOD LINKS FOOD LINK TOUTON SA TOUTON
BLOMMER CHOCOLATE
COMPANY FUJI OIL HOLDINGS TOUTON FAREASTPTELTD  TOUTON
TOUTON FAR EAST PTE
BLOMMER CHOCOLATE FUJIOIL HOLDINGS LTD CO TOUTON
GAMBIT LOGISTICS
SOCIEDAD ANONIMA
CERRAD GAMBIT LOGISTICS AD TOUTOU FAREASTPTELTD  TOUTON
GANDOUR MALAYSIA
MO GANDOUR SONS SAL SDN BHD TOUTON FAR EAST PTE TOUTON
GARANTIBANK GARANTIBANK NV TOUTO TOUTON
GATYFAX LOGISTICS
LIMITED GATYFAX LOGISTICS MONER COCOA SA TRADE TRADE
GENERTEC INTERNATIONAL ~ GENERTEC
CORP INTERNATIONAL GROUP MONER COCCOA SA TRADE TRADE
GEORGALOSHNOSSAICA GEORGALOS HNOS SAICA  NEDERLAND S A TRADE TRADE
GIM GIM CO MONER COCOAS A TRADE TRADE
GIRONES S A GIRONES TRADER JOE S TRADER JOE
GLINTSAC GLINT ASSOCIATED BRANDS INDS ~ TREEHOUSE FOODS
TRES CORACOES TRES CORACOES
GOLDCOCOA EXPORTS A GOLDCOCOA EXPORT ALIMENTOS SA ALIMENTOS

PT GOLDEN HARVEST
COCOA INDONESIA

GOLDEN LEAVES GHANA
LIMITED

GOLOSINASOENPSA
GOOD PRICECORPSAS

GOURMET IMPORTS DCR
SA

BANCO DEL ESTADO DE
CHILE

ALIMPORT
GEODIS

SCHENKER DEUTSCHLAND

COCOA MARKETING
COMPANY GHANA

GOLDEN HARVEST COCOA

GOLDEN LEAVES GHANA
GOLOSINASOENP
GOOD PRICE CORP

GOURMET IMPORTS DCR

GOVERNMENT OF CHILE
GOVERNMENT OF CUBA
GOVERNMENT OF FRANCE

GOVERNMENT OF
GERMANY

GOVERNMENT OF GHANA

TRINITY TRADE

TROPICAL FOREST PERU
SAC

COCOA HOUSE SDN BHD
TULICORP S A

GARANTIBANK
INTERNATIONAL

GARANTIBANK
INTERNATIONAL NV

UCAYALIRIVER CACAOSAC
UNIKA

UNILIVER ISRAEL FOODS

UNILIVER ISRARL FOODS

TRINITY TRADE CORP

TROPICAL FOREST PERU
TSH RESOURCES BHD
TULICORP

TURKIYE GARANTI
BANKASI

TURKIYE GARANTI
BANKASI

UCAYALIRIVER CACAO
UNIKA CO

UNILEVER

UNILEVER
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SUBSIDIARY AND/OR

SUBSIDIARY AND/OR

ALTERNATIVE NAMES TRADER ALTERNATIVE NAMES TRADER

COCOA MARKETING

COMPANY GHANA LIM GOVERNMENT OF GHANA  UNILIVER UNILEVER

COCOA MARKETING

COMPANY GOVERNMENT OF GHANA ~ UNIVERSAL SWEETINDSSA  UNIVERSAL SWEET INDS

GRANCACAO EXPORT S A GRANCACAO EXPORT URBAN FLOWERS L URBAN FLOWER S

GRANDSOUTHS A GRANDSOUTH VALLEY CARGOSAS VALLEY CARGO

GRANOS AGRICOLAS DEL GRANOS AGRICOLAS DEL

PERUSAC PERU VALLEY CARGOS A VALLEY CARGO

GREEN ANDINA COLOMBIA  GREEN ANDINA

LTDA COLOMBIA VALRHONAS A VALRHONA

GREEN EXPRESS S A GREEN

EXPRESA GREEN EXPRESS VANDELIS BVBA VANDELIS

GREENBOX SOCIEDAD VILLA ANDINA SOCIEDAD

ANONIMA CERRADA GREE GREENBOX GREE ANONIMA CERRADA VILLA ANDINA

GREENLINE LOGISTICS

LIMITED GREENLINE LOGISTICS VVR GLOBALANDINOSAC  VVRGLOBAL ANDINO

GRIFFINS FOOD LIMITED GRIFFINS FOOD WALTER MATTER SA G WALTER MATTER

SOPEX COCOA GROUP SOPEX WALTER MATTERS A WALTER MATTER

OF SOPEX COCOA GROUP SOPEX WALTER MATTER SA WALTER MATTER

GROUPMOTMOT S A GROUPMOTMOT WAYCOLOMBIA CAFESA'S WAYCOLOMBIA CAFE

ARCOR SAIC GRUPO ARCOR WCS DISTRIB WCS DISTRIBUTING
WILMAR

GRUPOBIZCOLSAS GRUPO BIZ COL AALST CHOCOLATE PTELID  INTERNATIONAL
WILMAR

CAFE BRITT COSTARICASA  GRUPOBRITT NV AALST CHOCOLATE RTE INTERNATIONAL

COMPANIA NACIONAL DE WILMAR

CHOCOLATES DE PERU GRUPO NUTRESA AALST CHOCOLATE PTE INTERNATIONAL

COMPANIA NAL DE XIAMEN C D COMMODITY

CHOCOLATESDEPERUSA  GRUPO NUTRESA TRADING CO XIAMEN CD

COMPANIA NACIONAL DE YANAP PERU SOCIEDAD

CHOCOLATES GRUPO NUTRESA ANONIMA CERRADA YA YANAP PERU YA

YELLOW HORSE

GRUPO SUAGUSAS GRUPO SUAGU INTERNATIONAL YELLOW HORSE

GCB SPECIALIOTY

CHOCOLATE SDN BHD GUAN CHONG BHD YEM CORPORATION S A YEM CORPORATION

ZARAHEMLA LTDA ZARAHEMLA
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B. Destination markets

GLOBAL DESTINATION MARKETS

B neTHERLANDS cervany I BELGIUM

B unirep sTaTES inoonesia [Jlj canaba

[ maLavsia SPAIN B oter
BRAZIL FRANCE

Figure 1. Global market share of major cocoa importing countries.
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C. Trade flows
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Figure 2. Flow graphs of cocoa exports country-trader-country (upper figure) and country-cocoa type-trad-
er-country (lower figure).



Appendix

D. Market concentration considering “exporter” as trader in Ghana.

When the Cocoa Marketing Company (CMC) is considered as an exporter in Ghana, transnational
corporations handled only ~17%, other domestic firms 9% and CMC ~ 74% of national exports.
When the Cocoa Marketing Company is considered as an exporter in Ghana, the four-firm
concentration ratio (CR4) in that country rises further from 59 to 87% (Figure 3 from Appendix C).

[l COCOA MARKETING COMPANY GHANA
B oam
COTE D'IVOIRE - B caroiLL
B BARRY CALLEBAUT
B ecom
) [ | B
GUAN CHONG BHD
woonesia: [ s
GUANGALA
GRANDSOUTH
ECUADOR - [7] ETS NDONGO ESSOMBA
= [ sTE coTEC sARL
CAMEROON - . B MACHU PICCHU TRADING SAC
— [T AMAZONAS TRADING PERU SAC
EXPORTADORA ROMEX
PERU [ INDUSTRIA BRASILEIRA DE CACAU
GRUPO NUTRESA
CIA COL AGROINDL
FED NAL DE CACAOTEROS
COLOMBIA o

25 50 75 100
%)

o

Figure 3. Market shares of 4 largest traders per country (except at global level where the 7 largest are displayed),
considering the Cocoa Marketing Company of Ghana (CMC).
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E. Shannon-Weaver index results per type of company

Table 3. Results of Diversity Index per type of company for sourcing and destination countries.

TYPOLOGY SOURCING COUNTRIES DESTINATION COUNTRIES
MEAN SD MEAN sD

Large transnational firm 1.400847 0.136168 2.307087 0.489496
Medium transnational firm 0.616239 0.455461 2.269032 0.175551
Small transnational firm 0.238889 0.259758 1.835576 0.538276
Large domestic firm 0 0 1.167403 0.858899
Small domestic firm 0 0 0.719033 0.805204
Farmer cooperative 0 0 0.752185 0.772361
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F. Sustainability initiatives considering direct and indirect shares
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Figure 4. Proportion of companies (bottom seven rows) and market share (top row) of adoption of sustainability
commitments and certifications without considering direct and indirect market shares.
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G. Spearman
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Figure 5. Correlogram of variables using the Spearman index.
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Figure 6. Effect of the interaction between horizontally and vertically integrated companies.

225



Appendix

l. Validation of trade data

We used shipping data for cocoa beans and processed cocoa products, validated against trade
data published by the ICCO and UN Comtrade.

ICCO export data were available for the 2017-18 season. Comtrade is the UN’s source of
international trade statistics and publishes data on an annual basis. There was good agreement
between data sources: all Trase data had less than 20% of difference from Comtrade and ICCO
statistics except for cocoa paste and butter in Cote d'Ivoire, and cocoa paste from Peru (Figure
7 from Appendix C).
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Figure 7. Volumes reported per product/country in Trase ICCO, and Comtrade. Missing data are marked by a *.
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Figure 1. Contribution of each country to sourcing volumes (%) of each trader.
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Figure 2. (a) Cumulative cocoa production (%) affected by agri-commodity deforestation attributed to cocoa (%),
and (b) future drought severity in cocoa producing landscapes of top 8 cocoa exporters under RCP 2.6. In (b), the
red vertical lines indicate the thresholds for reduced (<1), modest (>1 and <1.2), moderate (>1.2 and <1.5), and
high (>1.5) drought severity.
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Figure 3. Combined levels of drought severity change under RCP 2.6, and agri-commaodity deforestation attributed

to cocoa (%) in cocoa producing landscapes.
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Figure 4. Change in drought severity risk in cocoa producing landscapes in the value chain of global cocoa traders
under RCP 2.6. “X" indicates the mean. The red vertical lines indicate the thresholds for reduced (<1), modest (>1
and <1.2), moderate (>1.2 and <1.5), and high (>1.5) drought severity.
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Figure 5. Histogram of the proportion of cocoa area linked to cocoa-driven deforestation. The pixel values [co-
coa-driven deforestation (ha)/ cocoa area (ha)] are ~1 in 78% of pixels, showing that the attribution of deforestation
to cocoa area is mostly 1:1, while only 18% of pixels have value 0, denoting areas where deforestation occurred

before 2000 or had another driver.
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