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Summary

Summary

Forests are indispensable assets for mitigating climate change, protecting biodiversity and
reducing poverty. While this has been widely recognized, vast swathes of forests are cleared
each year, predominantly to make space for agricultural land. Since the 1980s, agricultural
expansion into forest areas has been increasingly linked to international supply chains,
especially of agricultural commodities such as beef, palm oil, soy, and timber. In response
to the ongoing rates of forest loss, a large number of companies involved in the production,
processing or distribution of deforestation-risk commodities publicly pledged to eliminate
deforestation from their supply chains in the early 2010s.

Although these so-called Zero-Deforestation Commitments (ZDCs) have received ample
scholarly attention, there are still large uncertainties as to how effective they have been up
until now and how effective they could be if their uptake was increased. This is partly due
to methodological challenges for assessing their effectiveness given the wide variation in
specificity and adoption rates across industries, regions, and timescales. Moreover, it is
conceivable that their implementation will trigger a range of unintended or unanticipated
spillover effects, such as increased nature loss in areas that fall beyond the scope of ZDCs.
Given such complexities, a variety of methodological approaches is needed to assess their
effectiveness across space and time.

The overarching objective of this thesis is to investigate what insights can be gained
from applying different approaches to assess the effectiveness of ZDCs and the degree of
complementarity between these different approaches. In doing so, special attention will be
paid to three distinct methodological approaches that hold great promise for advancing
assessments of ZDC effectiveness: geospatial analysis, quasi-experimental designs for
causal inference, and simulation modelling. While none of the three approaches is by itself
sufficiently flexible to be applied in all types of ZDC assessments, they may — when combined
- act in synergistic ways, thereby uncovering non-trivial insights on ZDCs effectiveness that
cannot be derived from one of these approaches in isolation. By applying these three
different methodological approaches across the thesis with each chapter predominantly
relying on a single approach, the following four sub-questions will be addressed:

® How can geospatial analysis be leveraged to advance assessments (ex-post or ex-ante)
of ZDCs?

e How do the insights from quasi-experimental assessments of the effectiveness of ZDCs
differ from ex-ante simulation modelling assessments?

e What is the degree of complementarity between the different approaches?

®  What do the different approaches tell us about the (potential) effectiveness of ZDCs?
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Chapter 2 takes stock of the different definitions and criteria articulated in ZDCs and
maps the potential coverage of ZDCs through geospatial analysis. Many ZDCs state
that the protection of High Conservation Value Forests (HCVFs) and High Carbon Stock
Forests (HCSFs) needs to be prioritized. However, the methodologies for identifying such
forests were developed for local, case-by-case application as they require extensive field
assessments and access to high-resolution remotely sensed datasets. In the absence of a
clear methodology for delineating HCVFs and HCSFs at the global scale, Chapter 2 tries
to fill this gap by putting forward a methodology for mapping the likely spatial distribution
of both forests across the globe, thereby drawing on the official criteria articulated in the
official HCVF and HCSF guidelines. In addition, it examines the risk that protecting HCVFs
and HCSFs may displace deforestation to forests outside the scope of ZDCs. Overall,
the chapter demonstrates the importance of geospatial analysis in any type of empirical
research on ZDCs.

Chapter 3 builds on Chapter 2 by zeroing in on the local spillover effects (positive or
negative) that may have occurred in the wake of a specific anti-deforestation policy: the
Indonesian forest moratorium, enacted in 2011. To estimate how much deforestation may
have been displaced or avoided near the official moratorium areas, one needs to construct
a counterfactual scenario of what would have happened in the absence of the moratorium.
Capitalizing on recent methodological developments in quasi-experimental research, the
chapter provides a first-of-its-kind analysis and finds strong evidence that the enactment of
the moratorium caused an uptick in deforestation near the official moratorium boundaries.
In doing so, the chapter highlights the importance of accounting for spillover effects when
assessing land-based anti-deforestation policies and the power of quasi-experimental
techniques for uncovering causal relationships in the face of myriad confounding factors.

Chapter 4 takes a deep dive into the role that sourcing patterns of individual traders in
Brazil's soy supply chain may play in the adoption and implementation of ZDCs. Similar
to Chapter 3, state-of-the-art quasi-experimental methods are employed to infer a potential
causal relationship, in this case between the degree of sourcing persistence in individual
supply chains (i.e., stickiness) and the probability of adopting a ZDCs. Furthermore, the
chapter examines whether stickier traders with ZDCs are more likely to successfully implement
a ZDC compared to less sticky traders. The results show that although stickier traders are
more likely to adopt ZDCs, they also appear to have less effective ZDCs than other traders
(as indicated by the level of soy and territorial deforestation in their sourcing regions).
While this does not necessarily mean that supply chain stickiness inevitably undermines the
implementation of ZDCs, the chapter provides a first step towards a better understanding
of how supply chain relationships may influence deforestation outcomes.

Chapter 5 builds on the previous chapters by providing an ex-ante hypothetical
modelling experiment on how the worldwide implementation ZDCs could potentially affect
the expansion of oil palm and other crops up until 2030, thereby accounting for potential
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spillover effects. In doing so, it leverages the maps presented in Chapter 2 showing the
potential spatial coverage of ZDCs. The results suggest that under a scenario where ZDCs
are strictly enforced across industries and regions, they are likely to bring about significant
land sparing effects and reduce deforestation rates by a significant degree, even in areas
that fall beyond the scope of ZDCs. This is because a reduction in the supply of land
available for agricultural expansion is expected to boost land rental rates, thus incentivizing
producers to intensify production on existing lands. In addition, higher land rental rates will
translate into higher commodity prices and are expected to substantially reduce consumption
of palm oil and other deforestation-risk commodities. Such insights are hard to gain from
geospatial analysis or quasi-experimental assessments alone and highlight the importance
of ex-ante simulation methods for exploring potential, future outcomes of ZDCs. While it is
unlikely that the adoption and implementation rate of ZDCs across industries and regions
will be anywhere near 100 percent in the coming decade, the chapter provides strong
quantitative evidence that ZDCs hold potential for safeguarding the world’s remaining forests
if they are to be adopted at scale.

Taken together, the chapters show that none of the methodological approaches applied
in the thesis — geospatial analysis, quasi-experimental designs for causal inference, and
simulation modelling — are by themselves sufficiently flexible to assess all aspects of ZDCs
effectiveness. While quasi-experimental methods are invaluable tools for exploring causal
relationships over historic time periods, such relationships are often context-dependent
and only apply to certain periods of time. Simulation models incorporate systems thinking
and are therefore well-placed to explore future scenarios, but are only as reliable as the
assumptions upon which they are based, which need to be evaluated through quasi-
experimental evidence. Finally, both quasi-experimental and ex-ante simulation assessments
would benefit from a deeper integration of geospatial analysis, as it provides the necessary
level of spatial granularity to explore ZDC effectiveness. The three different methodological
approaches applied in this thesis are thus highly complementary. When combined, they
constitute a rigorous portfolio of approaches that enables researchers to assess both the
actual and potential effectiveness of ZDCs under a wide range of conditions. It is hoped that
this will help policy makers, companies, and civil society to make more informed decisions
as to how targets regarding deforestation and other societal targets can be reconciled,

thereby paving the way towards a more sustainable future.
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Introduction
1.1. Background

Over the past 10,000 years, the world has lost one-third of its forests, an area twice the
size of the United States of America (Dargavel and Williams 2004, Ellis et al 2020b). An
estimated 420 million ha or 7% of the world's original forest area has been cleared since
1990, of which over 90% occurred within the tropical zone (FAO 2020). The increasing loss
of forests poses significant challenges for climate change mitigation, biodiversity protection
and poverty reduction (Seymour and Busch 2016, Johnson et al 2020). As an example,
it is estimated that net emissions from tropical deforestation (after accounting for carbon
sequestration from growing forests) account for 8% of annual anthropogenic emissions
(Wolosin and Harris 2018). However, given their potential for sequestering carbon from the
atmosphere, the potential of forests to mitigate global warming is much larger. It is estimated
that reductions in both tropical deforestation and conversion of mangroves and wetlands
could deliver up to 23% of the mitigation needed by 2030 to limit global warming to 2°C
(Griscom et al 2017).

The last few decades have witnessed a major shift in the dominant drivers of
deforestation. Up until the 1980s, deforestation was primarily driven by small-scale, state-
supported farmers producing for local markets (Rudel et al 2009). Since then, there has been
a gradual shift toward large-scale, enterprise-driven deforestation, spurred by augmented
consumer demand in international markets (Austin et al 2017, Hosonuma et al 2012). While
most deforestation is still driven by domestic demand for agricultural commodities, it is
estimated that 26% of all deforestation in the period 2005 — 2013 was driven by exports
(Pendrill et al 2019). It is expected that the global trade of all major agricultural commodities
will continue to grow over the next decade, despite a temporary setback caused by the
effects of the COVID-19 pandemic crisis (Wunder et al 2021).

Concerns about the ongoing rates of forest loss have given rise to a proliferation of
initiatives to reduce deforestation across public and private sectors. Broadly speaking,
three different types of such initiatives can be distinguished: 1) domestic public policies,
often concerned with the establishment of legally protected areas; 2) intergovernmental
initiatives such as the Reducing Emissions from Deforestation and forest Degradation (REDD+)
program; and 3) voluntary sustainable supply chain initiatives within the private sector. The
REDD+ program was launched in the late 2000s to improve on domestic public policies by
enabling developing countries to receive payments from industrialized countries for verified
emission reductions from deforestation and forest degradation. Although there have been a
few cases where REDD+ has been credited for curbing deforestation to a significant extent
(e.g., Roopsind et al., 2019), the effectiveness of the program has been undermined by the
international community’s failure to generate financing of sufficient scale to reward action
to reduce deforestation (Angelsen et al 2017, Seymour and Busch 2016) and overstated
crediting deforestation baselines (West et al 2020).



Chapter 1

In response to the growing recognition of the alarming deforestation rates and the
challenges underpinning the REDD+ program, a large number of companies involved in the
production, processing or distribution of deforestation-risk commodities have undertaken
voluntary sustainable supply chain initiatives to reduce deforestation (Lambin et al 2018). In
addition to the wide-scale endorsement of certification programmes such as the Roundtable
of Sustainable Palm Qil (RSPO) or the adoption of collective aspirations to end deforestation,
such as under the 2014 New York Declaration on Forests, this included individual pledges
by companies to eliminate or reduce deforestation from their supply chains, often referred
to as Zero-Deforestation Commitments (ZDCs). Given the growing recognition of the role
of international supply chains in meeting deforestation targets (Thorlakson et al 2018), the
zero-deforestation movement gained a lot of traction in the 2010s. Between 2012 and
2017, the number of companies with ZDCs increased by 250%, resulting in a total of 336
companies (Haupt et al 2018).

Although ample scholarly attention has been paid to the challenges and opportunities of
designing and implementing ZDCs (Grabs et al 2021, Garrett et al 2019, Austin et al 2021),
there are still large uncertainties as to how effective they have been up until now and how
effective they could be if their uptake was increased. This is partly due to methodological
challenges for assessing their effectiveness; ZDCs tend to be heterogeneous in terms of
their specificity and their adoption varies across industries, regions, and timescales (Pirard
et al 2015). Moreover, it is conceivable that their implementation will trigger a range of
unintended or unanticipated spillover effects, such as increased nature loss in areas that fall
beyond the scope of ZDCs (often referred to as leakage or displacement effects; Aukland
et al., 2003). Given such complexities, a variety of methodological approaches is needed
to assess their effectiveness across space and time.

1.2. Approaches for assessing ZDCs

In what follows, three promising methodological approaches will be discussed that could
be leveraged to advance assessments of ZDCs. These approaches include geospatial
analysis, quasi-experimental analysis, and simulation modelling. While this is by no means
an exhaustive list of the methodological approaches that could be undertaken to assess
ZDCs, these have been repeatedly applied in the literature to assess the effectiveness of a
number of related policies and therefore hold great promise for improving future assessments
of ZDCs.

1.2.1. Geospatial analysis

Geospatial analysis refers to all transformations, manipulations and methods that can be

applied to data referencing a specific geographical area or location (Longley et al 2020).
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It is key to account for the role of spatial heterogeneity and the linkages between local
and global phenomena (Hertel et al 2019). Applied sustainability research has for a long
time been constrained by the limited availability of geospatial data, but such data have
become increasingly accessible for the scientific community, stemming from advances in
remote sensing (Vancutsem et al 2021), promotion of supply chain transparency (Tayleur
and Phalan 2018), and the ubiquitous increases in computing and processing power (Huang
and Wang 2020).

The increasing wealth of geospatial data has facilitated a surge in the geospatial
assessments of anti-deforestation policies. High resolution spatiotemporal data sets such as
the annual tree cover loss dataset from (Hansen et al 2013) enable fine-scale monitoring
of deforestation and have been repeatedly leveraged to identify deforestation hotspots
(Harris et al 2017). In addition, the increasing availability of fine-scale socio-economic and
agronomic data enable detailed spatial assessments of how anti-deforestation policies could
affect land use and a wide range of environmental outcomes (Srinivasan et al 2021, Pirker et
al 2016). The opportunities of assessing such policies have been further enhanced through
the Spatially Explicit Information on Production to Consumption Systems (SEI-PCS) approach,
which traces company-specific exports of commodities back to subnational jurisdictions,
resulting in the TRASE dataset (Trase 2020b, Godar et al 2016).

Although geospatial analysis has been increasingly integrated into ZDC assessments —
for example through quantifying deforestation risk associated with individual supply chains
(zu Ermgassen et al 2020), the potential of geospatial analysis remains largely untapped.
For example, there are large uncertainties regarding the spatial coverage of ZDCs, which
constitutes a major hurdle for increasing their effectiveness (Haupt et al 2018). In addition,
ex-ante simulations of ZDC effectiveness are hampered by large uncertainties in the future
availability of land as previous estimates of cropland availability have to failed to account
for spatially heterogeneous cropping systems (Eitelberg et al 2015). This underlines the
importance of geospatial analysis for advancing assessments of ZDC effectiveness.

1.2.2. Quasi-experimental methods

Causal inference is indispensable for monitoring progress against ZDCs. Randomized
controlled trials (RCTs) — trials in which subjects are randomly assigned to treatment
and control groups — are typically considered the ‘gold standard’ for inferring a causal
relationship (Rubin 2008). Random assignment solves the problem of selection bias when
covariates are unequally distributed across the sample of interest. Whilst RCTs have been
increasingly used in social science (Bouguen et al 2019) and even in conservation science
(e.g., Jayachandran et al., 2017), their application remains limited due to ethical, financial,
and practical concerns (Baldassarri and Abascal 2017). This is especially true for large-
scale anti-deforestation policies, which by virtue of their high stakes are unlikely to be

randomly assigned across companies or geographies. Quasi-experimental methods have
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been developed to identify the causal impact of a particular intervention or policy measure
when randomization is not possible. They aim to mimic randomized trials by comparing
treatment and control groups after controlling for confounding variables. This provides
an indication as to what may have happened in the absence of the treatment (i.e., the
counterfactual scenario), which can be used to estimate the direction and magnitude of the
hypothesized causal effect.

However, a challenge underpinning quasi-experimental methods is that they can never
exclude the possibility of endogeneity. Endogeneity occurs when the analysis suffers
from omitted variables bias, reverse causality or measurement error. It results in biased
parameter estimates and potential misguided estimates of the causal effect. Nevertheless,
quasi-experimental methods are considered the second-best alternative for estimating causal
treatment effects (Angrist and Pischke 2008). Moreover, they have become increasingly
sophisticated in recent years, spurred by advancements in econometric theory as well
as increases in computing power (Abadie and Cattaneo 2018), which is why they are
increasingly adopted for causal inference.

Quasi-experimental methods have been widely used for ex post evaluations of various
anti-deforestation initiatives. In particular, there have been many such evaluations of the
effectiveness of protected areas (e.g., Eklund et al., 2016; Ferraro et al., 2013; Jones and
Lewis, 2015), REDD+ initiatives (e.g., Ellis et al., 2020; Roopsind et al., 2019; West et al.,
2020) and sustainability certification schemes (e.g., Blackman et al., 2018; Carlson et
al., 2018) These studies typically exploit large panel (longitudinal) datasets and employ
a difference-in-difference (DID) design with fixed effects regression models. In addition,
statistical matching techniques and synthetic controls have become popular ways to evaluate
conservation programs, partly because these do not rely on the strong assumptions that
underpin regression analysis (Schleicher et al 2020).

Despite the wealth of literature adopting quasi-experimental methods to assess anti-
deforestation policies, there have been relatively few attempts to empirically assess the
effectiveness of ZDCs, most likely because subnational data on individual supply chains were
unavailable until recently. Most studies have focused on collective ZDCs such as the Amazon
Soy Moratorium or the G4 Cattle Agreement in Brazil (e.g., Alix-Garcia and Gibbs, 2017;
Heilmayr et al., 2020b), which do not require data on individual supply chains. To the best
of the author’s knowledge, zu Ermgassen et al (2020) is the only empirical assessment of
ZDCs employing data on individual supply chains. However, no quasi-experimental methods
were employed and hence, the study does not attempt to evaluate the causal effect of ZDCs
on deforestation, but rather the deforestation risk associated with individual supply chains.
Hence, to effectively evaluate the causal effect of ZDCs, quasi-experimental methods should

be incorporated into future assessments.
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1.2.3. Simulation modelling

Simulation modelling is broadly concerned with the application of parameterized computer
models to predict potential states of a pre-specified system (Freebairn et al 2016). In contrast
to quasi-experimental methods, they heavily draw on systems thinking and assumptions
as to how systems respond in the face of external shocks. Notable examples of often-
applied simulation models in the land system science literature include computable
general equilibrium (CGE) models, partial equilibrivm models, agent-based models, or
spatial dynamic models. One of their unique features is their ability to explicitly account
for iterative feedback loops, which is particularly useful when simulating processes that
are non-stationary (i.e., changing over time). As a result, they have been widely adopted
to explore the outcomes of a wide range of land use policies. For example, such models
have been repeatedly employed to project the possible implications of biofuel mandates
(e.g., Golub and Hertel, 2012; Searchinger et al., 2008; Taheripour and Tyner, 2020),
conservation programs (Wolff et al 2018, Suwarno et al 2018), or REDD+ programs (Kuik
2014, West et al 2018).

Although there have been a few studies simulating the ex-ante effectiveness of ZDCs,
they all tend to focus on a single sector within a single country (Soterroni et al 2019, Mosnier
et al 2017). This could give rise to misleading conclusions if deforestation is displaced to
other economic sectors or countries (Bastos Lima et al 2019). To the best of the author’s
knowledge, Villoria (2021) is the only study that takes an economy-wide approach to
assess the implications of ZDC, focusing on the soy sector in South America. However, as
their results are aggregated at the country-level, they provide little insights into how local
landscapes will be affected. Economy-wide projections at the pixel level would thus be a
major step forwards towards improving ex-ante simulations of ZDC effectiveness.

1.3. Research gaps and objectives

The foregoing has highlighted the untapped potential of three approaches that could be
leveraged to advance assessments of ZDCs. While each of these holds great potential for
analysing ZDCs, none offers a comprehensive mode of analysis to measure and explain
all aspects of ZDC effectiveness. For example, geospatial analysis can be leveraged to
provide more spatial granularity to ZDC assessments and account for local spatiotemporal
dynamics but does not directly inform on the actual or potential effectiveness of ZDCs. While
quasi-experimental methods are invaluable tools for inferring historic causal relationships,
there are poorly equipped to anticipate future impacts and implications of ZDCs in the face
of non-stationarity. By virtue of their ability to explicitly account for feedback loops, ex-
ante simulation methods are arguably better placed to assess the future impacts of ZDCs.

However, the outcomes of simulation models are only as reliable as the assumptions upon
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which they are based, which is why geospatial analysis and quasi-experimental assessments
are needed to assess how well these models perform against historic periods in geographic
areas of inferest.

Thus, while none of the three approaches is by itself sufficiently flexible to be applied
in all types of ZDC assessments, they may — when combined - act in synergistic ways, thus
uncovering non-trivial insights on ZDCs effectiveness that cannot be derived from one of
these approaches in isolation. Although there are many more methodological approaches
that could complement ZDC assessments other than the ones that have been described
above, a deeper integration of these three approaches into ZDC assessments would help
build a more holistic understanding of ZDC effectiveness.

For that reason, the overarching objective of this thesis is to investigate what insights can
be gained from applying different approaches for assessing the effectiveness of ZDCs and the
degree of complementarity between these different approaches. In doing so, the following
four sub-questions will be addressed:

1. How can geospatial analysis be leveraged to advance assessments (ex-post or ex-ante)
of ZDCs?

2. How do the insights from quasi-experimental assessments of the effectiveness of ZDCs
differ from ex-ante simulation modelling assessments?

3. What is the degree of complementarity between the different approaches?

4. What do the different approaches tell us about the (potential) effectiveness of ZDCs?

24
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1.4. Thesis outline

This thesis contains 6 chapters in total. In Chapters 2 — 5, the three complementary
methodological approaches discussed above are repeatedly applied to assess the
effectiveness of ZDCs. The degree to which each of the three methodological approaches
is applied varies across the 4 chapters, with each chapter predominantly relying on a single
approach (see Figure 1).

Chapter 2 provides a spatial overview of the global forests that may be protected by
ZDCs under a scenario of full implementation and enforcement across industries and regions.
The second part of the chapter assesses the conversion risk within forests that are likely to
fall beyond the scope of ZDCs, thus providing an indication of the potential displacement
effects that may be induced by ZDCs.

Chapter 3 examines the evidence of local spillover effects by homing in on a specific
anti-deforestation policy — the Indonesian Forest Moratorium — that was enacted by the
Indonesian government in 2011. The chapter draws on state-of-the-art quasi-experimental
methods to estimate the direction and magnitude of local spillover effects (positive or
negative) that may have been induced by the moratorium.

Chapter 4 also employs quasi-experimental methods to examine how certain sourcing
strategies from deforestation-risk regions by individual companies could influence the
adoption and effectiveness of corporate ZDCs in Brazil's soy industry.

Chapter 5 draws on the data and findings of Chapter 2 by exploring how ZDCs could
play out in terms of land use change if they were to be fully adopted and enforced across
all industries and regions using ex-ante simulation modelling techniques. It examines the
influence of ZDCs on the expansion of oil palm, a crop that has been strongly associated
with deforestation in recent decades.

Finally, Chapter 6 synthesizes the thesis's main findings by revisiting the sub-questions
listed above and discussing the broader implications of the research.
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Figure 1 - Ternary plot showing the degree to which each methodology approach is adopted across
the thesis chapters.
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Which forests could be protected by corporate
zero deforestation commitments?
A spatial assessment

The production of palm oil, soy, beef and timber are key drivers of global forest
loss. For this reason, over 480 companies involved in the production, processing or
distribution of these commodities have issued commitments to eliminate or reduce
deforestation from their supply chains. However, the effectiveness of these commitments
is uncertain since there is considerable variation in ambition and scope and there are
no globally agreed definitions of what constitutes a forest. Many commitments identify
High Conservation Value Forests (HCVFs), High Carbon Stock Forests (HCSFs) and
forests on tropical peatland as priority areas for conservation. This allows for mapping
of the global extent of forest areas classified as such, to achieve an assessment of
the area that may be at reduced risk of development if companies comply with their
zero deforestation commitments. Depending on the criteria used, the results indicate
that between 34 and 74% of global forests qualify as either HCVF, HCSF or forests
on tropical peatland. However, we found that the total extent of these forest areas
varies widely depending on the choice of forest map. Within forests which were not
designated as HCVF, HCSF or forests on tropical peatland, there is substantial overlap
with areas that are highly suvitable for agricultural development. Since these areas
are unlikely o be protected by zero-deforestation commitments , they may be subject
to increased pressure resulting from leakage of areas designated as HCVF, HCSF
and tropical peatland forests. Considerable uncertainties around future outcomes
remain, since only a proportion of the global market is currently covered by corporate
commitments. Further work is needed to map the synergies between corporate
commitments and government policies on land use. In addition, standardized criteria

for delineating forests covered by the commitments are recommended.

This chapter is published as:
Leijten, F., Sim, S., King, H., Verburg, P., 2020. Which forests could be protected by

corporate zero deforestation commitments2 A spatial assessment. Environmental Research

Letters, 15, 064021.






Which forests could be protected by corporate zero deforestation commitments?2
2.1. Introduction

Commodity-driven deforestation is a major driver of global forest loss accounting for
approximately 27% of global forest loss (Curtis et al 2018). Recognizing this, many
multinationals sourcing deforestation-risk commodities have adopted goals to eliminate or
reduce deforestation from their supply chains (Lambin et al 2018). These Zero-Deforestation
Commitments (ZDCs) typically focus on the four agricultural commodities most strongly
associated with tropical deforestation: beef, palm oil, soy, paper and pulp (Newton and
Benzeev 2018, Henders et al 2015). In recent years, the number of companies adopting
ZDCs has grown rapidly to at least 484, representing an unknown market share (Donofrio
et al 2019).

However, the effectiveness of ZDCs is uncertain since there is considerable variation in
ambition and scope (Taylor and Streck 2018, Jopke and Schoneveld 2018). In addition,
there are no globally agreed definitions of what constitutes a forest; variations arise from
consideration of tree density, tree height, ecological properties etc. (Chazdon et al 2016).
The choice of forest definition influences estimates of forest areas globally and therefore
deforestation estimates. As an example, Romijn et al (2013) demonstrated the total area
estimated to have been deforested between 2000 and 2009 in Indonesia increased by
27% when using Indonesia’s national forest definition instead of the Food Agricultural
Organization (FAO) definition.

Many companies identify High Conservation Value Forests (HCVFs) (Brown et al
2013) and High Carbon Stock Forests (HCSFs) (Rosoman et al 2017) as priority areas for
conservation within their ZDCs. HCVFs are defined as forests of outstanding biological,
ecological, social or cultural significance and divided into 6 categories: four focus on
biodiversity, habitat and ecosystem conservation, and a further two on community needs
and cultural values (Brown et al 2013). HCSFs are defined by a practical, field-tested
methodology — the High Carbon Stock Approach (HCSA) - that prioritizes forests for
conservation based on their above-ground biomass (AGB) carbon, while respecting
communities rights’ to their lands and typically integrating the findings of an HCV assessment
(Rosoman et al 2017). In addition, many companies have also committed to the protection
of forest on tropical peatlands (Newton and Benzeev 2018). The adoption of these so-
called “No Deforestation, No Peat and No Exploitation” (NDPE) commitments has been
limited to the oil palm sector in Southeast Asia where 74% of the palm oil refining capacity
is now covered by such commitments (Steinweg et al 2017). Recently, the Roundtable on
Sustainable Palm Qil (RSPO) integrated the HCSA into its Principles and Criteria (RSPO
2018). Discussions are ongoing as to whether the HCS approach should also be included
by other standard bodies, including the Roundtable on Responsible Soy (RTRS), the Forest
Stewardship Council (FSC) and the United Nations Reducing Emissions from Deforestation
and forest Degradation (REDD+) Programme (Cheyns et al 2019).
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Although commitments to protect HCVF and HCSFs have been recognized as
potentially effective approaches for implementing a ZDC (Garrett et al 2019), the spatial
extent of HCVFs and HCSFs is unknown (Carlson et al 2018, Pirker et al 2016). Both
approaches were developed for local, case-by-case application requiring on-the-ground
field visits and stakeholder consultation. As a result, mapping has been conducted mainly
at the local scale, leaving unclear what the global coverage of the ZDCs is. In addition,
concerns around deforestation extend to the development of new production areas on forests
and other biomes which fall outside of the HCVF and HCSF classifications — a phenomenon
often referred to as activity leakage (Bastos Lima et al 2019, Meyfroidt et al 2018). Therefore,
the primary objective of this chapter is to make an estimate of the global land area that
could be classified as HCVF, HCSF or forest on tropical peatland, and hence at reduced risk
of development if companies comply with their ZDCs. A secondary objective is to identify
the remaining forest areas that are at risk of conversion due to agricultural development or

forestry.

2.2. Methodology

A stepwise approach was adopted to estimate the global forested land area that can be
classified as HCVF, HCSF or forest on tropical peatlands. First, a forest reference map
for the current situation was created (section 2.1.1). Then, HCVFs (section 2.1.2), HCSFs
(section 2.1.3) and tropical peatland forests (section 2.1.3) were identified separately by
matching a variety of data sources to the official definitions and descriptions listed in the
HCV guidelines and HCSA toolkit.

The forested areas that were not classified as HCVF, HCSF or tropical peatland forest
were intersected with several maps displaying agricultural suitability for the 4 main
deforestation-risk commodities, market accessibility, future land use change projections
and areas where commodity-driven deforestation and forestry are considered the main
driver of forest loss (sections 2.2.1, 2.2.2 and 2.2.3).

2.2.1. Estimating the global extent of HCVF, HCSF and forests on tropi-
cal peatland in 2017

2.2.1.1. Mapping forest areas

To create a forest reference map for the current situation, the binary forest map from Schulze
et al (2019) was used. This 1 km? resolution map is based on a hybrid forest map created by
Schepaschenko et al (2015) and represents the year 2000, calibrated with the most recent
FAO statistics. We modified the forest extent to represent the year 2017 using 1 km? raster
data on tree cover gain (2000 - 2012) and tree cover loss (2000 — 2017 ) from Hansen et
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al (2013, 2019), accessed through Google Earth Engine. Recognising that tree cover loss
data from Hansen et al do not distinguish between temporary loss and permanent conversion
(Curtis et al 2018) and that tree cover gain data include plantation forests and herbaceous
crops (Tropek et al 2014), we tested the sensitivity of the mapped forest area using both
the original and our updated Schulze map. In addition, we tested the sensitivity of mapped
forest areas arising from the choice of forest map by using ? alternative global forest maps
(Table 1). Finally, all spatial data were converted to an equal-area Eckert IV projection as
advocated in Savric et al. (2015).

2.2.1.2. Mapping HCV forests

We used the HCV guidelines (Brown et al. 2013) to identify and map HCVFs using 12 distinct
indicators that together cover the full range of HCV categories, as shown in Table 1 (see
also Table 1 of the supplementary material for an extended version of this list, including
the official definition of each HCV category and the rationale for selecting each indicator).
To harmonize the different datasets, all indicators were converted to a 1 km? resolution.
We used three different thresholds to classify HCVFs, defined as forest areas containing
at least 1, 2, or 3 HCV categories. The different levels of coverage were used to represent
the uncertainty in the final HCVF classification and illustrate the sensitivity of the mapped
spatial extent to the indicator selection. We assumed that areas with multiple overlapping

categories are more likely to qualify as HCVF.

2.2.1.3. Mapping HCS forests

According to the HCS Toolkit Version 2.0 (Rosoman et al 2017), potential HCSF can be
identified based on an above-ground biomass (AGB) threshold of 35 t C/ha. Although some
potential HCSF may still be released for development, all tropical forests containing more
than 75 t C/ha are generally designated as HCSF (Rosoman et al 2017). We used both
thresholds to indicate the range of uncertainty in the classification of HCSF and its mapped
spatial extent. Above ground biomass data from Santoro and Cartus (2019), representing
the year 2017, were resampled from a resolution of 1 ha to a resolution of 1 km? using the
maijority resampling approach. For sensitivity analyses, two alternative AGB carbon maps
were consid