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Abstract 

Commodity-driven deforestation is the primary source of forest loss in the tropics, with major negative 

socio-environmental impacts occurring as a result. To combat this, many companies have made zero-

deforestation commitments (ZDCs), policies to purchase goods only from deforestation-free producers. 

It is hoped that these private supply chain policies can �U�H�G�X�F�H���S�U�R�G�X�F�H�U�V�·���L�Q�F�H�Q�W�L�Y�H�V���W�R���G�H�I�R�U�H�V�W���D�Q�G���D�F�K�L�H�Y�H��

deforestation at scale in a context of insufficient territorial governance. However, evidence for ZDCs�· 

efficacy remains unclear, particularly due to key knowledge gaps stemming from: i) the heterogenous 

exposure of farmers to ZDC companies over time and space, ii) incomplete implementation to all actors 

involved in ZDC supply chains, and iii) the unclear impact of political context in implementing regions. 

The goal of this dissertation is to address each of these uncertainties, using evidence from the soy and 

cattle sectors of the Brazilian Amazon and Cerrado. 

Chapter 2 of this thesis uses multivariate regression to assess how local variations in ZDC exposure, 

measured by estimating the municipal-level market share of ZDC companies, influenced conservation 

outcomes in the cattle sector of the Brazilian Amazon. This chapter finds that for the Amazonian portions 

of the Brazilian states of Pará, Rondônia, and Mato Grosso, 7,000 ± 4,000 km2 (15 ± 8%) of deforestation 

was avoided due to ZDCs between 2010 and 2018, and that had all firms adopted an effective ZDC, 

deforestation could have dropped by 24,000 ± 13,000 km2 (50 ± 28%). These results suggest that ZDCs 

in the Brazilian cattle sector are reducing deforestation, but only where ZDC market share is high. 

Chapter 3 examines both how the presence of non-ZDC buyers and ZDC companies�·���Iailure to monitor 

indirect suppliers�· deforestation affects the ZDC effectiveness in the cattle sector of Pará. It also 

investigates whether these two policy weaknesses are associated with leakage. This is achieved by 

developing a property level dataset of direct and indirect cattle suppliers in the state of Pará to differentiate 

�S�U�R�G�X�F�H�U�V�·��supply chain tier and ZDC treatment. In line with Chapter 2, this chapter finds that incomplete 

adoption is the biggest challenge to ZDC effectiveness, as this allows producers to avoid ZDCs and 

business-as-usual deforestation to continue.  Yet cattle laundering, whereby indirect suppliers to ZDC 

�V�X�S�S�O�\���F�K�D�L�Q�V���F�R�Q�W�L�Q�X�H���W�R���G�H�I�R�U�H�V�W���D�Q�G���V�H�O�O���W�K�U�R�X�J�K���´�F�O�H�D�Q�µ���G�L�U�H�F�W���V�X�S�S�O�L�H�U�V, is also linked to a substantial 

amount of deforestation. This pathway seems particularly linked to leakage, as direct ZDC suppliers who 

deforest are significantly more likely to switch to supplying ZDC firms indirectly than direct ZDC suppliers 

who do not deforest. 

The final research chapter of this thesis presents the concept of the � śacrifice frontier�µ to explain the role 

�W�K�D�W���O�R�F�D�O���S�R�O�L�W�L�F�D�O���Q�D�U�U�D�W�L�Y�H�V���K�D�Y�H���R�Q���S�U�R�G�X�F�H�U�V�·���U�H�V�L�V�W�D�Q�F�H���W�R���V�X�S�S�O�\���F�K�D�L�Q���S�R�O�L�F�L�H�V�����,���V�X�J�J�H�V�W���W�K�D�W���V�D�F�U�L�I�L�F�H��

frontiers are regions where due to reinforcing perceptions of suitability for agricultural expansion, there is 
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a heightened likelihood of political consolidation by agribusiness interests, low levels of public and private 

policy implementation, high levels of agglomeration, and low perceived risks to frontier expansion, making 

rapid land use change especially probable. Using data from semi-structured interviews with soy value chain 

members in the Matopiba region collected in 2018, this chapter examines to what extent the Cerrado aligns 

with this characterization and the potential implications that being a sacrifice frontier has for the 

effectiveness of private policies in such regions. This chapter finds the Cerrado closely corresponds to the 

sacrifice frontier concept and that as a result, the implementation of ZDCs in the region is highly 

challenging, as producers and agribusiness institutions are resistant to ZDC adoption locally and feel 

entitled to deforest. These results suggest that in sacrifice frontiers, such as the Cerrado, interventions 

need to go beyond market exclusion and alter prevailing narratives surrounding agricultural expansion, 

such as via interventions that consider the specific issues faced by local producers, or via more inclusive, 

jurisdictional-level positive incentives, technical support, and capacity building. 
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Zusammenfassung 

Die durch landwirtschaftliche Güter getriebene Abholzung ist die wichtigste Ursache des Waldverlusts in 

den Tropen und bringt grosse negative umweltsoziologische Folgen mit sich. Um dieser Abholzung 

entgegenzuwirken, binden sich private Unternehmen sogenannte Nicht-Abholzungs-Verpflichtungen 

oder ZDCs (zero-deforestation commitments), in denen sie festlegen, den Güterankauf auf abholzungsfreie 

Produzenten beschränken. Es besteht die Hoffnung, dass diese nicht öffentlich-rechtlichen Massnahmen 

die Anreize zur Abholzung für die Produzenten in der Lieferkette verringern und dass so die Entwaldung 

im Kontext der schwachen territorialen Richtbarkeit in den Tropen in Mass gehalten werden kann. Der 

Wirkungsgrad dieser ZDCs ist jedoch weitgehend unerforscht und die grossen Wissenslücken haben ihren 

Ursprung i) in den heterogenen räumlichen und zeitlichen Exponierung der Produzenten gegenüber den 

ZDC-Unternehmen ii) in der lückenhaften Umsetzung der ZDCs für alle an den Lieferketten beteiligten 

Akteure und iii) im unerforschten politischen Kontext der betroffenen Regionen. Das Ziel dieser 

Dissertation ist es, dieser Wissenslücken anhand von Daten aus dem Soja- und Rindersektor des 

brasilianischen Amazonas und Cerrado zu untersuchen. 

In Kapitel 2 dieser Arbeit wird eine multivariate Regression verwendet, um die lokalen Unterschiede der 

ZDC-Exponierung im Rindersektor des brasilianischen Amazonasgebiets sowie dessen Auswirkung auf 

die Entwaldung zu untersuchen. Diese Unterschiede werden mittels des Marktanteils von ZDC-

Unternehmen auf Gemeindeebene geschätzt. Ich stelle fest, dass in den Amazonasgebieten der 

brasilianischen Bundesstaaten Pará, Rondônia und Mato Grosso zwischen 2010 und 2018 7.000 ± 4.000 

km2 (15 ± 8 %) Entwaldung durch ZDCs vermieden wurden, und dass die Entwaldung um 24.000 ± 

13.000 km2 (50 ± 28 %) hätte sinken können, wenn alle Unternehmen eine wirksame ZDC eingeführt 

hätten. Diese Ergebnisse deuten darauf hin, dass ZDCs im brasilianischen Rindersektor die Entwaldung 

reduzieren, allerdings nur dort, wo der Marktanteil der ZDCs hoch ist. 

In Kapitel 3 wird untersucht, wie sich die Gegenwart von Käufern, die sich nicht zu ZDCs verpflichten 

und das Versäumnis der ZDC-Firmen, die Abholzung durch indirekte Lieferanten zu überwachen, auf die 

Wirksamkeit der ZDCs im Rindersektor von Pará auswirkt. Ausserdem wird untersucht, ob diese beiden 

politischen Schwachstellen mit einer Leckage, einem Abfliessen der Güterströme aus den kontrollierten 

Lieferketten, verbunden sind. Durch das Erfassen eines Datensatzes auf der Basis von Grundstücken von 

direkten und indirekten Rinderlieferanten im Bundesstaat Pará wird der Lieferkettengrad der Produzenten 

und die ZDC-Verpflichtungen der Käufer und Verkäufer festgestellt. In Übereinstimmung mit Kapitel 2 

stelle ich auch in diesem Kapitel fest, dass die unvollständige Umsetzung die grösste Herausforderung für 

die Wirksamkeit der ZDCs ist, da es den Erzeugern die Möglichkeit gibt, die ZDCs zu umgehen und die 
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Abholzung in gewohnter Weise fortzusetzen. Aber auch das Einschleusen von Kühen von indirekten 

Lieferanten in ZDC-Lieferketten, die weiter abholzen, den Ursprung der Kühe vertuschen und die Kühe 

dann über "saubere" direkte Lieferanten verkaufen, ist mit einem erheblichen Anteil der Entwaldung 

verbunden. Diese Vertuschung scheint besonders mit Leckagen verbunden zu sein, da direkte ZDC-

Lieferanten, die abholzen, mit deutlich höherer Wahrscheinlichkeit zu einer indirekten Belieferung von 

ZDC-Unternehmen wechseln als direkte ZDC-Lieferanten, die nicht abholzen. 

Im letzten Kapitel der Dissertation wird das Konzept der Umweltopfer-Expansion vorgestellt. Dieses 

Konzept erklärt welche Rolle die lokalen politische Narrative des Widerstands der Produzenten gegen die 

ZDCs spielen. Ich behaupte, dass die es sich dabei um Regionen handelt, in denen aufgrund der sich 

verstärkenden wahrgenommenen Tauglichkeit des Landes für eine landwirtschaftliche Expansion eine 

erhöhte Wahrscheinlichkeit für eine politischen Konsolidierung durch die Interessen der Agrarindustrie, 

ein geringes Mass an öffentlicher und privater Massnahmen, ein hoher Agglomerationgrad, sowie ein 

geringes wahrgenommenes Risiko einer Expansion besteht, was eine rasche Änderung der Landnutzung 

besonders wahrscheinlich macht. Anhand von Daten aus halbstrukturierten Interviews in der Region 

Matopiba, die ich 2018 mit Soyaproduzenten und Lieferanten geführt habe, untersuche ich, inwieweit der 

Cerrado mit dieser Charakterisierung übereinstimmt und welche Auswirkungen die Umweltopfer-Expansion 

auf die Wirksamkeit der ZDCs in solchen Regionen hat. Ich komme zum Schluss, dass der Cerrado auf 

die Charakterisierung zutrifft und dass die Umsetzung von ZDCs in der Region eine grosse 

Herausforderung darstellt, da die Produzenten und die Agrarindustrie eine gewisse Resistenz gegen die 

Einführung von ZDCs zeigen und sich berechtigt fühlen, den Wald weiter abzuholzen. Die Resultate 

zeigen, dass in Expansionsregionen wie dem Cerrado, in denen solche Umweltopfer gebracht werden, 

politische Interventionen über Massnahmen wie Marktausschlüsse hinausgehen müssen und sich die 

vorherrschenden Narrative im Zusammenhang mit der landwirtschaftlichen Expansion ändern sollten. 

Dies kann zum Beispiel durch Interventionen, die die spezifischen Probleme lokaler Produzenten 

berücksichtigen, oder durch integrativere, positive Anreize auf gesetzlicher Ebene, sowie technische 

Unterstützung und Kapazitätsbildung gemacht werden. 
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1 Introduction  

1.1 Background & Motivation 

There is an urgent need for novel solutions that can combat the loss of native vegetation in the 

tropics without harming the livelihoods of the millions who live in these regions. Despite 

increasing scientific understanding that tropical forests are irreplaceable repositories of carbon, 

biodiversity, and indigenous culture, deforestation and forest fragmentation continues. In 

particular, there is an urgent need to address forest loss due to agricultural production, which drives 

73% of all tropical deforestation worldwide (Hosonuma et al., 2012).  Agricultural expansion helps 

feed a growing global population and supports economic growth, including for rural communities 

(Mullan et al., 2018; West et al., 2014). However, it also drives 30% of global carbon emissions 

(Xu et al., 2021), major biodiversity losses (Gibbs et al., 2010), and has been linked to land grabbing 

and human conflict (Byerlee et al., 2017; Lucas et al., 2013). Interventions that can decouple 

deforestation from agricultural production are, therefore, crucially important. Such policies present 

the possibility of a deforestation-free paradigm where agrarian development is not based on the 

degradation of ecosystems or aboveground carbon stocks. 

Private supply chain interventions are one possible solution that are becoming increasingly 

widespread (Rothrock and Weatherer, 2019). These are a range of policies used by companies who 

source deforestation-�U�L�V�N���F�R�P�P�R�G�L�W�L�H�V���W�R���L�Q�I�O�X�H�Q�F�H���W�K�H�L�U���V�X�S�S�O�L�H�U�V�·���O�D�Q�G���X�V�H���E�H�K�D�Y�L�R�U��(Lambin et 

al., 2018). The most widespread of these is the zero-deforestation commitment (ZDC), whereby a 

company pledges to prevent deforestation from occurring within their supply chain by blocking 

market access to producers who actively deforest their properties (Garrett et al., 2019). By 

restricting the market for deforestation-linked commodities it is hoped that the incentives to 

expand agriculture onto native ecosystems will be reduced. The expectation is that this would not 

just lower commodity-driven deforestation but potentially also encourage yield gains on already 

opened land to meet rising food demand (Garrett et al., 2018; Lambin et al., 2018). As ZDCs are 

implemented by companies, they are primarily applied to private lands, �Z�K�H�U�H���P�X�F�K���R�I���W�K�H���Z�R�U�O�G�·�V��

remaining forests are concentrated. Additionally, ZDCs can potentially benefit from the 

longstanding relationships that implementing firms have built with their suppliers. These 

characteristics make these policies a novel and highly promising solution for commodity-driven 

deforestation. 
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ZDC adoption has increased dramatically over the past fifteen years. Commitments are becoming 

an increasingly established feature of forest-risk sectors, covering 90% of soy and 85% of beef 

exported from the Brazilian Amazon, as well as 65% of global palm oil production (Ermgassen et 

al., 2020a, 2020b; Haupt et al., 2018). Collectively these three commodities account for 59% of all 

tropical deforestation, with cattle alone responsible for 41% (Pendrill et al., 2019). This means that, 

if successful, ZDCs focused on these three commodities alone could have a major conservation 

�L�P�S�D�F�W�� �R�Q�� �W�K�H�� �Z�R�U�O�G�·�V�� �U�H�P�D�L�Q�L�Q�J�� �W�U�R�S�L�F�D�O�� �I�R�U�H�V�W�V�����+�R�Z�H�Y�H�U���� �H�Y�L�G�H�Q�F�H�� �I�R�U�� �=�'�&�V�·�� �H�I�I�L�F�D�F�\�� �D�W��

reducing deforestation remains unclear, as does understanding regarding their impact on the 

millions of farmers who participate in ZDC supply chains. Research investigating ZDCs have 

found results varying from major deforestation reductions (e.g., Carlson et al., 2018; Gibbs et al., 

2016; Heilmayr et al., 2020a) to null impacts due to leakage or loopholes (e.g., Alix-Garcia and 

Gibbs, 2017; Harding et al., 2021; Klingler et al., 2018). These varied findings create significant 

uncertainty regarding the utility of private supply chain interventions at reducing deforestation.  

Part of this uncertainty results from the presence of key knowledge gaps due to: i) the heterogenous 

exposure of producers to ZDC requirements over time and space, ii) the incomplete 

implementation of policies to all actors involved in ZDC supply chains, and iii) the unclear impact 

of political context in implementing regions. ZDCs are implemented by companies, often 

�Y�R�O�X�Q�W�D�U�L�O�\���D�Q�G���Z�L�W�K���Y�D�U�\�L�Q�J���V�S�H�F�L�I�L�F�D�W�L�R�Q�V�����7�K�L�V���P�H�D�Q�V���I�D�U�P�H�U�V�·���D�E�L�O�L�W�L�H�V���W�R���D�Y�R�L�G���=�'�&���F�R�P�S�D�Q�L�H�V�·��

sustainability policies depends on both the availability of non-ZDC suppliers locally to purchase 

deforestation-linked production and whether a policy is implemented across all substitutable 

actors, regions, and commodities (Garrett et al., 2019)�����/�L�N�H�Z�L�V�H�����S�U�R�G�X�F�H�U�V�·���Z�L�O�O�L�Q�J�Q�H�V�V���W�R���F�R�P�S�O�\��

with ZDCs in part depends on the broader political context. Weak regulations likely increase the 

opportunity costs of complying with ZDCs, while an antagonistic political atmosphere to ZDCs 

is conducive to individual and collective resistance to supply chain policies (Garrett et al., 2019). 

Understanding how these factors are affecting ZDC effectiveness has major implications for both 

the design of future ZDCs and for determining how viable these policies are as a conservation 

tool. 

Brazil is a particularly important case to understand these questions, especially across its two most 

threatened ecoregions, the Cerrado and Amazon biomes. The Amazon biome of Brazil has high 

deforestation rates, a public policy framework conducive to ZDC effectiveness, and the presence 

of long running and widespread collective soy and cattle ZDCs. The Cerrado biome is also highly 

threatened by agricultural expansion, yet lacks many of the conducive public or private policy 

conditions for ZDC effectiveness found in the neighboring Amazon (Klink and Machado, 2005; 



 
 

11 

Lahsen et al., 2016). The difference in public and private governance between the two biomes 

despite their geographic, economic, and cultural similarities makes the Cerrado and Amazon 

biomes uniquely positioned to examine the impacts of ZDCs. In particular, these contrasting 

�F�R�Q�G�L�W�L�R�Q�V�� �D�O�O�R�Z�� �I�R�U�� �W�K�H�� �U�R�O�H�� �R�I�� �S�R�O�L�F�\�� �D�G�R�S�W�L�R�Q���� �S�R�O�L�F�\�� �U�L�J�R�U�� �D�Q�G�� �S�R�O�L�W�L�F�D�O�� �F�R�Q�W�H�[�W�� �R�Q�� �=�'�&�V�·��

effectiveness at reducing deforestation to be examined. 

Cattle is the immediate driver of most deforestation across the Amazon and Cerrado, accounting 

for 80% of deforestation and carbon loss (De Sy et al., 2015; Project MapBiomas, 2020). Soy is 

the second largest direct driver of deforestation in both biomes, with particularly high levels of soy 

production in the Cerrado biome. However, as areas cleared for cattle are often subsequently 

converted to soy production, soy is also an important indirect driver of deforestation in both 

regions as well (Barona et al., 2010; Rausch et al., 2019).  

The earliest collective ZDC in the Brazil was the 2006 Amazon Soy Moratorium, which banned 

signatories from purchasing soy grown on land deforested after 2008. The policy has been adopted 

by most soy traders operating in the biome (Gibbs et al., 2015). This was shortly followed in 2009 

by two ZDCs that sought to govern deforestation in the cattle sector of the Brazilian Amazon, the 

G4 Agreement and Terms of Adjustment of Conduct or TAC Agreements. The G4 Agreement 

was signed by the four largest meatpacking firms in the Amazon, while TAC has been signed by 

small, medium, and large meatpackers across the biome (Alix-Garcia and Gibbs, 2017). 

Several companies operating in the cattle and soy sectors of the Cerrado have unilateral global 

ZDCs, such as JBS, Cargill and Bunge. Additionally, in 2019 the Soft Commodities Forum began 

�L�Q���W�K�H���U�H�J�L�R�Q�����L�Q�F�O�X�G�L�Q�J���P�D�Q�\���R�I���W�K�H���&�H�U�U�D�G�R�·�V���O�D�U�J�H�V�W���V�R�\���E�X�\�H�U�V�����+�R�Z�H�Y�H�U�����L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���G�D�W�H�V��

for these policies are  largely in the future and there is no evidence that farmers in the Cerrado 

have been excluded by signatories due to legal deforestation (Ermgassen et al., 2020a; Leijten et 

al., 2022). Further details of the ZDCs present in the Cerrado and Amazon biomes are provided 

in Section 1.3 and Table 1.1 of the Introduction. 

�7�K�H���F�H�Q�W�U�D�O���T�X�H�V�W�L�R�Q���W�K�L�V���W�K�H�V�L�V���V�H�H�N�V���W�R���D�G�G�U�H�V�V���L�V���´to what extent are ZDCs in Brazil effective 

at reducing deforestation from commodity production and under what condit�L�R�Q�V�"�µ��

Following Garrett et al. (2019), we define effectiveness as a net positive impact on conservation 

outcomes. This means the commitment prevents undesirable land use behaviors and encourages 

improved conservation outcomes within target regions and supply chains, without these impacts 

being nullified by leakage. The scale of effectiveness is a critically important dimension when 

analyzing supply chain policies, as a ZDC may be effective at reducing deforestation only within 
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�D�Q���L�P�S�O�H�P�H�Q�W�L�Q�J���F�R�P�S�D�Q�\�·�V���V�X�Sply chain without achieving global or even regional conservation 

gains. This occurs when deforestation-linked production is absorbed by non-ZDC buyers, 

restructuring the market rather than affecting land use, or via leakage processes that incentivize 

land use change outside the scope of the policy (Garrett et al. 2019; Appendix D). Due to the 

difficulties in measuring effectiveness globally, this thesis only examines effectiveness within each 

�H�[�D�P�L�Q�H�G���S�R�O�L�F�\�·�V���W�D�U�J�H�W���U�H�J�L�R�Q�����,�W���L�V���K�R�S�H�G���W�K�D�W���E�\���D�G�G�U�H�V�V�L�Q�J���W�K�L�V���W�K�H�V�L�V�·���F�H�Q�W�U�D�O���T�X�H�V�W�L�R�Q�����E�H�W�W�H�U��

evidence can be provided regarding the utility of private supply chain interventions at addressing 

�W�U�R�S�L�F�D�O���G�H�I�R�U�H�V�W�D�W�L�R�Q�����R�Q�H���R�I���W�K�H���Z�R�U�O�G�·�V���P�R�V�W���S�U�H�V�V�L�Q�J���F�R�Q�V�H�U�Y�D�W�L�R�Q���F�K�D�O�O�H�Q�J�H�V�����6�S�H�F�L�I�L�F�D�O�O�\�����L�W���L�V��

hoped that this th�H�V�L�V�·���I�L�Q�G�L�Q�J�V���F�D�Q���D�V�V�L�V�W���L�Q���E�R�W�K���W�K�H���G�H�V�L�J�Q���D�Q�G���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���F�R�Q�V�H�U�Y�D�W�L�R�Q��

policy by practitioners and enable clearer and more systematic study of these novel governance 

interventions in the future.  

1.2 Theoretical basis of thesis 

This thesis draws upon the increasing wealth of theoretical and empirical knowledge regarding the 

process and governance of land system change. Particularly important for this work are theories 

explaining changes in land use extent, the likely effectiveness of policy interventions to govern and 

prevent such changes, and the potential occurrence of higher-level processes that relate to and/or 

stem from these, particularly land use spillovers and policy leakage.  

Theories of land use extent are generally conceived for specific types of contexts and agents, which 

are distinguishable by the degree of both market integration and access to capital, with subsistence 

smallholders and agribusiness entities at opposing ends of this scale (Meyfroidt et al., 2018). This 

thesis focuses on interventions by commodity buyers, which can only occur into regions at least 

partially integrated into global commerce, albeit to actors with a range of financial capital. In such 

contexts, the primary theories used to understand land use expansion are those related to land 

rents and neoliberal commodity frontiers. Land rent theory stems from neoclassical economic 

theory and hypothesizes that expansion and intensification processes occur based on the 

underlying value of the land (i.e., land rent) and the price land users are willing to pay to use it (the 

�E�L�G�� �U�H�Q�W������ �7�K�H�R�U�L�H�V�� �H�[�S�O�D�L�Q�L�Q�J�� �W�K�H���E�D�V�L�V�� �R�I�� �U�H�Q�W�� �Y�D�O�X�H�� �Y�D�U�\�� �I�U�R�P���I�R�F�X�V�L�Q�J�� �R�Q�� �O�D�Q�G�·�V�� �E�L�R�S�K�\�V�L�F�D�O��

characteristics (Ricardo, 1891) to the distance of land to a central market (von Thünen, 1966). 

Importantly, both economic rent and bid rent are known to change based on local, regional, and 

global factors, such as changes to accessibility, potential land productivity, agricultural 

technologies, commodity prices, or production/trade incentives (Angelsen, 2010; Walker, 2004).  
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When changes in these conditions make land that was not financially viable for agricultural 

production profitable and actors are present locally who possess the desire and ability to capture 

available land rents, frontier expansion occurs (le Polain de Waroux et al., 2018). This process is 

often extremely rapid due to the presence of abnormal rents. Such rents constitute a disequilibrium 

between land rent and bid rent, facilitating exceptional returns for land users willing to operate in 

the higher risk conditions found at the frontier (di Tella, 1982). Historically, frontier expansion 

was seen as moving from a pioneer stage, where initial expansion was primarily driven by 

smallholders, to a consolidated phase, where land is increasingly concentrated by powerful actors 

(Pacheco, 2012). However, there is an increasing acknowledgement of the occurrence of neoliberal 

and commodity frontiers, where high agribusiness influence either at the local or governmental 

level facilitates the direct expansion of largescale, industrialized agriculture into regions with 

extensive native vegetation cover without a preceding pioneer/smallholder stage (Brannstrom, 

2009; Hecht, 2005; le Polain de Waroux et al., 2018). Commodity frontier expansion is often 

particularly rapid due to the presence of agglomeration economies that increase local competition 

and diversity, raising the total factor of agricultural productivity and fueling further land use change 

(Abeygunawardane et al., 2022; Garrett et al., 2013). 

Public and private policies which directly combat the expansion of anthropogenic land uses in 

commodity frontiers generally aim to reduce land rent, making land use change uneconomical. 

Alternatively, policies may offer financial incentives for conservation behavior, making sustainable 

use the economically efficient behavior. Territorial governance usually occurs through a mix of 

direct command-and-control instruments (e.g., land use restrictions such as protected areas), 

policies related to land-based activities (e.g., agricultural/forestry polices), and/or price premiums 

or other economic incentives (e.g., REDD+, certification) (Lambin et al., 2014; Mather, 2006). 

While private actors, such as commodity buyers, are able incentivize conservation activities 

through price premiums, they lack the authority to reduce land rents through legal means. This 

forces them to use coercive influence, such as via restricting market access to those meeting 

minimum sustainability standards (Agrawal et al., 2011; Lambin et al., 2018).  

As well as the direct and intended impacts of a policy, unintended spillovers may also occur. These 

spillovers are a form of indirect land use change and when they reduce the effectiveness of a policy, 

constitute leakage (Meyfroidt et al., 2020, 2018). Leakage is expected to occur when policies do 

not cover all substitutable regions, land uses or actors, allowing shifts in production or supply 

chain behavior that circumvent the direct impacts of policy, reducing land use change reductions 

(le Polain de Waroux et al., 2016; Meyfroidt et al., 2018). As private policies are not implemented 



 
 

14 

at a jurisdictional level, but rather at the supply chain level, the opportunities for leakage are 

expected to be particularly high (Meyer and Miller, 2015). This is because leakage can occur due to 

producers shifting to non-ZDC supply chains, to non-targeted commodities, or a range of other 

behavior outside the scope or coverage of a policy, circumventing policy effectiveness (Garrett et 

al. 2019; Appendix D). 

During my doctoral studies, I also contributed to several studies theoretically examining the design 

principles and contextual attributes likely to influence the effectiveness of ZDCs which are not 

included as research chapters within the thesis. We proposed that commitments with more 

stringent requirements, clear implementation mechanisms, an inclusive spatial and actor scope, 

along with the presence of a supportive regulatory environment and high collective market share 

of ZDC companies should theoretically result in increased ZDC effectiveness at local, regional, 

and global scales (Garrett et al. 2019; Appendix D). This paper, along with other theoretical work 

that underscores the importance of mapping and monitoring to ZDC effectiveness (Austin et al., 

2021), indicates that ZDC effectiveness is likely to be highly context specific. Nonetheless, the 

majority of ZDCs are implemented without locally specific implementation strategies for the 

regions a company operates in (Rothrock and Weatherer, 2019; Thompson and Rogerson, 2019).  

To better understand the overall impact of ZDCs globally, my colleagues and I completed a 

systematic review examining whether supply chain policies had improved conservation or rural 

livelihoods (Garrett et al., 2021b; Appendix E). We found mixed results, with just over half the 

studies reporting positive impacts for either criterion. Importantly, we also identified highly 

variable methods and a limited evidence base as key obfuscating factors impeding understanding 

regarding the effectiveness of supply chain policies, with only 37 cases rigorously examining either 

outcome, indicating an urgent need for more research which empirically examine the effectiveness 

of ZDCs at reducing deforestation. For this reason a major contribution of my thesis (in Chapter 

2) is to provide a more replicable approach to measuring the effectiveness of supply chain policies. 

1.3 Brazil as a case study for ZDCs 

�%�U�D�]�L�O���L�V���R�Q�H���R�I���W�K�H���Z�R�U�O�G�·�V���P�R�V�W megadiverse nations, with landscapes varying from dense tropical 

forest to arid scrubland (Mittermeier et al., 2004). The country contains between 15 and 20% of 

�W�K�H���Z�R�U�O�G�·�V���E�L�R�G�L�Y�H�U�V�L�W�\��(Malhado and Ladle, 2010), 20% of global above ground carbon stocks 

(Global Forest Watch, 2021), as well as 305 indigenous nations speaking 274 languages (IBGE, 

2012). Brazil is also a leading exporter of agricultural and mineral products, including beef, chicken, 

soy, corn, tobacco, coffee, bauxite, and iron ore (Comtrade, 2021). The production of these goods 
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has helped drive economic growth, with agricultural and mineral exporters generating USD 149 

billion in 2018, 57% of total export value (Comtrade, 2021). However, commodity production in 

Brazil has also resulted in natural capital losses, without proportionate improvements in local 

wellbeing (Garrett et al., 2021a). Brazil remains marked by high deforestation and degradation 

(INPE, 2021) as well as high levels of both poverty and inequality, particularly in forested regions 

(Ciaschi et al., 2020; Valentim and Garrett, 2015). There is, therefore, an urgent need to ensure 

that economic gains in Brazil are achieved without forest losses, and that these economic 

improvements are more equitably distributed. 

During the Lula presidential administration (2003-2010) Brazil was a global leader in the use of 

public policies to reduce deforestation and safeguard native ecosystems, particularly within the 

Amazon region of the country (Gollnow and Lakes, 2014; Sparovek et al., 2015). However, since 

2010 there has been a major resurgence in deforestation following a shift to antagonistic policies 

and public discourses (de Area Leão Pereira et al., 2020, 2019). The Native Vegetation Protection 

Law (Law 23,793; commonly known as the Forest Code) is the primary policy governing 

deforestation on private lands in Brazil, which as of 2012 requires land users to conserve 80% of 

a property in the Amazon biome, 35% in the remainder of the Legal Amazon region and 20% 

outside the Legal Amazon, as well as conserving other sensitive areas such as riparian buffers and 

steep slopes.  

While the Forest Code protects large areas of the Amazon biome, it allows for over three quarters 

�R�I���S�U�R�S�H�U�W�L�H�V���L�Q���R�W�K�H�U���E�L�R�P�H�V���� �V�X�F�K���D�V���W�K�H���&�H�U�U�D�G�R���� �W�K�H���Z�R�U�O�G�·�V���P�R�V�W���E�L�R�G�L�Y�H�U�V�H���V�D�Y�D�Q�Q�D���� �W�R���E�H��

deforested. Enforcement of the policy greatly increased with the 1998 Environmental Crimes Law 

(Law 9,605), which created new penalties for non-compliance with the policy. Additionally, as part 

of the 2012 Forest Code reforms, a national registry of rural properties was established (Cadastro 

Ambiental Rural or CAR) to enable the location and monitoring of rural land users. To govern 

public lands, a National System of Conservation Units (Law 9,985) was also established in 2000 

establishing many protected areas varying from strict protected areas to sustainable use areas, with 

protected areas now covering 2.5 million km2 of land across 3,202 sites (MAPA, 2021). 

Under the Lula government, measures were also expanded for the Amazon biome, particularly via 

the 2004 Action Plan for Prevention and Control of Deforestation (Plano de Ação para a Prevenção e 

Controle do Desmatamento na Amazônia or PPCDAm). This policy increased both the number of 

conservation units and the enforcement of pre-existing restrictions, such as the Forest Code (West 

and Fearnside, 2021). As part of the action plan, a permanent inter-ministerial working group to 

reduce deforestation rates was created between the Ministry of the Environment (MMA) and the 
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Ministry of Science, Technology, Innovation and Communications (MCTI). The MMA is 

responsible for environmental policing through the Brazilian Institute of the Environment and 

Renewable Natural Resources (IBAMA). The MCTI is responsible for deforestation monitoring 

�Y�L�D���W�K�H���%�U�D�]�L�O�L�D�Q���1�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�H���I�R�U���6�S�D�F�H���5�H�V�H�D�U�F�K�·�V�����3�5�2�'�(�6���S�O�D�W�I�R�U�P��(INPE, 2021). This 

inter-ministerial working helped foster an integrated approach to combat deforestation in the 

Brazilian Amazon that has been linked to a 37% reduction in deforestation between 2005 and 2007 

(Soares-Filho et al., 2010; Sparovek et al., 2015). An equivalent plan for the Cerrado (PPCerrado) 

was launched in 2010, however implementation, efficacy and inter-ministerial coordination has 

been weaker than the PPCDAm (Hochstetler and Keck, 2007; Lahsen et al., 2016). 

�6�L�Q�F�H�� �0�L�F�K�H�O�� �7�H�P�H�U�·�V�� �J�R�Y�H�U�Q�Pent began in 2016, forest protections have been progressively 

�X�Q�G�H�U�P�L�Q�H�G�������7�K�H���0�0�$�·�V���E�X�G�J�H�W���Z�D�V���F�X�W���E�\���W�K�H���H�T�X�L�Y�D�O�H�Q�W���R�I�������������P�L�O�O�L�R�Q�����K�L�Q�G�H�U�L�Q�J���,�%�$�0�$�·�V��

ability to enforce environmental legislation (de Area Leão Pereira et al., 2019). This was followed 

�E�\���W�K�H���D�S�S�U�R�Y�D�O���R�I���&�R�Q�V�W�L�W�X�W�L�R�Q�D�O���$�P�H�Q�G�P�H�Q�W���3�U�R�S�R�V�D�O�����3�(�&�������������Z�K�L�F�K���I�U�R�]�H���W�K�H���0�0�$�·�V���E�X�G�J�Ht 

for 20 years (de Area Leão Pereira et al., 2019). In 2018, Jair Bolsonaro was elected with an explicit 

agenda to dismantle environmental legislation (Abessa et al., 2019). His administration has reduced 

key functions of the MMA, left numerous important positions vacant, promoted an aggressive 

�G�L�V�F�R�X�U�V�H���U�H�J�D�U�G�L�Q�J���L�Q�G�L�J�H�Q�R�X�V���D�Q�G���W�U�D�G�L�W�L�R�Q�D�O���F�R�P�P�X�Q�L�W�L�H�V�·�� �U�L�J�K�W�V���� �D�Q�G���W�D�N�H�Q���D���K�R�V�W�L�O�H���S�R�V�L�W�L�R�Q��

towards the Amazon Fund (de Area Leão Pereira et al., 2020; Fearnside, 2019). These changes 

have resulted in Brazil loosing access to $1 billion in conservation funding (Araújo, 2020), 

accelerated rates of forest loss (Barlow et al., 2020; INPE, 2021), as well as increased violence and 

human rights violations (Acebes and Wilkinson, 2019; Araújo and Vieira, 2019). This varied 

legislative and governmental approach to deforestation over the last 20 years has left Brazil with a 

weakened but still present legislative framework where deforestation can be monitored and linked 

to land users, but where the threat of enforcement is no longer an adequate disincentive against 

deforestation.  

This context of weakened public policies alongside easily accessible public deforestation 

monitoring tools presents conditions where ZDCs are easily implementable, due to the presence 

of public monitoring tools, and likely to have high additionality, due to elevated deforestation rates. 

Brazil has several widespread and longstanding ZDCs in both the cattle and soy sectors. In 2006, 

following pressure from Greenpeace, the members Brazilian Association of Vegetable Oil 

Industries and National Association of Grain Exporters signed the Soy Moratorium, banning the 

purchase of soy from farms that were deforested after 2008 (Table 1.1). The policy was only 

implemented within the Amazon biome, however, leaving other ecoregions in Brazil and elsewhere 
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vulnerable to agricultural expansion (Gibbs et al., 2015). Several studies indicate that within the 

Amazon biome, the Soy Moratorium reduced deforestation for soy significantly (Gibbs et al., 2015; 

Heilmayr et al., 2020b; Kastens et al., 2017). However, recent work also suggests this effect may 

be reduced by substitution for other crops (Harding et al., 2021) and through leakage to the 

Cerrado biome, where no moratorium exists, despite high deforestation rates (Dou et al., 2018; 

Moffette and Gibbs, 2021).  

 

Figure 1.1: Land use and land cover change (LULCC) for soy and cattle in the Amazon (a) and Cerrado (b) biomes of 
Brazil, with state indicated by two letter labels. LULCC was determined using data from MapBiomas (2020). Cropland, 
pasture, grassland, and forest indicate the extend of each land use in 2019. Soy-deforestation indicates all instances of forest 
that was subsequently converted to soy within five years of deforestation. The study region for Chapter 2 is indicated by a sold 
light blue line and constitutes the Amazonian portions of Rondônia (RO), Mato Grosso (MT), and Pará (PA), the last of 
which is also shown in purple. The study region for Chapter 3 is indicated by a dashed purple line and constitutes the entirety 
of Pará (PA). Chapter 3 uses data from the entire Cerrado biome (Fig b.), but fieldwork took place in the frontier region of 
Matopiba, the Cerrado portions of Maranhão (MA), Tocantins (TO), Piauí (PI), and Bahia (BA), which is indicated in 

orange. 

Whether incentivized by the Soy Moratorium or not, soy-driven deforestation has continued 

unabated outside the Amazon biome (Project MapBiomas, 2020). This is particularly true in the 

Cerrado, where soy expansion resulted in 22% of all deforestation between 2003 and 2014 (Rausch 

et al., 2019).  The share of deforestation for soy rises to 31% in the northeast of the Cerrado biome 

at the confluence of Maranhão, Tocantins, Piauí, and Bahia, a frontier region known as Matopiba 

(orange region in Figure 1.1b). While the Soy Moratorium does not cover the Cerrado biome, 

several soy and cattle companies in the region have individual policies with global or national 

coverage, although cut-off dates for implementation are generally in the future (see Table 1.1). The 

Soft Commodities Forum (SCF), signed by six of the largest soy buyers operating in the region, 
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has been present in the Cerrado since 2019 (SCF, 2019). However, as of 2022 this policy only 

engages in pilot schemes offering positive incentives for farmers to avoid deforestation while 

monitoring deforestation for soy in 61 target municipalities, without requirements for signatories 

to exclude farmers due to such deforestation (SCF, 2021). Neither the SCF nor the individual 

company polices have been found to have reduced deforestation in the Cerrado, likely due to the 

weaker implementation of these policies in the Brazilian Cerrado (Ermgassen et al., 2020a; Leijten 

et al., 2022). 

In the cattle sector of the Brazilian Amazon, there are two overlapping polices. The first, the G4 

cattle agreement, was signed in 2009 by the four largest cattle companies in the Brazilian Amazon 

and Greenpeace (Gibbs et al., 2016a). In the same year the Brazilian federal Public P�U�R�V�H�F�X�W�R�U�·�V��

O�I�I�L�F�H�����0�3�)�����R�I���W�K�H���V�W�D�W�H���R�I���3�D�U�i���E�H�J�D�Q���W�R���V�L�J�Q���O�H�J�D�O�O�\���E�L�Q�G�L�Q�J���F�R�P�P�L�W�P�H�Q�W�V�����N�Q�R�Z�Q���D�V���´�7�H�U�P�V��

�R�I�� �$�G�M�X�V�W�P�H�Q�W�� �R�I�� �&�R�Q�G�X�F�W�µ�� �R�U�� �7�$�&�V���� �Z�L�W�K�� �F�D�W�W�O�H-buying companies linked to deforestation 

(Walker et al., 2013). These subsequently spread to the entire Legal Amazon region (Gibbs et al., 

2015). Both these policies, as well as the Soy Moratorium, function by establishing deforestation 

cut-�R�I�I���G�D�W�H�V���I�R�U���V�X�S�S�O�L�H�U�V���D�I�W�H�U���Z�K�L�F�K���Q�H�Z���G�H�I�R�U�H�V�W�D�W�L�R�Q���Z�L�O�O���O�H�D�G���W�R���H�[�F�O�X�V�L�R�Q���I�U�R�P���V�L�J�Q�D�W�R�U�L�H�V�·��

supply chains (Greenpeace International, 2009; MPF, 2020).  

All G4 companies subsequently signed TACs, but despite these similarities, three key differences 

exist between the two policies: i) the G4 was implemented almost simultaneously by all signatories 

across all their plants within the Amazon biome, while TAC was adopted by individual 

slaughterhouses gradually over time via direct targeting by the MPF �E�D�V�H�G���R�Q���V�O�D�X�J�K�W�H�U�K�R�X�V�H�V�·��

links to illegal deforestation (Cammelli et al., 2022; Pereira et al., 2020). ii) Unlike the G4, TAC 

firms have been slow to implement monitoring and exclusion mechanisms, severely limiting their 

ability to identify deforestation within their respective supply bases. As of publication, many firms 

are yet to adopt such systems (Mengardo, 2018; Moffette and Gibbs, 2021; Pereira et al., 2020). iii) 

TAC requires zero-�L�O�O�H�J�D�O���G�H�I�R�U�H�V�W�D�W�L�R�Q�����L���H�������S�U�R�G�X�F�H�U�V���F�D�Q���V�W�L�O�O���F�O�H�D�U���X�S���W�R���W�K�H���)�R�U�H�V�W���&�R�G�H�·�V���O�L�P�L�W��

of 20% within the Amazon biome outside of protected areas), while the G4 requires zero-gross 

deforestation post-2009. As most properties where active deforestation is occurring in the Amazon 

are already cleared up to or above the legal limit (Gibbs et al., 2015), we do not expect this last 

difference to have a major impact. Nonetheless, due to these differences in implementation rigor 

and timeline between those who signed the G4 and those who did not, this thesis treats companies 

�Z�K�L�F�K���V�L�J�Q�H�G���W�K�H���*�����D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���7�$�&���D�V���D���´�*���µ���F�R�P�S�D�Q�L�H�V�����Z�K�L�O�H���W�K�R�V�H���Z�K�L�F�K���R�Q�O�\���D�G�R�S�W�H�G��

�7�$�&���D�U�H���W�U�H�D�W�H�G���D�V���´�7�$�&�µ���F�R�P�S�D�Q�L�H�V�� 
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The first papers assessing the impact of cattle ZDCs in the Brazilian Amazon were positive �² 

indicating rapid reductions in deforestation on the properties from which companies sourced their 

production (Amaral, 2017; Gibbs et al., 2016a; Nepstad et al., 2014a). However, as these ZDCs 

have become better understood a number of uncertainties have emerged regarding this 

characterization. Recent papers have identified loopholes and spillovers which have been 

�V�X�J�J�H�V�W�H�G�� �E�\�� �V�R�P�H�� �D�X�W�K�R�U�V�� �W�R�� �Q�X�O�O�L�I�\�� �=�'�&�V�·�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �U�H�G�X�F�W�L�R�Q�V��(Alix-Garcia and Gibbs, 

2017; Klingler et al., 2018a; Moffette and Gibbs, 2021).  

A major problem identified by previous research is the failure of ZDCs to include indirect 

suppliers. These are producers who sell to ZDC-committed buyers via intermediaries, such as 

cattle breeders who supply fattening and finishing farms who subsequently sell to slaughterhouses 

(Ermgassen et al., 2021; Pereira et al., 2020).  This is a particular concern in cattle supply chains 

where the number of producers involved in production prior to sale to a ZDC company is often 

higher than in other commodities (Klingler et al., 2018). As these producers are not monitored, 

deforestation-linked products are still able to enter committed supply chains and suppliers are 

likely able to avoid ZDCs by shifting their deforestation practices to farms that do not sell directly 

to ZDC companies, creating a major potential for policy leakage in the sector. This leakage has 

been anecdotally observed by several papers (e.g., Klingler et al., 2018; Pereira et al., 2020) and 

Alix-Garcia & Gibbs (2017) suggest leakage to be the reason their work finds no additional 

reductions in deforestation from cattle ZDCs in the Brazilian Amazon. Skidmore et al. (2021) find 

deforestation to be more likely on the properties of indirect cattle suppliers than on those of direct 

suppliers, but does not link this to leakage or compare how this differs between ZDC and non-

ZDC supply chains.  
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Table 1.1 Summary of ZDCs in the soy and cattle sectors of Brazil. Details determined using data from Forest 500 
(Burley and Thompson, 2022), Supply Change (Rothrock and Weatherer, 2019) �D�Q�G���F�R�P�S�D�Q�L�H�V�·���D�Q�G���R�U���W�K�H���E�R�G�\���O�H�D�G�L�Q�J��

�W�K�H���F�R�O�O�H�F�W�L�Y�H���D�J�U�H�H�P�H�Q�W�V�·���R�Z�Q���U�H�S�Rrts (Amsterdam Declaration, 2015; Greenpeace International, 2009; JBS, 2021a; 
Marfrig, 2020; Minerva Foods, 2021; MPF, 2020; NYDF, 2014; SCF, 2019; Viterra, 2021). Commitments are 

only included if they include signatories who directly buy from commodity producers 

Commitment Year  Commodities  Region Cut-off date Signatories & Details 
Collective Commitments 
Amazon soy 
Moratorium 

2006 Soy Brazilian 
Amazon 

July 2008 
(originally 
2006) 

Brazilian Association of the Vegetable Oil Industry 
(ABIOVE), the Brazilian Association of Cereal 
Exporters (ANEC) and their members. Cut off was 2006 
but moved to 2008  

�´�*���µ���&�D�W�W�O�H��
Agreement 

2009 Cattle Brazilian 
Amazon 

October 
2009 

Four largest meatpacking companies (JBS, Marfrig, 
Minerva & Bertin) and Greenpeace. Bertin was 
subsequently bought by JBS) 

Termo de 
Ajustamento 
de Conduto 
(TAC) 

2009 Cattle Legal 
Amazon 

Various, 
primarily 
2009 

Individual slaughterhouses and the �3�X�E�O�L�F���'�H�I�H�Q�G�H�U�V�·��
office (MPF) of each Legal Amazon state, although G4 
members also collectively signed TAC. Spread over time 
from Pará to encompass whole Amazon. Various cut-off 
depending on signing date 

New York 
Declaration 
on Forests 

2014 Soy, cattle Global 2020/2030 35 national governments, EU, 19 sub-national 
governments, over 50 companies (incl. Cargill), 26 
indigenous peoples and over 50 NGOs. Includes goal of 
halving tropical by 2020 and ending by 2030 

Soft 
Commodities 
Forum 

2019 Soy Global, 
initial 
focus on 
the 
Cerrado 

None Members include ADM, Bunge, Cargill, COFCO, Viterra 
(Glencore), LDC and further downstream companies. 
Companies pledged to eliminate deforestation from all 
agricultural supply chains worldwide, but currently 
focused on the Cerrado. Achieved by monitoring 61 
�´�S�U�L�R�U�L�W�\���P�X�Q�L�F�L�S�D�O�L�W�L�H�V�µ�����D�Q�G���S�U�R�J�U�D�P�V���W�R���S�U�R�Y�L�G�H��
incentives to farmers to avoid deforestation. No 
exclusion mechanisms have been implemented as of 
January 2022. 

Individual Commitments 
Marfrig 2010 Cattle Brazil 2009/2025  In 2020 Marfrig pledged to extend its G4 commitment to 

indirect suppliers & the Cerrado by 2025 

Cargill 2014 Soy  Global 2020/2030 In accordance with NYDF, Cargill will half deforestation 
by 2020 and eliminate deforestation by 2030 

JBS 2014 Cattle Global 2025/2040 JBS stated in 2015 they were not buying animals from 
farms involved in the deforestation of native forests. This 
was revised in 2020 to say zero-deforestation in Brazil by 
2025 and global net zero by 2040. 

Bunge 2015 Soy Global 2020-2025 �%�X�Q�J�H�·�V���V�W�D�W�H�G���J�R�D�O���L�V���W�R���S�U�R�J�U�H�V�V�L�Y�H�O�\���U�H�G�X�F�H��
deforestation in their supply chains including direct and 
indirect suppliers between 2020 and 2025.  

ADM 2015 Soy Global None ADM state they are committed to building a traceable 
soy supply chain free of deforestation 

Amaggi 2017 Soy Global None Amaggi state they desire to reach a deforestation free 
supply chain in the shortest possible time 

Louis 
Dreyfus 
Company  

2018 Soy Global None LDC have pledged to influence and collaborate with 
stakeholders to eliminate deforestation throughout 
supply chain 

Viterra 
(Glencore) 

2019 Soy Global None �9�L�W�H�U�U�D�·�V���F�R�P�P�L�W�P�H�Q�W���L�V���W�R��� ćollaboratively work to 
eradicate deforestation from their supply chain" 

Minerva 
Foods 

2020 Beef South 
America 

2030 Minerva aims to monitor indirect suppliers in the 
Amazon by 2021 & achieve zero illegality incl. indirect 
suppliers across South American by 2030. 
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1.4 Contribution and summary of thesis 

�7�K�H�� �F�X�U�U�H�Q�W�� �V�W�D�W�H�� �R�I�� �W�K�H�� �I�L�H�O�G�� �S�U�R�Y�L�G�H�V�� �P�L�[�H�G�� �V�X�S�S�R�U�W�� �I�R�U�� �=�'�&�V�·�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �D�W�� �U�H�G�X�F�L�Q�J��

deforestation, particularly in Brazil. Evidence suggests that incomplete implementation, leakage, 

and the lack of locally-specific implementation strategies for many ZDCs likely hinder these 

�S�R�O�L�F�L�H�V�· effectiveness at conserving forests. However, further quantitative and qualitative analysis 

is required to better understand these relationships. In particular, the extent that these weaknesses 

�Q�X�O�O�L�I�\���=�'�&�V�·���H�I�I�H�F�W�L�Y�H�Q�H�V�V���U�H�P�D�L�Q�V���X�Q�F�O�H�D�U�����H�V�S�H�F�L�D�O�O�\���D�V���S�U�H�Y�L�R�X�V���Z�R�U�N���L�Q���%�U�D�]�L�O���Z�D�V���K�L�Q�G�H�U�H�G���E�\��

highly varied methods and a limited evidence base. This thesis seeks to overcome these barriers by 

applying recent theoretical work regarding the determinants of ZDC effectiveness to novel 

datasets of cattle production and movements, as well as field data regarding the perceptions and 

values of soy producers. In particular, I aim to: 

1. �(�P�S�L�U�L�F�D�O�O�\���H�V�W�D�E�O�L�V�K���S�U�R�G�X�F�H�U�V�·���H�[�S�R�Vure to ZDCs and the scale of conservation impacts 

associated with this in the Brazilian cattle sector. 

2. Understand how current conditions in ZDC implementation, policy design and contextual 

conditions alter the effectiveness of ZDCs in the Brazilian soy and cattle sectors. 

In the second chapter of this thesis, the relationships between increases in the collective market 

of ZDC-committed slaughterhouses and deforestation rates are examined in the Amazonian 

portions of the Brazilian states of Pará, Mato Grosso and Rondônia (light blue area, Figure 1.1a) 

from the first full year of ZDC adoption (2010) until 2018. By using multivariate regression 

techniques, this chapter assesses quantitatively whether increases in the market share of companies 

with ZDCs is an important determinant of the effectiveness of ZDCs at reducing deforestation 

and uses this to establish the area of avoided deforestation associated with cattle ZDCs. 

The third chapter compliments this by examining the impact that incomplete ZDC 

implementation and adoption has on the effectiveness of ZDCs in the Brazilian Amazon, including 

with respect to leakage. Incomplete adoption is examined via ZDC avoidance, whereby producers 

can continue deforesting by selling to non-ZDC buyers. Incomplete implementation is measured 

via cattle laundering, whereby unmonitored indirect suppliers can continue deforesting by selling 

via intermediaries. This is achieved by developing a property-level dataset of cattle producers in 

the cattle sector of Pará (dashed purple area, Figure 1.1a), that can differentiate whether a producer 

participated in a ZDC supply chain or not and whether this participation was direct or indirect 

between 2014 and 2020. Using these data, this chapter establishes the total deforestation associated 
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with indirect suppliers of ZDC firms (i.e., cattle laundering), the total deforestation associated with 

non-ZDC supply chains (i.e., ZDC avoidance), and examines evidence for deforestation 

reductions among direct suppliers of ZDC firms (i.e., policy effectiveness). This is done to 

determin�H���W�K�H���O�R�V�V���R�I���H�I�I�H�F�W�L�Y�H�Q�H�V�V���W�K�D�W���=�'�&�V�·���I�D�L�O�X�U�H���W�R���W�D�U�J�H�W���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V���D�Q�G���W�K�R�V�H���V�H�O�O�L�Q�J��

to non-ZDC firms has had. This chapter then determines the role that deforestation has on 

�V�X�S�S�O�L�H�U�V�·�� �S�U�R�E�D�E�L�O�L�W�\�� �R�I�� �V�Z�L�W�F�K�L�Q�J�� �I�U�R�P�� �V�X�S�S�O�\�L�Q�J�� �=�'�&�� �I�L�U�P�V�� �G�L�U�H�F�W�O�\�� �W�R either indirect ZDC 

supply or to non-ZDC supply chains. In doing so, this chapter provides the first quantitative 

evidence for policy evasion and associated indirect land use changes. Through these analyses, this 

chapter improves understanding regarding the extent to which current commitments are 

undermined by loopholes and whether leakage occurs as a result. 

Finally, in the fourth chapter the concept of the sacrifice zone proposed by Hecht (2005; 2016) 

is revisited and incorporated into agricultural frontier theory through the case of soy production 

in the Cerrado (orange area, Figure 1.1b). Sacrifice zones are presented as a particular type of 

frontier where, due to reinforcing perceptions of suitability for agricultural expansion, effective 

conservation policy adoption is particularly challenging and rapid native vegetation loss is likely. 

Using data from semi-structured interviews conducted in Matopiba in 2018, first the extent to 

which the Cerrado biome aligns with this characterization is examined. Second, this chapter 

analyzes the likely implications these characteristics have for the effectiveness of private policies 

in the Cerrado. Through this, the likely effectiveness of ZDCs in regions where local political 

conditions challenge zero-deforestation narratives is elucidated and potential alternatives and 

strategies to achieve conservation are proposed. 

  



 
 

23 

2 Deforestation in the Brazilian Amazon could be halved by 

corporate zero-deforestation commitments 

Authors: Samuel Levy, Federico Cammelli, Jacob Munger, Holly Gibbs, Rachael Garrett 

Abstract: Deforestation for agriculture is the primary threat to global aboveground carbon 

stocks. In the absence of strong territorial governance, zero-deforestation commitments (ZDCs), 

corporate policies to decouple food production from deforestation, remain a central tool to 

combat this issue.  Yet evidence on their effectiveness remains mixed. To advance understanding 

of ZDCs potential at reducing deforestation, we developed the first spatially explicit estimates of 

farmers�· exposure to ZDC companies in the Brazilian Amazon cattle sector. This was measured 

by determining the market share of ZDC firms from the first full year of ZDC adoption, 2010, 

until 2018 and evaluated how variation in this exposure influenced deforestation. We find the G4 

Agreement, the most widespread and strongly implemented cattle ZDC, reduced deforestation by 

7,000±4,000 km2 (15±8%). Additionally, had all firms adopted an effective ZDC, deforestation 

could have dropped by 24,000±13,000 km2 (50±28�������� �7�K�H�V�H�� �U�H�V�X�O�W�V�� �I�R�U�� �W�K�H�� �Z�R�U�O�G�·�V�� �S�U�L�Q�F�L�S�D�O��

deforestation hotspot suggests supply chain policies can substantially reduce deforestation, but 

their effectiveness is contingent on increasing adoption and implementation. 
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2.1 Introduction  

The production and trade of agricultural commodities such as beef, soy, oil palm and cocoa 

contributes substantially to tropical forest economies (Comtrade, 2021). However, agricultural 

production also generates significant social harms, including native ecosystem conversion, social 

conflict, and land grabbing (Russo Lopes et al., 2021; Vos, 2016). The production of agricultural 

goods is the driver of 62% of tropical deforestation (Pendrill et al., 2019), over 20% of 

anthropogenic greenhouse gas emissions globally since 2001 (Smith et al. 2014), as well as 

widespread biodiversity losses (Giam, 2017). Deforestation, in combination with climate change, 

has been hypothesized to create the risk of abrupt, widespread tropical forest dieback, particularly 

in the Amazon (Lapola et al., 2018). Such regime shifts could lead to huge reductions in agricultural 

production and economic output, threatening food security across the tropics (Nepstad et al., 

2008). 

Addressing this substantial societal challenge requires harnessing the potential of the handful of 

large, multinational companies that handle the majority of forest-risk commodities through the 

implementation of effective supply chain policies. These policies, which seek to alter supplier 

behavior through market exclusion or positive incentives, can be adopted by firms alone, 

collectively, or through partnerships with governments (Lambin et al. 2018; Smith et al. 2019). 

Zero-deforestation commitments (ZDCs) are supply chain policies which seek to ensure 

deforestation-free production by identifying and dropping suppliers who produce goods on areas 

recently cleared of their natural vegetation. ZDCs cover a substantial share of the forest-risk goods 

traded in international markets: 82% of the  beef and 90% of the soy exported from the Brazilian 

Amazon, the largest global hotspot commodity-driven deforestation, and 65% of all palm oil 

exports, the commodity with the second largest deforestation footprint globally (Ermgassen et al., 

2020a, 2020b). Nevertheless, large amounts of production destined for domestic markets are not 

covered by ZDCs (Ermgassen et al., 2020b) and information is lacking regarding regional 

differences in the presence of ZDC companies. 

Despite a growing body of research, estimates of the avoided deforestation associated with ZDCs 

vary widely, even between assessments of the same policy (e.g., Gibbs et al. 2016; Klingler et al. 

2018). Linkages between ZDC companies and the farmers they hope to affect are often opaque, 

complex, or proprietary, making the identification of the exposure of actors and regions to ZDCs 

difficult. Due to this, previous research has examined the supply chains of single companies (Gibbs 

et al., 2016a), measured ZDCs treatment as spatially uniform (Garrett et al. 2016; Carlson et al. 
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2018), or estimated varied policy exposure based on metrics such as the number of ZDC 

companies sourcing from a location or the installed capacities of these companies (Alix-Garcia 

and Gibbs, 2017; Heilmayr et al., 2020a). However, sourcing markets are highly dynamic and 

commitment implementation is often overlapping (Ermgassen et al., 2020a; Reis et al., 2020). This 

means that none of these previous approaches capture the extensive year-to-year variation in 

sourcing patterns, nor how different ZDCs implemented in overlapping regions interact over 

space and time. 

The Brazilian cattle sector is a critical case to understand the potential of ZDCs. Cattle production 

for beef is the largest proximate cause of more than 70% of all deforestation in the Amazon (INPE, 

2014; Macedo et al., 2012; Project MapBiomas, 2020). The sector is also the site of two of the 

earliest ZDCs. The first was the G4 Agreement, signed in 2009 by the four largest cattle 

meatpacking companies (Marfrig, Minerva, JBS, and Bertin) (Gibbs et al., 2016a, 2015). The 

second is called �´�7�H�U�P�V���R�I���$�G�M�X�V�W�P�H�Q�W���R�I���&�R�Q�G�X�F�W�µ�����K�H�Q�F�H�I�R�U�W�K���U�H�I�H�U�U�H�G���W�R���D�V���7�$�&����and has been 

signed by companies across the Legal Amazon region (Cammelli et al., 2022). TAC was created by 

the Federal Public Prosecutors�· Office (Ministério Público Federal, henceforth MPF) of the state of 

Pará in 2009, before spreading to the rest of the Amazon.  

These policies, collectively known as the Cattle Agreements, function very similarly. Both establish 

deforestation cut-off dates for suppliers after which non-compliance (i.e., new deforestation) 

�U�H�V�X�O�W�V�� �L�Q�� �H�[�F�O�X�V�L�R�Q�� �I�U�R�P�� �W�K�H�� �V�L�J�Q�D�W�R�U�L�H�V�·�� �V�X�S�S�O�\�� �F�K�D�L�Q�V��(Greenpeace International, 2009; MPF, 

2020). The G4 was created due to pressure from Greenpeace and has been implemented by 

signatories across all their slaughterhouses within the Amazon biome (Greenpeace International, 

2009). TAC, however, was signed by slaughterhouses directly targeted by the MPF due to their 

historic association with high levels of illegal deforestation and not all installations owned by a firm 

are necessarily covered by TAC (Cammelli et al., 2022; Pereira et al., 2020).  Additionally, TAC 

firms have been far slower to implement monitoring and exclusion strategies than G4 signatories 

with many firms still lacking monitoring systems as of publication (Gibbs et al., 2016; Mengardo, 

2018; MPF, 2018; Pereira et al., 2020).  

Previous studies have observed reductions �L�Q���W�K�H���G�H�I�R�U�H�V�W�D�W�L�R�Q���R�Q���G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·���S�U�R�S�H�U�W�L�H�V���D�I�W�H�U��

the cattle agreements were adopted (Gibbs et al., 2016; Skidmore et al., 2021). However evidence 

of policy leakage and avoidance have also been identified (Klingler et al., 2018; Pereira et al., 2020). 

Of particular concern is the practice of �F�D�W�W�O�H���´�O�D�X�Q�G�H�U�L�Q�J�µ�����Z�K�H�U�H�E�\���G�H�I�R�U�H�V�W�D�W�L�R�Q-linked cattle are 

able to be sold to ZDC buyers, if they pass through a �´�F�O�H�D�Q�µ�� �G�H�I�R�U�H�V�W�D�W�L�R�Q-free intermediary 

property prior to sale (Klingler et al., 2018; Pereira et al., 2020; Skidmore et al., 2021). The presence 
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of such leakage strategies creates a large degree of uncertainty regarding whether ZDC policies in 

the Brazilian cattle sector have resulted in avoided deforestation (i.e., an impact additional to 

business-as-usual).  

The ongoing opportunity to sell to non-committed buyers has been suggested as a key limitation 

to ZDC effectiveness both in the Amazon and more broadly. ZDCs should generate greater 

reductions in deforestation where the market share of committed firms is higher as affected 

suppliers will have fewer alternative firms to sell their products to if they do not comply (Garrett 

et al. 2019). This is expected to be true even where strategies to avoid ZDC policies exist, such as 

laundering, due to the added costs of such behaviors (e.g., additional transport costs, payments to 

intermediary farmers etc.). Here, we contributed to the study of supply chain governance by 

advancing methods to measure the treatment of ZDCs over space and time via the market 

coverage of signatory firms. Additionally, we assessed what role the presence of a high market 

share has on deforestation. We argue that better estimation of the market share covered by supply 

chain policies is critical to understand how areas within the target region of a particular supply 

chain policy are likely to be differentially influenced by the policy. 

In this paper we evaluated the causal impact of variation in the market coverage of G4, the most 

widespread and rigorous of the two ZDCs implemented in the Brazilian Amazon, on deforestation 

in the Amazonian portions of the three principal cattle producing states of the Brazilian Amazon 

(Mato Grosso, Pará, and Rondônia). These regions collectively account for 80% of the cattle herd 

and 80% of all deforestation in the Amazon region since 2000 (IBGE, 2021a; INPE, 2021). We 

completed this analysis from the first full year of G4 implementation (2010) until the end of data 

availability (2018). Using public data on the movements of cattle from farm to slaughterhouse 

(ADEPARÁ, 2019; IDARON, 2019; INDEA, 2019; MAPA, 2019) we constructed a 

comprehensive dataset of the market coverage of G4 and TAC signatories over space and time 

(Figure 2.1 & Figure 2.2). We applied municipal-level panel models to assess the impact that market 

share has on municipal level deforestation while controlling for time varying demographic, 

economic, land use and public policy confounders. While G4 uptake was exogenously driven by 

international pressure, TAC market share is likely endogenously driven by targeting of higher 

deforestation risk regions. Consequently, we did not evaluate the causal impact of the TAC policy, 

but rather only use TAC market share as a control when analyzing the impact of the G4 policy.  
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2.2 Methods 

2.2.1  Estimating TAC and G4 market share 

We measured the market share of each Cattle Agreement as the combined volume purchased by 

slaughterhouses who had signed either TAC or G4 as a percentage of total cattle processed for 

each year and each municipality, with purchasing patterns determined using radius-based sourcing 

zones���� �*���� �V�W�D�W�X�V�� �R�I�� �H�D�F�K�� �V�O�D�X�J�K�W�H�U�K�R�X�V�H�� �Z�D�V�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �D�Q�� �D�Q�D�O�\�V�L�V�� �R�I�� �V�O�D�X�J�K�W�H�U�K�R�X�V�H�V�·��

ownership structures,  identified by examining Animal Transport Permits (Guia de Transporte Animal 

in Portuguese, henceforth GTAs). These are public records of cattle movements from farm to 

slaughterhouse (ADEPARÁ, 2019; IDARON, 2019; INDEA, 2019; MAPA, 2019). TAC status 

was determined following Amaral (2017) and Barreto et al. (2017), both of whom mapped TAC 

signatories in the Amazon basin by searching all TAC agreements on the MPF website of each 

state. Although signatories of the G4 also subsequently adopted TAC, in line with previous 

research we treat these companies as G4 only, as these companies first adopted G4 and 

implemented monitoring systems earlier than the companies who only signed TAC (Alix-Garcia 

and Gibbs, 2017). 

Determining cattle processed per slaughterhouse 

The volume of cattle processed per slaughterhouse was computed using GTA data of the 

quantities of cattle moved to each slaughterhouse from each municipality. Access to GTAs is 

public but limited due to legal restrictions as well as incomplete records for many years and states. 

To determine the representativeness of available GTA data, we compared GTA production 

volumes against IBGE slaughterhouse production data (IBGE, 2021b) at the state-level. We 

considered GTA coverage to be insufficient when production volumes were below 80% of IBGE 

estimates. We found this to be the case in Pará and Mato Grosso from 2010-2012 and in Rondônia 

in 2018 (Table  A.2). To address this data availability issue for several years of our study, we 

completed the dataset by backward and forward extrapolating municipal level GTA slaughter 

volumes and further disaggregating them at the plant level based on the historical contribution of 

each plant to the municipal slaughter volume.  

This was done by a data driven model selection approach based on three different selection 

methods (cross-validation, adaptive LASSO, and minimization of BIC) over ten training sets, 

accounting for all potential predictors available including the number of plants and workers in the 

meatpacking sector, GDP, and state level slaughter volumes from the Brazilian Institute of 
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Geography and Statistic (IBGE) (full list of predictors is available in Table  A.3). Our selected 

�P�R�G�H�O�·�V�� �S�U�H�G�L�F�W�L�R�Q�� �R�I�� �V�O�D�X�J�K�W�H�U�K�R�X�V�H�� �O�H�Y�H�O�� �F�D�W�W�O�H�� �V�O�D�X�J�K�W�H�U�� �K�D�V�� �D�� �F�R�U�U�H�O�D�W�L�R�Q�� �R�I�� ������������ �Z�L�W�K�� �W�K�H��

original volumes and a sum of absolute errors of 45,826,248 over 6 years. Overall, our prediction 

underestimates slaughter volumes, as we bound our estimates to total IBGE slaughter volume, 

which are often exceeded by the GTAs where coverage is high. Full details of how slaughterhouse 

production volumes were calculated are available in Appendix A. 

Linking slaughterhouse production volumes to municipalities 

Estimated slaughter volumes were linked to each municipality by determining the expected 

sourcing zones for each slaughterhouse. These were estimated based on the distance travelled 

between individual slaughterhouses and each municipality as indicated by available GTAs records 

across all years in the study. The location used for each municipality was the centroid of 

pastureland in each year, determined using MapBiomas pasture data (Project MapBiomas, 2020). 

Distances travelled were weighted by the strength of flows between each slaughterhouse and each 

municipality (based on number of GTAs recorded) across all years in the study. Sourcing radiuses 

were censored at the 5% extremes of the overall distribution to correct for large radiuses generated 

amongst a small number of slaughterhouses linked to low numbers of GTAs. This approach 

allowed us to capture the high levels of variation in sourcing distances between slaughterhouses 

noted in previous work (Barreto et al., 2017).  

We defined slaughterhouse sourcing zones as a circular radius based on the 75th percentile of 

distance travelled by each slaughterhouse. The mean distance travelled identified was 169 km 

(minimum: 48 km, median: 157 km, max: 399 km). Sourcing zones defined at the 75th percentile 

were used because the estimate of market share generated correlates best with real ZDC market 

shares (correlation coefficient identified for G4 was 0.83, while for TAC 0.53) and reduces the 

impact of highly distant linkages (300 km+). Our approach used sourcing zones that are 

comparable with previous work, identifying a mean sourcing zone of 235 km for SIF 

slaughterhouses, the same radius used in previous work which only studied SIF slaughterhouses 

(Alix-Garcia and Gibbs, 2017). This approach was selected as it both captures the heterogeneity 

of sourcing patterns between plants, identified previously by Barreto et al. (2017) and avoids 

linking slaughterhouses to a large number of distant municipalities where few cattle are purchased 

and much of the area of the municipality is beyond the maximum distance sourced from. To check 

the robustness of these sourcing zones, we also tested results with radiuses produced with each 

decile from the 40th to the 90th as well as by using a fixed sourcing zone per slaughterhouse 
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inspection type (Federal, State, Municipal) defined using the mean 75th percentile distance travelled 

for each inspection type and in all cases G4 results are found to be consistent (see Table S7).  

2.2.2 Empirical strategy 

Our goal was to determine the impact of the G4 Agreement on changes in deforestation for 

pastureland. We used data at the municipal scale to determine this relationship. Our prior 

expectation was that increases in the market coverage of G4 should decrease deforestation, if the 

ZDC present is sufficiently rigorous to deter producers from deforestation as opportunities to 

avoid the policy decrease as ZDC market share increases (Garrett et al. 2019). The market share 

of G4 in a given municipality is, therefore, a measure of the treatment of the G4 policy in that 

locality. 

We also tested for the effect of co-occurring changes in cattle prices, cattle supply, demographics 

and environmental policies, including government change and changes in TAC market share (see 

Appendix A and Table  A.1), in line with previous work assessing the drivers of deforestation in 

the Brazilian Amazon (Heilmayr et al. 2020; Assunção et al. 2020; Assunção et al. 2015). We 

weighted our regressions by municipality size to interpret our estimates as population averages, 

thereby easing calculation of total avoided deforestation. We included in our study all 

municipalities in the Amazonian portions of Mato Grosso, Pará and Rondônia where pasture at 

the end of the study period corresponded to more than 0.5% of the total municipal area. This 

excluded remote municipalities where cattle production was marginal throughout the study period. 

This was done as deforestation is therefore unlikely to be affected by cattle markets. This is further 

corroborated by previous work finding that these same municipalities were almost entirely 

unlinked to SIE or SIF slaughterhouses in 2016 (Barreto et al., 2017). We also exclude 

municipalities predominantly within the Cerrado biome of Mato Grosso (>80% of the total area) 

as the Cerrado biome is governed by a different set of public forest regulations (Soares-Filho et 

al., 2014) and no publicly available satellite monitoring system existed for slaughterhouses to 

exclude non-compliant cattle producers until 2016 (Parente et al., 2021). 

We used an individual fixed-effect model with standard errors clustered at the municipal level to 

quantify the avoided municipal-level deforestation associated with variation in the lag of both G4 

and TAC market shares. Our model controlled for time varying demographic, economic, land use, 

and public policy changes that could confound results and is specified as follows: 
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Where i indicates municipality, t year, d the individual intercepts, and eit  are the errors. Details 

regarding how each control variable was calculated are provided in Appendix A. 

A key confounder to our results is that G4 market share and other policy variables are potentially 

endogenous. For example, G4 companies may intentionally set up new plants to avoid 

deforestation-risk areas, protected areas may be set in areas with higher (or lower) deforestation 

risk, and policy makers likely target more problematic municipalities with priority listing and fines. 

We attempted to mitigate these endogeneity concerns by means of temporally lagged variables. 

This approach is valid except in the case of forward-looking behavior by agents, in which case 

endogeneity would persist. However, we do not expect cattle farmers to be forward looking due 

to the presence of cyclical price fluctuations in the Amazonian cattle sector which occur largely 

�G�X�H���W�R���I�D�U�P�H�U�V�·���I�D�L�O�X�U�H���W�R���D�Q�W�L�F�L�S�D�W�H���I�X�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V��(Aadland, 2004; Embrapa, 2021). 

 Additionally, as market share may be determined at a scale different than the one of analysis, there 

is the potential for the stable unit treatment value assumption (SUTVA) to be invalidated. However 

due to the construction of the market share variables used, G4 market share is unlikely to breach 

SUTVA because of the use of circular sourcing radiuses measuring potential market share, rather 

than the market share result of actual sourcing behaviors (which could be affected by trying to 

avoid properties affected by deforestation). Using a radius approach based on circular sourcing 

distances approximates the extent to which a slaughterhouse is a viable market to a potential 

producer in a region, not only at a given point in time but over the study period. The radius 

approach has the further advantage of mitigating potential spillovers across municipalities due to 

farmers shifting to municipalities with a lower market share, as ZDC signatory firms affect all 

municipalities in their vicinity capturing the likely area in which most spillovers will occur. 

Robustness checks, regression results and limitations are given in the SI. 
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2.3 Results & Discussion 

2.3.1 ZDC market share varies substantially, allowing some ranchers to avoid 

commitments 

 

Figure 2.1: (a) Mean municipal market share of G4, TAC and non-ZDC slaughterhouses over time across all three states 
studied, (b) the density distribution of all three market segments at the municipal level across the entire study period, and (c) 
the mean municipal market share over time in Pará, (d) Rondônia and (e) Mato Grosso. TAC adoption began in 2014 in 

Mato Grosso and Rondônia and in 2010 in Pará 

Although data on cattle transactions is available for the Brazilian Amazon, coverage is incomplete. 

To estimate the market share of G4 and TAC firms, we modeled expected slaughter volumes for 

each slaughterhouse in the study region using available cattle movement data and other available 

predictors. We then linked this to municipalities by estimating slaughterhouse-specific sourcing 

zones. Although G4 companies also signed TAC, we excluded these companies from our 

definition of TAC market share. We did so as companies which signed G4 and subsequently TAC 

implemented monitoring systems far earlier than the companies who only signed TAC (Cammelli 

et al., 2022; Pereira et al., 2020). The G4 commitment thus supersedes TAC for these companies 

and is the most relevant policy treatment. Overall, we found that 66% of all cattle purchased by 
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slaughterhouses were covered by ZDCs in Pará, Mato Grosso and Rondônia from 2010-2018. The 

mean municipal coverage of companies which signed the G4 (42%) was higher than that of 

companies who only signed TAC (24%). As our findings include all production, both for domestic 

consumption, these results indicate that the domestic market is poorly covered relative to cattle 

exported from the Amazon, where it has been estimated that 82% of cattle sold were covered by 

a ZDC (Ermgassen et al., 2020b). This is concerning as the domestic market accounted for 81% 

of demand between 2015 and 2017 (Ermgassen et al., 2020b). 

The market share of both policies increased over time, particularly TAC market share. The market 

coverage of TAC firms increased from 5% in 2010 to 34% in 2018, while G4 market share 

increased from 28% to 33% over the same period (Figure 2.1). ZDC market share was consistently 

low across northeastern and western Pará and central Rondônia, providing a large, viable market 

for ranchers wishing to deforest (Figure 2.2). We also found that in Pará, the state that had the 

highest deforestation rates over the study period, G4 coverage was lower than the other states. 

Our estimates indicate that G4 covered 15% of the market of Pará over the study period, half of 

that found in other states, though coverage by TAC grew throughout the study period (Figure 2.1). 

However, Pará is also the only state in the study where large parts of the state are relatively 

unaffected by cattle production, with production concentrated in the east of the state. This could 

mean that our municipal measure, while accurate, could downweight state-level coverage relative 

to actual production volumes. Evidence comes for this from other work that estimated TAC & 

G4 coverage to be 70% in 2018, just over 10% higher than our estimates (Cammelli et al., 2022). 

Since the G4 Agreement was adopted by all signatory companies in 2009, year-to-year changes in 

market share are driven both by the signatory firms opening or closing slaughterhouses as well as 

via variation in the volumes purchased by G4 companies relative to TAC and non-ZDC. In 

contrast, TAC agreements are signed between the MPF of individual Brazilian states with specific 

meatpacking companies, with new firms committing to TAC over time, explaining the nearly 

continuous increase across all regions until 2017. Additionally, a large part of the variation in TAC 

over time in Mato Grosso and Rondônia over the study period appears to be the spread of TAC 

from Pará to the rest of the Amazon region in 2014 (Figure 2.1).  
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Figure 2.2: ZDC, G4 and TAC market share over time with location of the three states of Pará (PA), Rondônia (RO) 
and Mato Grosso (MT) indicated within Brazil (in grey) and the Amazon biome (in green) in the bottom left. 

Municipalities with less than 80% of their area within the Amazon biome are excluded from estimates of market share as 
these regions are not covered by the G4 policy, nor implementable for TAC companies due to a lack of public deforestation 

monitoring tools during the study period. Slaughterhouses outside of the Amazon biome, both those with and without ZDCs, 
affect the ZDC market shares of municipalities within the biome. 

2.3.2 High market share of G4 companies reduces deforestation  

In line with previous papers (Alix-Garcia and Gibbs, 2017; Gibbs et al., 2016a), we found that in 

the initial period of ZDC implementation (2010-2013) deforestation rates in municipalities with 

high G4 coverage decreased significantly before rebounding in later years. However, due to our 

use of market share to capture variation in the exposure of farmers to G4 firms and their policies, 

we were able to go further and identify that this rebounding deforestation pattern appears to be 
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far smaller where the G4 firms controlled 50% or more of the local market (Figure 2.3).  

Conversely, municipalities where TAC firms controlled 50% or more of the market experienced 

increased deforestation after policy adoption (Figure 2.3). Much like municipalities where coverage 

of neither commitment was high, municipalities with high TAC coverage showed a strong upward 

trend in deforestation rates over time. Both the rebound deforestation patterns in G4 dominated 

areas and continuous upward deforestation trends in other regions is likely related to the broader 

weakening of public environmental governance in the region under the Temer and Bolsonaro 

Brazilian presidential administrations (Garrett et al. 2021). 

TAC signatories have been slow to implement credible monitoring and enforcement strategies . 

Additionally, the MPF targeted many of the slaughterhouses associated with the most negative 

production practices (Gibbs et al., 2016a; Mengardo, 2018; MPF, 2018; Pereira et al., 2020). This 

suggests that during the study period the MPF was targeting higher deforestation areas and that 

both TAC slaughterhouses, like non-ZDC companies, continued to serve as buyers for cattle 

producers who wanted to continue clearing their land. It is unsurprising, therefore, that we found 

high TAC market share to be associated with higher levels of deforestation than either G4 or non-

ZDC (Table 2.1). These firms were likely selected for being amongst the worst actors in the sector 

and have yet to change their behavior. Further evidence for this comes from audits of TAC 

slaughterhouses in Pará published in 2018 by the MPF, which found widespread non-compliance 

(Mengardo, 2018; MPF, 2018). The audit results found TAC firms ranged from highly compliant 

to purchasing as much as 79% of cattle in contravention of TAC rules, while others refused to be 

audited at all. 

To assess the causal impact that increases in G4 market share had on deforestation for pastureland, 

we used an individual fixed-effect model of lagged market share on the log of deforestation with 

standard errors clustered at the municipal level (Table 1 and Appendix A). We controlled for time 

varying demographic, economic, land use and public policy changes that could confound results 

(see Methods). Through this we found that a 1% increase in G4 market share is associated with a 

0.51 �r 0.28% decrease in deforestation (all error bounds provide the 95% confidence interval). 

Our results are consistent across alternative estimation strategies (fixed effects and first difference), 

one and two-ways fixed effects, alternate definitions of the dependent variable, alternate units of 

analysis (municipality and microregions), differing definitions of market share (altered sourcing 

zones, binary treatment definitions), and state-level subsamples (see Methods and Appendix A). 

Because G4 uptake is exogenous to deforestation we interpret these estimates as the causal impact 

of G4 on deforestation. 
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Figure 2.3: Mean municipal deforestation rate over time, differencing between municipalities with (a) high G4 market share, 
(b) high TAC market share, and municipalities with a low market share of either policy (in grey). High market share for 

G4 and TAC commitments is defined as 50% or higher coverage at the municipal levels in each year. The number of 
municipalities in each category changes over time due to changing G4 and TAC market share, the total in each category per 
year is provided in a bar chart above each figure. In line with econometric regressions below, G4 and TAC market share are 

lagged and deforestation rate is calculated as area deforested for pasture divided by total municipal area. In 2011, no 
municipality had a high TAC market share. 

To quantify the additional deforestation that would have occurred had the G4 policy not been 

�D�G�R�S�W�H�G���� �Z�H�� �F�R�Q�W�U�D�V�W�H�G�� �R�X�U�� �P�R�G�H�O�·�V�� �S�U�H�G�L�F�W�H�G�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �D�W�� �W�K�H�� �P�H�D�Q�� �D�J�D�L�Q�V�W�� �D�� �E�D�V�H�O�L�Q�H��

counterfactual scenario where G4 coverage was zero for the entire study period. When compared 

against this counterfactual, deforestation rates reduced by 15 ± 8%, equating to a total reduction 

of 7,000 ±4,000 km2 of deforestation for cattle in the Amazon biome portion of Mato Grosso, 

Pará and Rondônia alone. These results indicate that while the G4 agreement did reduce 

deforestation beyond what might have occurred in its absence, forest clearing for pasture 

nonetheless continued to occur between 2010-2018. We expect that a key factor for this was that 

a large segment of the cattle market was not covered by a ZDC whose signatories consistently 

monitored and excluded non-compliant actors.  

However, the MPFs are steadily increasing the monitoring of TAC firms via audits and expect to 

commence fines and legal action against non-compliant firms in the near future (Cammelli et al., 

2022). To determine the impact TAC could have had on deforestation rates with more effective 

monitoring and exclusion mechanisms, we contrasted our baseline counterfactual scenario against 

a scenario where TAC market share had the same negative effect on deforestation as G4 market 

share. This was achieved by re-computing our model predictions by applying the treatment effect 

of G4 market share (0.51 �r 0.28%) to the mean collective municipal market share of TAC and G4 

across the study period (29.6%). We found that in this scenario, deforestation rates would have 
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been reduced by 27 �r 14%, protecting a total of 13,000 ± 7,000 km2 of forest, nearly double the 

impact of G4 alone.  

 G4 & TAC G4 
 (1) (3) 
   
G4 Market Share -0.721*** -0.776*** 

(0.165) (0.171) 
TAC Market Share 0.256***  

(0.0773)  
Protected Areas 0.941** 0.905** 

(0.367) (0.357) 
Forest Area -1.71e-06** -2.01e-06*** 

(7.64e-07) (7.65e-07) 
log(Fines) 0.0302 0.0315* 

(0.0195) (0.0181) 
Priority Municipalities 
 

0.0946 0.122 
(0.0953) (0.0878) 

Population -1.22e-06 -1.73e-06 
(2.05e-06) (2.39e-06) 

Cattle Herd -9.40e-07* -9.21e-07 
(5.54e-07) (5.72e-07) 

Agricultural Area 
 

-3.49e-06* -3.12e-06 
(2.03e-06) (1.98e-06) 

Cattle Price 0.00582* 0.00876*** 
(0.00297) (0.00270) 

Post Temer 0.353*** 0.393*** 
(0.0527) (0.0566) 

Constant 13.43*** 14.35*** 
(2.774) (2.813) 

Observations 2,187 2,187 
No.  municipalities 243 243 
R-squared 0.200 0.192 
Adjusted R2 0.196 0.189 
F-test 0.000 0.000 

Table 2.1: Regression results for models that include both G4 and TAC market share (1) and just G4 market share (2). 
Both G4 and TAC market share are lagged in all models. All models include municipal fixed effects using the log of 
deforestation for pastureland in hectares as the dependent variable. Details for how all variables were determined are 

described in methods and reported in Table  A.1. All models use 243 municipalities over a 9-year period, weighting results 
by municipal area to measure average areal effects. Coefficient estimates can be interpreted as a percentage change in 

deforestation associated with a 1% increase in G4 or TAC market share (obtained by transforming coefficients of the log-
�O�L�Q�H�D�U���P�R�G�H�O���E�\���H�[�S���¢���î���������6�W�D�Q�G�D�U�G���H�U�U�R�U�V�����F�O�X�V�W�H�U�H�G���E�\���P�X�Q�L�F�L�S�D�O�L�W�\�����D�U�H���J�L�Y�H�Q���L�Q���S�D�U�H�Q�W�K�H�V�H�V�����
�
�
�S������������ 

Had all companies signed an effective ZDC, deforestation could have been reduced even further. 

Under the scenario that G4 coverage was 100% over the study period, our findings estimate that 

deforestation would have reduced by 51± 28%, conserving 24,000 ± 13,000 km2 over the study 

period. These scenarios do not account for the difference in scope between the two policies 

present in the Amazon, specifically in the relation to TAC requiring zero-illegal deforestation while 

G4 allows no deforestation. However, given that most properties in the Brazilian Amazon were 

already cleared up to or above their legal limit (Skidmore et al., 2020), it gives a strong indication 

of the potential impact of increasing the rigor by which TAC is implemented in the Brazilian 
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Amazon. Our estimates suggest that if TAC had been implemented as stringently as G4, 

deforestation for pasture in the Amazon could have been reduced by a third. Had all firms adopted 

an effective ZDC, then deforestation could have dropped by half. 

2.4 Conclusion 

Opportunities to sell to non-ZDC buyers are an increasingly well-documented limitation to the 

effectiveness of ZDCs (Garrett et al. 2019; Pereira et al. 2020). However, until now the magnitude 

of this effect was unknown. We provided the first spatially explicit estimates of the market 

coverage of companies with ZDCs in the Brazilian Amazon. Further, we estimated how variations 

in exposure to the G4 Agreement, a strongly implemented ZDC covering over 40% of the cattle 

market in our study region, affects deforestation. We also estimated how much deforestation could 

have been avoided if greater numbers of firms had adopted and implemented the G4 policy. Had 

TAC been implemented in the same way as the G4, there could have possibly been an additional 

6,500 �r 3000 km2 of avoided deforestation on top of the reductions associated with the G4 policy 

over the study period. Had all firms adopted a commitment as stringent as the G4, an additional 

17,000 �r 9,000 km2 could have been saved, potentially halving the deforestation in the Brazilian 

Amazon. 

By identifying differences in the market coverage of ZDC committed companies, variation in how 

�U�H�J�L�R�Q�V���D�U�H���´�W�U�H�D�W�H�G�µ���E�\���W�K�H�V�H���S�R�O�L�F�L�H�V���F�D�Q be estimated. These findings increase both the precision 

of measures that estimate the causal impact of ZDCs on forest conservation, as well as improve 

understanding of the mechanisms by which ZDCs succeed or fail. We find that closing marketing 

pathways for deforestation-associated products �Y�L�D�� �L�Q�F�U�H�D�V�L�Q�J�� �=�'�&�� �I�L�U�P�V�·�� �P�D�U�N�H�W�� �F�R�Y�H�U�D�J�H�� �L�V��

associated with reduced deforestation losses and increased policy effectiveness. 

The total deforestation over the study period for pasture was 45,000 km2, indicating that although 

the G4 policy made major conservation gains, deforestation for beef production could still be 

reduced far further. Besides increasing adoption of the G4 Agreement, the implementation rigor 

of the G4 policy could be improved. This could be achieved by monitoring of deforestation by 

indirect suppliers, farmers that sell cattle via intermediaries. As these producers are not monitored, 

deforestation to continue in ZDC supply chains via cattle laundering whereby deforestation-linked 

cattle enter �=�'�&���V�X�S�S�O�\���F�K�D�L�Q�V���E�\���S�D�V�V�L�Q�J���W�K�U�R�X�J�K���´�F�O�H�D�Q�µ���L�Q�W�H�U�P�H�G�L�D�U�L�H�V (Pereira et al., 2020). All 

three of the G4 companies have recently committed themselves to strengthen the implementation 

of their policies, including provisions to monitor deforestation by indirect suppliers and to expand 

to regions outside the Amazon biome (JBS, 2021b; Marfrig, 2020; Minerva Foods, 2021). Although 
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these promises are yet to be implemented, our results indicate that in regions where these 

companies have high market coverage, there will likely be significant conservation gains. To 

completely halt deforestation for agricultural production in the Brazilian Amazon it will be 

necessary that all slaughterhouses not only adopt similarly stringent policies but also that they go 

further and adopt even more rigorous commitments.  

Our approach to estimating the spatial and temporal variations in ZDC treatment has the potential 

to generate more consistent understanding of ZDC�V�· impacts, since it can be consistently applied 

across countries, spatial scales, and commodities. We also expect that this approach would be 

applicable to all supply chain policies, as these are all governance tools where individuals are treated 

�L�I�� �W�K�H�\�� �S�D�U�W�L�F�L�S�D�W�H�� �L�Q�� �D�Q�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �F�R�P�S�D�Q�\�·�V�� �V�X�S�S�O�\�� �F�K�D�L�Q����This approach would enable 

comparative analyses, including meta-analyses, to better understand the overall impacts of supply 

chain policies in regions where they are implemented and their interactions with commodity and 

region-specific contextual factors. This is currently highly challenging due to the use of 

heterogenous metrics and methods (Garrett et al. 2021).  

�6�R�� �O�R�Q�J�� �D�V�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �D�Y�D�L�O�D�E�O�H�� �R�Q�� �F�R�P�S�D�Q�L�H�V�·�� �S�R�O�L�F�L�H�V�� �D�V�� �Z�H�O�O�� �D�V�� �W�K�H�� �T�X�D�Q�W�L�W�L�H�V��

bought/processed and regions sourced from, a market share approach can be implemented for 

any ZDC-targeted commodity/region. This data is available at subnational scales for an ever 

increasing number of commodities through the Transparency for Sustainable Economies (Trase) 

initiative, which currently includes soy, wood pulp, shrimp, cocoa, coffee, corn, chicken, cotton 

and pork production for a number of tropical countries (Trase, 2020). Through better 

understanding of the mechanisms underpinn�L�Q�J���I�D�U�P�H�U�V�·�� �F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���V�X�S�S�O�\�� �F�K�D�L�Q���S�R�O�L�F�L�H�V��

this article also helps address some of the key uncertainties posed by a recent review of supply 

policies, particularly regarding the identification of  causal effects of supply chain policies 

(Meemken et al., 2021). 

Understanding how �=�'�&�V�·���G�H�V�L�J�Q���I�H�D�W�X�U�H�V influence their effectiveness is of particular urgency as 

governments such as the United Kingdom and the European Union have begun to consider 

legislation specifically targeting tropical deforestation embodied in imported agricultural 

commodities (European Parliament, 2020; UK Government, 2020). Proposed legislation includes 

a blanket ban on Brazilian beef, in part due to the perceived inability to identify which products 

are deforestation-free (EU Observer, 2020). Our results indicate that countries could avoid the 

need to boycott deforestation-risk commodities or regions by requiring importing firms to adopt 

�D�Q�G�� �L�P�S�O�H�P�H�Q�W�� �=�'�&�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�L�U�� �V�X�S�S�O�\�� �F�K�D�L�Q���� �7�K�L�V�� �F�R�X�O�G�� �E�H�� �D�� �I�R�U�P�� �R�I�� �´�G�X�H-�G�L�O�L�J�H�Q�F�H�µ��

requirement to avoid sourcing products associated with deforestation. Such actions could greatly 
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increase the market coverage of ZDCs in forest-�U�L�V�N���U�H�J�L�R�Q�V���D�Q�G���W�K�H�U�H�E�\���U�H�G�X�F�H���S�U�R�G�X�F�H�U�V�·���D�E�L�O�L�W�\��

to avoid these policies. However, our results also show that to have a meaningful impact on 

deforestation, such policies must require effective monitoring and exclusion systems for suppliers 

who continue to clear land. Without this critical step, high ZDC market coverage is unlikely to be 

an effective deterrent to deforestation incentives, leaving forests vulnerable to continued 

agricultural expansion.   
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3 Mechanisms of reduced supply chain policy effectiveness and 

leakage in the Brazilian cattle sector 

Authors: Samuel Levy, Matthieu Stigler, Erasmus zu Ermgassen, Vivian Ribeiro, Rachael Garrett 

Abstract: Spillovers of deforestation activities to untargeted actors and regions have the potential 

to greatly reduce the effectiveness of zero-deforestation supply chain commitments (ZDCs). While 

understanding of the direct impacts of supply chain policies has increased, the degree to which 

�G�H�I�R�U�H�V�W�D�W�L�R�Q���´�O�H�D�N�D�J�H�µ���R�F�F�X�U�V���U�H�P�D�L�Q�V���X�Q�F�O�H�D�U���G�X�H���W�R���P�H�W�K�R�G�R�O�R�J�L�F�D�O���F�K�D�O�O�H�Q�J�H�V���D�Q�G���O�L�P�L�W�H�G���G�D�W�D��

availability. Focusing on the beef cattle sector, the largest driver of tropical deforestation globally, 

we use newly assembled temporally and spatially explicit property-level data on cattle sales and 

deforestation for the Brazilian state of Pará to better understand the processes leading to low ZDC 

effectiveness and local leakage. We find that incomplete adoption of ZDCs among cattle buyers 

allows producers to avoid ZDC policies and continue deforesting, accounting for 74% (450,273 

ha) of the deforestation detected in our study.  Yet laundering, whereby indirect suppliers to ZDC 

companies to whom ZDCs are not yet implemente�G���F�R�Q�W�L�Q�X�H���W�R���G�H�I�R�U�H�V�W���D�Q�G���V�H�O�O���W�K�U�R�X�J�K���´�F�O�H�D�Q�µ��

direct suppliers is also linked to 96,311 ha of deforestation. This laundering appears to drive policy 

leakage, as direct suppliers of ZDC companies are significantly more likely to switch to an indirect 

ZDC supplier role after deforesting than direct ZDC suppliers who do not deforest. These results 

suggest that enforcing ZDC requirements among indirect suppliers is critical to meet the direct 

goals of supply chain policies. Yet they also suggest that to increase the broader effectiveness of 

ZDCs and end cattle-driven deforestation, increasing the adoption of ZDCs is more pressing than 

expanding their scope in the Amazon. 
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3.1 Introduction  

The trade of agricultural commodities such as soybeans, cattle, palm oil, coffee, and cocoa is a 

cornerstone of the global economy and contributes to both economic development and rural 

livelihoods in producing regions (FAO, 2018). However, commodity production also drives nearly 

a third of global deforestation (Curtis et al., 2018), 30% of global greenhouse gas emissions (Xu et 

al., 2021), widespread biodiversity loss (Green et al., 2019), and has been linked to numerous cases 

of social conflict and land grabbing (Russo Lopes et al., 2021; Vos, 2016). There is, therefore, an 

urgent need to reduce the environmental impacts of commodity production while meeting rising 

global demand for food.  

The firms which purchase these commodities from producers are relatively few, making these 

multinational companies a key leverage point to alter the behavior of the millions of producers 

they source from (Folke et al., 2019). In response to civil society pressure about their ongoing 

environmental impacts, an increasing number of these firms have made zero-deforestation 

commitments (ZDCs). These are commitments to not source products produced on recently 

cleared lands. ZDCs are commonly implemented using a market exclusion mechanism. This is 

where a company seeks to prevent deforestation from entering its supply chain by monitoring its 

�V�X�S�S�O�L�H�U�V�����K�H�Q�F�H�I�R�U�W�K���U�H�I�H�U�U�H�G���W�R���D�V���´�=�'�&���V�X�S�S�O�L�H�U�V�µ���� �,�I�� �D���=�'�&���V�X�S�S�O�L�H�U���L�V���L�G�H�Q�W�L�I�L�H�G���D�V���K�D�Y�L�Q�J��

cleared land, market access is blocked and the supplier can no longer sell to this firm (Garrett et 

al., 2019). By preventing the sale of deforestation-linked goods, it is hoped that the incentives to 

expand agriculture at the expense of native vegetation will be reduced, thereby resulting in 

conservation gains (Lambin et al., 2018). 

There is growing evidence that with high sectoral coverage and rigorous monitoring and exclusion 

mechanisms, ZDCs can achieve significant reductions in deforestation among targeted suppliers. 

Studies have estimated that the Soy Moratorium ZDC in the Brazilian Amazon reduced soy-driven 

deforestation significantly (Gollnow et al., 2022; Heilmayr et al., 2020b). In Indonesia,  RSPO 

certification (a key tool by which ZDCs are implemented in the region) reduced deforestation on 

palm oil plantations by 33% (Carlson et al., 2018).  

However, ZDCs are only effective as a large-scale conservation mechanism if the deforestation 

�U�H�G�X�F�W�L�R�Q�V���W�K�H�\���J�H�Q�H�U�D�W�H���D�F�U�R�V�V���D�P�R�Q�J�V�W���W�K�H�L�U���V�X�S�S�O�L�H�U�V���D�U�H���Q�R�W���R�I�I�V�H�W���E�\���´�O�H�D�N�D�J�H�µ�����Q�H�J�D�W�L�Y�H���O�D�Q�G��

use spillovers to non-targeted actors, commodities, and regions (Garrett et al., 2019; Meyfroidt et 

al., 2020). Opportunities to avoid policies, particularly through incomplete adoption or 

implementation, reduce the effectiveness of ZDCs at both local and global scales (Levy et al., 2021; 
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Moffette and Gibbs, 2021; Pereira et al., 2020; Villoria et al., 2022). We define incomplete adoption of 

ZDCs as the presence of alterative buyers in a sector who have not committed to zero-

deforestation. This likely reduces ZDC effectiveness by allowing farmers who sell to these 

uncommitted buyers to keep deforesting without being penalized (Garrett et al., 2019). We define 

incomplete implementation of ZDCs as the presence of substitutable land uses, regions, or actors 

outside of the scope of a ZDC. This allows actors not included in ZDC scope to continue 

deforesting, potentially while participating in ZDC supply chains (Garrett et al., 2019). Both of 

these processes allow pre-existing deforestation to persist despite ZDCs and also provide 

mechanisms by producers can evade policies, thereby driving leakage (Meyfroidt et al., 2018). 

Both of these challenges are present in the cattle sector of the Brazilian Amazon. They are also 

particularly pronounced in comparison to the Soy Moratorium, the ZDC governing soy-driven 

deforestation in the biome, which has higher market coverage and less exposure to indirect 

suppliers than the Amazonian cattle sector (Moffette and Gibbs, 2021). It is possible that this may 

explain why ZDCs in the Amazonian cattle sector generated a 15% reduction in cattle-driven 

deforestation (Levy et al., 2021), while the Soy Moratorium achieved a 57% reduction in soy-driven 

deforestation (Gollnow et al., 2022).  

Partial implementation of ZDCs in the Amazonian cattle sector has previously been linked to cattle 

laundering, a phenomenon whereby cattle reared on deforested land enter ZDC supply chains by 

�S�D�V�V�L�Q�J���I�L�U�V�W���W�K�U�R�X�J�K���L�Q�W�H�U�P�H�G�L�D�U�\���´�F�O�H�D�Q�µ���I�D�U�P�V���Z�K�R���P�H�H�W���W�K�H���I�L�U�P�·�V���V�D�O�H���U�H�T�X�L�U�H�P�H�Q�W�V��(Gibbs et 

al., 2016; Pereira et al., 2020). Indirect suppliers of ZDC firms, those producers who sell via 

intermediaries, were found to be 42% more likely to deforest their properties than direct suppliers, 

indicating substantial laundering (Skidmore, 2020). However, to date no paper has examined the 

�U�R�O�H���W�K�D�W���=�'�&�V���K�D�Y�H���R�Q���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·���G�H�I�R�U�H�V�W�D�W�L�R�Q���E�H�K�D�Y�L�R�U�����Q�R�U���W�K�H���O�H�D�N�D�J�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��

this. 

Partial adoption of  ZDCs, while identified as a limitation of both soy and cattle ZDCs in the 

Amazon, is a more se�Y�H�U�H���L�V�V�X�H���L�Q���E�L�R�P�H�·�V���F�D�W�W�O�H���V�H�F�W�R�U���Z�K�H�U�H���=�'�&�V�·���P�D�U�N�H�W���V�K�D�U�H���L�V���O�R�Z�H�U���W�K�D�Q��

for soy  (Gollnow et al., 2022; Levy et al., 2021). In both sectors it appears that non-ZDC firms 

purchase a substantial quantity of deforestation-linked products, a process this paper refers to as 

�´�=�'�&�� �D�Y�R�L�G�D�Q�F�H�µ���� �:�K�L�O�H�� �V�W�X�G�L�H�V�� �K�D�Y�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �S�D�U�W�L�D�O�� �=�'�&�� �D�G�R�S�W�L�R�Q���� �Q�R�� �S�D�S�H�U�� �K�D�V�� �\�H�W��

managed to differentiate property-level deforestation in ZDC versus non-ZDC supply chains (i.e., 

the scale at which policies are implemented) to isolate ZDC avoidance, nor identify whether this 

process facilitates leakage for cattle or soy.  
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Several papers have investigated supply chain policies using property-level data (Rajão et al., 2020; 

Skidmore, 2020; Skidmore et al., 2021), but none of them have been able to isolate the impacts of 

local leakage processes at this scale. Alix-Garcia and Gibbs (2017) were able to identify the 

occurrence of local leakage due to differences in deforestation between early and late adopters of 

ZDC requirements. However, they were unable to determine the mechanism by which this leakage 

occurred. Additionally, Klingler et al. (2018) identified large numbers of non-compliant cattle 

producers but did not show that this non-compliant production entered ZDC supply chains. 

Skidmore (2020; 2021) found indirect suppliers to be linked to high deforestation, but not was not 

able to isolate whether this behavior was a ZDC induced spillover. 

Here, we leverage newly assembled property-level, land use, and supply chain data related to cattle 

supply chains to substantially advance understanding regarding the mechanisms by which ZDC 

effectiveness is reduced in multi-tiered supply chains and the role of leakage within these processes. 

We do this by addressing the following questions: i) To what degree are supply chain policies 

reducing deforestation amongst direct ZDC suppliers in the Brazilian cattle sector?, ii) What are 

the characteristics that enable ZDC avoidance and cattle laundering?, iii) What is the relative 

contribution of each of these mechanisms to deforestation?, and iv) Can evidence be found that 

farmers who deforest take advantage of these mechanisms to avoid ZDC rules? To answer these 

questions, we focuse on the Brazilian Amazon cattle sector, which drives 70% of all deforestation 

in the Brazilian Amazon (Macedo et al., 2012; Project MapBiomas, 2020), and is the largest driver 

of tropical deforestation globally (Pendrill et al., 2019). 

In our analyses we treat ZDC avoidance as all deforestation associated with non-ZDC suppliers. 

Likewise, we treat cattle laundering as all deforestation associated indirect ZDC suppliers. This 

therefore constitutes the total deforestation occurring via each mechanism, inclusive of business-

as-usual (BAU) deforestation and leakage. We seek to determine both the scale of the deforestation 

associated with each mechanism and whether resultant leakage can be identified. The study 

encompasses the entire state of Pará, which has the largest cattle herd and the highest deforestation 

rates within the Amazon biome (IBGE, 2021a; INPE, 2021). This paper focuses on the impacts 

of the G4 Agreement, the only ZDC in the Brazilian cattle sector identified as employing 

monitoring and exclusion mechanisms, or associated with avoided deforestation (Gibbs et al., 

2016; Levy et al., 2021) (See Methods for more information regarding ZDCs in the Brazilian cattle 

sector). Additionally, we analyze land use behavior between 2009-2020 and temporal changes in 

supply chain participation between 2014-2020. 
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3.2 Theoretical framework: local leakage, ZDC avoidance, and cattle 

�O�D�X�Q�G�H�U�L�Q�J�·�V���L�P�S�D�F�W���R�Q���=�'�&���H�I�I�H�F�W�L�Y�H�Q�H�V�V�� 

For leakage to occur, a policy must induce some direct behavior change that reduces the ease of 

deforestation, thereby indirectly triggering land use change elsewhere (Meyfroidt et al., 2018). We 

hypothesize (H1) that ZDCs have reduced deforestation among direct suppliers within ZDC 

supply chains. However, we also expect that both ZDC avoidance and cattle laundering both result 

in i) BAU deforestation (reduced additionality) (H2, H3) , as well as ii) leakage in the Brazilian 

cattle sector (H4) (Figure 3.1 & Table 3.1).  

 

Direct supplier (tier 1) Indirect supplier (tier 2+) 

ZDC  
supply chain 

Lower deforestation due to 
policy effectiveness 

Higher deforestation via 
laundering  

(BAU and/or leakage) 

Non-ZDC  
supply chain 

Higher deforestation via 
ZDC avoidance 

(BAU and/or leakage) 

Higher deforestation via 
ZDC avoidance 

(BAU and/or leakage) 

Figure 3.1: Expected effect of ZDC implementation on deforestation by supply chain tier and policy segment ZDCs in the 
Brazilian cattle sector as well as the mechanism facilitating this effect. Laundering refers to cattle suppliers selling 

deforestation-linked cattle via compliant intermediaries into ZDC supply chains. ZDC avoidance refers to direct ZDC 
suppliers shifting to non-ZDC supply chains to avoid zero deforestation rules. Where this laundering/ZDC avoidance is a 

change from BAU, we consider it to be leakage. All lower/higher statements are considered relative to pre-ZDC 
implementation conditions 

Disentangling BAU deforestation (i.e., limited additionality) from leakage is challenging. Supply 

chains involve numerous actors and locations, with policy treatment varying at very local levels. 

This makes it difficult to distinguish treated and non-treated actors and BAU conditions (Arima 

et al., 2011; Meyfroidt et al., 2018).  

Here, we argue that when BAU deforestation among non-treated farmers is allowed to continue, 

�=�'�&���D�Y�R�L�G�D�Q�F�H�� �R�F�F�X�U�V���� �U�H�G�X�F�L�Q�J�� �=�'�&�V�·�� �D�G�G�L�W�L�R�Q�D�O�L�W�\��(Gollnow et al., 2022; Levy et al., 2021).  

ZDC avoidance drives leakage when producers who wish to evade ZDCs change from a ZDC to a 

non-ZDC supply chain specifically to a�Y�R�L�G���=�'�&���F�R�P�S�D�Q�L�H�V�·���G�H�I�R�U�H�V�W�D�W�L�R�Q���S�H�Q�D�O�W�L�H�V����Figure 3.1 

& Figure 3.2). This evasion would increase deforestation in non-ZDC supply chains relative to 

BAU conditions. This could result in a bifurcation of the market, whereby supply chain 

membership is rearranged so that deforestation becomes a feature of non-ZDC production, 

potentially nullifying any additionality associated with ZDCs. 
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We further argue that when BAU deforestation among untreated indirect suppliers continues to 

�H�Q�W�H�U���=�'�&���V�X�S�S�O�\���F�K�D�L�Q�V�����F�D�W�W�O�H���O�D�X�Q�G�H�U�L�Q�J���R�F�F�X�U�V�����U�H�G�X�F�L�Q�J���=�'�&�V�·���D�G�G�L�W�L�R�Q�D�O�L�W�\�����&�D�Wtle laundering 

results in leakage when treated actors seek to become untreated, that is, when producers previously 

selling directly to ZDC firms who wish to deforest become indirect suppliers, selling their 

deforestation-linked cattle via intermediaries. If all deforestation which would have occurred 

among direct suppliers without ZDC adoption merely shifts upstream to indirect suppliers, it 

would completely nullify the additionality of the ZDC.  

 

Figure 3.2: Pathways indicating both the ways that ZDCs are expected to reduce deforestation and by which deforestation is 
able to continue in the Brazilian cattle sector, adapted from Gibbs et al (2016). Where ZDC avoidance or laundering 

results in deforestation over what would have been present under BAU conditions, this constitutes leakage. 

3.3 Methods & case study context 

3.3.1 Case study context 

We focus on the Brazilian state of Pará as it is a major hotspot for both cattle production and 

deforestation. Pará is the largest cattle producing state entirely within the Amazon biome, 

accounting for 24% of the cattle herd and 20% of the cattle slaughtered in the Legal Amazon 
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region in 2020 (IBGE, 2021b, 2021a) as well as 44% of all deforestation within the Amazon biome 

in the same period  (INPE, 2021)�����7�K�H���V�W�D�W�H���D�O�V�R���D�F�F�R�X�Q�W�V���I�R�U�����������R�I���%�U�D�]�L�O�·�V���O�L�Y�H���F�D�W�W�O�H���H�[�S�R�U�W�V����

which are poorly understood, despite being associated with higher deforestation risks and more 

complex supply chains (de Sá et al., 2018; Ermgassen et al., 2020a).  

Two cattle focused ZDCs exist in the Brazilian Amazon. The first is known as the G4 Agreement 

and was adopted by the four largest meatpacking companies in the region due to pressure from 

Greenpeace (Gibbs et al., 2016)�����7�K�H���V�H�F�R�Q�G�����N�Q�R�Z�Q���D�V���´�7�H�U�P�V���R�I���$�G�M�X�V�W�P�H�Q�W���R�I���&�R�Q�G�X�F�W�µ���R�U��

TAC, was created by Brazilian public prosecutors to force meatpackers linked to illegal 

deforestation to change their behavior (Walker et al., 2013). TAC has been identified as the weaker 

policy due to slow implementation of monitoring and exclusion mechanisms, as well as the 

�D�O�O�R�Z�D�Q�F�H���R�I���O�H�J�D�O���G�H�I�R�U�H�V�W�D�W�L�R�Q�����D�O�O���R�I���Z�K�L�F�K���V�H�Y�H�U�H�O�\���O�L�P�L�W���7�$�&�·�V���D�E�L�O�L�W�\���W�R���Ldentify and exclude 

direct suppliers that deforest (Mengardo, 2018; Moffette and Gibbs, 2021). Likely as a result, only 

the G4 has been shown to reduce deforestation (Levy et al., 2021)�����'�X�H���W�R���7�$�&���I�L�U�P�V�·���I�D�L�O�X�U�H���W�R��

reduce deforestation (i.e., lack of additionality), we expect little laundering or market avoidance as 

a result of the policy and thus focus our analysis on G4.  

Pará has moderate coverage with ZDCs, with 32% of cattle production (own calculation using 

GTAs)  and 45% of exports (Trase, 2020) taking place within G4 supply chains. Additionally, G4 

market share has been found to vary substantially across the state, ranging from very high to very 

low (Levy et al., 2021). No cattle buyer in Pará has a ZDC that includes the monitoring and 

exclusion of deforestation-linked indirect suppliers as of publication, but due to increasing pressure 

surrounding the issue, all G4 firms have pledged to expand their policies to indirect suppliers in 

the future (JBS, 2021a; Marfig, 2020; Minerva Foods, 2020).  In the cattle sector, it is the norm for 

cows to be reared on numerous farms prior to slaughter, so this lack of monitoring of indirect 

suppliers is expected to substantially limit G4 effectiveness.  

Previous studies investigating ZDC effectiveness in Pará have found evidence that both the failure 

to include indirect suppliers and the presence of non-ZDC companies reduce policy effectiveness 

(Klingler et al., 2018; Levy et al., 2021; Pereira et al., 2020). However, these analyses were unable 

to differentiate between continued BAU and leakage, nor to statistically confirm laundering. These 

conditions make Pará a particularly suitable location to examine local leakage. We substantially 

advance from past work by being able to separate out laundering and ZDC avoidance processes 

as contributors to reduced ZDC effectiveness in the Brazilian Amazon cattle sector and by 

identifying which aspects of laundering and ZDC avoidance may be signals of leakage.  
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3.4 Methods 

Empirical approach 

We seek to identify a) whether ZDCs are effective at reducing deforestation among the treated 

population direct ZDC suppliers (H1, Table 3.1), b) whether ZDC effectiveness is being reduced 

by laundering or ZDC avoidance (H2 & H3, Table 3.1), and c) whether any of the deforestation 

associated with either cattle laundering or ZDC avoidance  can be considered to be leakage (H4, 

Table 3.1).  

To establish whether ZDCs firms are effective at reducing deforestation amongst the producers 

�Z�K�R���V�X�S�S�O�\���W�K�H�P���G�L�U�H�F�W�O�\�����Z�H���H�[�D�P�L�Q�H�G���Z�K�H�W�K�H�U���G�H�I�R�U�H�V�W�D�W�L�R�Q���R�Q���G�L�U�H�F�W���=�'�&���V�X�S�S�O�L�H�U�V�·���S�U�R�S�H�U�W�L�H�V��

was statistically different from deforestation associated with direct non-ZDC suppliers, both after 

ZDCs began and prior to their implementation. We did so to understand whether direct supplier 

deforestation was lower in ZDC supply chains over the study period and to establish whether this 

is a pre-existing feature of ZDC supply chains or began after policy adoption. 

We identified the impact of ZDC avoidance and cattle laundering of ZDC effectiveness by first 

examining the characteristics of the Brazilian cattle supply chains. We did so to assess how exposed 

ZDC suppliers are to indirect sourcing and to establish how common it is for a ZDC supplier to 

shift to supplying non-ZDC companies and vice versa. Second, we quantified the deforestation 

associated with indirect ZDC suppliers (i.e., cattle laundering) and on the properties of non-ZDC 

suppliers (i.e., ZDC avoidance).  

To establish whether leakage occurred via either of the mechanisms examined, we investigated 

whether the probability of transitioning to one of these untreated market segments was higher 

among ZDC producers who deforest. As supply chain data prior to policy introduction or for 

regions unaffected by ZDCs are unavailable, we lacked a suitable counterfactual that could 

disentangle leakage from BAU behavior directly. Instead, we examined whether avoidance 

behaviors exist that would likely not have occurred in absence of ZDC implementation. We did 

so as this would indicate that producers make use of incomplete ZDC implementation and 

adoption to evade policies and continue deforesting. We interpreted such evasion as a negative 

spillover and evidence of indirect land use change.  

The procedure used to test each hypothesis is provided in Table 3.1. To establish the difference 

between ZDC and non-ZDC suppliers at the direct and indirect level, we used t-tests to determine 

whether the difference in mean deforestation values was significantly different between groups. 
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As a robustness check, we also used OLS regressions to control for potential confounding 

variables (Appendix B & Methods). Likewise, to determine the significance of the difference in 

probability of transitioning to non-treated supply chains after deforesting, we analyzed whether 

the mean transition probability was significantly different between producers who deforested and 

those who did not. 

Table 3.1: Empirical approach used to identify local leakage due to ZDC avoidance and laundering in the Brazilian cattle 
sector and key confounding/limiting factors. Tests 3, 7, and 8 pertain to changes over time and tests 1, 2, 4, 5, and 6 

pertain to the differences across groups. 

Hypotheses Mechanism Test Confounding/limiting factors 
H1: ZDC 
requirements 
have been 
effective at 
reducing 
deforestation 
among direct 
ZDC suppliers 

Cattle producers 
who deforest are 
blocked from sale 
to ZDC firms, 
reducing 
incentives to 
deforest 

1. Deforestation on direct 
�=�'�&���V�X�S�S�O�L�H�U�V�·���S�U�R�S�H�U�W�L�H�V��
is lower than on direct 
non-�=�'�&���V�X�S�S�O�L�H�U�V�·��
properties. 

These two tests capture ZDC 
effectiveness net of ZDC 
avoidance at the direct supplier 
level. However, they do not 
capture laundering effects and thus 
should only be interpreted as 
individual (local) supply chain 
effectiveness as defined by Garrett 
et al. (2019).   

2. Prior to ZDC adoption, no 
difference existed between 
direct ZDC and direct non-
ZDC suppliers 

H2: The presence 
of non-ZDC 
cattle buyers 
reduces 
effectiveness 
via ZDC 
avoidance 

Cattle producers 
can continue to 
deforest and still 
supply non-ZDC 
firms  

3. Suppliers regularly move 
from ZDC to non-ZDC 
supply chains 

While low supply chain stickiness 
potentially makes avoiding ZDC 
companies easy, it does not reduce 
ZDC effectiveness unless 
deforestation occurs. 

4. Deforestation is high in 
non-ZDC supply chains 

This detects the quantity of 
deforestation associated with ZDC 
avoidance. It does not establish 
whether this was policy-induced 

H3: Failure to 
monitor indirect 
suppliers reduces 
effectiveness via 
cattle 
laundering 

Deforestation-
linked cattle can 
enter ZDC supply 
chain by passing 
through a 
deforestation-free 
�G�L�U�H�F�W���V�X�S�S�O�L�H�U�·�V��
property prior to 
sale to a ZDC firm 

5. ZDC firms supply chains 
include large numbers of 
indirect suppliers 

A high indirect supply base 
increases the likelihood ZDC firms 
are exposed to laundering. 
However, effectiveness is not 
reduced unless deforestation 
occurs.  

6. Deforestation is high on 
�L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·��
properties 

This detects the quantity of 
deforestation associated with ZDC 
avoidance. It does not establish 
whether this was policy-induced  

H4: ZDC 
avoidance and 
cattle laundering 
are being used to 
evade policies, 
which drives 
leakage 

Producers evade 
policies by shifting 
deforestation from 
treated direct ZDC 
properties to 
untreated non-
ZDC supply 
chains or indirect 
ZDC properties  

7. Likelihood that direct ZDC 
suppliers who deforest 
change to be a non-ZDC 
supplier (direct or indirect) 
is higher than among 
direct ZDC suppliers who 
�G�R�Q�·�W���G�H�I�R�U�H�V�W�� 

Both tests only capture a small 
subset of total leakage as we only 
measure policy evasion that occurs 
within a two-year transition 
window (i.e., deforestation in year 
t, leading to supply chain change in 
year t+1). Leakage that occurs 
through higher level processes 
(e.g., policy-induced changes in 
forested land prices) or more 
complex forms of policy evasion 
(e.g., changes in supply chain that 
occur over a three-year window or 
greater) are not identified. 

8. Likelihood that direct ZDC 
suppliers who deforest 
change to be an indirect 
ZDC supplier is higher 
than among direct ZDC 
�V�X�S�S�O�L�H�U�V���Z�K�R���G�R�Q�·�W��
deforest. 
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Determining the locations and supply chain linkages of cattle producers 

The location and spatial footprint of ranches was determined using property level data obtained 

through Brazilian rural property registry (CAR) records (SEMAS, 2021; Servico Florestal 

Brasileiro, 2021). These records contain georeferenced property boundaries, as well as data related 

to the property owner, property name, land use, and land regularization status and are legally 

mandated for all rural properties in the Amazon region. The linkages and flows of cattle between 

properties and from properties to cattle buyers (i.e., slaughterhouses and live exporters) was 

determined using Guide to Animal Transport (GTA) records, available from the Brazilian Ministry 

of Agriculture, Livestock and Food Supply (MAPA, 2019) and the Agricultural Defense Agency 

of Pará websites (ADEPARÁ, 2019). It is required by Brazilian law to register a GTA every time 

animals are moved from one location to another to ensure compliance with animal health and 

vaccination standards (Law 12,097; Decree 7,623). Producers are also legally required to register 

all rural properties in CAR (Law 12,615). For this study GTA data was available from 2014 until 

2020, while CAR data was obtained in September 2020 and included all properties registered up 

to that date, unless deregistration occurred (Servico Florestal Brasileiro, 2021). 

While this legal requirement meant coverage of both property and supply chain level data is high, 

producers are nonetheless known not to register themselves in CAR (Pereira et al., 2020). GTA 

availability varies over time during our study period (see Ermgassen et al., 2021), but total estimated 

slaughter was at or above 80% of IBGE slaughter estimates for 2016-2020, with low GTA 

coverage for the first two study years, 2014 and 2015 (IBGE, 2021b). Some cattle are likely moved 

without issuing a GTA, particularly between adjacent properties. However, evidence suggests that 

some laundering can be detected using GTAs (Earthsite, 2020) and external audits determined that 

GTA fraud is uncommon (EU Directorate General, 2011). Overall, this means that while we have 

high confidence in confirmed links to ZDC slaughterhouses, our confidence in a lack of 

connection is lower, particularly for 2014 and 2015, where GTA coverage was limited. However, 

our approach to determining supply chain tier and policy treatment requires a single link to be 

considered a direct supplier, which limits the impacts of such missed links (see below section on 

identification of suppliers). 

The datasets lack a shared identifier and both contain input errors, spelling inconsistencies, and 

incomplete entries. To resolve these issues, we cleaned both datasets to determine unique 

properties in each and joined them together using all available shared information. This included 

data on the municipality, farm name�����R�Z�Q�H�U�·�V���Q�D�P�H�����D�Q�G���W�K�H���R�Z�Q�H�U�·�V���X�Q�L�T�X�H���W�D�[���Q�X�P�E�H�U�����&�3�)���R�U��

CNPJ in Portuguese). Due to inconsistencies in spelling as well as input errors present in the two 



 
 

50 

datasets, matching was achieved using a restricted Damerau-Levenshtein approximate string 

matching approach (Boytsov, 2011; Navarro, 2001). Full details regarding cleaning and matching 

procedures can be found in Appendix B.   

Through our approach we identified 139,502 cattle producing properties in the GTA database, of 

which 56,233 (40%) could be linked to a georeferenced rural property in the CAR database. This 

corresponds to 794,030 (41%) of the GTAs issued over the study period.  Our spatially-explicit 

cattle supply chain dataset is a small improvement on previous attempts to link GTAs to 

georeferenced rural property data in Brazil, which matched 37% of properties identified in GTA 

records in Pará and Mato Grosso (Skidmore, 2020). Properties that were matched in both datasets 

were on average 300ha in size, with 21% forest cover at the start of the study period (INPE, 2020). 

�7�K�L�V���L�V���I�D�U���E�H�O�R�Z���W�K�H�����������P�D�Q�G�D�W�H�G���E�\���%�U�D�]�L�O�·�V���1�D�W�L�Y�H���9�H�J�H�W�D�W�L�R�Q���3�U�R�W�H�F�W�L�R�Q���/�D�Z�����/�D�Z������������������

commonly known as the Forest Code). Of these 56,233 properties, 51,975 were linkable directly 

or indirectly to a slaughterhouse or exporter and therefore were assessable for their supply chain 

membership. This attrition is likely due to incomplete GTA coverage over the study period 

(Skidmore, 2020). Amongst the total GTA population, 122,740 properties were linkable to 

slaughterhouses, meaning our reduced sample accounts for 42% of total number of GTA 

properties linkable to a slaughterhouse. 

Our procedure required a match for both the property (i.e., property name) and the producer (i.e., 

farmer name and/or tax number) between the two datasets. We did so to avoid erroneous matches, 

which produced conservative but precise matches. While we only identified 40% of all properties 

present in the GTAs, the proportion of each supply chain tier and policy supply chain are similar 

between the spatialized sample and the full GTA population (Appendix B). We therefore expect 

that attrition primarily occurred due to random inconsistencies in property name/owner/tax 

number that we were unable to correct between the two datasets. However, there are three relevant 

groups that we likely unrepresented: rented properties, those who ceased production early in the 

study period, and indirect suppliers. As property renters usually only lease non-forested areas 

and/or lack the right to open additional areas (Puppim de Oliveira, 2008), this is unlikely to alter 

estimates of deforestation significantly. CAR registration has increased over time in Pará and 

despite being legally mandated is still incomplete, particularly for smaller producers and indirect 

suppliers. Additionally, some of these producers may not have obtained GTAs whatsoever, leading 

to them being missed by our approach (Pereira et al., 2020; Skidmore, 2020). This means properties 

that ceased production at the start of the study and indirect suppliers are both likely to not be 

registered in CAR. Most importantly, this means our estimates of ZDC impacts on indirect 
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suppliers are likely an underestimate. Full details regarding the linking procedure are available in 

Appendix B. 

Identification of direct and indirect supply to ZDC and non-ZDC buyers 

We processed cattle movement and property-level data into a graph database to give a network of 

properties, exporters, and slaughterhouses, linked by cattle movements. This graph included 

properties whose spatial footprint had been identified and unspatialized properties to maximize 

our the ability to link actors together. We determined whether an entity within our supply chain 

network was a cattle company (i.e., a slaughterhouse or live exporter) based on whether they were 

the recipient of GTAs designated as either abate (slaughter) or exportação (export) during the study 

period. We determined whether an entity was a ZDC signatory or not by comparing the tax 

numbers identified for each cattle company against tax numbers for known TAC and G4 

signatories (Imazon, 2017; Trase, 2021) 

We defined ZDC and supply chain tier status annually to capture changes in policy exposure over 

time. As farmers must comply fully with ZDC requirements to be able to sell any cattle directly to 

a ZDC company, we treated a producer as direct in every year they sold at least one cow to a ZDC 

cattle company directly (Figure 3.3). For the same reason, if a direct supplier sold any cow to a 

buyer who had signed the G4 agreement, we treated the supplier as a ZDC direct supplier for that 

year. Thus, only suppliers who sold all of their direct sales in a given year to non-ZDC 

slaughterhouses were treated as non-ZDC direct suppliers. As indirect suppliers are currently 

untreated by ZDCs, we defined a ZDC indirect supplier as an indirect supplier who sold over 50% 

of their production to the direct G4 suppliers. We did so to ensure our categorization of indirect 

suppliers ZDC status included those actors most likely to be engaging in leakage behaviors. Any 

producers who did not meet the previous categories and sold at least once to a non-ZDC direct 

supplier was treated as a non-ZDC indirect supplier. Finally, if a producer sold exclusively to other 

indirect suppliers within a given year they were classified as Tier 3+ indirect suppliers (Figure 3.3). 

Due to the complexity and distance of links involved, we did not link Tier 3+ producers to ZDC 

or non-ZDC supply chains. For research questions 1-3, which did not examine temporal trends, 

we �F�K�D�U�D�F�W�H�U�L�]�H�G���H�D�F�K���S�U�R�G�X�F�H�U�·�V���S�U�H�G�R�P�L�Q�D�Q�W���V�X�S�S�O�\�� �F�K�D�L�Q���W�L�H�U���D�Q�G���=�'�&���V�W�D�W�X�V���E�\�� �W�K�H���V�X�S�S�O�\��

chain group they participated in most often between 2014 and 2020. 3,883 (7%) of producers 

exclusively functioned as Tier 3+ suppliers and were thus excluded from analyses for research 

questions 1-3. 
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Figure 3.3�����'�H�F�L�V�L�R�Q���W�U�H�H���L�Q�G�L�F�D�W�L�Q�J���K�R�Z���S�U�R�G�X�F�H�U�V�·���=�'�&���W�U�H�D�W�P�H�Q�W���D�Q�G���V�X�S�S�O�\���F�K�D�L�Q���W�L�H�U���Z�H�U�H���G�H�W�H�U�P�L�Q�H�G�����7�K�L�V���S�U�R�F�H�G�X�U�H��
was completed for every observation for each year providing an annually specific estimate of whether a producer was a direct 
ZDC, direct non-ZDC, indirect ZDC, indirect non-�=�'�&�����R�U���7�L�H�U���������L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�����7�R���G�H�W�H�U�P�L�Q�H���D���S�U�R�G�X�F�H�U�V�·���V�X�S�S�O�\��
chain tier and ZDC treatment over the whole study period, we assigned each producer to the group they were most commonly 

a member of over the study period, excluding years where they did not sell and years where they sold at the Tier 3+ level. 

Determining property-level deforestation characteristics by supply chain tier 

�$�V���W�K�H���*�����S�R�O�L�F�\���V�W�X�G�L�H�G���L�V���F�R�Q�F�H�U�Q�H�G���Z�L�W�K���G�H�I�R�U�H�V�W�D�W�L�R�Q���E�\���W�K�H���V�L�J�Q�D�W�R�U�L�H�V�·���V�X�S�S�O�L�H�U�V���L�Q���W�K�H���\�H�D�U�V��

after the policy began in late 2009, irrespective of the resultant land use or quantity deforested, we 

determined the presence of deforestation on each property and the total area deforested since 2010 



 
 

53 

until 2020 for each property. Additionally, we calculated the total deforestation rate over this 

�S�H�U�L�R�G�����U�H�O�D�W�L�Y�H���W�R���W�K�H���L�Q�L�W�L�D�O���I�R�U�H�V�W���F�R�Y�H�U���L�Q���������������7�R���L�G�H�Q�W�L�I�\���Z�K�H�W�K�H�U���G�L�I�I�H�U�H�Q�F�H�V���L�Q���S�U�R�S�H�U�W�L�H�V�·��

deforestation behavior already existed prior to ZDC implementation, we also estimated whether 

deforestation occurred on each property and the deforestation rate for 2009, using 2008 forest 

cover to calculate deforestation rates. Importantly this meant we included land use from years 

prior to when our supply chain data began, in line with previous studies (Skidmore, 2020). The 

significance of this is that while we can identify non-compliance with ZDCs (i.e., deforestation), 

we cannot confirm it was the same land user who we identify in the GTA records between 2014 

and 2020. For this reason, we examined �D���S�U�R�G�X�F�H�U�·�V���S�U�H-2014 deforestation only for our non-

temporal analyses. 

We used PRODES (INPE, 2021) to determine deforestation and forest cover, as this is the 

product used by ZDC companies to monitor their suppliers for deforestation and implement their 

commitments (Greenpeace International, 2009; MPF, 2020). PRODES uses 30x30 meter pixels, 

with a minimum deforestation patch size of 6.25ha (INPE, 2021). As ZDCs also do not accept 

producers who are embargoed by the Brazilian Institute of the Environment and Renewable 

Natural Resources (IBAMA) or whose properties are within conservation units or indigenous 

lands, we also determined which properties were spatially overlapping with embargoed regions or 

protected areas (IBAMA, 2021; MAPA, 2021) (Appendix B).  

To establish additional characteristics of each property that could confound results, we also 

determined the properties: a) smallholder status, b) if they had cropland, c) if they had secondary 

�R�U���´�D�X�[�L�O�L�D�U�\�µ���S�U�R�S�H�U�W�L�H�V���I�R�U���Z�K�L�F�K���Q�R���*�7�$���Z�D�V���L�V�V�X�H�G���E�X�W���S�R�W�H�Q�W�L�D�O�O�\���Z�H�U�H���D�O�V�R���X�V�H�G���W�R���U�H�D�U���F�D�W�W�O�H��

(Skidmore, 2020), d) if they were within a protected area, e) if they had a forest area greater than 

the legally determined minimum area (i.e., greater than 80%), f) the distance to a G4 or federally 

inspected (SIF) slaughterhouse, g) the forest area prior to ZDC adoption in 2009, h) the presence 

of degraded pasture. We also calculated i) whether a property was within a municipality which had 

been prioritized by the Brazilian government as a location for which additional anti-deforestation 

measures were required, j) whether the property was ever embargoed by IBAMA, k) the percentage 

�R�I���H�D�F�K���S�U�R�S�H�U�W�\�·�V���S�D�V�W�X�U�H���D�U�H�D���Z�K�L�F�K���Z�D�V���G�H�J�U�D�G�H�G�����D�Q�G��l) the percentage of each property that 

was secondary forest. Full methods for the calculation as well as further details on the reason for 

inclusion are available in Appendix B. 
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3.5 Results 

3.5.1 Supply chain polices are likely reducing deforestation amongst direct ZDC 

suppliers 

We found that direct ZDC suppliers were 18% less likely to deforest than those directly supplying 

non-ZDC firms since ZDCs began in 2010 (34% vs. 40%, p-value <0.001) (Table 3.2). 

�$�G�G�L�W�L�R�Q�D�O�O�\�����=�'�&���V�X�S�S�O�L�H�U�V�·���G�H�I�R�U�H�V�W�D�W�L�R�Q���U�D�W�H�V���R�Y�H�U���W�K�H���V�D�P�H���S�H�U�L�R�G���Z�H�U�H�����������O�R�Z�H�U���W�K�D�Q���W�K�H�L�U��

non-ZDC counterparts (9% vs. 14% of initial forest area, p-value <0. 001). Our results also 

indicate that prior to the implementation of ZDCs, no statistical difference was present in either 

the likelihood of deforestation occurring or deforestation rates between properties we identified 

as selling primarily to direct ZDC and direct non-ZDC suppliers (Table 3.2). However, direct ZDC 

suppliers did have a lower and significantly different initial forest cover remaining as a proportion 

of their total property area (16% vs. 23%, p<0.001). As both of direct ZDC and non-ZDC 

�V�X�S�S�O�L�H�U�V�· remaining forest proportions were significantly lower than the legal requirement in the 

region (80%), we do not expect any difference regarding �=�'�&���V�X�S�S�O�L�H�U�V�· incentives to deforest 

legally.  

In contrast, indirect ZDC suppliers were 5% more likely to deforest than non-ZDC indirect 

suppliers (50% vs. 48%, p-value <0.05) and deforestation rates were 11% higher among indirect 

ZDC suppliers than indirect non-ZDC suppliers (22% vs 20%, p-value <0.001) (Table 3.2). 

Importantly, it appears that indirect ZDC suppliers were also more likely than indirect non-ZDC 

suppliers to deforest prior to ZDC implementation, indicating parallel deforestation pre-trends 

may not have been present for indirect ZDC and indirect non-ZDC suppliers.  

These results for the role of ZDC supply chain membership on direct and indirect supplier 

deforestation behavior are robust to alternate estimations where we control for differences in initial 

forest area, total property size, smallholder status, whether a property was within a protected area, 

distance to the nearest federally-inspected slaughterhouse, and whether a farm was linked to 

auxiliary properties (additional properties linked to the same farmer which did not appear in the 

GTAs)   (Appendix B). These findings show that farmers directly supplying ZDC companies have 

reduced their deforestation relative to direct non-ZDC suppliers and that such a difference in 

deforestation behavior did not exist prior to ZDC adoption. Additionally, we find that 

deforestation remains high in non-ZDC supply chains and amongst indirect ZDC suppliers, likely 

due to cattle laundering and ZDC avoidance. 
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Table 3.2: Equivalence of means tests for differences in deforestation occurrence and deforestation rates of ZDC and non-

ZDC producers along with who are direct suppliers and indirect suppliers. P-values were calculated using t-tests and corrected 
for multiple testing following Holm, (1979). The method by which each variable was calculated can be found in the Methods 

and Appendix B. 

 

3.5.2 Indirect sourcing and sale to non-ZDC firms are widespread and sourcing 

relationships and supply chain position are highly fluid 

Both the sale of cattle to ZDC firms via intermediaries and to non-ZDC firms are found to be 

�F�R�P�P�R�Q�S�O�D�F�H���L�Q���3�D�U�i�·�V���F�D�W�W�O�H���V�H�F�W�R�U���������������R�I���V�O�D�X�J�K�W�H�U�K�R�X�V�H�V���D�Q�G���H�[�S�R�U�W�H�U�V���K�D�G���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V��

within their supply base and 76% of individuals, 69% of the total land area and 67% of cattle sales 

occur within non-ZDC supply chains (Figure 3.5). On average, cattle buyers were supplied by 12 

suppliers directly and 73 suppliers indirectly per year (Appendix B). Amongst ZDC 

slaughterhouses this trend increases, with each ZDC slaughterhouses buying from an average of 

41 direct suppliers and 428 indirect suppliers per year. The chain broadens out even further at the 

first tier. We found that direct suppliers were connected to an average of 4.6 indirect suppliers per 

year and that 93% of direct suppliers source cattle from at least one indirect supplier.  

Actors often changed supply chain tier over the study period, with only 7,297 producers (14%) 

exclusively selling directly throughout the study period. 23,170 (45%) supplied consistently 
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indirectly, and 21,508 (41%) changed between direct and indirect supply over time. Producers also 

often changed between participating in ZDC and non-ZDC supply chains, however less 

commonly than they changed supply chain tier. 3,155 (7%) were exclusively ZDC supply chains 

members, 36,325 (76%) exclusively sold to non-ZDCs and 8,612 sold to both ZDCs and non-

ZDCs over the study. This means that while 19% of non-ZDC suppliers also participated in ZDC 

supply chains, 73% of ZDC suppliers were, directly or indirectly, involved in both ZDC and non-

ZDC supply chains. These linkages indicate a highly intertwined sector with low segregation 

between supply chain tiers and moderate segregation between ZDC and non-ZDC supply chains. 

Additionally, producers sold on average for 3.4 years out of the 7-year study period, with non-

sequential sale years common, potentially reflecting the multi-year nature of cattle production 

processes. 

 
Figure 3.4: Cattle ranches by supply chain tier and market segment (a.), cattle-driven deforestation since 2000 (b.) and land 

use cover in 2020 (c.), for Pará state, Brazil. ZDC producers are concentrated in Southwest Pará and indirect suppliers 
from both supply chains are closer to frontier regions with high levels of recent deforestation. Only federally inspected 

slaughterhouses (SIFs) are included on the map. Protected areas include indigenous reserves and federal conservation units 
(MMA 2021), deforestation and land cover are provided by Mapbiomas (2021). Slaughterhouses and their ZDC status 

are provided by Trase (2021) 

Despite the fluidity between chains and tiers, there are strong spatial patterns to both supply chain 

tier and ZDC supply chain segment (Figure 3.4 & Table 3.2). ZDC suppliers are concentrated in 

the southwest of Pará, close to G4 slaughterhouses. We found Non-ZDC suppliers dominated in 
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the north and west of Pará and Tier 3 and higher indirect suppliers were found across the state. 

Indirect suppliers are more likely to be close to protected areas and land deforested since 2010 in 

both ZDC and non-ZDC supply chains, particularly amongst indirect ZDC suppliers.  

3.5.3 Both ZDC avoidance and cattle laundering occur in the Brazilian cattle 

sector and are associated with high levels of deforestation  

Non-ZDC supply chains were associated with higher deforestation levels than ZDC supply chains 

over the study period (Figure 3.5). Between 2010 and 2020, 74% of all deforestation in the cattle 

sector occurred in non-ZDC supply chains. 450,273 ha of ZDC avoidance deforestation was 

identified on the properties of non-ZDC suppliers over this period, in comparison to 119,306 ha 

on the properties of ZDC suppliers. Deforestation rates in ZDC supply chains were 2.76% over 

the 10-year study period, in comparison with 4.11% by non-ZDC suppliers.  

Indirect suppliers in ZDC supply chains were associated with a far higher share of deforestation 

than indirect non-ZDC suppliers. In ZDC supply chains, 81% of all deforestation occurred via 

cattle laundering, with 96,311 ha of forest loss occurring on the properties of indirect ZDC 

suppliers (Figure 3.4). In non-ZDC supply chains, indirect suppliers were associated with 50% of 

all deforestation, totaling 227,599 ha. Amongst ZDC direct suppliers, we found 22,996 ha of forest 

had been cleared since 2010, with a total deforestation rate of 0.9% over the study period. On the 

properties of indirect ZDC suppliers 96,311 ha of deforestation occurred at a rate of 5.48%. Non-

ZDC direct suppliers cleared 222,674 ha of forest at a rate of 2.99%, while the indirect suppliers 

they purchased from deforested at a rate of 6.46% over the study period. 
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Figure 3.5: Proportion of properties, cattle sales, total farm area, and deforested area by supply chain tier and ZDC segment 
(a.) and total area and total area deforestated by supply chain tier and segment in thousand hectares (b.) Tier 3+ indirect 

suppliers are omitted from plot b. Supply chain tier and policy treatment over the study period were determined by a 
�S�U�R�G�X�F�H�U�V�·���S�U�H�G�R�P�L�Q�D�Q�W���V�X�S�S�O�\���F�K�D�L�Q���S�R�V�L�W�L�R�Q���D�V���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���0�H�W�K�R�G�V�����'�H�I�R�U�H�V�W�D�W�L�R�Q���L�V���S�U�R�Y�L�G�H�G���E�\���3�5�2�'�(�6�����,�1�3�(��

2021) and includes all deforestation from 2010 until 2020, which constitutes all full years since the G4 policy began in 
Pará.  

3.5.4 Direct ZDC suppliers who deforest evade ZDCs by shifting to indirectly 

supplying ZDC firms, but not by shifting to non-ZDC supply chains 

We found that while a direct ZDC supplier who deforested was 18% less (45% vs. 54%, p<0.05) 

likely to remain a direct ZDC supplier than a deforestation-compliant producer, 45% still sold to 

a ZDC buyer the following year, indicating unexpectedly high levels of non-compliance amongst 

ZDC buyers (Figure 3.6 & Table 3.3). For non-ZDC direct suppliers, we found that deforestation 

had no effect on any of the transitions investigated and deforestation appeared to be entirely 

�X�Q�F�R�U�U�H�O�D�W�H�G���Z�L�W�K���S�U�R�G�X�F�H�U�V�·���G�H�F�L�V�L�R�Qs regarding whom to supply the subsequent year (Figure 3.6 

& Table 3.3).   
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Table 3.3: Probability in percentage points of transitioning from direct ZDC and non-ZDC supply to alternative supply tier 
and policy segments, distinguishing producers who deforest�H�G���I�U�R�P���W�K�R�V�H���Z�K�R���G�L�G���Q�R�W�����,�Q���W�K�H���W�U�D�Q�V�L�W�L�R�Q���W�R���F�R�O�X�P�Q�����´�'�µ���U�H�I�H�U�V��
�W�R���G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�����´�,�µ���W�R���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�����´�'���,�µ���W�R���G�L�U�H�F�W���R�U���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�����D�Q�G���´�7�����µ���W�R���V�X�S�S�O�L�H�U�V���D�W���W�K�H���W�L�H�U�������Rr 
beyond level. The Diff column shows the difference between the transition probabilities together with the significance level, 
indicating whether this difference is statistically different from zero. Individuals who deforested after ZDCs commenced in 

2010, but before supply chain data is available in 2014 were excluded. 

28% of direct ZDC producers who became non-compliant switched to supplying ZDC companies 

indirectly (10%) or to supplying non-ZDC companies (18%), either directly or indirectly. For direct 

ZDC suppliers who deforested, the chance of becoming an indirect ZDC supplier was 184% 

higher than amongst direct ZDC suppliers who had not deforested (10% vs.4%, p<0.001).  

Unexpectedly, we found no conclusive evidence than non-compliant direct ZDC suppliers were 

more likely to switch to non-ZDC supply chains than those who had not deforested since 2010. 

While producers who deforested were more likely to become indirect non-ZDC suppliers, we 

�I�R�X�Q�G�� �W�K�D�W���� �R�Y�H�U�D�O�O���� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H�� �H�[�L�V�W�H�G���E�H�W�Z�H�H�Q�� �*���� �G�L�U�H�F�W�� �V�X�S�S�O�L�H�U�V�·�� �O�L�N�H�O�L�K�R�R�G�� �W�R��

switch to non-ZDC supply chains due to deforestation (18% vs. 19%, p>0.1)   
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Figure 3.6: Direct ZDC and non-ZDC supplier probability of transitioning to alternate supply chain tiers and policy 
segments, distinguishing between those who deforested (columns 2 & 4) and those who did not (1 & 3). The number of 

individuals in each group is shown at the top of each column. Individuals who deforested after ZDCs commenced in 2010, 
but before supply chain data is available in 2014 were excluded.  

3.6 Discussion 

This paper sought to identify the role that incomplete adoption and incomplete implementation 

of cattle ZDCs have had on the effectiveness of these policies, through the mechanisms of ZDC 

avoidance and cattle laundering. We found that while ZDCs appear to be effective at reducing 

deforestation amongst the direct ZDC suppliers, the availability of non-ZDC firms and the 

exclusion of indirect suppliers from the scope of commitments allowed for large numbers of 

producers to continue deforesting, reducing the overall effectiveness of ZDCs. We were also able 

to identify that some of the reduced effectiveness of ZDCs is likely occurring due to leakage via 

cattle laundering. This is evidenced by our finding that direct ZDCs are more likely to transition 

to indirect ZDC supply after deforestation than those who did not deforest or those who supplied 

non-ZDC firms. However, we found no evidence for similar leakage behavior to be occurring via 

ZDC avoidance as producers were not more likely to transition to non-ZDC supply chains after 

deforestation. 
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3.6.1 ZDCs appear to be reducing deforestation amongst direct suppliers, but 

ZDC avoidance and cattle laundering limit effectiveness  

Direct ZDC supply chains were associated with an 18% lower likelihood of deforestation than 

non-ZDC direct suppliers, a figure similar to previous estimates of the impacts of cattle ZDCs 

(Levy et al., 2021). While this estimate of ZDC effectiveness does not account for the impact of 

laundering, it does capture the process of both intentional (i.e., leakage) and unintentional ZDC 

avoidance by direct suppliers.  We find that this overall ZDC avoidance (deforestation among 

direct and indirect non-ZDC suppliers) was associated with nearly five times as much deforestation 

as cattle laundering (deforestation among indirect ZDC suppliers) between 2010 and 2020, with 

450,273 ha of primary forest loss occurring in non-ZDC supply chains and 96,311 ha on the 

properties of indirect ZDC suppliers. This suggests that ability of suppliers to simply avoid ZDC 

policies is the greatest challenge to their broader effectiveness. 

While indirect ZDC suppliers were linked to 81% of the deforestation in ZDC supply chains, this 

equated to only 16% of total deforestation. It is important to note that while our results likely 

underestimate the impact of indirect suppliers, this underestimate occurs in both ZDC and non-

ZDC supply chains (See Methods & Appendix B). It is therefore unlikely that this could explain 

the difference in the scale of deforestation associated with laundering and ZDC avoidance.  

Despite these major weaknesses identified due to incomplete implementation and adoption of 

supply chain policies, our results provide compelling property-level and supply chain specific 

evidence that ZDCs are having some conservation impact Brazilian Amazon. Specifically, that they 

are likely resulting in reduced deforestation on the properties of direct ZDC suppliers. This overall 

reduction in deforestation among direct ZDC suppliers appears to be greater than the amount of 

increased deforestation among indirect ZDC suppliers and among all non-ZDC suppliers, 

indicating some net additionality of the policy. However, as this paper potentially under sampled 

indirect suppliers, further work needs to be done to confidently establish such additionality. 

3.6.2 Laundering drives leakage, while non-ZDC markets facilitate BAU 

deforestation 

We found strong evidence that laundering is a mechanism by which leakage occurs in the Brazilian 

cattle sector. Direct ZDC suppliers who deforest appear to be evading ZDC restrictions by 

switching from supplying ZDC firms directly to supplying them indirectly after deforestation. 

While we found suppliers in non-ZDC supply chains to be more likely to deforest than those in 



 
 

62 

ZDC supply chains, we found no evidence that farmers are using the non-ZDC market to evade 

ZDCs and we are therefore unable to differentiate such deforestation from BAU behavior. It is 

possible that for farmers who wish to avoid commitments, the transaction costs of shifting 

upstream are lower than shifting to new suppliers. Non-ZDC slaughterhouses and exporters are 

associated with lower prices, either by paying less per kilo of estimated carcass weight or by 

�G�R�Z�Q�V�F�D�O�L�Q�J���D�Q�L�P�D�O�V�·���H�V�W�L�P�D�W�H�G���F�D�U�F�D�V�V���Z�H�L�J�K�W�V����(Cammelli et al., 2022; de Oliveira et al., 2017).   

Additionally, should alternative buyers be further away than ZDC buyers, this would also incur 

additional transport costs (Boechat and Parré, 2018). We expect these low transaction costs 

associated with laundering to be particularly true for farmers who possess multiple properties, or 

kinship/friendship networks that allow access to deforestation-free properties for the purpose of 

cattle laundering (Skidmore, 2020). 

Previous work has suggested that supply chain leakage should be more likely where stickiness, the 

maintenance of supply chain configurations over time, is low. This is because under such 

conditions producers can easily shift between supply chain tiers or policy segments to avoid a ZDC 

(Meyfroidt et al., 2018; Reis et al., 2020). Our work finds compelling evidence for this hypothesis 

within Pará as we find stickiness to be low between supply chain tiers, where leakage is observed, 

but is higher (although still relatively low) between ZDC and non-ZDC supply chains, where 

leakage is not observed. ZDC buyers are concentrated in the southwest of Pará and in this region, 

a large number of producers participate in ZDC supply chains (Figure 3.4). Previous work found 

that the market share of ZDCs in southwestern Pará is very high (Levy et al., 2021). Therefore, for 

producers in this region, it may be challenging to switch to non-ZDC supply chains, providing 

additional evidence for ZDC supply chain stickiness, but not supply chain tier stickiness.  

By not including indirect suppliers, ZDCs are incentivizing producers who wish to deforest to 

move upstream in ZDC supply chains as opposed to simply allowing this behavior to continue. 

While we can identify that leakage occurred due to laundering, we were unable to quantify the 

share of total cattle laundering attributable to leakage. This is because we lacked sufficient supply 

chain data prior to ZDC implementation for a counterfactual that could allow us to disentangle 

the quantity of leakage from BAU indirect supplier deforestation. However, as our analyses are 

mechanism specific, laundering induced leakage within our sample can be no greater than the total 

deforestation associated with indirect ZDC suppliers (96,311 ha). Therefore, while leakage due to 

�F�D�W�W�O�H���=�'�&�V�·���I�D�L�O�X�U�H���W�R���P�R�Q�L�W�R�U���R�U���H�[�F�O�X�G�H���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V���G�X�H���W�R���W�K�H�L�U���G�H�I�R�U�H�V�W�D�W�L�R�Q�����W�K�H���L�P�S�D�F�W��

of this leakage is far smaller than ZDC avoidance. 
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This is significant as considerable pressure, including from international media (e.g., The 

Economist, 2020; The Guardian, 2020), has been put on ZDC suppliers to increase their 

commitments to indirect suppliers to eliminate cattle laundering. Resultantly, all companies within 

the G4 Agreement have pledged to expand their commitments to indirect suppliers, with JBS 

having already begun monitoring some of its indirect supplier base (JBS, 2021b). Our findings 

indicate that this will potentially result in major conservation gains. However, previous research 

has identified that indirect suppliers are unlikely to have the resources, information or 

documentation to comply with ZDCs (Pereira et al., 2020) and that expanding ZDCs to indirect 

suppliers is likely to have major negative livelihood impacts (Cammelli et al., 2022). This work 

lacks detailed socioeconomic data regarding the characteristics of the suppliers within our supply 

base, however we similarly find that indirect suppliers were smaller, closer to the forest frontier, 

and sold less cattle than direct suppliers, particularly relative to those selling to ZDC companies 

(Figure 3.5 & Table 3.3). While limited, our findings provide quantitative support for arguments 

that expanding ZDCs to indirect cattle suppliers may pose effectiveness-equity tradeoffs.  

Indeed, given that we find that in Pará alone 29,041 properties primarily function as indirect cattle 

suppliers, corporate actions that have significant negative impacts on the wellbeing of these 

producers are likely to face high levels of resistance, which could undermine the acceptability of 

ZDCs in the Brazilian cattle value chain. Achieving a sustainable and equitable cattle sector in the 

Amazon likely requires ZDCs that can combat leakage while not excluding small-scale producers 

from potential financial benefits associated with production. Previous research suggests that such 

actions include capacity building, producer engagement, as well as both financial and in-kind 

support for marginal producers (Grabs et al., 2021). Such measures would help manage the 

transition for indirect suppliers to zero-deforestation production and close the leakage loophole 

they currently present for supply chain commitments.  

3.7 Conclusion 

Addressing commodity-driven deforestation requires conservation policies that can alter 

�S�U�R�G�X�F�H�U�V�·�� �E�H�K�D�Y�L�R�U�� �D�W�� �V�F�D�O�H���� �G�H�V�S�L�W�H�� �W�K�H�V�H�� �D�F�W�R�U�V�� �E�H�L�Q�J�� �V�S�U�H�D�G�� �D�F�U�R�V�V�� �J�U�H�D�W�� �G�L�V�W�D�Q�F�H�V�� �D�Q�G��

participating in complex, multi-tier supply chains. These characteristics make it challenging not 

just to govern deforestation, but also to assess the interventions themselves. This is particularly 

true for private policies, as they are implemented on a property-by-property basis. This local scale 

of implementation occurs as a producer is only treated if they sell to a company with a 

deforestation policy. Here, by determining both the supply chain tier and ZDC policy treatment 
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of rural properties in the Brazilian Amazon, we were able to improve understanding regarding two 

of the key limitations of supply chain policies, incomplete adoption, and policy implementation. 

Additionally, we were also able to provide the first evidence whether leakage can be identified due 

to either of these loopholes. 

Our findings suggest that efforts to increase the adoption of ZDCs, such as the G4, which are able 

to monitor and exclude non-compliant producers are expected to have greater additionality than 

efforts to reduce cattle laundering. Efforts that seek to align alternative ZDCs in the Brazilian 

cattle sector, namely TAC, with the G4, as are being attempted by the Brazilian Public Prosecutors 

Office (MPF, 2020) are likely to have major positive impacts for conservation. We found ZDC 

coverage to vary across the study region, with ZDCs particularly dominant in southwestern Pará. 

However, as this paper and previous work identified, much of the cattle sector of Pará and the 

wider Amazon region is currently not covered by an effective ZDC, such as the G4 (Ermgassen 

et al., 2020b; Levy et al., 2021)���� �:�K�L�O�H���L�Q�F�U�H�D�V�L�Q�J���=�'�&���F�R�Y�H�U�D�J�H���P�D�\�� �L�P�S�D�F�W���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·��

livelihoods, it is unlikely to have as negative an impact as efforts to increase ZDC scope to cover 

indirect suppliers, which they are most likely unable to meet (Cammelli et al., 2022; Pereira et al., 

2020). We suggest, therefore, that reducing opportunities for ZDC avoidance is likely to be a 

particularly promising policy option to increase the effectiveness of ZDCs without significant 

negative equity impacts.  

However, increased ZDC adoption would likely also increase the incentives for producers to 

launder cattle. Our findings indicate that laundering does not nullify the impact of ZDCs, but by 

placing indirect suppliers outside the scope of ZDCs laundering nonetheless both facilitates 

substantial deforestation. Additionally, this mechanism provides direct suppliers, who are usually 

well capitalized with largescale operations (Cammelli et al., 2022), the ability to conceal their 

behavior by moving upstream. Therefore, efforts that expand both the coverage and scope of 

ZDCs are of vital importance to avoid surpassing irreversible planetary boundaries, such as 

Amazon dieback (Lapola et al., 2018). But to avoid negative livelihood impacts, such 

implementation and adoption improvements should also be accompanied by additional measures 

by companies to support more marginal producers to comply with ZDCs. Our findings provide 

�V�X�E�V�W�D�Q�W�L�D�O�� �H�Y�L�G�H�Q�F�H�� �W�K�D�W�� �=�'�&�V�·�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �L�V�� �O�L�P�L�W�H�G���� �1�R�Q�H�W�K�H�O�H�V�V���� �L�W�� �D�S�S�H�D�U�V�� �W�K�D�W�� �W�K�H�V�H��

weaknesses do not nullify the deforestation reductions to direct suppliers. Therefore, while urgent 

improvements are needed to increase the rigor and coverage of ZDCs, these policies contribute 

to reduced tropical deforestation, likely conserving biodiversity, and carbon stocks in the process. 
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4 The challenge of commodity-centric governance in sacrifice 

frontiers: Evidence from the Brazilian Cerrado soy sector  

Authors: Samuel Levy, Anna Victoria Nogueira Garik, Rachael Garrett 

Abstract: Conservation policies are increasingly globalized, particularly supply chain polices 

implemented by multinational corporations. However, the ways that local narratives and power 

networks influence the design and implementation of policies is poorly understood. We examine 

�W�K�H���U�R�O�H���W�K�D�W���O�R�F�D�O���S�R�O�L�W�L�F�D�O���Q�D�U�U�D�W�L�Y�H�V���K�D�Y�H���R�Q���S�U�R�G�X�F�H�U�V�·���U�H�V�L�V�W�D�Q�F�H���W�R���V�X�S�S�O�\���F�K�D�L�Q���S�R�O�L�F�L�H�V���W�K�U�R�X�J�K��

�W�K�H���F�R�Q�F�H�S�W���R�I�� �W�K�H���´�V�D�F�U�L�I�L�F�H���I�U�R�Q�W�L�H�U�µ�����:�H���W�K�H�R�U�L�]�H���V�D�F�U�L�I�L�F�H���I�U�R�Q�W�L�H�U�V���D�U�H���U�H�J�L�R�Q�V���Z�K�H�U�H���G�X�H���W�R��

reinforcing perceptions of suitability for agricultural expansion, there is a heightened likelihood of 

political consolidation by agribusiness interests, low levels of public and private policy 

implementation, high levels of agglomeration, and low perceived risks to frontier expansion, 

making rapid land use change especially probable�����8�V�L�Q�J���W�K�H���F�D�V�H���R�I���W�K�H���&�H�U�U�D�G�R���E�L�R�P�H�����%�U�D�]�L�O�·�V��

most active deforestation frontier, we ask: i) how closely does the region correspond to our 

concept of the sacrifice frontier? and ii) how does this effect potential policy pathways forward to 

curb deforestation? Our results show the Cerrado to be a sacrifice frontier, with local perceptions 

and political narratives reinforcing frontier expansion in the region. We argue that in the Cerrado, 

and other sacrifice frontiers like it, interventions that seek to reduce deforestation cannot rely on 

globally homogenous market exclusion policies, but instead need to alter the narrative of sacrifice 

present locally by paying attention to local needs in a manner that is inclusive to all land users 

present within a targeted landscape. 
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4.1 Introduction  

Global demand for agricultural commodities such as soybeans, cattle, palm oil and cocoa continues 

to threaten natural ecosystems across the tropics, where the majority of global biodiversity and 

forest carbon stocks are found (Curtis et al., 2018; Pendrill et al., 2019). Preventing commodity-

driven deforestation has been repeatedly identified as a necessary step to prevent irreversible 

climate change by both scientists and policy makers (e.g., Amsterdam Declaration, 2015; 

Rockström et al., 2009). This was reaffirmed at COP26 through commitments made to halt 

deforestation by 141 countries and 10 of the largest agricultural commodity companies (UNFCCC, 

2021a, 2021b). Projections indicate that between 81 and 147 million hectares of new agricultural 

areas will be needed by 2030 compared to 2000 (Lambin et al., 2013). Avoiding the expansion of 

agricultural frontiers and the socioecological tradeoffs this involves requires policies that can 

prevent agricultural expansion in increasingly remote regions where public policy provisions and 

civil society attention have historically been weak, such as tropical savannas, dry forests, and 

peatlands (Budiharta et al., 2014; Lahsen et al., 2016; le Polain de Waroux et al., 2016). 

Policy strategies to conserve natural ecosystems usually rely on protections for both private and 

public lands. Specific sections of public land are usually given strict bans blocking or restricting 

development, such as national parks and indigenous reserves. On private properties the proportion 

or types of natural land covers that can be cleared may be limited. Such restrictions may be 

punitive, e.g. via the threat of fines, sanctions, or loss of economic entitlements. Restrictions may 

also be implemented via  positive incentives that encourage conservation behaviors that are 

considered beneficial (e.g. improved credit access) (Garrett et al., 2021; Nepstad et al., 2014; Pfaff 

et al., 2015). Due to the large role that the global trade in agricultural commodities has on forest 

loss and the high percentage of global production that passes through the hands of a small number 

of multinational companies, there is an increasing focus on private supply chain polices, such as 

market-exclusion based zero-deforestation commitments (ZDCs) �² policies to identify and 

exclude non-�F�R�P�S�O�L�D�Q�W�� �V�X�S�S�O�L�H�U�V�� �I�U�R�P�� �D�� �F�R�P�P�L�W�W�H�G�� �D�F�W�R�U�·�V�� �V�X�S�S�O�\�� �E�D�V�H��(Garrett et al., 2021; 

Lambin et al., 2018).  

Positive conservation impacts have been identified due to supply chain policies in the soy and 

cattle sectors of the Brazilian Amazon as well as in the Indonesian palm oil sector (Carlson et al., 

2018; Gollnow et al., 2022; Heilmayr et al., 2020b; Levy et al., 2021). In each of these sectors, 

longstanding collective agreements or certifications exist with widely available monitoring and 

implementation tools, often as the result of sustained civil society pressure (Garrett et al., 2021). 
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�+�R�Z�H�Y�H�U���� �L�Q�� �P�D�Q�\�� �R�I�� �W�K�H�� �Z�R�U�O�G�·�V�� �D�J�U�L�F�X�O�W�X�U�D�O�� �I�U�R�Q�W�L�H�U�V�� �Z�K�H�U�H�� �W�K�L�V�� �S�U�H�V�V�X�U�H�� �K�D�V�� �Q�R�W�� �E�H�H�Q�� �V�R��

pronounced, such as the Gran Chaco, Cerrado or the Congo Basin ecoregions, adoption and 

implementation of supply chain policies has been piecemeal and evidence for their effectiveness 

is lacking (Gollnow et al., 2022; le Polain de Waroux et al., 2016; Ordway et al., 2019) 

Achieving global reductions in deforestation through public and/or private policies is a particular 

challenge as interventions in the past that have reduced local or regional forest loss have often 

displaced some of this deforestation elsewhere, a problem known as leakage (Meyfroidt et al., 

2020). Private sector policies to reduce soy-driven deforestation in the Brazilian Amazon have 

been speculated to have increased deforestation in the neighboring Cerrado biome (Dou et al., 

2018; Moffette and Gibbs, 2021). In China and Vietnam, conservation gains from public policies 

to prevent deforestation for timber have been shown to be nullified by increased demand for 

deforestation-linked imported wood (Downing et al., 2021; Meyfroidt and Lambin, 2009). In 

Argentina, Bolivia and Paraguay, agricultural commodity companies have been shown to invest 

more in regions with weaker public deforestation regulations (le Polain de Waroux et al., 2016). 

Such regions, particularly when they are considered of high agricultural potential have been 

described as � śacrifice zones�µ (Brannstrom, 2009; Oliveira and Hecht, 2016; Pires, 2020), referring 

to the broader political dynamics that enable leakage and policy avoidance to occur. 

To better understand the challenges public and private governance interventions face when 

combatting commodity-driven deforestation, we revisit the concept of the sacrifice zone and 

incorporate it into agricultural frontier theory. We then apply this notion, which we call the 

sacrifice frontier, to the case of soy production in the Brazilian Cerrado. We define a sacrifice 

frontier as an area where conversion of native vegetation has a high perceived economic value and low perceived 

conservation value, particularly relative to neighboring regions. Importantly, the presence of such perceptions 

may be generated by the actions of powerful actors and vested interests, such as agribusiness 

companies, largescale local landowners, and agricultural lobbies (Hecht, 2005). We view sacrifice 

frontiers as a particular type of frontier where �U�H�L�Q�I�R�U�F�L�Q�J�� �S�H�U�F�H�S�W�L�R�Q�V�� �R�I�� �D�� �U�H�J�L�R�Q�·�V�� �H�F�R�Q�R�P�L�F��

potential amongst powerful actors make effective conservation policy adoption especially 

challenging. Resultantly, we expect rapid native vegetation loss to be very likely and hard to 

prevent.  

We argue that a clearer characterization of sacrifice zones is important because they may exhibit 

less tractable challenges than other frontiers to international and domestic efforts to halt 

deforestation. In particular, we expect lower effectiveness and lower legitimacy of policies that 

have been applied successfully in other places where there is greater acceptance of conservation. 
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This work also responds to a broader call in the study of transnational governance to better 

examine how local power and contestation contexts influence transnational policy design and 

implementation (Graz, 2021). It also responds to recent work that suggests that conservation is 

embedded within frontier processes in the way that land is prioritized and considered for 

conversion (Buchadas et al., 2022). 

In this paper, we examine the case of the Brazilian Cerrado, a vitally important  biodiversity hotspot 

�D�Q�G���W�K�H���V�R�X�U�F�H���I�R�U���P�D�Q�\���R�I���6�R�X�W�K���$�P�H�U�L�F�D�·�V���P�R�V�W���L�P�S�R�U�W�D�Q�W���U�L�Y�H�U�V��(Lahsen et al., 2016). Half of 

the Cerrado has already been cleared and only 19% of undisturbed native vegetation persists. 

Ecological protections are low and development of remaining areas for conversion to agricultural 

commodities, particularly soy and cattle is still being actively promoted (Rausch et al., 2019; Russo 

Lopes et al., 2021; Strassburg et al., 2017).  

Over a decade ago, Brannstrom (2009) posed the question of whether local governance processes 

in the Cerrado better resemble the notion of a sacrifice zone (characterized as territories where 

unrestricted land use change is facilitated by agricultural lobbies) or a conservation opportunity 

(where global forces cause farmers to collaborate with the state and comply with environmental 

policies) (Hecht, 2005; Nepstad et al., 2008). Brannstrom (2009) focused on the case of the Cerrado 

of Western Bahia, Brazil and argued that attributes of both models were present in that region. 

Brannstrom argued that in such locations, nonstate actors (e.g., farming cooperatives and producer 

organizations) have a particularly important role in affecting producer behavior and suggested 

nonstate actors may support conservation interventions in such regions, so long as they do not 

threaten economic returns (Brannstrom 2009). 

 This debate now requires revisiting for several reasons. First, native vegetation in the Cerrado has 

continued to be cleared and is therefore more threatened than ever before (Lahsen et al., 2016; 

Rausch et al., 2019). Second, despite increasing global action to eliminate deforestation from food 

�V�X�S�S�O�\�� �F�K�D�L�Q�V���� �F�R�Q�Y�H�U�V�D�W�L�R�Q�V�� �D�E�R�X�W�� �K�R�Z�� �W�R�� �L�P�S�O�H�P�H�Q�W�� �F�R�P�S�D�Q�L�H�V�·��ZDCs in the Cerrado have 

stalled (Bastos Lima and Persson, 2020; Garrett et al., 2022). Nonstate actors are increasingly 

hostile to punitive conservation approaches to completely ban soy-deforestation in the Cerrado, 

yet no alternative approach to incentivize conservation has been implemented (Bastos Lima and 

Persson, 2020; Garrett et al., 2022). Third, critiques against market-based initiatives have gained 

renewed attention in global conservation governance debates. Political ecology and critical 

geography scholars continue to question the neoliberal governance assumption that the companies 

who indirectly drive deforestation can be expected to stop ongoing clearing by simply helping 

channel more finance and incentives toward increased productivity on already cleared areas. 
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Delabre et al. (2020), for example, questions the triple-win narrative put forward by multi-

stakeholder initiatives that zero-deforestation can go hand in hand with increased productivity and 

reduced poverty. They argue that deforestation continues to contribute to ZDC �F�R�P�S�D�Q�L�H�V�·��

bottom line and solutions companies tend to propose merely help them reinforce their power over 

suppliers (Delabre et al., 2020). 

�+�H�U�H�����Z�H���U�H�W�X�U�Q���W�R���%�U�D�Q�Q�V�W�U�R�P�·�V���T�X�H�V�W�L�R�Q���D�E�R�X�W���W�K�H���Q�D�W�X�U�H���R�I���J�R�Y�H�U�Q�D�Q�F�H���Lnitiatives in the Cerrado 

and broader debates about commodity-centric and private environmental governance globally. We 

do so �E�\���D�V�N�L�Q�J�����W�R���Z�K�D�W���H�[�W�H�Q�W���G�R�H�V���W�K�H���&�H�U�U�D�G�R���F�R�Q�I�R�U�P���W�R���W�K�H���F�R�Q�F�H�S�W���R�I���D���´�V�D�F�U�L�I�L�F�H���I�U�R�Q�W�L�H�U�µ�"��

�D�Q�G�� �K�R�Z�� �G�R�H�V�� �W�K�L�V�� �´�V�D�F�U�L�I�L�F�H�D�E�L�O�L�W�\�µ��influence potential policy pathways to curb deforestation, 

especially private-sector approaches? To explore these questions, we first develop a conceptual 

framework that outlines the characteristics of sacrifice zones in agricultural forest frontiers, as well 

as the expected land use and policy implications of this characterization. We then examine existing 

land use and policy narratives in the Cerrado biome to see whether these narratives conform with 

the attributes of a sacrifice zone described in the conceptual model. This is achieved by using a 

combination of semi-structured interview data and a review of deforestation and soy policy 

implementation in the region, as well as the existing literature on soy and development in the 

region. 

4.2 Theoretical Framework 

The concept of the sacrifice zone was first applied to pollution studies (e.g., Fox, 1999; Lerner, 

2012) to articulate the environmental and human costs accrued by specific geographies in the name 

of economic development, as well as the stigmatization and undervaluing that occurs to these 

regions (de Souza, 2021; Holifield and Day, 2017). The notion captures the idea that some places 

�R�U���S�H�R�S�O�H�V���D�U�H���´�V�D�F�U�L�I�L�F�H�G�µ�����E�H�D�U�L�Q�J���W�K�H���E�U�X�Q�W���R�I���Q�H�J�D�W�L�Y�H���L�P�S�D�F�W�V���W�R���D�F�K�L�H�Y�H���W�K�H���J�R�D�O���Rf broader 

economic development (Lerner, 2012). The concept has been applied to large-scale mining 

projects (Shade, 2015), shale fracking (Holifield and Day, 2017), and to agricultural frontiers 

(Brannstrom, 2009). 

�,�Q�� �W�K�H�� �F�R�Q�W�H�[�W���R�I�� �O�D�Q�G�� �X�V�H�� �F�K�D�Q�J�H���� �I�R�U���D�� �O�D�Q�G�V�F�D�S�H�� �W�R�� �E�H�� �´�V�D�F�U�L�I�L�F�D�E�O�H�µ�� �L�W�� �L�V���Q�H�F�H�V�V�D�U�\�� �W�K�D�W�� �L�W�� �L�V��

portrayed as having high promise for agricultural production as well as relatively low conservation 

value. Sacrifice zones are therefore particularly vulnerable to rapid frontier expansion and 

agglomeration. By downplaying their conservation value relative to other regions, their 

development may even be character�L�]�H�G���D�V���D���´�Z�L�Q-�Z�L�Q�µ���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���E�\��

land use actors and policy makers (Andersson, 2021; Buchadas et al., 2022).  
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As decisions on land use policy often occur at the national or regional level, sacrifice zones are 

often defined in relative terms �² i.e., to meet food security or economic development goals, certain 

locations viewed as more acceptable for conversion to agriculture than others. This same process 

can occur through focused attempts to conserve specific regions that may lead to neighboring 

landscapes being systematically undervalued as worthy of conservation. Olivera & Hecht (2016) 

argue that in South America, civil society campaigns to protect the Amazon failed to include 

neighboring regions to the south and east, including the Chaco and Cerrado biomes, thereby 

�K�H�O�S�L�Q�J�� �W�R�� �U�H�G�L�U�H�F�W�� �D�J�U�L�F�X�O�W�X�U�H�� �W�R�� �W�K�H�V�H�� �S�O�D�F�H�V���� �,�W�� �L�V�� �H�[�S�H�F�W�H�G�� �W�K�D�W�� �G�X�H�� �W�R�� �´�I�R�U�H�V�W�� �E�L�D�V�µ��(the 

overemphasis on above ground biomass in conservation), this sacrificeability will be stronger for 

sparsely wooded or non-forested ecoregions that neighboring densely forested biomes (Bonanomi 

et al., 2019; Sawyer, 2008).  

Who does this undervaluing is also significant. Within a sacrifice zone, marginalized groups such 

as indigenous peoples or traditional communities may value the region very highly, but unless they 

are able to alter the dominant narrative of those driving land use change, it is unlikely to prevent 

the region undergoing largescale losses of native vegetation. While marginalized groups have 

successfully contested land use change discourses in several regions (e.g., Hope, 2021; 

Schwartzman and Zimmerman, 2005), most frequently they are unable to alter dominant narratives 

or frontier expansion (e.g., Bastos Lima and Persson, 2020; Eloy et al., 2016). 

4.2.1 Expected pathways to land use change in sacrifice zones 

Frontier expansion occurs when conditions change so that land that was not previously financially 

viable for production becomes profitable (e.g., via changes to accessibility, potential land 

productivity, agricultural technologies, commodity prices, or production/trade incentives) and 

there are actors present locally with the desire and ability to capture the land rents available  (le 

Polain de Waroux et al., 2018; Meyfroidt et al., 2018). Frontier expansion often occurs extremely 

rapidly due to the presence of abno�U�P�D�O�� �U�H�Q�W�V���� �D�� �G�L�V�H�T�X�L�O�L�E�U�L�X�P���E�H�W�Z�H�H�Q�� �H�F�R�Q�R�P�L�F�� �U�H�Q�W�� ���O�D�Q�G�·�V��

economic value) and bid rent (the price that actors are willing to pay for land) that allows for very 

high returns, until increased competition and investment causes the two to converge (di Tella, 

1982). 

Despite the presence of some or all of these factors, frontier expansion can slow due to unexpected 

challenges and changing conditions or be intentionally stopped due to policy interventions (García 

et al., 2021; Gibbs et al., 2015). Actors who seek to take advantage of abnormal rent are exposed 

to higher risk than in consolidated regions, contributing to the disequilibrium between bid rent 
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and economic rent. However, in a sacrifice zone the risks individuals are exposed to are 

considerably lower than in other types of frontiers. Due to the low perceived conservation value, 

the threat of a future conservation policy closing the frontier is likely reduced. The high agricultural 

�S�R�W�H�Q�W�L�D�O�����Z�K�H�W�K�H�U���D�F�W�X�D�O���R�U���S�H�U�F�H�L�Y�H�G�����L�Q�F�U�H�D�V�H�V���L�Q�G�L�Y�L�G�X�D�O�V�·���U�R�E�X�V�W�Q�H�V�V���W�R���X�Q�H�[�S�H�F�W�H�G���F�K�D�O�O�H�Q�J�H�V��

or setbacks due to a strong belief that abnormal rents will be realized (le Polain de Waroux et al., 

2018). This reduced risk facilitates more rapid investment and agglomeration in sacrifice zones 

than other frontiers, resulting in especially rapid and widespread conversion of native vegetation 

for agriculture (Garrett et al., 2013). The disequilibrium between bid rent and economic rent is 

therefore shorter lived, making sacrifice zones an especially competitive frontier where we expect 

less risk-tolerant actors to be willing to engage in frontier expansion than would be found 

elsewhere. 

This is compounded by a propensity for political consolidation by pro-agricultural development 

institutions, such as commodity industry associations, agricultural lobbies, and producer groups. 

In competitive, agglomeration-prone frontiers which lack a strong environmental narrative locally, 

both the actors and incentives are present to build or reinforce pro-agricultural institutions 

(Brannstrom, 2009). Likewise, we expect weak or absent pro-conservation entities that could 

otherwise provide a counterbalance to such developments (Hecht, 2005). In sacrifice zones that 

exist in part due to high levels of conservation pressure in neighboring regions, this effect is 

compounded by an ability for land users and pro-agricultural institutions to observe the effects of 

policies implemented in regions targeted for conservation (Bastos Lima and Persson, 2020). The 

desire to prevent the expansion of conservation polices observed in neighboring regions can 

provide a concrete example for pro-agricultural groups to rally around. Such examples aid in the 

creation of a narrative that views such conservation policies with outrage. They also support the 

consolidation of institutions that seek to counteract such policies, should they be proposed 

(Holmes, 2007; Mammadova et al., 2020). Indeed, unlike the classical portrayal of a frontier as a 

region characterized by high uncertainty that is challenging for expansion, pro-agriculture 

institutions may portray the sacrifice frontier as an opportunity that cannot be lost (Ioris, 2016; 

Meyfroidt et al., 2018). Together, the lower risk of frontier collapse and higher ability to resist 

conservation policies creates an extremely robust setting for rapid and sustained frontier expansion 

(Figure 4.1). 
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4.2.2 Expected policy implications of a sacrifice zone 

The risk of rapid and extensive frontier expansion in sacrifice zones is compounded by unfavorable 

conditions for strong public or private conservation policy development.  The perception of both 

high economic potential and low conservation value increases the entitlement of local land users 

regarding their right to open land for agriculture (Garrett et al., 2022). This occurs both via an 

�´�D�W�W�L�W�X�G�H���R�I���X�Q�F�R�Q�F�H�U�Q�µ���U�H�J�D�U�G�L�Q�J���Q�D�W�X�U�D�O���Y�H�J�H�W�D�W�L�R�Q��(Geist and Lambin, 2002) and a belief in the 

importance of agricultural expansion locally for economic development and food security (le 

Polain de Waroux et al., 2021; McDonald, 2003). This, in tandem with the political consolidation 

of pro-agriculture institutions, creates extremely hostile conditions for public policy creation in 

sacrifice frontiers. Within such regions we expect there to be a highly motivated and organized 

population that are opposed to increases in conservation governance locally (Hecht, 2005). Where 

the sacrifice zone exists in relation to a better protected neighboring region, this sentiment can 

�F�U�H�D�W�H�� �D�Q�� �D�W�W�L�W�X�G�H�� �R�I�� �´�I�D�U�P�V�� �K�H�U�H���� �I�R�U�H�V�W�V�� �W�K�H�U�H�µ���� �W�K�D�W�� �S�U�R�W�H�F�W�L�R�Q�V�� �H�O�V�H�Z�K�H�U�H�� �D�U�H�� �V�X�I�I�L�F�L�H�Q�W��

(Friedman, 2010). We therefore expect that the formation of public policies conducive to 

conservation to be slower in sacrifice zones than other types of frontiers and the likelihood of 

antagonistic policies to be higher (Figure 4.1). This may also reinforce tendencies for 

maldevelopment, economic development that worsens the conditions of many stakeholders, 

particularly those who are excluded from policy processes (Russo Lopes et al., 2021). 

As private sustainability policies made by agricultural commodity companies exist outside of the 

legal framework, they can be adopted even during periods or in locations where there is insufficient 

political will for public conservation policies (Lambin et al., 2018). Uptake of private initiatives can 

�E�H�� �U�D�S�L�G���� �E�X�W�� �W�R�� �J�R�� �E�H�\�R�Q�G�� �´�J�U�H�H�Q�Z�D�V�K�L�Q�J�µ�� �D�Q�G�� �K�D�Y�H�� �L�P�S�D�F�W�V�� �R�Q�� �W�K�H�� �J�U�R�X�Q�G�� �W�K�H�\�� �U�H�T�X�L�U�H��

monitoring and enforcement mechanisms, which often requires public policy support (Austin et 

al., 2021; Garrett et al., 2019). Because private policies are primarily adopted voluntarily in response 

to public pressure, sacrifice zones may present a challenge for their effectiveness since such public 

sentiment is often relatively weak or lacking. High market coverage and sticky (i.e., stable and 

consistent) trade relationships are also associated with effective supply chain conservation policies 

(Levy et al., 2021; Reis et al., 2020). Sacrifice zones, due to their rapid agglomeration and 

competitive dynamics, are unlikely to maintain either high market coverage or sticky trade 

relationships. This is because the low perceived risk of frontier collapse (and therefore expectation 

of increased future production) is likely to incentivize new traders to enter the commodity sector, 

including those without sustainability policies, presenting new opportunities for trade relationships 

for producers who wish to open new areas (Abeygunawardane et al., 2022). Sacrifice zones 
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therefore tend to lack conducive conditions for effective public or private conservation policies. 

However, these same conditions also imply that in sacrifice frontiers the potential for high 

additionality if a sufficient number of companies could fully implement zero-deforestation policies. 

 

Figure 4.1: Diagram representing the effect that sacrifice zones have on frontier expansion. Necessary conditions of a sacrifice 
zone are shown in orange, reinforcing features are shown in blue, and resultant drivers of land use change are shown in grey. 

 

4.3 Methods & Case study context 

4.3.1 Case study context 

�7�K�H���&�H�U�U�D�G�R���L�V���W�K�H���Z�R�U�O�G�·�V���P�R�V�W���E�L�R�G�L�Y�H�U�V�H���V�D�Y�D�Q�Q�D�����F�R�Q�W�D�L�Q�L�Q�J���D�Q���H�V�W�L�P�D�W�H�G���������R�I���W�K�H���S�O�D�Q�H�W�·�V��

species (Green et al., 2019) and the equivalent of approximately 12.8 billion tons of CO2 (Freitas 

et al., 2018). However the ecological and climatic importance of the ecoregion are widely 

underappreciated, even by those living in urban centers within the biome (Bizerril, 2004). Native 
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vegetation in the biome varies from dry forest to wooded savanna and open grassland (Ratter et 

al., 1997). This has contributed to the Cerrado being overshadowed by the tropical forests of the 

Amazon biome for national and international conservation efforts ���/�D�K�V�H�Q���H�W���D�O�������������������2�·�5�L�R�U�G�D�Q�� 

2016).  

The Cerrado is also highly suitable for largescale soy production, as the region is characterized by 

an abundance of flat plateau, soil types and hydrographic networks that are highly conducive to 

mechanized crop agriculture (Rausch et al., 2019; Soares-Filho et al., 2014). Half of the biome has 

already been cleared for agricultural use, primarily soy production and cattle ranching (Project 

MapBiomas, 2020). Soy expansion alone was responsible for the clearing of 14 Mha of Cerrado 

vegetation between 2003 and 2017 (Ermgassen et al., 2020a). The majority of remaining Cerrado 

vegetation is in the north of the biome, known as Matopiba. This region encompasses 73 Mha and 

337 municipalities in the states of Maranhão, Tocantins, Piauí and Bahia, whose initials give the 

region its name (Figure 4.3). In recent years, Matopiba has seen a rapid expansion in crop 

production, often at the expense of natural vegetation (Araújo et al., 2019). This has occurred due 

to low land prices, the development of suitable seed varieties, and political support (Russo Lopes 

et al., 2021). Soy expansion in Matopiba has been linked to major ecosystem losses, carbon 

emissions, land grabbing and social conflict (Calmon, 2020; Eloy et al., 2016; Strassburg et al., 

2017), as well as GDP growth and infrastructure development (Carneiro and Costa, 2016). 

The Cerrado is also one of the more weakly protected biodiversity hotspots in the world (Klink 

and Machado, 2005). Just 7.5% of the Cerrado is within protected areas (Figure 4.3), one of the 

lowest rates for any Brazilian biome (Rausch et al., 2019) and the Brazilian Native Vegetation 

�3�U�R�W�H�F�W�L�R�Q���/�D�Z�����F�R�O�O�R�T�X�L�D�O�O�\���N�Q�R�Z�Q���D�V���W�K�H���´�)�R�U�H�V�W���&�R�G�H�µ�����R�Q�O�\���U�H�T�X�L�U�H�V������-35% of rural properties 

to be protected within the Cerrado, far less than the 80% required in the neighboring Amazon 

�E�L�R�P�H�����/�D�Z���������������������3�5�2�'�(�6���D�Q�G���'�(�7�(�5�����%�U�D�]�L�O�·�V��public  deforestation monitoring platforms 

only  expanded to the Cerrado in 2016, despite having been present in the Amazon biome since 

the 1970s (Parente et al., 2021). Likewise, implementation, inter-ministerial coordination, and 

effi�F�D�F�\���R�I���W�K�H���%�U�D�]�L�O�L�D�Q���J�R�Y�H�U�Q�P�H�Q�W�·�V���'�H�I�R�U�H�V�W�D�W�L�R�Q���D�Q�G���&�R�Q�W�U�R�O���S�O�D�Q���L�Q���W�K�H���&�H�U�U�D�G�R�����3�3�&�H�U�U�D�G�R����

has been weaker than the PPCDAm, the equivalent policy in the Amazon biome (Hochstetler and 

Keck, 2007; Lahsen et al., 2016). Policies antagonistic to conservation are also present in the region 

with Matopiba being designated and targeted for investment through a Federal Government 

Agricultural Development Plan (PDA-Matopiba) (Government of Brazil, 2015). This was 

accompanied by technical reports from Embrapa, the state-owned Brazilian Agricultural Research 
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Corporation, arguing Matopiba to be the region of Brazil with the highest potential for the 

expansion of arable land in Brazil (de Miranda et al., 2014).  

Private policy coverage has been increasing in the region and several of the largest companies 

sourcing from the Cerrado have adopted market exclusion ZDCs. 46.5% of soy exported from 

the Cerrado was traded by companies with a zero-deforestation policy in 2017, a dramatic increase 

from 0% in 2013 (Ermgassen et al., 2020a). These policies were adopted individually, and each has 

differing rules, rigor, and implementation timelines, which creates the potential for gaps and 

misalignment that may reduce their effectiveness. In general, the global or Cerrado-specific 

commitments present in the region are vague and lacking in clear implementation timelines 

(Ermgassen et al., 2020a). Existing research indicates that ZDCs have not had a statistically 

significant effect on deforestation in the Cerrado (Leijten et al., 2022), as they have not been 

implemented in the region. More recent collective agreements, such as the New York Declaration 

on Forests (2014), the Cerrado Manifesto (2017), and the Soft Commodities Forum (2019) may 

increase pressure on producers in coming years. However, these agreements currently do not 

require signatories to exclude non-compliant producers. A recent study by Gollnow et al. (2022) 

suggests that avoided soy-deforestation could be substantial in the Cerrado, should existing global 

zero-deforestation commitments related to soy be implemented in the region through a strict 

market exclusion approach, even considering the limited market coverage of such commitments 

regionally. 

4.3.2 Methods 

To assess the degree to which the Cerrado can be characterized as a sacrifice zone and how this 

characterization influences governance, we focused on the region of Matopiba, the most active 

soy frontier in the Cerrado. We executed participant observation and detailed semi-structured 

interviews in 16 municipalities, spread across all four states of the Matopiba Region (Figure 4.2). 

This was supported by a review of the existing scientific and grey literature on soy land use and 

governance in the Cerrado (in English and Portuguese). In total, we conducted 32 interviews with 

42 stakeholders, including 22 producers and 16 experts, all of whom were interviewed in May and 

June 2018 (Table 4.1). In addition to the information below, further details regarding the 

interviewees and the positionality of the fieldwork executors can be found in Appendix A. 
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4.3.3 Sampling strategy 

The distribution of interviews was 34% in Tocantins, 28% in Bahia, 22% in Piauí and 16% in 

Maranhão. Municipalities were selected based on three criteria: i) soy production was high or 

rapidly increasing (IBGE, 2021a), ii) firms with ZDCs sourced from these municipalities (Trase, 

2020), and iii) soy production was present on land deforested within the previous five years (Project 

MapBiomas, 2020). 31% of these municipalities were subsequently selected as part of the 25 

Cerrado priority municipalities by the Soft Commodities Forum in 2019, rising to 61% of the 

newly expanded 2021 list (SCF, 2021, 2019).  

We sought to interview as wide a range of stakeholders as possible. Participants included soy 

growers, producer organizations, government officials, civil society organizations, agribusiness 

representatives, researchers, agricultural input vendors, and farmers producing goods other than 

soy, including smallholders. We included non-soy producers to understand how soy production 

and soy ZDCs are affecting individuals in the broader landscape. We did this as the negative effects 

of soy expansion are often felt by marginal individuals such as smallholders, who often do not 

produce soy themselves (Eloy et al., 2016; Russo Lopes et al., 2021). Additionally, we attempted 

cont�D�F�W�L�Q�J�� �W�K�H�� �O�R�F�D�O�� �D�J�U�L�F�X�O�W�X�U�D�O�� �Z�R�U�N�H�U�V�·�� �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V�� ���H���J������ �W�K�H��sindicato dos trabalhadores e 

trabalhadoras rurais), but were unable to reach them by telephone or at their local offices. Due to 

local legal and ethics restrictions, we could not interview members of indigenous or traditional 

communities (e.g., quilombola communities), marginalized groups that are also often adversely 

affected by soy development (Eloy et al., 2016). 

In the key municipalities identified we conducted purposeful sampling of important gatekeepers 

such as producer organizations and well-connected value chain actors (e.g., agricultural input 

vendors or local researchers). We then used a snowball sampling approach alongside cold calling 

of producers and experts to identify additional participants (Patton, 2014; Silverman, 2013). These 

techniques were used as a strategy to ensure we were able to reach as wide a range of actors as 

possible. Soy farms in Matopiba are often gated and owned by individuals that live some distance 

from the property (Eloy et al., 2016). This makes them hard to reach without first contacting 

gatekeepers. Cold calling was conducted to ensure the participation of more marginal producers 

who are less well connected to the gatekeepers identified and thus less likely to be identified 

through our snowball approach. This method yielded a rich qualitative dataset of 27 interviews 

with 34 stakeholders, including 13 producer and 14 expert interviews with 18 and 16 participants 

respectively (Table 4.1).  
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States Municipality Stakeholders interviewed 

Maranhão (5) Balsas (5) Soy producer | Other producer | Researcher | 
Supply chain actor | Civil society organization 

Tocantins (7) 

Palmas (4) Researcher | NGO | State government | 
Producer organization  

Porto Nacional (1) Other producer 
Pedro Afonso (1) Producer organization 
Natividade (1) Soy Producer 

Piauí (7) 

Gilbués (1) Soy producer 
Monte Alegre do Piauí (1) Other producer 
Redenção do Gurguéia (1) Soy producer 
Currais (2) Soy producer | Other producer 
Bom Jesus (1) Civil society 
Sebastião Leal (1) Soy producer 

Bahia (8) 
Luiz Eduardo Magalhães (4) Soy producer | Producer organization | 

Soy buyer (2) 
Barreiras (2) Soy producer | Civil society organization 
Formoso do Rio Preto (2) Soy producer | Other producer 

Table 4.1: Breakdown of types of stakeholders interviewed by state and municipality. In the case of producers, municipality 
reflects location of their primary farm, not the location of interview. Numbers indicate the number of interviews, not 

interviewees. 

Interviews 

Interviews were conducted in Portuguese by two of the co-authors on farms or in 

agribusiness/producer organization offices and guided by a set of open-ended questions 

(Appendix C) that was approved by IRB/Human Subjects (Protocol #4543X). Question guides 

differed for producers, agribusiness representatives, and other experts (e.g., policy makers, NGO 

representatives), but all participants were prompted to talk about their perception of several key 

themes: i) the development and impacts of soy in the region; ii) the public and private policy context of soy 

production; and iii) the quality/availability of soy buyers locally. Additional questions, including the 

interviewees background, household, production system, credit access, group membership, as well 

as their general concerns and challenges, were also asked. Participants were sought out until 

thematic saturation was achieved for each topic in all four Matopiba states and for both producers 

and experts (Saunders et al., 2018). Both soy buyers across the region and soy producers in Piauí 

were underrepresented due to difficulty in gaining consent for their participation. Due to the 

political sensitivity of land use management and commodity-driven deforestation in Brazil we did 

not record interviews digitally and ensured full anonymity for all participants.  

Interviews were always conducted by two researchers, both co-authors on this paper. Researchers 

took notes during the interviews and combined, compared and organized these as soon as possible 

after each interview to ensure recording was as full and accurate as possible in each case. Responses 

were then sorted into the main themes of the questionnaire. �:�K�H�Q�� �L�Q�G�L�F�D�W�L�Q�J�� �S�D�U�W�L�F�L�S�D�Q�W�V�·��
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perspectives in the results, the farmer or expert who supported the result is listed in parentheses. 

�3�D�U�W�L�F�L�S�D�Q�W�V�·���L�G�H�Q�W�L�W�L�H�V���D�U�H���D�Q�R�Q�\�P�L�]�H�G���D�Q�G���U�H�S�O�D�F�H�G���Z�L�W�K���D���Q�X�P�H�U�L�F���F�R�G�H�����H���J�������)�D�U�P�H�U���������(xpert 

8). A full table of the codes attributed to each individual and some basic, non-identifying 

characteristics are provided in Appendix C. �7�R���H�Q�V�X�U�H���L�V�V�X�H�V���D�U�H���S�R�U�W�U�D�\�H�G���L�Q���W�K�H���V�W�D�N�H�K�R�O�G�H�U�V�·��

own words where possible we make use of quotations, provided as paraphrased translations from 

the original language. Additionally, some proportions are provided to indicate agreement amongst 

the sample. However, as sampling is not representative of the entire study region, these figures 

should not be interpreted as representative of the views of the soy value chain population in the 

Cerrado, but rather are indicative of agreement amongst the sample. 

 

Figure 4.2:  Location of interviews and route taken during fieldwork, including key stops. A key stop is defined as any 
location where a considerable number of interviews took place (i.e., where we met with producers from surrounding regions) as 

well as the start and end point of the route taken across Matopiba.  
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Participant characteristics  

There were two groups of participants in this study: agricultural producers and local experts. Some 

participants met the criteria for both agricultural producers and local experts, for instance due to 

them owning a farm and holding leadership positions in local agricultural associations. In these 

cases, we asked questions from both interview guides and treated them as local experts for the 

purpose of classification. Our sample was biased towards larger, more capitalized farmers. 

�5�H�V�S�R�Q�G�H�Q�W�·�V���I�D�U�P���V�L�]�H�V���Y�D�U�L�H�G���I�U�R�P���������K�D���W�R�����������������K�D�����Z�L�W�K���D��mean farm size of 3,484 ha (median 

941 ha). Mean property size of interviewee was roughly twice that of the mean soy farm within the 

Matopiba was 1,645 ha in 2017 (IBGE, 2020). 57% of the producers interviewed were soy growers, 

half of whom also raised cattle, either alongside their crops or in an integrated system. The non-

soy producers all produced cattle, in some cases alongside vegetables and non-soy crops. Only one 

producer stated that agriculture was not their primary income source, although 46% also had off-

farm income. The median age was 57 and 92% were male. The majority of soy producers had 

migrated from the South of Brazil, where crop production has long been well established. Non-

soy producers were mixed, coming from the northeast (43%), the South (29%) and the Southeast 

(14%). Data from these interviews are also reported in Garrett et al. (2022) to assess the potential 

implications of using payments for environmental services versus market exclusion mechanisms 

to implement ZDCs in the Cerrado.  The same producer coding is used in both works to aid clarity 

of understanding. 

4.4 Results: The Cerrado as a sacrifice frontier 

In the following section, we assess how the Cerrado biome conforms to our characterization of a 

sacrifice frontier. We integrate regional evidence to support each facet of the sacrifice zone concept 

where available and then complement these with the perspectives of local stakeholders from our 

interviews in Matopiba. 

4.4.1 High perceived economic potential and frontier rent opportunities 

The economic potential of the Cerrado has been identified by academics (Soares-Filho et al., 2014), 

soy industry organizations (Rudorff et al., 2015), Embrapa (de Miranda et al., 2014), the Brazilian 

federal government (Government of Brazil, 2015), the United States Department of Agriculture 

(USDA, 2012), and international media agencies (The Economist, 2010). The Cerrado contains 

the majority of non-utilized land suitable for soy in Brazil, the most important agricultural export 

nationally (Rausch et al., 2019; Soares-Filho et al., 2014). The region is promoted as having 
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�´�S�U�R�P�L�V�L�Q�J���J�U�R�Z�W�K���H�[�S�H�F�W�D�Q�F�\�µ���I�R�U���V�R�\���G�X�H���W�R���W�K�H���V�R�L�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����I�D�Yorable rainfall regime, 

and especially, the low price of land (Carneiro and Costa, 2016; Costa et al., 2021). The potential 

to expand on already cleared pastures is an often highlighted narrative, despite regional differences 

in the availability of suitable pastureland (Romeiro et al., 2018).  

The economic importance of the region and favorable conditions for industrial agriculture was 

also identified by all participants interviewed, several of whom emphasized the relative economic 

importance of the Cerrado versus the Amazon (Farmer 13; Expert 7, 10). Expert 10 typified this 

�V�H�Q�W�L�P�H�Q�W���E�\���V�D�\�L�Q�J���W�K�D�W���´�0�D�W�R�S�L�E�D���L�V���J�R�R�G���I�R�U���D�J�U�L�E�X�V�L�Q�H�V�V���E�H�F�D�X�V�H���W�K�H�U�H���L�V���V�W�L�O�O���D���O�R�W���R�I���S�R�W�H�Q�W�L�D�O��

�O�D�Q�G���W�R���R�S�H�Q�«�D�Q�G���O�R�W�V���R�I���I�O�D�W���S�O�D�L�Q�V���Z�K�L�F�K���D�U�H���J�R�R�G���I�R�U���S�O�D�Q�W�L�Q�J���J�U�D�L�Q�V���µ���$�O�W�K�R�X�J�K���S�D�U�W�L�F�Lpants 

broadly agreed with the importance of the Cerrado for soybean cultivation (Expert 1, 5, 7, 10, 12, 

13), several participants reflected that available cleared land currently used for pasture were on 

highly undulated terrain, unsuitable for largescale crop agriculture such as soybeans (Expert 2, 8) 

and that future expansion in Matopiba would need to be at the expense of native vegetation 

(Expert 10). 

The  prevailing sentiment amongst participants was that Matopiba remains both a frontier and an 

opportunity for rent acquisition (Farmer 12; Expert 2, 4, 9, 11, 12, 14 ), a sentiment also held 

amongst academics, civil society, and policy makers (Juscelino Bezerra and Gonzaga, 2019; 

Calmon, 2020; Pires, 2020; Romeiro et al., 2018). Surveying of soy producers in West Bahia by the 

Soft Commodities Forum found 60% of farmers wanted to expand their soy area, with 54% 

viewing the conversion of native vegetation as the most cost effective solution to achieve this 

(SCF, 2021). Likewise, our interviews identified several farmers attempting to capture additional 

rents by clearing native vegetation for agriculture, stating that they had recently or were actively 

trying to obtain deforestation licenses to open new areas (Farmer 4, 8).  

The predominant view of the region was not reflective of the high transaction costs and elevated 

risks normally associated with frontiers (Jepson, 2006). Three of the farmers interviewed felt that 

their farms faced no risk to security of income (Farm 10, 11, 14). The primary risk identified by 

farmers was not related to the frontier status of the region, but rather the local climate (Farm 1, 2, 

4, 5, 6, 7, 8, 11, 12; Expert 1, 2, 3, 4, 5, 7, 9, 10, 11, 13). The timing of the rainy season was 

considered to be increasingly unpredictable, as well as �G�H�F�U�H�D�V�L�Q�J���L�Q���T�X�D�Q�W�L�W�\�����)�D�U�P�H�U�������V�D�L�G���´�/�D�F�N��

�R�I���U�D�L�Q���L�V���D���U�L�V�N�����H�Y�H�U�\���W�L�P�H���L�W���U�D�L�Q�V���W�K�H���D�P�R�X�Q�W���L�V���J�H�W�W�L�Q�J���V�P�D�O�O�H�U�µ�����'�X�H���W�R���W�K�H�V�H���F�O�L�P�D�W�L�F���F�R�Q�V�W�U�D�L�Q�W�V����

there is a narrow, variable window to plant crops, which can be missed due to slow access to credit 

�I�U�R�P���E�D�Q�N�V���R�U���S�X�E�O�L�F���H�Q�W�L�W�L�H�V�����Z�K�L�F�K���D�V���R�Q�H���I�D�U�P�H�U���S�X�W���L�W���´�W�D�N�H�V���D���\�H�D�U���W�R���R�E�W�D�L�Q���F�U�H�G�L�W�����Z�K�H�Q���Z�H��

�Q�H�H�G���L�W���Z�L�W�K�L�Q���������G�D�\�V�µ�����)�D�U�P�H�U������. This was viewed as having led to a reliance on credit from soy 
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buyers (Expert 1, 2, 9). However, these issues appeared to be primarily a concern for smaller or 

medium sized producers, particularly those with under 1,000 hectares, above which credit access, 

while slow to obtain, was largely felt to be achievable (Expert 2, 3, 6, 8, 10, 11). 

 

Figure 4.3: a. Cerrado land use and soy-driven land cover change based on MapBiomas v5 (2020) and b. publicly 
designated protected areas and indigenous reserves based on IBGE (2020). Soy-deforestation was defined as all conversion of 
forest (MapBiomas class 4,5 & 6) to soybeans that occurred after 2001. Reproduced with permission from Garrett et al. 

(2022) 

Infrastructural constraints were the second most common risk mentioned by participants, in 

particular transport network quality and grain storage capacity. Bringing goods to port was 

considered both highly expensive and difficult in the region due to low road quality making 

transport costs variable and unpredictable (Farmer 1, 6, 7, 8; Expert 1, 3, 7). Low availability of 

silos to store production was also reported (Farmer 1, 2, 6, 7, 8; Expert 1, 2, 3, 7, 8, 10). This 

resulted in some producers �K�D�Y�L�Q�J���W�R���H�L�W�K�H�U���V�H�O�O���G�L�U�H�F�W�O�\���D�W���W�K�H���S�R�L�Q�W���R�I���K�D�U�Y�H�V�W���R�U���W�R���V�W�R�U�H���L�Q���´silo 

bolsas�µ�����S�O�D�V�W�L�F���V�L�O�R���E�D�J�V���X�V�H�G���W�R���V�W�R�U�H���V�R�\���R�Q���S�U�R�S�H�U�W�\���U�H�O�D�W�L�Y�H�O�\���L�Q�H�[�S�H�Q�V�L�Y�H�O�\�����E�X�W���L�Q���D���P�D�Q�Q�H�U���W�K�D�W��

is far less secure against damage, particularly by wildlife (Expert 3). Infrastructural constraints are 

a typical feature of frontiers, contributing to high transaction costs for farmers  (Byerlee et al., 

2017). Although infrastructure presents a bottleneck for agriculture in the Cerrado, the risk it poses 

should be seen in light of the high rates of growth and agglomeration observed regionally (Garrett 

et al., 2013; Richards, 2018). Grain storage capacity as of 2020 in Matopiba was just under 12 

million tons, an increase of 70% since 2000, 20% higher growth than the national average 

(CONAB, 2020). Already in 2016 there were 877 grain storage facilities present in the region 
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(Pereira et al., 2018). Indeed, several participants, despite viewing infrastructure as a risk, also 

indicated that conditions had rapidly improved in recent years (Farmer 6, 10; Expert 1, 2, 4, 10).  

4.4.2 Low perceived conservation threat from rent-seeking activities  

In line with previous work, we found that the importance of conserving the Cerrado, for 

biodiversity, carbon stocks, or for use by traditional or indigenous communities to be undervalued 

in industry and political dialogues regarding the Cerrado (Bezerra and Gonzaga, 2019; Bonanomi 

et al., 2019; Lahsen et al., 2016). We found that Aprosoja, the �P�D�M�R�U���V�R�\���S�U�R�G�X�F�H�U�V�·���D�V�V�R�F�L�D�W�L�R�Q���L�Q��

Brazil, downplayed any conservation threats in the region, explicitly stating in an open letter to 

�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �D�F�W�R�U�V���� �´the Brazilian Cerrado is not threatened with extinction and soy is not a 

�U�H�O�H�Y�D�Q�W�� �I�D�F�W�R�U�� �L�Q�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�«the soybean area in the Cerrado of MATOPIBA can double 

without threatening the preservation of the biome, contrary to what is said by Europeans and their 

�1�*�2�V�µ��(Aprosoja Brasil, 2019).  

Although several participants reflected that conserving the Cerrado was important, particularly for 

protecting water supplys (Farmer 5, 11; Expert 9, 11, 14), it was also reflected that the conservation 

�Y�D�O�X�H���R�I�� �W�K�H���&�H�U�U�D�G�R���Z�D�V���O�R�Z�����)�D�U�P�H�U�������� ������ ������ �(�[�S�H�U�W������������������ �(�[�S�H�U�W���������D�U�J�X�H�G���´�7�K�H���H�F�R�Q�R�P�L�F��

interests in the Cerrado are not present in the Amazon and everyone has an eye on the Amazon. 

People care a lot about it, so it is bad politically and economically for Brazil to continue expanding 

�V�R�\���W�K�H�U�H�µ. This reflects a pragmatic position on agricultural expansion in the Cerrado, grounded 

�L�Q�� �W�K�H�� �U�H�J�L�R�Q�·�V�� �S�R�W�H�Q�W�L�D�O���I�R�U�� �U�H�Q�W�� �D�F�T�X�L�V�L�W�L�R�Q�� �D�Q�G���D���S�H�U�F�H�S�W�L�R�Q�� �W�K�D�W�� �W�K�H���&�H�U�U�D�G�R�� �L�V�� �O�R�Z�H�U���R�Q�� �W�K�H��

conservation agenda than the Amazon.  

4.4.3 Rapid agglomeration & political consolidation of pro-agriculture 

institutions 

Despite the region being identified as an active frontier, numerous signs were identified that reflect 

the rapid emergence of an agglomeration economy that not only enhanced the profitability of soy 

production in the biome, but also helped consolidate agricultural interests. The region has received 

major private and public investment in transport infrastructure, grain storage, and export capacity 

(Pereira et al., 2018; Russo Lopes et al., 2021). Several research participants argued that despite 

some shortcomings, infrastructure, business links and credit access had improved significantly 

while available land for agricultural expansion remained abundant (Farmer 1, 7, 9, 11 Expert 1; 4; 

�����������)�D�U�P�H�U�������V�W�D�W�H�G���´�L�W�·�V���H�D�V�\���W�R���V�W�D�U�W���D���E�X�V�L�Q�H�V�V���K�H�U�H���E�H�F�D�X�V�H���W�K�H�U�H���L�V���O�R�W�V���R�I���R�S�H�Q���V�S�D�F�H�����E�X�W���L�W��

has become easier because now there is more flexibility and access to ind�X�V�W�U�\�µ�����/�D�Q�G���S�U�L�F�H�V���D�Q�G��
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productivity were also viewed as having increased (Farmer 2, 6, 8, 9; Expert 1, 3, 8) with one farmer 

stating they produced �´�R�Q�H���V�D�F�N���R�I���V�R�\���S�H�U���K�H�F�W�D�U�H���S�U�R�G�X�F�H�G���L�Q���W�K�H�����������V�����Q�R�Z���L�W�V�������µ�����)�D�U�P�H�U����������

Although it was still felt that large areas remained for potential soy expansion, participants, 

particularly in Bahia, also felt consolidation was also occurring, particularly flat areas of the Cerrado 

�K�L�J�K�O�D�Q�G�V�����)�D�U�P�H�U���������(�[�S�H�U�W�������������������������������������´�3�U�R�G�X�F�W�L�R�Q���V�W�D�U�W�H�G���D�W���W�K�H���W�R�S���D�Q�G���L�V���P�R�Ying down [off 

the high Cerrado plateau]�����E�X�W���D�I�W�H�U���W�K�U�H�H���\�H�D�U�V���W�K�H�V�H���Q�H�Z���D�U�H�D�V���Z�L�O�O���E�H���S�U�R�G�X�F�W�L�Y�H�µ�����(�[�S�H�U�W���������� 

Further signs for rapid agglomeration and investment come from the abundance of soy buyers 

available to producers. New soy buyers are rapidly entering the soy market of the Cerrado, 

particularly Matopiba, and are building silos and crushing plants to support their endeavors (Pereira 

et al., 2018; Trase, 2018). There was a consensus between farmers and experts, including all soy 

�E�X�\�H�U�V�� �L�Q�W�H�U�Y�L�H�Z�H�G���� �W�K�D�W�� �W�K�H�� �0�D�W�R�S�L�E�D�� �U�H�J�L�R�Q�� �L�V�� �D�� �V�H�O�O�H�U�V�·�� �P�D�U�N�H�W�� �Z�K�H�U�H�� �G�H�V�S�L�W�H�� �G�H�P�D�Q�G��

outstripping supply, new traders are beginning operations (Farmer 1, Expert 1, 4, 9). All soy 

producers described themselves as having numerous options of who to sell to and, when asked, 

described soy as very easy to sell. Several producers mentioned that they were currently or 

considering selling to traders that had begun operations in Matopiba more recently, such as Agrex 

and CHS (Farmer 1, 8, 12). Neither of these firms were operating in the region prior to 2010, nor 

have they signed ZDCs as of publication (Ermgassen et al., 2020a). It was highly challenging to 

obtain agreement from representatives of trader companies to participate in this study, but among 

the three representatives that participated, all of whose companies had ZDCs, it was universally 

�I�H�O�W�� �W�K�D�W�� �I�L�O�O�L�Q�J�� �F�D�S�D�F�L�W�\�� �Z�D�V�� �F�K�D�O�O�H�Q�J�L�Q�J���� �2�Q�H�� �E�X�\�H�U�� �V�D�L�G���� �´�7�K�H�� �P�D�U�N�H�W�� �K�H�U�H�� �I�R�U�� �V�R�\�� �L�V�� �K�L�J�K�O�\��

competitive �² �D�W���W�K�H���P�R�P�H�Q�W���Z�H���J�H�W���Z�K�D�W���Z�H���Q�H�H�G���E�X�W���L�W�·�V���K�D�U�G�µ�����(�[�S�H�U�W 6).  

Numerous nonstate pro-agricultural development institutions are present in the Cerrado, 

operating extensively both regionally and on the national and international stage. National 

organizations such as the Brazilian Association of Soy Producers (Aprosoja) has strong presences 

in each state in the biome (Aprosoja, 2021). Producer cooperatives and syndicates are also 

widespread (Jepson, 2006). Regional organizations, such as Bahian Association of Farmers and 

Irrigators (AIBA), have successfully organized resistance against private policies, in particular the 

expansion of the Soy Moratorium to the Cerrado. In 2019, an open letter from six producer 

organizations in Bahia, including AIBA, was sent to the Director of Sustainability at Cargill 

stressing that producers in the region should not be hindered from exercising their legal right to 

opening new areas and capture the rent associated with this (AIBA, 2019). In response, Cargill 

issuing a statement that they are against the presence of a soy moratorium in the Cerrado, reflecting 

the political influence of such organizations (Noticias Agricolas, 2019). 
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4.4.4  Limited support for private and public conservation interventions in the 

Cerrado  

Despite growing pressure to conserve the Cerrado and the presence of clear threats to native 

vegetation from soy expansion (Cerrado Manifesto, 2017; Strassburg et al., 2017), agribusiness 

industry institutions consistently try to brand soy production as sustainable. In an open letter to 

�W�K�H���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���F�R�P�P�X�Q�L�W�\�����$�S�U�R�V�R�M�D���S�U�H�V�H�Q�W�H�G���D�Q���H�[�S�O�L�F�L�W���F�R�X�Q�W�H�U�D�W�W�D�F�N���W�R���Z�K�D�W���W�K�H�\���F�D�O�O�H�G���´�W�K�H��

�U�H�F�H�Q�W���R�I�I�H�Q�V�L�Y�H���R�I�� �1�*�2�V���D�Q�G���P�H�P�E�H�U�V���R�I�� �W�K�H���(�X�U�R�S�H�D�Q���V�R�\�E�H�D�Q���L�P�S�R�U�W���Q�H�W�Z�R�U�N�µ (Aprosoja 

Brasil, 2019). The letter argues Brazilian production is the most sustainable �L�Q���W�K�H���Z�R�U�O�G���´�E�H�D�U�L�Q�J��

�W�K�H���F�R�V�W���R�I���W�K�H���H�Q�W�L�U�H���V�R�F�L�H�W�\�����Z�L�W�K�R�X�W���O�R�V�L�Q�J���F�R�P�S�H�W�L�W�L�Y�H�Q�H�V�V�µ�����W�K�D�W���S�U�R�G�X�F�W�L�R�Q���R�I���V�R�\���L�Q���0�D�W�R�S�L�E�D��

�´�F�D�Q���D�Q�G���Z�L�O�O���J�U�R�Z�«�D�Q�G���L�V���V�W�L�O�O���D�E�O�H���W�R���G�R�X�E�O�H���L�W�V���D�U�H�D���Z�L�W�K�R�X�W���W�K�U�H�D�W�H�Q�L�Q�J���Q�D�W�L�Y�H���Y�H�J�H�W�D�W�L�R�Q�µ�����D�Q�G  

that �´�V�R�\���S�U�R�G�X�F�H�U�V���G�R���Q�R�W���Q�H�J�R�W�L�D�W�H���Z�L�W�K���1�R�Q-�*�R�Y�H�U�Q�P�H�Q�W�D�O���2�U�J�D�Q�L�]�D�W�L�R�Q�V���µ��(Aprosoja Brasil, 

2019).  

Instead of market exclusion supply chain policies, producers and pro-agriculture institutions in the 

Cerrado advocate for sustainable, responsible, and eco-certified soy that offers producers positive 

incentives (Bastos Lima and Persson, 2020; Sawyer and Lahsen, 2016). The Cerrado, and Matopiba 

in particular, has a major concentration of certified soy globally. There were over 3 million tons of 

Roundtable on Responsible Soy (RTRS) certified production produced in the Cerrado in 2018, 

with over 30% of production in Maranhão and 16% in Piauí alone certified by RTRS (Freitas and 

Buosi, 2018; RTRS, 2021). Only one of the soy farmers who participated in this study were 

certified, through both the RTRS and Soja Plus. Although RTRS certification requires zero-

deforestation, the farmer who had achieved certification did not view it as challenging to obtain, 

but simply costly (Farmer 6). Previous work considers soy certification unlikely to achieve biome-

level conservation or address associated socio-economic issues (e.g., Bastos Lima and Persson, 

2020; Garrett et al., 2016; Schilling-Vacaflor et al., 2021). Such certification may, therefore, simply 

serve to greenwash soy production in the sector, further strengthening the region as a sacrifice 

zone. 

We found that research participants had high awareness of public and private environmental 

policies in the neighboring Amazon and a strong stance against rules expanding beyond the current 

legal framework. The majority of producers and experts interviewed were aware of the Soy 

Moratorium in the Amazon, with a large minority aware of discussions to expand the Moratorium 

to the Cerrado (Farmer 6, 7, 11; Expert 1, 3, 6, 7, 9, 10, 13). In all cases, even amongst the 

participant who was RTRS certified and therefore required to observe zero-deforestation on their 
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property, participants were highly negative towards the expansion of the Moratorium to the 

�&�H�U�U�D�G�R���� �,�W�� �Z�D�V�� �I�H�O�W�� �W�R�� �E�H�� �X�Q�I�D�L�U�� �W�R�� �´�O�L�P�L�W�� �D�� �I�D�U�P�H�U�� �Z�K�R�� �I�R�O�O�R�Z�V�� �W�K�H�� �)�R�U�H�V�W�� �&�R�G�H�µ�� ���(�[�S�H�U�W�� ����. 

Additionally, it was argued �W�K�D�W�� �D�� �P�R�U�D�W�R�U�L�X�P�� �Z�R�X�O�G���V�W�\�P�L�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �L�Q�� �´�D�Q�� �D�U�H�D���I�D�U�� �P�R�U�H��

disposed t�R���J�U�D�L�Q���S�U�R�G�X�F�W�L�R�Q���W�K�D�Q���W�K�H���$�P�D�]�R�Q�µ�����(�[�S�H�U�W�����������D�Q�G���W�K�D�W���´�L�W���L�V���Q�R�W���W�K�H���E�H�V�W���Z�D�\�� �W�R��

�V�W�L�P�X�O�D�W�H���S�U�H�V�H�U�Y�D�W�L�R�Q�µ�����(�[�S�H�U�W���������� 

There was also an awareness that local producer organizations, such as Aprosoja and local 

�V�\�Q�G�L�F�D�W�H�V�� �Z�H�U�H�� �´�Z�R�U�N�L�Q�J�� �W�R�� �S�U�H�Y�H�Q�W�� �W�K�H�� �6�R�\�� �0�R�U�D�W�R�U�L�X�P�� �I�U�R�P�� �K�D�S�S�H�Q�L�Q�J�� �K�H�U�H�µ�� ���)�D�U�P�H�U�� ��������

Particularly concerningly, several participants felt that the presence and expansion of moratoria in 

�%�U�D�]�L�O���Z�H�U�H���G�U�L�Y�H�Q���E�\���´�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�«�K�L�G�G�H�Q���I�R�U�F�H�V���W�K�D�W���G�R�Q�·�W���Z�D�Q�W���D�J�U�L�F�X�O�W�X�U�H���L�Q���%�U�D�]�L�O�µ�����)�D�U�P�H�U��

2). Several participants argued that international entities were using environmentalism as a strategy 

to hinder Brazilian development (Farmer 2; Expert 1, 9). The combination of high awareness of 

the Amazon Soy Moratorium, the presence of both time and capacity to organize against its 

expansion, and a belief by some that moratoria are a covert strategy to hinder development in 

Brazil present a significant barrier to the acceptance and adoption of more rigorous private or 

public policies in the region. 

There was a strong entitlement amongst producers in the region regarding their right to clear land 

up to the legal limit. In the open letter written by several West Bahian producer organizations to 

Cargill regarding their position against zero-deforestation, it was stated th�D�W���´�W�K�H���I�D�U�P�H�U���K�D�V���E�H�H�Q��

complying with the Brazilian environmental legislation, having, therefore, the same right to enjoy 

�Z�K�D�W�� �L�V�� �D�O�O�R�Z�H�G�� �E�\�� �W�K�L�V�� �V�D�P�H�� �O�H�J�L�V�O�D�W�L�R�Q�µ��(AIBA, 2019). Some research participants viewed 

conservation legislation as appropriate (Farmer 5, 10; Expert 1, 9), with Expert 9 describing the 

�)�R�U�H�V�W���&�R�G�H���D�V���´�H�[�S�H�Q�V�L�Y�H���E�X�W���I�D�L�U�µ�����(�[�S�H�U�W�����������2�W�K�H�U�V���D�U�J�X�H�G���W�K�D�W���´���������R�I���%�U�D�]�L�O���L�V���V�W�L�O�O���Q�D�W�X�U�D�O��

�Y�H�J�H�W�D�W�L�R�Q�����V�R���,���G�R�Q�·�W���O�L�N�H���W�K�D�W���Z�H���K�D�Y�H���W�R���S�U�H�V�H�U�Y�H�����������R�I���R�X�U���S�U�R�S�H�U�W�L�H�V�µ�����)�D�U�P�H�U���������D�Q�G���W�K�D�W���W�R��

avoid deforestation there should be payments to compensate for any avoided deforestation 

(Farmer 11; Expert 3). A minority of participants presented a hostile stance towards public policies 

���)�D�U�P�H�U���������(�[�S�H�U�W�������������������������Z�L�W�K���R�Q�H���V�W�D�W�L�Q�J���W�K�D�W���´�L�Q���W�K�H���S�D�V�W���,���Z�R�X�O�G���K�D�Y�H���E�H�H�Q���D�E�O�H���W�R���G�H�I�R�U�H�V�W��

�Z�K�D�W�� �,�� �Q�H�H�G���� �E�H�F�D�X�V�H�� �V�D�W�H�O�O�L�W�H�� �P�R�Q�L�W�R�U�L�Q�J�� �G�L�G�Q�·�W�� �H�[�L�V�W�µ�� ���)�D�U�P�H�U�� ����. Public policies were also 

perceived to be avoidable with sufficient economic or political capital, with Farmer 12 stating 

�´�W�K�H�U�H���D�U�H���K�D�U�G���O�D�Z�V�����W�K�H�\���H�[�L�V�W���D�Q�G���V�R�P�H�W�L�P�H�V���W�K�H�\���D�U�H���H�Q�I�R�U�F�H�G���D�Q�G���V�R�P�H�W�L�P�H�V���Q�R�W���G�H�S�H�Q�G�L�Q�J���R�Q��

the area and person; it depends on l�D�Z�\�H�U�V���D�Q�G���R�W�K�H�U���Y�D�U�L�D�E�O�H�V�µ�� 

Although most of the producers who participated in this study were connected to zero-

deforestation supply chains, we were unable to identify an impact of these policies on producer 

behavior, likely indicating their conservation capability is at present limited. 67% of the farmers 
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who participated in this study sold goods to companies who had signed zero-deforestation 

agreements. However, all participants reported that there was no difference in documentation or 

deforestation requirements between buyers with or without a private policy. Most participants 

stated that to sell soy, producers had to be registered in CAR and not to have deforested illegally, 

�P�H�D�Q�L�Q�J���W�K�H�\���F�R�P�S�O�\���Z�L�W�K���W�K�H���%�U�D�]�L�O�L�D�Q���)�R�U�H�V�W���&�R�G�H�·�V���U�H�V�W�U�L�F�W�L�R�Q�V���R�Q���W�K�H���V�K�D�U�H and areas of the 

property that can be cleared. The significance of this is that in all cases, irrespective of whether 

farmers were within a ZDC supply chain, they were able to deforest between 65 and 80% of their 

properties. Farmers broadly felt that suppliers monitored them to ensure compliance with zero-

illegality and that CAR was required before preliminary negotiation could begin (Farmer 1, 2, 6, 7; 

Expert 1, 3, 4, 6, 8, 10, 13). All farmers stated that neither deforestation requirements nor 

documentation were a consideration when choosing a buyer and were far more concerned by price 

(Farmer 1, 2, 7, 9, 12; Expert 4), personal relationship (Farmer 6; Expert 4, 5, 7), and the offering 

of secure contracts (Farmer 1). 

In several interviews, participants mentioned doubts that soy buyers were fully enforcing legal 

requirements but saw no differences between ZDC and non-ZDC buyers regarding these 

enforcement failures. It was argued that due to the volumes of soy traders were buying, they were 

unable to ver�L�I�\���W�K�H���R�U�L�J�L�Q���R�I���D�O�O���W�K�H�L�U���S�X�U�F�K�D�V�H�V�����L�Q�V�W�H�D�G���´�W�U�D�G�H�U�V���F�D�Q���J�X�H�V�V���Z�K�H�W�K�H�U���V�R�\���F�D�P�H���I�U�R�P��

�H�P�E�D�U�J�R�H�G���O�D�Q�G���E�\���W�K�H���I�D�F�W���W�K�D�W���Z�L�W�K�R�X�W���&�$�5���D�Q�G���R�W�K�H�U���G�R�F�X�P�H�Q�W�V�����W�K�H���S�U�R�G�X�F�H�U�V���Z�R�X�O�G�Q�·�W���K�D�Y�H��

�E�H�H�Q���D�E�O�H���W�R���J�H�W���F�U�H�G�L�W���L�Q���W�K�H���I�L�U�V�W���S�O�D�F�H�µ�����(�[�S�H�U�W����������Others stated that it was possible to sell soy 

without having to provide CAR (Farmer 9; Expert 1), which is the primary tool buyers reported 

using to check for illegal deforestation. 

Since fieldwork was completed in 2018 there have been changes in the ZDC landscape in the 

Ce�U�U�D�G�R�����7�K�H���P�R�V�W���L�P�S�R�U�W�D�Q�W���G�H�Y�H�O�R�S�P�H�Q�W�V���D�U�H���9�L�W�H�U�U�D�����I�R�U�P�H�U�O�\���*�O�H�Q�F�R�U�H���·�V���V�L�J�Q�L�Q�J���R�I���D���]�H�U�R-

deforestation policy covering all of their operations worldwide and the beginning of the Soft 

Commodity Forum. The latter is a collective agreement including many of the largest soy buyers 

in the region which is global in scope, but currently focused on the Cerrado. However, despite 

these developments, it is highly unlikely that conditions on the ground have changed. The Soft 

Commodity Forum monitors 61 of the 337 municipalities in the Cerrado and currently does not 

require signatories to exclude producers for non-compliance (SCF, 2021). Viterra does not state 

the forest definition used or the steps taken against non-compliance except to block invoices 

pending investigation (Viterra, 2021). New policies appear to lack exclusion strategies and 

preexisting commitments by individual companies still have cut-off dates for zero-deforestation 
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that are in the future. We therefore expect that on-the-ground policy conditions in the Cerrado 

will not differ significantly from when fieldwork was conducted in 2018. 

4.5 Discussion 

In this paper we revisited the concept of the sacrifice zone and integrated it into frontier theory 

and then applied our concept of the sacrifice frontier to the Brazilian Cerrado. In doing so, we 

aimed to understand the degree to which soy processes in the Cerrado, on�H���R�I���W�K�H���Z�R�U�O�G�·�V���P�R�V�W��

biodiverse and threatened ecosystems, conform to this characterization and how this depiction 

influences the likely effectiveness and acceptance of public and private conservation policies at 

halting or slowing frontier expansion.  

Our analysis identified a clear sacrifice zone narrative in the Cerrado, i.e., that the biome is seen as 

a place of high economic value and low conservation value with respect to the need for additional 

regulations and in comparison to the neighboring Amazon biome. We found that producers, both 

in our interviews and in public dialogues, were advocating for their continued right to clear native 

�Y�H�J�H�W�D�W�L�R�Q���X�S���W�R���W�K�H���O�L�P�L�W���D�O�O�R�Z�H�G���E�\���W�K�H���%�U�D�]�L�O�L�D�Q���)�R�U�H�V�W���&�R�G�H�����D�Q�G���U�H�J�U�H�W���W�K�D�W���W�K�H�\���F�R�X�O�G�Q�·�W���J�R��

further. This sacrificeability (for soy expansion) was bolstered by well-�R�U�J�D�Q�L�]�H�G�� �S�U�R�G�X�F�H�U�V�·��

organizations that opposed the expansion of punitive deforestation controls, high opportunity 

costs to move from zero illegal to zero gross deforestation, and large sunk investments in the 

region. �7�K�H���&�H�U�U�D�G�R���D�O�V�R���D�S�S�H�D�U�V���W�R���E�H���D���V�H�O�O�H�U�·�V���P�D�U�N�H�W���Z�K�H�U�H���=�'�&���F�R�P�S�D�Q�L�H�V�����G�H�V�S�L�W�H���Q�R�W���K�D�Y�L�Q�J��

implemented their commitments, are already competing for production with traders that do not 

have any sustainability policies. Our results further suggest that these characteristics strengthen 

entitlements to deforest and impair efforts to increase both public and private deforestation 

regulations.  

4.5.1 Sacrifice zones illustrate how local industry flexes their power to preempt 

regulation  

Scholars of transnational governance have thus far focused on how global value chain actors 

�H�[�H�U�F�L�V�H���W�K�H�L�U���K�H�U�H�W�R�I�R�U�H���X�Q�S�U�H�F�H�G�H�Q�W�H�G���S�R�Z�H�U���´�W�R���Z�U�L�W�H���W�K�H�L�U���R�Z�Q���U�X�O�H�V���D�Q�G���D�Y�R�L�G���E�L�Q�G�L�Q�J���V�W�D�W�H��

�U�H�J�X�O�D�W�L�R�Q�µ��(Bartley, 2021). In the Brazilian soy sector, a large focus has been placed on neo-

�H�[�W�U�D�F�W�L�Y�L�V�P���H�P�E�R�G�L�H�G���E�\���V�X�F�K���V�X�S�S�O�\���F�K�D�L�Q���S�R�O�L�F�L�H�V�����Z�L�W�K���V�F�K�R�O�D�U�V���D�U�J�X�L�Q�J���´�W�K�H�V�H���S�U�R�J�U�D�P�V���K�D�Y�H��

questionable environmental benefits at best and at worst work to reenforce the hegemony of 

international environmental organizations, to green the image of agri-�E�X�V�L�Q�H�V�V�µ��(Baletti, 2014). 

Here, we suggest that the making of sacrifice zones can be conceptualized as an effort of producing 
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regions to write their own rules to avoid more stringent supply chain regulations imposed upon 

them by multinational companies. This conceptualization is in line with how Hecht (2005; 2017) 

and Brannstrom (2008) originally described sacrifice zones, but it has not received sufficient 

attention within the broader transnational environmental governance literature, despite calls to 

better ground that literature in the realities of local context (Graz, 2021). 

 The case of �W�K�H���&�H�U�U�D�G�R���V�X�J�J�H�V�W�V���W�K�D�W���I�D�U�P�H�U�V�·���X�Q�L�R�Q�V���D�Q�G���D�J�U�L�E�X�V�L�Q�H�V�V���L�Q�V�W�L�W�X�W�L�R�Q�V���L�Q���S�U�R�G�X�F�L�Q�J��

regions undersell the conservation value and upsell the production value of their region as a way 

to preempt further regulation. That such an approach has been successful can be seen in 

�P�X�O�W�L�Q�D�W�L�R�Q�D�O�� �F�R�P�S�D�Q�L�H�V�·�� �U�X�S�W�X�U�H�G�� �D�W�W�H�P�S�W�V�� �W�R�� �L�P�S�O�H�P�H�Q�W�� �J�O�R�E�D�O�� �V�R�\�� �=�'�&�V�� �W�K�U�R�X�J�K�� �P�D�U�N�H�W��

exclusion approaches in the region (Garrett et al., 2022). However, as active participants in frontier 

formation and expansion in the Cerrado, supply chain companies should not be viewed as receivers 

of local narratives of the Cerrado sacrifice zone, but as co-producers. What remains unclear is 

whether supply chain policy implementers, such as soy traders, welcome this contestation of supply 

chain governance efforts as a legitimate reason to delay taking any costly action. For example, 

recent research on oil palm deforestation governance in Indonesia suggests that some companies 

use implementation challenges to justify a lack of progress in eliminating palm-driven deforestation 

in their supply chains (Grabs and Garrett, In review).  If this is the case, then the risk of 

greenwashing is particularly high in sacrifice frontiers, as companies are able to support 

conservation policies while simultaneously washing their hands of their ability to enact change.  

4.5.2 Broadening deforestation governance in sacrifice frontiers 

The political narratives and reinforcing perceptions of a sacrifice frontier alter what can be 

expected of both public and private conservation policies in such frontiers, particularly private 

policies that lack a legal basis, such as ZDCs. The legitimacy of such policies is likely to be low and 

resistance to their implementation is expected to be high and well organized. This does not mean 

that private conservation interventions are not worthwhile in sacrifice frontiers, particularly if they 

�U�H�S�U�H�V�H�Q�W���D���S�X�E�O�L�F���D�Q�G���F�R�P�P�L�W�W�H�G���V�K�L�I�W���L�Q���V�X�S�S�O�\���F�K�D�L�Q���F�R�P�S�D�Q�L�H�V�·���S�D�U�W�L�F�L�S�D�W�L�R�Q���L�Q���V�D�F�U�L�I�L�F�H���]�R�Q�H��

narratives. However, inducing producers to comply requires additional actions that are aligned 

with local conditions and a combination of public and private interventions to alter behavior 

beyond those willing to engage with ZDC companies.  

One key implication of our findings is that, due to the competition for production, ZDC 

implementers will likely face being outcompeted by buyers who have lower sustainability 

requirements. We suggest that to encourage compliance with supply chain policies, commodity 
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traders should look for locally specific leverage points that can help incentivize producers to 

comply with their policies. In the Cerrado, farmers identified the presence of a narrow window to 

plant due to climatic constraints and a slow process for credit acquisition as two of the principal 

risks that they face.  These conditions have already led many producers to rely on soy traders for 

credit access. It is also likely that such constraints will worsen with changing climatic conditions 

(Rattis et al., 2021; Reis et al., 2020). We therefore suggest that a locally specific leverage point that 

could enable higher ZDC compliance in the Cerrado would be the offering of credit with higher 

security and lower rates for producers who comply with corporate environmental rules by soy 

traders. We expect that this would be particularly effective if the credit offered is also made 

available more quickly than alternative credit providers as this would enable farmers to meet 

narrow planting windows more easily. 

Because of the importance of local narratives to effective ZDC implementation, supply chain 

actors should go beyond relying solely on individual company commodity-centric exclusion 

mechanisms and actively participate in changing local narratives regarding conservation without 

watering down the rigor of their commitments. Such interventions include engagement with 

nonstate actors like producer organizations and syndicates currently opposed to market exclusion 

measures. Other options are inclusive capacity building measures and positive incentives to 

overc�R�P�H���I�D�U�P�H�U�V�·���U�H�V�L�V�W�D�Q�F�H���W�R���J�U�H�D�W�H�U���U�H�J�X�O�D�W�L�R�Q���D�Q�G���W�K�H���K�L�J�K���R�S�S�R�U�W�X�Q�L�W�\���F�R�V�W�V���R�I���F�R�P�S�O�L�D�Q�F�H����

As has been discussed elsewhere, the provision of positive incentives is particularly challenging as 

it can, especially if targeted at the main drivers of land use change, reinforce existing perceptions 

regarding the entitlement to deforest (Garrett et al., 2022). This could further entrench sacrifice 

zone narratives regionally which could worsen environmental losses, particularly if companies 

eventually halt payments. Yet, inclusive incentives that support a broad range of actors to restore 

and conserve their land, beyond just soy producers, may be a promising way forward given the 

political resistance to punitive measures identified.  

While we found evidence of companies acquiescing to producer demands in the Cerrado, it must 

be acknowledged that supply chain companies are powerful actors in the regions they source from. 

Sacrifice zones may be particularly competitive spaces where producers are able to resist such 

power, but these companies can nonetheless alter local narratives through their actions, particularly 

if such actions are carefully worded and locally specific. For companies to have transformational 

impacts that can slow frontiers and prevent the sacrifice of vulnerable regions they must be active 

participants in changing narratives around deforestation locally. They should, therefore, become 

activists for improved territorial governance and supporters of new economic models and value 
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chain developments that support creating value within landscapes without degrading the regions 

natural capital. Without developing a new bioeconomy or the emergence of new perspectives 

locally regarding viable pathways for improved wellbeing in the region, any efforts to tackle 

commodity-driven deforestation will be continuously undermined and counteracted by strong 

political, economic, and cultural pressures (Garrett et al., 2021).  

4.6 Conclusion 

Sacrifice frontiers present a wicked problem for efforts to prevent deforestation.  Unlike other 

frontiers, which are usually presented as high-risk challenges to be undertaken by enterprising 

pioneers, sacrifice frontiers are portrayed as economic opportunities that may be lost if pro-

conservation institutions have their way. As such, these frontiers represent spaces where farmers 

and pro-agribusiness institutions are willing to publicly and vocally organize against conservation 

efforts. This is particularly the case for efforts that might penalize producers or portray frontier 

expansion as unsustainable or environmentally challenging. In the Cerrado this has manifested 

through strong and sustained campaigning against the expansion of the Amazon Soy Moratorium 

to the Cerrado and a shifting of the narrative towards policies that reward producers, such as eco-

certified production. Participants, even those who vocalized pro-environmental sentiments and/or 

were eco-certified, were vocally opposed to the expansion of public or private measures that would 

penalize expansion.  

Our results indicate that companies alone will not prevent the Cerrado, or other regions like it, 

from being sacrificed. Transnational companies have less legitimacy and leverage to curb legal 

deforestation in such regions. They also risk pushback and loss of market position should they 

implement strict penalties for deforestation without additional actions or broader support. 

Interventions are needed that can overcome the strong expansionist narrative in such regions and 

assert the importance of conservation locally. One particularly promising action that could help to 

protect regions like the Cerrado would be legal zero-deforestation mandates by importing regions. 

If territories adopting such rules comprise a sufficiently high share of global imports, producers 

may be forced to comply, despite local resistance. Zero-deforestation mandates are currently being 

discussed by governments in the EU, the UK and Switzerland (European Parliament, 2020; Plüss 

and Tognina, 2019; UK Government, 2020). ZDCs also form the centerpiece of the global forest 

agreements signed by 141 nations at COP26 in Glasgow (UNFCCC, 2021a, 2021b). However, for 

these actions by import nations to be most successful, our results indicate that the interventions 

adopted should not be globally homogenous. Instead, international supply chain policies should 
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reflect local conditions in each region they are implemented and provide measures that can help 

change local perceptions of conservation interventions. 
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5 Conclusion 

5.1 Summary of thesis 

This thesis began with the observation that while zero-deforestation agreements are an increasingly 

common feature of forest-risk commodity supply chains, deforestation remains widespread in the 

sectors in which ZDCs have been implemented. Previous studies which examined these policies 

�I�R�X�Q�G���P�L�[�H�G���H�Y�L�G�H�Q�F�H���I�R�U���=�'�&�V�·���H�I�I�H�F�W�L�Y�H�Q�H�V�V���D�W���S�U�R�W�H�F�W�L�Qg natural ecosystems from conversion 

to agriculture. Private supply chain policies present several unique difficulties for rigorous causal 

examination. First, as conservation policies executed by private companies, ZDC implementation 

is highly heterogeneous even at local scales, making consistent estimation of their impacts 

challenging. Second, supply chains are complex, multi-level networks where linkages between 

actors are often opaque. This making it difficult to identify who is subject to a given policy. Third, 

ZDCs are distinct from public legislation and, to some extent, from prevalent political trends in 

the regions where these policies are applied. This means that ZDCs interact with simultaneously 

occurring local public policies and discourses which may be supportive, antagonistic, or even both.  

This thesis tackled each of these three challenges using a combination of quantitative and 

qualitative approaches to clarify the impacts that private policies have on deforestation through 

the cases of cattle and soy ZDCs in the Amazon and Cerrado biomes of Brazil. 

Chapter 2 assessed how local-level variation in policy exposure, measured by estimating the 

municipal-level market share of ZDC companies, influenced conservation outcomes in the cattle 

sector of the Brazilian Amazon. This chapter found that the G4 Agreement, the most widespread 

and strongly implemented ZDC in the cattle sector, reduced deforestation by 7,000 ± 4,000 km2 

(15 ± 8%). Had all firms adopted an effective ZDC, deforestation could have dropped by 24,000 

± 13,000 km2 (50 ± 28%). These findings indicate that controlling for variation in the ZDC 

�W�U�H�D�W�P�H�Q�W�����W�K�U�R�X�J�K���F�R�P�P�L�W�W�H�G���F�R�P�S�D�Q�L�H�V�·���P�D�U�N�H�W���F�R�Y�H�U�D�J�H�����L�V���R�I���F�U�L�W�L�F�D�O���L�P�S�R�U�W�D�Q�F�H���W�R���G�H�W�H�U�P�L�Q�H��

�Z�K�H�U�H�� �D�Q�G�� �W�R�� �Z�K�D�W�� �H�[�W�H�Q�W�� �=�'�&�V�� �D�U�H���D�I�I�H�F�W�L�Q�J���I�D�U�P�H�U�V�·�� �G�Hcisions to deforest. By doing so, this 

chapter shows that where supply chain policies are widespread, they can reduce deforestation 

substantially. However, our finding that cattle-driven deforestation would only fall by half, even if 

every meatpacking company adopted a ZDC, indicates that there are other weaknesses in these 

private policies that must also be improved to halt commodity driven deforestation. 

To understand this better, Chapter 3 developed a property level dataset of 51,975 cattle producers 

in the state of Pará to differentiate whether a producer participated in a ZDC supply chain and 
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whether this participation was direct or indirect. Using these data, this chapter investigated the 

�Z�D�\�V�� �W�K�D�W�� �L�Q�F�R�P�S�O�H�W�H�� �=�'�&�� �D�G�R�S�W�L�R�Q�� ���Y�L�D�� �S�U�R�G�X�F�H�U�V�·�� �D�E�L�O�L�W�\�� �W�R�� �D�Y�Rid ZDCs by selling to non-

committed companies, or ZDC evasion) and incomplete ZDC implementation to indirect 

suppliers (via farmers ability avoid ZDCs by selling through intermediaries, or cattle laundering) 

reduce ZDC effectiveness in the Brazilian Amazon. This chapter also examined whether leakage 

could be detected through these mechanisms. This chapter found that while direct suppliers to 

companies with ZDCs were 18% less likely to deforest than direct suppliers to companies without 

ZDCs, 96,311 ha of deforestation occurred on the properties of indirect suppliers to ZDC 

companies over the study period (81% of the total in ZDC supply chains) and 450,273 ha occurred 

in non-ZDC supply chains (74% of the total deforestation identified). Additionally, by examining 

the supply chain farmers participated in, both before and after deforestation, we were able to find 

evidence that direct suppliers of ZDC firms appeared to be evading ZDC rules and becoming 

indirect ZDC suppliers. Meanwhile, no statistical difference could be identified regarding the role 

�R�I�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �R�Q�� �G�L�U�H�F�W�� �=�'�&�� �V�X�S�S�O�L�H�U�V�·�� �O�L�N�H�O�L�K�R�R�G�� �W�R�� �E�H�F�R�P�H�� �Q�R�Q-ZDC suppliers. These 

findings suggest that while ZDCs are likely reducing deforestation among direct ZDC suppliers, 

ZDC effectiveness is undermined by limited policy adoption and implementation. Additionally, 

while both these weaknesses reduce policy effectiveness, only cattle laundering was found to be 

associated with leakage, as measured through changes in supply chain participation after becoming 

non-compliant. Therefore, improving both the coverage and the scope of ZDCs is required to 

�P�D�[�L�P�L�]�H���=�'�&�V�·���F�R�Q�V�H�U�Y�D�W�L�R�Q���L�P�S�D�F�W�V���Z�K�L�O�H���D�Y�R�L�G�L�Q�J���Q�H�J�D�W�L�Y�H���V�S�L�O�O�R�Y�H�U���H�I�I�H�F�W�V�� 

�7�K�H�V�H���D�Q�D�O�\�V�H�V���D�U�H���F�R�P�S�O�H�P�H�Q�W�H�G���E�\���&�K�D�S�W�H�U�����·�V���H�[�D�P�L�Q�D�W�L�R�Q���R�I���S�X�E�O�L�F���D�Q�G���S�U�L�Y�D�W�H���F�R�Q�V�H�U�Y�Dtion 

policy effectiveness in sacrifice frontiers, regions characterized as possessing reinforcing 

perceptions of low conservation importance and high economic potential, which make frontier 

expansion especially likely. This chapter built on the sacrifice zone concept as used by Hecht (2005;  

2016), incorporating it within frontier theory. This chapter then applied this theorization to the 

case of the Brazilian Cerrado. It was found that the Cerrado biome corresponds highly to the 

�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I�� �D�� �´�V�D�F�U�L�I�L�F�H�� �I�U�R�Q�W�L�H�U�µ, with local narratives presenting the region as highly 

suitable for agricultural expansion and of low conservation importance, particularly relative to the 

neighboring Amazon biome. In addition, the sacrifice frontier characteristics of political 

consolidation by agribusiness interests, low levels of public and private policy implementation, 

high agglomeration, and low perceived risks to frontier expansion were identified in the Cerrado. 

This chapter identified that these characteristics to be linked to high levels of resistance to public 

and private policies in the region.  These results indicate that preventing frontier expansion in 

sacrifice zones such as the Cerrado through ZDCs is highly challenging, as producers and 
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agribusiness organizations are resistant to market exclusion ZDCs locally and are able to 

powerfully organize against conservation efforts. In regions like the Cerrado, where public policies 

and discourses are inhibitive to market exclusion policies, interventions that seek to reduce 

deforestation will need to alter the prevailing narrative surrounding agricultural expansion and 

reduce the opportunity costs of compliance, including through policies that provide positive 

incentives or technical support to adapt to a deforestation-free production paradigm. However, to 

�D�Y�R�L�G�� �U�H�L�Q�I�R�U�F�L�Q�J�� �V�D�F�U�L�I�L�F�H�� �I�U�R�Q�W�L�H�U�� �Q�D�U�U�D�W�L�Y�H�V�� �U�H�J�D�U�G�L�Q�J�� �S�U�R�G�X�F�H�U�V�·�� �U�L�J�K�W�� �W�R�� �G�H�I�R�U�H�V�W���� �V�X�F�K��

interventions should be aimed at the landscape or jurisdictional level and be inclusive to all actors 

present in the region, particularly marginalized groups whose voices are already minimalized in the 

creation of sacrifice zone narratives.  

In summary, the overall goal of this thesis �Z�D�V���W�R���L�P�S�U�R�Y�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���U�H�J�D�U�G�L�Q�J���=�'�&�V�·���F�X�U�U�H�Q�W��

and potential effectiveness at reducing deforestation from commodity production. This was done 

by addressing key knowledge gaps in the extent and scale of conservation impacts in the Brazilian 

�$�P�D�]�R�Q�·�V�� �Fattle sector and examining how policy implementation, design and political context 

alters ZDC effectiveness. Through the three research chapters that constitute this thesis, progress 

has been made regarding these knowledge gaps. The results of this thesis indicate that ZDCs are 

reducing deforestation amongst their targeted populations in the Amazon biome. However, it was 

also found that deforestation in the Brazilian cattle and soy sectors is still widespread and that 

loopholes and political resistance limit the effectiveness of ZDCs. To achieve conservation 

reductions that can prevent the breaching of planetary boundaries or widespread forest dieback, 

further measures are required. These include increasing the market coverage of ZDCs, reducing 

leakage opportunities through expanding policies to indirect suppliers, and employing measures 

that are context-specific and take local public policies, narratives, and norms into account. 

5.2 Discussion of findings 

5.2.1 The effectiveness of zero-deforestation commitments  

As conservation policies made by companies, ZDCs are highly varied in both the 

comprehensiveness of the scope and the rigor by which they are implemented, all of which have 

�E�H�H�Q���W�K�H�R�U�H�W�L�F�D�O�O�\���V�X�J�J�H�V�W�H�G���W�R���D�O�W�H�U���S�R�O�L�F�L�H�V�·���H�I�I�H�F�W�L�Yeness at reducing deforestation (Austin et al., 

2021; Garrett et al., 2019; Lambin et al., 2018). Yet, because the implementing body is a private 

actor, ZDCs are also resistant to systematic assessment, with a limited, albeit growing body of 

evidence rigorously assessing their conservation achievements (Garrett et al., 2021b). Without 

accurate appraisal of both the impact ZDCs have had on deforestation and what policy and 
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contextual attributes underly or circumvent this effectiveness, companies may be able to use ZDCs 

as a smokescreen. This would facilitate firms greenwashing their poor environmental records 

through positive communication and headline grabbing declarations (Branford and Torres, 2017; 

Meyer and Miller, 2015; Pizzetti et al., 2019). 

This thesis found compelling evidence that private supply chain policies are not simply, or perhaps 

not necessarily, a tool for greenwashing. Previous theoretical work proposed that stringent 

requirements, including inclusive spatial and actor scope, alongside a supportive regulatory 

�H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�Q�G�� �K�L�J�K�� �P�D�U�N�H�W�� �F�R�Y�H�U�D�J�H���� �Z�H�U�H�� �O�L�N�H�O�\�� �W�R�� �E�H�� �N�H�\�� �F�U�L�W�H�U�L�D�� �I�R�U�� �=�'�&�V�·�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V��

(Garrett et al. 2019; Appendix D). This thesis has produced evidence supporting each of these 

�F�U�L�W�H�U�L�D�·�V���K�\�S�R�W�K�H�V�H�V�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���X�Q�G�H�U���F�R�Q�G�X�F�L�Y�H���F�R�Q�G�L�W�L�R�Q�V�����G�H�V�S�L�W�H���W�K�H���S�U�H�V�H�Q�F�H���R�I���O�H�D�N�D�J�H����

ZDCs can be a powerful governance tool that to combat deforestation while maintaining global 

food production.  

A large body of theoretical work suggests that conducive public policies are a key condition for 

ZDCs to be effective (Furumo and Lambin, 2020; Garrett et al., 2019; Lambin et al., 2018), a 

�S�H�U�V�S�H�F�W�L�Y�H���Z�K�L�F�K���W�K�L�V���W�K�H�V�L�V�·���I�L�Q�G�L�Q�J�V���V�X�S�S�R�U�W�����$�O�W�K�R�X�J�K���S�X�E�O�L�F���J�R�Y�H�U�Q�D�Q�F�H���L�Q���%�U�D�]�L�O���K�D�V���E�H�F�R�P�H��

more hostile and antagonistic towards conservation over the time this thesis was developed, many 

legal provisions and international pressure remain, particularly in the Amazon (de Area Leão 

Pereira et al., 2020, 2019; Garrett et al., 2021a). The positive conservation impacts of ZDCs found 

by Chapters 2 and 3 in the Amazon were not identified by Chapter 4 in the Cerrado. In the latter 

region, the few ZDCs present appear to be almost completely unimplemented. However, the 

findings of this chapter suggest that weak public policies are just part of the picture. Indeed, in 

�D�G�G�L�W�L�R�Q���W�R���W�K�H���F�U�L�W�H�U�L�D���S�U�H�Y�L�R�X�V�O�\���S�U�R�S�R�V�H�G�����W�K�L�V���W�K�H�V�L�V�·���I�Lndings suggest that local narratives can 

have a large impact on ZDC effectiveness, particularly in sacrifice frontiers. Therefore, while 

ZDCs have merit as a conservation tool, public policies and public discourses must be taken into 

account alongside a co�P�P�L�W�P�H�Q�W�·�V���V�F�R�S�H���D�Q�G���P�D�U�N�H�W���F�R�Y�H�U�D�J�H���W�R���J�D�L�Q���D���I�X�O�O���S�L�F�W�X�U�H���R�I���W�K�H���E�D�U�U�L�H�U�V��

a specific ZDC faces in reducing deforestation. 

5.2.2 The equity of zero-deforestation commitments 

While this thesis �S�U�R�Y�L�G�H�V���V�X�S�S�R�U�W���I�R�U���=�'�&�V�·�� �X�W�L�O�L�W�\�� �D�V���D���F�R�Q�V�H�U�Y�D�W�L�R�Q���W�R�R�O���� �I�X�U�W�K�H�U���D�W�W�H�Q�W�L�R�Q���L�V��

�U�H�T�X�L�U�H�G���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H�V�H���S�R�O�L�F�H�V�·���L�P�S�D�F�W�V���R�Q���U�X�U�D�O���O�L�Y�H�O�L�K�R�R�G�V���D�Q�G���H�T�X�L�W�\����Although this thesis 

was unable to investigate this question in depth, during my PhD I contributed to theoretical and 

empirical work investigating how ZDCs impact human wellbeing in several additional papers 

(Cammelli et al., 2022; Garrett et al., 2021b; Grabs et al., 2021; Appendices F, E & G, respectively). 
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We found ZDCs to be associated with trade-offs between effectiveness and equity, with low 

capacity to comply with ZDCs and high opportunity costs of shifting to a deforestation-free 

production system for poorer producers. This was identified as a particular issue in the Brazilian 

cattle sector, especially in comparison to wealthier farmers who are more likely to have cleared 

their land long before ZDC cut-off dates (Cammelli et al., 2022; Appendix F). Without assistance 

to comply with zero-deforestation polices, already disadvantaged producers in Brazil and across 

the tropics risk being left out of lucrative commodity markets, worsening inequality (Grabs et al., 

2021; Appendix G). In the Amazon, this could affect huge numbers of producers across an already 

unequal region. Cattle is the predominant land use in the region and it is increasingly a critical land 

use strategy among smallholder communities, who historically relied on fish, cassava, and 

agroforestry products (Caviglia-Harris, 2005; de Sy et al., 2015). If these actors are excluded from 

selling their products, this could create local resentment and unwanted spillovers that may 

�X�Q�G�H�U�P�L�Q�H���=�'�&�V�·���D�E�L�O�L�W�\���W�R���U�H�G�X�F�H���G�H�I�R�U�H�V�W�D�W�L�R�Q�� 

�2�I���S�D�U�W�L�F�X�O�D�U���L�P�S�R�U�W�D�Q�F�H���W�R���W�K�L�V���W�K�H�V�L�V�·���I�L�Q�G�L�Q�J�V���L�V���U�H�F�H�Q�W���Z�R�U�N���W�K�D�W���I�R�X�Q�G���L�Q�G�L�U�H�F�W���V�X�S�S�Oiers in the 

Brazilian cattle sector are often unable to adapt to or comply with ZDCs at present as they lack 

the resources or information required (Pereira et al., 2020) and are unlikely to be regularized 

(having resolved environmental and/or tenure issues)�����6�X�F�K���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·���S�Uoduction cannot 

be legally purchased by slaughterhouses, with or without ZDCs, locking these producers out of 

more lucrative supply chain positions (Cammelli et al., 2022, Appendix F). In work I contributed 

to, Cammelli et al (2022) also found that, despite not being within the scope of current ZDCs, 

small and medium farmers are increasingly exiting the cattle market due to declining prices and 

insurmountable barriers to sell to slaughterhouses, which include public and private policy 

requirements.  

All G4 cattle companies have announced plans to extend their commitments to indirect suppliers 

(JBS, 2021; Marfrig, 2020; Minerva Foods, 2021). Some of these companies have announced plans 

to achieve this by sourcing primarily from full-cycle farms, properties where animals are raised 

from birth to slaughter (The Economist, 2020). If this occurred, it would likely lock small-scale 

calf producers further out of the sector (Cammelli et al., 2022, Appendix F). These findings, 

alongside those of Chapter 3 of this thesis, indicate a major tension between effectiveness and 

equity when implementing ZDCs to indirect suppliers. Efforts to reduce leakage and laundering 

by including indirect suppliers within the scope of ZDCs as currently formulated (i.e., without 

specific provisions to assist indirect suppliers to comply) are likely to have major negative 

livelihood impacts for small and medium scale cattle producers in Brazil. It is therefore of vital 
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importance that both equity and effectiveness are taken into consideration in the design and 

implementation of ZDCs, both in Brazil and beyond. To avoid negative equity impacts, alongside 

measures to expand policy scope to include direct suppliers, steps must also be taken to assist 

smaller, more marginal producers to transition to zero-deforestation production systems through 

capacity building, and both financial and in-kind support (Grabs et al., 2021; Appendix G). 

5.2.3 Potential legitimacy issues from expanding the geographic and actor scope 

of ZDCs 

The inclusion of indirect suppliers within the scope of ZDCs, despite them being potentially 

unaware of who their downstream trade partners are, also raises questions regarding the legitimacy 

of supply chain policies. Policy legitimacy is the extent to which a policy is acceptable to 

participants, including who designs and implements the policy (Adger et al., 2003). A conservation 

policy is likely to be more effective, therefore, when both the policy and the implementer are 

viewed as legitimate. For forest-focused conservation policies, the framing of who is responsible 

for deforestation is highly important, as this determines whether an actor is penalized for 

deforesting land (i.e., breaching their responsibility to protect) or rewarded for choosing to 

conserve (i.e., forgoing their right to clear) (Garrett et al., 2022). In the case of ZDCs, the actors 

who degrade ecosystems are penalized while those who comply with the policy simply avoid the 

penalty. As ZDCs are implemented by companies and not by elected governments, this can reduce 

legitimacy (Cashore, 2002). Policies which attempt to govern distant, telecoupled or indirect 

phenomena are often characterized by weak legitimacy (Lenschow et al., 2016; Newig et al., 2020).   

Indirect suppliers have not themselves chosen to sell to a ZDC company and often lack the 

capacity to comply with such policies. They are, therefore, likely to perceive the expansion of ZDC 

scope to include them to be highly illegitimate if no measures are taken to ease their inclusion.  

Legitimacy is also influenced by pre-existing entitlements of both participants and implementers 

(Leach et al., 1999). Historical and political paradigms that give actors the right to clear land, and 

potentially incentivize this through financial incentives or narratives that view land use change as 

a tool for development or sovereignty gains, give a large degree of entitlement to producers 

regarding their right to deforest (Garrett et al., 2022). In highly forested regions, changes that 

increase de jure or de facto deforestation entitlements can result in rapid, widespread frontier 

expansion (Faingerch et al., 2021; le Polain de Waroux et al., 2018). In Chapter 4 of this thesis, I 

showed that perceptions of low conservation importance and high economic potential serve to 

reinforce such deforestation entitlements, supporting frontier expansion and rapid agglomeration. 



 
 

98 

This thesis found that in the Cerrado sacrifice frontier, the legitimacy of ZDCs, particularly those 

that do not offer financial compensation, is very low. Likely as a result, local agribusiness 

companies, organizations and producers were willing to vocally resist the ways in which such 

�S�R�O�L�F�L�H�V���L�Q�I�U�L�Q�J�H���R�Q���W�K�H�L�U���H�Q�W�L�W�O�H�P�H�Q�W���W�R���G�H�I�R�U�H�V�W���X�S���W�R���W�K�H���)�R�U�H�V�W���&�R�G�H�·�V���O�L�P�L�W�V�� 

Where ZDC legitimacy is low, whether upstream in a production system or in regions where strong 

historic entitlements to deforest prevail over conservation mindsets, ZDC companies likely cannot 

rely on market pressure alone. If they do, they are likely to face significant local resistance, as 

Chapter 4 identified has already occurred in the Cerrado. Whether indirect suppliers will be able 

to organize similar levels of resistance in the Amazon is yet to be seen. However, whether or not 

�W�K�H�V�H�� �S�U�R�G�X�F�H�U�V�� �G�R�� �U�H�V�L�V�W�� �=�'�&�V�·�� �H�[�S�D�Q�V�L�R�Q���� �P�D�M�R�U��negative livelihood impacts and potentially 

�V�X�S�S�O�\���G�L�V�U�X�S�W�L�R�Q�V���F�R�X�O�G���R�F�F�X�U���L�I���S�R�O�L�F�L�H�V�·���V�F�R�S�H�V���H�Q�O�D�U�J�H���Z�L�W�K�R�X�W���D�O�V�R���H�[�S�D�Q�G�L�Q�J���W�K�H���S�U�R�Y�L�V�L�R�Q���R�I��

assistance (Cammelli et al., 2022, Appendix F). 

5.3 Policy implications 

5.3.1 Not including indirect suppliers in commitments undermines, but does not 

eliminate the conservation impacts of ZDCs 

Indirect cattle suppliers are likely to be smaller, more marginal producers already facing challenging 

livelihood conditions in a sector marked by land concentration and increasingly large, industrialized 

ranches (Cammelli et al., 2022, Appendix F; Pereira et al., 2020). However, Chapter 3 of this thesis 

also showed that these producers are responsible for 81% of all deforestation that occurs in ZDC 

supply chains. While many of these producers are genuinely small-scale marginal producers 

providing young cattle for ranches that supply slaughterhouses directly, this thesis found statistical 

evidence that some are likely to be producers seeking to avoid commitments and launder their 

cattle. Planned steps by all three G4 companies to expand their policies to include indirect 

suppliers, if successful, are likely to increase ZDC effectiveness substantially within the Amazon 

biome, albeit at a cost for the most vulnerable producers in the region.  

While previous work suggested that such leakage may be nullifying the effectiveness of cattle 

ZDCs (Alix-Garcia and Gibbs, 2017), by controlling for variation in the market share of ZDC 

companies, Chapters 2 and 3 of this thesis suggest that additionality remains despite these 

limitations. This indicates that while substantial public pressure is currently focused on expanding 

cattle ZDCs to indirect suppliers (e.g., The Economist, 2020; The Guardian, 2020), where there 

are clear trade-offs between equity and effectiveness, it is most urgent to increase the overall 
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market coverage of ZDCs. This could allow a slower transition to compliance for indirect suppliers 

that would be easier for companies and civil society to support and mediate potential equity 

impacts (Grabs et al., 2021, Appendix G). 

5.3.2 High market coverage is a necessary condition for ZDC effectiveness 

ZDCs adoption is expanding globally, with new actors, regions and commodities being covered 

by supply chain policies (Rothrock and Weatherer, 2019). Outside focus regions such as the 

Brazilian Amazon, commitments are largely being signed by companies individually, or via 

aspirational, collective agreements that lack stringent rules regarding the exclusion of non-

compliant producers, such as in the Cerrado (Burley and Thompson, 2022). The findings of this 

thesis indicate that in regions where the overall market coverage of ZDC companies is low, it is 

highly unlikely that ZDCs will be effective at reducing deforestation. Chapters 2 and 3 suggest 

that, even though the presence of non-ZDC firms does not drive policy leakage, these companies 

facilitate the persistence of business-as-usual deforestation behaviors. Chapter 4 indicates that 

particularly in contexts where public narratives and policies are antagonistic towards ZDCs, and 

producers are resistant to change, individual company commitments are unlikely to achieve the 

conservation outcomes desired. 

Collective ZDC commitments in both the Brazilian soy and cattle sectors were the result of 

sustained civil society pressure by the NGO Greenpeace (Greenpeace International, 2009, 2006). 

This pressure, combined with international recognition of the importance of the Amazon, 

successfully led to ZDCs with high market coverage that are producing observable conservation 

benefits. While such civil society pressure alone cannot be relied on in regions that are less 

internationally well-known or more resistant to ZDCs, interventions from consumer regions, such 

as import restrictions, may provide the necessary impetus for collective action. Such interventions 

are being considered by the EU, the UK, and Switzerland among others (European Parliament, 

2020; Plüss and Tognina, 2019; UK Government, 2020). If successful, this legislation could help 

increase ZDC market share in regions where supply chain policies are already present, such as the 

Amazon, or help create similarly effective collective agreements in emerging or under-protected 

high risk regions, such as the Congo Basin or the Gran Chaco (le Polain de Waroux et al., 2016; 

Tyukavina et al., 2018). 
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5.3.3 ZDCs without local buy-in are unlikely to be effective 

Farmers who comply with ZDCs and forgo the potential benefits they could accrue from 

expanding their agricultural area at the expense of natural vegetation undergo opportunity costs. 

In frontier regions, where a large share of commodity-driven deforestation occurs, these costs can 

be considerable due to the potential for abnormal land rents (le Polain de Waroux et al., 2018). 

Where public narratives coalesce to present a frontier as having low conservation value and high 

economic potential, producers will likely view potential rents as highly secure and the opportunity 

costs of avoiding deforestation as not worthwhile. In the Cerrado sacrifice frontier, Chapter 4 

identified such a narrative and linked it to substantial opposition to ZDCs, with producer 

organizations able to force multinational corporations to backtrack on their international 

commitments and profess the importance of zero-illegality rather than zero-gross deforestation 

(AIBA, 2019; Noticias Agricolas, 2019).  

While many ZDCs are regionally or locally specific, a large number are globally applied (Burley 

and Thompson, 2022; Rothrock and Weatherer, 2019). While this should reduce the potential of 

interregional leakage (Garrett et al., 2019, Appendix D), such global policies need to take local 

contextual conditions into account and not rely on a one-size-fits-all approach to their supply chain 

policies. ZDCs, particularly in sacrifice frontiers, need to take these local narratives into account 

and adopt broader policies that are sensitive to local producers needs and incentivize jurisdictional-

level conservati�R�Q���J�D�L�Q�V���Z�L�W�K�R�X�W���H�Q�W�U�H�Q�F�K�L�Q�J���S�U�R�G�X�F�H�U�V�·���H�[�L�V�W�L�Q�J���H�Q�W�L�W�O�H�P�H�Q�W�V�� 

5.4 Limitations  

5.4.1 Scope 

To fully examine the effectiveness of ZDCs, the local, regional, and global scales must all be 

considered in order to capture possible spillovers that may enhance or reduce po�O�L�F�L�H�V�·��

effectiveness at reducing deforestation (Garrett et al., 2019, Appendix D). This thesis only 

examined local and regional ZDC effectiveness and was unable to assess net global impacts. 

Furthermore, while this thesis examined local leakage in depth, assessments of ZDCs did not 

examine spillovers between biomes, or to neighboring countries. Such cross-biome leakage has 

been examined by other scholars in soy supply chains, with mixed findings (Heilmayr et al., 2020; 

Moffette and Gibbs, 2021; Villoria et al., 2022). A better understanding of how ZDCs are inducing 

indirect land use change outside their target regions, which captures all global spillovers, would 

improve the precision of estimates of ZDC effectiveness and associated deforestation reductions. 
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5.4.2 Data 

This thesis, particularly Chapters 2 and 3, utilized large, public datasets that contain data with 

numerous input errors, incomplete entries, and varied availability. In particular, the coverage of 

available GTA data, used here to determine slaughterhouse production levels and cattle 

movements, varies over time and by state in Brazil (see Appendix A & Table  A.2). For Chapter 

2, which sought to capture total market coverage at the municipal scale based on slaughterhouse 

sourcing radiuses and production volumes, this required the use of a modelling approach that 

would correct unevenness to generate consistent slaughterhouse production estimates. This 

approach, while largely successful, performed poorly at estimating production volumes from 

slaughterhouses that were not state or federally inspected (i.e., predominantly the smallest/least 

formal group of buyers). For Chapter 3, which did not seek to establish full market estimates, but 

rather to determine linkages to ZDC and non-ZDC slaughterhouses, this uneven availability was 

less problematic. However, the quality of available GTA and CAR data meant that 60% of 

properties identified in the GTAs could not be linked to CAR to determine spatially explicit supply 

chain linkages. Future research to examine the behavior of indirect suppliers would benefit from 

supply chain and spatial data that are more temporally and spatially comprehensive. While it is 

unlikely that this could be achieved using publicly available datasets alone, collaboration with 

Brazilian institutions such as Embrapa may help overcome data acquisition issues and facilitate 

studies that can use fuller, property level data across a wider geographic region and temporal 

extent. 

5.4.3 Design 

Given more time, this thesis would have replicated its analysis of ZDC effectiveness for other key 

regions and commodities to ascertain the generalizability of its findings across differing 

commodity, cultural and political contexts. The Brazilian Amazon represents an extreme case for 

ZDCs, due to the high levels of public policy protections, openly available deforestation 

monitoring tools, and longstanding supply chain policies. The Brazilian Cerrado, where public 

policies and discourses surrounding conservation are weaker, but nearly all other conditions are 

very similar to the Amazon, represents a more moderate case for ZDC effectiveness. While the 

use of both these cases sought to overcome the generalizability issue, a broader approach that 

included cases from outside Brazil would have been more comprehensive. 

Ideally, the fieldwork used within this thesis would also have used a larger sample size and a 

random sampling design. However, even if this had been undertaken, obtaining farmer consent to 
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participate without having a prior point of introduction would likely have been difficult. The 

fieldwork in this thesis took place after the election of President Bolsonaro, when the positions of 

many producers towards environmental issues and researchers was particularly hostile (Escobar, 

2021). Fieldwork did attempt to gain participation through cold calling farmers based on roadside 

assessments, but the vast majority of producers reached through this method declined to 

participate in the study. It was therefore decided to spend more time with a smaller group of more 

accessible farmers to understand producer behaviors and motivations in as much depth as possible, 

while offsetting some of the biases from snowball sampling through the inclusion of additional 

participants selected through roadside assessments where possible. 

Another design limitation faced in this thesis was the lack of supply chain data available prior to 

ZDC implementation. It is likely that a lot of the supply chain rearrangements to avoid supply 

chain policies would have begun at the onset of ZDCs, as this is when the greatest market shock 

would have occurred. However, high quality supply chain data was unavailable prior to 2014. While 

Chapter 2 was able to overcome this issue via modelling cattle production at the slaughterhouse 

level, this was not possible for Chapter 3�·�V���S�U�R�S�H�U�W�\-level analysis. This meant that this chapter 

lacked a true counterfactual to compare deforestation behavior against. In addition, the approach 

used to examine leakage, while novel, lacked the precision and ability to control for potential 

sources of endogeneity, such as neighborhood effects or price changes that a more complex 

regression-based approach may have succeeded in addressing. Future research will need to 

overcome these limitations and use more causal approaches to examine the leakage mechanism 

this dissertation identified. 

5.4.4 Positionality 

�$�� �U�H�V�H�D�U�F�K�H�U�·�V�� �S�R�V�L�W�L�R�Q�D�O�L�W�\�� �D�I�I�H�F�W�V�� �W�K�H�� �Z�D�\�V�� �L�Q�� �Z�K�L�F�K�� �G�D�W�D�� �L�V�� �F�R�O�O�H�F�W�H�G���� �L�Q�W�H�U�S�U�H�W�H�G���� �D�Q�G��

communicated (Bourke, 2014; Holmes, 2020; Manohar et al., 2017). At the beginning of this PhD, 

I had never been to Brazil and could not speak a word of Portuguese. While I had a theoretical 

and academic appreciation of land use change in the tropics broadly, I entered into this project as 

an outsider and a foreigner to the subject of enquiry and to the individuals driving the land use 

changes I sought to understand. 

My positionality as a white, British male whose life experience is very different from the rural 

Northern Brazilian communities I studied likely resulted in my fieldwork missing nuances that a 

native speaker and community member would have identified. For instance, in interviews with soy 

industry organizations, I felt in several cases that the individual was providing me with company 
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policy, rather than their own opinions. In these cases, had my contextual and linguistic knowledge 

been more comprehensive, it is possible that I would have been able to engage more deeply with 

the participant or perhaps they would have felt more comfortable and thus opened up further. 

Additionally, this positionality also likely altered my understanding of the Brazilian public datasets 

used within this thesis and the specific institutional and political arrangements that underly their 

creation. My outsider position may have also granted me an external perspective that facilitated 

new understandings (Berger, 2015). However, had I collaborating more intensively with colleagues, 

universities, and institutions from Brazil, this would have likely reduced some of the limitations 

that my positionality brought. 

5.5 Future work & next steps 

To address the above limitations, I have planned a number of research projects, several of which 

have already been initiated:  

1. I plan to explore the uncertainties discussed above regarding the livelihood-effectiveness 

tradeoffs that are associated with ZDCs and indirect suppliers in particular. I plan to do this 

by combining the detailed supply chain data used in Chapter 3 with highly detailed household 

survey data of 360 rural producers in four municipalities from Northeastern Pará that I have 

already collected, in collaboration with Dr. Federico Cammelli of ETH Zürich. This data 

�L�Q�F�O�X�G�H�V�� �G�H�W�D�L�O�H�G�� �L�Q�I�R�U�P�D�W�L�R�Q�� �U�H�J�D�U�G�L�Q�J�� �S�U�R�G�X�F�H�U�V�·�� �I�D�U�P-level production, supply chain 

linkages, household assets, tenure arrangements, and perceived wellbeing, and is longitudinal 

for a subset of 84 individuals. This will enable rigorous examination of the livelihood 

�F�R�Q�G�L�W�L�R�Q�V���R�I���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V���D�Q�G���J�U�H�D�W�H�U���L�Q�I�R�U�P�D�W�L�R�Q���U�H�J�D�U�G�L�Q�J���S�U�R�G�X�F�H�U�V�·���P�R�W�L�Y�D�W�L�R�Q�V���I�R�U��

laundering cattle. 

2. I plan to expand my methodology for linking cattle supply chain data to property boundaries 

to additional states in the Brazilian Amazon, beginning with Mato Grosso and Acre, with the 

�K�R�S�H���R�I���L�Q�F�O�X�G�L�Q�J���D�O�O���V�W�D�W�H�V���L�Q���W�K�H���%�U�D�]�L�O�L�D�Q���$�P�D�]�R�Q�·�V���D�U�F���R�I���G�H�I�R�U�H�V�W�D�W�L�R�Q���I�U�R�Q�W�L�H�U�� 

3. I also plan to take advantage of the linked structure of supply chain data to use network 

regression techniques to examine leakage mechanisms in the Brazilian cattle sector more 

rigorously. It is hoped that by weighing observations by their network relationships, it will be 

possible to tease out more precisely the impact that a decrease in deforestation on a direct 

�V�X�S�S�O�L�H�U�·�V�� �S�U�R�S�H�U�W�\�� �K�D�V�� �R�Q�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �E�\�� �L�Q�G�L�U�H�F�W�� �V�X�S�S�O�L�H�U�V�� �W�K�H�\�� �E�X�\�� �I�U�R�P���� �7�K�L�V�� �Z�L�O�O���D�O�V�R��

allow the use of social network analysis metrics such as homophily (extent to which similar 

actors form ties), density (proportion of ties relative to total possible number), and transivity 
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(degree to which individuals in a network cluster together) to be applied to land use change 

and supply chain data for the first time, building on previous work on supply chain stickiness.  

In addition to these specific projects, I will pursue new research regarding the role that supply 

chain participation and policies are having on deforestation on rural livelihoods beyond the 

Brazilian Amazon. Through my future work as a post-doctoral researcher at New York University, 

I will investigate the impact of commodity agriculture and private policies in the palm oil sector of 

Indonesia, a context where producer size is far more dichotomous and public policies more 

antagonistic than Brazil. Beyond my post-doctoral research, I hope to pursue research regarding 

the impacts that multi-�O�H�Y�H�O�� �V�X�S�S�O�\�� �F�K�D�L�Q�� �O�L�Q�N�D�J�H�V�� �K�D�Y�H�� �R�Q�� �S�U�R�G�X�F�H�U�V�·�� �O�D�Q�G�� �X�V�H�� �D�Q�G�� �O�L�Y�H�O�L�K�R�R�G��

conditions and how supply chain policies may alter the uneven way that benefits accrue depending 

�R�Q���D���S�U�R�G�X�F�H�U�·�V���V�X�S�S�O�\���F�K�D�L�Q���W�L�H�U�����,�W���Z�R�X�O�G���E�H���S�D�U�W�L�F�X�O�D�U�O�\���L�Q�W�H�U�H�V�W�L�Q�J���W�R���H�[�D�P�L�Q�H���W�K�H���H�F�R�Q�R�P�L�F���D�Q�G��

environmental outcomes of participation in international commodity supply chains, differentiated 

by supply chain tier across a range of tropical frontiers, to understand how local institutional 

arrangements and commodity characteristics may alter human and planetary impacts associated 

with agricultural expansion. 

5.6 Final thoughts 

�7�K�L�V���W�K�H�V�L�V���L�V���H�Q�W�L�W�O�H�G���´�F�D�Q���F�R�P�S�D�Q�L�H�V���H�Q�G���G�H�I�R�U�H�V�W�D�W�L�R�Q�"�µ���7�K�L�V���P�D�\���V�H�H�P���O�L�N�H���D���U�L�G�L�F�X�O�R�X�V���T�X�H�V�W�L�R�Q����

but that is the stated goal of many corporate commitments. The results of this thesis indicate that 

while companies alone cannot halt deforestation, they can reduce it. However, only under 

conducive conditions and with rigorous implementation of their policies. We should not, 

therefore, discard ZDCs as a conservation tool. Yet we also cannot stop the search for innovative 

policies, and policy combinations, that can halt widespread def�R�U�H�V�W�D�W�L�R�Q���D�Q�G���P�D�L�Q�W�D�L�Q���W�K�H���S�O�D�Q�H�W�·�V��

ecological boundaries.  

As multinational corporations, the incentives of ZDC implementers are likely unaligned with the 

socioecological optimum. Therefore, it is our duty as researchers to provide rigorous investigation 

of the claims made by companies, especially when they are presented as an alternative, rather than 

supplement to public governance. By engaging deeply with the ways in which ZDCs alter land use 

and what conditions interact with this relationship, I hope that this thesis has achieved some part 

of this goal.  
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Appendix 

A. Deforestation in the Brazilian Amazon could be halved by zero 
deforestation commitments 

 

 Data 

The data used in the manuscript and described below can be downloaded from Zenodo (doi: 

10.5281/zenodo.5105746) and the code used to produce all figures, regression results and statistics 

reported in this manuscript is available from . All variables except G4 and TAC market share are 

described immediately below as well as in Table  A.1. Calculation of G4 and TAC market share is 

described in the manuscript �0�H�W�K�R�G�V���D�Q�G���L�Q���6�,���V�H�F�W�L�R�Q���´�,�P�S�X�W�D�W�L�R�Q���W�K�U�R�X�J�K���H�[�W�U�D�S�R�O�D�W�L�R�Q���R�I���S�O�D�Q�W��

�O�H�Y�H�O���V�O�D�X�J�K�W�H�U���Y�R�O�X�P�H�V�µ���E�H�O�R�Z�� 

Deforestation for pasture. Estimated using MapBiomas 5 transition maps. MapBiomas is a multi-

institute initiative to map land cover and land use in Brazil (Project MapBiomas, 2020) which is 

generated from an interpretation of Landsat at a spatial resolution of 30 meters by 30 meters, with 

specific methodologies by biome and land use type. MapBiomas provide their methods for each 

land cover type and biome at www.mapbiomas.org/pages/methodology. Deforestation was calculated 

as the sum of all transitions from land use class 1 (forest formations, comprising natural forests, 

mangroves, and savanna forests) to land use class 3.1 (pasture) over a one-year period. Using forest 

cover in the year 2000 as a baseline, we excluded any reforestation that occurred to ensure that our 

definition of deforestation excluded secondary forest less. This was done to ensure our measure 

of deforestation was in-line with PRODES, the deforestation monitoring tool used by the Brazilian 

government and ZDC implementers (INPE, 2021). Using MapBiomas provides two key 

advantages for analysis over PRODES however: i) the minimum patch size is far smaller (0.003ha 

instead of 6.25ha) meaning we are able to identify deforestation not detected by PRODES, which 

is of particular importance as deforestation patch size has shrunk over time in the Amazon (Rosa 

et al., 2012) and ii) we are able to exclude deforestation that occurred due to other drivers, such as 

soybeans or infrastructure.  

Forest Area. Calculated as total area, per municipality determined as being forest by MapBiomas 

defined as all areas classified as land use class 1 (forest formations, comprising natural forests, 

mangroves, and savanna forests) in a given year, with regrowth from a baseline of the year 2000 

excluded. 

http://www.mapbiomas.org/pages/methodology
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Protected Areas. Measured as the percentage of total municipal forest cover that is within 

protected areas per year. Protected areas are defined as all currently implemented areas recognized 

within the World Database on Protected Areas (UNEP-WCMC & IUCN, 2021).This dataset is 

both temporally and spatially specific, enabling us to have a temporally accurate estimate of 

protected areas. 

Environmental Fines. Calculated as the log of the number of fines issued annually per 

municipality as recorded by IBAMA (IBAMA, 2018). This, along with priority municipality status 

and in line with previous work, is used to capture stringency of environmental monitoring and law 

per municipality (Assunção et al., 2020). 

Priority municipality.  Binary variable capturing whether and for what periods a given 

municipality was prioritized for additional actions to monitor, prevent and control deforestation 

due to high levels of deforestation. These actions include administrative measures such as reduced 

federal fiscal transfers and reduced ability to access subsidized credit locally (Ministério do Meio 

Ambiente, 2020) 

Population. This is the municipal population per year, as estimated by the IBGE (IBGE, 2020), 

capturing demographic trends within each municipality, a well-known driver of deforestation 

pressure. 

Cattle herd. Variable indicates number of cattle heads per municipality, also provided by IBGE 

(IBGE, 2021).  By controlling for herd size, we address the potential endogeneity between 

deforestation and ZDC market share that could occur due to larger companies with commitments 

increasing their market share locally in response to increases in size of the local cattle supply (itself 

a driver of deforestation).  

Agricultural area Defined as the area in hectares per municipality covered by temporary and 

perennial crops in a given year as defined by MapBiomas (classes 3.2-3.3). We control for variation 

in agricultural area as agricultural expansion in the Amazon often occurs on pastureland, displacing 

cattle ranching into forests. (Arima et al., 2011; Richards, 2015) and because increases in 

agricultural area drive up the prices of land, promoting land speculation and the deforestation and 

occupation of land via cattle to benefit from future income through agricultural revenue or land 

sale (Bowman et al., 2012).  

Cattle Prices.  Calculated as the mean annual deflated price of an arroba (approximately 15 kg)  

of fattened steer carcass  as reported by AgroLink (AgroLink, 2021), a Brazilian agricultural 
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consultancy which executes price surveys and records national and state prices over time. Although 

state-level prices were available for a subset of years, we use the national price reported by 

AgroLink as this was available for the entire study period. We find this price to be similar to that 

reported in Paraná by the State Secretary of Agriculture (SIMA, 2021). Prices are deflated using 

the Extended National Consumer Price Index produced by the Central Bank of Brazil (IPEA - 

Instituto de Pesquisa Econômica Aplicada, 2021).  

Post Temer. D�X�P�P�\���Y�D�U�L�D�E�O�H���Z�K�L�F�K���L�V���]�H�U�R���I�R�U���H�Y�H�U�\���\�H�D�U���S�U�L�R�U���W�R���������������Z�K�H�Q���0�L�F�K�H�O���7�H�P�H�U�·�V��

presidency commenced and one thereafter. This variable is included due to the changes in public 

policy and discourse that occurred under the Temer government which served to promote 

�G�H�I�R�U�H�V�W�D�W�L�R�Q�����7�K�H���7�H�P�H�U���J�R�Y�H�U�Q�P�H�Q�W�����U�H�O�L�D�Q�W���R�Q���V�X�S�S�R�U�W���E�\���W�K�H���´�U�X�U�D�O�L�V�W�D�µ���O�R�E�E�\���D�S�S�U�R�Y�H�G���V�H�Y�H�U�D�O��

measures that promoted deforestation. Most significantly, under Temer the regulations for 

environmental licensing for construction, promoting land speculation, and cut the Environmental 

�0�L�Q�L�V�W�U�\�·�V���E�X�G�J�H�W���E�\���W�K�H���H�T�X�L�Y�D�O�H�Q�W���R�I���8�6�'�����������P�L�O�O�L�R�Q�����D���U�H�G�X�F�W�L�R�Q���R�I���R�Y�H�U����������(de Area Leão 

Pereira et al., 2020, 2019). This variable also captures the election of Bolsonaro and his first year 

in office, both of which have been noted elsewhere as stimulating an increase in deforestation (de 

Area Leão Pereira et al., 2020; Rajão et al., 2020), however due to the short time period is not 

given a separate dummy in our regressions 

 Robustness checks for Econometric results 

To check the robustness of our estimates we: i) compared all models to a first difference 

specification, which is less sensitive to strict exogeneity requirements but is less efficient under 

i.i.d. errors; ii) checked the sensitivity of G4 and TAC market share to differing definitions of 

sourcing zones, re-estimating our model using estimates of market share per slaughterhouse at 

both ten percentile increments from the 40th to the 90th percent of distanced travelled and when 

using a fixed distance per slaughterhouse inspection type; iii) re-estimated our model using binary 

�G�H�I�L�Q�L�W�L�R�Q�V���R�I���E�R�W�K���*�����D�Q�G���7�$�&���P�D�U�N�H�W���V�K�D�U�H�����F�D�W�H�J�R�U�L�]�L�Q�J���E�H�W�Z�H�H�Q���¶�K�L�J�K�·���D�Q�G���¶�O�R�Z�·���P�D�U�N�H�W���V�K�D�U�H�V��

�D�W�� �D�� �Q�X�P�E�H�U�� �R�I�� �W�K�U�H�V�K�R�O�G�V���� �L�Y���� �Z�H�� �F�K�H�F�N�H�G�� �R�X�U�� �H�V�W�L�P�D�W�H�V�·�� �U�R�E�X�V�W�Q�H�V�V�� �W�R�� �W�K�H���X�V�H�� �R�I�� �D�� �O�H�Y�H�O-level 

specification; and v) re-estimated our model for state sub samples to determine the sensitivity of 

our results to the region used; and vi) re-estimated our models both at the scale of the microregion 

and with standard errors clustered at the microregional level to identify whether which our results 

are sensitive to spatial dependencies or to scale, also known as modifiable areal unit problem 

(MAUP). 
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Our results are robust when using first difference specifications, when using non-log transformed 

definition of deforestation, for all sourcing zone sizes tested, and for all sub-samples used except 

Pará state. Pará is a region where deforestation has rebounded faster than elsewhere in the Amazon 

(Reydon et al., 2020) and a large concentration of active frontiers have been identified (Garrett et 

al., 2021; Schielein and Börner, 2018). Binary thresholds are robust for all categorical definitions 

of market share (10% increments from �t30% to �t70%), except for �t40%. This may suggest a 

slightly non-linear effect of market share, which we do not explore further in this paper. Above 

���������W�K�H�U�H���D�U�H���D���Y�H�U�\���V�P�D�O�O���Q�X�P�E�H�U���R�I���R�E�V�H�U�Y�D�W�L�R�Q�V���I�R�U���¶�K�L�J�K�·���P�D�U�N�H�W���V�K�D�U�H�����S�D�U�W�L�F�X�O�D�U�O�\���Ior TAC 

(see table S4). Results are also robust when using unmodelled market share on an unbalanced panel 

of years where GTA coverage is sufficient (2013-2018 Mato Grosso/Pará, 2010-2018 Rondônia). 

We also estimate our model using a two-way fixed effects regression (Table  A.3) and find 

consistent results. Additionally, we find that our results for G4 are robust irrespective of the scale, 

while the coefficients for TAC market share are scale sensitive. 

 Limitations of Econometric Results 

Previous studies have shown that infrastructural development all have significant effects on 

deforestation (Laurance et al., 2002; Nepstad et al., 2014; Pfaff et al., 2015). However, no dataset 

exists for transport that includes change over time is available at the municipal scale for the 

Brazilian Amazon.  

Additionally, as sale of cattle over state borders does occur in Brazil (Barreto et al., 2017), a 

limitation of our approach is that we do not have data on the neighboring municipalities from 

other states that surround our study region. This is primarily an issue for the states of Rondônia 

and Pará as the Amazonian portion of Mato Grosso is primarily accessible by nearby 

slaughterhouses in Rondônia, Pará and the non-Amazonian portion of Mato Grosso, data for all 

of which were available for this study. Our estimations are therefore least accurate at the northern 

border of Rondônia and western and eastern borders of Pará.  

Spillovers effects across regions and international borders have been posited as potential limiting 

�I�D�F�W�R�U�V���W�R���=�'�&�V�·���H�I�I�H�F�W�L�Y�H�Q�H�V�V�����D�V���D���Q�X�P�E�H�U���R�I���S�U�R�F�H�V�V�H�V���F�R�X�O�G���S�R�W�H�Q�W�L�D�O�O�\���O�H�D�G���W�R���S�U�R�G�X�F�W�L�R�Q���R�U��

producers moving outside of the limits of a commitment to continue deforesting, reducing or 

nullifying the global impact of a ZDC (Lambin et al., 2018; Moffette and Gibbs, 2021). For the 

Brazilian cattle sector, these processes are hard to detect and not possible with our methodology 

or current data availability. Therefore, we limit this paper to attempting to determine whether 

commitments are effective at reducing deforestation in their target region (i.e., the Amazon biome) 
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and do not attempt to identify whether the ZDCs studied alter global deforestation patterns, 

therefore our results do not determine the global effectiveness of ZDCs net all spillovers(Garrett 

et al., 2019), but rather their regional effectiveness in the Amazon biome. Instead, we consider our 

positive coefficient results for TAC as a de facto form of deforestation within-municipality 

spillover from the G4 agreement, i.e., an indication that farmers are moving their deforestation 

behaviors to areas covered by non-G4 firms, including moving to areas dominated by TAC 

signatories. 

 Imputation through extrapolation of plant level slaughter volumes 

 
The quality of available GTA coverage was determined by a state-level comparison against 

alternate estimates of slaughterhouse production, provided by IBGE and Anualpec 

(www.anualpec.com.br), a popular source of data on Brazilian cattle production (Table  A.2). For 

2018, we did not have access to Anualpec data so only a comparison with IBGE data is used. The 

state-level is the minimum scale available for both these sources. Through this comparison, it was 

identified that GTA coverage is below 80% for the years 2010-2012 in both Mato Grosso and Pará 

as well as the year 2018 for Rondônia. To estimate accurate levels of slaughterhouse production 

for all years where ZDCs were implemented (i.e., 2010 onwards), we were required to complete 

the dataset by backward and forward extrapolating municipal level slaughterhouse production 

determined from the GTAs ad disaggregating these figures to the plant level based on the historical 

contribution of each plant to the municipal slaughter volume. 

Procedure. To achieve this, we first compiled datasets at the plant and municipality levels that 

included all available potential predictors of municipal cattle slaughter volumes (Table  A.3). The 

latter included a row for each municipality in each of the year of study and included the municipal 

level GTA slaughter volumes and the volumes predictors. The dataset was divided in 10 randomly 

selected training sets comprising 80% of the dataset each. The plant-level dataset included a row 

for each slaughterhouse in each year of activity as well as plant-level slaughter volumes from GTAs. 

Observations for plants where less than 2 cattle per day were slaughtered were deemed unreliable, 

dropped and considered missing for that year. 

We used Poisson LASSO regressions to model municipal level slaughter volume count as a 

function of an array of municipal level predictors (Table  A.3), including the number of plants and 

workers in the sector, GDP, and state level slaughter volumes from IBGE. The candidate models 

were then used to predict volumes for missing years, and a correction factor was applied to make 

http://www.anualpec.com.br/
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sure that the total of estimated slaughter volume was matching the totals from IBGE at the state 

level, and that the maximum predicted volume fell within the maximum of the original data. 

We then disaggregated estimated slaughter volumes from the municipality to the plant level based 

on the count of plants by inspection type within the municipality and on the relative contribution 

of each inspection t�\�S�H�����6�,�)�����6�,�(�����2�W�K�H�U�����W�R���W�K�H���U�H�V�S�H�F�W�L�Y�H���V�W�D�W�H�·�V���W�R�W�D�O���V�O�D�X�J�K�W�H�U���Y�R�O�X�P�H�����,���H�������Z�K�H�Q��

one only slaughterhouse belonged to the municipality, the whole volume was attributed to the 

single plants. When more plants were present in the municipality, the volume was shared according 

to the inspection type of each plant, based on the proportion each inspection type contributed to 

total state-level production, determined based on GTAs data in years where coverage was over 

�������� �D�Q�G�� �L�Q�W�H�U�S�R�O�D�W�H�G�� �I�R�U�� �P�L�V�V�L�Q�J�� �\�H�D�U�V���� �´�2�W�K�H�U�µ inspection type refers to both municipally 

inspected slaughterhouses (SIMs) and uninspected slaughterhouses, due to difficulties consistently 

differentiating the two. 

Finally, plant level volumes were compared to slaughter volumes recorded in available GTAs for 

the periods where coverage was deemed to be reliable. Because the slaughterhouse list likely fails 

to include Other slaughterhouses for years in which GTAs are unreliable, as their relatively low 

production levels increase the likelihood of being omitted from the available GTAs, we evaluated 

predictions both against all slaughterhouses and excluding Other slaughterhouses. 

We adopted a data driven model selection approach based on three different methods (cross-

validation, adaptive LASSO and minimization of BIC) for each of the ten training sets. We also 

estimated elastic net and ridge regressions, but results were always inferior. For each training set 

we then selected the one model that gave the least absolute error of the three selection methods 

used. Final plant level volumes were computed as the average of the predicted plant level slaughter 

volumes obtained from the best ten models. 

Plant level estimates & model selection.  Table  A.4 summarizes goodness of fit measures for 

plant level estimates for all estimated models for the entire sample for each training set. Selected 

models are highlighted in blue. The sum of absolute errors for the average of predicted volumes 

for the selected model is 45,826,248 and the correlation with original GTA volumes is 0.869. 

State and inspection level accuracy. Figure  A.1 and Figure  A.2 plot predicted vs original GTA 

volumes for which there is high confidence at the state and inspection levels. Overall, it appears 

that predicted volumes fall within the range of original volumes, but that the models are under-

predicting original values. This happens because predicted volumes are imposed to lie within total 
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IBGE volumes for each state and years.  In a few instances, especially 2016-2018 in Pará, GTAs 

largely exceed IBGE estimates, possibly because of uninspected plants that are unaccounted in 

IBGE estimates. 

Predicted volumes for Other (i.e., SIM and uninspected) plants are especially low and pushed 

towards zero, even when displaying high GTA volumes. This happens because the disaggregation 

of municipal slaughter volumes to plants reflects the contribution of each inspection type to the 

state volume for each year. The low average contribution by Other plants drives down the 

estimated share of larger Other plants (and therefore their volume). 

Figure  A.3 present boxplots for predicted and original GTA volumes, based on years for which 

original GTA coverage was deemed reliable. It appears that predictions are overall in line with 

GTA volumes, but more polarized. Medians are driven down by the Other slaughterhouses for 

which volumes are underestimated, and the volumes of larger slaughterhouses is likely inflated, as 

shown by the large number of outliers. When dropping Other plants, predicted volumes 

systematically overestimate median volumes in PA and, for the last years, in RO, and reflect a more 

accurate representation of variance.  These tendencies persist for slaughterhouses located in the 

Amazon biome Figure  A.4. 

As SIM and uninspected slaughterhouses rarely signed TAC and never signed G4, we are 

potentially overestimating G4 and TAC market share, particularly in areas near large 

concentrations of uninspected slaughterhouses. This is likely less of an issue for the G4 agreement 

as G4 plants largely locate in more consolidated areas where competition with Other 

slaughterhouses is low. However, TAC slaughterhouses and uninspected slaughterhouses are often 

located near one another, which may explain why estimates of TAC market share correlate poorer 

than the G4 with estimates of ZDC market share calculated using original GTAs in years where 

coverage was deemed reliable. 
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 Supplementary tables & figures 

Variable Source Description Unit  Period 
 

Deforestation 
for pasture 
 

 

MapBiomas 5 
 

Land use transition from natural forest 
(MapBiomas 5 class IDs: 1-5) to pasture 
(Mapbiomas 5 class ID: 15) from yeart-1 to yeart as 
�L�G�H�Q�W�L�I�L�H�G���E�\���W�K�H���0�D�S�%�L�R�P�D�V���S�U�R�M�H�F�W�·�V���W�U�D�Q�V�L�Wion 
maps, using a base map of MapBiomas identified 
natural forest extent in 2000 to exclude secondary 
forest and regrowth. 

 

ha 
 

2010-2018 

Agricultural area MapBiomas 5 Area covered by agricultural area (MapBiomas 5 
class IDs 18,19,39,20,41 & 36) 

ha 2010-2018 

TAC market 
share 

�6�H�H���´�L�P�S�X�W�D�W�L�R�Q��
through 
extrapolation of 
plant level slaughter 
�Y�R�O�X�P�H�V�µ���L�Q���6�, 

Proportion of slaughter volume in each 
municipality covered by TAC commitment 
 

% 2010-2018 

G4 market share Same as above Proportion of slaughter volume in local market i 
covered by G4 commitment  
 

% 2010-2018 

Protected areas WDPA/ MapBiomas 
5 

Proportion of municipal forest (defined using 
MapBiomas natural forest) within protected areas 
identified by UNEP-�:�&�0�&���	���,�8�&�1�·�V���:�R�U�O�G��
Database on Protected Areas. Proposed protected 
areas were excluded from this measure.   

% 2010-2018 

Environmental 
fines 

IBAMA  Count of fines issued by Brazilian Ministry of 
Environment per municipality & year 

Count 2010-2018 

Priority 
municipalities 

MMA Dummy variable indicating whether a municipality 
was designated by the Brazilian Ministry of 
Environment as a priority for additional actions to 
monitor, control and prevent deforestation 

0/1 2010-2018 

Population IBGE Brazilian institute of Geography and Statistics 
determined municipal population per annum 

1000 
persons  

2010-2018 

Cattle herd IBGE Brazilian institute of Geography and Statistics 
determined municipal cattle herd 

1000 
heads  

2010-2018 

Cattle price AgroLink Mean national price of an arroba (~15kg) of 
fattened steer (boi gordo) deflated against inflation 
2008 (i.e. two years prior to study) as a baseline 

BRL 2010-2019 

Post Temer NA Dummy variable indicating whether the year is 
�S�U�L�R�U���W�R���7�H�P�H�U�·�V���D�S�S�R�L�Q�W�P�H�Q�W���L�Q�������������R�U���Q�R�W�������� 

0/1 2010-2019 

Table  A.1 Data used in panel regressions within manuscript 

 
 
 
 
 
 
 

http://mapbiomas.org/
http://mapbiomas.org/
https://www.protectedplanet.net/
http://mapbiomas.org/pages/methodology
http://mapbiomas.org/pages/methodology
http://dadosabertos.ibama.gov.br/dataset/fiscalizacao-infracao/resource/651feed4-cacb-4316-9353-49f571875fb6
https://www.gov.br/mma/pt-br/assuntos/servicosambientais/controle-de-desmatamento-e-incendios-florestais/municipios-prioritarios
https://sidra.ibge.gov.br/tabela/6579
https://sidra.ibge.gov.br/pesquisa/ppm/quadros/brasil/2017
https://www.agrolink.com.br/cotacoes/historico/ma/boi-gordo-15kg
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 2010 2011 2012 2013 2014 2015 2016 2017 2018 
Mato Grosso          
IBGE 4,082,705 4,475,152 5,015,717 5,837,857 5,352,226 4,540,805 4,577,459 4,804,617 5,219,350 

Anualpec 3,254,027 3,156,618 3,982,589 4,559,991 5,032,319 5,098,444 5,097,124 5,154,462 - 

GTA 196 102 20,600 5,690,033 5,436,130 4,422,069 4,417,343 4,465,550 5,315,479 

Accuracy Anualpec (%) 0.01 0.00 0.46 109.45 104.70 91.75 91.32 89.68 - 

Accuracy IBGE (%) 0.00 0.00 0.41 97.47 101.57 97.39 96.50 92.94 101.84 

Pará          

IBGE 2,105,467 2,079,954 2,177,806 2,447,439 2,624,231 2,647,762 2,724,137 2,637,183 2,691,134 

Anualpec 2,455,450 2,460,345 2,803,181 2,791,436 2,711,075 3,023,648 2,967,362 3,044,412 - 

GTA 16 366 216,257 2,005,285 2,294,826 2,518,309 3,150,951 3,107,674 3,055,283 

Accuracy Anualpec (%) 0.00 0.02 8.68 76.55 86.02 88.81 110.72 109.39 - 

Accuracy IBGE (%) 0.00 0.02 9.93 81.93 87.45 95.11 115.67 117.84 113.53 

Rondônia          

IBGE 1,902,369 1,893,136 2,046,868 2,289,653 2,004,591 1,904,823 2,191,620 2,288,467 2,414,392 

Anualpec 2,057,029 2,001,263 2,204,520 2,277,270 2,300,158 1,865,717 1,999,000 2,054,934 - 

GTA 1,975,645 1,917,930 2,079,108 2,382,262 2,075,626 1,977,959 2,218,012 1,924,251 814,631 

Accuracy Anualpec (%) 99.80 98.50 97.81 104.33 96.43 104.92 105.86 88.61 - 

Accuracy IBGE (%) 103.85 101.31 101.58 104.04 103.54 103.84 101.20 84.08 33.74 

Table  A.2: Comparison of total slaughter volumes by year and state according to GTA, IBGE and Anualpec. Accuracy 
is measured as the ratio of cattle reported as processed by slaughterhouses reported in GTAs over other sources. Accuracy 

that is less than 80% of IBGE or Anualpec estimates are marked in red. Anualpec was unavailable for 2018 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

Name Source(s) Scale Description Years Coverage 

GTAs 
INDEA  
ADEPARÁ 
IDARON 

Transaction 
level 

Volumes traded, 
destination of origin 
and sourcing 

2010-2018 MT, PA, 
RO 

Heads 
slaughtered IBGE 1 State 

Quarterly slaughter 
volume in SIF, SIE 
and SIM 

1997-2018 Brazil 

Employment in 
the meat sector MTE Municipality Yearly count of 

workers employed 2010-2018 Brazil 

Slaughterhouses 
count IBGE 1 State 

Quarterly count of 
plants by inspection 
type 

2010-2018 Brazil 

GDP IBGE 2 Municipality Yearly GDP 2010-2017 Brazil 

GDP deflator Ipeadata Brazil Yearly index used to 
deflate GDP 2002-2019 Brazil 

Municipality areas IBGE 3 Municipality Area (km2) _ Brazil 

Heads 
slaughtered origin MAPA Municipality 

Yearly heads slaughter 
in SIFs by 
municipality of origin 
of cattle 

2002-2018 Brazil 

Population6 IBGE 4 Municipality Yearly human 
population estimates 2000-2018 Brazil 

Herd IBGE 5 Municipality Yearly cattle herd 2000-2018 Brazil 
Slaughterhouse 
list Glue Plant Geocoded with 

various attributes 2010-2018 Amazon, 
Cerrado 

Table  A.3: Data sources used in imputation of slaughterhouse production volumes 

https://sca.indea.mt.gov.br/SIA/form.jsp?sys=SCA&action=openform&formID=467&align=0&mode=-1&goto=-1&filter=&scrolling=no
http://www.siapec.adepara.pa.gov.br/siapecest/controletransito/guiatransito/consultapublicagta.wsp
http://www.idaron.ro.gov.br/index.php/consulta-de-gta/
https://sidra.ibge.gov.br/tabela/1092
http://bi.mte.gov.br/bgcaged/inicial.php
https://sidra.ibge.gov.br/tabela/5938
http://www.ipeadata.gov.br/Default.aspx
https://www.ibge.gov.br/geociencias/organizacao-do-territorio/estrutura-territorial/15761-areas-dos-municipios.html?=&t=downloads
http://bi.agricultura.gov.br/
https://sidra.ibge.gov.br/tabela/6579
https://sidra.ibge.gov.br/tabela/3939
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 Sum of absolute errors - plant Correlation - plant 
Training 
set CV min BIC adaptive CV min BIC adaptive 

TS1 43803252 43463360 44863818 0.737 0.737 0.736 

TS2 54292355 54430803 54083984 0.494 0.486 0.517 

TS3 51944012 52256241 54014739 0.516 0.542 0.482 

TS4 41748714 42938917 46658689 0.732 0.731 0.710 

TS5 48180658 47491921 45127460 0.700 0.708 0.680 

TS6 46521588 45891999 42387353 0.708 0.712 0.723 

TS7 52762376 51346421 45261185 0.639 0.663 0.701 

TS8 48146584 47440207 43908769 0.700 0.706 0.719 

TS9 46801637 46936475 48030949 0.725 0.726 0.723 

TS10 49241851 49241851 50334857 0.704 0.704 0.691 

Table  A.4: Sum of absolute prediction errors and correlation for each model selection criteria and training set (blue values 
correspond to chosen models). 
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 G4 & TAC G4 only TAC only 
 (1) (2) (3) (4) (5) (6) 
       
G4 Market Share  -0.721*** -0.318* -0.776*** -0.425**   
 (0.165) (0.189) (0.171) (0.180)   
TAC Market Share  0.256*** 0.479***   0.292*** 0.497*** 
 (0.0773) (0.127)   (0.0893) (0.129) 
Protected Areas  0.941** 1.144*** 0.905** 1.109*** 0.897** 1.168*** 
 (0.367) (0.283) (0.357) (0.285) (0.360) (0.284) 
Forest Area -1.71e-06** 4.63e-06 -2.01e-06*** 4.87e-06 -1.66e-06** 4.65e-06 

(7.64e-07) (3.15e-06) (7.65e-07) (3.16e-06) (7.60e-07) (3.14e-06) 
log(Fines)  0.0302 0.0479* 0.0315* 0.0483** 0.0375* 0.0483* 
 (0.0195) (0.0251) (0.0181) (0.0244) (0.0192) (0.0252) 
Priority 
Municipalities  

0.0946 0.0903 0.122 0.135 0.0963 0.0935 
(0.0953) (0.104) (0.0878) (0.0995) (0.0975) (0.104) 

Population  -1.22e-06 1.04e-05** -1.73e-06 1.15e-05*** -1.12e-06 1.06e-05*** 
 (2.05e-06) (4.35e-06) (2.39e-06) (3.58e-06) (2.08e-06) (4.08e-06) 
Cattle Herd  -9.40e-07* -3.06e-09 -9.21e-07 4.34e-07 -8.43e-07 3.96e-08 
 (5.54e-07) (7.36e-07) (5.72e-07) (6.95e-07) (5.40e-07) (7.46e-07) 
Agricultural Area  -3.49e-06* -4.63e-06* -3.12e-06 -2.95e-06 -4.62e-06** -5.12e-06** 
 (2.03e-06) (2.50e-06) (1.98e-06) (2.37e-06) (2.04e-06) (2.41e-06) 
Cattle Price 0.00582* 0.00809*** 0.00876*** 0.00979*** 0.00443 0.00791** 
 (0.00297) (0.00310) (0.00270) (0.00253) (0.00310) (0.00312) 
Post Temer 0.353*** 0.316*** 0.393*** 0.324*** 0.358*** 0.313*** 
 (0.0527) (0.0803) (0.0566) (0.0810) (0.0517) (0.0803) 
Constant 13.43***  14.35***  13.10***  
 (2.774)  (2.813)  (2.744)  
Fixed Effects Yes No Yes No Yes No 
First Difference  No Yes No Yes No Yes 
Observations 2,187 1,944 2,187 1,944 2,187 1,944 
No.  municipalities 243 243 243 243 243 243 
R-squared 0.200 0.083 0.192 0.067 0.186 0.081 
Adjusted R2 0.196 0.078 0.189 0.062 0.183 0.076 
F-test 0.000 0.000 0.000 0.000 0.000 0.000 

Table  A.5: Municipality fixed-effects and first differences models using both G4 and TAC market share (1 & 2), only 
G4 market share (3 & 4) and TAC market share (5 & 6). Response is logged deforestation for pastureland 2010-2019. 

All variables except Cattle Prices and Post Temer are lagged. Regressions are weighted by municipality area. Robust 
standard errors in brackets. 
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Table  A.6: Municipality fixed-effects model using a categorical definition of ZDC market share, at a range of thresholds. 
At or above each threshold, municipalities are considered as having a market share of 1. Response is logged deforestation for 

pastureland 2010-2019. All variables except Cattle Prices and Post Temer are lagged. Regressions are weighted by 
municipality area. Robust standard errors in brackets. 

 

 
  

 �t 30% �t 40% �t 50% �t 60% �t 70% 
 (1) (2) (3) (4) (5) 
      
G4 market share -0.210** -0.0635 -0.174*** -0.338*** -0.353*** 
 (0.0921) (0.0527) (0.0629) (0.0807) (0.0925) 

TAC market share 0.172*** 0.181*** 0.115 0.230*** 0.248*** 
 (0.0551) (0.0590) (0.0837) (0.0634) (0.0423) 

Protected Areas  0.982*** 0.888** 0.828** 0.792** 0.849** 
 (0.345) (0.358) (0.362) (0.374) (0.343) 

Forest Area -1.60e-06** -1.48e-06* -1.83e-06** -1.78e-06** -2.17e-06*** 

(7.70e-07) (7.60e-07) (7.20e-07) (7.34e-07) (7.23e-07) 
log(Fines)  0.0348* 0.0348* 0.0365* 0.0299 0.0324 
 (0.0184) (0.0187) (0.0186) (0.0203) (0.0201) 

Priority Municipalities  0.103 0.102 0.0897 0.0783 0.110 
 (0.0936) (0.0936) (0.0906) (0.104) (0.0930) 

Population  -1.93e-06 -1.78e-06 -1.87e-06 -1.47e-06 -1.70e-06 
 (2.16e-06) (2.10e-06) (2.30e-06) (2.17e-06) (2.29e-06) 

Cattle Herd  -8.31e-07 -7.05e-07 -8.00e-07 -8.86e-07 -9.47e-07* 
 (5.83e-07) (5.39e-07) (5.35e-07) (5.40e-07) (5.03e-07) 

Agricultural Area  -4.90e-06** -4.15e-06** -3.82e-06* -2.78e-06 -3.18e-06 
 (2.09e-06) (1.98e-06) (2.00e-06) (1.88e-06) (1.99e-06) 

Cattle Price 0.00504* 0.00608** 0.00785*** 0.00693** 0.00588* 
 (0.00264) (0.00291) (0.00276) (0.00334) (0.00320) 

Post Temer 0.356*** 0.353*** 0.378*** 0.377*** 0.390*** 
 (0.0507) (0.0548) (0.0491) (0.0531) (0.0506) 

Constant 12.96*** 12.37*** 13.58*** 13.50*** 14.98*** 
 (2.846) (2.759) (2.621) (2.621) (2.586) 
      
���2�E�V���•���*�����W�K�U�H�V�K�R�O�G 47.9% 38.3% 25.8% 17.7% 10.6% 
���2�E�V���•���7�$�&��threshold 41.9% 25.5% 16.8% 5.5% 4.3% 
Observations 2,187 2,187 2,187 2,187 2,187 
No. municipalities 243 243 243 243 243 
R-squared 0.191 0.188 0.185 0.204 0.197 
Adjusted R2 0.187 0.183 0.181 0.200 0.193 
F-test 0.000 0.000 0.000 0.000 0.000 
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 40th  50th 60th  70th  80th  90th  Fixed 
 (1) (2) (3) (4) (5) (6) (7) 

        
G4 Market 
Share  

-0.436*** -0.357*** -0.421*** -0.504*** -0.631** -0.810*** -0.448*** 
(0.136) (0.133) (0.159) (0.132) (0.293) (0.228) (0.147) 

TAC Market 
Share 

0.0282 0.0754 0.295** 0.209*** 0.257*** 0.278** 0.0431 
(0.111) (0.108) (0.114) (0.0723) (0.0867) (0.115) (0.112) 

Protected 
Areas  

0.958** 0.984** 0.989*** 0.908** 0.939*** 1.003*** 0.928** 
(0.396) (0.396) (0.361) (0.361) (0.361) (0.339) (0.367) 

Forest Area -1.84e-06*** -1.90e-06*** -1.70e-06* -1.72e-06** -1.70e-06** -1.39e-06* -1.85e-06*** 
(6.50e-07) (6.60e-07) (9.01e-07) (8.24e-07) (7.38e-07) (7.55e-07) (6.53e-07) 

log(Fines)  0.0361** 0.0368** 0.0390** 0.0318* 0.0328* 0.0435** 0.0359** 
(0.0178) (0.0179) (0.0194) (0.0190) (0.0192) (0.0182) (0.0178) 

Priority 
Municipalities  

0.128 0.135 0.136 0.0986 0.0941 0.0910 0.132 
(0.0887) (0.0884) (0.0930) (0.0982) (0.0947) (0.0925) (0.0889) 

Population  -2.15e-06 -1.94e-06 -1.56e-06 -1.72e-06 -1.32e-06 -3.64e-07 -2.11e-06 
(2.29e-06) (2.31e-06) (2.29e-06) (2.22e-06) (2.11e-06) (2.35e-06) (2.28e-06) 

Cattle Herd  -8.05e-07 -8.98e-07 -9.48e-07* -8.61e-07 -7.61e-07 -5.61e-07 -8.36e-07 
(5.65e-07) (5.72e-07) (5.40e-07) (5.65e-07) (5.54e-07) (5.83e-07) (5.66e-07) 

Agricultural 
Area  

-4.24e-06** -4.42e-06** -4.72e-06** -4.13e-06** -3.74e-06* -3.05e-06 -4.15e-06** 
(1.94e-06) (1.94e-06) (1.99e-06) (2.02e-06) (1.97e-06) (1.89e-06) (1.89e-06) 

Cattle Price 0.00800*** 0.00767*** 0.00676** 0.00633** 0.00494* 0.00540* 0.00810*** 
(0.00283) (0.00283) (0.00288) (0.00280) (0.00287) (0.00292) (0.00280) 

Post Temer 0.398*** 0.399*** 0.376*** 0.371*** 0.345*** 0.316*** 0.400*** 
(0.0589) (0.0614) (0.0616) (0.0538) (0.0509) (0.0537) (0.0591) 

Constant 13.64*** 13.86*** 13.20*** 13.39*** 13.36*** 12.11*** 13.67*** 
(2.409) (2.445) (3.255) (2.996) (2.716) (2.768) (2.414) 

        
Observations 2,187 2,187 2,187 2,187 2,187 2,187 2,187 
No.  
municipalities 

243 243 243 243 243 243 243 

R-squared 0.186 0.183 0.195 0.191 0.195 0.193 0.183 
Adjusted R2 0.182 0.179 0.191 0.187 0.191 0.189 0.179 
F-test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Table  A.7: Municipality fixed-effects model using a definition of G4 and TAC market share derived from a range of 
sourcing zone definitions. Columns 1-6 use a sourcing zone defined per slaughterhouse based on a given percentile of distances 
travelled by that slaughterhouse (e.g. 40th percentile for column 1). Column 7 uses a fixed sourcing zone per slaughterhouse 

inspection type (SIF, SIE, other) based on the 75th percentile distance travelled per inspection type. Response is logged 
deforestation for pastureland 2010-2019. All variables except Cattle Prices and Post Temer are lagged. Regressions are 

weighted by municipality area. Robust standard errors in brackets. 
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Table  A.8: Municipality within fixed-effects and first difference models using state level sub-samples. Response is logged 
deforestation for pastureland 2010-2019. All variables except Cattle Prices and Post Temer are lagged. Regressions are 

weighted by municipality area. Robust standard errors in brackets. 

  

 Rondônia Pará Mato Grosso 
 (1) (2) (3) (4) (5) (6) 
       
G4 Market Share  -1.229*** -1.252*** -0.366 -0.264 -1.069** -0.763 
 (0.241) (0.273) (0.235) (0.218) (0.435) (0.477) 

TAC Market Share  1.151* 0.901** 0.206** 0.401*** 0.669** 1.182*** 
 (0.612) (0.383) (0.0791) (0.123) (0.263) (0.209) 

Protected Areas  1.413 -1.051 0.943 0.257 1.317*** 1.175*** 
 (3.273) (5.636) (1.006) (1.263) (0.392) (0.307) 

Forest Area 2.05e-06 1.80e-05*** -1.31e-06 3.29e-06 -5.05e-06 8.91e-06 

(4.96e-06) (2.98e-06) (8.70e-07) (3.05e-06) (3.72e-06) (9.59e-06) 

log(Fines)  0.0196 0.000182 0.0417 0.0757** 0.0177 -0.0209 
 (0.0349) (0.0251) (0.0285) (0.0369) (0.0344) (0.0282) 

Priority 
Municipalities  

0.509*** 0.438*** 0.137 0.145 -0.0634 -8.70e-05 
(0.184) (0.0997) (0.135) (0.138) (0.138) (0.140) 

Population  -2.13e-06 1.20e-05*** 1.40e-06 3.24e-06 6.05e-06 4.74e-05 
 (6.75e-06) (2.13e-06) (4.10e-06) (8.55e-06) (3.36e-05) (7.79e-05) 
Cattle Herd  1.59e-06 7.61e-06*** -6.18e-07 3.36e-07 -1.13e-06 -7.17e-07 
 (1.93e-06) (2.32e-06) (6.93e-07) (7.89e-07) (1.27e-06) (2.17e-06) 

Agricultural Area  -1.61e-05 -1.91e-05 -1.65e-07 1.18e-06 -2.00e-06 -3.60e-07 
 (1.69e-05) (3.80e-05) (3.34e-06) (5.15e-06) (3.50e-06) (4.80e-06) 

Cattle Price 0.0289*** 0.0329*** 0.00315 0.00841** -0.00448 -0.0129** 
 (0.00458) (0.00539) (0.00403) (0.00387) (0.00517) (0.00521) 

Post Temer 0.202 0.0723 0.439*** 0.517*** -0.0367 -0.320*** 
 (0.183) (0.107) (0.0629) (0.109) (0.129) (0.0794) 

Constant 2.887  13.57***  13.35***  
 (5.922)  (4.307)  (4.107)  

Fixed Effects Yes No Yes No Yes No 
First Difference  No Yes No Yes No Yes 

Observations 468 416 1,188 1,056 531 472 
No.  municipalities 52 52 132 132 59 59 
R-squared 0.235 0.285 0.272 0.115 0.116 0.138 
Adjusted R2 0.217 0.264 0.265 0.105 0.097 0.118 
F-test 2.532e-17 0.000 9.723e-31 0.000 7.779e-06 0.000 
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Table  A.9: Municipality within fixed-effects and first difference models using estimates of G4 and TAC market share only 
on GTA records (unmodelled) and when modelled. Response is logged deforestation for pastureland. To account for low 
GTA coverage in some regions/periods, regressions use an unbalanced panel of the years 2010-2018 for municipalities 

within Rondônia and 2013-2019 for all others. All variables except Cattle Prices and Post Temer are lagged. Regressions 
are weighted by municipality area. Robust standard errors in brackets.  

  

 Unmodelled market share Modelled market share 
 (1) (2) (3) (4) 
     
G4 market share  -0.708*** -0.601*** -0.715*** -0.264 

(0.186) (0.214) (0.222) (0.327) 
TAC Market Share  0.256** 0.873*** 0.702*** 1.159*** 

(0.119) (0.179) (0.226) (0.334) 

Protected Areas  -0.0958 -0.605 -0.163 -0.484 
(0.998) (1.381) (0.929) (1.300) 

Forest Area -2.96e-06*** 4.06e-06 -4.02e-06*** 2.43e-06 
(1.11e-06) (3.01e-06) (1.10e-06) (3.45e-06) 

log(Fines)  0.0571** 0.0798** 0.0427* 0.0723** 
 (0.0242) (0.0319) (0.0243) (0.0316) 

Priority Municipalities  0.0621 0.0477 0.0604 0.129 
(0.118) (0.125) (0.125) (0.131) 

Population  -5.66e-06** 1.39e-05** -6.03e-06** 1.28e-05** 
 (2.72e-06) (5.45e-06) (2.88e-06) (5.00e-06) 

Cattle Herd  2.21e-07 1.92e-06* -4.31e-07 1.18e-06 
 (1.10e-06) (1.06e-06) (8.84e-07) (1.19e-06) 

Agricultural Area  -5.24e-06 -5.48e-06 -5.32e-06 -8.23e-06 
(5.30e-06) (6.01e-06) (4.54e-06) (6.09e-06) 

Cattle Price 0.0106*** 0.0170*** 0.00930** 0.0178*** 
 (0.00364) (0.00457) (0.00384) (0.00519) 
Post Temer 0.357*** 0.282*** 0.328*** 0.334*** 
 (0.0766) (0.0929) (0.0734) (0.0850) 

Constant 17.43***  21.35***  
 (3.967)  (3.871)  
Fixed Effects Yes No Yes No 
First Difference  No Yes No Yes 
Observations 1,562 1,319 1,562 1,319 
No.  municipalities 243 243 243 243 
R-squared 0.162 0.110 0.188 0.120 
Adjusted R2 0.156 0.102 0.182 0.112 
F-test 0.000 0.000 0.000 0.000 
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Table  A.10: Two-way (year & municipality) fixed-effects using both G4 and TAC market share (1), only G4 market 
share (2) and TAC market share (3). Response is logged deforestation for pastureland 2010-2019. All variables except 

Cattle Prices and Post Temer are lagged. Regressions are weighted by municipality area. Robust standard errors in brackets.  
Year fixed effects coefficients are omitted. 

 
  

    
 (1) (2) (3) 
    
G4 Market Share  -0.505*** -0.619***  
 (0.179) (0.173)  
TAC Market Share  0.245**  0.307*** 
 (0.103)  (0.107) 
Protected Areas  0.727* 0.642* 0.738* 
 (0.376) (0.360) (0.377) 
Forest Area -1.10e-06 -1.30e-06* -1.03e-06 

(7.34e-07) (7.84e-07) (7.13e-07) 
log(Fines)  0.0252 0.0288 0.0284 
 (0.0183) (0.0176) (0.0181) 
Priority Municipalities  -0.00437 -0.00599 0.00468 

(0.0924) (0.0872) (0.0922) 
Population  -5.79e-07 -1.23e-06 -3.29e-07 
 (2.05e-06) (2.24e-06) (2.05e-06) 
Cattle Herd  -8.79e-07 -9.98e-07 -7.21e-07 
 (5.87e-07) (6.21e-07) (5.83e-07) 
Agricultural Area  -4.50e-06** -4.56e-06** -5.08e-06** 
 (2.17e-06) (2.13e-06) (2.18e-06) 
Cattle Price -0.0794*** -0.0837*** -0.0791*** 
 (0.0123) (0.0124) (0.0125) 
Post Temer 0.488*** 0.589*** 0.447*** 
 (0.101) (0.0856) (0.102) 
Constant 18.16*** 19.35*** 17.67*** 
 (2.843) (3.113) (2.795) 
Observations 2,187 2,187 2,187 
No.  municipalities 243 243 243 
R-squared 0.309 0.304 0.303 
Adjusted R2 0.304 0.299 0.298 
F-test 0.000 0.000 0.000 
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Table  A.11: Municipality within fixed-effects and first difference models, clustered at the microregion level, analysed entirely 
at the microregion level and using G4 and TAC market share estimated at the microregion level, with all other variables at 
the municipality.. Response is logged deforestation for pastureland 2010-2019. All variables except Cattle Prices and Post 
Temer are lagged. Regressions are weighted by municipality area. Robust standard errors in brackets. The microregion level 
analysis (columns 3-4) has less microregion clusters than other models as here any microregion with less than 80% of the 

total area within the Amazon biome was excluded, while in other regressions municipalities with less than 80% of their total 
area within the Amazon biome were excluded. 

 
  

 Clustered at micro region Analysis at microregion ZDC variables at microregion 
 (1) (2) (3) (4) (5) (6) 
       
G4 Market Share  -0.721*** -0.318 -0.846*** -0.979** -0.946*** -0.868** 
 (0.179) (0.200) (0.125) (0.433) (0.173) (0.364) 

TAC Market Share  0.256*** 0.479*** 0.194 0.263 0.0896 0.326* 
 (0.0776) (0.160) (0.132) (0.174) (0.0950) (0.167) 

Protected Areas  0.941** 1.144*** 0.262 -0.192 0.948*** 1.149*** 
 (0.350) (0.242) (0.699) (1.751) (0.326) (0.232) 

Forest Area -1.71e-06** 4.63e-06 -1.02e-06*** 1.44e-06 -1.76e-06** 4.24e-06 

(6.81e-07) (3.12e-06) (2.78e-07) (1.52e-06) (6.78e-07) (3.04e-06) 

log(Fines)  0.0302 0.0479 0.0880* 1.44e-06 0.0304 0.0449 
 (0.0241) (0.0315) (0.0463) (1.52e-06) (0.0207) (0.0293) 

Priority 
Municipalities  

0.0946 0.0903 -0.00761 0.0366 0.123 0.116 
(0.0787) (0.105) (0.0288) (0.0317) (0.0891) (0.101) 

Population  -1.22e-06 1.04e-05** 6.92e-07 6.33e-07 -3.71e-07 1.08e-05** 
 (2.11e-06) (4.06e-06) (1.92e-06) (3.71e-06) (2.13e-06) (4.20e-06) 
Cattle Herd  -9.40e-07 -3.06e-09 -4.42e-07 6.41e-07 -8.09e-07 1.79e-07 
 (7.36e-07) (7.19e-07) (3.51e-07) (7.77e-07) (7.36e-07) (8.28e-07) 

Agricultural Area  -3.49e-06* -4.63e-06* -2.55e-06** -2.92e-06* -4.12e-06** -4.65e-06* 
 (2.05e-06) (2.60e-06) (9.78e-07) (1.52e-06) (1.94e-06) (2.71e-06) 

Cattle Price 0.00582* 0.00809** 0.00978* 0.0139*** 0.00799** 0.00853** 
 (0.00290) (0.00377) (0.00533) (0.00441) (0.00358) (0.00354) 

Post Temer 0.353*** 0.316*** 0.433*** 0.521*** 0.399*** 0.326*** 
 (0.0561) (0.108) (0.0876) (0.141) (0.0580) (0.105) 

Constant 13.43***  17.67***  13.42***  
 (2.572)  (2.582)  (2.555)  

Fixed Effects Yes No Yes No Yes No 
First Difference  No Yes No Yes No Yes 

Observations 2,187 1,944 297 264 2,187 1,944 
No.  spatial units 243 243 33 33 243 243 
No. clusters 42 42 33 33 42 42 
R-squared 0.200 0.083 0.361 0.136 0.200 0.079 
Adjusted R2 0.196 0.0776 0.337 0.102 0.196 0.0736 
F-test 0.000 0.000 0.000 0.000 0.000 0.000 
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 (1) (2) 
   
G4 Market Share  -0.810*** -0.175 
 (0.188) (0.187) 

TAC Market Share  0.471*** 1.025*** 
 (0.0979) (0.144) 

Protected Areas  0.782*** 0.876*** 
 (0.270) (0.275) 

Forest Area -2.52e-06* 1.77e-05*** 
(1.31e-06) (3.77e-06) 

log(Fines)  0.00260 0.00133 
 (0.0183) (0.0180) 

Priority Municipalities  0.0753 -0.0629 
 (0.0789) (0.0901) 

Population  4.40e-06 1.05e-05 
 (3.99e-06) (6.78e-06) 

Cattle Herd  -1.14e-06** 1.30e-06 
 (5.35e-07) (8.42e-07) 

Agricultural Area  -5.02e-06** -3.19e-06 
 (2.36e-06) (3.11e-06) 

Cattle Price 0.00311 0.000264 
 (0.00259) (0.00254) 

Post Temer 0.191*** 0.196*** 
 (0.0495) (0.0622) 

Constant 7.340***  
 (0.774)  
 
Fixed Effects 

 
Yes 

 
No 

First Difference  No Yes 
Observations 2,187 1,944 
No.  municipalities 243 243 
R-squared 0.077 0.059 
Adjusted R2 0.072 0.054 
F-test 0.000 0.000 

Table  A.12: Municipality fixed-effects and first difference without weighting regression by municipal area. Response is 
deforestation for pastureland, 2010-2019. All variables except Cattle Prices and Post Temer are lagged. Robust standard 

errors in brackets 
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Threshold G4 market share TAC market share 

�•�������� 56.61% 57.06% 

�•�������� 54.09% 50.75% 

�•�������� 47.87% 41.93% 

�•�������� 38.32% 25.51% 

�•�������� 25.83% 16.78% 

�•�������� 17.74% 5.53% 

�•�������� 10.65% 4.34% 

�•�������� 7.45% 4.02% 

�•�������� 5.58% 0.50% 

Table  A.13: Percentage of observations over decile increments of G4 & TAC market share 
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Figure  A.1: Predicted vs GTA slaughter volumes at the inspection level 
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Figure  A.2: Predicted vs GTA slaughter volumes at the state level with (top) and without 
(bottomt) uninspected plants 
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Figure  A.3: Predicted and original volumes by state and year for all plants 
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Figure  A.4: Predicted and original volumes by state and year excluding uninspected plants 
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Appendix 

B. Mechanisms of reduced supply chain policy effectiveness and 
leakage in the Brazilian cattle sector 

 

 Standardization of GTA and CAR data 

Before linking GTA and CAR data, we first processed both datasets to remove errors, standardize 

the data and to maximize the likelihood of accurate matches between the two datasets. This was 

achieved by a) removing all accents and special characters from farmer and property name data, 

b) capitalizing all text in farmer and property name data, c) removing repeated whitespace from all 

text strings, as well as any whitespace from the start and end of text data, and d) correcting 

�F�R�P�P�R�Q�� �H�U�U�R�U�V�� �D�Q�G�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �I�D�U�P�� �Q�D�P�H�V�� ���H���J������ �´�)�$�=�(�1�'�$�µ���� �´�)�$�=���µ�� �´�)�$�=�,�1�'�2�µ�� �D�Q�G��

�´�)�$�=�(�1�'�µ�� �E�H�F�D�P�H���´�)�$�=������ �$�G�G�L�W�L�R�Q�D�O�O�\���� �Z�K�H�U�H�� �G�D�W�D�� �D�S�S�H�D�U�H�G�� �W�R�� �Ee in the incorrect variable 

���H���J�������´�)�$�=�(�1�'�$���;�µ���O�L�V�W�H�G���X�Q�G�H�U���I�D�U�P�H�U���Q�D�P�H���	���´�0�5���;�µ���X�Q�G�H�U���S�U�R�S�H�U�W�\���Q�D�P�H�������W�K�H�V�H���G�D�W�D���Z�H�U�H��

moved to the expected variables. Where data contained long strings of text that appeared to pertain 

to various matching variables (e.g., a property name string containing information pertaining to a 

�S�U�R�S�H�U�W�\�����D���I�D�U�P�H�U���D�Q�G���W�K�H���I�D�U�P�H�U�·�V���W�D�[���Q�X�P�E�H�U�����D�Q�G���L�W���Z�D�V���S�R�V�V�L�E�O�H���W�R���V�S�O�L�W���W�K�L�V���G�D�W�D�����H���J�������Y�L�D���W�K�H��

presence of dashes), we did so. We also corrected tax number data by removing non-numeric 

characters. In 1% of GTAs, a unique CAR identifier was present, which was extracted and 

standardized to unsure string length and substring separators were consistent.  

Due to the potential for the presence of numerous, non-identical recordings in both GTA and 

CAR datasets, we also sought to determine unique individuals in each dataset. This was done 

through two procedures. First, for both GTA and CAR data, observations were grouped by farmer 

and property characteristics (i.e., a match for both property name and farmer name and/or tax 

number). Due to the potential for continued errors and inconsistencies remaining despite our 

cleaning procedure, we also grouped properties by non-exact string matches using a restricted 

Damerau-Levenshtein approximate string matching approach (Boytsov, 2011; Navarro, 2001), 

allowing for up to two character insertions, deletions, substitutions or transpositions to determine 

a string match. For all GTA or CAR grouped observations, a new unique identifier was provided 

that is specific to the dataset and unique at the grouped level (i.e., each property we determined to 

be unique gained a unique CAR identifier and a unique GTA identifier). Tax number links had to 

be exact and no approximate string matches were accepted for this variable. 
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 Second, for the CAR dataset only (as this is the only dataset with spatial information), we also 

determined spatial matches, to further group the data and also remove instances of double 

counting land use across two observations. Where the overlapping area of two properties was 80% 

or greater than the area of both of the overlapping properties individually, a match was determined, 

and the data were grouped. For CAR data matched through either method, the spatial data was 

unioned to ensure one spatial footprint per property.  

 Linking of GTA and CAR data 

In the 1% of data where a unique CAR identifier was present in the GTA data, this identifier was 

used to link the data, for all other data, we used the same procedure as to determine unique CAR 

and GTA properties. Using the cleaned and grouped GTA and CAR data as described above, we 

matched observations across the two datasets when we were able to identify a match for both a 

property identifier (i.e., property name) and a farmer identifier (i.e., tax number and/or farmer 

name). Where no match was found through an exact match, we then used Damerau-Levenshtein 

approximate string matching approach to determine inexact matches for property name and/or 

farmer name, while requiring an exact tax number match between the two datasets. Through this 

approach we were able to link 56,233 properties, of which 4,067 properties were unconnected to 

any slaughterhouse of cattle exporter and 191 properties also slaughtered cattle. In both cases, we 

excluded these observations, leaving 51,975 matched properties within our sample. 

Failed matches occurred due to several factors, some of which have the potential to introduce 

some bias into results. First, we were unable to identify producers who were not registered in CAR 

as of 2020, when data was obtained. Although CAR registration is legally required in Pará, coverage 

is still incomplete, particularly for smaller producers and indirect suppliers (Pereira et al., 2020), 

meaning we likely over sample direct suppliers. Further, properties in the GTAs early in the study 

period which ceased to be present by the date CAR was obtained (i.e., due to purchase, 

abandonment or amalgamation with another property) may be missing from our CAR dataset 

should the property have been deregistered. Examination of the CAR data indicates many former 

properties that should have been removed from CAR were retained (e.g., locations fully covered 

by later registered properties), however we cannot fully determine the scale of deregistration due 

to a lack of suitable CAR data from earlier in the study period. Second, errors and inconsistencies 

in property identifiers (i.e., property name, owner name, tax number) between the two datasets 

likely caused attrition in the number of matches despite the matching procedure used. However, 

the prevalence of such errors is expected to be random and therefore not bias results (Skidmore, 

2020).  
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Finally, as our procedure required matches for both property (i.e., property name) and producer 

(i.e., farmer name and/or tax number) to avoid erroneous matches (e.g., linking two different 

properties with the same property name), we were unable to link properties where the owner of 

the cattle established in the GTAs was not listed as the owner of a property in CAR, such as when 

the land used for cattle production was leased, an increasingly common occurrence in the Amazon 

(Assunção, 2008; Lima, 2020). Farmers who lease land often only rent the non-forest areas and/or 

lack the right to open additional areas however (Puppim de Oliveira, 2008), meaning our failure to 

capture this population is unlikely to alter estimates of deforestation significantly. Our matching 

procedure therefore produces conservative but precise matches that likely underrepresent indirect 

suppliers and those properties which only traded early in the study period. 

 Comparison of spatialized population to full GTA characteristics 

To gain an indication of how representative the sample used within this study is, relative to the 

total cattle selling population (as recorded by the GTAs), we compared our results for the 51,975 

matched properties against the full sample of 122,740 properties which could be linked at least 

once to a slaughterhouse during the study period (out of a total of 141,861 properties) for the 

number of links per slaughterhouse, the proportion of individuals in each group (ZDC 

direct/indirect, non-ZDC direct/indirect, T3+) and for the proportion of total sales each group 

accounted for. We found that we estimate a similar percentage of individuals for all groups except 

T3+ indirect suppliers and direct ZDC suppliers. T3+ suppliers were estimated to be 7% of the 

market in the sample, while the GTA data indicates that these suppliers were 11% of the 

individuals within the sector. For direct ZDC suppliers, which the sample estimates to be 4.7% of 

the total number of actors, the full dataset shows only 2.7% (Table  B.2:). Sales proportions were 

�K�L�J�K�O�\���V�L�P�L�O�D�U���D�F�U�R�V�V���J�U�R�X�S�V�����Z�L�W�K���7�����·�V���F�R�Q�W�U�L�E�X�W�L�R�Q���D�J�D�L�Q���E�H�L�Q�J���X�Q�G�H�U�H�V�W�L�P�D�W�H�G�����6�D�P�S�O�H�G���V�D�O�H�V��

indicate T3+ accounted for 0.7% of total sales, while the full dataset indicates 1.6%. Direct G4 

sales were more similar here, with the sample estimating G4 directs account for 24% of sales and 

the full sample indicating 20.6% The number of individuals linked per slaughterhouse appears to 

be a slight overcount in general, with the proportion of individuals each slaughterhouse sources 

from slightly higher in the sample, compared to the overall population (Table  B.1:).  

While some differences exist in the supply chain characteristics sampled relative to the total GTA 

population, these differences appear minor. In particular, as the largest discrepancies appear to be 

among Tier 3+ indirect suppliers, who we do not link to either ZDC or non-ZDC slaughterhouses, 

this is unlikely to affect our results. It is possible, however, that the lack of difference found is due 

to the large number of properties in both the full and reduced datasets that cannot be linked to 
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slaughterhouses. While the extent of this issue is unknowable, it does reflect the incomplete nature 

of the GTA records themselves in Pará, which has been found by other authors (Skidmore, 2020). 

 Supplementary tables & figures 

 

 ALL SLAUGHTERHOUSES G4 SLAUGHTERHOUSES 

 
All GTA  
properties 

CAR-linked 
properties 

All GTA 
properties 

CAR-linked 
properties 

Tier 1 18.80 11.85 51.81 40.95 

Tier 2 128.39 72.85 699.03 428.41 

Tier 3 502.55 284.27 4185.00 2378.32 

Tier 4+ 35,620.98 17,819.39 46,243.45 22,916.18 

Table  B.1: Mean annual number of properties sourced from per slaughterhouse. Number of suppliers are differentiated by 
supply chain tier, with Tier 1 being direct suppliers, and Tiers 2 onwards being indirect suppliers. Tier 2 is equivalent to 

ZDC and non-ZDC indirect suppliers. Tier 3 and Tier 4+ are equivalent to Tier 3. 

 

Supply chain Segment Total sales (%) No. individuals (%) 
All GTAs CAR-linked All GTAs CAR-linked 

ZDC direct 20.6 24.0 2.7 4.7 

ZDC indirect 9.2 7.8 12.0 11.2 

Non-ZDC direct 49.2 52.0 33.5 39.4 

Non-ZDC indirect 19.4 15.5 40.5 37.5 

Tier 3+ indirect 1.6 0.7 11.3 7.5 

Table  B.2: Proportion of total sales and total number of individuals by ZDC policy treatment and supply chain tier, with 
results shown for both the total population of GTAs and for the sample used in this paper that were linked to CAR. 

Results are broadly similar, but Tier 3+ indirect suppliers are undercounted, and the number of ZDC direct suppliers are 
over counted 
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Variable Description & Calculation Unit Years Source 
Is 
smallholder 

Any property with an area less than one Brazilian fiscal module, 
equivalent to legal definition of a minifúndio 

0/1 NA (Embrapa, 2018) 

Is small 
property 

Any property with an area less than four Brazilian fiscal modules, 
equivalent to legal definition of a pequino propriedade 

0/1 NA (Embrapa, 2018) 

Has forest 
surplus 

Any property where mean forest area over the study period was 
80% of the total property area or greater, indicating compliance 
with the Brazilian natural vegetation requirements (the Forest 
Code)  

0/1 2008-
2020 

INPE (2021) 

Embargoed Any property embargoed by IBAMA for breaching Brazilian 
environmental regulations, determined by intersecting embargo 
point/polygon data with CAR data during the study period. Any 
embargoes lacking spatial data were excluded. 

0/1 2008-
2020 

(IBAMA, 2021) 

Within 
protected 
area 

Any property which intersects with a protected area, including all 
conservation units and indiginous reserves listed by the Brazilian 
Ministry of the Environment, excluding Áreas de Proteão Ambiental, 
the weakest protected areas where cattle production is often 
allowed  (Marques and Peres, 2015) 

0/1 NA (MAPA, 2019) 

Within 
priority 
municipality 

Any property within a municipality that was included on the 
�%�U�D�]�L�O�L�D�Q���0�L�Q�L�V�W�U�\���R�I���W�K�H���(�Q�Y�L�U�R�Q�P�H�Q�W�·�V���O�L�V�W���R�I���P�X�Q�L�F�L�S�D�O�L�W�L�H�V��
requiring additional monitoring and interventions due to high 
deforestation during the study period 

0/1 2008-
2020 

(Ministério do 
Meio Ambiente, 
2020) 

Has 
auxiliary 
property 

Any property where the tax number identified is shared with 
additional  CAR properties for which no GTA could be matched, 
indicating both properties are part of the same portfolio, but only 
the linked property issued GTAs, potentially a form of indirect 
supplier leakage (Skidmore, 2020) 

0/1 NA (ADEPARÁ, 
2019; SEMAS, 
2021; Servico 
Florestal 
Brasileiro, 2021) 

Has 
degraded 
pasture 

Any property which had pasture designated as either moderately 
or severely degraded pasture during the study period. 

0/1 2008-
2020 

(Project 
MapBiomas, 2020) 

Percentage 
pasture 
degraded 

The ratio of degraded pasture (either moderately or severely) over 
the total pasture area. Both degraded pasture area and total 
pasture area were calculated as the mean value over the study 
period 

% 2008-
2020 

(Project 
MapBiomas, 2020) 

Has 
cropland 

Any property which was identified as having annual crops 
(including soy) during the study period. 

0/1 2008-
2020 

(Project 
MapBiomas, 2020) 

Initial forest 
cover 

Forest area in the last year prior to ZDC implementation (2009) 
over total property area 

% 2008-
2020 

INPE (2021) 

Secondary 
forest 

Mean secondary forest area over study period (defined as any 
forest vegetation that has been cleared and/or converted to 
human use at least once) over total proterty area 

% 2008-
2020 

Project 
MapBiomas, 2020) 

Distance to 
nearest G4 
SH 

Distance in km to the nearest G4 slaughterhouse that was 
operational during the study period 

Km NA (Trase, 2021) 

Distance to 
nearest SIF 
SH 

Distance in km to the nearest federally inspected slaughterhouse 
(SIF) that was operational during the study period 

km NA (Trase, 2021) 

Table  B.3: Description of additional producer characteristics displayed in Table 3.2, and used as covariates in Table  B.4 
and Table  B.5, including the temporal coverage, data source and details of how the variable was calculated. 
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Table  B.4: OLS regression results indicating the impact of ZDC supply chain participation on direct supplier 

deforestation rates and deforestation occurrence, both for 2010-2020, the years since ZDCs were implemented (columns 1 & 
�������D�Q�G���L�Q���������������W�K�H���\�H�D�U���S�U�L�R�U���W�R���=�'�&���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�����´�5�D�Z�µ���F�R�O�X�P�Q�V���G�R���Q�R�W���L�Q�F�O�X�G�H���F�R�Y�D�U�L�D�W�H�V�����Z�K�L�O�H���´�&�R�Q�W�U�R�O�V�µ��

columns include covariates controlling for variation in property area, smallholder status, initial forest area (in 2009), whether 
a property was within a protected area or not, the presence of auxiliary properties, the presence of cropland, and the distance 

to the nearest federally-�L�Q�V�S�H�F�W�H�G���R�U���´�6�,�)�µ���V�O�D�X�J�K�W�H�U�K�R�X�V�H���� 

 

 

Table  B.5: OLS regression results indicating the impact of ZDC supply chain participation on indirect supplier 
deforestation rates and deforestation occurrence, both for 2010-2020, the years since ZDCs were implemented (columns 1 & 

2) a�Q�G���L�Q���������������W�K�H���\�H�D�U���S�U�L�R�U���W�R���=�'�&���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�����´�5�D�Z�µ���F�R�O�X�P�Q�V���G�R���Q�R�W���L�Q�F�O�X�G�H���F�R�Y�D�U�L�D�W�H�V�����Z�K�L�O�H���´�&�R�Q�W�U�R�O�V�µ��
columns include covariates controlling for variation in property area, smallholder status, initial forest area (in 2009), whether 
a property was within a protected area or not, the presence of auxiliary properties, the presence of cropland, and the distance 

to the nearest federally-�L�Q�V�S�H�F�W�H�G���R�U���´�6�,�)�µ���V�O�D�X�J�K�W�H�U�K�R�X�V�H�� 
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Figure  B.1: Example supply chain configuration, generated by randomly selecting a direct ZDC supplier (indicated with a 
red circle) and determining all links between this property and its trading partners in 2015. The direction of cattle movement 

is indicated by arrow direction, with two-way movements indicated by arrows pointing in both directions. Arrow width 
indicates the number of cattle moved. ZDC slaughterhouse is indicated in green, direct ZDC supplier in dark blue, ZDC 

indirect supplier in light blue and Tier 3+ indirect suppiers in pink. 
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Figure  B.2: Example landscape in Pará, showing the diversity of supply chain arrangements present. Direct ZDC suppliers 
are shown in dark blue, indirect ZDC suppliers in light blue, direct non-ZDC suppliers in dark red, indirect non-ZDC 

suppliers in light red, and Tier 3+ suppliers in pink. 
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Appendix 

C. How can commodity-driven deforestation be governed in 
sacrifice zones? Evidence from the Brazilian Cerrado 

 

 Further information regarding research participants 
       

 

Producer Attribute Maranhão Tocantins Piauí Bahia Total Didn't 
respond 

 

Most common region of origin Northeast South, 
Central South South N/A  1  

Average age 70 N/A  62 58 N/A  6  

Soy producer (count) 0 1 4 3 8 0  

Livestock producer (count) 1 1 4 3 9 0  

Both soy & livestock (count) 0 0 2 2 4 0  

Average total property area (ha) 400 191.4 6667 1403 2165 2  

Average productive area (ha) 200 230 6196 2100 2181 7  

Average legal reserve size (ha) 200 39.4 620 368.2 307 6  

% of property within legal reserve 50% 21% 9% 26% 14% N/A   

Average head cattle 52 250 175 5 121 2  

Multiple farm owner (count) 1 1 5 1 8 1  

Off-farm income (count) 1 1 2 2 6 5  

Had CAR (count) NA 2 5 3 10 1  

Sustainably certified (count) 0 0 0     

Total number of interviews 1 2 6 4 13 N/A   

Table  C.1 Attributes of producers interviewed by state 
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Producer Attribute Maranhão Tocantins Piauí Bahia Total Didn't 
respond 

 

Researcher 2 2 0 0 0 3  

Trader 0 0 0 2 0 2  

Government official 0 1 0 0 0 1  

Civil Societies 0 1 0 1 0 2  

Cooperative/ 
syndicate 1 1 1 1 0 4  

President of cooperative/ 
syndicate 1 0 0 1 0 2  

Agribusiness 1 0 0 0 0 1  

Farm owner 0 N/A  0 1 10 3  

Total number of interviews 4 5 1 4 10 14  

Table  C.2: Attributes of experts interviewed by state. It is important to note that each expert had potentially multiple 
attributes 

 

Farmer interviews Expert interviews 

Code Region of origin State Code Type State 

Farm 1 South PI Expert 1 Producer Organization PI 
Farm 2 South PI Expert 2 Producer Organization MA 
Farm 3 South BA Expert 3 Producer Organization BA 

Farm 4 N/A  PI Expert 4 Producer Organization TO 
Farm 5 Northeast PI Expert 5 Producer Organization MA 
Farm 6 South BA Expert 6 Agribusiness BA 
Farm 7 Northeast BA Expert 7 Agribusiness BA 
Farm 8 South TO Expert 8 Agribusiness MA 

Farm 9 Center West TO Expert 9 Research or Extension TO 
Farm 10 South BA Expert 10 Research or Extension MA 
Farm 11 Northeast PI Expert 11 Research or Extension TO 
Farm 12 South PI Expert 12 NGO TO 
Farm 13 Northeast MA Expert 13 NGO BA 
   Expert 14 Government TO 

Table  C.3: Code given to each interviewee, indicating the Brazilian state where each interview was held, using two letter 
�D�E�E�U�H�Y�L�D�W�L�R�Q�V�����W�K�H���U�H�J�L�R�Q���R�I���S�U�R�G�X�F�H�U���R�U�L�J�L�Q�����D�Q�G���W�K�H���H�[�S�H�U�W�·�V���I�L�H�O�G���R�I���H�[�S�H�U�W�L�V�H 
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 Positionality Statement 

A rese�D�U�F�K�H�U�·�V���S�R�V�L�W�L�R�Q�D�O�L�W�\���D�I�I�H�F�W�V���K�R�Z���G�D�W�D���L�V���F�R�O�O�H�F�W�H�G�����X�Q�G�H�U�V�W�R�R�G�����D�Q�G���L�Q�W�H�U�S�U�H�W�H�G���L�Q���Z�D�\�V���W�K�D�W��

can be both beneficial and detrimental to research goals (Holmes, 2020). To help clarify how 

positionality impacts the results of this paper, a reflection on the observational standpoint of the 

researchers involved in the fieldwork is provided. This positionality statement draws from the 

most up-to-�G�D�W�H���U�H�V�H�D�U�F�K���U�H�J�D�U�G�L�Q�J���W�K�H���L�P�S�D�F�W�V���R�I���U�H�V�H�D�U�F�K�H�U�V�·���S�R�V�L�W�L�R�Q�D�O�L�W�\���D�Q�G���D�S�S�U�R�S�U�L�D�W�H���P�H�D�Q�V��

of disclosing these impacts (Berger, 2015; Bourke, 2014; Manohar et al., 2017). Resultantly, we will 

�F�O�D�U�L�I�\���W�K�H���U�H�V�H�D�U�F�K�H�U�V�·���S�R�V�L�W�L�R�Q�D�O�L�W�\���L�Q���U�H�Oation their culture, language, gender, age, and ethnicity 

and locate this with respect to the topic studied, the participants involved, and the research context 

and process (Holmes, 2020; Manohar et al., 2017).  

�1�H�L�W�K�H�U���R�I���W�K�H���W�Z�R���U�H�V�H�D�U�F�K�H�U�V���Z�K�R���F�R�Q�G�X�F�W�H�G���W�K�H���I�L�H�O�G�Z�R�U�N���W�K�D�W���J�H�Q�H�U�D�W�H�G���W�K�L�V���S�D�S�H�U�·�V���I�L�Q�G�L�Q�J�V��

(Samuel Levy, lead researcher and co-author & Anna Victoria Nogueira Garik, assisting researcher 

and co-author) are from the rural, Northeastern Brazilian communities studied. SL is a white 

British male and AVNG is a white female raised in the USA with dual Brazilian-American 

citizenship. Both researchers are younger than all participants involved in this study and are non-

native Portuguese speakers. Participants possessed a highly varied range of ethnic and 

socioeconomic backgrounds, but were majority male, most often born in Southern or Central 

Brazil. Our dominant position in relation to research participants was as outsiders and foreigners.  

Of particular relevance to this research, numerous participants reflected that as foreign researchers 

from wealthy, European/North American nations, they expected that would be highly sensitive to 

environmental issues and would consider this of greater importance than other concerns such as 

economic development or Brazilian food security. This was most likely foregrounded by our 

central research question being the perceptions and impacts of private and public conservation 

policies in the region. 

We expect that the positionality of the researchers resulted in the data collected missing nuances 

that native speakers and community members would have identified. We also anticipate that due 

to our research topic and our positions as foreign outsiders, environmental issues were emphasized 

in the responses given by participants, while any environmentally degrading behaviors potentially 

conducted by the participants, particularly those which were illegal were likely minimized or 

omitted. However, research participants were willing to discuss their desire to open new areas for 

agriculture (Farmer 1, 2, 12, 13), presenting a positive indication that our positionalities did not 

completely prevent the collection of such data. 
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�$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H���U�H�V�H�D�U�F�K�H�U�V�·���S�R�V�L�W�L�R�Q�V���D�V���Z�K�L�W�H���I�R�U�H�L�J�Q�H�U�V���P�D�\���K�D�Y�H���F�R�Q�W�U�L�E�X�W�H�G���W�R���R�X�U���I�D�L�O�X�U�H���W�R��

�L�Q�F�O�X�G�H���P�H�P�E�H�U�V���R�I���P�D�U�J�L�Q�D�O�L�]�H�G���J�U�R�X�S�V���V�X�F�K���D�V���U�X�U�D�O���Z�R�U�N�H�U�V�·���X�Q�L�R�Q���U�H�S�U�H�V�H�Q�W�D�W�L�Y�Hs, indigenous 

communities, and quilombola members within this study. Despite attempts to contact these groups, 

where it was legally possible to do so, we were unable to secure consent for interviews. It is possible 

that other research executors who were not unknown outsiders may have overcome such barriers, 

which we expect would have provided a more comprehensive view on the effects of frontier 

expansion for soy within the study region.  
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 Interview Scripts 

Script used with farmers 

SECTION 1: Basic/scoping questions  
 
1. Basic Personal Info  

1.1. Date: 
1.2. Municipality:  
1.3. Name of Producer:  
1.4. Name of the Farm:  
1.5. Age: 
1.6. Address:  
1.7. Telephone:  
1.8. Email:   
1.9. How long have you lived here for? 
1.10. Where were you born? 

 
2. Reasons for moving to this location 

2.1. Where were you living before you moved here? 
2.2. What was your principle reason for moving here? 

�x Did you want to move to the area or this specific farm? 
�x Have you lived elsewhere in this region before settling at this farm? 

o Where did you live? 
 

2.3. How important were the following: 
Features Importance Change in last 10 yrs Comments 

1 2 3 -2 -1 0 +1 +2 

Local Roads           
State Roads          
Fed Roads          
Trains          
Silos          

Crushing facilities          
Ease of starting a 
business  

         

Social ties to area 
(friends, family etc.) 

         

Business contacts in 
area 

         

Extent of land 
availability  

         

Ease of acquiring / 
accessing land  

         

Clear / permissive 
legal framework  

         

Clear /permissive 
implementation 
procedure  

         

Price of land           
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Bio-physical suitability 
of the land  

         

Adequate rainfall           
Adequate day-light 
hours / temperature  

         

Fertile soils           
Slope           
Policy Incentives          
  Environmental          
  Social          
  Economic          
Strength of policies 
elsewhere 

         

 

2.4. Before you moved here did you have a farm elsewhere? 
�x Did your parents? 
�x Did you consider moving to the Amazonia region? 

2.5. Do you know anyone who did? 
�x Why did you not? 

2.6. Has this region been as you expected it to be? 
 

3. Basic Farm Info 

3.1. Which crops do you grow? 
3.2. Which animals do you stock? 

�x (if cattle) are they boi, vaca, bezerro, novilho? How many heads of each? 
�x Other: 

3.3. What size is your farm? 
3.4. How do you divide up your farm: 

Land Use Area Notes 
Crop 1   
Crop 2   
Livestock 1   
Livestock 2   
Integrated crop livestock   
Legal Reserve   
Home/domestic crops   
Other   

 

3.5. Are any of these for domestic consumption only? 
3.6. Do you have any other farms? & If so: 

�x Where? 
o If they are in the local area why did you choose to focus here not elsewhere? 

�x What size are they? 
�x What do you grow there? 

4. Documents 

4.1. Does the owner have: 
�x Title in his/her name 
�x Document (type________) in the name of someone else 
�x Document from notary public 
�x Document from a public organization (which:______) 
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�x No document 
�x Other 

4.2. Does the property have CAR or LAU? 
�x When did you first hear about these? 
�x When did you get these? 

4.3. Does the property obtain GTA when selling animals? 
�x How does this vary on your other farms?  

o Do you have the same documents for all? 
o Do you have the same amount of legal reserve protected for all? 
o Do you supply to the same buyers?  

4.4. Do any of your neighbors have this kind of certification? 
 

SECTION 2: Income & Livelihoods 

5. Livelihood capital 

5.1. Level of education (elementary school, middle school, high school, technical college, bachelors, graduate 
degree) 

5.2. Where were you born? 
5.3. What is your religious Denomination? 
5.4. What is ethnic group (indigenous, Afro-Brazilian, European, Japanese. Mixed) 

�x If mixed what do you identify as 
�x If European which countries 

5.5. Number of people in your family? 
5.6. How many people in your family work on the farm? 
5.7. Does any member of your family work outside the farm? 
5.8. Do you hold any positions or titles (e.g. in Coop, church, municipal government etc.) 
5.9. Do you feel that your community is cohesive? 

�x If not, why? 
�x Are there many newcomers to your region? 
�x Are many people leaving the region? 

o If so why? 
5.10. How satisfied are you with your life? (not very, somewhat, very) 

�x Why? 
5.11. How satisfied are you with your farm? 

�x Why? 
 
6. Groups 

6.1. Are there many agricultural groups/associations in your area? 
6.2. Do you participate in any group or association? 

�x If yes, which? 
 
7. Assistance 

7.1. Where do you get technical assistance? 
7.2. What do you use it for? 

 

SECTION 3: Income 

8. Off-farm/farm income 
8.1. What is your principle form of income? 

�x If different, what is your principle form of farm-based income (only ask if not farm) 
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9. Farm Income (& CoT) 

9.1. What was your farm income this year (without costs) 
�x What were the principle sources? 

9.2. What was your farm profit this year? 
�x Is this farm more profitable than your others? 
�x Why is that? 

9.3. Are you making more from your farm now than you were 10 years ago? 
�x Why is that? 

9.4. Have your sources of income changed since you began this farm? 
�x Please describe 
 

10. Farm Costs (& CoT) 

10.1. What were the cost of running your farm this year? 

o What are the principle costs? 

10.2. Have your costs gone up since you began farming here? 

o Please describe 

 

Cost 

Change since arriving  

Cost now 

Notes 
-2 -1 0 1 2 

Consultants    
 

   
 

 

Credit       
 

 

Inputs        

labor        

transport        

Access to land       
 

 

Other        
 

10.3. Have the types of costs changed? 
10.4. Do you employ any consultants? 

�x If so for what? 
�x (If not mentioned) Do you have any consultants to assist with documentation or compliance with 

regulation? 
�x Has this changed since you began farming here? 

10.5. Do you have employees? 
Title Number Roles on farm Full 

time or 

casual 

Pay Employee Benefits  
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�x (If have casual workers) what does casual worker mean on your farm? 
�x Have you ever had any conflicts with your workers? 
�x If so, how was it resolved? 

10.6. Do you have the capacity to store grains on your farm?   
�x If so how many bags? 
�x If no, how much does it cost to store 

10.7. Do you have a corral for your cattle? 
�x Can you weigh your cattle at your farm? 

10.8. Do you bring your crops/livestock directly to the trader/slaughterhouse? 
�x If so how much does it cost? 
�x If no, how much do they charge to pick it up? 

 
11. Off farm Income (& CoT) 

11.1. Do you have any other forms of income? Please list 
�x Have this changed in the last 10 years? 
�x Why have you decided to engage/not engage in off farm income? 
�x Was there a specific event that made you begin to need off farm income? 

 
12. Risks to business 

Issues Severity 

(now) 

Importance Change in last 10 yrs Comments 

1 2 3 1 2 3 -2 -1 0 +1 +2 

Corruption (facilitate 

access or a burden)  

             

Bureaucracy / red 

stamp  

            

Susceptibility to land 

conflicts  

            

Exposure to disease/ 

pests  
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Exposure to extreme 

weather events  

            

Recent changes in 

environmental 

conditions  

            

Changes in gov policy             

Lower prices for 

products 

            

Higher farm costs             

 

12.1. Which is the biggest risk to your business? 

 

13. Investments/actions to improve farm (past/future plans) 

13.1. Since purchasing the farm what improvements have you done to your farm? 
13.2. What would you like to improve in the future? 

�x What has stopped you doing this already?  
13.3. What do you imagine the future of your farm will be in the next 10 years? 

�x Next 20? 
13.4. What does your farm need? 

Need 
Importance (1-3) Change in last 10 years 

What are you doing to address? 1 2 3 -2 -1 0 1 2 

Extension          
 

Credit          
 

Inputs          

Better labor          

More reliable 
labor 

         

Cheaper labor          

Access to 
land 

         
 

Price of 
products 

         

Other          
 

13.5.  Are you doing anything to add value to your products? 

�x Are there any programs locally to get higher value for your product?  
o What are they for? 
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o Fat coverage 
o Breed 
o GM/non GM 
o Other: 

o How much do they pay? 
o When did it begin? 
o Do you sell to them? 
o Is it easy/difficult? Why? 

�x Do any of your neighbours sell to these programs? 
o Are they better or worse off than you? 
o Are they buying land/expanding operations? 

�x Are you looking to buy more land? 
o Is it easy to find affordable/good quality land in your area? 
o If prices were different would you buy more land? 
o What kind of land would you consider buying: 

Land type 
Would buy? 
 

Has this 
changed since 
you arrived 
here? 

Why? 

Y N Rank Y N  

Productive 
farmland 

      
 

Productive 
pasture 

      
 

Degraded 
pasture 

      

Native 
grassland 

      

Forest       

Other       

13.6. Do you have more or less land than you had 15 years ago? 
�x Did land cover have a role in your purchases? 

 
SECTION 4: Supply chain structure 

14. Buyers and motivation for who to sell to (& CoT) 
14.1. How do you decide who to sell your product to? 
14.2. Are there multiple options to sell your products to locally? 
14.3. Do you sell directly to mills/slaughterhouses or to traders or a mix? 

�x Has this changed in the last 10 years? 
14.4. Do you have a preference between buyers? 

Buyer 
Would sell to? 
 

Has this 
changed since 
you arrived 
here? 

Why? 

Y N Rank Y N  

Cargill       
 

ADM       
 

Bunge       

Etc.       

o Who would you most like to sell to? 
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o Who would you least like to sell to? 
o Who do you normally sell to? 
o Why? 

Factor Rank Importance Change in last 10 yrs Which supplier is most like 
this? 1 2 3 -2 -1 0 +1 +2 

Price  
           

Distance  
 

          

Environmental 
requirements  

          

 Documentation 
requirements 

          

Quality requirements 
(e.g. fat cover, not 
GM) 

          

Personal relationship           

Weight they give you 
          

Pay on time 

          

Other 
          

o Do all of them pay on time? 
14.5. Have you ever been unable to sell to a supplier? 

�x Why? 
�x What did you do when this happened? Who did you sell to? 

14.6. Does any supplier require any of the following to sell: 
�x Fat coverage 
�x Breed 
�x GM/non-GM 
�x Other: 

14.7. What forms of documentation do you need to sell your products? 
�x Are any of these specific to the product? 

14.8. Do you feel it is harder to sell some of your crops than others? 
 

SECTION 5: Public & private policy context 

15. ZDC �² presence/not presence in their thinking 
15.1. Are you aware of any sustainable ag programs in your area? 

�x Are you aware of the Soy Moratorium/Beef Moratorium? 
o What is your opinion of these programs? 
o How would you feel about them being extended to cover this area? 

�x Do you know if any of the slaughterhouses you supply have signed an MPF-TAC agreement? 
o Have they changed their requirements of you since they signed the TAC? 

�x �$�U�H���\�R�X���D�Z�D�U�H���R�I���W�K�H���5�7�5�6�����&�D�U�J�L�O�O�·�V�����6�������6�R�\�D���3�O�X�V�����$�'�0���5�H�V�S�R�Q�V�L�E�O�H Soy Standard/ Produzindo 
Certo, other?? 
o If so when did it arrive in your area? 
o Do you know of any others? 

�x �'�R���\�R�X���S�D�U�W�L�F�L�S�D�W�H���L�Q���D�Q�\���R�W�K�H�U���´�E�H�V�W���S�U�R�G�X�F�W�L�R�Q���S�U�D�F�W�L�F�H�µ���S�U�R�J�U�D�P�V�" 
15.2. Have you been contacted in regards to your production and deforestation? 
15.3. Since you began farming here have your suppliers began to ask you about how much forest you have 

cleared? 
�x Have they asked you about whether you comply with the forest code? 
�x Have they asked you whether you clear native vegetation? 

15.4. If yes to any of the above, how do they check your compliance? 
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�x Have they ever sent someone to inspect your property? 
�x Do you know of anyone who has had their property inspected? 

15.5. If so what actions did you take to comply with these requirements? 
�x Did you obtain CAR to comply with your supplier? 

15.6. Have you ever had to pay penalties for not complying with a company policy? 
�x If yes how much did it cost? 

15.7. Have you ever been embargoed? 
�x How did you resolve the situation? 
�x Was it difficult? 
�x How much did it cost? 

15.8. Have any of your neighbors been unable to sell because of: 
�x An embargo 
�x Forest code deficit 
�x Clearing of forest 
�x Clearing of native vegetation? 

15.9. What do you think deforestation means? 
�x Do you avoid deforestation? 
�x Why? 

 

Factor 
Would avoid deforesting? 
 Comments 

Y N Rank  

Legality      
 

Feel that is 
wrong 

    
 

Cost of 
clearing 

    

Availability 
of other land 

    

Worry about 
changes in 
future law 

    

Other     

 
15.10. What makes you avoid deforestation on a specific piece of land? 

 

Factor 
Would avoid deforesting? 
 

Has this 
changed since 
you arrived 
here? 

Why? 

Y N Rank Y N  

Slope       
 

Near river       
 

Forest Code       

Date (later 
than 2008) 

      

Quality of 
soil 

      

Other       
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15.11. Do you worry you will not be able to sell your products if local buyers increase their requirements 
around deforestation? 

 
16. Credit 

16.1. Where do you get credit for operating costs or investments?  
16.2. Have you ever received credit from the company that buys your products? 
16.3. For what do you use this credit? 
16.4. What is the interest rate? (should be able to check vs. the doc I found) 
16.5. Have you ever been unable to obtain credit from a previous source? 

�x Why is that? 
�x Did you change your credit source for any other reason? 

 
17. Changes in intensification/extensification 

17.1. Have the tones per hectare increased since you began farming here? 
17.2. How did you achieve this? 
17.3. Do you have any plans for how to increase this in the future? 
17.4. Do you plant a second (safrina) crop? 

�x When did you begin to do this? 
�x Why? 

17.5. Has the head per hectare increased since you began farming here? 
�x How did you achieve this? 
�x Do you have any plans for how to increase this in the future? 

17.6. Has the age distribution of your cattle herd changed? 
�x Why? 

 
SECTION 6: Broader Ag changes 

18. Changing agricultural sphere 
18.1. Have local roads improved since you began farming here? 
18.2. Have regional roads improved since you moved here? 
18.3. Do you grow crops now which you did not before? 

�x Why did you change 
18.4. (no cattle) did you ever raise cattle? 

�x Why did you stop? 
18.5. Are people quitting ag?  

�x Why? 
�x If people are what are they doing now? 
�x Have people moved away? 

18.6. Would you consider quitting agriculture? 
 
19. Public policy 

19.1. Do you find it easy to comply with government policy? 
19.2. Has this changed much in the last 15 years? 

 

Script used with experts 

SECTION 1: Basic/scoping questions  

 

1. Basic Personal Info  
1.1. Date:  
1.2. Municipality: 
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1.3. Name: 
1.4. Job Title: 
1.5. Name of the Organization participant works for: 
1.6. Telephone/email: 
1.7. Do you also own/operate a farm? 

 

2. Role of Organization locally/background 
2.1. �:�K�D�W���L�V���\�R�X�U���R�U�J�D�Q�L�]�D�W�L�R�Q�·�V���U�R�O�H���L�Q���W�K�H���O�R�F�D�O���D�U�H�D�"�� 

�x (If syndicate/coop): how many farmers do you represent? 
�x Does your organization have any role in extension?  

o If so what does that involve? 
o  (if Embrapa) what programs do you have locally to support production? 

2.2. Do you have any best practice programs? 
2.3. Do you have any specific programs to help avoid deforestation? 
2.4. What are the goals/vision of the organization? 

�x Does the vision match up against reality? 
2.5. What is your role at this organization? 
2.6. When did you join? Why? 

 

SECTION 2: Production & Supply chain context 

3. Local Supply Chain Actors 
3.1. Who are the main traders locally? 

�x Has this changed in the last 10 years? 
o If so, who are the new traders? 
o How have they managed to expand? 
o Is their business strategy different to more established companies? 

3.2. Are there are large number of intermediary traders? 
3.3. Who are the main agricultural groups/associations locally? 

�x Has this changed in the last 10 years? 
o If so, how? 

3.4. Other rural communities in area? (look at the census data also) 
Group Names Locations/ 

concentrations 
What work 
do they do? 

Laborers 
or not? 

What 
crops? 

Which 
animals? 

Conflicts w 
farmers? 

Other details 

Indigenous  
 

       

Quilombos  
 

       

Settlements  
 

       

Others  
 

       

 

4. Attractiveness to agribusiness 
4.1. Do you think this area is attractive to new agribusiness in the soy/cattle industries? 

 

Features Quality Importance Change in last 10 yrs Comments 
1 2 3 1 2 3 -2 -1 0 +1 +2 

Local Roads              
State Roads             
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Fed Roads             
Trains             
Silos             
Crushing facilities             
Ease of starting a 
business  

            

Extent of land 
availability  

            

Ease of acquiring / 
accessing land  

            

Clear / permissive 
legal framework  

            

Clear /permissive 
implementation 
procedure  

            

Price of land              
Bio-physical suitability 
of the land  

            

Adequate rainfall              
Adequate day-light 
hours / temperature  

            

Fertile soils              
Slope              
Policy Incentives             
  Environmental             
  Social             
  Economic             
Strength of policies 
elsewhere 

            

 

4.2. What is the most important reason? 
4.3. Is the area becoming more or less attractive? 

�x Why is that? 
�x What could change this? 

4.4. Risks 
 

Issues Quality Importance Change in last 10 yrs Comments 
1 2 3 1 2 3 -2 -1 0 +1 +2 

Corruption (facilitate 
access or a burden)  

             

Bureaucracy / red 
stamp  

            

Susceptibility to land 
conflicts  

            

Exposure to disease/ 
pests  

            

Exposure to extreme 
weather events  

            

Recent changes in 
environmental 
conditions  

            

Changes in gov policy 
            

 

4.5. What kind of land is sought after? 
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�x Is land with forest on it less valuable than cleared land? 
�x Is land with native non-forest vegetation less valuable than cleared land? 

4.6. What do you feel farmers here most need? 
 

Need 
Importance (1-3) 

Comments 1 2 3 
Extension     

 
Credit     

 
Inputs     

Better labor     

Cheaper labor     

More reliable 
labor 

    

Access to land     
 

Other     
 

5. Credit 
5.1. Do you know of any farmers who access government credit schemes: 

�x ABC (Agricultura de Baixo Carbono) 
�x PRONAF (Programa de Fortalecimento da Agricultura Familiar) 
�x PRONAMP (Programa de Fortalecimento de Apoio ao Médio Produtor Rural) 
�x Other: 

5.2. Which banks are the principle lenders for rural credit in this area? 
�x How do they differ? 
�x Do different types (e.g. size) of farmer use different banks? 

5.3. Do you know of any farmers being refused credit? 
�x Why is that? (ask about blacklisting if not mentioned) 

 
6. Farm Income 

6.1. Do you think farmers are making more than they were 10 years ago? 
�x Why is that? 

6.2. Do you know of any farms which are struggling? 
�x Why is that? 

6.3. Do you know of any farms which have closed/been bought? 
 

Costs Importance to business Change in last 10 yrs Comments 
1 2 3 4 5 -2 -1  0 1 2 

Price of Land            
 

Prince inputs            
 

Labor            
 

Transport            
 

Permits             
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Other            

 
 

Income Importance to business Change in last 10 yrs Comments 
1 2 3 4 5 -2 -1  0 1 2 

Soy            
 

Cattle            
 

Urban work            
 

Wage labor            
 

Other ag 
commodities 

           
 

Other            
 

 

7. Development & Inequality 

7.1. Do you think this area is better off now than it used to be? 
7.2. Do you think the area is less unequal than it used to be? 
7.3. Is the population of the area changing? 

�x Are people moving in? 
o  To fill what jobs? 

�x Are people leaving? 
o Why is that? 

7.4. Do you think farmers here enjoy their work? 
7.5. How has quality of life changed in the last ten years? 

 
SECTION 3: Public & private policy context 

8. Documentation 

8.1. Which documents could farmers have? 
�x Title 
�x Documento from public notary 
�x Documento from public organization (which?) 
�x Other proof of ownership (please state) 

8.2. Other documents: 
�x Cadastro Agricultura Rural (CAR) 

o Are there local producers who do not have CAR? 
o What kind of farmer are they? (small, large etc.) 

�x Guia de Trânsito Animal (GTA) 
�x Licença Ambiental Única (LAU) 
�x Certification (RTRS, Cargill 3S, Soya Plus, ADM Responsible Soy Standard/ Produzindo Certo,  

other) 
�x Other documentation 

9. Company differences 

9.1. What documents do producers need to have to sell their products? 
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�x Do some traders require more? 
o Who asks for the most? 
o What do they ask for? 

�x Do any buyers have requirements regarding deforestation? 
o If so who? 

�x Do any buyers have requirements regarding labor? 
o If so what 
o Has it changed in the last 10 years? 

�x Does any supplier offer price premiums for meeting certain rules? 
o If so who? 
o What are the rules? 
o What is the premium? 

�x If a supplier has high requirements how do they attract farmers? 
�x Is it easy for a company with low requirements to find farmers to buy from? 

 

10. Public & private conservation policies locally 

10.1. Do you think most suppliers are compliant with the forest code? 
10.2. Do you know of anyone being unable to sell because they had deforested their land? 

�x Anyone who had deforested less than the forest code allows? 
�x Do you know of buyers who will not purchase products from producers who have cleared native non-

forest vegetation? 
10.3. Are there any farmers who avoid clearing native non-forest vegetation? 

�x Why is that?  
10.4. Do you know of anyone who has been embargoed? 

 

11. Future  

11.1. Do you know of the Soy Moratorium? 
11.2. What do you think about extending it to include this area? 
11.3. Do you think that this area is an agricultural frontier? 

�x If so, what will make you think the frontier has closed? 
�x If not, why? 

11.4. Do you think that this area will become entirely agricultural or will native vegetation remain? 
�x What could change that? 

11.5. What are the biggest threats to agriculture in this area? 
 

Additional questions to expert script for soy traders 

SECTION 1: Basic/scoping questions  

Company Info 

11.6. how much tonnage do you buy locally? 
11.7. How many farmers do you buy from? 

�x Do you sell to a crushing plant, another buyer or other? 
11.8. Does your company possess any of the following assets: 

�x Silos  
o No:  
o Capacity: 
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o Locations: 
�x Crushing facilities 

o No: 
o Capacity: 
o Locations: 
o Terminals: 

�x No: 
o Capacity: 
o Locations: 

11.9. How many tons of soy/heads of cattle did you buy this year? 
�x How many 5 years ago? 
�x How many 10 years ago? 

11.10. What price do you pay for a head of cattle/bushel of soy? 
�x How has that changed over time? 

11.11. (If not a large, well known buyer) Does your company operate in other sectors/areas? 
�x Sectors: 
�x Areas: 

11.12. Does you/your employer set sourcing targets? 
11.13. Have these changed in the last 10 years? 
11.14. Why? 
11.15. Do you ever struggle to meet these targets? 

�x Have your targets have been going up/changing? 
 

SECTION 2: Company policies & strategies  

 

12. Requirements of Suppliers 

12.1. Does your company require: 
�x Documentation: 

o Title 
o Other proof of ownership (please state) 
o CAR 
o LAU 
o GTA 
o Other 

�x Lack of embargo/blacklisting  
�x Proof of no deforestation 
�x Proof of no clearing of native pasture 
�x Proof that no deforestation occurs on parts of their property that you do not buy from? 
�x Compliance with labor regulations? 

13. Enforcement of Rules 

13.1. How do you enforce these rules? 
�x Do external organizations (NGO, consultancy etc.) audit your suppliers? 
�x Do you use satellites to detect deforestation? 

13.2. What is the penalty for suppliers who do not comply? 
�x Have you ever penalized a supplier? What happened? When was this? 

o Have you bought from them since? 
�x Have any of your previous suppliers been blacklisted? 

o Did you buy from them again afterwards? 
o How long after?  
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o Did they have to prove any changes? 
13.3. How do you manage the risks associated with indirect suppliers? 

�x �'�R���\�R�X���W�U�\���	���H�V�W�D�E�O�L�V�K���W�K�H�\���G�L�G�Q�·�W���E�X�\���P�R�Y�H���W�K�H���F�D�W�W�O�H���V�R�\���I�U�R�P���V�R�P�H�Z�K�H�U�H���H�O�V�H�" 
o How do you do this? 
o Have you ever discovered someone was doing this? 

13.4. If a supplier cannot sell to you, would they still be able to find a buyer? 
�x Which suppliers could they sell to? 
�x Would they receive a lower price? Or another difficulty? 

 
14. Services to suppliers 

14.1. Do you ever provide credit to the farmers you buy from? 
�x If so what are the rates?  

14.2. Do you ever sell inputs to the people you buy from? 
14.3. Do you pay for transport to mill/slaughter house or do they? 
14.4. Do other companies do different? 

 

15. Desired Supplier Characteristics 

 

Characteristics Importance Change in last 10 yrs Comments 
1 2 3 -2 -1 0 +1 +2 

Size of farm (large)  
 

          

Family farm  
 

         

Regular supply 
 

         

Quality of product 
 

         

Geographic proximity 
 

         

Length of relationship 
 

         

Friendship 
 

         

Lack of land conflict 
 

         

Compliance with 
regulations  

         

   Social 
 

         

  Environmental, incl.         
compliance w/ forest 
code 

         

  Economic 
 

         

 

15.1. Which of these is most important? 
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SECTION 3: Future expectations 

 

16. Expectations for future (market) 

16.1. Do you expect demand to keep going up for soy/cattle? 
16.2. Do you expect supply to keep going up locally for soy/cattle? 

�x What do you think could affect this? 
16.3. Do you think in the future you will stop buying from some of your current suppliers? 

�x Why is that? 
16.4. Do you think this area is still a frontier? 

�x If so, what will make you think the frontier has closed? 
�x If not, why? 

17. Expectations for future (governance) 

17.1. Do you know of the Soy Moratorium? 
17.2. What do you think about extending it to include this area? 
17.3. If it did occur, how would that affect your buying? 
17.4. Do you think that future demand could still be met here? 

�x If so how?  
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Appendix 

D. Criteria for effective zero-deforestation commitments 

 

Authors: R.D. Garrett, S. Levy, K.M. Carlson, T.A. Gardner, J. Godar, J. Clapp, P. Dauvergne, R. 

Heilmayr, Y. le Polain de Waroux, B. Ayre, R. Barr, B. Døvre, H.K. Gibbs, S. Hall, S. Lake, J.C. Milder, 

L.L. Rausch, R. Rivero, X. Rueda, R. Sarsfield, B. Soares-Filho, N. Villoria 

Published in Global Environmental Change DOI: 10.1016/j.gloenvcha.2018.11.003 

Appendices available here: https://tinyurl.com/yckmt2fc  

1. Introduction  

In the last decade, most tropical deforestation has been driven by the expansion of a handful of land-based 

commodities including palm oil, soybeans, beef, and wood products (Curtis et al., 2018; Gibbs et al., 2010; 

Henders et al., 2015). Many remaining forest areas have incurred substantial degradation from selective 

logging for timber, pulp, and paper (Pearson et al., 2014)���� �� �5�D�S�L�G�� �H�[�S�D�Q�V�L�R�Q�� �R�I�� �W�K�H�V�H�� �´�I�R�U�H�V�W-�U�L�V�N�µ��

commodities within tropical regions has been driven by increases in demand from population growth, 

changing consumer preferences, and to a lesser extent government biofuel policies (Alexander et al., 2015; 

Defries et al., 2010; Lambin and Meyfroidt, 2011). Forest conversion and logging for agriculture and timber 

production are associated with substantial negative socio-environmental impacts, including land conflict, 

increased rural income inequality, greenhouse gas emissions, biodiversity loss, and hydrological changes 

(Carlson et al., 2013; Carlson and Garrett, 2018; Garrett and Rausch, 2015; Pearson et al., 2014; Spera et 

al., 2016; Whitworth et al., 2018).  

A relatively small number of large companies handle most transportation, processing, and distribution of 

these forest-risk commodities (Hoffman, 2013). Since the early 2000s many of these companies have 

experienced increased scrutiny regarding their sourcing practices, including pressure from civil society and 

�J�R�Y�H�U�Q�P�H�Q�W�V���� �(�[�D�P�S�O�H�V�� �L�Q�F�O�X�G�H�� �*�U�H�H�Q�S�H�D�F�H�·�V�� �Q�D�P�H�� �D�Q�G�� �V�K�D�P�H�� �F�D�P�S�Digns (e.g. Greenpeace, 2006) and 

public prosecutors in Brazil seeking to enforce domestic conservation regulations in the regions in which 

these companies are operating (Gibbs et al., 2015; Merry and Soares-Filho, 2017). In response to this 

pressure, many large companies have made public pledges to exclude commodities produced by suppliers 

that �K�D�Y�H�� �U�H�F�H�Q�W�O�\�� �F�O�H�D�U�H�G�� �R�U�� �D�U�H�� �D�F�W�L�Y�H�O�\�� �F�O�H�D�U�L�Q�J�� �O�D�Q�G���� �7�K�H�V�H�� �S�O�H�G�J�H�V�� �D�U�H�� �N�Q�R�Z�Q�� �D�V�� �´�]�H�U�R-deforestation 

�F�R�P�P�L�W�P�H�Q�W�V�µ�����=�'�&�V�������/�D�P�E�L�Q�� �H�W���D�O���������������������%�\���������������D�W���O�H�D�V�W�����������F�R�P�S�D�Q�L�H�V���L�Q���I�R�U�H�V�W���U�L�V�N-commodity 

supply chains had made a ZDC (Donofrio et al., 2017).  

https://www.sciencedirect.com/science/article/pii/S0959378018306654
https://tinyurl.com/yckmt2fc
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ZDCs are voluntary sustainability initiatives tha�W���V�L�J�Q�D�O�� �D�� �F�R�P�S�D�Q�\�·�V�� �L�Q�W�H�Q�W�L�R�Q�� �W�R�� �H�O�L�P�L�Q�D�W�H�� �G�H�I�R�U�H�V�W�D�W�L�R�Q��

from their supply chain (Lambin et al., 2018) and aim to fill gaps in public forest governance (Prakash and 

Potoski, 2007). Research on ZDC effectiveness is still sparse, but a systematic review of work to date 

suggests that existing ZDCs have had only limited success (Garrett et al., 2018). Companies rarely report 

their progress and there have already been several high profile cases of non-compliance by committed 

companies (Cuff, 2016). Meanwhile, tropical deforestation continues at high rates (Hansen et al., 2013).  

A systematic assessment of these commitments and the conditions of their implementation is urgently 

needed to improve their effectiveness and capitalize on momentum among consumer goods companies 

(Dauvergne, 2017). Given the limited ability of single companies or governments to address global 

deforestation due to leakage and other spillover effects, defining general principles that may improve 

expected outcomes of ZDCs for both forests and supply chain actors is essential. Such principles can be 

applied to guide case study diagnoses of impacts and shortcomings of existing agreements within individual 

regions and company supply chains, and inform future synthetic research (e.g. Lambin et al. (2018)).  

While Jopke and Schoneveld (2018) developed a set of indicators to evaluate current ZDCs, no deductive 

approach has been used to provide a theoretical framework that identifies the factors which are most likely 

to generate commitments that achieve progress toward zero-deforestation at the global scale. Previous 

theoretical and empirical research on voluntary sustainability initiative effectiveness has focused on 

certification programs (e.g. Auld et al., 2008b; Bush et al., 2013; Garrett et al., 2016; Gulbrandsen, 2004). 

�=�'�&�V���G�L�I�I�H�U���I�U�R�P���F�H�U�W�L�I�L�F�D�W�L�R�Q���V�\�V�W�H�P�V���L�Q���W�K�D�W���W�K�H�\���H�V�W�D�E�O�L�V�K���D���F�R�P�S�D�Q�\�·�V���L�Q�W�H�Q�W�L�R�Q���W�R���U�H�G�X�F�H���G�H�I�R�U�H�V�W�D�W�L�R�Q����

but do not always elaborate specific criteria, implementation mechanisms, or third party assurances that are 

features of certification approaches (Haupt et al., 2018; Lambin et al., 2018)�����$���´�P�L�G�G�O�H���U�D�Q�J�H�µ���W�K�H�R�U�\���R�I��

effectiveness for ZDCs (one that provides general theory bounded by particular contexts) (Meyfroidt et al., 

2018) and associated assessment criteria to evaluate the likely effectiveness of an individual pledge would 

aid existing efforts to monitor company progress toward zero-deforestation goals (e.g., Forest 500, SPOTT, 

Supply Change)(Milder et al., 2015) and efforts to standardize future commitments around agreed upon 

characteristics (e.g., The Accountability Framework (accountability-framework.org)).  

Here we develop a framework to assess the potential effectiveness of ZDCs in terms of their conservation 

outcomes: i) within individual supply chains at the regional level, ii) across all sectoral actors at the regional 

level, and iii) across all actors at the global level. In developing this framework we draw on literature that 

describes the factors that influence the effectiveness of any voluntary sustainability initiative (Auld et al., 

2008b, 2008a; Borck and Coglianese, 2009; Clapp, 2017; Clapp and Thistlethwaite, 2012; van der Ven et al., 

2018). Within this general framework, we elaborate specific assessment criteria by which to evaluate 

expected commitment effectiveness across these three scales. Finally, we evaluate the 52 existing 

commitments from the 250 companies tracked by the Forest 500 project (www.forest500.org) using these 

assessment criteria. In our discussion, we expose tensions between commitment design and context most 

http://www.forest500.org)/
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likely to result in reduced deforestation at the global level and commitments that are likely to be agreeable 

and/or technically implementable by companies.  

2. Methods  

We began our development of a conceptual framework of commitment effectiveness as part of an 

interdisciplinary meeting of scientists and practitioners engaged in the study and governance of food supply 

chains held in November 2016 at the National Socio-Environmental Synthesis Center (SESYNC) in 

Annapolis, United States. We then refined this framework through literature review and in follow-up 

discussions among this group, including a second meeting at SESYNC in June 2018. The composition of 

our group was 50% from academia (US, Canada, and Brazil), 44% from civil society (conservation NGOs 

and non-profit research institutions), and 6% from the private sector (one major commodity 

trader/processor). Through this process, we agreed upon a framework that identified eleven criteria that 

are likely to play an important role in determining ZDC effectiveness. 

We applied our criteria to empirical zero-deforestation commitment data from the Forest 500 project 

(Global Canopy Programme, 2016). This project uses trade, customs and market research data to 

�S�X�U�S�R�V�H�I�X�O�O�\���V�D�P�S�O�H���W�K�H�����������¶�S�R�Z�H�U�E�U�R�N�H�U�V�·���Z�K�R���D�U�H���O�L�N�H�O�\���W�R���E�H���P�R�V�W���L�Q�I�O�X�H�Q�W�L�D�O���L�Q���U�H�G�X�F�L�Q�J���G�H�I�R�U�H�V�W�D�W�L�R�Q��

globally. Companies are included in the Forest 500 project based on their risk of being linked to tropical 

deforestation and the volume of product that they produce and/or source (Global Canopy Programme, 

2015). The Forest 500 project conducts assessments of company websites, including websites of 

subsidiaries, to identify information on internal sustainability procedures related to forest safeguards. 

Assessment items included overall forest policy, commodity specific policies, operations, and reporting and 

transparency (Global Canopy Programme, 2015). We then matched, wherever possible, the Forest 500 

assessment items to the criteria included in our conceptual framework of commitment effectiveness.  

3. What makes a zero-deforestation commitment effective?  

Companies make ZDCs for several reasons, including demonstrating corporate social responsibility to 

protect market shares and reducing the risk of potentially catastrophic reputational harm and supply 

disruptions (Rueda et al., 2017). Such benefits may be realized even if commitments do not lead to stated 

goals or if goals are unverifiable (i.e., green-washing). We define individual supply chain effectiveness 

�R�I���=�'�&�V���D�V���H�O�L�P�L�Q�D�W�L�R�Q���R�I���G�H�I�R�U�H�V�W�D�W�L�R�Q���D�P�R�Q�J���W�K�H���F�R�P�S�D�Q�\�·�V���G�L�U�H�F�W���D�Q�G���L�Q�G�L�U�H�F�W���V�X�Spliers.  

�:�K�L�O�H���D���F�R�P�S�D�Q�\�·�V���=�'�&���W�\�S�L�F�D�O�O�\���I�R�F�X�V�H�V���R�Q���´�F�O�H�D�Q�L�Q�J�µ���L�W�V���R�Z�Q���V�X�S�S�O�\���F�K�D�L�Q�����F�R�Q�V�H�U�Y�D�W�L�R�Q���D�F�W�L�Y�L�V�W�V���K�R�S�H��

that ZDC fulfillment generates regional or global forest protection. We define regional effectiveness as 

eliminating deforestation among all producers of that commodity in the region. Net global 

effectiveness of ZDCs is achieved when deforestation is eliminated in the regions where the 

commitment is applied without increasing deforestation elsewhere. In other words, a commitment is 

only regionally and globally effective if avoided deforestation in the target supply chain is not displaced to 



 
 

177 

other actors, regions, times, or commodities (le Polain de Waroux et al., 2017). For instance, if 

implementation of commitments pushes production to areas with lower yields where more total land is 

required to meet demand, or regions with higher conservation value, ZDCs could cause greater damage 

than business as usual land cover change in the original location (Carrasco et al., 2014). Additionally, a 

commitment should not lead to pre-emptive clearing in light of future policy adoption (Carlson et al., 2018).  

 

 
Figure 1: Framework for understanding the expected effectiveness of ZDCs. Green boxes indicate three scales at which 

effectiveness can be defined. Blue boxes indicate criteria important for commitment effectiveness. Grey boxes highlight types of 
spillovers that can occur. Letters (a-d) focus on interactions between the boxes (criteria, effectiveness, and spillovers), as 

referenced in the main text. 

 
�,�Q�G�L�Y�L�G�X�D�O���V�X�S�S�O�\���F�K�D�L�Q���=�'�&���H�I�I�H�F�W�L�Y�H�Q�H�V�V���L�V���O�L�N�H�O�\���W�R���E�H���D�I�I�H�F�W�H�G���E�\���D���S�R�O�L�F�\�·�V���V�W�U�L�Q�J�H�Q�F�\�����F�R�Q�W�H�[�W�X�D�O���I�D�F�W�R�U�V��

in the region of implementation, and the life cycle of the targeted commodity (Auld et al., 2008b; Clapp, 

2017; Garrett et al., 2016; Rueda et al., 2017; van der Ven et al., 2018)(Figure 1a). Policy stringency is 

�G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���F�R�P�P�L�W�P�H�Q�W���F�R�Q�W�H�Q�W�����L�Q�F�O�X�G�L�Q�J���L�W�V���G�H�I�R�U�H�V�W�D�W�L�R�Q���U�H�G�X�F�W�L�R�Q���W�D�U�J�H�W�V���D�Q�G���¶�I�R�U�H�V�W�·��definitions 

specified, and commitment implementation, including degree of realization and type of mechanism. 

Contextual factors include existing incentives for deforestation in the target supply chain and the presence 

of reliable deforestation monitoring mechanisms for suppliers, which are both influenced by the regulatory, 

political, and financing environment in the region where the commitment is implemented. Commodity life 

cycles differ substantially between livestock, crop, and timber commodities. For instance, livestock are often 

born, reared, and finished in different locations, involving trade between two or more producers before 

Individual	supply	chain	effectiveness

�‡Elimination	of	deforestation	among	suppliers	to	the	
committed	company

�‡Market	share	of	the	committed	
companies	for	the	commodities	
included	in	the	ZDC	(C7)

Market	share
Stringency	and	implementation

Commitment	characteristics:
�‡Deforestation	reduction	targets	(C1)
�‡Definition	of	forests	(C2)
�‡Implementation	and	compliance	mechanisms	(C3)

Regional	effectiveness
�‡Changes	in	market	prices	for	the	committed	commodity	
�‡Changes	in	land	prices	in	non-targeted	regions
�‡Changes	in	the	geographical	scope	of	the	committed	

company

Global	spillovers

�‡Changes	in	patterns	of	deforestation	among	other	
regional	actors

Regional	spillovers

Global	effectiveness

a

b �‡Elimination	of	deforestation	among	all	producers	of	that	
commodity	in	the	region	where	the	ZDC	is	applied

�‡Elimination	of	deforestation	among	all	producers	of	that	
commodity	in	the	region	where	the	ZDC	is	applied	without	
increasing	deforestation	globally

c	

Commitment	scope:
�‡Deforestation	cut-off	date	and	implementation	deadline	(C8)
�‡Regions,	actors,	and	commodities	covered	by	the	commitment	
(C9-C11)

d

EFFECTIVENESS

CRITERIA

SPILLOVERS

Implementation	context:
�‡Presence	of	reliable	geospatial	forest	information	(C4)
�‡Regulatory,	political,	and	financing	environment	(C5)	
�‡Deforestation	threats	(C6)

b
c	
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being supplied to a committed company, which makes it more difficult to trace a livestock product than a 

crop product to its origin. 

Regional and net global effectiveness is affected by the level of participation of firms and their combined 

market share (Clapp, 2017; Clapp and Thistlethwaite, 2012; van der Ven et al., 2018)(Figure 1b), the 

geographical reach of committed companies, and the negative and positive spillovers arising from their 

commitments at the regional or global scale (Figure 1c). The extent of deforestation spillovers (effects on 

non-targeted regions, actors, commodities, etc.), depends on the regions, actors, and commodities covered 

by the commitment, compliance cut-off dates, the fungibility of capital and labor markets, technological 

responses to ZDC implementation, impacts of the commitment on income, and the temporal and spatial 

implementation pattern (Wunder, 2008). All factors that influence individual supply chain ZDC 

effectiveness may impact regional and global effectiveness through ripple effects on commodity and land 

markets (Atmadja and Verchot, 2012), just as regional effectiveness will influence global effectiveness.  

Importantly, our framework recognizes the interaction between the stringency of voluntary sustainability 

initiatives and the level of participation by firms (Borck and Coglianese, 2009) (Figure 1d). Some firms may 

be more likely to adopt a less stringent ZDC that they can apply globally (Auld et al., 2008b), while other 

firms may be more likely to adopt a more stringent ZDC that applies to a single region. A less stringent 

ZDC that applies globally and reduces spillovers could have more or less net global effectiveness as a ZDC 

that is more stringent in the region where it is applied and leads to deforestation spillovers in other regions 

(Borck and Coglianese, 2009). 

Our definition of ZDC effectiveness builds on definitions used in related work about voluntary 

sustainability initiatives (e.g., Auld et al 2008b; Borck and Coglianese 2009) by differentiating three scales 

of effectiveness: individual, regional and global. This is necessary because of the diverse goals of the actors 

undertaking and negotiating ZDCs and because it allows us to separate out the effects of market shares and 

spillovers on effectiveness at broader scales from the issue of effectiveness within individual supply chains. 

�1�R�Q�H�W�K�H�O�H�V�V���� �R�X�U�� �F�R�Q�F�H�S�W�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� �V�X�S�S�O�\�� �F�K�D�L�Q�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �L�V�� �V�L�P�L�O�D�U�� �W�R�� �W�K�H�� �F�R�Q�F�H�S�W�� �R�I�� �´�G�L�U�H�F�W��

�H�I�I�H�F�W�V�µ���S�U�R�S�R�V�H�G���L�Q��Auld et al. (2008b) �R�U���´�D�Y�H�U�D�J�H���H�I�I�H�F�W���E�\���S�D�U�W�L�F�L�S�D�Q�W�µ���L�Q��Borck and Coglianese (2009). 

Regi�R�Q�D�O���D�Q�G���J�O�R�E�D�O���V�X�S�S�O�\���F�K�D�L�Q���H�I�I�H�F�W�L�Y�H�Q�H�V�V���L�Q�F�R�U�S�R�U�D�W�H���W�K�H���´�Q�X�P�E�H�U���R�I���S�D�U�W�L�F�L�S�D�Q�W�V�µ���D�Q�G���´�V�S�L�O�O�R�Y�H�U�V�µ��

(Borck and Coglianese 2009), or what Auld et al. (2008b) �U�H�I�H�U���W�R���D�V���´�E�U�R�D�G�H�U���L�P�S�O�L�F�D�W�L�R�Q�V�µ���� 

4. Conceptual framework 

This section explains in more detail how the various factors introduced in section 3 (and Figure 1) influence 

the individual supply chain, regional, and net global effectiveness of ZDCs. Resulting criteria for effective 

commitment design, numbered CX, are presented in bold at the conclusion of each section.  



 
 

179 

4.1. Stringency and implementation factors that influence individual supply chain effectiveness 

(Figure 1a) 

4.1.1. Commitment characteristics 

Deforestation reduction targets:  ZDCs describe deforestation in several ways, including zero-net, zero-

gross, and zero-illegal deforestation, each of which has different implications for forests (Brown and Zarin, 

2013; Lambin et al., 2018). A zero-net commitment allows reforestation to compensate for forest loss, such 

that there is no overall change in the amount of forest. In contrast, a zero-gross commitment prohibits all 

deforestation. These two targets may sometimes exceed public legal frameworks and enforcement 

mechanisms, while a zero-illegal deforestation �F�R�P�P�L�W�P�H�Q�W�� �Z�R�X�O�G�� �P�H�U�H�O�\�� �E�H�W�W�H�U�� �D�O�L�J�Q�� �W�K�H�� �F�R�P�S�D�Q�\�·�V��

activities with existing government regulations. 

In theory, zero-net deforestation mechanisms could enable companies to clear forests with low carbon or 

biodiversity but high potential for agricultural production in exchange for forest restoration in lower 

productivity lands or those where restoration could yield substantial conservation benefits. In practice, 

however, commitments to zero-net deforestation rarely include rigorous mechanisms to ensure that 

offsetting generates these ecological benefits and are likely to lead to a delay in potential forest sparing 

benefits (van der Ven et al., 2018). Furthermore, zero-net deforestation approaches can mask loss of natural 

ecosystems due to a lack of monitoring or transparent registries, or a transition towards planted forests with 

low ecological integrity (Brown and Zarin, 2013; Tropek et al., 2014).  

A zero-illegal deforestation target is likely to be the least stringent, since few jurisdictions fully prohibit 

deforestation (Garrett et al., 2016). Zero-illegal targets are also, by definition, unlikely to lead to any 

additional conservation in regions were laws are already well enforced. Notably, none of these targets 

�U�H�T�X�L�U�H���W�K�H���G�H�P�R�Q�V�W�U�D�W�L�R�Q���R�I���´�D�G�G�L�W�L�R�Q�D�O�L�W�\�µ���L�Q���U�H�G�X�F�H�G���G�H�I�R�U�H�V�W�D�W�L�R�Q�����7�K�D�W���L�V�����D���F�R�P�S�D�Q�\���L�V���Q�R�W���U�H�T�X�L�U�H�G��

to prove that they reduced deforestation beyond what would have occurred under business as usual 

practices, either regionally or globally. 

C1: ZDCs with a zero-gross deforestation target are more likely to be effective. 
 

Definition of forests: How forests are defined in ZDCs can be highly contentious, because this affects the 

lands available for expansion and the costs of monitoring for compliance (Romijn et al., 2012; Sasaki and 

Putz, 2009). By implicitly or explicitly excluding certain types of ecosystems in their discussions of forests, 

civil society, states, and companies can influence which locations and land uses are targeted by 

�´�G�H�I�R�U�H�V�W�D�W�L�R�Q�µ���F�R�P�P�L�W�P�H�Q�W�V�����3�D�U�W�O�\���G�X�H���W�R���W�K�L�V���O�D�F�N���R�I���F�R�Q�V�H�Q�V�X�V�����Y�D�U�L�R�X�V���G�H�I�L�Q�L�W�L�R�Q�V���R�I���G�H�I�R�U�H�V�W�D�W�L�R�Q���² 

or no definition at all �² are used in international conservation discussions (Chazdon et al., 2016). If a forest 

definition is limited, for example, to vegetation with more than 30% canopy cover, then it will protect a 

smaller area and undermine the broader global effectiveness. Specifically, it may fail to cover other areas 

that still have high conservation value and high carbon stocks, such as deforested peatlands, agroforests, 
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savannas, dry forests, and heavily logged forests (Garrett et al., 2016). Nevertheless, using less inclusive 

forest definitions may encourage earlier and more widespread participation in ZDCs, because it reduces 

adoption costs (Clapp and Thistlethwaite, 2012).  

 In response to specific concerns about conservation of ecosystem function and carbon sequestration, 

formal procedures have been developed for designating places �D�V���´�+�L�J�K���&�R�Q�V�H�U�Y�D�W�L�R�Q���9�D�O�X�H�µ�����+�&�9�����R�U��

�´�+�L�J�K�� �&�D�U�E�R�Q�� �6�W�R�F�N�µ�� ���K�L�J�K�� �F�D�U�E�R�Q�� �V�W�R�F�N�µ�� ���+�&�6���� ���7�D�E�O�H�� �6�������� �7�K�H�V�H�� �G�H�V�L�J�Q�D�W�L�R�Q�V���� �S�D�U�W�L�F�X�O�D�U�O�\�� �+�&�9���� �D�U�H��

more inclusive than a definition that focuses only on canopy cover. HCV measures conservation value 

based on the ecosy�V�W�H�P�·�V�� �E�L�R�O�R�J�L�F�D�O���� �H�F�R�O�R�J�L�F�D�O���� �V�R�F�L�D�O���� �R�U�� �F�X�O�W�X�U�D�O�� �Y�D�O�X�H�V���� �7�K�H�V�H�� �Y�D�O�X�H�V�� �P�D�\�� �I�D�Y�R�U�� �O�D�U�J�H��

landscape-level areas of forest, but also protect rare species and habitats and high concentrations of wildlife, 

even if the area is small or has limited canopy cover (Edwards and Laurance, 2012). HCS distinguishes 

forests with high carbon and biodiversity value from degraded lands based on vegetation class, validated by 

above ground biomass measurements and field observations, but does not include social, cultural, or 

biodiversity criteria. 

C2: ZDCs with more inclusive forest definitions, such as those defined by High Conservation Value and 

High Carbon Stock, are more likely to be effective. 

Implementation and compliance mechanisms: Regional effectiveness depends on a functional system 

of monitoring and verification of compliance at a manageable spatial unit, whether it be a property, 

cooperative, or jurisdiction. Attributes of functional monitoring and verification include traceability 

mechanisms, near real-time deforestation detection, and a record of infractions that can be checked at point 

of sale (Haupt et al., 2018). Traceability mechanisms link suppliers to a specific place. An example is the 

Brazilian registry of properties (Roitman et al., 2018). Near real-time deforestation monitoring is the ability 

to map changes in agreed upon definitions of forest area within a matter of weeks (Reiche et al., 2015). 

Databases or lists recording deforestation infractions by a particular supplier are needed at the point of sale 

to verify that the supplier has not deforested after the agreed upon cutoff date. Compliance system 

establishment is influenced by the existence of private or collective property rights and the ability of 

producers to map and register their properties (Gavea�X���H�W���D�O�������������������/�·�5�R�H���H�W���D�O����������������. Even when clear 

property rights exist, compliance mechanisms can suffer from loopholes, such as ownership of multiple 

properties under different names, strategic registration of only parts of properties, deforestation monitoring 

only on the part of the property that produces the product in question, and renting land for production 

���/�·�5�R�H���H�W���D�O�������������������5�D�X�V�F�K���D�Q�G���*�L�E�E�V��������������.  

Implementation and compliance mechanisms for ZDCs include incentive- and sanction-based standards 

(Garrett et al., 2018; Lambin et al., 2018). Incentive-based standards are industry-wide protocols, such as 

certification programs, which aim to provide a benefit to individual producers for reducing deforestation 

(e.g., price premium, enhanced market access). Sanction-based standards (e.g., bans, moratoria) target 

individual properties or entire jurisdictions and establish a penalty for deforestation, typically by way of 
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market exclusion. The leading incentive-based standards used for the implementation of palm oil, soy, 

timber, and pulp and paper ZDCs are the Roundtable on Sustainable Palm Oil (RSPO), Round Table on 

Responsible Soybeans (RTRS), Forest Stewardship Council (FSC), and Programme for the Endorsement 

of Forest Certification (PEFC) (Table S1). These standards may be adopted by individual farms and 

�S�O�D�Q�W�D�W�L�R�Q�V���D�Q�G���D�F�W�R�U�V���I�X�U�W�K�H�U���G�R�Z�Q���W�K�H���V�X�S�S�O�\���F�K�D�L�Q���W�R���F�H�U�W�L�I�\���W�K�H���H�Q�W�L�U�H���´�F�K�D�L�Q���R�I �F�X�V�W�R�G�\�µ�����3�U�R�P�L�Q�H�Q�W��

examples of private, sanction-�E�D�V�H�G�����F�R�P�P�R�G�L�W�\���V�W�D�Q�G�D�U�G�V���L�Q�F�O�X�G�H���%�U�D�]�L�O�·�V���6�R�\���0�R�U�D�W�R�U�L�X�P���D�Q�G���*�����&�D�W�W�O�H��

Agreement, and the Chilean Joint Solutions Project (for timber), which have been adopted by traders and 

processers (including slaughterhouses and mills).  

The Soy Moratorium and G4 Cattle Agreement in the Brazilian Amazon offer the most robust system of 

monitoring and verification of deforestation activities among suppliers. They rely heavily on the Brazilian 

public Rural Environmental Registry (CAR), which enables near real-time deforestation monitoring systems 

to link deforestation events to individual property owners that can be verified at the point of sale (Azevedo 

et al., 2017; Garrett et al., 2013). However, these mechanisms are currently only able to verify deforestation 

activities among direct suppliers to the grain or cattle traders and processers. This enables opportunities for 

laundering (obscuring the origin of a product) and continued deforestation among indirect suppliers 

(Klingler et al., 2018; Rausch and Gibbs, 2016). Near real-time monitoring and verification are not yet 

implemented within most certification systems and as a result put the burden for proving compliance on 

producers, a process which can be influenced by local institutions (see C5) (Dauvergne, 2018). Selection 

bias, adoption by producers that have already achieved desired changes in practices, is another important 

challenge for certification programs and other implementation mechanisms that rely on voluntary adoption 

by producers (Lambin et al., 2018). 

C3: ZDCs with a functional, transparent system of compliance monitoring and verification 

for direct and indirect suppliers are more likely to be effective.  

 

4.1.2. Implementation context 

Presence of reliable geospatial forest information: As mentioned above, monitoring and verifying 

deforestation requires an agreed-upon definition and map of changes in forest area. Annual maps of forest 

cover and deforestation with sufficient accuracy to discern deforestation from other types of tree cover loss 

are only now becoming available for many parts of the tropics (Hansen et al., 2013; Romijn et al., 2015). 

Mechanisms for near real-time detection of deforestation and methods for detecting selective logging and 

degradation are becoming more common, but they are not yet linked with land registries, which inhibits 

detection culpable parties. Committed companies are often able to overcome public deforestation data 

limitations by working with NGOs and private consultancies to monitor deforestation in high risk areas. 

But these monitoring systems, arising from outside the public governance sphere, may have less political 

legitimacy than public or hybrid efforts. 
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C4: ZDCs that target a region with reliable geospatial forest information are more likely to be effective. 

Regulatory, political, and financing environment: Producers are more likely to comply with a 

downstream commitment when the disincentives (penalties) from non-compliance exceed the costs of 

compliance, or when the incentives (payments or rewards) for compliance exceed the benefits of non-

compliance (Börner et al., 2015). The degree to which a commitment results in changes in deforestation 

incentives is influenced by the regional regulatory, political, and financing environment (Lambin et al., 2014; 

Lambin and Thorkalson, 2018). If a government provides additional disincentives for deforestation, such 

as jail time, financial penalties, credit restrictions for non-compliant individuals and companies, and credit 

restrictions for whole regions with high deforestation rates, these actions can have a synergistic effect with 

the policies of private companies (Nepstad et al., 2014). Synergistic public policies can improve the 

likelihood that a company will meet its own deforestation targets, but overlap with existing public 

protections may reduce commitment additionality (Garrett et al., 2016). Governments can create policies 

that are openly contradictory to ZDCs (e.g., by requiring land leases to be developed via land clearing), 

creating conflicts for their implementation in certain regions (Lambin and Thorkalson, 2018). 

Changing policies and inconsistent enforcement in the regions where ZDCs are adopted will also affect 

�F�R�P�S�D�Q�L�H�V�·���D�E�L�O�L�W�\���D�Q�G���L�Q�F�H�Q�W�L�Y�H�V���W�R���V�X�F�F�H�V�V�I�X�O�O�\���L�P�S�O�H�P�H�Q�W���Wheir commitments (Gnych et al., 2015; Rausch 

and Gibbs, 2016). Corruption and patrimonialism can undermine the reliability of information, statistics, 

and claims. Such issues may pollute certification standards, where governments and NGOs certify illegal 

�F�R�P�P�R�G�L�W�L�H�V���D�V���´�V�X�V�W�D�L�Q�D�E�O�H�µ���X�V�L�Q�J���I�R�U�J�H�G��documents, as has occurred for palm oil (Dauvergne, 2018). In 

these political contexts, reported data on supplier compliance may be inaccurate or misleading.   

C5: ZDCs that target a region with mutually reinforcing regulatory, political, and financing 
conditions, such as additional disincentives for deforestation, are more likely to be effective.  
 
Deforestation threats: The additional impact of a voluntary sustainability initiative in conserving forests 

beyond business as usual trends is likely to be higher when it targets a region with high forest-to-agriculture 

conversion rates (Wunder, 2005; Wunder et al., 2008). If a commitment is targeted at a place with low rates 

of deforestation for agricultural expansion, it may succeed in eliminating deforestation locally, but will have 

little impact on global deforestation (Garrett et al., 2016). Due to the size of the threat in these regions, net 

post-intervention deforestation may remain higher than other regions. On the other hand, ZDCs that only 

target regions with high forest-to-agriculture conversion rates are more likely to result in leakage of 

deforestation activities to other ecosystems, especially if the targeted region contributes substantially to 

global production (or production growth) (le Polain de Waroux et al., 2017). 

C6: ZDCs that target a region with high forest-to-agriculture conversion rates are more likely to 
be effective. 
 
Considering the full implementation context, the presence of reliable geospatial forest information, and 

synergistic regulatory, political, and financing conditions are likely to co-occur. However, there may be an 
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inverse relationship between and these two criteria and high existing forest-to-agriculture conversion rates. 

Though the Brazilian Amazon is an example of a region where all three conditions co-occur (Garrett et al., 

2016). To increase additionality and global effectiveness, ZDCs should prioritize areas that are most under 

threat of deforestation, while working with countries in the regions of implementation to achieve reliable 

geospatial information and synergistic regulatory, political, and financing conditions. This may make 

implementation of the ZDC more challenging in the short-run, but will ultimately improve both private 

and public deforestation governance capacity. 

4.2. Market share of ZDCs and its influence on regional and global effectiveness (Figure 1b) 

Civil society pressure to adopt commitments has focused on firms that handle the greatest 

proportions of major deforestation-linked commodities (e.g., ADM, Cargill, IOI, Wilmar, Bunge), 

under the assumption that implementation of such pledges is likely to have the largest direct impact 

on deforestation, and pressure other companies to follow their lead. This is particularly the case in 

commodity chains where traders, processors, and retailers have a strong influence over producers 

(i.e., buyer-driven or bilateral oligopoly chains) (Gereffi et al., 2005; Lee et al., 2012).  

Low market share is often given as a primary reason why voluntary sustainability initiatives have 

failed to slow global deforestation (Clapp, 2017; van der Ven et al., 2018). Yet, as the proportion 

of the market affected by commitments grows, the likelihood that it will affect global supply and 

alter commodity prices increases. Particularly, if the costs of complying with commitments are 

high, it could generate a switch towards producing substitute commodities, particularly if they are 

highly fungible (van der Ven et al., 2018). If higher costs lead to a decline in global production (or 

a decline in production growth relative to demand growth), it could result in higher global prices 

for the target commodity, incentivizing farming of that commodity in new areas where it was 

previously unprofitable (Villoria and Hertel, 2011). Leakage will be only be minimized once the 

entire global market for a particular commodity and its substitutes in consumption are fully 

covered by ZDCs with comparable levels of implementation and compliance (Garrett et al., 2017).  

 

C7: ZDCs are more likely to be effective when adopted by companies that collectively have a 
large global market share, though risks of leakage may increase until the entire market is covered 
by commitments. 

 

4.3. Stringency and implementation factors that influence spillovers (Figure 1c) 

Deforestation cut-off dates and implementation deadlines: �'�H�I�R�U�H�V�W�D�W�L�R�Q�� �´�F�X�W-�R�I�I�� �G�D�W�H�V�µ�� �D�Q�G��

implementation deadlines vary widely across voluntary sustainability initiatives (Potts et al., 2014). The 
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further into the future that a deforestation cut-off date is established or a commitment is implemented, the 

more likely the commitment will result in a surge in deforestation prior to the cut-off date or 

implementation deadline (Carlson et al., 2018; Jopke and Schoneveld, 2018). Even immediate cut-off dates 

and implementation deadlines are not without issues, as they offer amnesty for past deforestation and/or 

�L�O�O�H�J�D�O�L�W�\�����Z�K�L�F�K���P�D�\���X�Q�G�H�U�P�L�Q�H���R�W�K�H�U���D�F�W�R�U�V�·��motivation to conserve (Pasiecznik and Savenije, 2017; Roriz 

et al., 2017). Immediate cut-off dates may also result in suppliers being excluded from ZDC supply chains 

�Z�K�R���P�D�\���K�D�Y�H���E�H�H�Q���S�H�U�V�X�D�G�H�G���W�R���V�W�R�S���F�O�H�D�U�L�Q�J�����,�P�P�H�G�L�D�W�H���H�[�F�O�X�V�L�R�Q���I�U�R�P���W�K�H���F�R�P�P�L�W�W�H�G���F�R�P�S�D�Q�\�·�V���V�X�S�S�O�\��

chain may incentivize these actors to continue clearing and to sell to uncommitted buyers, creating a twin-

track marketplace. Given this tension, it may be more beneficial to set immediate deadlines for 

implementation, but work with potentially marginalized suppliers to achieve short-term, rather than 

immediate deforestation cut-off dates, so long as those actors demonstrate a clear plan for eliminating 

deforestation by the target date.  

C8: ZDCs with immediate implementation deadlines and that work with suppliers to establish immediate 

deforestation cut-off dates or a clear plan for eliminating deforestation are more likely to be effective. 

Regions covered by the commitment: Commitments that target small areas may be effective regionally, 

since corporations with pledges could theoretically direct more resources to enforcing compliance in that 

place versus spreading resources across many locations. However, regional effectiveness may generate 

displacement of deforestation to other actors or regions without ZDCs. If alternative suitable areas for the 

commodity exist, and capital is mobile across borders, then activity leakage between regions is more likely 

(le Polain de Waroux et al., 2017). 

In the past, many state and voluntary sustainability initiatives, particularly in South America, have been 

�E�L�D�V�H�G���W�R�Z�D�U�G���L�Q�W�D�F�W���K�X�P�L�G���W�U�R�S�L�F�D�O���I�R�U�H�V�W���H�F�R�V�\�V�W�H�P�V�����L���H�������´�U�D�L�Q�I�R�U�H�V�W�V�µ����(Brannstrom, 2009). As a result, 

�S�D�V�W�� �D�J�U�L�F�X�O�W�X�U�D�O�� �H�[�S�D�Q�V�L�R�Q�� �L�V�� �W�K�R�X�J�K�W�� �W�R�� �K�D�Y�H�� �E�H�H�Q�� �G�H�I�O�H�F�W�H�G�� �W�R�� �R�W�K�H�U�� �H�F�R�V�\�V�W�H�P�V�� �R�U�� �´�V�D�F�U�L�I�L�F�H�� �]�R�Q�H�V�µ����

including savannas and woodlands (Oliveira and Hecht, 2016), but this type of leakage has not yet been 

identified empirically (le Polain de Waroux et al., 2017). Similarly, some ZDCs or the companies 

implementing such commitments cover only specific biomes, countries, or administrative regions. When a 

company with global operations only implements a commitment within a single region, this decision is may 

�E�H�� �D�� �U�H�D�F�W�L�R�Q�� �W�R�� �S�U�H�V�V�X�U�H�� �I�U�R�P�� �F�L�Y�L�O�� �V�R�F�L�H�W�\�� ���H���J������ �W�K�H�� �U�H�V�S�R�Q�V�H�� �R�I�� �V�R�\�� �W�U�D�G�H�U�V�� �W�R�� �*�U�H�H�Q�S�H�D�F�H�·�V�� �Q�D�P�H�� �Dnd 

shame campaigns in the Brazilian Amazon).  

C9: ZDCs that include all biomes at risk of deforestation are more likely to be effective. This 

criterion is inherently related to C2, which calls for more inclusive forest definitions. 

 

Supply chain actors covered by the commitment: Commitments that cover only direct suppliers to a 

trader or processing facility may create opportunities and incentives for indirect suppliers to deforest. For 
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example, a commitment that pertains only to cattle fattening operations may allow for continued 

deforestation among calf producers that sell to fattening operations (Alix-Garcia and Gibbs, 2017). Some 

crops (e.g., oil palm) might be more difficult to trace from location of production to point of sale due to 

losses of genetic information and the degree to which products from various origins are mixed at the 

processing stage (Pasiecznik and Savenije, 2017). The application of standards to the primary source of a 

supply chain thus requires use of comprehensive traceability mechanisms that track the product from its 

origin to point of sale to the final point of retail or consumption (Bosona and Gebresenbet, 2013; Gardner 

et al., 2018).  

C10: ZDCs that include responsibility for deforestation among indirect suppliers and monitoring and 

traceability to the point of origin are more likely to be effective.  This criterion is inherently related to C3, 

which calls for a functional, transparent system of compliance monitoring and verification among suppliers.  

Commodities covered by the commitment: Spillovers between supply chains for different commodities 

can result from commitments that do not cover potential substitutes that are linked through demand or 

land markets. For example, commitments limited to oil palm could lead to increases in the price of vegetable 

oil and enhance the incentives to expand other oilseed crops with potentially lower yields at the expense of 

forests in other regions. Alternatively, a commitment limited to soy products, for example, could incentivize 

a producer to grow soybean on part of the property that was cleared prior to the deforestation cut-off date, 

while continuing to produce other commodities, such as beef cattle or maize, on more recently cleared land 

(Rausch and Gibbs, 2016). 

C11: ZDCs that cover more forest-risk commodities, including oil palm, soybean, beef and leather, timber, 

and pulp and paper, are more likely to be effective.  

4.4 Interactions between stringency, implementation, the footprint of all participants, 
and spillovers (Figure 1a-d) 

The impact of an individual zero-deforestation commitment, which influences individual supply chain 

effectiveness, and the market share of all commitments, which influences regional effectiveness, affect the 

likelihood of spillovers between actors, supply chains, and regions. If a committed actor sources from a 

limited geographical region but controls a large share of the market in that region, then their commitment 

may be highly effective in conserving forests regionally. However, this limited geographic extent also 

increases the likelihood of deforestation spillovers to other regions (Atmadja and Verchot, 2012; Henders 

and Ostwald, 2012; le Polain de Waroux et al., 2017). Conversely, an actor may have a large geographical 

reach, but control very little of any given regional market. In this situation, a zero-deforestation 

�F�R�P�P�L�W�P�H�Q�W���F�R�X�O�G���E�H���H�D�V�L�O�\���L�P�S�O�H�P�H�Q�W�H�G���Z�L�W�K�L�Q���W�K�D�W���F�R�P�S�D�Q�\�·�V���L�Q�G�L�Y�L�G�X�D�O���V�X�S�S�O�\���F�K�D�L�Q���L�I���W�K�H�\���V�R�X�U�F�H���R�Q�O�\��

from buyers occupying previously cleared lands. Yet, if the other actors in the region do not adopt the 

commitment simultaneously, then the actors who continue to clear land can sell their product to other 

companies, undermining both regional and global effectiveness.   
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5. How do current commitments align with these criteria? 

To evaluate the potential effectiveness of current commitments and areas in need of improvement, we 

�H�[�D�P�L�Q�H���)�R�U�H�V�W���������·�V�������������D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H�����������P�R�V�W���L�Q�I�O�X�H�Q�W�L�D�O���F�R�P�S�D�Q�L�H�V���L�Q���W�K�H���G�H�I�R�U�H�V�W�D�W�L�R�Q���H�F�R�Q�R�P�\��

(Global Canopy Programme, 2016, 2015)���� �6�S�H�F�L�I�L�F�D�O�O�\���� �Z�H�� �D�V�V�H�V�V�� �K�R�Z�� �W�K�H�V�H�� �F�R�P�S�D�Q�L�H�V�·�� �F�R�P�P�L�W�P�H�Q�W�V��

compare with our proposed criteria for evaluating expected effectiveness. Our findings are summarized 

with respect to each criterion in Figure 2 and Table 1, while summary statistics for the commitment data 

are presented in Table S1.  

 
In 2016, only 21% of the 250 companies tracked by Forest 500 (52 companies) had made a ZDC. 

Companies with commitments were predominantly publically traded (79%) and larger than those without 

commitments (median USD$ 14.8 billion for committed, USD$ 9.3 billion for uncommitted). Collectively, 

the value of committed companies was USD $1.3 trillion, 27% of the value of all companies tracked. Most 

of the companies with ZDCs (77%) were incorporated in the United States or Europe.  

5.1. Stringency and implementation factors that influence individual supply chain effectiveness  

Deforestation reduction targets (C1): Of the companies with a ZDC, 56% had committed to zero-gross 

deforestation, while 44% of commitments utilize a zero-net target. Breaking this into commitment type, 

48% of ZDCs that pertain to all commodities handled by a company set a zero-gross target, while 52% set 

a zero-net target. All palm and beef specific ZDCs set zero-gross targets (Figure 2). Data on the use of 

zero-illegal deforestation targets was not captured in the 2016 Forest 500 assessment.  

Definition of forests (C2): Nearly all ZDCs (94%) had some definition of deforestation, with most relying 

on HCV (89% of ZDCs) and HCS (64% of ZDCs) designations to define areas that cannot be cleared 

(Table 1). The two beef specific commitments, which are constrained to the Brazilian Amazon, did not use 

HCV designations to define areas that cannot be cleared. HCV and HCS methodologies require on-the-

ground expert assessments to correctly identify set-aside areas and therefore do not enable remote 

identification, and a lack of adequate mapping inhibits monitoring of changes in designated HCV and HCS 

areas (Carlson et al., 2018).  

Implementation and compliance mechanisms (C3): Most commitments (88%) referenced incentive-

based sectoral standards (i.e., certification programs) that have a historical cutoff date for deforestation 

(Table S1) as their approach for implementation. All oil palm specific commitments (n=6) stated that they 

will use RSPO to implement their commitment, but neither of the two beef specific commitments reference 

certifications. Only 3% of the non-commodity specific commitments reference sanction-based sectoral 

standards (i.e., market exclusion mechanisms) - the Soy Moratorium or the G4 Cattle Agreement - as their 

method for implementation and these specific mechanisms are only used in the Brazilian Amazon. 
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Implementation context: While 91% of non-commodity specific ZDCs and 100% of palm specific ZDCs 

were global in scope, their implementation is limited to places where committed actors source forest-risk 

products and where functional monitoring and verification mechanisms to implement the commitment 

exist. Since existing ZDCs have not yet been mapped it is not possible to fully assess their implementation 

context. However, it is clear from the implementation mechanisms represented in existing commitments 

covered by Forest 500 that the first regions targeted include Indonesia and Malaysia for palm oil (where 

most RSPO certified area occurs) and the Brazilian Amazon for soy and cattle products (the current scope 

of the Soy Moratorium and G4 Cattle Agreement). The focal region for timber and pulp and paper is less 

clear, since FSC and PEFC certified lands are primarily located in North America and Europe (84% of FSC 

certified land) and occur throughout the tropics (~25 million hectares certified across Latin and South 

America, Africa, and Asia as of 2012) (FSC, 2012). Other sanction-based sectoral standards in the timber 

sector (e.g. the Joint Solutions Projects in both Chile and British Columbia) have had a similar geographic 

bias towards temperate forests. 

 

Reliable geospatial information (C4): Deforestation control in the Brazilian Amazon and Cerrado is 

aided by highly-regarded geospatial information on forest area and near real time detection of potential 

deforestation using MODIS data (a system called DETER), as well as additional less frequent monitoring 

to, higher-accuracy systems that track deforestation, selective logging, and degradation (Diniz et al., 2015; 

INPE, 2018; Rajão et al., 2017). National forest monitoring and reporting has also improved substantially 

in other tropical geographies since 2005 (Romijn et al., 2015). Annual forest cover monitoring, as well as 

high-frequency deforestation alert systems, now exist via the University of Maryland GLAD Forest Alert 

system linked to Global Forest Watch (https://glad.umd.edu/dataset/glad-forest-alerts). However, these 

systems differ widely in their public acceptance and formal integration into government enforcement. In 

�F�R�Q�W�U�D�V�W�� �W�R�� �P�R�V�W�� �R�W�K�H�U�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �P�R�Q�L�W�R�U�L�Q�J�� �V�\�V�W�H�P�V���� �%�U�D�]�L�O�·�V�� �'�(�7�(�5�� �V�W�D�Q�G�V�� �R�X�W���I�R�U��

being able to provide a commonly agreed upon baseline against which violations of both public and private 

policies can be assessed. 

Mutually reinforcing regulatory, political, and financing conditions (C5): Policies, politics, and financing 

in the Amazon tend to be synergistic with voluntary sustainability initiatives, while conditions in Indonesia 

are antagonistic (Lambin et al., 2014; Nepstad et al., 2014). Through the Brazilian Forest Code and Plan for 

the Prevention and Control of Deforestation in the Amazon, the Brazilian government has established 

restrictions on deforestation on private properties and vastly increased the scope of public land in protected 

areas and monitoring and enforcement of deforestation on private properties (le Polain de Waroux et al., 

2017). Though there are limits to its effectiveness,  the Brazilian deforestation control system is 

implemented through a property registration system, near real-time deforestation tracking, and credit 

restrictions (Azevedo et al., 2017; Gibbs et al., 2015; Nepstad et al., 2014). In Indonesia, recent legislation 
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requires that oil palm companies develop all available land within their plantations (Ruysschaert and Salles, 

2014), which may force oil palm growers to choose between achieving legality and meeting their 

commitments. In temperate countries forest protections on private lands tend to be low, but are not 

necessarily antagonistic to ZDCs (Garrett et al., 2016; McDermott et al., 2010).  

High forest-to-agriculture conversion rates (C6): For decades the Brazilian Amazon has had very high 

forest-to-agriculture conversion rates, though these rates declined in 2005, while Indonesia and Malaysia 

have had high forest to oil palm conversion rates (Curtis et al., 2018; Garrett et al., 2016). Examinations at 

the producer level suggest that oil palm certification is adopted mostly in places cleared for agriculture long 

ago (Carlson et al., 2018). In North America and Europe forest-to-plantation conversion rates tend to be 

low, but forestry is the leading driver of deforestation (Curtis et al., 2018). 
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Assessment criteria 
(ZDCs are most likely to be 
�H�I�I�H�F�W�L�Y�H���Z�K�H�Q���W�K�H�\�«�� 

Description 

Status 
(justification of low, 
moderate, or high 
convergence with criteria) 

C1: include a zero-gross 
deforestation target  

Across all commodities, 56% of 52 companies with ZDCs 
committed to zero-gross deforestation, while 44% of 
commitments utilized a zero-net target. Forest 500 did not 
collect data on whether companies made zero-illegal 
deforestation commitments.  

Moderate (zero-gross 
deforestation targets provide 
more protection than zero-
net targets, but only half of 
commitments have these 
targets)  

C2: have more inclusive 
forest definitions 

About 89% of the ZDCs relied on HCV and 64% on HCS. 
HCV provides systemic and inclusive definitions of multiple 
ecosystem types, but is not equivalent to forests and is more 
difficult to map and monitor with remote sensing. 

High (HCV is more inclusive 
than definitions based on 
canopy cover or carbon 
stocks) 

C3: specify a functional, 
transparent system of 
compliance monitoring 
and verification among 
direct and indirect 
suppliers 

88% of ZDCs rely on certification systems to help verify 
compliance. Most certification programs offer both physical 
tracking and certificate-based supply chain models. Three 
percent of ZDCs use the Soy Moratorium or G4 Agreement 
to implement their commitment in the Brazilian Amazon.  

Moderate (due to primary 
reliance on certifications 
which lack third party near-
real time deforestation 
monitoring systems) 

C4: target a region with 
reliable geospatial forest 
information  

91% of non-commodity specific ZDCs and 100% of palm 
specific ZDCs were global in scope. The two beef specific 
commitments were limited to the Amazon. The Brazilian 
Amazon is the clearest target region for soy and cattle 
commitments via reference to the Soy Moratorium and G4 
Cattle Agreement, while most RSPO certifications occur in 
Indonesia and Malaysia. Timber certification programs are 
concentrated in North America and Europe. 

Moderate (while the Brazilian 
Amazon and Cerrado have 
high near-real time 
monitoring capacity via 
public agencies, other regions 
rely on civil society and 
academic resources)  

C5: target a region with 
mutually reinforcing 
regulatory, political, and 
financing conditions 

Moderate (ranges from low 
palm oil to high for soy and 
cattle products) 

C6: target a region with 
high forest-to-
agriculture conversion 
rates  

Moderate 
(ranges from low for timber 
and pulp and paper to high 
for palm oil, soy, and cattle 
products) 

C7: are adopted by 
companies that 
collectively have a large 
global market share 

Precise market share data in forest risk regions for 
companies with zero-gross and zero-net commitments was 
not available. Estimates of relative production volumes 
handled by companies with any type of deforestation policy 
range from 11/12% for soy, cattle products, and pulp and 
paper to 65% for palm oil.  

Low (volumes handled by 
committed companies are 
<12% for most commodities 
and, though committed palm 
oil companies comprise a 
majority of the market, their 
implementation mechanism - 
RSPO - only covers 20% of 
oil palm area) 

C8: have earlier 
deforestation cut-off 
dates and 
implementation 
deadlines and work with 
suppliers to establish an 
immediate deforestation 
cut-off dates or a clear 
plan for eliminating 
deforestation 

Few ZDCs have been adopted with an immediate target date 
for implementation, but most rely on certifications that have 
a historical cut-off date for deforestation. 

Moderate (historical cut-off 
dates enhance effectiveness, 
but future implementation 
deadlines undermine 
effectiveness) 
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C9: include all biomes at 
risk of deforestation 

91% of committed companies set a target that spans the 
entire globe, but the Brazilian Amazon is the only region 
where biome-wide implementation mechanisms exist. 

Low (most regions lack clear 
protection via existing 
implementation mechanisms)  

C10: include 
responsibility for 
deforestation among 
indirect suppliers and 
monitoring and 
traceability to the point 
of origin 

Most ZDCs mentioned that their commitment would cover 
their whole supply chain, but ZDCs that do not primarily 
implement via certifications (i.e., beef specific commitments) 
may lack mechanisms to trace products to the point of 
origin. 

High (commitment to full 
supply chain coverage 
indicates high convergence, 
but implementation of this 
commitment is not yet 
possible for beef supply 
chains)  

C11: cover more forest-
risk commodities 

Around 85% of ZDCs apply to all commodities handled by 
a firm.  

High (most commitments 
pertain to all forest risk 
commodities)  

*Note: The justifications and descriptions captured in this table are summaries of more extensive information provided 
in the main text. 

Table 1: Convergence of existing commitments vis-à-vis the assessment criteria identified by this study that influence 
effectiveness for the 250 companies tracked by Forest 500 

 
�)�L�J�X�U�H���������&�R�P�P�L�W�P�H�Q�W���D�W�W�U�L�E�X�W�H�V���E�\���´�W�\�S�H�µ�����S�D�O�P���R�U���E�H�H�I���V�S�H�F�L�I�L�F���R�U���X�Q�L�Y�H�U�V�D�O�����I�R�U���W�K�H���F�R�P�S�D�Q�L�H�V���W�U�D�F�N�H�G���E�\���)�R�U�H�V�W�����������Z�L�W�K��
ZDCs (n=52) as of 2016. These 52 companies comprise 21% of the 250 companies tracked by Forest 500. Most of the 
ZDCs (n=44) are not �F�R�P�P�R�G�L�W�\���V�S�H�F�L�I�L�F�����L���H�����´�X�Q�L�Y�H�U�V�D�O�µ�������7�K�H�U�H���Z�H�U�H���V�L�[���S�D�O�P���R�L�O���V�S�H�F�L�I�L�F���F�R�P�P�L�W�P�H�Q�W�V���D�Q�G���W�Z�R���E�H�H�I��

specific commitments. All palm oil and beef specific commitments set a zero-gross deforestation target (a), while just over half 
(52%) of universal commitments set a zero-net target (b). Most commitments, except for beef specific commitments, have 

global coverage (c) and implement through existing certification programs (g) use HCV to identify areas not to be cleared (e). 
Aside from the two beef specific commitments, few commitments have immediate implementation deadlines (d). Conversely, 

most commitments except the beef commitments, include all suppliers (h).  
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BF = Beef specific (n=2)
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5.2. Market share of all participants, which influences regional supply chain effectiveness  

Market share (C7): �7�K�H���)�R�U�H�V�W�����������S�U�R�J�U�D�P���W�D�U�J�H�W�V���O�D�U�J�H�U���F�R�P�S�D�Q�L�H�V�����<�H�W���S�U�H�F�L�V�H���G�D�W�D���R�Q���H�D�F�K���F�R�P�S�D�Q�\�·�V��

market share for specific commodities in forest risk regions is lacking across all known reporting initiatives 

(CDP Forests Program, Forest 500, SPOTT, Supply Change, and UCS and WWF Scorecards). Climate 

Focus used data on company handled volumes that was self-reported to CDP in 2017 to assess the total 

volume of each major forest risk commodity handled by companies who have any type of deforestation 

policy (NYDF Assessment Partners (2018), Personal Communication with Climate Focus). They then used 

global production volumes reported by the United States Department of Agriculture and United Nations 

Food and Agriculture Organization to assess the proportion of global production covered by companies 

with any deforestati�R�Q���S�R�O�L�F�\�����7�K�L�V���L�Q�F�O�X�G�H�V���D���F�R�P�P�L�W�P�H�Q�W���¶�W�R���U�H�G�X�F�H���R�U���U�H�P�R�Y�H���G�H�I�R�U�H�V�W�D�W�L�R�Q���D�Q�G���I�R�U�H�V�W��

�G�H�J�U�D�G�D�W�L�R�Q���I�U�R�P���W�K�H���F�R�P�S�D�Q�\�
�V���G�L�U�H�F�W���R�S�H�U�D�W�L�R�Q�V���D�Q�G���R�U���V�X�S�S�O�\���F�K�D�L�Q�V�·���I�R�U���V�R�\�����S�D�O�P���D�Q�G���E�H�H�I�����)�R�U���S�X�O�S��

�D�Q�G���S�D�S�H�U�����L�W���S�H�U�W�D�L�Q�V���W�R���E�U�R�D�G�H�U���F�R�P�P�L�W�P�H�Q�W�V���W�K�D�W���L�Q�F�O�X�G�H���¶�Q�R�W���V�R�X�U�F�L�Q�J���I�U�R�P���+�&�9�·�����¶�V�R�X�U�F�L�Q�J���F�H�U�W�L�I�L�H�G��

�P�D�W�H�U�L�D�O�·���D�Q�G���D�O�V�R���¶�]�H�U�R-�G�H�I�R�U�H�V�W�D�W�L�R�Q���D�Q�G���G�H�J�U�D�G�D�W�L�R�Q�·�� 

In 2017, for the 64 palm oil companies that reported their volumes, 83% had some deforestation policy 

and handled 65% of total global production. For soy, out of 30 companies, 63% had some deforestation 

policy and accounted for 11% of total global soy production. For cattle products, 18 of 25 companies 

(72%), controlling 11% of total global cattle meat production, had some deforestation policy. For paper 

and pulp, Climate Focus assessed 20 of the largest companies with operations in Asia and Latin America. 

Out of 20 companies, 70% controlled 12% of global production and had some deforestation policy. The 

market shares for oil palm, soy, and cattle are the amount of product handled by the company globally - 

not the amount handled in deforestation risk regions and pertain to companies with any type of 

deforestation policy - not just companies with zero-gross or zero-net commitments. Thus, they are likely 

over estimates of zero-gross and zero-net commitment coverage for these three commodities in forest risk 

regions. Pulp and paper estimates were constrained to Asia and Latin America and thus may be 

underestimates of commitment coverage. 

The Transparency for Sustainable Economies Initiative of the Stockholm Environment Institute and 

Global Canopy (www.trase.earth) has compiled municipal level data on the amount of soy exports handled 

across Brazil by companies with a ZDC, including signatories to the Soy Moratorium. In 2016, 28 million 

tons �² 42.2% of all soy exports from Brazil �² were covered by ZDCs made by soy traders, including both 

company specific commitments and the Soy Moratorium. RSPO, the leading implementation mechanism 

for Palm Oil commitments (as reported above), covers around 20% of global oil palm production in 2018 

(www.rspo.org). RTRS is estimated to cover less than 2% of the global soybean market (responsiblesoy.org). 

5.3. Stringency and implementation factors that influence spillovers 
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Deforestation cut-off dates and implementation deadlines (C8): One hundred percent of beef specific 

commitments and roughly half of existing non-commodity specific commitments made by 2016 stated an 

immediate (2016 or 2017) target date for implementation. Palm specific commitments had the fewest ZDCs 

with immediate implementation dates, while 50% of these ZDCs specified 2020 and 17% did not specify a 

date. Forest 500 did not collect data on whether or not a deforestation cut-off date for suppliers was 

specified in the commitment, but dates can be inferred by the cut-off date in the implementation 

mechanisms mentioned in the commitment text (described in Table S1). RSPO sets a cutoff date for HCV 

clearing in 2005, RTRS in 2009, and FSC in 1994. The Soy Moratorium sets a cutoff date for forest clearing 

in 2008, the G4 Cattle Agreement in 2009, the Joint Solutions Project in 2001. PEFC does not specify a 

cutoff date. 

Regions covered by the commitment (C9): Ninety-one percent of non-commodity specific ZDCs and 

all six palm specific ZDCs were global in scope. The two beef specific commitments were limited to the 

Amazon. Yet, regional coverage is limited by the current scope of the implementation mechanisms. For 

soy and cattle commitments, there is large-scale coverage in the Brazilian Amazon via implementation 

through the Soy Moratorium and G4 Cattle Agreement. 100% of palm specific ZDCs rely on RSPO 

certification, with most coverage in Indonesia and Malaysia (Garrett et al., 2016). Most timber and pulp and 

paper companies implement their commitment through the FSC and PEFC certification programs, which 

have the greatest coverage in North America and Europe (FSC, 2012; McDermott et al., 2010). 

Supply chain actors covered by the commitment (C10): Most commitments claim to cover every node 

of the supply chain, but some sanction-based implementation mechanisms lack the ability to trace suppliers 

to the farm level. The two beef specific commitments do not specify responsibility for farms that provide 

calves or stockers to cattle finishing operations. They only cover direct suppliers. 

Commodities covered by the commitment (C11):  Most ZDCs (85%) set a deforestation target that 

applies to all commodities that the company handles (sources or trades), but few firms handle more than 

one major tropical risk commodity. Of the 44 ZDCs that cover all commodities, only four (2%) are by 

companies that handle all five forest risk commodities (palm, soy, beef, timber, and pulp), nine (20%) are 

by companies that handle palm and soy, seven (16%) are by companies that handle soy and beef, and six 

(14%) are by companies that handle timber and pulp. There were only eight ZDCs that were limited to a 

single commodity (six for palm oil and two for beef).  

 
6. Discussion 

 

6.1 Existing zero-deforestation commitments show only moderate convergence with effectiveness 

criteria and have substantial room for improvement 
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Existing ZDCs have, on-average, moderate convergence with the effectiveness criteria identified by this 

study (high convergence - 3 criteria, moderate - 6, and low - 2) (Table 1). They align the most in terms of 

their pledged geographical scope, accountability for indirect suppliers, and inclusiveness of multiple forest-

risk commodities. Areas of moderate convergence include: i) deforestation targets �² only half of ZDCs set 

zero-gross deforestation targets; ii) cut-off dates and implementation deadline - most ZDCs rely heavily on 

existing certification programs or market exclusion mechanisms with immediate or historic deforestation 

cutoff dates, but lack immediate implementation deadlines; iii) implementation mechanisms - biome-wide 

implementation exists only in the Brazilian Amazon for soy and beef cattle; and iv) implementation context 

- only a few of the initial implementation regions include ecosystems with high forest-to-agriculture 

conversion rates (Brazilian Amazon, Indonesia, and Malaysia) and reliable geospatial forest information 

linked to a property registry and additional disincentives for deforestation (Brazilian Amazon).  

Existing ZDCs have low convergence in terms of current market share and reference to biome-wide 

implementation mechanisms. Volumes handled by committed companies are <12% of the global market 

for most commodities. Though committed palm oil companies comprise a majority of the global market, 

their implementation mechanism - RSPO - only covers 20% of oil palm area. Most commitments rely on 

certifications for implementation, which lack third party near-real time deforestation monitoring systems 

and put the burden for proving compliance on producers. Adoption of zero-deforestation certifications is 

very low for soy and adoption of timber, pulp, and paper certification is skewed toward temperate regions 

with lower rates of forest conversion. Though most ZDCs include accountability for indirect suppliers, a 

major gap in beef commitments is the failure to develop a functional compliance system for indirect 

suppliers (Alix-Garcia and Gibbs, 2017; Klingler et al., 2018). 

Companies that rely on previously established market exclusion mechanisms to implement their pledges 

within the Brazilian Amazon comprise a special case among the existing ZDCs. In these situations, relatively 

strong public governance has enabled a level of ZDC implementation that conforms with many of our 

effectiveness criteria. The Soy Moratorium and G4 Cattle Agreement tackle the two biggest deforestation-

risk commodities in the region, have zero-gross deforestation targets, a functional system for ensuring 

compliance for direct suppliers, and are targeted at a region with synergistic political conditions, good 

geospatial forest information, and high forest-to-agriculture conversion. Specifically, the establishment of 

the Soy Moratorium and G4 Cattle Agreement are unique in the degree to which pressure on companies 

by civil society to reduce deforestation lined up with ongoing efforts to improve public forest governance, 

including increases in fines, monitoring, and enforcement of deforestation on private properties through 

the establishment a property registration, real-time deforestation tracking, and credit restrictions (Gibbs et 

al., 2015; le Polain de Waroux et al., 2017; Nepstad et al., 2014). Market coverage is also high within the 

biome, covering up to 100% of the market in most Amazonian municipalities (SEI, 2018).  
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Existing evidence indicates that the Soy Moratorium, in light of these complementary changes in public 

governance, did contribute to reduced deforestation outside of public settlements within the Amazon 

(Assunção and Gandour, 2013; Börner et al., 2015; Gibbs et al., 2015; Hargrave and Kis-Katos, 2013). Many 

farmers have already exceeded the forest clearing allowed under the national Forest Code, so complying 

with company ZDCs is typically less onerous than meeting public regulations (Azevedo et al., 2015). 

Evidence of the effectiveness of the G4 Cattle Agreement is more uncertain; it is likely undermined by on-

going deforestation among indirect cattle suppliers (Alix-Garcia and Gibbs, 2017; Klingler et al., 2018). Yet, 

even companies that have had success in eliminating deforestation within soybean supply chains in the 

Amazon may not be contributing to broader reductions in deforestation globally due leakage of 

deforestation activities to other regions (le Polain de Waroux et al., 2017). 

In contrast to the Brazilian Amazon, public regulations in Indonesia create conditions that reduce the 

regional effectiveness of ZDCs (Carlson et al., 2018; Lambin et al., 2018). Recent legislation requires that 

oil palm companies develop all available land within their plantations (Ruysschaert and Salles, 2014), which 

may force oil palm growers to choose between achieving legality and meeting their commitments. If market 

exclusion mechanisms such as the Soy Moratorium and G4 Cattle Agreement cannot be replicated outside 

of Brazil due to a lack of property level deforestation monitoring and verification mechanisms, reliance on 

�Y�R�O�X�Q�W�D�U�\���F�H�U�W�L�I�L�F�D�W�L�R�Q�V���Z�K�H�U�H���I�D�U�P�H�U�V���´�R�S�W-�L�Q�µ���W�R���Y�H�U�L�I�\�L�Q�J���W�K�H�L�U���F�R�P�S�O�L�D�Q�F�H���W�R���P�D�L�Q�W�D�L�Q���W�K�H�L�U���V�W�D�W�X�V���Z�L�O�O��

be required. However, differences in certification uptake in some sectors, as noted above, highlights the 

fragility of commitments that implement through this mechanism.  

We found large differences in the commitment characteristics and scope of palm specific and universal 

ZDCs relative to beef specific ZDCs that highlight the complementarities between different criteria 

outlined here. Palm specific and universal ZDCs are largely global and thus rely more heavily on certification 

systems, including HCV, as globally adaptable tools for implementing their commitment and distinguishing 

areas that cannot be cleared. The low adoption of certification relative to market share of committed 

companies, and lack of available HCV maps, explain why few palm specific and universal ZDCs have 

immediate implementation deadlines. In contrast, the two beef specific ZDCs are focused on the Brazilian 

Amazon forest and rely on the G4 Cattle Agreement market exclusion mechanism to implement their 

commitment and identify areas that cannot be cleared. The G4 Cattle Agreement in turn relies on existing 

government capacity to map and monitor deforestation on individual properties, which allows for 

immediate implementation of their ZDCs.  

Our analysis implies that many companies, in their rush to adopt global and universal commitments, have 

prioritized commitment characteristics, and in particular, forms of implementation that require less 

divergence from existing practices. Almost half of the ZDCs allow for continued agriculture and forestry 

expansion into forests (e.g., zero-net forest loss) and rely on implementation tools that have been widely 

tested (e.g., common forest identification tools such as HCV and certification systems to indicate 
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compliance). Yet, as our analysis indicates, these characteristics do not guarantee individual supply chain or 

regional effectiveness, let alone global effectiveness.  

These trends are not surprising, given that corporate sustainability initiatives often aim for brand promotion 

and maintaining control over their supply chains in the face of globalization and regulation risks, rather 

than environmental benefits (Dauvergne and Lister, 2013). Indeed, commitment adoption is more likely to 

�R�F�F�X�U���Z�K�H�Q���W�K�H���F�R�V�W���R�I���P�H�H�W�L�Q�J���W�K�H���F�R�P�P�L�W�P�H�Q�W�·�V���G�H�P�D�Q�G�V���L�V���O�R�Z���U�H�O�D�W�L�Y�H���W�R���W�K�H���S�R�W�H�Q�W�L�D�O���U�H�S�X�W�D�W�L�R�Q�D�O���F�R�V�W��

of not adopting the commitment (Bloomfield, 2014; Dauvergne, 2017). Companies may believe that 

adopting weak global commitments is a more cost effective or politically viable strategy to alleviate brand 

concerns and NGO pressure than replicating the strong, regional examples of the Soy Moratorium and G4 

Cattle Agreement in regions with challenging regulatory, financing, and political environments.  

Improving the effectiveness of ZDCs hinges on strengthening public governance capacity in forest risk 

regions, including reductions in illegal logging and planting, illegal land clearing, timber smuggling, and tax 

evasion, as well as the transparency associated with these commodity flows and their governance (Gardner 

et al., 2018; Lambin et al., 2018). In regions with low levels of state-led environmental governance, ZDCs 

can help push governments towards adopting more stringent and regionally effective regulations by 

introducing actors to new conservation policy concepts and tools and assisting with monitoring and 

auditing training (Lambin and Thorkalson, 2018; Savilaakso et al., 2017; Wijaya and Glasbergen, 2016). 

Ultimately there is a clear tension between targeting ZDC implementation in regions with supportive 

regulatory, political, and financing contexts, where it will be easier to achieve individual supply chain and 

regional effectiveness, versus implementing a ZDC in regions with less stringent existing governance, where 

a change in activities could make a greater impact on reducing deforestation globally (Garrett et al., 2016).  

Many of the compliance mechanisms associated with ZDC implementation are costly (Ruysschaert and 

Salles, 2014; Smit et al., 2015), and may be overwhelming or inaccessible for smaller companies and farmers 

(Auld et al., 2008b; Glasbergen, 2018). If efforts are not taken by companies making ZDCs to proactively 

help smaller companies and farmers comply with their ZDCs, these policies are less likely to be regionally 

effective. Additionally, high compliance costs in the regions were ZDCs are implemented could result in a 

loss of competitive advantage in those regions, encouraging companies to shift their sourcing to other 

locales (Villoria and Hertel, 2011).  

To reduce the costs associated with monitoring and verifying zero-deforestation within supply chains, some 

actors are now advocating jurisdicti�R�Q�D�O���´�=�H�U�R-�G�H�I�R�U�H�V�W�D�W�L�R�Q���=�R�Q�H�µ���D�S�S�U�R�D�F�K�H�V���Z�K�H�U�H�E�\���F�R�P�S�D�Q�L�H�V���Z�R�X�O�G��

commit to sourcing from jurisdictions that have established regional programs to reduce deforestation and 

are on a downward trajectory toward zero emissions from deforestation by 2020 (Meyer and Miller, 2015). 

Proponents of this approach suggest that economies of scale (reduced per-unit costs) for deforestation 

monitoring could be achieved if companies from multiple sectors work together with local governments to 

leverage international funding and establish shared mechanisms for tracking deforestation (Meyer and 
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Miller, 2015). While promising in theory, to the best of our knowledge no such mechanisms currently exist 

in practice. Getting companies from different sectors to agree to zero-deforestation sourcing behaviors may 

be unrealistic, particularly in regions where the domestic market is large and diffuse and where consumer 

willingness to pay for conservation is low, even if public governance structures are largely supportive 

(Bakaki and Bernauer, 2016; le Polain de Waroux et al., 2017). 

6.2 Remaining uncertainties 

This work is a starting point for understanding the impacts of ZDCs and ways to improve their 

effectiveness, based on theoretical reasoning of their potential outcomes. Our understanding of the general 

validity of the theoretical pathways discussed above, like other evaluations of voluntary company policies, 

is limited by the existing data and evidence base (van der Ven and Cashore, 2018). Spatial, actor, and 

temporal spillovers associated with different commitment designs remains largely unassessed. Our analysis 

of the expected effectiveness of existing commitments is limited by the Forest 500 assessment data. These 

data rely on company self-reporting and are biased toward a relatively small number of larger companies 

with greater global visibility regarding their supply chain activities (Jopke and Schoneveld, 2018). 

There are numerous research gaps and data needs remaining to better understand the real world impacts of 

ZDCs moving forward. Detailed analysis of the market share and spatial footprint of these commitments 

�L�V�� �Q�H�H�G�H�G�� �W�R�� �T�X�D�Q�W�L�I�\�� �D�Q�G�� �P�R�G�H�O�� �H�[�L�V�W�L�Q�J�� �F�R�P�P�L�W�P�H�Q�W�V�·�� �S�R�W�H�Q�W�L�D�O�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �Z�L�W�K�� �P�R�U�H�� �V�S�H�F�L�I�L�F�L�W�\����

Spatially explicit, mechanistic models with robust counterfactuals that link changes in incentives arising 

from different commitment characteristics to changes in land cover at the level of major deforestation 

frontiers are required to identify optimal commitment designs for regional effectiveness. To understand the 

magnitude and location of spillovers that could undermine global effectiveness, spatially explicit models 

should be linked dynamically to multi-regional computational general equilibrium models. Because the 

implementation aspects of ZDCs largely remain unclear, fieldwork and case studies are still urgently needed 

to analyze understand how commitments are operationalized and affect producers and processes of 

governance on the ground. 

7. Conclusion 

Our results suggest that existing ZDCs are likely to be moderately effective in reducing deforestation within 

targeted supply chains and regions, but leave substantial room for improvement to achieve global 

reductions in deforestation. ZDCs can have a greater impact on global forest conservation if they include 

zero-gross targets with immediate deadlines, clear sanction-based implementation mechanisms, and 

traceability to indirect suppliers, particularly within beef cattle supply chains. The need to improve and 

standardize existing ZDCs underscores the importance of civil society initiatives like the Accountability 

Framework (accountability-framework.org), which aims to create a common set of definitions, norms, and 

guidelines to promote adoption of more effective ZDCs. However, efforts to increase the stringency of 
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ZDCs could discourage wider adoption. Policymakers should be mindful of this interaction since global 

effectiveness will depend on both the effectiveness of each individual commitment and the extent of 

adoption. Improvements to existing commitments are likely to hinge on simultaneous improvements in 

public governance that enable greater property level monitoring of compliance with deforestation cut-offs 

(Vogel, 2010).  

Enthusiasm for voluntary environmental policies should be viewed with caution, since they may merely 

advantage the most powerful companies and reduce the agency of affected local communities by moving 

control of deforestation activities to market forces (Larsen et al., 2018). Thus, improving the effectiveness 

of ZDCs should not be used a substitute for strengthening public regulations in forest risk regions. 

Voluntary policies may instead be used as a testing ground for identifying mechanisms that can successfully 

control deforestation and be ratcheted up to legally binding behaviors (Lambin and Thorkalson, 2018; 

Utting, 2005). To achieve these ends, companies and civil society can assist governments in establishing 

monitoring and enforcement mechanisms that enable the adoption of more stringent implementation 

mechanisms and pressure governments to adopt their own rigorous conservation policies to reduce 

commodity-linked deforestation.  
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1. Introduction  

The production of food commodities, including cattle products, soybeans, palm oil, coffee, and cocoa, is 

the largest driver of forest loss and degradation in the tropics (Curtis et al 2018). While these forest-risk 

commodities are central to the livelihoods of thousands of rural households, small farmers' participation 

and share of the value generated by such supply chains has continued to decline over the past three decades 

(Samberg et al 2016, Cohn et al 2016, Lee et al 2012). Since the early 2000s, food companies have responded 

to increased information and pressure about the environmental and social outcomes of their sourcing 

activities by adopting a range of supply chain sustainability initiatives, leading to greater private sector 

involvement in food system governance (Sikor et al 2013, Garrett and Rueda 2019).  

Because deforestation has been central to the naming and shaming campaigns of civil society, many of these 

initiatives have focused on supply chain impacts within forest regions. Specifically, many companies have 

�D�G�R�S�W�H�G���´�I�R�U�H�V�W-�I�R�F�X�V�H�G���V�X�S�S�O�\���F�K�D�L�Q���S�R�O�L�F�L�H�V�����)�6�3�V���µ�����I�R�U�P�D�O���D�Q�G���Rr public declarations about how forest 

impacts are considered within their supply chain. Such policies also often include statements about social 

safeguards and livelihood targets. FSPs can be implemented through a variety of mechanisms, such as the 

use of market exclusion mechanisms (excluding suppliers based on undesirable production practices, e.g., 

deforestation) and/or codes of conduct and certification requirements (setting criteria that farmers should 

meet for inclusion and/or preferred market access). See Table 1 for a list of the FSPs included and Tables 

S1:S2 for their contextualization within the broader set of sustainable supply chain initiatives.  

Over 484 major food retailers, traders, and processors now have some form of FSP (Rothrock et al 2019). 

Yet, the conditions under which these policies or their implementation mechanisms actually succeed in 

improving global conservation or rural livelihoods remain unclear. Recent systematic reviews of food 

certification programs have centered on FSP livelihood impacts (DeFries et al 2017, Oya et al 2018) or 

conservation impacts (Tscharntke et al 2015), with little crossover. To date, syntheses of food sector zero-

deforestation commitments have focused on conservation impacts only, and have been limited to soy, cattle 

and oil palm supply chains (Lambin et al 2018, Lambin and Thorkalson 2018, Pacheco et al 2018). Nor has 

any review paper examined the conservation and livelihood impacts of the full range of initiatives that food 

companies can use to govern their supply chains across all forest-risk food commodities. Given the current 

https://iopscience.iop.org/article/10.1088/1748-9326/abe0ed
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shortfalls of public policy in protecting forests and helping small farmers, and the rapid growth of FSPs, 

there is a pressing need for a synthesis of the literature to identify which (if any) private sector policy tools 

are effective at promoting conservation and whether they also deliver benefits to rural livelihoods, or rather, 

produce tradeoffs. There is also an urgent need to identify current research gaps and guide future research 

toward regions, policies, and methods that can help inform our understanding of what types of FSP 

implementation mechanisms are likely to be both effective and equitable.  

Here, we provide a systematic review of the literature from January 1, 2000 to November 1, 2020 on food 

company FSP implementation mechanisms using Web of Science and Scopus (see Methods; Tables S3-S4) 

to answer the following questions: i) What are the effects of existing food company FSP implementation 

mechanisms on conservation and livelihood outcomes? ii) Are synergies or tradeoffs between conservation 

and livelihoods observed? and iii) In what contexts have these mechanisms been most effective at 

improving conservation and/or livelihoods?  

Besides offering an expanded policy and commodity scope, the present review innovates on the existing 

literature by disaggregating the evidence on supply chain policy impacts according to different outcomes. 

To evaluate the effects of FSP mechanisms first we ask: Do farmers comply with the conservation 

requirements of FSPs? Next we ask: Do FSPs provide additional conservation and/or livelihood benefits 

(i.e., are there measurable improvements in conservation and/or livelihood outcomes beyond business as 

usual)? Finally, we ask: Do spillovers offset or enhance the net conservation and/or livelihood benefits of 

FSPs (i.e., does the FSP result in either positive or negative conservation and/or livelihood impacts on non-

targeted actors, regions, or supply chains)? Disaggregation of compliance, additionality, and spillovers is 

crucial to avoid misunderstandings about the overall effectiveness of FSP implementation mechanisms, 

since both compliance and additionality are necessary for generating improvements in forest conservation 

within a region (Garrett et al 2019), yet compliance does not always result in additionality and some 

additionality can occur with moderate compliance, while spillovers may enhance or offset the overall 

impacts of such initiatives on forest conservation.  

Our study also contributes to the literature by integrating results on the livelihood additionality and spillovers 

resulting from FSPs, particularly the presence or absence of synergies or tradeoffs between conservation 

and livelihood outcomes. Livelihood goals are directly included in many FSPs (see Table 1) and the study 

of these outcomes is critical to understanding the equity outcomes of private sector policies. While these 

equity concerns are sufficiently important in their own right to merit consideration (Pascual et al 2010, 

McDermott 2013)), they are also important for the long-term conservation effectiveness of FSPs. Farmers 

are more likely to adopt pro-conservation behaviors if they receive some type of livelihood benefit (Brown 

2002). If powerful actors (e.g., traders, slaughterhouses) leave their suppliers with little choice but to comply 

�Z�L�W�K���F�R�Q�V�H�U�Y�D�W�L�R�Q���G�L�U�H�F�W�L�Y�H�V���R�U���H�[�L�W���D���´�V�X�V�W�D�L�Q�D�E�O�H�µ���V�X�S�S�O�\���F�K�D�L�Q�����W�K�H���Q�R�Q-compliant farmers may pursue 

even more unsustainable land use activities as a result of exclusion (Klein et al 2015, Friedman et al 2018). 
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However, to date, there has been little empirical examination of these purported relationships beyond 

findings that larger, wealthier farmers are more able to participate in conservation initiatives (Friedman et 

al 2018, Bremer et al 2014, Winters et al 2015, Garrett et al 2016, Klein et al 2015).  

While the primary focus on the review is to synthesize results on the impacts of FSP implementation 

mechanisms, our study concludes by summarizing current knowledge about the conditions that moderate 

these impacts. This fills a critical knowledge gap about the mechanisms and contextual factors underlying the 

success of voluntary environmental policies and aims to help to make sense of the heterogeneity in 

conservation and livelihood results across regions. 
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Mechanism 
name 

Mechanism 
type 

Forest 
Outcome 
Focus 

Forest Conservation Requirements 
for Participating/Supplying Farms 

Livelihood objectives 

Bird 
Friendly 

Farm 
certification 

Reforestation (R) Meet requirements for canopy 
height, species composition, and 
species abundance as well as riparian 
buffer composition and width.  

None listed 

Rainforest 
Alliance 
(RA) version 
1.21 

Farm & 
supply chain 
certification 

Zero-
deforestation 
+ 
reforestation 

(R) Do not convert forests and other 
natural ecosystems in the past five 
years or after January 2014. (R) Do 
not destroy HCV areas after 
November 2005 or negatively impact 
protected areas. (I) [For farms with 
shade-tolerant crops] Have at least 
15% total native vegetation coverage 
across the farm or group of farms or 
a shade canopy fulfilling the RFA 
canopy cover and species diversity 
parameters. (I) [For farms without 
shade-tolerant crops] have at least 
10% total native vegetation coverage 
across the farm or group of farms.  

Improved livelihoods 
and human wellbeing.  

UTZ 
version 1.12 

Farm & 
supply chain 
certification 

Zero-
deforestation 
+ 
reforestation 

(R) Do not deforest or degrade 
primary forests after 2008. (R) Do 
not convert secondary forests except 
where legal and when there is 
compensation of at least equal 
ecological value. (R) Create plans to 
mitigate or compensate for impacts 
on the environment, such as 
reforestation or adoption of 
agroforestry practices. (R) Take 
measures to improve soil fertility (by 
year 3). (I) Take measures to 
promote ecological diversity. (R) 
Comply with environmental 
regulations in producing countries. 

Continuous 
improvement in the 
areas of long run 
economic viability, 
profitability, yield 
optimization, and 
living wages. 

4C version 
2.3 

Sectoral 
code of 
conduct and 
farm 
certification3 

Zero-
deforestation 
+ 
reforestation 

(R) Do not clear primary forest or 
destroy protected areas or high 
conservation value areas after 
2006. (I) Soils under coffee trees 
should be covered with leaf litter or 
organic mulch, and production 
systems should include shade trees 
and /or boundary plants. 

Increased profitability, 
long-term productivity 
and living wages. 

Round 
Table on 
Responsible 
Soy (RTRS) 

Farm & 
supply chain 
certification 

Zero-
deforestation 

���5�����'�R���Q�R�W���F�R�Q�Y�H�U�W���¶�Q�D�W�L�Y�H���I�R�U�H�V�W�V�·����
HCV areas, or riparian buffers after 
May 2009. (R) Comply with 
environmental regulations in 
producing countries. 

Legal wages and 
making employment 
opportunities available 
to the local population. 

Roundtable 
on 
Sustainable 
Palm Oil 
(RSPO) 

Farm & 
supply chain 
certification 

Zero-
deforestation 

���5�����'�R���Q�R�W���F�R�Q�Y�H�U�W���¶�S�U�L�P�D�U�\���I�R�U�H�V�W�V�·����
HCV areas, and riparian buffers after 
2007. (R) Do not develop oil palm 
on steep slopes. (R) Comply with 
environmental regulations in 
producing countries. (I) Use of fire 
for waste disposal and for preparing 
land for replanting is avoided except 
in specific situations, as identified in 
the ASEAN. 

Have implemented a 
management plan to 
achieve long-term 
economic and financial 
viability. Identify social 
impacts in a 
participatory way. 
Create, implement, 
and monitor plans to 
mitigate negative 
impacts and promote 
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positive ones and 
demonstrate 
continuous 
improvement. 

Soy 
Moratorium 

Multi-
stakeholder 
market 
exclusion 
mechanism 

Zero-
deforestation 

(R) [For direct suppliers] Do not 
produce soybeans on areas 
deforested after June 2008. 

Must not have been 
implicated as using 
slave labor. 

G4 Cattle 
Agreement4 

Multi-
stakeholder 
market 
exclusion 
mechanism 

Zero-
deforestation 

(R) [For direct and indirect suppliers] 
Do not deforest primary or non-
primary forests on properties 
producing cattle after October 2009. 

Must not have been 
implicated as using 
slave labor or invading 
indigenous territories 
or be accused of land 
grabbing. 

�6�W�D�U�E�X�F�N�V�·��
CAFE 
Practices 
version 2.0 

Company 
standard for 
sourcing 

Zero-
deforestation 
+ 
reforestation 

(I) Conserve areas with high 
ecological value. (I) [Where coffee is 
grown in areas originally covered by 
forest] Maintain a canopy cover of 
diverse native tree species.  

Provide incentives and 
support for 
economically 
sustainable coffee 
production, processing 
and trading. Fair hiring 
practices and 
employment policies. 
Employers must meet 
local standards and are 
encouraged to exceed 
those standards where 
it improves the quality 
of life for their 
employees. 

Nespresso 
AAA 
Sustainable 
Quality 

Company 
standard for 
sourcing 

Zero-
deforestation 
+ 
reforestation 

Same as the Rainforest Alliance 
criteria.  

Same as Rainforest 
Alliance - improved 
livelihoods and human 
wellbeing.  

Notes: Table 1 is the subset of Table S2, since not all FSPs have implementation mechanisms and not all 
mechanisms have been analyzed in a peer reviewed study. (R) indicates required criteria/unacceptable practices, 
(I) indicates continuous improvement or less stringent criteria (e.g., practice is promoted, but not required or 
practice earns producer a higher score). HCV = High Conservation Value. Fair Trade (FT) and Organic are only 
included in this analysis when a farm contains dual certification with a FSP mechanism.1RA has many other 
conservation criteria than what is listed here. Please see the full standard document for more details. 2Joined with 
Rainforest Alliance as of 2018. But studies of effectiveness included here occurred before the merger. 3Originally 
a verification program created by the 4C Association in 2006 (and adopted by companies such as Nestlé and 
Melitta), converted in 2018 to an independent certification program. 4The G4 agreement is now called the G6 
Agreement, since it includes 6 major slaughterhouses, but existing papers pertain to the G4. One study also 
examined the MPF-TAC cattle agreement (which is more of a public-private agreement between slaughterhouses 
and federal prosecutors. However, this study did not present separate results for MPF-TAC because it was highly 
correlated with G4 exposure. 

Table 1: Examples of implementation mechanisms used in forest-focus supply chain policies in the food sector 

2. Methods 

Systematic reviews provide a transparent and replicable process for collecting literature based on predefined 

search and paper inclusion criteria (Tranfield et al 2003, Higgins et al 2019). We followed the best practices 

laid out by Haddaway et al. (2015) to avoid bias, increase transparency, and enhance consistency and 

objectivity. First, we established a protocol for identifying relevant and rigorous literature and sent this 

methodology to our peers for comments. Our search included all known food company FSP 
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implementation mechanisms (Rueda et al 2017, Lambin et al 2018) (see Table S1 regarding the use of the 

FSP nomenclature and S2 for a list of mechanisms that can be used to implement FSPs). The first step in 

the protocol was to search Web of Science (WoS) and Scopus within the title, abstract, and keywords for 

all potentially relevant papers using a predefined set of search strings (see Tables S3-S6 for search terms). 

The overall numbers of returns were 1488 papers in the WoS search (1114 for conservation and 374 for 

livelihood outcomes) and 1341 papers in the Scopus search (1022 for conservation and 319 for livelihood 

outcomes).  

We did not use Google Scholar to identify gray literature for two reasons. First, we were not able to obtain 

an unbiased sample (results were largely irrelevant and known studies were not showing up in the searches 

even after screening the first 200 returns for each mechanism). Second, given the sensitivity of causal 

assessments and impact evaluations to econometric specifications and study design, we found it challenging 

to compare the scientific value of the gray literature returned by GS, which did not undergo an external 

reviewing processes, to the peer reviewed studies. 

After collecting all returns from WoS and Scopus we screened abstracts using pre-defined inclusion criteria 

based on relevance: (i) the paper pertained to an FSP implementation mechanism and (ii) the paper included 

quantitative or qualitative causal analysis of the impact of a specific initiative on conservation and/or 

livelihood outcomes associated with the production of a specific commodity. Fair Trade and Organic 

certifications were excluded as stand-alone mechanisms because they did not contain any specific criteria 

about deforestation or reforestation behaviors for the relevant time period (deforestation requirements for 

Fair Trade were established in 2019 and no reforestation requirements exist). Conservation outcomes 

included within the scope were: deforestation (measured as a loss in tree cover), reforestation (measured as an 

increase in tree cover or changes in the density and diversity of tree species), and fires (measured as the 

reduced occurrence of fires). For livelihood impacts we included studies that focused on financial outcomes 

due to the greater consistency and comparability across studies, including target commodity income (often 

proxied by gross, rather than net revenues), as well as overall farm and household income (sometimes 

proxied by household expenditures for farm households or by company share value for plantations). Table 

S8 lists studies that pertain to FSPs, but did not measure the conservation or livelihood impacts covered by 

the study and states the reason that each paper was excluded.  

Next, we divided this set of relevant papers into individual commodity-region-mechanism cases (e.g., a 

study that examined outcomes of RSPO certification in Indonesia and Malaysia separately would be 

classified as two separate cases; a study that examined UTZ certification and the CAFE code of conduct 

separately, even within the same region, would be classified as two separate cases). We then assigned scores 

for conservation compliance, additionality, and spillovers, as well as livelihood additionality and spillovers, 

using predefined criteria (see Table S9 and S10 for list of coding criteria and Table S11 for the detailed 

results).  



 
 

208 

The final step of the screening process was to assess the rigor of the methods for evaluating the policy 

outcome of a given FSP mechanism, allowing this review to compare and synthesize rigorously determined 

results only. This process was undertaken for each policy outcome, since methods could be rigorous on 

one type of outcome (e.g., compliance), but not others (e.g., additionality). Briefly, a conservation 

compliance paper was included if there was an independent (rather than self-reported) measure of the 

conservation outcome in question. An additionality or spillover paper was included if a counterfactual 

�V�F�H�Q�D�U�L�R���D�E�R�X�W���´�E�X�V�L�Q�H�V�V���D�V���X�V�X�D�O�µ�����W�K�H���D�E�V�H�Q�F�H���R�I���W�K�H���)�6�3���P�H�F�K�D�Q�L�V�P���W�U�H�D�W�P�H�Q�W�����Z�D�V���H�V�W�D�E�O�L�V�K�H�G���W�R���D�Q�D�O�\�]�H��

the impacts of the mechanism. These protocols are described in Table S9. Cases that met the rigor criteria 

for a particular outcome were scored as a 1 and included in the study results for that outcome, all others 

were coded as 0 and excluded from analysis but retained in Table S11 for reference. Through an iterative 

collective refinement of the wording of the coding rubric and by providing detailed justifications of our 

scores, we were able to come to agreement with all evaluations. Scores, justifications, and contextual notes 

from the initial coder were reviewed by two people. In cases where reviewers were not in agreement about 

scoring results and contextual notes, authors engaged directly to discuss and come to a shared decision. 

Finally, after reviewing the literature we created categories about frequently mentioned contextual factors 

explaining FSP implementation mechanism success or failure, as written by the authors of the paper in 

question. After inductively creating the categories, based on existing theoretical models of important 

contextual factors (Clapp and Thistlethwaite 2012, Garrett et al 2019, Garrett and Pfaff 2019), we went back 

�W�R���H�D�F�K���V�W�X�G�\���W�R���D�V�V�H�V�V���Z�K�H�W�K�H�U���R�U���Q�R�W���W�K�H�\���P�H�Q�W�L�R�Q�H�G���W�K�H���S�D�U�W�L�F�X�O�D�U���I�D�F�W�R�U���D�Q�G���Q�R�W�H�G�� �K�R�Z���W�K�H���D�X�W�K�R�U�V�·��

believed the factor influenced outcomes.  

3. Scope of the existing evidence base 

We found 43 papers that met our relevance criteria, comprising 53 cases (policy-commodity-region bundles) 

(See Tables S3-S6 for summary statistics on the search). Of the relevant papers, there were 37 cases with 

sufficiently rigorous measurement of at least one conservation- (deforestation, reforestation, or fire-related 

compliance, additionality or spillovers) or livelihood-related (commodity income or household income 

additionality or spillovers) policy outcome (19 for conservation only, 13 for livelihoods only, and 5 studies 

that assessed both (Figure 1). 
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Figure 1: Existing literature examining FSP implementation mechanisms. All FSP acronyms are explained in Table 1. 
FT stands for Fair Trade, which sometimes co-occurs �Z�L�W�K���)�6�3���P�H�F�K�D�Q�L�V�P�V�����´-�µ���L�Q�G�L�F�D�W�H�V���W�K�H���V�W�X�G�\���L�Q�F�O�X�G�H�G���I�D�U�P�V���F�H�U�W�L�I�L�H�G��
by multiple standards. While Table 1 refers to a specific version of the standard, it is not always clear which version of the 

standard was analyzed in the study. 

A majority of the studies focused on certifications (i.e., RA, UTZ, Bird Friendly, 4C, RTRS, and 

RSPO certifications) (65% of the cases), and in particular, coffee farm certifications (37%) (Figure 

1). Studies on market exclusion mechanisms (i.e., Soy Moratorium and G4 Cattle Agreement) 

comprised 25% of the cases, while 10% cases examined company specific standards (i.e., Starbucks 

CAFE Practices, Nespresso AAA).  

In terms of the conservation outcomes, certification studies mostly focused on tree density and tree 

diversity within farm plots, while market exclusion studies mainly examined deforestation (Newton and 

Benzeev 2018). There are two coffee papers that examined both deforestation and tree density and diversity 

outcomes (Hardt et al 2015, Rueda et al 2015). There have been few peer-reviewed studies of the 

conservation outcomes of FSP implementation mechanisms on cocoa farms or for any type of outcome in 

East or West Africa or South Asia (Figure 1,3), despite large food commodity-driven deforestation threats 

and conservation opportunities in those regions. No market exclusion studies examined livelihood 

outcomes.  

4. FSP outcomes  

This section summarizes the results of sufficiently rigorous studies (per the criteria in Table S9 and S10) to 

answer our first two overarching research questions: i) What are the effects of existing food company FSP 

implementation mechanisms on conservation and livelihood outcomes? and ii) Are synergies between 
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conservation and livelihoods observed? The first question is disaggregated by our sub-questions on 

compliance, additionality, and spillovers, while the second focuses only on tradeoffs and synergies 

pertaining to additionality.  

4.1. Do farmers comply with the conservation requirements of FSPs? 

Conservation requirements differ substantially between food company FSP implementation mechanisms 

(Table 1). Our results, based on the 15 cases that rigorously assessed compliance with conservation 

requirements, indicate mixed levels of compliance across mechanisms and commodities (Figures 2-3). 

Studies generally find compliance with the reforestation (tree planting and diversity) and deforestation 

criteria of coffee certifications. On-going clearing was limited to individual trees and reflected natural cycles 

of replanting old coffee trees (Rueda and Lambin 2013, Hardt et al 2015, Caudill and Rice 2016). However, 

market exclusion studies in the Brazilian Amazon came to widely diverging conclusions about compliance 

with the mechanism, depending on the time period, actors, and regions examined. Soy Moratorium studies 

in Mato Grosso (Azevedo et al 2015) and Rondônia (Costa et al 2017) that examined whether soy was 

�S�O�D�Q�W�H�G�� �L�Q�� �D�U�H�D�V�� �G�H�I�R�U�H�V�W�H�G�� �D�Q�\�� �W�L�P�H�� �D�I�W�H�U�� �W�K�H�� �S�R�O�L�F�\�·�V�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �F�X�W-off date in 2008 concluded that 

there were notable instances of non-compliance. Studies that examined land use in a shorter time period 

after the cut-off date concluded that there was high compliance overall (Rudorff et al 2011, 2012, Gibbs et 

al 2015). One study of the G4 Cattle Agreement that included all cattle producing farms in Southwestern 

Pará (Klingler et al 2018) (including indirect suppliers) found high non-compliance, whereas the other two 

studies that only focused on the land clearing behaviors of direct suppliers to committed slaughterhouses 

found high compliance (Gibbs et al 2016, Alix-Garcia et al 2018). Studies in Southeast Asia all found high 

non-compliance with the fire prohibition for oil palm farms certified by RSPO (Carlson et al 2018, 

Noojipady et al 2017, Gatti et al 2019). 

 

Figure 2: Conservation compliance outcomes by commodity (n=15). Criteria for the coding of each ranking are explained in 
Table S6.  
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Figure 3: Map of FSP implementation mechanism cases by outcome and commodity. These results include only the cases 
where the methodology for the associated outcome was deemed to be sufficiently rigorous (n=15 for conservation compliance, 

n=12 for conservation additionality, n=18 for livelihood additionality).  

4.2. Do FSPs provide additional conservation and livelihood benefits? 

There were 12 cases for conservation additionality and 18 cases for livelihood additionality that met our 

criteria for methodological rigor (Figures 3-4). Improvements in conservation outcomes were found in 43% 

of the cases, including within RA certified coffee farms in some regions and in the Brazilian Amazon as a 

result of the Soy Moratorium and G4 Cattle Agreement (1 study each). Improvements in income from the 

target commodity were observed in 65% of the cases and improvements in farm or household income were 

observed in 53% of the cases, including various certifications and codes of conduct for coffee, RA-UTZ 

certification for cocoa, and RSPO certification for oil palm.  
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Figure 4: Conservation and livelihood additionality by commodity. Criteria for the coding of each ranking are explained in 
Table S3. Spillovers are not shown due to the low number of cases. 

4.2.1. Coffee certifications and codes of conduct 

Coffee certifications have been found to have both conservation and livelihood benefits, but never in the 

same case. In 38% of the coffee studies, RA certification was associated with both reduced deforestation 

(Rueda et al 2015, Takahashi and Todo 2014, 2013) and increased tree cover (Rueda et al 2015, Takahashi 

and Todo 2017, Haggar et al 2017). Regions with positive outcomes included Colombia (Rueda et al 2015), 

Ethiopia (Takahashi and Todo 2013, 2014, 2017, which comprise a single case), and Nicaragua (Haggar et 

al 2017). However, most often, no conservation additionality was found, including studies of RA, UTZ, 

CAFE, AAA and 4C (Pico-Mendoza et al 2020, Haggar et al 2017, Vanderhaegen et al 2018).  

Improved income outcomes were identified in half of the coffee certification cases. Studies that 

simultaneously examined commodity and household income outcomes found improvements in only 

commodity income in 60% of the cases and improvements in both types of income in 40% of cases. Positive 

livelihood outcomes were found for every coffee standard: Starbucks CAFE (Ruben and Zuniga 2011, 

Haggar et al 2017), RA (Ruben and Zuniga 2011, Mitiku et al 2017), and combinations of UTZ with FT, RA 

and/or 4C or CAFE with Nespresso AAA (Vanderhaegen et al 2018, Van Rijsbergen et al 2016, Vellema et 

al 2015). Six cases, including various different standards in Colombia (Dietz et al 2019), UTZ in Uganda 

(Chiputwa et al 2015), and RA in Nicaragua (Haggar et al 2017), found no additional improvement in 

commodity or household income, with one case leading to a reduction in commodity income (UTZ for 

coffee production in Nicaragua (Haggar et al 2017)) and another to a reduction in household income (UTZ-
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FT in Kenya (Van Rijsbergen et al 2016)). In the latter case, UTZ-FT was associated with an increase in 

commodity income due to improved yields, but a decrease in household income because certified farmers 

became more specialized in coffee production alongside a drop in the coffee price relative to other crops 

(Figure 4). Income benefits failed to materialize in places where there were both low yield benefits from 

certification and no price premiums associated with the certified good passed down to farmers. 

Among the cases that simultaneously and rigorously examined conservation and livelihood additionality 

(Figure 5), none pertained to deforestation and none found evidence of simultaneous improvements 

(synergies) or simultaneous declines in conservation and livelihood indicators as a result of certification. 

Most found a combination of a success in one category, but no additionality in the other. Three cases, 

which included multi-certification impacts in Uganda (Vanderhaegen et al 2018) and CAFE in Nicaragua 

(Haggar et al 2017), found increases in commodity income from certifications, but no conclusive change in 

reforestation. A study of RA certification on coffee farms in Nicaragua found an increase in conservation, 

but no increase in commodity income (Haggar et al 2017).  

 

Figure 5: Tradeoffs and synergies in conservation and livelihood additionality outcomes by certification type and commodity in 
studies that examined both outcomes. Notes: aHaggar et al (2017), bVanderhaegen et al (2018), and cMorgans et al 

(2018). There were no win-wins, tradeoffs, or lose-loses identified. Most cases found improvement in one indicator, but no 
change in another, while one study found a decrease in income, but no change in tree cover. There were no studies that 

examined deforestation and livelihoods. 

 

4.2.2. Cocoa RA-UTZ certifications  

Only two cases rigorously examined the income outcomes of RA-UTZ certification in cocoa 

production and these were located in Southern Ghana (Iddrisu et al 2020, Brako et al 2020). Both 
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studies found increases in cocoa, farm, and total household income from UTZ-RA certification. 

The certification effect was particularly large in the study by (Brako et al 2020) �² resulting in 28% 

higher household income.  This was due to the large improvements in yields which arose from 

adoption of Good Agricultural Practices and enabled by greater access to technical assistance and 

financing as a result of the Licensed Buying Companies managing the certification. 

4.2.3. Oil palm RSPO certification  

RSPO certification results, which pertained mostly to Southeast Asia, but also one case in Ghana, are mixed 

for conservation outcomes, but positive for livelihood outcomes. A study by Carlson et al (2018), found 

that RSPO certification reduced deforestation by 33% relative to non-certified plantations. Yet, the authors 

found that, on average, RSPO certified plantations contained little residual forest (and more oil palm area) 

when they received certification and may have deliberately cleared their forest prior to declaring their intent 

to be certified. Furthermore, certification had no impact on forest loss in peatlands. None of the RSPO 

studies found reduced fire occurrence on certified plantations (Cattau et al 2016, Morgans et al 2018, Carlson 

et al 2018). 

Morgans et al (2018) studied livelihood additionality from RSPO certification in Indonesia, finding that 

although fire occurrence did not decrease, plantations certified with RSPO had a greater increase in profits 

(as proxied by certified company share values). Brako et al (2020) found substantially higher oil palm, total 

farm, and household income from RSPO certification. This is due to higher yields through access to 

improved varietals, but not as a result of any premium. 

4.2.4. Cattle and soy ZDCs  

The two studies assessing the impacts of the G4 Cattle Agreement found evidence of reduced deforestation 

among farms that are direct suppliers to slaughterhouses with zero-deforestation commitments (Gibbs et al 

2016, Alix-Garcia and Gibbs 2017). However, these reductions are partially due to selection bias and largely 

erased by leakage. Farms that sold to slaughterhouse with zero-deforestation commitments already had less 

forest remaining before the agreements were signed (Gibbs et al 2016) and reductions in deforestation 

among farmers that registered earlier in an environmental cadaster (to be able to sell to these 

slaughterhouses) were completely offset by farmers who registered later (Alix-Garcia and Gibbs 2017). 

The one sufficiently rigorous study of the Soy Moratorium in the Brazilian Amazon (which uses 

deforestation for soy in the Cerrado as a counterfactual), found that the moratorium had conservation 

benefits (Gibbs et al 2015). In the two years preceding the agreement, the authors find that nearly 30% of 

soy expansion occurred through deforestation rather than by replacement of pasture or other previously 

cleared lands. After the Soy Moratorium, deforestation for soy dramatically decreased, falling to only ~1% 

of expansion in the Amazon biome by 2014. In the Cerrado biome, where the Soy Moratorium does not 
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apply, the annual rate of soy expansion did not reduce in a similar fashion. In the region of Mapitoba, nearly 

40% of total soy expansion (2007�²2013) occurred at the expense of native vegetation.  

4.3. Do FSP spillovers offset or enhance net conservation and livelihood benefits? 

To date, understanding of policy spillovers has been particularly limited in land system science (Meyfroidt 

et al 2020), with supply chain policies being no exception. Negative policy spillovers arise when the 

implementation of a policy in the target region increases incentives to undertake the prohibited behaviors 

in non-targeted regions, leading to a shift in environmental and social impacts across actors and space 

(Meyfroidt et al 2020). Negative spillovers may also occur if the introduction of a financial reward or penalty 

for certain behaviors undermines (crowds-out) intrinsic motivations for conservation or fair wages (Grillos 

et al 2019). Positive spillovers arise when both market exclusion mechanisms and certifications lead to 

increased trust and learning among local communities beyond the target population, resulting in enhanced 

conservation and livelihood benefits (Garbach et al 2012, Simonet et al 2019).  

Only 5 cases rigorously examined forest spillovers from FSP implementation mechanisms, while 2 

examined income spillovers. Among the forest related spillovers, results differed substantially. Gollnow et 

al (2018) found no additional deforestation spillovers within and across nearby soy and cattle properties as 

a result of the Soy Moratorium. However, Alix-Garcia and Gibbs (2017) identified that cattle producers 

who registered in the environmental land registry later increased their deforestation relative to producers 

that registered earlier (a spillover from early registrants to late registrants). This is plausible because late-

registering and non-supplying farms had alternative markets to sell to or could launder their product 

through compliant farms. For RSPO certification, Heilmayr et al (2020) found both positive and negative 

spillovers, depending on the land designation. They found that RSPO certified companies decreased 

deforestation in their non-certified properties when the land was designated as Forest Estates (subject to 

greater environmental protections). However, deforestation increased in nearby lands designated as APL 

���´�R�W�K�H�U���X�V�H���O�D�Q�G�V�µ�����W�K�D�W���Z�H�U�H���H�[�S�R�V�H�G���W�R���D���O�D�U�J�H�U���S�U�R�S�R�U�W�L�R�Q���R�I���5�6�3�2���F�H�U�W�L�I�L�H�G���F�R�P�S�D�Q�L�H�V�����7�K�H�V�H���D�U�H���O�D�Q�G�V��

where oil palm can be legally grown under federal regulations, in contrast to Forest Estates. They 

hypothesize that the positive spillover in non-certified Forest Estate lands and negative spillover to APL 

occurred because the RSPO certification reduced fresh fruit bunch prices from Forest Estate lands (due to 

greater compliance with the federal regulations prohibiting deforestation in those areas as a result of their 

commitment to legal and responsible practices as part of certification). 

With respect to reforestation outcomes, one study of UTZ-RA-4C certification on coffee farms in Uganda 

by Vanderhaegen et al (2018) identified negative spillovers on other conservation outcomes, including 

biodiversity and carbon stocks. One study on RA certification, which assessed coffee farms in Ethiopia 

(Takahashi and Todo 2017), found positive conservation spillovers in the form of reduced degradation in 

nearby forests. No studies rigorously assessed conservation spillovers for Bird Friendly certification or any 

code of conduct. 
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Only two studies examined livelihood spillovers (both focused on coffee certifications). A study of RA 

certification on coffee farms in Colombia identified positive commodity income spillovers across certified 

and non-certified farms due to the upgrading of regional coffee supply chains (Rueda and Lambin 2013). 

Yet, a study of UTZ-FT in Kenya found no significant impact of UTZ or multi-certification on livelihood 

conditions at the cooperative level (vis-à-vis non certified cooperatives) and did not identify any changes in 

the structure of the coffee value chain (Van Rijsbergen et al 2016). No studies assessed livelihood spillovers 

for RSPO certification, market exclusion mechanisms, or codes of conduct.  

5. Factors supporting improved conservation and livelihood outcomes 

Here we summarize the conclusions that the existing evidence base offers with respect to our final question: 

In what contexts have FSP mechanisms been most effective at improving conservation and/or livelihoods? 

We found five groups of contextual factors mentioned at least twice in the studies: i) existing land use attributes 

(i.e., regional rates of commodity-driven deforestation, type of agricultural practice-monoculture versus 

agroforestry, and associated commodity yields), ii) characteristics of the producers and cooperatives in the regions 

where the policy was implemented (i.e., how much wealth do the farmers have, how well organized are the 

cooperatives), iii) monitoring capacities in relation to the supply chain complexity, iv) public sector involvement (i.e., 

the stringency of public policies and their enforcement, including jurisdictional and hybrid governance 

efforts), and v) NGO involvement (i.e., participation in the diffusion of the certification and/or capacity 

building among farmers) (Figure 6). 

Existing land use practices and baseline farm and cooperative characteristics were the most frequently 

mentioned factors influencing the conservation and livelihood additionality of FSP mechanisms. These 

contextual attributes are linked to the issues of selection bias and mechanism equity. Selection bias and 

resulting equity concerns emerge when the farmers who are most likely to adopt or continue complying 

with a policy are those who are already compliant (Lambin et al 2018) or sufficiently wealthy to bear the 

costs of adoption and compliance (McDermott 2013). Across nearly all certification cases, either larger, 

wealthier, and/or more educated farms were most likely to adopt the certification.  

For certifications focusing on enhancing tree diversity and tree cover on coffee or cocoa farms, (e.g., RA, 

UTZ, and Bird Friendly), an important baseline land use characteristic is whether or not the farmers were 

already using some type of agroforestry system (or, conversely, full sun monocultures). Differences in 

agroforestry practices prior to the adoption of a certification or standard can have a larger impact on tree 

diversity and cover than the FSP mechanisms (Pico-Mendoza et al 2020). And since some standards 

promote greater intensification of input use vis-à-vis existing low-input shade-garden practices, exposure 

to FSP mechanisms rarely incentivizes more diversified practices. However, through the resulting move 

away from low-input practices, FSP mechanisms can increase yields, leading to higher income from the 

target commodity (Vanderhaegen et al 2018, Brako et al 2020). The ability of farmers to maintain low input 
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systems, such as agroforestry in some cases, thus strongly depends on the ability of farmers to capture 

higher prices through quality premia �² a rare occurrence (Haggar et al 2017).  

 

 

Figure 6: Enabling factors for additionality cited in sufficiently rigorous cases by commodity and type of outcome.  

For RSPO certification, which focuses on zero-clearing of primary areas or HCV (rather than reforestation 

or tree diversity), the conservation impact is strongly affected by the amount of primary forest remaining 

in the properties that adopted the certification. In analyzing the impacts of RSPO certification on oil palm 

plantations, Carlson et al (2018) found that primary forest clearing rates and fire usage are lower in RSPO 

certified properties versus comparable ones. But the additionality of certification is reduced because the 

plantations that adopted RSPO had little primary forest left before certification (Carlson et al 2018). 

Livelihood impacts from RPSO in oil palm farms are, like cocoa farms, highly influenced by the age of trees 

and, like all crops, the varieties used prior to adoption of the certification. Where yield gaps are high due to 

older trees and lower yielding varieties, participation in the certification can lead to major improvements in 

yields and income (Brako et al 2020, Mitiku et al 2017). 

With respect to baseline farm and cooperative characteristics, many studies found that farmers that adopted 

UTZ, RA, or CAFE Practices had significantly higher incomes and education before certification than their 

matched counterparts (Haggar et al 2017, Ruben and Zuniga 2011, Brako et al 2020, Iddrisu et al 2020). 

These biases occur partially due to the high financial and informational costs of compliance and adoption, 

e.g., mapping and registering properties or adopting new restoration and management practices. Low land 

or labor endowments raise the cost of shifting land or labor away from consumption or income 

diversification. Given the high up-front costs of adopting certifications and limited education and financial 

resources of many farmers, participation is often organized through cooperatives or Licensed Buying 

Companies (for cocoa). Consequently, the underlying capacities of such cooperatives and companies play 

an important role in determining livelihood additionality. Where these entities have limited market access 

and lack capacities to provide any value-added processing to the sourced product, returns to farmers from 

certification tend to be lower (Dietz et al 2019, Chiputwa et al 2015, Mitiku et al 2017). Conversely, when 
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such entities bring enhanced access to credit and technical training, benefits can be multiplied (Brako et al 

2020). State and NGO involvement become particularly important for strengthening local capacities to 

adopt and participate in supply chains with FSPs (Mitiku et al 2017). 

Studies examining conservation additionality of the RSPO Certification in Indonesia and Soy Moratorium 

and G4 Cattle Agreement in the Brazilian Amazon pointed to important interactions with the public sector 

and limitations in current supply chain monitoring capacities. In B�U�D�]�L�O���W�K�H���S�X�E�O�L�F���V�H�F�W�R�U�·�V���L�Q�Y�R�O�Y�H�P�H�Q�W���L�Q��

land registration and deforestation monitoring has been critical to existing successes, but policy compliance 

�U�H�P�D�L�Q�V�� �G�L�I�I�L�F�X�O�W�� �W�R�� �P�R�Q�L�W�R�U�� �R�Q�� �S�U�R�S�H�U�W�L�H�V�� �W�K�D�W�� �K�D�Y�H�Q�·�W�� �U�H�J�L�V�W�H�U�H�G�� �W�K�H�L�U�� �O�D�Q�G�� �R�Q�� �W�K�H�� �Q�D�W�L�R�Q�D�O�� �S�U�R�S�H�U�W�\��

ca�G�D�V�W�H�U���D�Q�G���R�U���G�R�Q�·�W���V�H�O�O���G�L�U�H�F�W�O�\���W�R���W�K�H���F�R�P�S�D�Q�L�H�V���W�K�D�W���D�G�R�S�W�H�G���W�K�H���)�6�3���P�H�F�K�D�Q�L�V�P (Gibbs et al 2016, 

Alix-Garcia and Gibbs 2017). Monitoring of small-scale deforestation and of small-scale properties, in 

general, is a challenge for RSPO, the Soy Moratorium, and the G4 Cattle Agreement. For example, the Soy 

Moratorium excludes monitoring of deforestation events smaller than 25 ha in size (over the course of the 

monitored period) (Rudorff et al 2011). In the context of the Brazilian market exclusion mechanisms and 

RSPO certification in Indonesia supply chain efforts can help enhance compliance with federal 

deforestation policies, filling gaps in capacities and political will (Heilmayr et al 2020). 

6. Discussion  

6.1. Many knowledge gaps remain about FSP implementation mechanisms 

Only 37 cases rigorously assessed the causal impacts of FSP mechanisms on either conservation or 

livelihoods and only 5 cases simultaneously examined conservation and livelihood outcomes in regions 

where FSPs are being implemented. The literature on spillovers associated with FSP implementation 

mechanisms is particularly limited and major gaps in our understanding of FSPs remain in East and West 

Africa and South Asia. Among studies with sufficient methodological rigor, there have been more studies 

assessing the outcomes of coffee certifications and codes of conduct, especially within Latin America, than 

other commodities or regions. The emphasis on coffee FSPs in the existing evidence base is likely due to 

how globally widespread coffee production and associated FSP mechanisms are and how early FSPs were 

adopted in coffee systems compared to other commodities. 

The literature on FSPs includes many ex-ante theoretical and quantitative analyses (Table S8). Additionally, 

�P�D�Q�\���V�W�X�G�L�H�V���I�R�F�X�V�H�G���R�Q���D�F�W�R�U�V�·���S�H�U�F�H�S�W�L�R�Q�V���R�I���S�U�R�F�H�V�V�H�V�����:�K�L�O�H���W�K�H�V�H���D�U�H���Y�H�Uy useful, especially for given 

how new many of these mechanisms are, post-hoc analyses based on rigorous measurements of on-the-

ground impacts are still needed to verify or negate theory, models, and perceptions, and to better understand 

the effect size of FSP mechanisms. Even within the studies that were included for additionality due to 

rigorous establishment of a counterfactual, there was significant variation in how counterfactuals were 

established. Evaluations of the Soy Moratorium stand out in this respect. We found that only one of the 

�Q�L�Q�H���S�X�E�O�L�V�K�H�G���6�R�\���0�R�U�D�W�R�U�L�X�P���V�W�X�G�L�H�V���U�L�J�R�U�R�X�V�O�\���D�V�V�H�V�V�H�G���W�K�H���P�H�F�K�D�Q�L�V�P�·�V���D�G�G�L�W�L�R�Q�D�O�L�W�\�����7�K�H���R�W�K�H�U���V�W�X�G�L�H�V��
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included no counterfactual for how much deforestation for soy in the Amazon would have occurred in the 

absence of the Soy Moratorium (see Tables S8, S10). 

Careful construction of counterfactuals is crucial for all mechanisms, not only because of selection bias, but 

because many other contextual factors may be changing simultaneous to the policy treatment. For example, 

during the period where the Soy Moratorium and G4 Cattle Agreements were introduced, public policies 

to reduce deforestation in the Brazilian Amazon were substantially strengthened and prices became less 

favorable for soy production (Assunção et al 2015). Simultaneous policy changes in this region included 

improvements in the enforcement of deforestation on private properties, greater incentives for sustainable 

intensification, and an expansion in protected areas, and have been found to have large impacts on 

deforestation and land use practices (le Polain de Waroux et al 2017, Garrett et al 2018, Assunção et al 2015).  

 

6.2. FSP implementation mechanisms can bring benefits, but simultaneous improvements in 

livelihoods and conservation remain elusive 

Some certifications and codes of conduct, when coupled with positive incentives such as improved market 

access, have either incentivized farmers to adopt more tree cover or have enabled them to generate higher 

target commodity and household income. But no certification or code of conduct studies find simultaneous 

improvements in conservation and livelihood outcomes, and livelihood benefits appear to be more 

common than conservation benefits (65% versus 43% of the cases). Reforestation-oriented mechanisms 

have greater conservation additionality in regions where existing practices involve full-sun monocultures, 

but adoption of agroforestry practices has been associated with reductions in yields and income for the 

target commodity in the included studies. These outcomes may be offset by other livelihood benefits, such 

as improved climate resilience and food security, but this was not measured in the included studies. 

6.3. Given existing results, there is a risk that FSP implementation mechanisms could exacerbate 

rural inequalities 

Selection bias poses a serious challenge for the effectiveness of FSPs, as well as their equity. Farmers with 

less forest remaining and larger properties or those already connected to well-functioning cooperatives can 

more easily adopt certifications and/or the necessary practices to continue supplying to companies with 

FSPs. For this reason, both the underlying land use characteristics and existing household and cooperative 

characteristics in regions where FSPs are implemented play a large role in amplifying or mitigating trends 

toward selection and adoption by larger and wealthier farms. Deforestation-oriented mechanisms have 

greater conservation additionality in regions and on properties where there is still ample forest remaining. 

Yet food companies may have limited incentive or capacity to continue sourcing from such suppliers and 

regions if the costs of monitoring and enforcing compliance with the FSP are high.  

Given the selection biases identified by several studies, there is a risk that FSPs could exacerbate rural 

income inequality and harm smaller farmers, rather than improving livelihoods. This is especially likely for 
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market exclusion mechanisms that reject noncompliant farmers. The unequal adoption and implementation 

of FSPs across space also runs the risk of driving harmful land use and labor practices towards less regulated 

regions and sectors (le Polain de Waroux et al 2016). Farm income is strongly affected by yields (including 

crop tree density) and in many cases the transition to an agricultural system with greater shade and tree 

diversity can entail productivity tradeoffs. Price premiums are often insufficient to compensate for these 

tradeoffs. 

7. Limitations and future research needs 

Despite growing attention to food company FSPs in the academic literature and the fact that all FSP 

mechanisms examined here have existed for over a decade, there are very few papers that look at tradeoffs 

or synergies across conservation and livelihood outcomes. Across all types of mechanisms, spillover impacts 

remain poorly understood. There are even fewer empirical studies that explain why mechanisms do or do 

not create additionality more often. Aside from RA and UTZ certification, most studies of existing FSP 

implementation mechanisms are clustered around particular commodities and production regions. To date 

there have been no field experiments to assess the impacts of FSP implementation mechanisms, which is 

an approach that can help reduce confounding factors and increase the external validity of the impact and 

mechanism assessment (Handberg and Angelsen 2015).  

Case selection and methodological choices have limited the insights that can be gained from existing studies. 

These studies are highly clustered in the major production regions of each commodity and few replicated 

comparative assessments have been conducted (rigorous comparative analysis only exists for coffee 

certifications and codes of conduct). This clustering inhibits our ability to draw cross-mechanism 

conclusions about supportive or inhibitory contexts.  

I �Q�G�L�Y�L�G�X�D�O���V�F�L�H�Q�W�L�V�W�V�·���F�K�R�L�F�H�V���D�E�R�X�W���Z�K�L�F�K���F�D�V�H�V���W�R���V�W�X�G�\�����W�K�H�L�U���P�H�W�K�R�G�V���R�I���H�V�W�D�E�O�L�V�K�L�Q�J���F�R�X�Q�W�H�U�I�D�F�W�X�D�O�V�����D�Q�G��

the degree to which they control for or explain important contextual factors have a strong influence on the 

results they generate. Insights from single observational studies often lead to generalized conclusions in 

policy making arenas about the potential effectiveness of different approaches. Through systematic 

assessment of these results we have aimed to reduce confusion about the existing evidence concerning 

private sector forest-focused policies used to govern food supply chains and to provide insights about what 

we can and cannot generalize about these mechanisms at this point. 

To move forward in closing the large knowledge gaps about the causal impacts of FSP implementation 

mechanisms, we list some urgent needs for the research community, funders, and practitioners working on 

this topic: 

1. Establish best practices for measuring policy treatments and outcomes 
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Given how widely current FSP impact evaluation methods vary, workshops or other types of discussions 

must be initiated to consolidate best practices to measure supply chain policy treatments and their 

conservation and livelihood impacts. While impact evaluations for certification programs have been around 

for decades, guidelines for assessing the impacts of policies applied beyond individual farms must still be 

developed. For example, most research on market exclusion mechanisms uses temporal dummies marking 

the onset of a policy within a territory as a proxy for the policy treatment. This approach lacks precision 

about spatial and temporal variations in how the policy is implemented. Suggested improvements include 

synthesizing data on: i) how much of the market for the target commodity such companies handle within 

regions; ii) the number of interactions these firms have with farms in their supply sheds; and/or iii) volumes 

sold by individual properties to companies with and without FSPs and links to second-tier (indirect) 

suppliers. 

2. Simultaneously measure a variety conservation and livelihood outcomes, including spillovers 

Research should aim to conduct simultaneous assessment of conservation and livelihood outcomes to 

better assess whether or not conservation benefits can be obtained without harming rural livelihoods, or 

rather if key tradeoffs emerge. This necessitates collecting data on property boundaries during local 

interviews and field measurements. By matching remotely sensed data to property boundaries, researchers 

can reconstruct land cover and land use histories to better understand conservation outcomes of 

certifications. As deep learning based on remotely sensed data continues to improve (Schindler 2018, 

Karlson et al 2016), researchers will be able to study tree cover at finer scales and identify species diversity 

and agroforestry systems. By focusing not only on treated properties, but also surrounding forests and 

communities, researchers can better identify spillovers that may negate or enhance the benefits and costs 

incurred by the targeted actors and properties. 

3. Assess the mechanisms of impact and key contextual variables 

Future research on FSPs should not just measure impacts, but also aim to identify the mechanisms leading 

to current successes and failures. Experimental designs could help generate more precise understanding of 

impact pathways by reducing confounding contextual factors. To tease out the importance of different 

contextual mediating factors, impact evaluations that employ parallel, comparable methods should be 

replicated across a wide range of commodities and regions.  

8. Conclusion 

The growth of FSPs among food companies is representative of an increasing trend in private sector, flow-

based governance of food systems, leading to novel telecouplings between food demand and supply regions 

(Garrett and Rueda 2019, Sikor et al 2013). These now common governance initiatives are a potential 

leverage point for creating positive conservation and liveliho�R�G�� �L�P�S�D�F�W�V�� �L�Q�� �W�K�H�� �Z�R�U�O�G�·�V�� �P�D�M�R�U�� �I�R�R�G��
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production regions. Yet current evidence on the impacts of FSPs and associated implementation 

mechanisms has not been systematically examined across all forest-risk commodities. Here we aimed to 

address this knowledge gap through a systematic review of the existing literature on FSP implementation 

mechanisms, with attention to whether such mechanisms go beyond compliance toward achieving positive 

conservation and livelihood additionality without negative spillovers. We also summarize existing 

knowledge of the underlying contextual factors explaining success or failure in generating additionality.  

We find evidence that FSP implementation mechanisms have delivered improved conservation and 

livelihood outcomes in more than half of the cases where additionality was rigorously assessed, and in some 

cases have generated positive spillovers. Compliance does not appear to be the major challenge limiting the 

potential of most FSPs. Yet, even though most FSPs have dual conservation and livelihood goals, there is 

little evidence of win-wins across both types of outcomes and adoption patterns give rise to equity concerns. 

Larger farms and farms that have already met the FSP criteria are more likely to continue participating in 

supply chains with FSPs, whereas smaller farms and farms with greater costs of compliance are more likely 

to be excluded. This outcome anticipates the creation of a bifurcated market where larger, established 

producers dominate access to FSP supply chains and smaller producers are downgraded to producing for 

local markets, perhaps with lower prices. Emerging landscape and jurisdictional approaches that aim to 

reconcile social and environmental objectives with greater participation from local stakeholders and wall-

to-wall coverage of all actors in a region offer an opportunity tackle this challenge.  

We find glaring gaps in the FSP impact assessment literature, including a clustering of existing studies in 

limited geographies, few rigorous assessments of the additionality outcomes associated with market 

exclusion mechanisms, and very few studies that have assessed tradeoffs between conservation and 

livelihoods or spillovers. Going forward, agreement by both researchers and practitioners on best practices 

for assessing outcomes of FSPs is urgently needed so that attention can be directed to efficiently filling the 

many knowledge gaps presented in this analysis in ways that are comparable across initiatives and regions.  

The research focus on FSPs should not come at the expense of more research on how public governance 

can be improved to enhance conservation and rural livelihoods. Supply chain policies are rife with 

legitimacy, credibility and procedural equity concerns and are no replacement for centralized or grassroots 

approaches to improving the institutions governing sustainable resource use (Bastos Lima and Persson 

2020, Reed et al 2020, Delabre et al 2020). Nevertheless, given the continued popularity of supply chain 

approaches, especially in the context of growing supply chain diligence mandates in the global North (Bager 

et al 2020), it remains pertinent and pressing to understand how such approaches can be improved to ensure 

they generate benefits to both people and nature. 
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1. Introduction  

�7�K�H�� �W�U�R�S�L�F�V�� �F�R�Q�W�D�L�Q�� �D�� �P�D�M�R�U�L�W�\�� �R�I�� �W�K�H�� �Z�R�U�O�G�·�V�� �E�L�R�G�L�Y�H�U�V�L�W�\�� �D�Q�G�� �I�R�U�H�V�W�� �F�D�U�E�R�Q�� �V�W�R�F�N�V��(Asner et al., 2010; 

Berenguer et al., 2014), but these ecosystems continue to be threatened by food and mineral commodity 

production and expansion (Curtis et al., 2018; Pendrill et al., 2019). To mitigate climate change and conserve 

biodiversity while at the same time improving human well-being in these regions, further commodity 

production has to be decoupled from ecosystem conversion (Cerri et al., 2018; Lambin et al., 2018; Nepstad 

et al., 2014). Since the early 2000s, companies and governments have sought to address this challenge by 

adopting a range of forest-focused supply chain policies (FSPs), including policies that discourage 

deforestation for commodity production or encourage reforestation on existing farms through the use of 

market exclusion mechanisms and positive incentives (Garrett et al., 2021b). Today, the adoption of FSPs 

is an increasingly established part of the marketplace covering large shares of the trade of the major forest-

risk commodities (soy, beef, and palm oil), including 85% of Brazilian beef exports, 90% of the Brazilian 

�$�P�D�]�R�Q�·�V�� �V�R�\�� �H�[�S�R�U�W�V�� and 65% of global palm oil production (Haupt et al., 2018; zu Ermgassen et al., 

2020)�������)�6�3�V���P�R�V�W���R�I�W�H�Q���W�D�N�H���W�K�H���I�R�U�P���R�I���D���´�]�H�U�R-�G�H�I�R�U�H�V�W�D�W�L�R�Q���F�R�P�P�L�W�P�H�Q�W�����=�'�&���µ�����Z�K�H�U�H���F�R�P�S�D�Q�L�H�V��

promise to exclude production from land deforested after a certain cut-off date from their supply chain 

(Garrett et al., 2019; Lambin et al., 2018). These ZDCs are in practice often implemented as market 

exclusion mechanisms, with buyers aiming to deter deforestation among current and potential suppliers via 

the threat of terminating the buying arrangement.  

It is proposed that exclusionary FSPs such as these have the potential to create stark effectiveness-equity 

tradeoffs, where effectiveness is primarily defined by meeting their conservation goals at various scales (e.g., 

eliminating products associated with deforestation from the supply chain or generating reductions in 

deforestation more broadly in a region or sector) (Garrett et al., 2019) and equity refers to producers with 

different access to resources and capabilities having equal opportunity to comply and participate in 

sustainable markets (Grabs et al., 2021; McDermott et al., 2013; Schielein, 2020; Schneider et al., 2015). 

https://doi.org/10.1016/j.jclepro.2021.130031
https://tinyurl.com/yc2u4y2m
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These tensions are particularly likely in multi-tier supply chains (for example those of beef or palm oil), 

where purchasing companies interact directly with first-tier suppliers, who in turn source from upper-tier 

sub-suppliers (Grimm et al., 2016). Upper-tier suppliers, which in the context of agricultural supply chains 

are often smaller, poorer farmers, frequently lacking the capacity to comply with supply chain policies in 

forest-risk tropical supply chains (Carvalho et al., 2019; Larsen et al., 2018; McDermott et al., 2015; Villena 

and Gioia, 2018). This lack of capacity can be behavioral, due to challenges in meeting the land use 

requirements of the supply chain policy, or bureaucratic, due to challenges in adopting the monitoring and 

documentation systems required to verify behavioral compliance. To date however, these tensions between 

equity and effectiveness in supply chain policies remain grossly under-researched (Garrett et al., 2021b; 

Grabs et al., 2021). 

As the broader literature on cleaner production indicates, sustainable supply chain policies are often 

designed by downstream supply chain actors (retailers, manufacturers and traders) or public actors, 

frequently without sufficient attention to the implications for upper-tier suppliers, i.e., primary commodity 

producers (Brockhaus et al., 2013; Maguire-Rajpaul et al., 2016; Meijer, 2015).  

�2�Q�H���S�U�R�S�R�V�H�G���V�R�O�X�W�L�R�Q���W�R���W�D�F�N�O�H���V�X�S�S�O�L�H�U�V�·���S�R�W�H�Q�W�L�D�O���L�Q�D�E�L�O�L�W�\���W�R���F�R�P�S�O�\���Z�L�W�K���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���S�R�O�L�F�L�H�V���L�V���W�K�H��

� �́F�R�R�S�H�U�D�W�L�Y�H�µ (or flexible) enforcement of requirements, where actors that have established policies engage 

with suppliers, rather than excluding them immediately from the supply chain. In this enforcement model, 

targets and timelines for compliance are negotiated with suppliers to better match their resources and 

abilities. The cooperative model stands in contras�W�� �W�R�� �D�� �´�F�R�H�U�F�L�Y�H�µ�� ���R�U�� �G�H�W�H�U�U�H�Q�F�H�� �E�D�V�H�G���� �D�S�S�U�R�D�F�K��(cf. 

Earnhart et al., 2020; Earnhart and Glicksman, 2015; Potoski and Prakash, 2004) that relies on the threat 

�R�I���P�D�U�N�H�W���H�[�F�O�X�V�L�R�Q���U�H�J�D�U�G�O�H�V�V���R�I���G�L�I�I�H�U�H�Q�F�H�V���L�Q���V�X�S�S�O�L�H�U�V�·���D�E�L�O�L�W�\���W�R���F�R�P�S�O�\������ 

The existing supply chain literature suggests that these cooperative approaches can result in a greater 

balance between effectiveness and equity, by improving compliance by suppliers (e.g. Brockhaus et al., 

2013; Grimm et al., 2016; Mena et al., 2013; Wilhelm et al., 2016a). Yet, the focus of this literature is largely 

on how the strategies of downstream firms influence the activities of their direct or indirect suppliers, not 

how they impact the regional supply base more broadly. It remains poorly understood if and under what 

conditions the potential equity benefits of the more cooperative model extend beyond the direct (first-tier) 

suppliers to the indirect (second- or third-tier) suppliers. This is a major shortcoming of literature because 

bottlenecks due to effectiveness-equity tensions may slow down sustainable supply chain policy 

implementation in these sectors or further exacerbate precarious supplier livelihoods (Collins, 2019; Garrett 

et al., 2021b; Grabs et al., 2021; Rothrock et al., 2019). In the case of FSPs, the lack of effective and equitable 

implementation has major negative implications for climate change mitigation and global development, 

since commodities are both the leading cause of deforestation and a major employer of rural households 

(Lambin et al., 2018). 
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In this study we attempt to understand the degree to which a purportedly cooperative supply chain policy 

exhibits coercive tendencies at different tiers and the degree to which these tendencies influence 

effectiveness and equity outcomes of the policy, with a focus on market access equity (Grabs et al., 2021). 

We bring together theoretical insights from the environmental policy and supply chain management 

literatures and explore them empirically with a case study of an FSP that is purportedly based on cooperative 

enforcement, the Terms of adjustment of conduct (Termos de Ajustamento de Conduta, or TAC) agreement.1 The 

TAC agreement is led by Brazilian public prosecutors (Ministério Público Federal, or MPF) in collaboration 

with cattle slaughterhouses and the beef industry (Walker et al., 2013) and aims to reduce deforestation for 

beef cattle production in the Brazilian Amazon. Our work draws on both secondary information and in-

depth qualitative field research conducted in the state of Pará between October 2019 and February 2020. 

Through this case we provide an empirical contribution of the degree to which the existence of multiple 

tiers of suppliers with heterogeneous compliance capacities hinders both the effectiveness and market 

access equity of a purportedly cooperative supply chain policy, making it de facto coercive at higher tiers.  

2. Literature review 

 

2.1. Effectiveness and equity of FSPs 

Recent evaluations of FSPs have largely focused on their effectiveness in reducing deforestation or 

�L�Q�F�U�H�D�V�L�Q�J�� �I�R�U�H�V�W�� �F�R�Y�H�U�� �D�F�U�R�V�V�� �Y�D�U�L�R�X�V�� �V�F�D�O�H�V�� �D�Q�G�� �W�K�H�L�U�� �G�L�U�H�F�W�� �L�P�S�D�F�W�V�� �R�Q�� �I�D�U�P�H�U�V�·�� �L�Q�F�R�P�H�V���� �Z�K�L�O�H�� �H�T�X�L�W�\��

outcomes have been less often assessed (Garrett et al., 2021b). A FSP is equitable from a market access 

�S�H�U�V�S�H�F�W�L�Y�H���L�I���L�W���J�U�D�Q�W�V���´�H�T�X�D�O���R�S�S�R�U�W�X�Q�L�W�\��of different groups of producers, particularly those with high and 

low adaptive capacities, to participate in a ZDC supply chain �µ��(Grabs et al., 2021). Both the effectiveness 

and the market access equity of FSPs can be assessed at different scales, ranging from the single supply 

chain to a global level, which also takes into account unintended effects and spillovers from single-

commodity FSP to other commodities, regions, and actors (Garrett et al., 2019; Grabs et al., 2021).  

Previous work suggests that FSPs are likely to have greater effectiveness in reducing deforestation when 

they have: i) a broad scope that includes all the actors and market segments of the targeted value chain, ii) 

stringent, well-defined, implemented criteria that do not overlap with other policies, and iii) when the actors 

making the policies collectively control most of the market, reducing opportunities for suppliers to evade 

their requirements (Garrett et al., 2019). However, if the market access for noncompliant suppliers is 

reduced as a result of a highly stringent policy, those actors may see reduced income and a weakened 

position (Hill and Higman, 2017). This is especially true if the non-compliant actors were already the most 

economically marginalized producers (Grabs et al., 2021).  

 

1 A list of the acronyms in Portuguese language is provided in appendix 
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Negative equity impacts may in turn undermine effectiveness. Excluding suppliers that are unable to comply 

may be perceived as unfair, which may crowd out motivations for compliance, increase resistance to change 

and create the political environment to slash environmental protection (Brockhaus et al., 2013; Fehr and 

Gächter, 2000; Ford et al., 2008; Pereira et al., 2020a). Furthermore, the exclusion of suppliers that are 

unable to comply with an FSP may undermine its effectiveness if those suppliers continue clearing their 

land and selling to non-committed companies, a form of leakage (Meyfroidt et al., 2020). 

2.2. Cooperative and coercive enforcement models in environmental policy and multi-tier 

supply chain management 

Despite the inherent effectiveness-equity tensions in designing FSPs, it has been proposed that specific 

design choices can help balance effectiveness and equity concerns (Grabs et al., 2021). These design choices 

involve, among other choices: i) involving affected actors in the co-production of implementation 

mechanisms and enforcement solutions and ii) use equal monitoring but differentiated enforcement. With 

respect to the latter, the more cooperative enforcement model is proposed as an alternative to a traditional 

coercive approach which aims at deterring non-compliance through punitive measures �² i.e., exclusion.  

With its focus on deterrence, coercive models implicitly assume rational, perfectly informed profit-

maximizing actors. It is expected that compliance will occur if the net expected benefits of doing so exceed 

the benefits of non-compliance (i.e., gains in income minus risk of exclusion) (Becker, 1968; Kagan et al., 

2003; Malloy, 2003; Spence, 2001). The cooperative enforcement model aims to induce compliance through 

flexibility, and assumes a general inclination to comply, based on civic and societal motives (Rechtschaffen 

and Markell, 2003). It relaxes the assumption of perfect information and emphasizes education, innovation 

and selected enforcement based on specific circumstances of non-compliance (Earnhart and Glicksman, 

2015). The most important element underpinning the feasibility of the cooperative model is the ability of 

regulators and suppliers to collaborate effectively (Clark, 2017; Pires, 2008; Potoski and Prakash, 2004), so 

�W�K�D�W���U�H�J�X�O�D�W�R�U�V���F�D�Q���H�I�I�H�F�W�L�Y�H�O�\���D�V�V�H�V�V���V�X�S�S�O�L�H�U�V�·���F�R�P�S�O�L�D�Q�F�H���D�Q�G���D�O�V�R���G�L�V�W�L�Q�J�X�L�Vh their motivations from their 

abilities to comply (Wilhelm et al., 2016a).  

In the supply chain management literature, the enforcement of corporate standards in the value chain is 

�R�I�W�H�Q���F�R�Q�F�H�S�W�X�D�O�L�]�H�G���D�V���´�D�V�V�H�V�V�P�H�Q�W���D�Q�G���F�R�O�O�D�E�R�U�D�W�L�R�Q�µ�����$�	�&����(Sancha et al., 2016) of a buyer or supplier 

of their upstream suppliers, where assessment refers to the monitoring and selection (and therefore 

exclusion) of suppliers based on their ability to comply (a form of coercive enforcement), and collaboration 

occurs to bring suppliers up to desired compliance levels (cooperative enforcement) (Grimm et al., 2016; 

Villena and Gioia, 2018). With the exception of chain of custody certification, supply chain sustainability 

policy implementation has traditionally focused on direct suppliers only (for a list of actions undertaken by 

companies to achieve collaboration with suppliers see Bai and Sarkis (2010)). Yet, increasing societal 

�S�U�H�V�V�X�U�H���I�R�U���F�R�P�S�D�Q�L�H�V�·���D�F�F�R�X�Q�W�D�E�L�O�L�W�\ beyond the traditional boundary of the firm has pushed buyers to 

apply A&C further upstream (e.g.Villena and Gioia, 2018). In response, an emergent literature identified a 
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number of factors affecting the emergence and effectiveness of A&C involving indirect suppliers, and 

mapped different ways to engage them (cf. Grimm et al., 2014; Mena et al., 2013; Tachizawa and Wong, 

2014; Wilhelm et al., 2016a; Wilhelm et al., 2016b). A&C can be implemented directly from the buyer to its 

indirect suppliers - individually or in consortium with other buyers (Lechler et al., 2019), delegated to direct 

suppliers, or mediated by third parties (such as NGOs or assessment companies, e.g. Cole and Aitken (2020)).  

In multi-tier tropical commodity supply chains, the supply chain widens upstream (with many individual 

direct and indirect suppliers to the first-tier), and enforcement of supply chain policies is often delegated to 

first-tier suppliers (Grabs and Carodenuto, 2021). The overall potential impact of cooperative or coercive 

enforcement models thus becomes more complex because mid- and d�R�Z�Q�V�W�U�H�D�P���D�F�W�R�U�V�·���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q��

behavior produces a cascade of potentially unexpected effects on the upper-tier suppliers (Figure 1).  

A first-�W�L�H�U���V�X�S�S�O�L�H�U�����W�\�S�L�F�D�O�O�\���D�Q���L�Q�W�H�U�P�H�G�L�D�U�\���V�X�F�K���D�V���D���W�U�D�G�H�U���R�U���V�O�D�X�J�K�W�H�U�K�R�X�V�H�����D�F�T�X�L�U�H�V���D���¶�G�R�X�E�O�H���D�J�H�Q�F�\�·��

in susta�L�Q�D�E�L�O�L�W�\���P�D�Q�D�J�H�P�H�Q�W�����)�L�J�X�U�H�����������Z�K�H�U�H���L�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���W�R�����L�����´�D�F�W���D�V���D�Q���D�J�H�Q�W���W�R�Z�D�U�G���W�K�H���O�H�D�G���I�L�U�P��

�Z�K�H�Q���L�P�S�O�H�P�H�Q�W�L�Q�J���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���L�Q���L�W�V���R�Z�Q���R�S�H�U�D�W�L�R�Q�V�µ���D�Q�G���D�O�V�R���W�R�����L�L�����´�D�F�W���D�V���D�Q���D�J�H�Q�W���I�R�U���G�L�V�V�H�P�L�Q�D�W�L�Q�J��

sustainability standards to its suppliers' ope�U�D�W�L�R�Q�V�µ�����:�L�O�K�H�O�P���H�W���D�O���������������S�������������*�U�L�P�P���H�W���D�O�������������������,�Q���D��

parallel sense, when applied to public-private partnerships for policy implementation, first-tier suppliers 

�E�H�F�R�P�H�� �¶�G�R�X�E�O�H�� �D�J�H�Q�W�V�·�� �R�I�� �D�� �U�H�J�X�O�D�W�R�U�� �W�K�D�W�� �G�H�O�H�J�D�W�H�V�� �J�R�Y�H�U�Q�D�Q�F�H�� �S�R�Z�H�U�� �W�R�� �W�K�H�P�� �G�X�H�� �W�R�� �Wheir enhanced 

competencies (e.g. expertise, credibility, legitimacy, or just operational capacity) (cf. Abbott et al., 2019) and 

the ease of interacting with a lower number of actors.  

 

Figure 1: Stylized representation of tropical commodity supply chain Tropical commodities supply chain are usually multi-
tier, broaden upstream and heterogeneous. In the case study presented below, slaughterhouses are first tier receiving the FSP 

from the Brazilian Public Prosecutor (MPF) and implementing it on cattle suppliers (the second and third tiers). 

Due to the double agency situation, intermediaries (e.g. traders, slaughterhouses) become crucial to 

effectiveness and equity outcomes because they must fulfill the objectives of the regulator (or the 

downstream buyers), by passing sustainability requirements on to upstream suppliers (thereby ensuring the 

implementation of requirements).  Previous case studies show that increased market power by first-tier 
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suppliers, reduced information asymmetries (i.e. vertical integration), and low engagement costs increase 

the likelihood of first-tier suppliers to disseminate sustainability requirements upstream (Grimm et al., 2016; 

Wilhelm et al., 2016b), but they create concerns for potential adverse effects of market concentration (cf. 

Pereira et al., 2016; Vicol, 2017) and marginalization of less able producers (Lambin et al., 2018; Vicol et 

al., 2018). Further, exclusion, enforcement of compliance, and integration may jeopardize business 

relationships. Delegated enforcement may be perceived as an unfair task by first-tier suppliers, illegitimate 

by second-�W�L�H�U���V�X�S�S�O�L�H�U�V�����D�Q�G���U�H�G�X�F�H���W�K�H���)�6�3�·�V���E�X�\-in, increasing resistance to change. 

Although the potential of cooperative enforcement to induce compliance is recognized in both the 

environmental policy and business literature, the environmental policy literature does not yet theorize its 

application to supply chains, and the business literature fails to relate it to higher-level effectiveness beyond 

the focal firm supply chain and to equity implications (e.g. by accounting for excluded suppliers) (cf. Rajeev 

et al., 2017). This gap in the literature is reflected in industry practice, with companies piloting several 

different ways to engage indirect suppliers in all tropical commodity sectors (Grabs et al., 2021). In some 

sectors this involved substantial delay in the cutoff implementation date for sub-suppliers. For instance, 

major Brazilian meatpackers moved their deadlines back to 2025-2030. Indonesian palm oil companies 

confront this challenge by aiming to map and educate smaller and independent suppliers, but often do not 

monitor their land use. Finally, strategies to engage indirect suppliers is yet to be announced in the West 

African cocoa sector (Grabs et al., 2021)���� �W�K�R�X�J�K�� �L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�� �F�R�Q�V�W�L�W�X�W�H�� �X�S�� �W�R�� �������� �R�I�� �F�R�P�S�D�Q�L�H�V�·��

supply chains (Carodenuto and Buluran, 2021)�����/�L�P�L�W�H�G���N�Q�R�Z�O�H�G�J�H���D�E�R�X�W���K�R�Z���W�R���L�Q�F�U�H�D�V�H���V�X�S�S�O�L�H�U�V�·���D�E�L�O�L�W�\��

to comply with FSPs requirements has obvious negative implications for climate change mitigation and 

global development (Lambin et al., 2018). 

In the following section we introduce the case study and methods used to explore the potential tensions 

between equity and effectiveness in FSPs. Building from the above theoretical framing we then examine 

the potential importance of supply chain tiers, supplier compliance motivations, and compliance abilities in 

influencing effectiveness-equity tensions in FSP implementation under a purportedly cooperative 

enforcement model. First, we examine the degree to which the TAC agreement exhibits cooperative versus 

coercive mechanisms at various tiers and then describe the likely effectiveness and equity impacts of TAC 

enforcement based on the results of secondary data collection and our interviews with supply chain actors. 

3. Case study and methods 

 

3.1. Case study background: TAC and cattle in the Brazilian Amazon 

In Brazil, public deforestation regulations tightened from 2002 to 2012 (cd. Assunção and Rocha, 2019), 

but in more recent years and under the administrations of Michel Temer and Jair Bolsonaro public support 

for reduced deforestation has substantially contracted (Carvalho et al., 2019; Reydon et al., 2020). The 

Federal Police and Brazilian Environmental Agencies (IBAMA and ICMBio) have received substantial 
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backlash, such as media attacks, funding and personnel cuts, and personal threats to high ranking officers 

(eg. Carvalho et al., 2019; Mello, 2017). In this context of hostility and retraction of standard command-

and-control policy instruments, the role of independent public prosecutors (MPFs), private forest-focused 

policies, and more cooperative enforcement strategies has become an increasingly important entry point 

for deforestation control (Garrett et al., 2021a).  

Cattle ranching is by far the largest direct driver of deforestation in Brazil (Tyukavina et al., 2017) and 

consequently the largest driver of deforestation globally (Curtis et al., 2018; Pendrill et al., 2019; Tyukavina 

et al., 2017). As of 2017 the Brazilian Amazon had 390,000 cattle farms supplying 38 main slaughterhouse 

companies (Barreto et al., 2017). The meat sector is concentrated, with the three largest companies (JBS, 

Minerva and Marfrig) slaughtering 66-71% of the total amount (Vale et al., 2019). These slaughterhouses 

in turn are first-tier suppliers for a number of large multinational retailers such as Walmart, Carrefour, and 

the Casino Group, as well as global brands such as Unilever or Mars (NWF and GLUE, 2020).  For a long 

time meatpackers in the Brazilian Amazon sourced cattle irrespective of its legal or illegal origin and absent 

of any monitoring tool (Gibbs et al., 2016). However, recently both public and market backlash occurred 

against this operating mode.  

The Terms of Adjustment of Conduct (TAC) is a policy created by the Brazilian federal public prosecutor (MPF) 

aimed to reduce the deforestation associated with cattle production by forcing signatory slaughterhouses to 

stop buying from farmers who deforested illegally. TACs began to be signed between the MPF and major 

meatpacking companies in the state of Pará in 2009, shortly after a shaming campaign by Greenpeace that 

had led the four major meatpacking companies to sign a zero-deforestation commitment known as G4. 

Successively, TAC spread to the rest of the Legal Amazon region (Gibbs et al., 2016), and G4 is now 

monitored within TAC audits (MPF, 2020a). By signing TAC, slaughterhouses avoid judicial action, and 

commit to no longer source cattle directly from farms illegally deforesting (or deforesting at all after 2009, 

for G4 signatories), practicing slave labor, encroaching upon indigenous or protected areas, or accused of 

grabbing public land. For slaughterhouses who do not comply, TAC allows for quick enforcement of 

sanctions. However, to date only one fine has been awarded to non-compliant slaughterhouses (Mengardo, 

2018; MPF, 2019a, b). Instead, the public audits help determine whether slaughterhouses are granted more 

or less stringent and burdensome auditing criteria for the next year, ranging from requests of information 

disclosure on a sample basis to mandates of plants inspection (MPF, 2019a).  

3.2. Data collection and analysis 

By taking a wide and systematic approach we interviewed a diverse sample of actors along the whole supply 

chain and took a complementary perspective to the largely quantitative knowledge base about G4 and TAC, 

which has focused on measuring the regional land use outcomes of these policies (i.e., effectiveness) and 

the correlation of such outcomes with key contextual attributes (i.e., the presence of many indirect suppliers 

and incomplete market coverage of the committed actors)(e.g., Alix-Garcia and Gibbs, 2017; Gibbs et al., 
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2016; Levy et al., 2021; Skidmore et al., 2021). Such quantitative studies, if appropriately sampled, are 

�H�[�F�H�O�O�H�Q�W���D�W���R�E�V�H�U�Y�L�Q�J���´�Z�K�D�W�µ���K�D�V���R�F�F�X�U�U�H�G���Z�L�W�K���V�R�P�H���O�H�Y�H�O���R�I���J�H�Q�H�U�D�O�L�]�D�E�L�O�L�W�\�����E�X�W���V�W�U�X�J�J�O�H���W�R���D�Q�V�Z�H�U���F�D�X�V�D�O��

�T�X�H�V�W�L�R�Q�V���D�E�R�X�W���´�Z�K�\�µ���Z�L�W�K�R�X�W���D�Q���H�[�S�H�U�L�P�H�Q�W�D�O���V�H�W-up. Qualitative methods are exceptionally well-placed 

to fill this knowledge gap by answering questions about the mechanisms underpinning an observed 

outcome within an observational study. Our qualitative approach recognizes that all knowledge is partial 

and influenced by both the subjects and researchers included in the study and explicitly tries to capture that 

�V�X�E�M�H�F�W�L�Y�L�W�\���E�\���V�W�X�G�\�L�Q�J���D�F�W�R�U�V�·���S�H�U�F�H�S�W�L�R�Q�V���R�I���U�H�D�O�L�W�\�����S�D�U�W�L�F�X�O�D�U�O�\���H�T�X�L�W�\���D�Q�G���I�D�L�U�Q�H�V�V�������Z�K�L�F�K���D�U�H���F�R�Q�V�L�G�H�U�H�G��

valid and interesting in and of themselves (Jupp, 2006). 

Interviews followed a standard semi-structured interview guide, but allowed for substantial deviation from 

the guide in order to avoid direct questions about politically or legally sensitive topics that could 

compromise the interview. As such our data do not have the required repetitive structure to allow for a 

formal quantitative or comparative analysis. Instead, we tracked each key step in the supp�O�\���F�K�D�L�Q�·�V���O�L�Q�N�D�J�H�V��

�D�Q�G���W�K�H���U�H�D�V�R�Q�V���X�Q�G�H�U�O�\�L�Q�J���D�J�H�Q�W�V�·���F�K�R�L�F�H�V�����)�R�U���H�D�F�K���R�I���W�K�H�V�H���Z�H���H�Q�T�X�L�U�H�G���L�I���D�Q�G���K�R�Z���7�$�&���Z�D�V���D�I�I�H�F�W�L�Q�J��

choices. Collecting data at each step allowed for a process tracing analysis to be conducted (Bennett and 

Checkel, 2012; Collier, 2011) where internal validity and robustness was achieved through data source 

triangulation (Downward and Mearman, 2007; Natow, 2020; Silvestre, 2014) across the responses of buyers, 

first- and second-tier suppliers and institutional representatives. Whenever possible we also sought further 

triangulation using secondary data sources, and checked all primary sources mentioned by the interviewee 

(when used, these are mentioned in text).    

 
Figure 2: Study area. From North to South the municipalities are: Ipixuna do Pará, Paragominas, Dom Eliseu and 

Ulianopolis. Sources: roads: Open Street Map; municipal borders, biome border and national border: Instituto Brasileiro de 
Geografia e Estatística (IBGE); base layer: Google 2020. 
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Data were collected between October 2019 and February 2020 by the first two authors in the four 

municipalities of Paragominas, Ipixuna do Pará, Ulianopolis and Dom Eliseu in the state of Pará, Brazil 

(Figure 2). The four municipalities are fairly representative of the entire Pará State (Table 1) and Brazilian 

�$�P�D�]�R�Q���L�Q���W�K�H�L�U���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���V�P�D�O�O���Y�H�U�V�X�V���O�D�U�J�H���O�D�Q�G�K�R�O�G�L�Q�J�V�����U�H�S�U�H�V�H�Q�W�L�Q�J���D���Z�L�G�H���V�S�H�F�W�U�X�P���R�I���V�X�S�S�O�L�H�U�V�·��

abilities. The market share of slaughterhouses that have adopted the G4 or TAC cattle agreements in this 

region ranges from 63% to 91% (own elaboration based on cattle transaction records from ADEPARA - 

2019). This is on the higher end of what is observed throughout the Amazon (Levy et al., 2021). 

Furthermore, one of the municipalities, Paragominas, launched the first Green Municipality Initiative 

(Municipio Verde), to generate greater incentives and capacities to counter deforestation, to help the 

municipality exit a federal deforestation black list of high deforestation municipalities that blocked credit 

and tax revenue access (which was successfully accomplished in 2011) (Viana et al., 2016). Against this 

backdrop of higher than average deforestation governance interventions, our case study region would be 

expected to be at the higher end of environmental effectiveness (due to greater overall pressure), as well as 

lower equity tradeoffs (due to complementary public governance initiatives) (Grabs et al., 2021). 

Table 1: Land ownership in the 4 municipalities (own elaboration on CAR-2019 and IBGE 2017 - Agricultural 
census)2 

We aimed to interview all slaughterhouses and live cattle exporters sourcing from the study region. Based 

on an examination of cattle supply chain data captured by the Trase initiative (www.trase.earth), we 

identified in total eleven slaughterhouses and one live cattle exporter buying from the study region. We 

interviewed eight out of the eleven slaughterhouses identified as being among the ten principle cattle buyers 

in at least one of the four study municipalities. Of the three that were not interviewed, one we were not 

able to locate, one declined, and a third, sourcing a very small volume, was located very far from the study 

area and was not contacted. 

Thirty-one farmers were purposely selected from a list of cattle farmers based on the Brazilian Rural-

Environmental Registry (CAR) and cattle movement records (GTAs). We tried to maximize heterogeneity 

�R�I���I�D�U�P�V�·���I�H�D�W�X�U�H�V�����V�X�F�K���D�V���V�L�]�H�����G�L�V�W�D�Q�F�H���W�R���W�K�H���F�L�W�\���D�Q�G���D�V�S�K�D�O�W���U�R�D�G�V, belonging to a green municipality and 

degree of its implementation, tier in the supply chain, forest cover, dairy and meat orientation, and 

convenience. In some cases, we followed up (or down) the supply chain by interviewing buyers or suppliers 

 

2 An agricultural producer �L�V���´�V�P�D�O�O�µ���L�I owning less than four fiscal/tax modules in size�����´�P�H�G�L�X�P�µ���E�H�W�Z�H�H�Q�������D�Q�G��

���������D�Q�G���´�O�D�U�J�H�µ���D�E�R�Y�H�����������/�D�Z��������������������������. The specific size of a fiscal module varies across municipalities. 

 Share of properties  Share of land  Cattle herd 
 Study area Pará state  Study area Pará state  Study area Pará state 
Small 73% 78%  9% 21%  14% 31% 
Medium 12% 10%  11% 8%  86% 69% 
Large 15% 12%  80% 71%  
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of the selected farm. The sample size was not predetermined and developed from saturation (Saunders et 

al., 2018). 

Finally, we conducted eight interviews with representatives of farmers, meatpackers and live cattle exporters 

unions, municipal institutions, the animal defense agency (ADEPARA), and the Belém MPF. These 

�L�Q�W�H�U�Y�L�H�Z�V���Z�H�U�H���L�Q�I�R�U�P�D�W�L�R�Q�D�O���D�Q�G���D�L�P�H�G���D�W���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���H�D�F�K���R�U�J�D�Q�L�]�D�W�L�R�Q�·�V���U�R�O�H���D�Q�G���L�W�V���U�H�O�D�W�L�R�Q�V�K�L�S���Z�L�W�K��

the functioning of TAC. Participant institutions were chosen based on their relevance, assessed 

progressively along the study. Detailed semi-structured interview guides were devised for each of the three 

groups (producers, slaughterhouses and institutions) and are reported in the Appendix. An overview of 

respon�G�H�Q�W�V���D�Q�G���U�H�V�S�R�Q�G�H�Q�W�V�·���I�H�D�W�X�U�H�V���D�U�H���D�O�V�R���U�H�S�R�U�W�H�G���L�Q���$�S�S�H�Q�G�L�[�����7�D�E�O�H�V���$�������$�����D�Q�G���$������ 

The semi-structure interview guides were developed based on literature review and over 15 years of 

cumulated field experience by the first four authors and aimed to obtain comparable information across 

supply chain actors. We asked how TAC might have affected slaughterhouses and farmers. For 

slaughterhouses, we probed for direct costs associated with monitoring suppliers, as well as indirect costs 

associated with a shrinking supply base and working at reduced capacity (or travelling further afield to 

source cattle). For suppliers, we enquired how they chose buyers, and what their contractual arrangements 

were. We specifically probed for incentive programs, assistance or credit offered by buyers. We asked about 

�W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���7�$�&���P�R�Q�L�W�R�U�L�Q�J���D�Q�G���Z�K�D�W���W�K�H�L�U���H�[�S�H�U�L�H�Q�F�H���Z�L�W�K���E�X�\�H�U�V�·���U�H�V�W�U�L�F�W�L�R�Q�V���Z�D�V�����D�Q�G���L�I���W�K�L�V��

implied any change in farming (or other) practices. �:�H�� �D�L�P�H�G�� �W�R�� �F�D�S�W�X�U�H�� �7�$�&�·�V�� �L�P�S�D�F�W�� �R�Q�� �L�Q�G�L�Y�L�G�X�D�O��

suppliers in terms of livelihoods, technology and land use, motivations and vision, changes in market access, 

as well as sectoral level changes, in terms of land use intensification, vertical integration (full cycle farming 

vs specialization in breeding, raising or finishing).  

The topic of the study, environmental policy, is politically sensitive and divisive in Brazil. Laying down the 

foundations for a trustful interview required up to a full day of personal interaction. In this context, no 

interview recording was possible. Detailed notes were taken during the interview and revised after the end 

of the interview. Interviews with institutions were informational and heterogeneous, while interviews with 

farmers and slaughterhouses were sufficiently structured to allow for coding.  

Similar to Findlater et al. (2021), we performed a cross-sectional qualitative analysis.  Notes from interviews 

were analyzed by extracting themes and cases deductively by the predetermined categories identified in the 

interview guide, but also abductively, allowing for emerging themes. An overview of the themes and case 

classification structure is given in Tables A4 and A5 in the Appendix. Triangulation is achieved when 

findings are supported by respondents belonging to different tiers or institutions. Similar to Young and 

Brans (2017) and Engert and Baumgartner (2016), we document triangulation in the result section by 

reporting the anonymized identifiers of respondents supporting each finding.  
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4. Results 

4.1. To what degree is TAC cooperatively implemented and enforced at the first tier? 

Several characteristics of TAC make it a cooperative FSP at the level of slaughterhouses (the first-tier 

suppliers). First, the terms of TAC for the meat sector were negotiated between the MPF, the three largest 

slaughterhouses, and the Brazilian association of cattle exporters (ABIEC) and included the obligations of 

all parties, a timeline of implementation, and sanctions for non-compliant behavior as well as a mechanism 

for conflicts resolutions. Second, the agreement was based on three pillars: i) the collective construction of 

consensus based on good will; ii) continuous improvement: expected results should always be the best 

possible; and iii) a joint search for solutions: organization, criteria, tools (MPF, 2020b). These are maintained 

and implemented through an ongoing dialogue with all parties, public audits, and targeted improvement 

goals, which are adapted to the audit results and the slaughterhouse ability to comply. Slaughterhouses have 

the full right to be heard and provide reasons for a potential non-compliance.   

Over time, cooperation between the MPF and the meat sector (as well as the implementation of G4) 

resulted in increasingly clear monitoring and auditing standards by achieving information disclosure from 

�V�X�S�S�O�L�H�U�V�� ���V�S�H�F�L�I�L�F�D�O�O�\�� �U�H�J�D�U�G�L�Q�J�� �V�X�S�S�O�L�H�U�V�·�� �I�D�U�P�� �O�R�F�D�W�L�R�Q�V�� �D�Q�G�� �H�[�W�H�Q�V�L�R�Q�� �Y�L�D�� �&�$�5������ �V�O�D�X�J�K�W�H�U�K�R�X�V�H�V�� �D�Q�G��

animal health agencies (purchasing and animal transport records), and an emergent private consulting 

industry providing remote sensing monitoring capacity to slaughterhouses to analyze the above information 

(gov_1, gov_4, sl_1-8)3 . Every year since 2018, the MPF audited the purchases of TAC signatory 

slaughterhouses and measured their compliance by benchmarking slaughterhouses to their own 

performance in the previous audit, as opposed to require full compliance by handing out hefty fines. This 

decision was in part driven by the priority of the MPF in Pará to increase the number of TAC signatory 

slaughterhouses that would subsequently be monitored (gov_1).  

About 70% of the meat produced in Pará originated from TAC audited slaughterhouses (gov_1, un_1, 

un_3; own elaboration on GTA from ADEPARA). Of the eight slaughterhouses we interviewed, two had 

not signed TAC and were thus not monitored by the MPF. However, both of them implemented a 

monitoring system, and one excluded most non-compliant farmers, while the other notified non-compliant 

farmers, though it did not exclude them. Of the TAC signatories, one was close to bankruptcy and thus 

neither monitored nor excluded farmers due to a lack of financial capacity. The rest were monitoring all 

purchases and excluding 5% to 70% of their supply base (Table A2). The results of the latest MPF (2019a) 

audit (of 2017 purchases) for the whole Pará state found levels of compliance ranging from 21% to 100% 

across all TAC signatory slaughterhouses, with an average level of compliance of 93.75% and a minimum 

 

3 �J�R�Y��� ���J�R�Y�H�U�Q�P�H�Q�W���D�J�H�Q�F�\�����X�Q� ���S�U�R�G�X�F�H�U�V�¶���X�Q�L�R�Q�����V�O� ���W�L�H�U�������V�O�D�X�J�K�W�H�U�K�R�X�V�H�V�������W���S� ���W�L�H�U�������S�U�R�G�X�F�H�U�V�����I�D�W�W�H�Q�H�U�V������

t3p =tier 3 producers (calvers) 
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of 87% in our study area. Slaughterhouses displaying higher compliance were granted lower auditing costs 

by conducting audits on a sample of transactions in following years, while others were requested to run 

audits on all transactions, or were targeted with inspections (MPF, 2019a). 

Interviews with representatives of the MPF and slaughterhouses revealed that part of detected non-

compliance could originate from methodological differences employed by the monitoring and the auditing 

companies (sl_2, 6, 7, gov_1, un_3). The MPF believed that a uniform monitoring standard could worsen 

�V�R�P�H�� �F�R�P�S�D�Q�L�H�V�·�� �F�R�P�S�O�L�D�Q�F�H�� �S�H�U�I�R�U�P�D�Q�F�H���� �U�H�I�O�H�F�W�L�Q�J��that some slaughterhouses may have abused the 

flexibility granted within TAC cooperative enforcement. However, shortly after the end of the study period, 

a working group of civil society, meatpackers and the MPF had defined uniform standards to be applied 

from the following audit (MPF, 2020a), displaying how cooperative enforcement provided new solutions 

and adaptability.  

4.2. To what degree is TAC cooperatively implemented and enforced among 2nd+ tier suppliers? 

While TAC implementation was strongly cooperative at the level of slaughterhouses, there was little 

evidence of cooperative enforcement further upstream. By design, TAC expects slaughterhouses to monitor 

�W�K�H�L�U���V�X�S�S�O�L�H�U�V�·���E�H�K�D�Y�L�R�U���E�H�I�R�U�H���H�D�F�K���S�X�U�F�K�D�V�H���D�Q�G���H�[�F�O�X�G�H���Q�R�Q-compliant suppliers from their supply chain. 

While the policy was built in a consultative process with the beef sector (gov_1, un_1, un_3), there is no 

provision for how (and if) non-compliant cattle suppliers should be engaged with beyond market exclusion 

(cf. MPF, 2020a)�����7�K�H���7�$�&���D�J�U�H�H�P�H�Q�W���V�W�D�W�H�V���W�K�D�W���I�D�U�P�H�U�V�·���U�H�J�X�O�D�U�L�]�D�W�L�R�Q�����U�H�V�R�O�X�W�L�R�Q���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G��

tenure issues) is to be dealt with by the respective state and federal agencies, thereby not including any 

mechanisms to increase flexibility for farmers. Meeting TAC criteria for farmers requires substantial 

education (to navigate legal documents) and/or financial capacity (e.g. to hire consultants/lawyers) (sl_1-8, 

gov_3-5, un_1). Slaughterhouses may choose to pass on the full costs of compliance to suppliers, or to 

mitigate them  �² for instance through capacity building and credit (e.g. advanced payments) �² but there was 

no apparent incentive to implement mechanisms that enabled compliance of weaker actors (Brandão et al., 

2020; Pereira et al., 2020b).  

Additionally, farmers and slaughterhouses met in a competitive market dominated by spot contracts and 

have historically entertained conflictual relationships characterized by little coordination and value 

appropriation by the latter through manipulation of payment standards (de Oliveira et al., 2017; Rosales et 

al., 2019), with unclear horizons for investments in compliance on both parts. All TAC signatory 

slaughterhouses reported travelling longer distances to find cattle, rather than trying to establish long-term 

relations with closer farmers (sl_1-3, sl_6-7).  Slaughterhouses pointed to regularization guidelines and 

procedures to exclude farmers, but did not provide dedicated enabling tools such as advanced payments or 

educational workshops (sl_1-�������V�O�B���������8�O�W�L�P�D�W�H�O�\�����W�K�H�\���G�L�G�Q�·�W���S�H�U�F�H�L�Y�H���D���U�H�W�X�U�Q���R�Q���L�Q�Y�H�V�W�L�Q�J���L�Q���W�K�H�L�U���V�X�S�S�O�L�H�U�V�·��

compliance, as initially suspended farmers would find other buyers(sl 1-4, 6, 7). When asked about their 

relationship to slaughterhouses, no farmer ever mentioned receiving assistance from slaughterhouses or 
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buyers to achieve compliance. Security of payment (27 cases), price (10 cases), payment time (5 cases), and 

ease of sale arrangements (4 cases) were the only mentioned reasons to choose selling to a particular 

slaughterhouse, indicating features of a market with no consolidated buyer-seller relationships. 

�)�D�U�P�H�U�V�·���G�L�I�I�L�F�X�O�W�\���R�I���F�R�P�S�O�\ing with TAC appeared disproportionate compared to that of slaughterhouses 

(see table A6 in Appendix). The seven slaughterhouses implementing monitoring had one or two full-time 

employees dedicated to monitoring and were relying on private consulting services that were validating 

eligibility of potential suppliers, analyzing documents of farmers appealing against exclusion decisions, and 

suggesting appropriate procedures to regularize non-compliant farmers. The cost of the monitoring 

consulting services also appeared to be inexpensive and ranged between 5k and 20k BRL per month.  On 

the other hand, slaughterhouses reported that at the moment of implementation, farmers perceived the 

monitoring and enforcement of criteria as unfair. The most dominant shortcomings were: 1. a lack of clear 

communication criteria prior to exclusion �´�:�U�L�W�L�Q�J���W�K�H���O�D�Z�� �L�W�·�V���H�D�V�\�����D�S�S�O�\�L�Q�J���I�L�Q�H�V���W�R�R�����%�X�W���S�U�R�G�X�F�H�U�V���R�Q�O�\���U�H�F�H�L�Y�H��

�L�Q�I�R�U�P�D�W�L�R�Q���Z�K�H�Q���W�K�H���V�D�Q�F�W�L�R�Q���F�R�P�H�V�µ��(sl_2); 2. stiff criteria that exclude farmers regardless of few or thousands 

of hectares of illegal deforestation (sl_2; sl_6, 7); 3. that in the face of an automated exclusion system based 

on satellite monitoring (PRODES) - perceived to be prone to produce false positives -, the real burden of 

�W�K�H���S�U�R�R�I���Z�D�V���R�Q���W�K�H���I�D�U�P�H�U�V�·���G�Hfense who have to engage in long, costly and bureaucratic processes of 

appeal and regularization (sl_1-3, 6, 7;  un_2-3; gov_4, 5; t2p_6, 8; t3p_1-3, 8, 10, 12, 13).  

4.3. What is the likely effectiveness of TAC in preventing on-farm deforestation? 

Interviews pointed to several factors that limit the effectiveness of TAC in meeting its policy goals, 

including its redundancy with respect to other policies, the scope limited to slaughterhouses and their direct 

suppliers, which allowed farmers to find a multitude of other buyers, and the multiple opportunities to 

launder cattle (cf. Pereira et al., 2020a). 

Redundancy with respect to other policies: TAC requirements overlapped with environmental and labor laws 

(gov_1-5, un_2-���������,�Q���V�R�P�H���L�Q�V�W�D�Q�F�H�V���I�D�U�P�H�U�V�·���F�R�P�S�O�L�D�Q�F�H���S�U�H�F�H�G�H�G���7�$�&���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�����$�W���W�K�H���W�L�P�H���R�I��

interviews, eleven out of 13 direct suppliers of TAC signatories reported being already compliant prior to 

�W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���E�X�\�H�U�V�·���U�H�V�W�U�L�F�W�L�R�Q�V���D�Q�G���D�V���D���U�H�V�X�O�W���R�I���V�D�W�H�O�O�L�W�H���P�R�Q�L�W�R�U�L�Q�J���D�Q�G���R�Q-site police enforcement 

(started in 2004).  

Indirect suppliers and dairy farms were not within TAC scope�����,�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V���G�L�G���Q�R�W���S�H�U�F�H�L�Y�H���F�K�D�Q�J�H�V���L�Q���E�X�\�H�U�V�·��

requirements, as they were not within the scope of TAC restrictions. Seven out of eleven smallholders were 

not aware of TAC requirements, because they had never interacted with a TAC signatory. This happened 

although the distinction between direct and indirect suppliers is imperfect, because all calves and dairy 

producers do sell old breeding and dairy cows for slaughter, these inferior cattle quality and breed were 

typically absorbed by local butchers or non-signatory slaughterhouses selling within the municipal or state 
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markets (Figure 3). The latter were reported to offer higher prices for the quality compared to 

slaughterhouses, but only to large producers making business with both types of buyers (t3p_9, 12).  

 

�)�L�J�X�U�H���������%�X�\�H�U�V���F�K�R�L�F�H���E�\���V�X�S�S�O�L�H�U�V�·���W�L�H�U 

Cattle suppliers with multiple properties (owned or rented) have the opportunity to launder cattle: Farmers were able to 

use the lack of monitoring of indirect suppliers to launder cattle by moving animals across farms before 

selling to a slaughterhouse, particularly between properties within their own portfolio of farms. We 

observed laundering for both farms selling to slaughterhouses (t3p_3, 6) and selling live cattle for export 

(t3p_10).  

Insufficient market share for change and bifurcation of market: Though TAC covers around 70% of cattle purchased 

in Para, non-compliant producers could sell cattle to intermediaries, non-TAC slaughterhouses, backyard 

butchers or other farmers.  

To our surprise, none of the 31 interviewed farmers ever reported difficulties in selling cattle unsolicited. 

The general sentiment was that � ćattle sells as easily as gold�µ�� ���W���S�B��������Yet smallholders reported facing 

insurmountable barriers to access slaughterhouses, even setting aside compliance with legal requirements. 

For instance, nine of eleven smallholders lacked the sales volumes to compensate for transport costs, the 

breed of their (usually dairy) cattle was not procured by larger slaughterhouses, and animals were typically 

sold in need of cash rather than when the animals reached the optimal slaughtering age. Additionally, 

smallholders did not own sufficient pasture, capital and knowledge to fatten cattle, and eight out of eleven 

specialized in breeding.  

When the technical barriers above were overcome (e.g. by cooperating to meet the required sales volumes 

�² t2p 8, 9, 18), farmers lacked documents required to sell to TAC signatory slaughterhouses such as CAR, 
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land titles and GTAs. Lacking the possibility to comply with the required paperwork, smallholders typically 

sold cattle to intermediaries who were able to produce documents through their farms, or directly to 

butchers using CAR from neighboring farms (t2_p1, 11, t3p_4). Farmers selling cattle in the informal sector 

complained about risks of fraud and preferred selling to well-known local buyers and therefore had very 

limited bargaining power (t2p_1, 2, 3, 4, t3p_1). Calves pr�L�F�H�V���Z�H�U�H���U�H�S�R�U�W�H�G���W�R���Y�D�U�\���I�U�R�P���R�Q�H���V�P�D�O�O�K�R�O�G�H�U�V�·��

settlement to another only a few tenths of kilometers apart, signaling strong market power by cattle buyers, 

operating in a virtually uncontested monopsony.  

Slaughterhouses confirmed an increasingly bifurcated market. Meatpackers sourcing from small and 

medium farmers and selling to lower market segments were those excluding a higher share of their suppliers 

�² up to 70% (sl_2) vs 5% (sl_7) for the most established plant in the study area. Yet there always appeared 

to be a buyer for such non-compliant producers. As reported by a meatpacking unions representative: 

�´�>�&�R�P�S�O�\�L�Q�J���Z�L�W�K���7�$�&�@���L�V���O�L�N�H���W�U�\�L�Q�J���W�R���V�H�S�D�U�D�W�H���D�U�U�R�]���H���I�H�L�M�m�R���>�P�L�[�H�G���U�L�F�H���D�Q�G���E�H�D�Q�V�@�����L�W���L�V���G�L�I�I�L�F�X�O�W�����$�Q�G���Z�K�H�Q���\�R�X���G�L�V�F�D�U�G 

the beans, someone com�H�V�����V�L�W�V���E�H�V�L�G�H���\�R�X�����H�D�W�V���E�R�W�K���W�K�H�L�U���U�L�F�H���D�Q�G���E�H�D�Q�V���D�Q�G���\�R�X�U���E�H�D�Q�V���W�R�R�µ��(un_3). 

4.4. What are the likely equity impacts of TAC amidst broader sectoral trends? 

�7�K�H���O�R�Z���P�D�U�N�H�W���V�K�D�U�H���D�Q�G���Q�D�U�U�R�Z���V�F�R�S�H���R�I���7�$�&���U�H�V�W�U�L�F�W�L�R�Q�V�����Z�K�L�F�K���U�H�G�X�F�H�V���7�$�&�·�V���H�I�I�H�F�W�L�Y�H�Q�H�V�V�����D�S�S�H�D�U�H�G��

to be mitigating the negative equity effects of the mechanism as well. The cattle market was highly 

segmented, and all farmers were able to find a buyer, regardless of their compliance with TAC criteria. For 

marginalized farmers selling small volumes or lower breeds this came at the cost of low market power and 

prices (e.g. t2p_1, 10, t3p_1, 4, 5), which would be further reduced if the TAC design criteria were made 

more stringent, i.e. if farmers providing inferior breed and low volumes would face an even smaller market.   

Market bifurcation and the consequent lower prices were perceived to be driving the exit of smaller farmers 

from cattle ranching to other land use activities or entirely out of agriculture, contributing to land 

concentration (t3p_5, 11, un_1, gov_1). Documenting exit and its causes is difficult, because farmers that 

abandoned cattle ranching are not easy to identify. However, during interviews it was reported that many 

small and medium cattle farms were purchased by large cattle ranchers (t2p_11), and that local butchers 

who used to rely on locally-sourced smallholder cattle, were forced to close or scale down their businesses 

as a consequence of supply shortage (t2p_2). Indeed, we had trouble identifying and interviewing medium 

cattle farmers in our study area since most of the visited farms that appeared as medium-sized from their 

property boundaries were in fact part of larger land holdings, which is a signal of the land concentration 

process. In the words of a farmer that at the age of 29 had concentrated 35,000ha on 64 small and medium 

farms: �´�,�I���W�K�H���W�U�H�Q�G���F�R�Q�W�L�Q�X�H�V�����L�Q���������\�H�D�U�V���V�P�D�O�O���D�Q�G���P�H�G�L�X�P���I�D�U�P�H�U�V���D�U�H���J�R�L�Q�J���W�R���E�H���H�[�W�L�Q�F�W�������,�I���W�K�H���Jovernment does not 

attempt to change the law to regularize smallholdings, in ten years there is going to be only large farmers. And this is bad. The 

�P�R�U�H���F�R�P�S�H�W�L�W�L�Y�H���W�K�H���E�H�W�W�H�U���W�K�H���P�D�U�N�H�W���Z�R�U�N�V�����7�K�H���P�D�U�N�H�W���L�Q���W�K�H���K�D�Q�G�V���R�I���D���I�H�Z�����W�K�L�V���L�V���Q�R���J�R�R�G�µ��(t2p_5).   
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Yet it was unclear how these transitions were linked to supply chain policies versus broader policy and 

economic stimuli. Larger farmers perceived a tendency to integrate production as a way to maintain profit 

margins, in a phase of the business cycle characterized by rising costs, calf scarcity and increasing grain 

�D�Y�D�L�O�D�E�L�O�L�W�L�H�V�����$�F�F�R�U�G�L�Q�J���W�R���O�D�U�J�H���I�D�U�P�H�U�V�����Y�H�U�W�L�F�D�O���L�Q�W�H�J�U�D�W�L�R�Q���R�I�� �F�D�W�W�O�H���S�U�R�G�X�F�W�L�R�Q���W�R�� �H�Q�F�R�P�S�D�V�V���W�K�H���´�I�X�O�O��

�F�\�F�O�H�µ�����L���H�����U�D�L�V�L�Q�J���F�D�W�W�O�H���I�U�R�P���E�L�U�W�K���W�R���V�O�D�X�J�K�W�H�U�����L�Q�F�U�H�D�V�H�V���S�U�R�I�L�W���P�D�U�J�L�Q�V���E�\���´�G�L�O�X�W�L�Q�J���I�L�[�H�G���F�R�V�W�V�µ�����L�Q�F�U�H�D�V�L�Q�J��

productivity (e.g. through cattle confinement to feed-lots and integration with agriculture, which speed up 

weight-gaining and frees up pasture for calves raising), and reducing supply chain risks associated with 

uncertain supply of calves and ensuring genetic control (e.g. through artificial insemination) (t2p_4, 5, 8, 9, 

10, 11, 12, sl_3, 6, 7). Full cycle farming was also a strategy promoted by a meat packer to reduce the 

environmental risks associated with indirect suppliers (The Economist, 2020). Vertical integration and land 

concentration could be further increased if TAC criteria were extended to indirect suppliers. However, 

changes in vertical integration, like farm consolidation, could not be exclusively linked to changes in supply 

chain regulations. 

5. Discussion 

5.1. Summary of findings 

We found that TAC exhibits largely cooperative characteristics at the level of first-tier suppliers (the 

slaughterhouses). On the whole, cooperative enforcement at the first-tier appears to increase its 

effectiveness and equity by separating genuinely non-compliant suppliers from those that are unable to 

comply. Cooperative enforcement allows for increased compliance among slaughterhouses by establishing 

improved transparency and monitoring, whilst accommodating different abilities to comply through a 

constant dialogue that guarantees continuous improvements. In taking a collaborative path, the public 

authority (MPF) established relationships of trust with first-tier suppliers and created mutual understanding 

and innovative solutions. Slaughterhouses with greater difficulty in meeting compliance standards were 

evaluated against their own performance in the previous year, and were given time to adjust to new 

expectations of legal compliance.  

The same flexibility was not granted to their sub-suppliers. We found no evidence of capacity building or 

supportive actions by slaughterhouses. Instead, implementation dynamics were dominated by surveillance, 

mistrust, and frustration by farmers. The fact that upstream implementation of TAC defaulted to a coercive 

implementation system meant that implementation progress plateaued at a level that allowed some 

slaughterhouses to claim high compliance, but did not address the root problem of slowing commodity-

driven deforestation. Cooperative enforcement with first-tier suppliers (or buyers) did not translate into 

cooperative enforcement for upper-tier suppliers, especially when market share was low. Absent specific 

incentives, slaughterhouses were not motivated to provide remedies to the lack of ability to comply of 

weaker cattle-ranchers. Instead, they increased their sourcing radius without further engaging with non-

compliant suppliers, creating room for inequity and leakage. 
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The coercive fashion in which TAC slaughterhouses implemented their policies, in addition to the limited 

scope of the policy and the presence of widespread cattle laundering, appears to have contributed to further 

bifurcation of the formal and informal meat markets in Brazil. This allowed on-farm deforestation to 

continue, as deforesting actors had sufficient outlets for their cattle that TAC criteria were not binding in 

their decision-making. The inferior conditions of the informal market, coupled with insufficient capacity to 

access formal markets was likely to contribute to the ongoing exit of smaller producers, and vertical 

integration. 

Compliant buyers operating with the lower quality segment of the market displayed a high exclusion rates 

(up to 70%). Yet, the limited market share and narrow scope of TAC mitigated negative equity effects, 

because calves and dairy farms of all size and ability were able to sell cattle to non-TAC-signatory buyers. 

Yet, the high level of non-compliance among third-tier suppliers and lack of cooperative enforcement 

upstream created an equity bottleneck to the adoption of a wider scope and more stringent TAC criteria. 

Unless specific provisions are taken to ensure fair inclusion of small and medium farmers, the scope of 

TAC is unlikely to expand to indirect suppliers.  

Th�H�� �O�D�F�N�� �R�I�� �F�R�R�S�H�U�D�W�L�Y�H�� �H�Q�I�R�U�F�H�P�H�Q�W�� �X�S�V�W�U�H�D�P�� �D�S�S�H�D�U�H�G�� �W�R�� �X�Q�G�H�U�P�L�Q�H�� �V�P�D�O�O�� �D�Q�G�� �P�H�G�L�X�P�� �S�U�R�G�X�F�H�U�V�·��

market access. It was perceived to increase the likelihood of them exiting the market and had the potential 

to increase land concentration in the sector, further increasing power and assets inequality and potentially 

�W�K�U�H�D�W�H�Q�L�Q�J�� �I�R�R�G�� �V�H�F�X�U�L�W�\���� �$�G�G�L�W�L�R�Q�D�O�O�\���� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �V�P�D�O�O�K�R�O�G�H�U�V�·�� �O�D�Q�G�� �K�D�V�� �E�H�H�Q�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��

increasing deforestation and degradation (de Almeida et al., 2020; Yanai et al., 2020). Smaller producers 

faced lower prices in the informal market, while larger producers had incentive to expand simultaneously 

vertically and horizontally to secure supply of calves and increase efficiency.  That these phenomena 

preceded TAC and are related to ongoing trends and structural problems of market access, education, 

poverty and power (Boyd, 2008) raises the question of whether FSPs can disregard or should address the 

social problems of the environment in which they operate.  

This theoretical and empirical analysis points to three broad hypotheses that should be further explored in 

future research:   

1) Cooperative enforcement (at least at the first tier) increases the effectiveness and equity of FSPs 

by separating genuinely non-compliant suppliers from those that are unable to comply, accounting 

�I�R�U���V�X�S�S�O�L�H�U�V�·���G�L�I�I�H�U�H�Q�W���D�E�L�O�L�W�L�H�V���W�R���F�R�P�S�O�\�����D�Q�G���D�O�O�R�Z�L�Q�J���I�R�U���V�W�U�R�Q�J�H�U���G�H�V�L�J�Q���F�U�L�W�H�U�L�D���W�K�D�W���L�Q�F�U�H�D�V�H��

effectiveness without harming equity.   

2) However, cooperative enforcement in the first-tier is likely to become coercive upstream without 

clear mandates for cooperation, leading to negative effectiveness and equity outcomes.  
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3) Coercive enforcement at any tier, but especially upper tiers, creates effectiveness-equity tradeoffs, 

with the balance of effectiveness versus equity outcomes tilted towards effectiveness the higher the 

market share and the broader the scope of the FSP. 

5.2. Policy recommendations: enabling effective and equitable cooperative enforcement in multi-

tier supply chains 

In light of these findings, how should TAC deal with heterogene�R�X�V���V�X�S�S�O�L�H�U�V�·���F�D�S�D�E�L�O�L�W�L�H�V�"���$�Q�G���K�R�Z���V�K�R�X�O�G��

FSPs governing multi-tier supply chains enforce requirements in a way that does not produce discrimination 

in market access equity? For cooperative enforcement to work, decisions should be taken by actors that are 

able to observe both compliance, motivations and ability to comply of (sub-)suppliers, and the regulator 

(buyer or governmental authority) should set incentives such that such agents (e.g. direct suppliers) have 

interest in cooperating with indirect supp�O�L�H�U�V���I�R�U���F�R�P�S�O�L�D�Q�F�H�����E�X�W���Q�R�W���W�R���H�[�W�U�D�F�W���W�K�H���L�Q�G�L�U�H�F�W���V�X�S�S�O�L�H�U�V�·���U�H�Q�W����

This is challenging because of asymmetric information, market power concentration downstream, general 

incentives misalignment and substantial transaction costs between the direct and the indirect suppliers when 

these are not integrated (Brockhaus et al., 2013; Dou et al., 2018; Grabs and Carodenuto, 2021; Grimm et 

al., 2018; Klassen and Vereecke, 2012; Vachon and Klassen, 2006; Wilhelm et al., 2016a). For instance, 

Brandão et al. (2020) found that slaughterhouses in São Félix do Xingu were providing resources for farmers 

to adopt CAR, but later formed an oligopsony to push down prices.  

To ease cross-tier cooperation the regulator �² e.g. the MPF �²  �F�R�X�O�G���I�X�O�I�L�O�O���W�K�H���U�R�O�H���R�I���´�Q�H�W�Z�R�U�N���E�U�R�N�H�U�µ��

(Saunders et al., 2019) and coordinate efforts from government agencies and civil society to increase 

transparency, by making information about the indirect supplier compliance easily available for the direct 

�V�X�S�S�O�L�H�U�����,�W���P�L�J�K�W���D�O�V�R���L�Q�F�H�Q�W�L�Y�L�]�H���V�P�D�O�O���D�Q�G���P�H�G�L�X�P���V�X�S�S�O�L�H�U�V�·���U�H�J�X�O�D�U�L�]�D�W�L�R�Q���W�K�U�R�X�J�K���S�U�H�I�H�U�H�Q�W�L�D�O���D�F�F�H�V�V���W�R��

credit and technical assistance upon presentation of a purchasing guarantee by the direct supplier (i.e. well-

regulated long-term contracts) (Klassen and Vereecke, 2012; Vachon and Klassen, 2006), transferring the 

incentive to report and monitor progresses on the direct supplier, while freeing the supplier from risks 

associated with contract farming. Alternatively, a standard but participatory contract involving direct 

�S�U�R�Y�L�V�L�R�Q���R�I���F�U�H�G�L�W�����W�H�F�K�Q�L�F�D�O���D�V�V�L�V�W�D�Q�F�H���D�Q�G���V�P�D�O�O���D�Q�G���P�H�G�L�X�P���V�X�S�S�O�L�H�U�V�·���V�D�I�H�J�X�D�U�G�V���F�D�Q���E�H���G�H�Y�L�V�H�G�����D�V���I�R�U��

the Brazilian Sustainable Palm Oil Production Program (SPOPP), which also guarantees a sourcing quota 

from smallholders (Benami et al., 2018; Brandão et al., 2018; de Almeida et al., 2020). In both cases a longer 

contract term and stable business relationship across indirect and direct suppliers would benefit both parts, 

by establishing a certain return for investments in compliance for the first and reducing costs for the latter 

to monitor and collaborate with indirect suppliers (Klassen and Vereecke, 2012; Vachon and Klassen, 2006).  

For effective and equitable enforcement to work, actors should be able to credibly signal their willingness 

to cooperate (Potoski and Prakash, 2004) across tiers, and the development of technologies that enable 

effective monitoring and dialogue across tiers are key to achieve this. The regulator must be able to interact 

�Z�L�W�K�� �V�X�S�S�O�L�H�U�V���� �W�R�� �P�R�Q�L�W�R�U�� �V�X�S�S�O�L�H�U�V�·�� �E�H�K�D�Y�L�R�U���� �D�Q�G�� �W�R�� �V�H�Q�G�� �F�U�H�G�L�E�O�H�� �V�L�J�Q�D�O�V�� �D�E�R�X�W�� �V�D�Q�F�W�L�R�Q�V���� �,�W�� �P�X�V�W�� �E�H��
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independent of the judicial and executive powers, so that political lobbies, government and election cycles 

do not affect the certainty of monitoring, and sanctions execution (Reydon et al., 2020). Suppliers need to 

be able to interact with the regulator (e.g. providing legitimated representatives); they must be visible, liable 

to penalties or public shame by civil society organizations (cf. Grimm et al., 2016); and they should manifest 

good will, i.e. the willingness to disclose information, the vision and ability to translate compliance into 

value, and minimum legalistic values (cf. Mammadova et al., 2020). In this sense, the institutional 

environment of the FSP appears as a key enabling factor of private initiative success, providing sufficient 

rule of law, monitoring and sanctioning infrastructure�����D�Q�G���V�X�S�S�R�U�W���V�X�S�S�O�L�H�U�V�·���V�R�F�L�H�W�D�O���Y�D�O�X�H�V���� 

5.3. Limitations and future research 

�2�X�U���D�Q�D�O�\�V�L�V���G�L�G���Q�R�W���F�R�Q�V�L�G�H�U���W�K�H���R�S�S�R�U�W�X�Q�L�W�\���W�R���G�H�Y�L�V�H���)�6�3���F�U�L�W�H�U�L�D���W�K�D�W���D�U�H���G�L�I�I�H�U�H�Q�W�L�D�W�H�G���I�R�U���H�D�F�K���D�F�W�R�U�V�·��

group. However, this does not invalidate the need for cooperative enforcement, as heterogeneity of abilities 

likely persist within groups targeted by differentiated criteria, e.g. efficiency and needs vary substantially 

among smallholders (Schneider et al., 2015; Schoneveld et al., 2019). 

We did not enquire about equity impacts related to the FSP design that do not refer to the enforcement 

strategy, such as those related to cutoff dates for the entry into force of the agreement, which advantages 

suppliers in consolidated frontier areas over those in new frontiers. 

We did not consider political risks involved with cooperative FSPs, which may legitimate a narrative in 

which deforestation free (legal) products should be awarded a higher market status (e.g. a price premium), 

rather than assuming that deforestation free products should be the default (Mammadova et al., 2020). This 

narrative could legitimate agribusiness expansion over forest within legal requirements that are increasingly 

slack (cf. Guéneau, 2018; Soares-Filho et al., 2014), and provide support to the perception that all costs of 

conservation should be compensated, either directly or through a market premium, crowding out intrinsic 

motivations to comply with the law and reducing the overall legitimacy of public regulations. 

We focused on the effectiveness of TAC vis-à-vis forest conservation outcomes. In doing so we did not 

fully account for the educational impact of FSPs on suppliers (Gong et al., 2018), which may in the longer 

run influence land use practices, including pasture intensification. A longitudinal study would be needed to 

capture this effect. 

We considered a definition of equity as non-bias, or equality of opportunity. Assessing distributional equity 

of outcomes poses an important counterfactual question: what would be the fate of suppliers absent the 

FSP? This question requires further empirical work. Accounting for dynamic and endogenous FSP 

locations, development of criteria, scope and market share involves many uncertainties, but is key to 

�H�Y�D�O�X�D�W�H���W�R�G�D�\�·�V���)�6�3�V���G�H�V�L�J�Q�� 

6. Conclusion 
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FSPs are fundamental to the governance of tropical forest ecosystems that are under pressure from tropical 

commodities expansion. Population increase and demand for economic development and rising inequalities 

require commodity value chains to become more environmentally and socially sustainable. We dissect the 

role of cooperative enforcement in FSPs, and how this unfolds in multi-tier and heterogeneous supply 

chains. We present the case of TAC, a purportedly cooperative enforcement based FSP aiming to legalize 

the meat and cattle sectors in the Brazilian Amazon �² sectors responsible for a large share of deforestation 

risk and resistant to change. These sectors are characterized by multi-tier, heterogeneous and unequal supply 

chains with differentiated motivations and abilities to comply among upstream suppliers. These sectoral 

features generate effectiveness-equity tradeoffs in the design of supply chain policies to tackle sustainability 

issues. 

We show that a more cooperative model of enforcement of FSPs may in principle enable more marginal 

and disadvantaged suppliers to achieve compliance, thereby improving both the effectiveness of supply 

chain policies and their equity. However, even cooperative models of enforcement are prone to exhibit 

coercive tendencies in multi-tier supply chains, leading to severe equity shortcomings. Given the rapid 

proliferation of FSPs throughout the tropics and the relative vulnerability of farmers operating in these 

regions, more research is urgently needed to highlight how cooperative enforcement can be extended from 

first-�W�L�H�U���V�X�S�S�O�L�H�U�V���X�S�V�W�U�H�D�P�����W�R���L�Q�F�O�X�G�H���W�K�H���Q�X�P�H�U�R�X�V���D�Q�G���Z�H�D�N�H�U���V�X�S�S�O�L�H�U�V�·���J�U�R�X�S�V���Z�K�R�V�H���L�Q�F�O�X�V�L�R�Q���L�V���N�H�\��

for equitable and effective outcomes. 
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With the rise of globalized trade patterns and the concentration of resource flows into the hands of a small 

number of multinational companies (Folke et al., 2020), private environmental governance has become an 

important leverage point to achieve global conservation goals in international supply chains (Lambin et al., 

2018; Thorlakson et al., 2018)���� �,�Q�� �U�H�F�H�Q�W�� �\�H�D�U�V���� �F�R�Q�V�H�U�Y�D�W�L�R�Q�L�V�W�V�·�� �D�W�W�H�Q�W�L�R�Q�� �K�D�V��focused on a handful of 
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the loss of primary forests, particularly in biodiversity hotspots (Curtis et al., 2018). The production of such 

goods is estimated to be the direct driver of two-thirds of all deforestation in the tropics and subtropics 

(Pendrill et al., 2019). 

�,�Q���U�H�V�S�R�Q�V�H���W�R���S�X�E�O�L�F���F�D�P�S�D�L�J�Q�V���W�D�U�J�H�W�L�Q�J���W�K�H���Z�R�U�O�G�·�V���O�D�U�J�H�V�W���I�L�U�P�V���L�Q���W�K�H���I�R�R�G���D�Q�G���W�L�P�E�H�U sectors for their 

�U�R�O�H���L�Q���H�Q�F�R�X�U�D�J�L�Q�J���G�H�I�R�U�H�V�W�D�W�L�R�Q�����D���J�U�R�Z�L�Q�J���Q�X�P�E�H�U���R�I���W�K�H�V�H���F�R�P�S�D�Q�L�H�V���K�D�Y�H���D�G�R�S�W�H�G���¶�]�H�U�R-deforestation 

�F�R�P�P�L�W�P�H�Q�W�V�·�� ���=�'�&�V����(Lister and Dauvergne, 2014)���� �=�'�&�V�� �D�U�H�� �´�Y�R�O�X�Q�W�D�U�\�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�Q�L�W�L�D�W�L�Y�H�V�� �W�K�D�W��

�V�L�J�Q�D�O���D���F�R�P�S�D�Q�\�·�V���L�Q�W�H�Q�W�L�R�Q���W�R���H�O�L�P�L�Q�D�W�H���G�H�I�R�U�H�V�W�D�W�L�R�Q���I�U�R�P���L�W�V���V�X�S�S�O�\ �F�K�D�L�Q�µ��(Garrett et al., 2019, p. 136). 

Actors at all levels of forest-risk supply chains from production to retail have now adopted these 

commitments. For instance, current forest commitments cover an estimated ���������R�I���6�R�X�W�K�H�D�V�W���$�V�L�D�·�V���S�D�O�P��

oil refining capacity (ten Kate et al., 2020)���� �,�Q�� �%�U�D�]�L�O���� �W�K�H�� �Z�R�U�O�G�·�V�� �R�W�K�H�U�� �S�U�L�Q�F�L�S�D�O�� �G�H�I�R�U�H�V�W�D�W�L�R�Q�� �K�R�W�V�S�R�W����

around 60% of soy and 85% of beef exports are covered by individual company commitments and sectoral 

agreements (Haupt et al., 2018a). As these commitments mature and reach their target dates, their 

effectiveness in eliminating deforestation among all direct and indirect suppliers of single supply chains 

���¶�L�Q�G�L�Y�L�G�X�D�O���H�I�I�H�F�W�L�Y�H�Q�H�V�V�·�������D�P�R�Q�J���D�O�O���F�R�P�P�R�G�L�W�\���S�U�R�G�X�F�H�U�V���L�Q���D���U�H�J�L�R�Q�����¶�U�H�J�L�R�Q�D�O���H�I�I�H�F�W�L�Y�H�Q�H�V�V�·�������R�U���D�F�U�R�V�V��

�J�O�R�E�D�O���F�R�P�P�R�G�L�W�\���V�H�F�W�R�U�V�����¶�Q�H�W���J�O�R�E�D�O���H�I�I�H�F�W�L�Y�H�Q�H�V�V�·�����K�D�V���E�H�F�R�P�H���D���I�R�F�X�V���R�I���D�F�D�G�H�P�Lc inquiry (Alix-Garcia 

and Gibbs, 2017; Garrett et al., 2019; Gibbs et al., 2016; Gollnow et al., 2018; Heilmayr et al., 2020; Lambin 

et al., 2018; Lyons-White et al., 2020; Pereira et al., 2020).  

Simultaneously, concerns have been raised that commodity-centric private governance initiatives may 

exacerbate inequities in rural land use, livelihoods, and poverty rates by excluding producers with limited 

financial and educational capacity to meet industry requirements from sustainable market access (INOBU, 

2016; Klooster, 2005; Pereira et al., 2016). Deforestation frontiers contain actors and countries with a variety 

https://www.sciencedirect.com/science/article/pii/S0959378021001369
https://tinyurl.com/538jmued
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of baseline land use conditions and risks, and different tenure, access, and capital constraints (Cammelli et 

al., 2020; Galudra et al., 2010; Garrett et al., 2017). Smallholder farmers (i.e., farmers with incomes generated 

primarily from natural resources whose property size is below the national average (Dou et al., 2020; 

Zimmerer et al., 2018)); manage an estimated 50% of global oil palm land (Byerlee et al., 2016; Qaim et al., 

2020); 70% of global cocoa supply comes from West African smallholders (Wessel and Quist-Wessel, 2015); 

and small-scale farmers form an integral part of the South American livestock systems (78% of the livestock 

�I�D�U�P�V���L�Q���%�U�D�]�L�O���D�U�H���F�O�D�V�V�L�I�L�H�G���D�V���´�I�D�P�L�O�\���I�D�U�P�H�U�V�µ��(IBGE, 2017; Pacheco and Poccard-Chapuis, 2012; Pereira 

et al., 2016). Soy in South America is typically not undertaken by smallholder farmers, but they play a large 

role in production in India (Romijn, 2014)�����0�R�V�W���F�R�P�P�R�Q�O�\�����V�P�D�O�O�K�R�O�G�H�U���O�D�Q�G���V�L�]�H���W�K�U�H�V�K�R�O�G�V���D�U�H���”�������K�D��

���H���J�����I�R�U���F�R�F�R�D�����F�R�I�I�H�H�����W�H�D�����E�D�Q�D�Q�D�V�������E�X�W���W�K�U�H�V�K�R�O�G�V���P�D�\���U�H�D�F�K���”���������K�D, for instance in palm oil (ISEAL 

Alliance, 2019). In many cases, the livelihoods of such smallholders are highly vulnerable and depend on 

their integration into global commodity supply chains (Dou et al., 2020; Lee et al., 2012). In certain contexts, 

and as a result of wider political economic conditions, agricultural practices used by smallholders have also 

been identified as potential drivers of deforestation and land degradation (Cammelli et al., 2020; 

Kalamandeen et al., 2018; Kroeger et al., 2017; Schoneveld et al., 2019a). Yet, in the past, agri-food 

smallholders have shown limited capacity to comply with sustainable supply chain initiatives such as 

certification schemes. This is explained inter alia by low education levels and financial means, unclear land 

tenure, and risk adversity in switching to more sustainable land use practices (Ansah et al., 2020; Brandi et 

al., 2015; Brandi, 2017; DeFries et al., 2017; Grabs, 2020). The goal of eliminating deforestation in such 

�F�R�P�P�R�G�L�W�\���F�K�D�L�Q�V���Y�L�D���V�X�S�S�O�\���F�K�D�L�Q���L�Q�L�W�L�D�W�L�Y�H�V���W�K�X�V���U�L�V�N�V���O�L�P�L�W�L�Q�J���Y�X�O�Q�H�U�D�E�O�H���S�U�R�G�X�F�H�U�V�·���R�S�S�R�U�W�X�Q�L�W�\���W�R���D�F�F�H�V�V��

the supply chain and associated resources, and constraining their options for exiting poverty (Schoneveld 

et al., 2019b). 

The potential for these perverse outcomes warrants closer evaluation of the potential impacts of zero-

deforestation commitments and in particular, tensions between likely conservation outcomes and 

�S�U�R�G�X�F�H�U�V�·���H�T�X�L�W�\���L�Q���D�F�F�H�V�V���W�R���P�D�U�N�H�W�V�����K�H�Q�F�H�I�R�U�W�K���¶�D�F�F�H�V�V���H�T�X�L�W�\�·�������7�K�L�V���S�D�S�H�U���F�R�Q�W�U�L�E�X�W�H�V���W�R���W�K�L�V���Uesearch 

question in three ways by: i) defining and justifying the importance of analyzing access equity and its relation 

to effectiveness when implementing forest-focused supply chain policies such as ZDCs, ii) identifying seven 

policy design principles that are likely to maximize synergies between effectiveness and access equity, and 

iii) assessing effectiveness-access equity tensions and synergies across common ZDC implementation 

mechanisms amongst the five largest firms in each of the leading agricultural forest-risk commodity sectors: 

palm oil, soybeans, beef cattle, and cocoa.  

1. Balancing access equity and effectiveness in zero-deforestation supply chain policies 

 

1.1. The importance of equity in access 
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Preventing unfair market exclusion as a result of private environmental governance initiatives is important 

for both normative and instrumental reasons. Normatively, having equal opportunities to participate is an 

important dimension of the equity of a given conservation intervention (McDermott et al., 2013). This 

�G�L�P�H�Q�V�L�R�Q���L�V���D�O�W�H�U�Q�D�W�H�O�\���G�H�V�F�U�L�E�H�G���D�V���¶�H�T�X�L�W�\���L�Q���D�F�F�H�V�V�·�����Z�K�L�F�K���´�U�H�O�D�W�H�V���W�R���W�K�H���Z�D�\�V���L�Q���Z�K�L�F�K���G�L�I�I�H�U�H�Q�W���D�F�W�R�U�V��

in society are able to engage with and pa�U�W�L�F�L�S�D�W�H���L�Q�µ���V�S�H�F�L�I�L�F���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V��(Brown and Corbera, 2003, p. 

S45)�����R�U�����¶�F�R�Q�W�H�[�W�X�D�O���H�T�X�L�W�\�·�����Z�K�L�F�K���´�D�F�N�Q�R�Z�O�H�G�J�H�V���W�K�H���L�Q�L�W�L�D�O���G�L�V�W�U�L�E�X�W�L�R�Q�V���R�I���D�F�F�H�V�V�����F�D�S�D�E�L�O�L�W�L�H�V���D�Q�G���S�R�Z�H�U��

from which people and nations engage in �² or are swept up by �²�µ���S�D�U�W�L�F�X�O�D�U���L�Q�L�W�L�D�W�L�Yes (McDermott et al., 

2013, p. 420). Two other equity dimensions frequently mentioned are procedural equity, focused on 

�´�U�H�Fognition, inclusion, representation and participation in decision-�P�D�N�L�Q�J�µ�����D�Q�G���G�L�V�W�U�L�E�X�W�L�Y�H���H�T�X�L�W�\�����Z�K�L�F�K��

�K�R�Q�H�V�� �L�Q�� �R�Q�� �W�K�H�� �´�D�O�O�R�F�D�W�L�R�Q�� �D�P�R�Q�J�� �V�W�D�N�H�K�R�O�G�H�U�V�� �R�I�� �F�R�V�W�V�� �D�Q�G�� �E�H�Q�H�I�L�W�V�� �U�H�V�X�O�W�L�Q�J�� �I�U�R�P���� �I�R�U�� �H�[�D�P�S�O�H����

environmental policy or resource management decision�V�µ��(McDermott et al., 2013, pp. 418�²419). Other 

authors differentiate between input and output equity; a range of equity metrics that include participation, 

access, spatial, and financial equity; or types of equity that concern social class, gender, ethnicity, 

generational, educational, or occupational groups (Klein et al., 2015). 

�:�H���S�O�D�F�H���R�X�U���D�Q�D�O�\�W�L�F�D�O���I�R�F�X�V���R�Q���S�U�R�G�X�F�H�U�V�·��equity in access to ZDC markets, representing the equal opportunity 

of different groups of producers, particularly those with high and low adaptive capacities, to participate in 

a ZDC supply chain (Pignataro, 2012). Adaptive capacity here refers to any capability or asset that allows 

producers to rapidly adapt to changing market conditions and expectations (such capabilities may include, 

for instance, education, knowledge, technological capacity, legal standing, financial assets or social capital; 

see Section 4.1). We use the distinction between producers with low and high adaptive capacities to indicate 

which producers are more or less likely to be excluded from ZDC markets, preferring it to distinctions 

made on the basis of producer size or farm system alone. While poor and smallholder farmers tend to have 

low adaptive capacities, not all face the same barriers to access. Medium-scale producers and those with 

larger family farms, in turn, might be frontrunners or laggards regarding their adaptive capacities. In 

contrast, our analysis does not consider equity implications for non-commodity-producing forest landscape 

dwellers. We leave such considerations, alongside how those issues are addressed via social requirements 

of corporate supply chain policies, for future analysis (see also Cheyns et al., 2020; Newton and Benzeev, 

2018). 

We focus on equity in access rather than distributional equity, given that ZDC supply chain participation 

may provide producers with a variety of distributional gains or benefits depending on their local context. 

Producer-level benefits from inclusion in ZDC supply chains might include higher prices, advantageous 

contract terms (e.g. in volume or length), the provision of technical and financial support, or �² in the case 

of complete ZDC implementation among all market actors �² the ability to sell their product at all (Haupt 

et al., 2018b). In many cases, producers cannot expect any financial or economic benefits from participating 

in ZDC supply chains (Larsen et al., 2018). This variability in the likely costs or benefits of ZDC 

participation makes assessing the distributional equity of ZDC policies complex and highly context-
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dependent, justifying ou�U���D�Q�D�O�\�W�L�F�D�O���I�R�F�X�V���R�Q���S�U�R�W�H�F�W�L�Q�J���S�U�R�G�X�F�H�U�V�·���D�E�L�O�L�W�\���W�R���F�K�R�R�V�H���Z�K�H�W�K�H�U���W�R���D�F�F�H�V�V���V�X�F�K��

markets or not.  

Finally, it should be noted that the various dimensions of equity are inextricably linked (Brown and Corbera, 

2003). Indicative evidence exists, for instance, that procedural equity in designing particular interventions 

improves access to those same interventions by marginalized groups; procedural exclusion in turn often 

precedes project exclusion (Gill et al., 2019). Equity in access to particular interventions (as well as to 

relevant decision-making) is further a necessary antecedent for distributional equity (Corbera et al., 2007; 

Gebara, 2013; Haas et al., 2019). We will thus refer to other equity dimensions as applicable. 

1.2. Synergies and tradeoffs between equity in access and effectiveness 

From an instrumental perspective, the more inclusive a voluntary environmental initiative is, the more likely 

it is that it will achieve its goals of preventing environmental harm, as it will influence more actors in the 

production landscape (Garrett et al., 2019; Lambin et al., 2018). Conversely, policies that focus on quick 

wins by targeting only the largest, most influential actors may exclude a large number of small-scale 

producers with cumulative high impact, lack local buy-in and legitimacy, or cause political pushback (Bush 

et al., 2015; Klein et al., 2015; Klooster, 2005; Pascual et al., 2014). Producers excluded from ZDC markets 

are likely to still establish or expand farms on forest land, even if they need to sell their product into lower-

value markets or travel further to find a buyer (Atmadja and Verchot, 2012), lowering regional and global 

ZDC effectiveness. Hence, ZDC equity in access may engender higher policy effectiveness. 

On the other hand, certain private governance design choices that favor inclusion may represent 

conservation effectiveness tradeoffs, for instance if rules are set too leniently, or their implementation not 

assured (Chan et al., 2017; Dietz and Grabs, 2021; Giuliani et al., 2017). We may also encounter tradeoffs 

when assessing policy coverage. At present, non-ZDC markets continue to exist in all sectors we analyze, 

particularly for domestic consumption or exports into the Global South (Alix-Garcia and Gibbs, 2017; 

Christopoulou et al., 2018; Schleifer and Sun, 2018). Yet, on a more local level, supply chains may be highly 

integrated and commodity buyers can have monopsony power over their supply shed, especially in frontier 

areas (Agergaard et al., 2009; Brandi, 2017; German et al., 2011; le Polain de Waroux et al., 2018). Strong 

buyer power might increase the effectiveness of sustainable supply chain initiatives in changing producer 

behavior by pushing more producers toward engagement, but may also exacerbate the consequences of 

ZDC market exclusion on local livelihoods and poverty. This underlines the importance of closely analyzing 

conflicting and potentially synergistic policy design for both access equity and effectiveness. 

2. Materials and methods 

We first conducted a scoping literature review (Grant and Booth, 2009) to develop a theoretical 

understanding of likely interactions between ZDC effectiveness and access equity. Given that access equity 
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has not yet been the subject of in-depth academic study in the context of ZDCs �² notwithstanding first 

contributions on ZDCs and rural livelihoods (Newton and Benzeev, 2018) and ZDCs and broader equity 

implications (Lyons-White et al., 2020) �², we drew mainly on insights from alternative private environmental 

governance interventions such as certification schemes and payments for ecosystem services, but reference 

ZDC-specific literature where possible. On the basis of these insights, in Section 4.3 we propose seven 

design principles (P1-P7) on how ZDC implementation at various stages (during ZDC adoption, 

operationalization, and monitoring and enforcement) may lead to synergies between the desired 

effectiveness and access equity outcomes.  

In a next step, we operationalized our design principles by identifying 13 criteria that measure the extent to 

which various current ZDC implementation mechanisms align with our design principles. We followed 

Auld et al. (2008) in classifying mechanisms, which range from individual firm endeavors to public-private 

partnerships (see Section 5.1).  

To evaluate the likely impacts of current ZDC policy design on effectiveness and access equity, we drew 

on empirical evidence in the four largest agricultural forest-risk commodities: palm oil, soybeans, beef cattle, 

and cocoa (Goldman et al., 2020). For each commodity, we identified the top five companies in terms of 

their global market dominance (by volume and/or value) �² all of which have zero-deforestation 

commitments. Given that these commodity supply chains tend to be hourglass-shaped, with the highest 

concentration of actors in the mid-stream (taking on the steps of processing, trading, and occasionally 

manufacturing), we focused on companies at that stage of the supply chain. These actors are furthermore 

�H�V�V�H�Q�W�L�D�O�� �L�Q�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �G�R�Z�Q�V�W�U�H�D�P�� �D�F�W�R�U�V�·�� �F�R�P�P�L�W�P�H�Q�W�V���� �P�D�N�L�Q�J�� �W�K�H�L�U�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �F�K�R�L�F�H�V��

particularly relevant (Grabs and Carodenuto, 2021). Table 1 shows the list of companies for each 

commodity and their estimated market share at their point of the supply chain.  
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Palm oil Soybeans 
Company Volume sourced in 2019 

(million MT; % of world 
trade)  

Company Volumes sourced in 2017 
(million MT; % of world 
trade) 

Wilmar International Ltd. 24.7 (44%) Archer Daniels Midland 15.9 (10.6%) 
Golden Agri Resources 
Ltd 
 

9.4 (17%) Cargill 14.5 (9.7%) 

Musim Mas 9.1 (16%) Louis Dreyfus Company 13.0 (8.7%) 
Apical Group Ltd. 8.7 (15%) Cofco 12.0 (8.1%) 
Sime Darby Bhd. 3.4 (6%) Bunge 9.3 (6.3%) 
Cattle Cocoa 
Company Brazilian slaughtering 

capacity in 2017 
(heads/day; estimated % 
of total capacity)  

Company Volumes used in 2019 
(million MT; % of world 
trade)  

JBS  �����·������������������ Barry Callebaut 1.03 (25%) 
Minerva 11'880 (14.7%) Olam 1.0 (24%) 
Marfrig 10'000 (12.4%) Cargill 0.82 (20%) 
Mercúrio 2'000 (2.5%) Ecom 0.74 (18%) 
Masterboi 1'700 (2.1%) Sucden 0.50 (12%) 

Table 1. Top five firms handling forest-risk commodities, by sector and volumes sourced/used/capacity 

We then analyzed what mechanisms the top five firms used to implement their commitments, and coded 

both individual and collective implementation mechanisms using our design principles and associated 

evaluation criteria. Each criterion was coded as either showcasing synergies between effectiveness and 

access equity (S); favoring effectiveness over equity (E); favoring access equity over effectiveness (Q); or 

unlikely to support effectiveness and unlikely to affect access equity (N). The codebook in Appendix 1 

presents the coding options, examples, as well as aggregation codes for cases where design principles are 

represented by more than one evaluation criterion. The results are presented by design principle. 

We drew on secondary literature to characterize the ZDC context for each commodity, while using both 

primary document analysis of ZDC policies, progress reports, and other corporate sustainability 

communications as the basis for our coding of commitments and their implementation choices for the 20 

analyzed companies. It should be noted that such an analysis of self-reported data and aspirational goals is 

likely to represent a best-case scenario for actual policy implementation and should in the future be further 

tested through interviews and fieldwork. Nonetheless, it provides a first approximation of the extent to 

which corporate actors have �² at least on paper �² taken access equity into account, and already allows us to 

identify clear performance gaps.  

In Section 5, we first report aggregated results of the complete coding matrix alongside comparative 

insights, and then summarize sector-by-sector analyses in our case study section, structuring insights by 

implementation mechanism. The extended coded table can be found in Appendix 1. 

3. ZDC implementation to maximize both effectiveness and access equity 
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3.1. Policy design for equity in access 

A review of the literature shows that contextual barriers to participation in sustainable supply chain and 

conservation initiatives can be classified into six main groups (see Table 3). Farmers may be constrained by 

a lack of education and access to information; a lack of technological capacity (regarding knowledge and 

ability to implement sustainable practices); or a lack of assets and financial resources to implement 

sustainability demands. Further barriers may be related to the legal standing of farmers and their land; the 

�V�L�]�H�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� �I�D�U�P�V�� �R�U�� �L�Q�D�E�L�O�L�W�\�� �W�R�� �D�F�F�H�V�V�� �I�D�U�P�H�U�� �J�U�R�X�S�V���� �D�Q�G�� �W�R�� �I�D�U�P�H�U�V�·�� �Y�D�O�X�H�V�� �D�Q�G�� �F�X�O�W�X�U�D�O�� �Q�R�U�P�V����

which m�D�\���Q�R�W���D�O�L�J�Q���Z�L�W�K���D���S�U�R�J�U�D�P�·�V���F�R�Q�V�H�U�Y�D�W�L�R�Q���R�E�M�H�F�W�L�Y�H�V�����7�D�E�O�H�������D�O�V�R���V�K�R�Z�V���W�K�D�W���W�K�H���Y�D�U�L�R�X�V���E�D�U�U�L�H�U�V��

can be removed or counteracted through context-sensitive policy design of the sustainability interventions. 

Key policy design priorities include: 1) increase awareness about sustainable supply chain initiatives via 

broad outreach and engagement; 2) simplify criteria and provide capacity building opportunities for 

�S�D�U�W�L�F�L�S�D�W�L�Q�J���I�D�U�P�H�U�V�����������S�U�R�Y�L�G�H���I�L�Q�D�Q�F�L�D�O���V�X�S�S�R�U�W���W�K�D�W���F�R�Y�H�U�V���S�U�R�G�X�F�H�U�V�·���R�S�S�R�U�W�X�Q�L�W�\���F�R�V�W�V���R�I���Fompliance; 

4) design criteria to avoid legal exclusion by marginalized farmers or assist them in attaining the necessary 

documentation; 5) design criteria to avoid size-based discrimination or support the establishment of farmer 

groups; and 6) respect and acknowledge local values and norms, for instance through participatory policy 

design.  
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Barrier type  Examples �&�R�X�Q�W�H�U�D�F�W�H�G���E�\�« References (selected) 

Education and 
access to  
information 

Knowledge about 
initiatives, openness 
toward innovation 

Outreach, awareness raising (Adhikari and Boag, 2013; 
Brandi et al., 2015; Jia et al., 
2018; Loconto and Dankers, 
2014; Prokopy et al., 2008; 
Tröster and Hiete, 2018) 

Technological 
capacity 

Good agricultural 
practices, book keeping, 
access to correct inputs 

Simplify criteria, offer 
technical assistance, 
integrate trainings and 
capacity building 

(Adhikari and Boag, 2013; 
Brandi et al., 2015; Jia et al., 
2018; Loconto and Dankers, 
2014; McDermott, 2013) 

Financial 
resources 

Assets, capital available 
for sustainable 
investments 

Financial support, premium 
payments 

(Adhikari and Boag, 2013; 
Brandi et al., 2015; Jia et al., 
2018; Loconto and Dankers, 
2014; Prokopy et al., 2008; 
Sorice et al., 2018; Tröster and 
Hiete, 2018) 

Legal standing Land rights and tenure, 
adherence to land use 
designation 

Simplify criteria, assistance 
in attaining correct legal 
documents, lobbying for 
regulatory alignment 

(Adhikari and Boag, 2013; 
Brandi et al., 2015; 
McDermott, 2013; Schoneveld 
et al., 2019b) 

Organizational 
scale and quality 

Farm size, group 
membership 

Simplify criteria, support 
group formation 

(Adhikari and Boag, 2013; 
Brandi et al., 2015; Loconto 
and Dankers, 2014; Prokopy et 
al., 2008; Tröster and Hiete, 
2018) 

Attitudes, values 
and norms 

Pro-environmental 
attitudes, non-monetary 
values and behavioral 
norms toward 
conservation 

Participatory program 
design; norm-based rather 
than financial policy 
framings; community-level 
implementation 

(Prokopy et al., 2008; Sorice et 
al., 2018; Tröster and Hiete, 
2018) 

Table 2. Barriers to sustainable market access and policy design criteria to avoid unfair market exclusion 

 

3.2. The implementation of ZDCs 

We now turn to how such design criteria may be respected when implementing zero-deforestation 

commitments. Figure 1 shows the stages of ZDC implementation across a stylized supply chain, 

highlighting four steps: ZDC adoption, operationalization, monitoring, and enforcement. Supply chain 

policy adoption sets the stage for defining what behavioral changes are required of actors along the supply 

chain (e.g. regarding the deforestation reduction target, forest definition, commitment scope, and target 

date) (Garrett et al., 2019). During the operationalization phase, companies determine how they plan to reach 

their targets. Decisions include the corporate involvement in collective or public-private approaches; the 

clarity of policies and consequences; the choice of incentives for supplier compliance (positive, e.g. 

certification schemes or negative, e.g. market exclusion mechanisms); the attribution of responsibility; the 
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definition of a cut-off date; and plans on how to disseminate the policy (Garrett et al., 2019; Lambin et al., 

2018). When surveying approaches to monitoring and identification of non-compliance, we can broadly distinguish 

between police-patrol monitoring (with active and direct oversight by the company adopting the 

commitment) and fire-alarm monitoring approaches (where oversight activity is delegated to civil society) 

(cf. McCubbins and Schwartz, 1984). An example of police-patrol monitoring is the sophisticated satellite-

based monitoring of suppliers, such as the use of PRODES deforestation maps by the participants in the 

G4 Cattle Agreement, a market-exclusion mechanism in Brazil (Gibbs et al., 2016). In contrast, grievance 

management systems of palm oil companies, which allow individuals, governmental and non-governmental 

organizations to raise concerns over non-compliance with ZDC policies, are examples of fire-alarm 

monitoring systems (see for example Wilmar International, 2015). Then, the policy needs to be enforced, and 

companies need to decide what action to take with non-compliant suppliers (Merino, 2019). Finally, 

producers are expected to change their behaviors in response to the private policy implementation or 

incentives, in which case the ZDC is successful.  

 

Figure 1. The stages of ZDC implementation along a stylized supply chain 

 

Policy failure occurs when producers decide to leave the ZDC market and change to less stringent buyers 

���W�K�H���¶�O�H�D�N�D�J�H���P�D�U�N�H�W�·�������R�U���Z�K�H�Q���W�K�H�\���D�U�H���D�E�O�H���W�R���V�H�O�O�����R�U���¶�O�D�X�Q�G�H�U�·�����Q�R�Q-compliant goods into ZDC markets  

(Alix-Garcia and Gibbs, 2017; Gibbs et al., 2016; Meyfroidt et al., 2020). This process becomes more 

complex when the committed company does not buy directly from the producer whose behavior the policy 
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seeks to change, a very common situation in globalized tropical commodity supply chains (e.g., the case of 

calf producers in beef supply chains, or refiners purchasing palm oil from mills who source from 

independent plantations). In these instances, the committed company must delegate on-the-ground 

�H�Q�I�R�U�F�H�P�H�Q�W���W�R���X�S�V�W�U�H�D�P���D�F�W�R�U�V�����¶�L�Q�W�H�U�P�H�G�L�D�U�L�H�V�·���L�Q���)�L�J�X�U�H�����������D�Q�G���R�U���U�H�O�\���R�Q���W�K�L�U�G-party tools such as audits 

and certification to achieve compliance. 

3.3. Seven design principles for synergies between ZDC effectiveness and access equity 

At each stage of this process, ZDC policy design can improve or exacerbate equity in access vis-a-vis the 

potential barriers to participation outlined in Section 4.1. Connecting the identified general key policy design 

priorities to the more specific case of ZDC implementation outlined above, we here propose a set of key 

design principles (P) likely to affect equity in access and synergies with ZDC effectiveness. 

3.3.1. Policy adoption stage 

To prevent unfair market exclusion, ZDC companies should set forest protection goals in a way that takes 

into account the differential capacities of actors to comply with them. Of particular concern are farmers 

with limited awareness of market demands, as well as high forest, low-income countries that have 

historically conserved their forest, but have high potential for agricultural production (Lyons-White et al., 

2020). Such actors may require a longer policy phase-in to give producers time to adapt, or they might be 

exempted from rules that are difficult to achieve in their context. It has further been proposed that ZDC 

goal definitions be adapted to allow for development-focused, community-led clearing in high forest cover 

regions (Senior, 2018). However, making exceptions to the policy target dates or scope creates serious 

tensions with ZDC effectiveness, which is highest when commitments are stringent, comprehensive, cover 

both target products and their substitutes (e.g., oil palm and soybeans, which may both be used for biofuel 

production), and are ambitious in cut-off dates to prevent anticipatory clearing (Garrett et al., 2019). High-

forest cover countries, for instance, constitute some of the last vestiges of intact forest landscapes, which 

makes equity-driven exceptions in these regions a serious loophole to the goal of preventing habitat loss 

from commodity-driven deforestation (Potapov et al., 2017). To overcome tensions, we propose that: 

P1: ZDCs should be stringent and cover all producers, regions, and substitutable products to undercut 

leakage opportunities, but be accompanied by commitments to support alternative developments paths 

(i.e., with development aid or value-added industry) to offset negative economic impacts resulting from 

exclusion choices, from the individual to national scale.  

3.3.2. Policy operationalization stage 

When implementing the supply chain policy, ensuring equity of access requires that barriers related to 

awareness about the supply chain rules, the technical ability to implement them (e.g., by identifying forest 

that should not be converted), and legal limitations to participation (e.g. requiring full land tenure) are either 
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removed or counteracted by the provision of support to meet such rules. Financial constraints are a further 

barrier to participation in ZDC markets, especially if vulnerable farmers have a low economic capacity to 

bear the opportunity costs of such rules. To date, most implementation costs of ZDC measures have been 

borne by farmers upstream, while such policies originated in downstream demands (Garrett et al., 2021; 

Lyons-White et al., 2020). To decrease financial barriers to access ZDC markets, downstream companies 

�V�K�R�X�O�G���V�K�D�U�H�� �E�R�W�K�� �W�K�H�� �F�R�V�W�V�� �D�V�� �Z�H�O�O�� �D�V�� �S�R�W�H�Q�W�L�D�O�� �E�H�Q�H�I�L�W�V�� �D�U�L�V�L�Q�J�� �I�U�R�P�� �F�R�Q�V�X�P�H�U�V�·�� �Z�L�O�O�L�Q�J�Q�H�V�V�� �W�R�� �S�D�\�� �I�R�U��

deforestation-free commodities (which may in turn enhance distributional equity). Assistance in 

overcoming such barriers to compliance is likely to represent synergies with effectiveness, as it will enhance 

the breadth and quality of compliance (Bardach and Kagan, 1982; Kiser and Ostrom, 2000). We thus posit 

that: 

P2: ZDCs should pursue active dissemination of rules via trainings that are adapted to the specific capacity 

gaps and concerns of various suppliers.  

P3: ZDCs should further include active removal of barriers to compliance via differentiated and locally 

targeted capacity-building measures, and both financial and in-kind support. 

P4: ZDCs should provide benefit-sharing schemes for compliance through price or non-price mechanisms 

and consider payments to offset lost income, especially for farmers living in poverty. 

There are further two broader procedural design characteristics that are likely to boost both effectiveness 

and access equity of ZDC measures. The co-production of rules and implementation procedures with users 

is likely to enhance corporate knowledge on local barriers and support needs for adoption, as well as 

enhance the legitimacy and cultural appropriateness of such measures (Mena and Palazzo, 2012). Such co-

production could lead to the development of incentive systems that are more in line with local norms, 

attitudes and values. In addition, coordination of ZDC actors with other (public and private) policymakers 

can standardize requirements and co-finance support measures, making it easier for farmers to comply, 

while shrinking the leakage market and improving monitoring capacities. 

P5: ZDCs should involve the co-production of rules and implementation procedures with affected supply 

chain members and surrounding communities.  

P6: ZDC actors should further coordinate with other policy-making actors (private and public) to enhance 

the inclusivity and complementarity of policies.  

3.3.3. Policy monitoring and enforcement stages 

It is also important to avoid unfair exclusion when monitoring the performance of ZDC producers, and 

when deciding how to react to non-compliances. Unfair exclusion related to size may occur when 

monitoring systems (e.g. satellite imagery) are only accurate in their attribution as of a minimum area size, 
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or when the lack of knowledge about ownership patterns on the ground precludes an accurate assessment 

�R�I�� �D�� �F�R�P�S�D�Q�\�·�V�� �V�X�S�S�O�\�� �U�L�V�N���� �D�Q�G�� �D�Q�� �D�U�H�D�� �L�V�� �U�H�P�R�Y�H�G�� �I�U�R�P�� �W�K�H�� �V�X�S�S�O�\�� �F�K�D�L�Q�� �I�R�U�� �W�K�D�W�� �U�H�D�V�R�Q���� �$�O�W�H�U�Q�D�W�L�Y�H��

monitoring technologies and ground-truthing all relevant information can prevent such situations. When 

reacting to non-compliance, it is important to assess whether non-compliance was due to delinquency, or 

rather due to a lack of knowledge of rules or ways in which to comply with them. In the former case, strict 

supply chain exclusion may be desirable. In the latter, however, a collaborative compliance management 

approach (Bardach and Kagan, 1982), whereby ZDC companies work with suppliers to bring them into 

compliance without excluding them at first, may lead to greater equity in access as well as improved 

sustainability outcomes (Koberg and Longoni, 2019). 

P7: ZDCs should use inclusive oversight, equal monitoring, but differentiated enforcement.  

Table 3 provides an overview of the seven principles, alongside the criteria we used to operationalize the 

principles and apply them to various ZDC implementation options in the palm oil, soybean, cattle, and 

cocoa sectors. Section 5 summarizes our findings on how well different implementation mechanisms are 

able to balance effectiveness and equity in access.  

 Design principle Evaluation Criteria 
1 ZDCs should be stringent and cover all producers, regions, 

and substitutable products to undercut leakage 
opportunities, but be accompanied by commitments to 
support alternative developments paths (i.e., with 
development aid or value-added industry) to offset negative 
economic impacts resulting from exclusion choices, from 
the individual to national scale. 

Deforestation reduction target 
Policy scope (actors) 
Policy scope (regions) 
Cut-off date 
Offsetting of negative impacts resulting 
from exclusions 

2 ZDCs should pursue active dissemination of rules via 
trainings that are adapted to the particular capacity gaps 
and concerns of various suppliers. 

2.1. Evidence of active policy 
dissemination 

3 ZDCs should further include active removal of barriers to 
compliance via differentiated and locally targeted capacity-
building measures, and both financial and in-kind support. 

3.1. Capacity building 
3.2. Legal alignment 
 

4 ZDCs should provide benefit-sharing schemes for 
compliance through price or non-price mechanisms and 
consider payments to offset lost income, especially for 
farmers living in poverty. 

4.1. Evidence of benefit sharing 

5 ZDCs should involve the co-production of rules and 
implementation procedures with supply chain members 
and surrounding communities. 

5.1. Evidence of co-production of policy 
operationalization 

6 ZDC actors should further coordinate with other actors 
(private and public) to enhance the inclusivity and 
complementarity of policies. 

6.1. Evidence of coordination of public 
and private actors 

7 ZDCs should use inclusive oversight, equal monitoring, 
but differentiated enforcement. 

7.1. Inclusive monitoring 
7.2. Enforcement approach 

Table 3. Seven design principles for effectiveness-access equity synergies and associated evaluation criteria 

 

4. Assessing likely tensions and synergies between access equity and effectiveness in 

implemented ZDCs in the palm oil, soybean, cattle, and cocoa sectors 

4.1. Comparative overview of ZDC implementation mechanisms and policy design 
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Adapting the terminology of Auld et al. (2008), ZDCs can be implemented using a variety of so-�F�D�O�O�H�G���´�Q�H�Z��

�&�R�U�S�R�U�D�W�H���6�R�F�L�D�O���5�H�V�S�R�Q�V�L�E�L�O�L�W�\�µ���W�R�R�O�V��(Carodenuto, 2019; Furumo and Lambin, 2020; Garrett et al., 2019, 

2018; Gibbs et al., 2016; Lambin et al., 2018). Table 4 shows an overview of existing examples of new CSR 

tools that have been used to implement ZDCs in the palm oil, soybean, cattle and cocoa sectors, alongside 

their differences with regard to the operationalization, monitoring, and enforcement of the commitment as 

well as their incentive mechanisms. These differences are of high relevance when evaluating the likely 

effectiveness and access equity of the tools in comparison.  
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New CSR 
tool 

Application in 
the context of 
ZDC 
implementation 

Example of 
implementation 
approach 
(location and 
associated 
commodity, 
where not 
evident) 

Operationalization 
of commitment 

Monitoring 
of 
commitment 

Enforcement 
of 
commitment 

Incentive 
mechanism 

Individual 
firm 
endeavors 
(with 
potential 
NGO 
partnership) 

Corporate ZDC 
policies 
translated into 
supplier codes of 
conduct and 
time-bound 
action plans 
(may include 
collaboration 
with NGOs to 
map, monitor, 
and engage with 
suppliers) 

No 
Deforestation, 
Peat, and 
Exploitation 
(NDPE) policies 
(global, palm oil) 
Forest 
protection 
supply chain 
policies (global, 
cocoa) 

Firm-wide policy 
(with potential 
design input from 
NGOs) 
Supplier code of 
conduct 
ZDC requirement 
integrated in 
purchasing 
contracts 

Satellite 
monitoring 
Supplier self-
reporting 
Supplier 
audits (with 
potential 
third-party 
involvement) 

Supplier 
education 
workshops 
One-on-one 
trainings 
Grievance 
procedures 
(verified non-
compliance 
leads to 
action plans 
or market 
exclusion) 

Negative: 
threat of 
sanctions, 
e.g. market 
access 
exclusion, 
for non-
compliance 
(albeit 
potential 
support for 
movement 
toward 
compliance) 

Industry 
(association) 
codes of 
conduct and 
agreements 

Industry-wide 
agreements, 
bans, or 
moratoria 

G4/G6 Zero 
Deforestation 
Cattle 
Agreements 
(Brazil) 
Soy Moratorium 
(Brazil) 

Collective 
agreements to avoid 
sourcing from high-
risk regions or non-
compliant suppliers 

Supply chain 
tracing 
Satellite 
monitoring 

Acceptance 
of product 
predicated on 
provenance 
or producer 
behavior 

Negative: 
market 
access 
exclusion 

Public-
private 
partnerships 

Collaboration 
with public 
policy actors to 
support policy 
enforcement 

Termo de 
Ajustamento de 
Conduta (Brazil, 
cattle) 
Cocoa and 
Forests Initiative 
(Ghana, Côte 
�G�·�,�Y�R�L�U�H�� 

Alignment of 
corporate policy to 
local legal 
framework 

Satellite 
monitoring 

Acceptance 
of product 
predicated on 
legality 

Negative: 
market 
access 
exclusion 
for illegal 
products 

Jurisdictional 
approaches to 
sustainable 
sourcing regions 

IDH Verified 
Sourcing Area 
pilots (global; 
palm oil, cattle) 
 

Public-private 
commitment to 
action plan that 
reduces 
deforestation in the 
region 

Agreed-upon 
KPI assessed 
by multi-
stakeholder 
group, likely 
reliance on 
governmental 
data 

Follow-
through on 
targeted 
investments 
or preferential 
sourcing  

Positive: 
provision of 
targeted 
investments 
or 
preferential 
sourcing 

Non-state 
market-
driven 
private 
sector hard 
law 

Third-party 
certification 
schemes 

Roundtable on 
Sustainable Palm 
Oil 
Round Table on 
Responsible Soy 
Rainforest 
Alliance (cocoa) 

Integration of ZDC 
definitions into 
rules of third-party 
certification 

Third-party 
(sample-
based) 
auditing of 
certification 
rules 

Preferential 
sourcing of 
certified over 
non-certified 
products 

Positive: 
Improved 
market 
access 
and/or 
price 
premiums 
for certified 
products 

Table 4. Overview of most common ZDC implementation mechanisms in forest-risk commodities. It should be noted that 
there may be overlap between various mechanisms in the same region, and that initiatives may change from one type to 

another over time (e.g. from industry agreements to public-private partnerships, if state support is added)  
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Companies often pursue multiple interventions in parallel, making it more difficult to tease apart their 

contributions. In order to be able to compare both different sectors as well as different implementation 

approaches, we used the five largest companies in each sector as a guide for collecting information on 

initiatives that have been adopted �² ranging from their own policy to collaborations they pursue �² and then 

categorized these according to Auld et al. (2008)�·�V�� �W�H�U�P�L�Q�R�O�R�J�\���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �D�O�O�R�Z�V�� �X�V�� �W�R�� �F�D�S�W�X�U�H�� �D��

comprehensive section of each market. Figure 2 shows the results of the coding exercise, where we coded 

to what extent different mechanisms followed the seven principles laid out in section 4.3. We include the 

individual company policies of the five largest corporate actors, alongside the most prominent example of 

industry agreements, public-private partnerships, and certification schemes for each sector (if present).  

 

Figure 3. Evaluation of seven design principles for synergies between ZDC effectiveness and equity in access in 28 examples 
of ZDC implementation. The scoring evaluates to what extent ZDC implementation mechanisms are aligned with the 

synergistic design principles (Synergies), favor effectiveness over access equity (Effectiveness), favor access equity over 
effectiveness (Equity), or do not contribute to either goal (Neither). In one case, P2 and P7 were unable to be scored as the 

initiative is still under development. 

Select mechanisms, such as palm-focused single company policies or the cocoa-focused public-private 

partnership CFI, show a number of synergistic design choices, while others such as the Soy Moratorium or 

the cattle-focused public-private partnership TAC have very few synergies. Where one outcome is favored, 

it is more often effectiveness than access equity. However, and strikingly, many mechanisms include 

implementation choices that contribute to neither effectiveness nor access equity, which leaves great room 

for improvement. 

Sections 5.2-5.6 present more in-depth evidence of the patterns shown in Figure 2 by drawing on the most 

prominent sectoral example of each implementation mechanism and its fit with the design principles P1-

P7.  
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4.2. Individual firm endeavors: the example of palm oil 

Individual firm-level sourcing policies can be found in all sectors under analysis, but many of these policies 

are not or only poorly implemented (Garrett et al., 2019). We thus focus on insights from No Deforestation, 

No Peat, No Exploitation (NDPE) policies in the oil palm sector, which have existed since 2011 and have 

at least been partially implemented (Lyons-White and Knight, 2018). In palm oil, actors typically 

�G�L�I�I�H�U�H�Q�W�L�D�W�H�� �E�H�W�Z�H�H�Q�� �¶�W�L�H�G�·�� �R�U�� �¶�S�O�D�V�P�D�·��smallholders, which are smallholders that belong to concessions 

either as outgrowers or shareholders of a part of the larger concession, and independent smallholders, who 

started their farm on their own and have no assistance from larger grower companies (Schoneveld et al., 

2019b). 

Equity in access to sustainable markets for smallholder farmers has been recognized as core goal alongside 

environmental aims in corporate policies. All five companies analyzed �² and indeed, 41 out of 57 mid- and 

upstream palm oil companies with sustainable supply chain policies (SPOTT, 2021) �² have made a 

commitment to support and include smallholders. Nonetheless, they all commit to gross-zero deforestation 

(i.e., no deforestation beyond a cut-off date including no clearing of areas defined by High Carbon Stock 

approach) in their entire supply chain, including all third-party suppliers and independent smallholder 

farmers (P1). They balance these criteria mainly by using differentiated enforcement (P7) in which 

smallholders are rarely excluded, but instead targeted with capacity building programs. In addition, to date, 

most individual firm programs pursue differentiated monitoring (P7), as they tend to monitor only large-

scale concessions in their supply base (using satellite imagery), which makes it unlikely that non-compliance 

by smaller producers will be detected or punished.  

Individual NDPE policies tend to include wide-reaching policy dissemination (P2) and (more targeted) 

capacity building (P3), though such efforts are still mainly focused at supplying plantations and palm oil 

mills, the first aggregation point of palm fruit. While much producer-level capacity building is limited to 

pilot pro�M�H�F�W�V�����V�R�P�H���F�R�P�S�D�Q�L�H�V���J�R���E�H�\�R�Q�G���W�K�D�W�����:�L�O�P�D�U�·�V���W�U�D�L�Q�L�Q�J���S�U�R�J�U�D�P���R�Q���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���W�K�H���S�X�E�O�L�F��

Indonesian Palm Oil Standard reached 8,670 independent smallholders out of 18,100 farmers that directly 

supply their mills (Wilmar, 2020), while Musim Mas cooperated with the International Finance Corporation 

to roll out training on best agricultural management practices to 43,000 independent palm smallholders 

(Musim Mas, 2021). Further, select farmers are aided in getting land titles and other types of legal alignment 

(P3), albeit still on a pilot project level. While smallholder support is becoming more common, it is however 

not always linked to zero-deforestation compliance per se. Programs to support alternative livelihoods are 

few and far between and mainly aimed at supporting farmers during the replanting period, rather than 

offering them an alternative to palm production in the long term (P1). 

Where most individual policies still fall short is on the provision of benefit sharing (P4), as most do not 

offer improved market conditions for ZDC participation, unless it is coupled with RSPO certification (see 

5.5), and policy co-production (P5), as supply chain policies are defined internally or in consultation with 
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leading NGOs, but not with suppliers. Finally, while NDPE policies are similar across the sector (thanks 

to a combination of stakeholder interaction and institutional isomorphism (Roszkowska-Menkes and 

Aluchna, 2017)), companies are still not centrally coordinated �² among each other or with state actors �² in 

how they engage with suppliers and react to non-compliances (P6). This lack of alignment opens the 

possibility that efforts are duplicated or undermine one another. However, efforts are currently underway 

to address this issue, for instance through the Palm Oil Collaboration Group and through landscape 

programs such as the Siak-Pelalawan Landscape program. Overall, palm NDPE policies thus show 

considerable efforts at synergies, but still tend to prioritize producer inclusion over effectiveness in a way 

that may allow for continued deforestation in smaller and more informal land holdings. 

4.3. Industry agreements and moratoria: The example of soy 

 The Soy Moratorium is a collective agreement signed in 2006 by all of the members of the Brazilian 

Vegetable Processing (Portuguese acronym ABIOVE) and the National Association of Cereal Exporters 

(Portuguese acronym ANEC), which accounted for 90% of the companies in the Brazilian soy sector, to 

not source soy from areas in the Brazilian Amazon deforested after July 24, 2006 (this was later amended 

to July 22, 2008). The signatories to the agreement include all of the top five soy trading companies. This 

agreement prioritizes effectiveness over equity in design, operationalization, and monitoring. The policy 

design is stringent in terms of a zero-gross deforestation target covering all actors, but only targets actors 

in the Brazilian Amazon, allowing farmers in the neighboring Amazonian countries or Brazilian Cerrado to 

continue clearing (P1). This may be mitigated to a certain extent by individual company global zero-

deforestation commitments that on paper extend to other production regions, but most often these are not 

implemented, given that there is no monitoring or enforcement system (Garrett et al., 2019; Gollnow et al., 

2018; zu Ermgassen et al., 2020). In operationalizing the policy there were no efforts made to build capacity 

with the farmers except in isolated areas, e.g., the Responsible Soy Project of Cargill in Santarem (Jung and 

Polasky, 2018). The policy was developed in a top-down manner by industry (P5). The only identifiable 

equity-mitigating impact is that the monitoring and enforcement systems were aligned with existing legal 

processes already underway in Brazil, including property boundary �U�H�J�L�V�W�U�D�W�L�R�Q���L�Q���%�U�D�]�L�O�·�V���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O��

Property Cadaster (Cadastro Ambiental Rural �² CAR) (P3) and near-real time deforestation monitoring 

(INPE, 2020) (P6).  

Despite these features, the policy is unlikely to further marginalize or exclude many farmers for several 

regions. First, soy production is a capital-intensive activity that already is inaccessible to most poorer 

farmers (Garrett and Rausch, 2016; Russo Lopes et al., 2021). Second, soy is undertaken on a range of farm 

sizes, but two-�W�K�L�U�G�V���R�I���V�R�\���I�D�U�P�H�U�V���L�Q���W�K�H���$�P�D�]�R�Q�����1�R�U�W�K�����U�H�J�L�R�Q���D�U�H���F�R�P�P�H�U�F�L�D�O�����U�D�W�K�H�U���W�K�D�Q���´�I�D�P�L�O�\�µ��

farms, and even including family farmers, the average farm size is >2,000 hectares (IBGE, 2017). Finally, 

producers sell directly to traders rather than through intermediaries, which enables monitoring and 

enforcement across the entire supply chain (Garrett et al., 2013). However, the penalty of market exclusion 
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is without exception so there is little room for capacity building, which theoretically could lead to some 

producers who are excluded either selling into local leakage markets (i.e., confined pork and poultry 

systems), which could be harmful to their livelihoods if the marketing conditions decline (P7). Additionally, 

the narrow Amazonian scope coupled with the negative disincentive could favor leakage to other areas, 

exacerbating effectiveness (P1). 

4.4. Public-private partnerships: The example of cocoa 

The Cocoa and Forests Initiative was launched in 2017 as a highly ambitious, sector-wide, public-private 

partnership that aimed to tackle the problem of commodity-driven deforestation in a holistic fashion. It 

�X�Q�L�W�H�V���W�K�H���J�R�Y�H�U�Q�P�H�Q�W�V���R�I���*�K�D�Q�D���D�Q�G���&�R�W�H���G�·�,�Y�Rire �² countries which together account for 63% of global 

cocoa production and have been identified as deforestation hotspots �² with 35 cocoa and chocolate 

companies in the aim to stop forest conversion for cocoa, eliminate cocoa production from national parks 

and legal forest reserves, and restore forests in both countries (Carodenuto, 2019). In a step-wise, multi-

stakeholder approach, actors moved from statements of intent to joint action frameworks and 

implementation plans, which ensured a strong coordination between public and private actors (P6). 

Although cocoa farmers were not strongly involved in policy development, some companies organized 

consultations in cocoa communities on the implementation of the framework (P5). Participating cocoa 

�S�U�R�F�H�V�V�L�Q�J�� �D�Q�G�� �W�U�D�G�L�Q�J�� �F�R�P�S�D�Q�L�H�V�� �K�D�Y�H�� �O�D�U�J�H�O�\�� �D�O�L�J�Q�H�G�� �W�K�H�L�U�� �R�Z�Q�� �S�R�O�L�F�L�H�V�� �Z�L�W�K�� �W�K�H�� �L�Q�L�W�L�D�W�L�Y�H�·�V��goals and 

focused their immediate efforts on action in and around legal forest reserves and national parks (allowing 

for legal alignment), while also investing in large-scale capacity-building measures promoting agroforestry 

and climate-smart cocoa production (P3), and sensitization around deforestation issues (P2). Positive 

incentive-setting for conservation (P4) was also integrated, as companies promoted payments for ecosystem 

services to protect and restore forested areas. However, such schemes are still at a small scale and not 

supported by any of the major actors we assessed. As of 2019, only 1,340 farmers were participating in PES 

contracts (out of a target of 215,900 by 2022). Most companies have focused more immediate action on 

their direct supply chains (where they buy directly from cocoa cooperatives), rather than their indirect 

suppliers, although estimates suggest that indirect supply chains account for around 50% of cocoa sourced, 

and are likely where deforestation for cocoa farming is concentrated (Carodenuto and Buluran, 2021) (P1). 

On the other hand, the close alignment in public-private partnerships also increases the interdependency 

of actors for policy implementation and enforcement to occur as planned. In the case of CFI, governments 

were responsible for providing transparent satellite-based monitoring systems with deforestation alerts, 

�Z�K�L�F�K�� �Z�R�X�O�G�� �E�H�� �´�P�D�G�H�� �S�X�E�O�L�F�O�\�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �D�O�O�� �V�W�D�N�H�K�R�O�G�H�U�V�� �W�R�� �P�H�D�V�X�U�H�� �D�Q�G�� �P�R�Q�L�W�R�U�� �S�U�R�J�U�H�V�V�� �R�Q�� �W�K�H��

overall deforestation �W�D�U�J�H�W�µ��(CFI, 2017a, 2017b). Such monitoring systems had not yet materialized two 

years into the agreement. Some companies such as Barry Callebaut or Cargill went ahead in developing 

�W�K�H�L�U�� �R�Z�Q�� �V�D�W�H�O�O�L�W�H�� �P�R�Q�L�W�R�U�L�Q�J�� �F�D�S�D�F�L�W�L�H�V���� �Z�K�L�O�H�� �R�W�K�H�U�V�� �¶�P�R�Q�L�W�R�U�H�G�·�� �V�X�S�S�O�\�� �F�K�D�L�Q�V�� �E�\�� �W�U�D�F�L�Q�J�� �W�K�H�L�U�� �V�X�S�S�O�\��

chains and mapping out farm boundaries, but had no data on deforestation patterns on those same areas. 
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In the absence of up-to-date deforestation data, CFI implementation to date has mainly been cooperative 

and focused on restoration and capacity-building by teaching farmers about agroforestry and distributing 

and planting tree seedlings, rather than reacting to ongoing deforestation issues. This likely increases the 

�S�R�O�L�F�\�·�V���H�T�X�L�W�\���D�W���W�K�H���H�[�S�H�Q�V�H���R�I���V�K�R�U�W-term effectiveness in stopping forest conversion (P7). 

An important exception, and another key example of interdependencies at the heart of the effectiveness-

equity tension, is the decision of what should happen to farmers whose plots lie in national parks and forest 

reserves. In line with the Joint Action Plans, companies committed to excluding farmers found in such 

areas from their supply chain, and to reporting such farms to governments such that farmers could be 

resettled elsewhere. Yet, the CFI Framework documents also acknowledge the importance of social 

inclusion and avoiding negative consequences, and attributes to governments the responsibility to mitigate 

the social impacts of proposed land use changes, inter alia by ensuring the provision of alternative 

livelihoods (CFI, 2017a, 2017b). In practice, the operationalization of such social safeguards has been slow, 

while little information has been forthcoming on concrete plans for alternative livelihood provision. In 

addition, necessary information such as the geo-�V�S�D�W�L�D�O���E�R�X�Q�G�D�U�L�H�V���R�I���H�Q�F�O�D�Y�H�V���D�Q�G���¶�D�G�P�L�W�W�H�G���I�D�U�P�V�·�����Z�K�R��

operate legally in forest reserves) was still outstanding 2 years after the CFI was initiated (CFI, 2020a, 

2020b). In their progress reports, some companies reported that they were still waiting for relevant social 

safeguards to be established before complying with their commitments, while others stated that they had 

ceased purchasing from farms partly or fully within a protected area boundary (and negative socio-economic 

�H�I�I�H�F�W�V�� �R�I�� �V�X�F�K�� �G�H�F�L�V�L�R�Q�V�� �Z�H�U�H�� �O�L�N�H�O�\�� �Q�R�W�� �R�I�I�V�H�W������ �&�R�W�H�� �G�·�,�Y�R�L�U�H�� �V�L�P�X�O�W�D�Q�H�R�X�V�O�\�� �L�Q�W�H�Q�V�L�I�L�H�G�� �I�R�U�H�V�W�� �S�R�O�L�F�H��

�F�R�Q�W�U�R�O�� �D�Q�G�� �V�X�U�Y�H�L�O�O�D�Q�F�H�� �W�R�� �´�V�H�F�X�U�H�µ�� �F�O�D�V�V�L�I�L�H�G�� �I�R�U�H�V�W�V�� �D�Q�G�� �Q�R�W�H�G�� �W�K�D�W�� �V�X�F�K�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�� �K�D�G�� �O�H�G�� �W�R�� �W�K�H��

�´�Y�R�O�X�Q�W�D�U�\�� �G�H�S�D�U�W�X�U�H�� �R�I�� �I�D�U�P�H�U�>�V�@�µ�� �I�U�R�P�� �P�D�Q�\�� �V�X�F�K�� �I�R�U�H�V�W�V���� �Z�L�W�K�R�X�W�� �F�R�P�P�H�Q�W�L�Q�J�� �R�Q�� �H�T�X�L�W�\-related 

concerns (CFI, 2020b, p. 16). This trade-off continues to be unresolved. 

4.5. Combining industry agreements and public-private partnerships: The example of 

cattle in the Brazilian Amazon 

In 2009 Greenpeace launched a campaign that attributed responsibilities for large swathes of deforestation 

in the Brazilian Amazon to cattle ranching (Greenpeace, 2009). Following the campaign, the four larger 

meatpackers operating in Brazil and Greenpeace signed a commitment to not source cattle from farms that 

deforested after October 2009, encroached upon protected areas and indigenous lands, or employed slave 

labor (G4) (P1) (Gibbs et al., 2016). In the same year the Federal Public Prosecutor (MPF) of the Brazilian 

state of Pará launched an investigation addressing pervasive non-compliance with environmental and labor 

laws among the meatpackers of the state, who were responsible for purchasing cattle farmed illegally 

(Imazon, 2018). The MPF forced all larger companies to sign the so-called TAC (Termos de Ajustamento 

de Conduta). TAC was an agreement of non-prosecution on the condition that companies monitored and 

disclosed their suppliers and excluded from their supply base cattle originating from farms that conducted 

illegal deforestation after August 2008, encroached upon protected areas and indigenous lands, or employed 
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slave labor. In 2014 TAC was extended to the other states of the Amazon Biome (P1) (Cammelli et al., in 

review). G4 signatories also signed TAC, such that both agreements today largely overlap, except that G4 

targets zero-gross and TAC targets zero-illegal deforestation (Boi na Linha, 2021). In the early years of the 

agreements, only G4 but not TAC signatories had set up a monitoring system. The system relied on 

triangulating information on environmental crimes from public agencies with self-reported farms 

boundaries, CAR information (over time partly validated by public environmental agencies), and remotely 

sensed data about deforestation (PRODES) from the Brazilian spatial agency (INPE), which detects 

deforestation patches larger than 6.25 ha (Gibbs et al., 2016). In later years and especially after 2015, TAC 

signatories started monitoring their suppliers using the same systems developed by G4 signatories, and the 

MPF started auditing the meatpackers performance on the agreements (Capóssoli Armelin et al., 2020). 

The monitoring systems employed differed substantially across TAC and G4 signatories and across the 

several consulting companies implementing the monitoring. In 2020 a unified monitoring protocol was 

achieved after negotiations involving companies and the MPF and led by NGOs (P6) (MPF, 2020). This 

protocol will allow the MPF to produce public audits whose results are comparable, rank companies based 

on compliance to the agreement and establish clear guidelines for non-compliant farmers to regain 

�F�R�P�S�O�L�D�Q�F�H�����<�H�W���D�O�O���F�R�P�S�D�Q�L�H�V���Z�H�U�H���U�H�O�X�F�W�D�Q�W���W�R���G�L�V�F�O�R�V�H���W�K�H�L�U���S�U�R�G�X�F�H�U�V�·���O�L�V�W�����U�H�G�X�F�L�Q�J���R�S�S�R�U�W�X�Q�L�W�L�H�V���I�R�U��

assessments beyond independent (but long disputed) audits. 

Both G4 and TAC are based on negative incentives (P4) and have a top-down design (P5). TAC has been 

described as cooperative towards meatpackers, but coercive towards farmers (Cammelli et al., in review). 

Yet neither TAC nor G4 have been fully implemented: to date, only direct suppliers have been monitored 

and eventually excluded (MPF, 2020), which opens a number of loopholes for cattle laundering across 

farms of any size (Pereira et al., 2020), yet safeguards equity by preventing fragile smallholder calf producers 

from being excluded (P7). Current assessments of G4 effectiveness found limited or no effect, due to 

leakage (Alix-Garcia and Gibbs, 2017). To date the effectiveness of TAC is unassessed. 

In 2020 and 2021 the two largest meatpackers committed to extend monitoring to their indirect suppliers, 

as well as to provide some forms of technical assistance to foster productivity and compliance, and to secure 

a sufficiently large supply base. To date technical assistance is limited to a few pilot projects (P2-P3) 

(Marfrig, 2020). In addition, both companies aim to extend monitoring to the Brazilian savannas (Cerrado), 

aiming for zero net and zero illegal deforestation respectively. 

4.6. Certification schemes: The cases of RA, RSPO, and RTRS 

One of the most common ways for downstream companies with zero-deforestation commitments to 

operationalize their commitments is to source goods certified under third-party certification schemes such 

as the Rainforest Alliance (RA) standard (commonly used for cocoa as well as coffee and other tropical 

commodities), the Roundtable on Sustainable Palm Oil (RSPO), and the Round Table on Responsible Soy 



 
 

271 

(RTRS) certifications. Out of 553 companies that disclosed information about how they tackle commodity-

driven deforestation in 2019, 71% had a target related to certification adoption (CDP, 2021).  

As they were not originally designed to provide deforestation-free guarantees, some standards have had to 

fundamentally reinvent themselves. For instance, RSPO introduced a new zero-deforestation criterion 

during its standard revision in 2018, while the Rainforest Alliance in its 2020 standard revision aligned its 

cut-off date for ecosystem conversion with company commitments (Rainforest Alliance, 2020a). Today, all 

three standards that we examine �² RA, RSPO, and RTRS �² include zero-gross deforestation rules (P1). In 

addition, the multi-stakeholder procedures of such standards ensure a modicum of co-production and 

consultation with producers (P5), although smallholder farmers are frequently underrepresented in standard 

development and governance compared to other industry actors or NGOs (Bennett, 2017; Schouten et al., 

2012). While there is little direct government involvement in rule-setting (P6), standards do refer to national 

�O�H�J�L�V�O�D�W�L�R�Q���D�Q�G���V�R�P�H���D�O�O�R�Z���I�R�U���¶�Q�D�W�L�R�Q�D�O���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�·���What make them more context-appropriate (P3). 

However, there are other features in the ways that standards have traditionally functioned that put them at 

odds with ZDC implementation in a strict sense. One element common to all three standards is that to 

da�W�H�����W�K�H���P�D�M�R�U�L�W�\���R�I���Y�R�O�X�P�H���K�D�V���E�H�H�Q���W�U�D�G�H�G���X�Q�G�H�U���¶�P�D�V�V���E�D�O�D�Q�F�H�·���U�X�O�H�V�����L�Q���Z�K�L�F�K���F�H�U�W�L�I�L�H�G���S�U�R�G�X�F�W���L�V���P�L�[�H�G��

with conventional product at some point in the supply chain. This process does not allow for traceability 

and may mean that illegal or deforestation-�D�V�V�R�F�L�D�W�H�G�� �S�U�R�G�X�F�W�V���F�R�Q�W�L�Q�X�H���W�R���I�O�R�Z���L�Q�W�R�� �F�R�P�P�L�W�W�H�G�� �E�X�\�H�U�V�·��

products. In response, standards also offer options for segregated and/or identity protected certified 

products; in the case of cocoa and soy, however, this is only applied in a negligible share of supply to date 

(Rainforest Alliance, 2020b; RTRS, 2020a). The palm sector provides a mixed picture. While in 2019, Sime 

Darby sold 73% of its RSPO-certified palm oil under segregated or identity preserved rules and only 27% 

as Mass Balance, the proportion of certified palm oil sold under Mass Balance rules was 51% for Musim 

Mas, 66% for Wilmar, 87% for GAR, and 100% for Apical (RSPO, 2021a). Thus, not all actors involved in 

�D���F�R�P�S�D�Q�L�H�V�·���V�X�S�S�O�\���F�K�D�L�Q���D�U�H���Q�H�F�H�V�V�D�U�L�O�\���F�R�Y�H�U�H�G���E�\���F�H�U�W�L�I�L�F�D�W�L�R�Q���U�X�O�H�V�����3������ 

A second concern is that the compliance monitoring model applied by standards �² centered on yearly audits, 

which may be done on a sample of farmers in group certifications �² is not well suited to comprehensively 

monitor deforestation in real time. Some certification schemes until recently did not record farm 

boundaries, especially of smallholder farmers operating in groups, and few use satellite monitoring to verify 

compliance. To better tackle cocoa-driven deforestation, RA recently embarked on a mission to strengthen 

its code compliance, among other things by asking for GPS locations of farms, and subsequently found 

that 84 of their certified groups included farmers with land (illegally planted) in protected areas. Another 

30 groups were suspended for not providing geospatial information (Rainforest Alliance, 2020c). To be 

effective for the purposes of ZDCs, compliance systems thus need to be strengthened through quicker 

response times and better technological monitoring solutions (P7). In addition, certification schemes tend 

to be adopted first by the most advanced farmers, and may be dominated by farmers that have cleared in 
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the past or have no immediate plans for expansion, putting into question the additionality of schemes 

(Garrett et al., 2016).  

Finally, the inclusion of smallholders has been a consistent struggle especially for the RSPO and RTRS, 

where independent smallholder farmers contribute 0.9% and 0.8% of total certified supply, respectively 

(RSPO, 2021b; RTRS, 2020b). To tackle this gap, certification organizations have aimed to simplify 

standards, introduced group certification, and offered (limited) funding opportunities to assist farmer 

groups in covering audit expenses and investments in capacity building. For example, between 2014 and 

2018, the RSPO Smallholder Support Fund, funded from 10% of the revenue generated from the trade of 

Certified Sustainable Palm Oil (CSPO), could be used to support smallholders with the costs incurred for 

training, project management, High Conservation Value (HCV) and Social and Environmental Impact 

Assessment (SEIA), audit costs, as well as the tools and techniques to support smallholder development, 

and benefitted �R�Y�H�U�������·���������L�Q�G�L�Y�L�G�X�D�O���V�P�D�O�O�K�R�O�G�H�U�V�����6�L�P�L�O�D�U�O�\�����W�K�H���5�D�L�Q�I�R�U�H�V�W���$�O�O�L�D�Q�F�H���5�D�L�Q�I�R�U�H�V�W���$�O�O�L�D�Q�F�H�·�V��

Africa Cocoa Fund (ACF), launched in 2021, is a three-year, $5 million fund to support cocoa farmers and 

help preserve the local landscapes in West and Central Africa. It aims to create measurable, long-lasting 

positive impact by building the capacity of those certified cocoa farmers who most need assistance to 

implement RA certification standards. 

Yet, access to such capacity building support is often mediated via NGOs or strong producer institutions. 

The vast majority of certified smallholders learn about schemes and their requirements via NGOs and/or 

firms (P2), and rely on such external assistance both to reach standards and to maintain certification over 

time, which may affect the longevity of certification impact (Brandi et al., 2015; Lemeilleur et al., 2015) (P3). 

Finally, a key benefit of certification schemes �² at least in theory �² is that they are able to compensate 

producers for enhanced practices via price premiums (P4). In practice, the extent of premium payments 

varies dramatically both between standards and producers. Given an oversupply of certified goods, 

premium erosion, and a recognition that most adjustments costs have historically been borne by producers, 

some standard organizations have begun to respond by mandating an annual increase in uptake by 

�S�D�U�W�L�F�L�S�D�W�L�Q�J�� �E�X�\�H�U�V�� ���V�H�H�� �W�K�H�� �5�6�3�2�� �6�K�D�U�H�G�� �5�H�V�S�R�Q�V�L�E�L�O�L�W�\�� �J�X�L�G�H�O�L�Q�H�V���� �R�U�� �V�H�W�W�L�Q�J�� �P�L�Q�L�P�X�P�� �´�V�X�V�W�D�L�Q�D�E�L�O�L�W�\��

�G�L�I�I�H�U�H�Q�W�L�D�O�V�µ���W�R���E�H���S�D�L�G���W�R���I�D�U�P�H�U�V�����D�V���5�$���L�V���L�Q�W�U�R�G�X�F�L�Q�J���L�Q���W�K�H���F�R�F�R�D���V�H�F�W�R�U��(Rainforest Alliance, 2020d).  

5. Discussion and conclusions 

In order to reach global goals for conservation and sustainable livelihoods, private supply chain policies 

such as zero-deforestation commitments have to be designed in a way that allows for effectiveness as well 

as equity in access for producers with varying adaptive capacities. In this piece, we have provided the first 

comprehensive conceptualization of access equity in the context of supply chain policies, identified policy 

design principles that allow for synergies between effectiveness and access equity, and used these principles 

to evaluate the leading implementation mechanisms for zero-deforestation commitments in the most 

prominent forest-risk commodities: palm oil, cocoa, soybeans, and beef cattle. Our work posits that 
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synergies between the two goals are possible when deforestation prevention goals remain ambitious and 

comprehensive, but suppliers with lower adaptive capacity are supported in becoming compliant through 

widespread awareness raising actions, financial and in-kind support for targeted capacity building, and 

differentiated compliance enforcement that distinguishes between unwillingness and inability to comply. It 

is furthermore important to involve affected actors in the co-production of implementation mechanisms 

and enforcement solutions, and to support alternative rural development paths in areas where commodity-

driven development is undesirable due to the forest conversion risk.  

When assessing the leading ZDC implementation mechanisms against these criteria, we found that some 

showed encouraging signs of synergistic design choices that work to strengthen both effectiveness and 

access equity, especially as companies have strengthened their investment in raising the awareness of 

suppliers and other forms of outreach. Figure 3 shows the evaluation results, aggregated across the 28 

evaluated initiatives, by ZDC design principle. At least on paper, there is greatest commitment to synergies 

in coordinating policies across private and public actors; disseminating ZDC rules to suppliers of all sizes; 

and aiding suppliers with lower adaptive capacities in overcoming barriers to compliance (though many 

such efforts are still in pilot phases and need to be scaled up significantly). 

[Figure 3 about here] 

Yet, more commonly we found that tensions between effectiveness and access equity occurred through 

one of four main avenues:  

1) Many companies choose not to monitor smaller or indirect suppliers, while only taking compliance 

enforcement action when non-compliance (i.e., forest clearing) was detected. This arguably 

mitigates access equity concerns, but only at the expense of effectiveness and potential further 

clearing.  

2) In many instances corporate actors state that they prefer engagement over exclusion in the case of 

smallholders, but simultaneously focus on smallholder capacity building activities that have only 

limited links to the issue of commodity-driven deforestation, such as productivity improvements 

or on-farm tree planting. While commendable in avoiding unfair market exclusion, such activities 

are unlikely to reduce forest conversion rates by these smaller actors.  

3) We find select instances where actors with lower adaptive capacity are likely to be excluded without 

being provided with support for alternative livelihoods. This is most often the case when 

identifying patterns of illegal deforestation (e.g. in national parks), where responsibility is pushed 

back onto (unresponsive) state actors, as well as when positive proof of compliance is required (as 

in the case of using certification schemes).  
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4) Across the board we find few examples of policy co-production with affected suppliers or needs-

based incentive setting or benefit sharing. 

Figure 3 further shows that initiatives tend to favor effectiveness over access equity in designing 

commitments (P1), as few make mention of compensatory mechanisms or support for alternative 

�G�H�Y�H�O�R�S�P�H�Q�W���S�D�W�K�V�����<�H�W�����Z�H���D�O�V�R�� �R�E�V�H�U�Y�H���D���K�L�J�K���V�K�D�U�H�� �R�I���´�Q�H�L�W�K�H�U�µ���U�H�V�S�R�Q�V�H�V���² denoting design choices 

that do not support policy effectiveness, but also do not explicitly target or improve access equity and may 

be examples of green washing or at least weak commitment implementation. This demonstrates that there 

continues to be a large implementation gap between commitments and best-practice suggestions for 

effectiveness which also rely on the large-scale inclusion of producers (see also Garrett et al., 2019). We 

thus identify more potential win-win outcomes than instances where committed actors are forced to choose 

between ZDC effectiveness and access equity. 

In the absence of sustained supplier engagement that puts the regulated �² that is, farmers and plantation 

companies �² at the center and focuses on instigating targeted behavioral changes, there is a high risk that 

supply chain policies will lack effectiveness (Jopke and Schoneveld, 2018) and leave more marginalized 

actors, such as smallholder farmers, behind (Colchester et al., 2016; Garrett et al., 2016; Haggar et al., 2017). 

We encourage further systematic research on ZDC design, implementation, and impacts in the field, with 

an eye to testing the proposed synergistic policy recommendations. Field-level verification is particularly 

important for assessing how many of the aimed-for synergistic steps identified in the policy documents 

(e.g., regarding coordination of public and private actors, or rolling out smallholder support) are consistently 

implemented in practice. Transdisciplinary research may also assess to what extent the proposed more 

ambitious design principles (e.g., regarding the support of alternative development paths, or of needs-based 

incentive setting) may feasibly be implemented in existing ZDC implementation mechanisms, or what other 

forms of support and alignment (such as regulatory policy from importing countries or the leveraging of 

blended finance) would be necessary to attain these goals. 

Another interesting future research area is the timing and prioritization of effectiveness versus access equity 

considerations. In times of rapid ecosystem and biodiversity loss, it might be normatively acceptable to first 

focus on reigning in large-scale (corporate) deforestation actors and only later turn to questions of 

smallholders and more marginalized farmers, as has been done in practice in the palm oil sector. However, 

the palm sector also presents a cautionary example. Emerging evidence indicates that large-scale actors 

increasingly shift blame to smallholders and other unregulated actors, undermining the functioning of 

current ZDC enforcement systems (Gaveau et al., 2017; Larsen et al., 2018). As new initiatives emerge and 

old ones are revised, future work could delve more deeply into temporal questions of effective and equitable 

policy design. 

One limitation of the present study is that it did not explore the interactions between ZDC design and 

contextual factors. ZDC effectiveness and access equity outcomes, their synergies and tradeoffs are likely 
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mediated by existing public policies (e.g. environmental regulation and enforcement, institutional 

environment, monitoring infrastructure), commodity specific features (e.g. perishability, transportability), 

civil society, social and market structures affecting ZDC companies, as well as their interaction with each 

other and with their suppliers (e.g. the number of supplier tiers, the level of market integration, length of 

the supply chain, information asymmetries, poverty, education and producers organization). For instance, 

it is likely that synergistic outcomes also rely on state actors in both importing and exporting regions 

favoring coordination of supply chain zero-deforestation efforts. Future research should highlight the 

interaction between ZDC design features and such contextual factors in determining ZDC effectiveness 

and access equity (Garrett et al., 2021)�����D�Q�G���P�L�J�K�W���D�L�P���W�R���G�H�W�H�U�P�L�Q�H���¶�L�G�H�D�O�·���=�'�&���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���P�R�G�H�O�V��

that maximize synergies between effectiveness and access equity in a given context.  

�$���I�X�U�W�K�H�U���O�L�P�L�W�D�W�L�R�Q���L�V���W�K�D�W���G�X�H���W�R���R�X�U���V�W�X�G�\�·�V���V�F�R�S�H�����R�X�U���S�U�L�Q�F�L�S�O�H�V���D�Q�G���D�V�V�H�V�V�P�H�Q�W���F�U�L�W�H�U�L�D���K�D�Y�H���I�R�F�X�V�H�G���R�Q��

potential market exclusion stemming from the implementation of supply chain policies. Future studies may 

aim to take a broader focus to also capture alternative forms of access inequities (e.g. focused on gender, 

social status, or age) that interact with supply chain policy implementation, or to examine other dimensions 

of equity (Klein et al., 2015). Nevertheless, given the range of contexts spanned by existing forest-risk 

commodities, our present analysis sets the basis for developing generalizable insights across multiple 

commodities and supply chain, especially within the tropics. This heterogeneity also makes existing 

initiatives ripe for future empirical analyses to explicitly examine the importance of particular contextual 

factors in a comparative fashion.  

Stepping back, we acknowledge that the market-based solutions analyzed above must only be an 

intermediate strategy in the journey toward developing more sustainable economies and food systems, as 

any sectoral efforts will ultimately reflect participatory inequities and further entrench industry narratives 

about the role of corporations in sustainable development (Dauvergne, 2018; Delabre et al., 2020). Longer-

term solutions require rethinking the reliance of tropical economies on agricultural exports for economic 

growth and development and for high-income countries in the global north to assume greater responsibility 

for their consumption footprints.  
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