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Abstract: Agricultural supply chains of forest-risk commodities such as soy, palm oil, and cocoa have
risen to the top of the global sustainability agenda. Demand-side actors, including consumer-goods
companies, retailers, and civil society organizations have coalesced around a growing number of
sustainable supply chain policies. However, despite rapid advances in tools and methods to convert
data into useful information about impacts and policy effectiveness, and their implementation
for decision-making is lagging. There is an urgent need to examine such demand-led action and
understand how to accelerate progress towards agricultural supply chain sustainability. Here, we
explore how demand-side actors within globalized supply chains see limitations in knowledge and
barriers to progress in the context of forest-risk commodities. We draw from 20 semi-structured
interviews and two focus group discussions with manufacturers, retailers, NGOs, and data providers.
Our findings show that civil society pressure in consumer regions is perceived as a key driver guiding
action, that certification is commonly sought to reduce detrimental impacts, but that collaboration
to tackle systemic issues remains a gap. Companies also highlight the need for simple, timely, and
meaningful metrics to assess impacts—practical usability concerns that need to be considered in the
search for ever-greater accuracy in capturing complex phenomena.

Keywords: sustainable sourcing; traceability; supply chain; corporate sustainability; deforestation

1. Introduction

Agricultural supply chain sustainability has become one of the top issues on the
international environmental agenda. The global agri-food system is a key source of green-
house gas emissions (GHG) [1] and the biggest driver of natural ecosystem conversion
leading to biodiversity loss [2], a major cause of soil degradation [3] and freshwater de-
pletion [4]. The same global agri-food system is likely to be hit hard by climate change,
natural resource scarcity, and land degradation [5]. In response, multinational companies
and governments have increased action, setting targets and making commitments to tackle
these challenges [6-8].

According to Purvis et al. [9], sustainability has become ubiquitously represented as
three interlinked pillars of economic, social, and environmental aspects. These pillars are
also reflected in the Sustainable Development Goals (SDGs) which the United Nations [10]
have developed. These goals aim to guide pathways towards sustainability and stress the
interconnectedness of countries within the globalized economy [10]. To improve sustainable
production within supply chain management of traded agricultural products, different
approaches are adopted, such as deforestation-free standards (e.g., the Soy Moratorium),
eco-certification (e.g., Roundtable on Sustainable Palm Oil (RSPO), the Round Table on
Responsible Soy (RTRS)), and collective action (e.g., Chinese Sustainable Meat) [11].
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The interconnectedness of countries through trade has also increased the vulnerability
of supply chains to disruptions, illustrated in recent years through the COVID-19 pan-
demic, weather extremes, and geopolitical conflicts [12,13]. These disruptions can increase
commodity prices [14] and lead to social and geo-political instability [7]. Managing these
risks is challenging for agricultural products which are characterized by seasonality and
sometimes perishability [15]. These risks of supply chain disruptions and price fluctuations
have increased the interest in supply chain robustness and resilience [16].

For many players in the agri-food sector, the largest environmental or social impacts
take place via their supply chains and are, therefore, outside their direct control [17]. The
size and influence of multinational companies (MNCs), as well as of major consumer
markets such as Europe, mean their sustainability commitments are critical [18]. Still,
agriculture-driven deforestation rates remain stubbornly high [19], and food-related GHG
emissions have not declined, let alone decreased to levels necessary to limit climate change
to 1.5 °C [1]. There remains an urgent need to understand how demand-side policy
action can become more effective and deliver in a world of international supply chains
and globalized sustainability issues. This article examines the features and limitations of
current demand-side action on agricultural supply chain sustainability to understand how
further progress can be made. It draws from an overview of the scientific literature on the
subject as well as primary data collection through 20 key-informant interviews and two
focus groups with multiple stakeholders. That includes representatives of consumer goods
companies, retailers, consultancies, certification bodies, and civil society organizations.
We examine their motivations for action on supply chain sustainability, the features and
limitations of the methods and data that they utilize and identify frontiers for enabling
more effective action.

The article is structured as follows. Section 2 provides an overview of the scientific
literature on demand-side measures for agricultural supply chain sustainability. Section 3
describes our methods for primary data collection, and Section 4 details our findings on the
perceptions of end buyers (here, manufacturers and retailers). Finally, Section 5 concludes
the article with lessons and recommendations for further research.

2. Demand-Led Action for Agricultural Supply Chain Sustainability

Global sustainability challenges require a global response [20]. That involves action
on both supply and demand sides as well as by actors outside of the supply chain, such as
financial institutions [21]. Progress on the implementation of demand-side commitments,
however, is hindered by the globalization of trade [22], which has increased the spatial dis-
tance and number of actors between production and consumption [23,24]. This complexity
makes it challenging to understand the origin of products and its associated impacts [25].
It also limits the ability of actors at one end of the supply chain to influence the activities at
the other end [20]. In this context, supply chain transparency is a crucial prerequisite to
identifying the different roles and responsibilities of actors in the system [20]. Many supply
chains lack transparency, which is in part due to limited traceability [26,27]. Improving
traceability is most challenging for commodities which are traded internationally in large
quantities and have complex life cycles such as palm oil, soybean, and beef [28].

Recent years have seen a variety of supply chain sustainability initiatives emerge,
including the development of environmental due diligence [29], the Glasgow Forest Decla-
ration [30], and those led by international retailers and manufacturers [31]. Other commit-
ments, data developments, and policies have potential to further improve the transparency
of supply chains and—ultimately—to decrease negative environmental impacts. Bager
et al. [32], for example, lay out a set of eighty-six policy options for the EU, with varying
levels of feasibility and potential impact. Many of these policy options relate to information
availability and disclosure, development of shared definitions, and increased informa-
tional capacity.

Within this scope of measures, one must consider the role of demand-side actors—and
those connected to them—in promoting uptake, utilizing information, and ultimately
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promoting change based on this information. Lyon et al. [33] lay out these roles, which are
illustrated in Figure 1. Actors within and outside the agricultural supply chain can take the
role of “regulator” (setting rules and standards); they may be influential decision makers, or
they may “own” components of the system but not be a direct decision maker. “Certifiers”,
“advocates”, and “guardians” act as further points of external influence on supply chain
actors which span agricultural production, manufacturing, and retailing components of the
supply chain (Figure 2).

Regulator: Sets rules and standards by which natural resources are used and managed

Catalyser
Initiates or influences Producer government Consumer government
course of action within]|| ¢ Local land use planning « Establishing and enforcing regulations Advocate
the system \ Support certain (potential)
« Ensure farmers | [ | function in the system
adhere to standards| l l « Support partnerships across
and policies to build different organisations
trustin certification Owner Decision-maker: Carries crucial visible or invisible ability to take NGO
Certifier = Controls some parts of decisions affecting other parts of the system
the system but might not
be a direct decision- Manufacturer Retailer
\ maker. - Direct investment to * Ask suppliers to buy certified
Farmer jurisdictions ingredients Guardian
\ Has sufficient authority and
trustworthiness to conduct the
Agriculture and Food Value Chain monitoring and evaluation to

maintain a functioning system.
» Provide advice and guide

W + Provide scientific evidence
SO

Agricultural Manufacturing and Distribution and

Production Processing Retail

Figure 1. Roles of different stakeholders within the global food system (adapted from framework
developed by Lyon et al. [33] to identify stakeholders to tackle sustainability challenge, type of
organization in context of agricultural supply chain, and examples of their actions as bullet points
by authors).

With any increase in data—driven by regulators, third parties, or internally promoted
within the supply chain itself—comes a concurrent need to make sure this is translated into
actionable information. Yet, understanding of how best to translate supply chain data into
meaningful information that can guide more sustainable decisions remains lacking [34,35].
For instance, Newig et al. [36] note that more research is needed on the informational
triggers required to promote sustainable consumption. For practitioners to understand
the environmental impacts linked to commodities, there is a need for improvements in the
understanding of where commodities come from and the metrics of impacts taking place in
production regions.

To translate data into useful information to support companies, Life Cycle Assess-
ment (LCA) and product “footprinting” approaches have been developed [37-39]. These
approaches allow the measurement and analysis of the consequences of decisions in prod-
uct design and procurement on the natural environment. However, improving regional
detail and the robustness of environmental impact metrics to increase their relevance
to consumers and producers remains a challenge [39—41]. Recently, advances in scien-
tific understanding, computing, visualization, and data availability have allowed several
improvements. First, the ability to widen the sustainability concerns that can be consid-
ered such as carbon emissions [42], biodiversity [43-45], water scarcity [46,47], and soil
erosion [48]; second, enhanced accounting of spatial heterogeneity in environmental char-
acteristics at the sub-national level (districts, provinces; e.g., [49-51]); third, regular updates
linked to environmental changes in production landscapes through the integration of near-
real-time Earth observation data to monitor progress [52]. Importantly, this information is
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Soybean
producer?

now accessible to end users, through publicly available platforms such as Global Forest
Watch [53], Water Risk Filter [54], or the Trase platform (Trase.earth).

Importing Chicken feed Chicken [ Retailerf | ‘Consumerg

government® processord producer®
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Figure 2. Flowchart illustrating the flow of goods (here with an example of soybeans) along the
supply chain from producer to consumer. Relevant decisions by different actors are indicated by
superscript letters:  What crops are grown, where, and how? b Where are commodities bought from?
¢ What rules do goods need to fulfil to cross border? ¢ Which ingredients are in chicken feed? ¢ What
certification standards (if any) or sourcing origins do suppliers need to fulfill? f What products are
offered on shelves? & What food is on my plate?

However, despite these advances, implementation into decision making is slow [55].
There is a lack of urgent, large-scale transformative change in corporate practice required
to stay within a planetary “safe operating space” [56]. This has been referred to as an
“ecological-corporate disconnect” [57]. In the literature, several factors have been described
that help explain why improved knowledge has not resulted in improved implementation.
Examples are a lack of academic ability to develop science that is applicable in practice [57],
an “explosion” of data and information about sustainability and supply chains potentially
leading to further confusion and resultant inaction [20], and the challenge of ascribing
responsibility to various actors along complex supply chains, with limited ability for
individual stakeholders to undertake meaningful change [58]. Schroter et al. [34] have
argued that research on interregional sustainability at the science-policy interface should
focus on determining the level of detail that is possible based on current data availability
but also necessary to inform policies.

To tackle the complexity inherent in such systemic problems, it has been suggested
that a more inclusive approach is needed that incorporates the perspectives and influence
of multiple stakeholders [59]. As illustrated by Figure 1, in the context of agri-commodity
supply chains, this stakeholder group encompasses a wide range of roles and responsi-
bilities, meaning that the development of sustainability information that is understood
and trusted across all groups is a challenge requiring shared understanding and consensus
building [60]. Social-ecological systems (SESs) thinking is a potentially useful concept to
help bridge the divide between science and corporate sustainability practice (see, e.g., [57]).
In the context of food, systems thinking focuses on the interactions and dynamics between
the system’s different components along the entire value chain [61]. In sum, building better
and more actionable supply chain information to inform systemic responses requires a
deeper multistakeholder understanding of informational needs and requirements.
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3. Methods

This qualitative assessment relies on primary data collection to gain a rich and in-
depth understanding of different perspectives among demand-side actors in international
agricultural supply chains. Twenty semi-structured interviews and two focus group discus-
sions were conducted with multiple demand-side stakeholders such as food manufacturers,
retailers, and civil society organizations (see Table 1).

Table 1. Overview of interviews and focus group discussions conducted.

Number and Type of Data
Gathering Method N, Number and Type of
Type of Actor (Interviews/Focus Group Number of Organizations Participant
Discussions)
Phase 1 Companies
6 (Sustainability
Manufacturers (M) ! 5 mterv1ew§ and 1 focus 4 Man.ager/ Dlrectgr,
group discussion Sustainable Sourcing
Manager/Director)
5 (Sustainability Manager,
European retailer (R) 5 interviews 5 Sustainable Sourcing
Managers, CSR Manager)
Phase 2 NGOs
European-centred NGO 3 interviews 3 3 (Program Managers)
Global NGO (N) 1 mteerew. and 1. focus group 1 4 (Sustainability Directors,
discussion Program Managers)
Phase 3 Data providers

Consultancies (C)

Certification bodies (CB)

4 (Sustainability Consultants,

4 interviews 4 Partner)
3 interviews 3 ; (ngr?m oy T
Director)

1 Note: abbreviations of types of actors used throughout the publication to anonymize interviewees.

The data collection followed a phased approach. Initial interviewees were selected
based on their ability to provide meaningful insights from their professional experience
within consumer-facing companies. Therefore, first, manufacturers and retailers were
interviewed about their perspectives and underlying motivations for acting on agricultural
supply chain sustainability (Phase 1 in Table 1). According to Lyon et al. [33], they are
“decision-makers” in the system (Figure 1). As those private sector players revealed that
their motivations and concerns were in part shaped by civil society organizations acting as
“advocates” ([33], see Figure 1), in a second phase, NGOs were interviewed (see Figure 1
and Phase 2 in Table 1). Thirdly, as it became clear that the NGOs themselves depend on
others to provide information, consultancies and certification bodies involved in gathering
supply chain data were talked to (Phase 3 in Table 1), having the role of “catalyzers” in the
system ([33], Figure 1).

Relevant consumer goods manufacturers and retailers for Phase 1 were identified
through their use of certification standards such as RSPO and RTRS [7], their commitment
to science-based GHG emission targets including their supply chains [8], or their association
with the food and beverages sector with sizeable market share (and therefore, responsibility).
A snowball sampling technique [62] was employed to identify other relevant interviewees,
particularly in Phases 2 and 3. Both the interviews and focus group discussions were
semi-structured, which allowed flexibility to ask further follow-up questions depending on
the interviewee’s knowledge and experience (see [63]).

Adopting such an iterative interview process allowed for a better understanding of
the drivers of demand-led action on agricultural supply chain sustainability, narrowing
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down the core issues acting as barriers to implementation and pinpointing some significant
research or tool gaps that companies, consultancies, and NGOs identify. The interviews
lasted for 30-60 min, depending on the participant’s availability. Most took place via
phone or Skype/Zoom, though some were conducted in person at the University of York,
UK. Focus group discussions were conducted in case multiple individuals from the same
organization were required to answer all the interview questions, following the same
structure as the interviews. These focus group discussions lasted about one hour and
were conducted online using Skype/Zoom. The purpose of the interviews and focus
group discussions was sent in written format to the participants in advance of the meeting.
To ensure anonymity, names of specific organizations were omitted (see Table 1 for the
abbreviations used here). All interviews and focus group discussions were audio recorded,
for which participants’ approval was received. Primary data collection took place between
January and May 2020.

All the interview and focus group transcripts were coded into broad categories, which
included motivations, specific sustainability concerns, type of decisions, limitations of
existing methods, to quantify their environmental impacts and barriers to implementation.
In a second round of more in-depth coding, the findings were classified into major emerging
themes [64]. Thematic content analysis was used to iteratively refine themes and codes
based on research team discussions [65]. A general inductive approach to analyze the
qualitative data has been applied [66] to allow flexibility to find themes or codes in the
raw data which were not pre-defined. In the analyses and interpretation of the data,
particular attention was paid to the similarities and differences in the perceptions between
the different types of actors (see [67]).

Interviewees were asked to consider which environmental sustainability concerns
within producing countries’ end buyers perceive as relevant for their own organization. The
focus was on their views on approaches or solutions to bridge the gap between knowledge
and implementation of activities to address these sustainability concerns.

4. Results
4.1. Motivations for End Buyer Companies in Sub-National Environmental
Sustainability Information

To identify the knowledge that would be most useful to guide decision making, we
first wanted to understand why downstream companies in the agri-food sector seek to
understand the origin and associated environmental concerns of their commodities. During
the research, it became clear that such motivations depend on the location of companies
along the supply chain, their size, and consumer audience. However, four main motivations
were most prominent in the data: (1) pressure from Western NGOs, (2) internal motivation
to do the “right” thing and thereby retain and attract employees, (3) securing future supply,
and (4) investors wanting to reduce their risk. For instance, one retailer representative
highlighted the importance of NGO influence:

“Do I really care where in North America it’s from at the moment? [...] No, not really,
because there’s no one in civil society or NGOs that’s really telling me that there’s a
problem [related to deforestation]” (R4)

Such an NGOrole as a “watchdog” to point out non-ethical behavior is well-documented
in the literature [68]. In turn, among manufacturers—who are closer to production and
demonstrated longer-term thinking—ensuring the security of future supply has become
increasingly relevant. As one manufacturer explained:

“As [...] a company that depends on agriculture we have to be aware of what our
[environmental] impacts are, and we have to work to mitigate them if we want to be
prepared for the future states of the world and food growing in the world” (M1)
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4.2. Solutions Which Need More Support from Science in This Field
4.2.1. Commodity Trade in Complex Supply Chains

The more complex a supply chain is, the more actors sit between the end buyer and
the producer, and thus, the harder it is to obtain reliable information on the origin of the
trade flows. Knowledge of the origin of supply chains is, however, crucial in order to
identify effective strategies to manage sustainability challenges [20]. All end buyers that
we interviewed in this study mentioned that they require external traceability information,
especially for “hidden” commodities like soy, palm oil, and sugar. For example, one
manufacturer mentioned “embedded soy for chicken and beef. If [trade flow models] could unpick
that, it would be super helpful. Because those supply chains, we’re always very much a distant
end-user of by-products” (M1).

In contrast, interviewees explained that for less processed products such as coffee,
cocoa, or tea, supply chains are shorter and less complex, and thus, it is easier to obtain
the information they would like to have through engagement with their own supply
chain. The level of detail manufacturers require on the origin of the commodity also
depends on perceived concern within the geographic region where it is produced, as one
manufacturer illustrated:

“Corn that’s grown in the United States, we can probably classify that as a pretty low
risk that we don’t need to worry too much about and we don’t therefore need huge, great
controls in place to manage the sustainability of that production. It’s also from a country
that’s got probably a lot of controls and checks in place already” (M4)

This illustrates how end buyers’ need for better information about the sustainability of
agricultural practices depends on their perception of the sourcing region and the commodity
in question.

4.2.2. Certification to Improve Production Practices

In terms of chosen solutions, most end buyers we interviewed saw certification systems
such as RSPO, RTRS, or internal company schemes as important tools to manage their risks.
Some companies showed a deep trust in these schemes, as illustrated by one retailer: “I
don’t need to risk map that because I know that the supplier is going to have to source it on Fairtrade
terms” (R1). However, other respondents were more critical and aware of the limitations of
certification, as illustrated by one manufacturer:

“If you look at [company internal certification], for example all of the RSPO things: They
are all about the action you should take, and not measuring the outcomes of those actions.
So, there is then the belief that sustainably sourced equals better or lower impact, [but]
that’s not necessarily proven” (M2)

Additionally, all consultants interviewed were aware of some limitations of certifica-
tion to improve sustainability. As illustrated by one consultant:

“Actually, they [end-buyers] buy RSPO. Then RSPO is not available for others. Then
it doesn’t change anything. Plus, if you actually look at what’s happening in Indonesia
then: 'Okay, there’s RSPO certified palm oil’, but then you have these mass balances and
you actually don’t know where the food comes from and whether there was deforestation
and so forth” (C4)

We interpret these quotes to mean that certification is commonly used—despite the
recognized limitations—because many end buyers find it straightforward to affect change
on choices that are under their direct control (e.g., asking suppliers to buy certified com-
modities) in comparison to attempting to exerting influence multiple tiers down the supply
chain. Additionally, certification can be used as explicit evidence for their external stake-
holders that they are making efforts to improve the environmental sustainability of their
supply chains. In this regard, research could help to provide end buyers with alternative
approaches besides certification to evidence the sustainability outcomes of their efforts.
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4.2.3. Directing Investment to Landscapes

To overcome the limitation of certification only reaching a limited scale, investment
into landscapes to which supply chains are linked was seen as a more promising solution.
Though, in this context, developing an understanding of which geographic regions within
supply chains require enhanced attention, supply chain transparency can be helpful, though
it can be costly [20]. However, among interviewees, there was debate about how much
traceability is needed to affect sustainability benefits of commodity production. As one
international NGO commented, “You need maybe to stop putting so much money in traceability
and put more money in a landscape and try to drive some change in a geography” (N1). Several
NGOs, manufacturers, and retailers we interviewed saw directing investment into certain
producing regions as a promising solution to improve environmental sustainability. As one
retailer commented, referring to an environmentally important savannah ecoregion:

“There’s nothing you can do about it because it's legal deforestation anyway and the only
way you are going to stop that is the financial incentive and that’s why we made this [. . .]
announcement in the Cerrado region in Brazil” (R4)

Several NGOs agreed with this statement about the importance of financial compen-
sation to reduce deforestation, noting that for as long as “we still have something that is
more profitable than keeping the forests, we will have deforestation” (N1). However, information
is then needed on which regions are best to invest in, as otherwise—as one interviewed
consultant warned—"the unintended consequences might be rather that they [end-buyers] invest
in the wrong place” (C4).

The quotes suggest that, to make landscape approaches effective, there needs to be
careful attention paid to ensuring that their pathway to implementation is not limited by
the same pitfalls of current commodity certification systems. One of the consultants we
spoke to saw landscape approaches—because of similar limitations as certification—only as
an intermediate step towards some more effective alternative (C1). Certification is limited
by a lack of rigorous enforcement and monitoring but also a scarcity of empirical studies
measuring the impact of certification on sustainability outcomes [69]. Likewise, to be
able to identify whether some investment leads to sustainability outcomes, more clarity
would be needed on how sustainable practices would be encouraged, progress monitored,
and performance measured. Providing data to regularly monitor performance at low cost
remains a challenge.

4.3. Priority Concerns
4.3.1. Environmental Sustainability: The Need to Balance Complexity and Simplicity

So that data providers and scientists can focus their efforts, priority concerns of supply
chain stakeholders need to be understood. The environmental sustainability concerns
most frequently mentioned by interviewees linked to commodity sourcing were GHG
emissions, deforestation or other forms of ecosystem conversion, biodiversity loss, and
water consumption. Opinions on a need to consider multiple sustainability concerns in
contrast to focusing on a single concern varied between stakeholders (Table 2). Whereas
some interviewed NGOs, retailers, and consultancies argued that out of pragmatism,
more simplicity is needed, others thought that multiple sustainability concerns should
be considered together to avoid unintended consequences. One consultant stressed the
simplification in which sustainability was taken forward by many retailers in Europe:

“I think largely to the climate change agenda that’s been really simplified, and in terms
of environmental sustainability most retailers we work with [. . ], that’s now only just
collapsed down to deforestation” (C1)

Besides the interest in carbon and climate change, one NGO representative noted
that there is a focus on more visible and fast-changing issues such as deforestation (IN3),
which can be easily and cost-effectively monitored with satellites. However, in our view,
there is a risk that adopting too narrow an approach could have potential consequences
on less visible and slower-changing sustainability challenges such as soil degradation or
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biodiversity loss, which science has been warning about for years [70,71]. Scientists have
cautioned about over-simplification [72], which was acknowledged by some end buyers
who recognized the need to embrace some complexity, as one retailer stressed:

“Any kind of methods that combines several sustainability aspects is good. Because other-
wise you sit with different tools for every different type of aspect. So, I also understand
that there’s a bigger complexity the more aspects you include, but if you manage to do so,
it becomes a more valid tool” (R3)

Most stakeholders who argued for a need for simplicity justified this by the risk of
complexity leading to inaction. This challenge of balancing complexity while avoiding
inaction was stressed by one retailer:

“We are entering sort of an era where we have gone from trying to really make the complex
super simple [. . .] just to be able to do something because if we make it too complex then
we [...] don't dare to do anything. But I think we are entering from that simplification
era to actually [. . .] acknowledge that this is a complex situation” (R3)

Similarly, the influential, science-based initiative, “EAT Lancet”, aimed at transforming
the global food system, argues that “We need to become better at embracing complexity while
reducing the desire to oversimplify everything.” [1]. However, opinions regarding the level of
complexity end buyer companies can handle varied among stakeholders depending on
company internal expertise and capacity (M3, R3).

Table 2. Range of opinions on the level of appreciated complexity among different types of stake-
holders as illustrated in selected citations.

Actor Type Complexity

“So a tool, if it only did greenhouse gas calculations and land use
Manufacturer change, then that might be fine for some, but the more that it can do on
top of that the better probably” (M2).
“If we make it too complex [multiple indicators], then we don’t do
anything, we don’t dare to do anything. But I think we are entering
Retailer from that simplification era to actually go into and acknowledge that this
is a complex situation. [...] I do think that there is a lot of here, there is
a lot more need for research guidance” (R4).
“I mean ideally absolutely we want people to look at all of these metrics
NGO [...] but it gets very complicated [. . .]. So, what we need is enough data
that guides companies in the right direction without bogging them down
in detail, right?” (NGO4).
“When we use GHG reduction as the sole, or deciding, indicator of a
sustainable food system, it leaves us at risk of failing to address other
Consultant critical aspects of food system sustainability. Soil health and biodiversity
are key metrics gaps towards achieving the desired outcome of
sustainable food systems” (C3).
“I would say try to avoid too comprehensive analyses—it is not worth
the effort as there is so much uncertainty” (CB3).

“I like to joke that the Anthropocene, is really the ANDthropocene—that
we need to be much better about recognizing the impacts of food on
health AND hunger AND water AND biodiversity AND land AND
climate. We're not there yet and I find that people are unable to
understand multiple issues and their interactions” (Scientific Director,
EAT Lancet).

Certifiers

Scientific expert

4.3.2. Beyond the Biophysical Environment: Social Sustainability

When stakeholders were asked which other issues they are concerned about, the
majority mentioned social issues. Social sustainability aspects came up in most discussions
even though we had stressed at the beginning of the interviews that these would be
beyond the scope of our research. One representative of a certification body explained the
importance given to social aspects by European end buyers:
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“I think there are two big issues when a company starts the process of certification.
First, they want to solve the risk of deforestation in their supply chain. After that, they
are asking about social aspects, like poor communities” projects, improvement in labor
conditions and biodiversity on the farm” (CB1)

Therefore, end buyers of commodities have the desire to consider ecological aspects
together with social issues. Indeed, sustainability concerns in producing regions were
often considered as interlinked, with, for example, water pollution from agriculture noted
as affecting downstream drinking water quality, and poverty and education affecting
knowledge and the ability to manage land sustainably. This perspective is illustrative
of social-ecological systems thinking, as described by Ahlstrom et al. [57]. Nevertheless,
trade-offs between social and ecological issues can arise. This dilemma was illustrated by
one manufacturer:

“The social versus the environmental trade-offs are the biggest ones [...] But we find
that if we stop doing business with them, the consequence to vulnerable people either
working for that business or linked to that business would be so great that we may still
have to work with that business. Because if we would stop doing business with them, the
vulnerable people would be even more vulnerable” (R4)

4.4. Limitations of Existing Science and Tools to Advance Sustainability
4.4.1. Scale: Focus on Own Supply Chain vs. Change at Scale

Once the priority concerns of stakeholders have been understood (Section 4.3), science
and tools need to link these to the spatial scale relevant to actors. Here, the focus of chosen
activities by companies varied. In contrast to representatives from manufacturers, who
were focused more on efforts to change practices in their own supply chains, interviewed
retailers showed less focus on their own supply chains but instead rather focused on
collaborative efforts to reduce deforestation (R5). Retailers are more distant from producing
regions than manufacturers, and thus, traceability data on producing regions is harder to
obtain. Therefore, a focus to affect change through collaborations is pragmatically more
feasible. The manufacturers” emphasis on their own supply chain allows them to provide
evidence and report progress on the environmental commitments they set themselves. A
statement from one manufacturer supports this:

“Being able to prove to the world that you are actually eliminating deforestation from
your supply chain that there is actually stuff going on there that you can measure and
count and report against” (M4)

Consequently, what some of these companies “end up doing is buying all their palm
oil from concessions that were cleared 20, 30 years ago: So of course there is no deforestation”
(N4). However, this would not reduce the overall deforestation in the world as other
companies with different priorities might buy commodities grown on recently deforested
land. Therefore, some NGOs we interviewed do not believe that a focus on companies’
own supply chains alone is an effective solution to tackle a challenge like deforestation
(N3). Other NGOs ask end buyers to provide evidence of no deforestation in their entire
supply chain, as highlighted by a comment from an NGO:

“So, it’s a really, really tricky balance for companies who we are asking two things: You
have to be squeaky clean but you also have to work in tough places you can’t just [buy
from long deforested places]. So, what should they be doing: they should be doing both:
making sure that their supply chain is clean and driving clean suppliers” (N4)

A focus on a company’s own supply chain requires much more detailed traceability
data and segregation in supply chains. However, ensuring traceability and segregation
is costly and ultimately, financial resources should be directed to where the sustainability
outcomes can be maximized. However, providing cost-effective evidence on the outcomes
of actions seems to be a challenge, as one manufacturer explained:
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“There’s generally a total lack of evidence in terms of impact and performance. I don’t find
that difficult to understand because the cost of these sorts of things is enormous” (M2)

Therefore, as long as some NGOs ask end buyers to both provide evidence of their
own supply chain and also contribute to affecting change at scale, science needs to support
both of these purposes.

Another knowledge gap that was brought up in the interviews was the interaction
between different spatial scales. Manufacturers mentioned that they would like to better
be able to understand how interventions at the farm or plantation scale would relate to
landscape-scale changes and ultimately, to impacts at global scale (M2). In an ideal world,
methods would be able to sum up how interventions at the farm scale would stack up
with changes at landscape scale and ultimately, at global scale, as many companies’ supply
chains and commitments are global (M3). This would help to identify which interventions
at which scale would be most effective in meeting their environmental targets (for example,
potential alternatives such as improving agricultural practices at farm scale, land use
planning at landscape scale to reduce ecosystem conversion, or invoking changes in the
design of products).

4.4.2. Temporal Scales

The dynamic nature and complexity of supply chains provides a challenge for data
providers to generate reliable information that is available quickly enough to inform current
decisions. Many trade flow datasets, for example, are subject to data lags. In the context of
commodity-linked sustainability, this limitation of providing recent enough trade flow data
was pointed out by multiple end buyers and consultants. As one consultant explained,

“A lot of the information and the metrics that are available have [. . .] issues with [. . .]
time-lag: a lot of the data that is used is very static. So, something like Trase is not really
that useful to have something that happened last year. You could have accepted hundreds
of tons of deforestation associated into your supply chain before the next version of Trase
or things that have that sort of slow renewal time come out” (C1)

However, having more recent data is not automatically useful, as one NGO represen-
tative pointed out:

“They [end-buyers] see in their new real-time monitoring system that in the surrounding
of the units where they buy from forest is being cleared. But what do you do with that
information? First, it’s not linked with your supply base because at the time that the tree
is being cut down, there is nothing going there. So, it is not within your supply base.
[...] And secondly [...], as long as there is no one on the ground [from the end-buyer
company] to investigate and to do something about it and to understand the drivers, it’s
impossible to stop deforestation” (N3)

One reason for the time-lag in providing trade flow data is that currently the processing
and cleaning to ensure robustness is very time-intensive for researchers (see [73]). However,
ensuring the accuracy and reliability of the information provided is important in building
trust to ensure uptake by users in their decisions. Analysis by Reis et al. [74] found that the
stability and consistency in regional trade flows—referred to as “stickiness”—may vary,
with some remaining relatively constant over time and other supply chain relationships
changing rapidly. Researchers will therefore need to find the right balance between accuracy
and timeliness, depending on the purpose of the intended users for any given information.
Additional detailed information is costly, and it is questionable how much detail is needed
in an uncertain world as one manufacturer pointed out:

“I can pay vast sums of money and spend huge amounts of time, but will the quality of
the answer be any better than a screening type of approach, given the level of uncertainty
that exists in the data and the level of changes that are likely to occur?” (M2)

With respect to changes in the future, two interviewed manufacturers (M1, M2) men-
tioned that they believed that to prove the origin and manage associated sustainability
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issues, closer and longer-term relationships with producers will become more important,
and thus, trade flow stickiness will increase (see [74]). This may also reduce the complexity
of supply chains, as there would potentially be fewer intermediaries between manufacturer
and producer.

4.4.3. Meaningful Metrics

Several end buyer companies mentioned that they would like to link trade flow
information to metrics that they are already using or might use in the future to report
on their environmental performance. Since the Paris Climate Agreement, hundreds of
companies have committed to Science-Based Targets for climate [5]. For companies in the
food sector, most GHG emissions occur during the agricultural stage, and it is therefore
expected that the interest in methodologies to measure Scope 3 emissions (i.e., from their
supply chains) will increase in the future [17]. This speculation was supported by one
retailer’s comment that

“carbon impact is relevant especially in the future, where more and more companies will
be setting Science-Based Targets and clear their Scope 3 emissions in the supply chain.
[...]Iknow that some retailers are already doing that, and I imagine that we at some
point will as well look into that” (R5)

4.5. Collaboration to Tackle Systemic Challenges

All manufacturers and retailers we interviewed reported feeling that they have limited
leverage to affect and evidence meaningful change through their supply chain commit-
ments because their globalized complex supply chains were outside of their direct control.
Examples of commitments (see [7]) are the support of no deforestation, no conversion on
peat, and the reduction of GHG emissions in supply chains. Considering their commit-
ments (see [75]) and the responses of companies to our questions, it becomes clear that their
ambition is to affect change at the system level. Yet, no actor alone can achieve meaningful
change at system level, particularly in globally traded complex commodity systems. Taking
a “systems thinking” view requires acknowledging that there are interconnections between
the system’s different components, dynamic feedback, and no single “solution” [61]. Agri-
food systems are complex and characterized by the interactions of multiple actors [76].
Identifying effective partnerships between different actors therefore requires an under-
standing of their different roles in the system and the relationships between them ([33], see
Figure 1). As one international NGO representative commented,

“The way at least I see it [. . .] is that the more clarity we have on each supply chain actor
responsibility and capability, the easier it will be to attribute and to share the responsibility
across a supply chain” (N1)

Most of the interviewed retailers, manufacturers, and NGOs saw producer-country
governments as having one of the most influential roles in setting regulations and enforcing
compliance around the sustainable use of natural resources (“regulator”, Figure 1). This is
in line with previous research by Seymour and Harris [77]. However, they also saw this as
subject to change, depending on the priorities of the producer country’s government. One
of the European retailers we interviewed was cautious and saw their only possibility of
reducing legal deforestation through providing financial incentives to compensate for the
loss of economic opportunity:

“We are not prescriptive in terms of saying ‘here is the solution’, because of their country
and their own industry. But we recognize we have a role to play as a company that ends
up using the soy in our supply chain. We can be part of the solution, [and] help fund the
solutions, even though they are the ones that need to take ownership of it locally, because
we can’t be seen as dictating the terms, and because countries—especially Brazil—are
very sensitive about their sovereignty” (R4)

This illustrates that, within the system, goals need to be negotiated between different
actors (e.g., producer-country governments and consumer-country retailers). In this sense,
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actors such as those in academia and think tanks can play the role of “guardians” (see
Figure 1) to bring multiple stakeholders together to identify common goals and effective
solutions to achieve them.

Finally, when taking a systems approach, providing evidence on unintended con-
sequences is crucial but also seems harder to provide for end buyers. A desire to better
understand unintended consequences of collaborative efforts was brought up by multi-
ple stakeholders. A frequently mentioned example of unintended consequences was the
spillover of land use changes to other ecosystems, as one retailer pointed out:

“We have the Amazon Moratorium that drives leakage to the Cerrado. If you do the
Cerrado Conservation Mechanism, is that gonna drive leakage to the Gran Chaco? And
then if you're saying your soy is deforestation-free within the specific geographic bounds
where it’s happened, but is it in the wider sense?”. (R5)

5. Discussion
5.1. Implications for Science

Our findings point in the direction of certain priorities to bridge the gap between
science and implementation for sustainability in global agricultural supply chains. Regard-
ing the role of science, we argue that research could become more relevant through more
collaboration across different disciplines as well as with stakeholders outside of academia.
As multiple manufacturers and retailers would like to have more guidance from experts on
how to deal with the trade-offs between different sustainability challenges, experts from
different disciplines need to work together to develop consistently applicable methodolo-
gies that allow joint consideration of issues such as biodiversity, GHG emissions, water and
soil impacts, and social considerations. In this sense, our findings corroborate the need for
more scientific interdisciplinarity to help tackle sustainability challenges (e.g., [78]). Here,
we go beyond previous studies to add a qualitative layer that also includes the views of
end buyers that are distant from producing regions.

As expressed by our interviewees, some end buyers are keen to know what actions they
can take to meaningfully address sustainability within globalized agricultural supply chains.
To better contribute to system transformations, Nielsen et al. [79] argued that land systems
science should better acknowledge the normative aspects which could be incorporated
through co-production. A challenge here can be a conflict in norms between different
stakeholders, but that is part of the governance process [59]. For instance, some actors may
be ready to accept some level of tropical deforestation for the sake of agricultural production
while others (e.g., some end buyers) want to see none of it—differences in underlying
norms could explain this. More dialogue between different stakeholders guiding end
buyers (e.g., NGOs, consultancies, scientists) on feasible solutions could help.

This study also underscores the need for a co-production approach in science, charac-
terized by a process of mutual learning between researchers and other actors in society [80]
to identify the research gaps that are most pressing in practice. That said, a challenge for
multi-stakeholder engagement is that it is a time-intensive process, and the question is how
this could be made more economically viable. Increasingly, funding organizations and
research programs (e.g., the Global Land Program, Future Earth, Horizon2020; [81]) are
asking for co-production approaches to tackle complex real-world challenges [82]. This
also requires researchers to be better trained in engaging with non-academic stakeholders.
However, given the limited time researchers have available for engagement processes, it
might be important to have non-academic organizations involved in regularly updating
data as well as in providing more user-friendly and engaging formats for scientific infor-
mation. In this respect, consultancies or think tanks could become “impact extenders” [83]
focusing on communicating credible scientific information to non-experts.

To bridge the gap between science and implementation, Guerry et al. [55] argued
that robust evidence is needed that clearly link decisions to impacts on the environment.
Improvements in the traceability of trade flow data could help to identify the origin of
commodities [20]. However, as interviewees in this study reported, end buyers would like
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to understand the consequences of their decisions on the environment and, therefore, more
forward-looking approaches are also needed. This aligns with what O'Rourke et al. [35]
pointed out in their review about the science of sustainable supply chains, that instead of a
“policing” of supply chains, more focus should be on how data and tools could be used to
be more predictive and avoid unsustainable practices before they happen. Additionally, to
prevent unintended consequences, a more holistic approach to sustainability is required.
Interviewees in this study pointed out that there is a focus on more visible and faster-
changing sustainability challenges such as deforestation. Yet, data collection efforts could
focus on currently less visible and slow-changing issues rather than improving the detail of
already visible issues.

Finally, to reduce barriers to adoption, there is also a need to harmonize and align
different approaches as well as to reach some level of consensus among researchers about
the “best” approaches, data and methods depending on the intended purpose. For example,
standards have been agreed on how corporations can calculate and report science-based
targets on GHG emissions (e.g., [84]). However, as the agri-food sector contributes consid-
erably also to other sustainability challenges such as biodiversity loss, water scarcity or
water pollution, methodological advances are needed to allow actors to quantify and report
science-based targets for other major sustainability challenges as well (see [5]). Initiatives
are underway to develop science-based targets for some issues, such as land or biodiver-
sity [85], led by the Science-Based Targets Network [86]. Without agreed and standardized
methodologies, there is the risk of confusing decision-makers and practitioners, leading
to inaction or even a loss of trust in scientists [87]. Still, as science in this field is rapidly
advancing and new data are becoming available, the developed methodologies also need
to be flexible enough to incorporate science and data developed in the future. This requires
continued exchange between scientists, practitioners and tool developers.

5.2. Implications for Practice

The dynamic interactions between different sustainability challenges illustrated in
this study highlight the complexity of decision-making within sustainable production and
consumption systems. As globalization of traded commodities increases the spatial dis-
tance between them [24], it is challenging for end buyers to understand the local contexts
in which the farmers producing their commodities operate. Therefore, it is difficult to
understand local socio-economic drivers of sustainability concerns as well as the risks of
unintended consequences resulting from demand-side policies. Crucially, what is a priority
for local stakeholders will depend on their regional context [32]. This context dependency
helps explain why stakeholders often disagree on solution pathways. Indeed, mismatches
in priorities are typical of “systemic” environmental management problems [88]. Our
study suggests that to achieve meaningful progress on sustainability challenges, more
collaboration is needed across different companies (e.g., traders, growers, processors, and
retailers) but also between companies and different types of organizations (e.g., NGOs, gov-
ernments, and researchers). Especially for complex global supply chains where companies
rely on many geographically or culturally distant suppliers, partnering with other organi-
zations such as NGOs might be an effective approach to achieve meaningful sustainability
outcomes on the ground [89].

The perception discussed in this study of the limited leverage of end buyers in supply
chains and limited capacity to engage with other stakeholders demonstrates the challenge
end buyers face in affecting meaningful change. Therefore, for some companies, it might
be more effective to join industry initiatives (e.g., RSPO) to collectively have more power
in the market. Industry leaders [90] and researchers (e.g., [91]) have been calling for some
time for importing governments to better regulate environmental and social standards in
supply chains. The UK, EU, and several of its member states have embraced human rights
and environmental due diligence laws restricting the import of commodities linked to
deforestation [92,93]. These kinds of regulations may help ensure that it is not only leading
companies who are requiring their suppliers to ensure commodities are not associated
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with deforestation. However, as illustrated in this study by the responses of NGOs, the
traceability of imported “embedded” commodities would need to be improved so that
companies can monitor and report compliance with this law. Additionally, the European
Parliament [94] has highlighted that this law should be extended to also include other,
non-forest but carbon-dense and biodiversity-rich ecosystems to avoid conversion pressure
on these areas. To be able to implement this policy successfully, existing data providers
may need to broaden their current focus, which will likely require additional investment in
research and knowledge co-production.

A lack of evidence has been mentioned as one reason for the limited implementation
of approaches aiming to improve sustainability at a sub-national scale [95]. To identify
whether and to what extent science-based evidence leads to changes in practice, the moni-
toring of outcomes is essential [96]. There is also a remaining question about who along
the supply chain would have the burden of gathering data and proving the sustainability
of practices. Is it the responsibility of manufacturers, their suppliers, their sub-suppliers,
governments, or traders? Efforts to increase data transparency on supply chains and their
impacts can help to identify responsibility of different actors and thus, leverage points (e.g.,
actors or regions) to improve the sustainability of the entire system [97]. Furthermore, from
the perspective of end buyers, it can also help to identify actors with common goals with
whom to work in partnership.

5.3. Limitations and Further Research on Supply Chain Stakeholder Needs

While this study offers valuable insights for academia and practice, this research is
also characterized by some limitations which future research could focus on. First, in this
study we only interviewed actors distant from producing regions. Future research could
extend the interview sample to include additional stakeholders linked to the supply chain
such as traders, investors, producers (both large and smallholder), and governments. In
this study, we used NGOs to represent the “voice” of Western consumers and, to some
extent, to represent the opinions of farmers “on the ground”, but future research should
include those actors more representatively.

Second, it is likely that those individuals that were willing to share their time and
knowledge in our interviews were likely part of leading organizations who are already
relatively well-informed, set relatively ambitious sustainability targets, and are motivated
to act on sustainability challenges. We chose these organizations based on their in-depth
knowledge, which they likely gained through years of practical experience aiming to im-
prove their organizations” impact on sustainability. We believe our sample of manufacturers
and retailers is representative of leading organizations, as they will likely have similar
information needs. However, in the future, the sustainability performance expectations of
end buyers’ stakeholders (e.g., investors, consumers, producing governments) will increase
and, therefore, organizations who are not currently as interested in these concerns will
likely need this kind of information. Stakeholder-led research to understand the needs of
these non-leading end buyers will be needed.

Third, our interviews were limited to European and North American stakeholders.
However, little is known about consumer preferences in developing and emerging markets
such as India and China, where demand for agricultural commodities is projected to
increase and where the import of animal feed linked to tropical countries has grown
rapidly. Our study focused on societies where the demands to improve the sustainability
of food systems is currently largest, yet future research should also try to understand the
motivations of actors in emerging and developing markets.

6. Conclusions

Our findings reveal the complexity of sustainability challenges linked to demand for
forest-risk commodities in global supply chains. Consumer-country societies are linked
through retailers and manufacturers not only to their counterparts in countries of pro-
duction but also to the natural environment in which those commodities are produced.
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As providing detailed data can be costly, research needs to ensure that new data gener-
ation is focused on aspects where it can lead to better sustainability outcomes. Here, an
iterative approach to identify demand-side actors’ knowledge gaps together with NGOs,
data providers, business representatives, and other relevant stakeholders could be helpful
to ensure that science supports decisions with enough information to avoid unintended
consequences and maximize co-benefits towards sustainability. Guidance towards en-
vironmentally sustainable production therefore requires careful evaluation of possible
unintended consequences on other geographies and people, to avoid burden shifting. A
key challenge is to provide guidance to navigate this complexity while avoiding over-
whelming concerned actors, at the risk of inaction. More dialogue is required between
actors in producing countries and those in consuming countries to negotiate common goals
and align monitoring as well as actions. All stakeholders involved in these complex supply
chain systems should ideally be given a “voice”, to ensure successful implementation.
Academia might also benefit from closer collaborations with “impact extenders” like NGOs
or think tanks who could help them to translate science to a non-academic audience.

Additionally, our findings highlight that mandatory supply chain due diligence reg-
ulations such as those adopted by the EU [29] need to consider, besides deforestation
and forest degradation, other sustainability challenges such as water consumption, soil
degradation, and social aspects to avoid unintended consequences.
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