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ARTICLE INFO ABSTRACT

Handling Editor: Cecilia Maria Villas Boas de Climate change impacts in one country can lead to impacts in distant locations, for example, via internationally

Almeida traded crops. Previous work has highlighted a need to include cross-border climate change impacts in climate

risk assessments, to describe the exposure and transmission of cross-border climate risk across actors, and un-
Ke}'wordS: derstand options for managing this risk. In a case study of the Brazil-Europe soy supply chain, this paper aims to
ig:;;iiz}:nge explore how stakeholders perceive past and future shocks, how climate change impacts affect stakeholders

differently, and how they might respond. Soy is a key internationally traded commodity and Europe relies on
imports for the majority of its soy consumption, used widely in livestock feed. Via 96 semi-structured expert
interviews, we found different stakeholder groups are vulnerable to different types of weather shocks, experience
different price and supply consequences, and have different capacities to respond. While some responses can
reduce risk of impacts across the supply chain (e.g. new soy cultivars, improving transport infrastructure), we
also identified examples where responses exacerbate risk for other stakeholders (e.g. export bans, changing
demand). A holistic cross-border approach to analysing risk in the soy supply chain can help avoid maladaptation
and offer opportunities for more collaborative adaptation.

Cross-border climate impacts
Cascading climate risk

Soy

Supply chain

1. Introduction

Climate risk and adaptation are typically analysed on a national
level, but in an interconnected world, a single country focus could miss
an important part of the picture. Climate change impacts are not bound
by national borders, but can be transmitted through various pathways,
leading to impacts in other countries (Carter et al., 2021). Trade is a key
pathway of cross-border risk transmission (Benzie et al., 2016) and
agri-food supply chains have been identified as vulnerable to climate
change impacts (Godde et al., 2021; Jagermeyr et al., 2021; Mirzabaev
et al., 2023). Recent events, such as the COVID-19 pandemic and the
Russia-Ukraine war, have demonstrated consumer exposure to
cross-border impacts in food supply chains (Glauber et al., 2022).
However, describing the transmission of cross-border climate change
impacts (hereafter referred to as cross-border climate impacts) across
actors in international supply chains, and guidance on how to adapt,
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remain key research gaps (Bednar-Friedl et al., 2022; Mirzabaev et al.,
2023).

Emerging work has demonstrated the interdependencies within
supply chains in the context of climate change risk and adaptation. The
negative financial consequences of extreme weather impacts on sup-
pliers can propagate to customers (Pankratz and Schiller, 2021), and
companies’ climate risk exposure and adaptive capacity depend on
inter-company relationships (Canevari-Luzardo et al., 2020). Regardless
of their own resilience measures, companies can be susceptible to
climate-change related risks via less resilient stakeholders within their
supply chain (Er Kara et al., 2021). The responses of stakeholders to
climate impacts can also affect other stakeholders in the supply chain.
Whilst responses can promote adaptation, they may have negative
consequences on other stakeholders, in worst cases being maladaptive
and increasing vulnerability (Barnett and O’Neill, 2010). Recent
changes to the IPCC definition of risk recognise the importance of
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including responses in climate risk assessments: risk can arise from the
impacts of, as well as human responses to, climate change (Reisinger
et al., 2020).

Despite broad evidence for including stakeholders from across the
supply chain in analyses of climate risk and adaptation, few studies
explore the perspectives of stakeholders in more than one country along
a cross-border supply chain. Previous work addressing supply chain
stakeholder perspectives on cross-border climate risk has focused on
stakeholders within one country (Fleming et al., 2014; Tenggren et al.,
2020) or one region (Berninger et al., 2022). Within the food supply
chain, previous research has focused on the agricultural production step
in both assessing climate risk (Davis et al., 2021) as well as targeting
adaptation efforts (Mirzabaev et al., 2023), missing potential opportu-
nities for adaptation in other parts of the supply chain and for under-
standing the transmission of risk. Furthermore, insufficient attention has
been paid to the effects of stakeholder responses to risk on other
stakeholders in a supply chain. More work is needed to evaluate
trade-offs and synergies between risk management options across
stakeholder groups, to avoid situations where risks are shifted to other
actors or existing vulnerabilities are reinforced (Fleming et al., 2014;
Lager et al., 2021; Sa et al., 2019).

This paper tackles the research gaps outlined above by investigating
stakeholder perspectives of cross-border climate risk and their potential
responses in a case study of the Brazil-Europe soy supply chain. Using a
supply chain perspective, we aim to explore how stakeholders may be
impacted by climate shocks, how shocks are transmitted between
stakeholders, their potential responses, and how these may impact other
stakeholders. In contrast to previous work, we analyse cross-border
climate risk and responses for a range of stakeholder groups along an
international commodity supply chain.

We consider the experiences of, and interrelationship between,
stakeholders from across the supply chain, drawing on stakeholder
theory, originally proposed by Freeman (1984) who argued that firms
should be concerned about the interests of their stakeholders, not only
their shareholders. Freeman (1984) defined stakeholders as those who
affect or are affected by an organisation, though critically not all
stakeholders are equal (Cadez et al., 2019). Our study employs a con-
ceptual perspective to consider the perspectives of stakeholders across a
supply chain, rather than from a single company’s perspective, and
draws on stakeholder theory’s two main branches (Wagner Mainardes
et al., 2011): strategic (the active management of stakeholder interests)
and moral (the balancing of stakeholder interests). For our case study,
we investigate questions under both branches: how firms can benefit
from considering other stakeholders’ risk exposure (strategic) and
whether there is a ‘just’ distribution of risk across the supply chain
(moral; Lager et al., 2021).

Recent conceptual framings of cross-border climate risk (Carter
et al., 2021; Talebian et al., 2023) have outlined cross-border climate
risk pathways, and characterised stakeholder responses. Carter et al.’s
(2021) framework describes typologies of the initial impact, the down-
stream consequences propagated through an impact transmission sys-
tem, and a response transmission system. Building on this initial
framework, Talebian et al. (2023) further develop typologies of
cross-border climate impacts, responses and actors, to help investigate
the appropriateness of responses and governance modalities. We utilise
Talebian et al.’s (2023) typologies of responses and response effects to
categorise stakeholder responses, analyse their underlying mechanisms
and evaluate their effects on other stakeholders along the supply chain.

Drawing on stakeholder theory and Talebian et al.’s (2023) con-
ceptual framework, our study brings together stakeholder perspectives
from across the Brazil-Europe supply chain, using data from
semi-structured interviews with soy producers, traders, feed producers,
livestock farmers and retailers. The Brazil-Europe soy supply chain has
been identified as a key cross-border risk for Europe requiring further
research due to its reliance on soy imports for livestock feed (Arvis et al.,
2020; Berninger et al., 2022; Kuepper and Stravens, 2022; West et al.,
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2021). In 2020, Brazil was the largest exporter of soy globally, and
exported 18.3 million tonnes, or $6.7 billion, of soybean to Europe
(Chatham House, 2021). In terms of stakeholder numbers, the supply
chain is ‘hourglass-shaped’, with hundreds of thousands of farms pro-
ducing soy in Brazil, for an estimated billions of end-consumers globally,
connected by a small number of processors and traders (De Maria et al.,
2020).

To explore the potential impacts of climate change, we used the
terms ‘climate shocks’ and ‘weather-related shocks’ with participants.
Discussion of climate shocks allows us to explore the perceptions of
stakeholders on climate change more broadly, whereas discussion of
weather shocks allows us to explore the potential impacts of climate
change at a time scale which stakeholders are dealing with on the
ground, and which allow us to discuss these impacts in detail. Whilst not
every past or future weather-related shock discussed can be attributed to
climate change, climate change is projected to increase the frequency
and intensity of weather extremes (Portner et al., 2022). Stakeholder
experiences of extreme weather events, whether or not they are attrib-
uted to climate change, can help inform adaptation to extreme weather
events which are driven by climate change.

Our study makes the following main contributions to the literature:
for an international supply chain, we describe and compare the exposure
of different stakeholders to cross-border risks, explore the transmission
of shocks between stakeholders, and evaluate trade-offs and synergies
between stakeholder responses. We consider stakeholder groups from
across the Brazil-Europe soy supply chain, in contrast to a previous focus
in the literature on agricultural production. We structure our paper
around the following questions.

@ How do stakeholders perceive past and future climate risk to the soy
supply chain?

@ What are the consequences of weather shocks on the soy supply
chain for different stakeholders?

@ How might stakeholders respond to weather shocks, and how could
these responses in turn affect other stakeholders?

In Section 2, we outline the methods for our study’s data collection
and analysis. In Section 3 we discuss our main results, and in Section 4
we contextualise these within the wider literature and point towards
areas of further research. Finally, in Section 5 we present our
conclusions.

2. Methods
2.1. Methods overview

We conducted interviews with stakeholders in Brazil and Europe
representing a range of organisations involved in the production,
transport, trade and use of soy (Table 1). Data collection was carried out
in two phases: in Phase A, in-person interviews were conducted in Brazil
in 2019; and in Phase B, online interviews were carried out in 2022 (see

Table 1
Number of interview participants per location and stakeholder group. Examples
of stakeholder sub-groups provided.

Stakeholder Number and Example stakeholder sub-groups
Group location of
participants
Brazil  Europe
Producers 24 1 Soy producer, soy cooperative, seed and
inputs company
Intermediaries 47 4 Grain trader, soy processor, storage, trader
group
Consumers 0 11 Feed producer, livestock farmer, retailer
Policy and 6 Policymaker, researcher
research
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sections 2.2 and 2.3, respectively).

To identify key stakeholder groups, we conducted a stakeholder
mapping exercise (Fig. 1), drawing on prior knowledge and soy supply
chain literature (Czaplicki Cabezas et al., 2019; Kuepper and Stravens,
2022). To capture cross-border climate impacts, we defined our system
boundaries as the soy produced in Brazil and used for export to Europe.
Therefore, our scope does not explicitly include consumption of soy
within Brazil, or other sources of soy consumed by Europe (except for
one European soy producer stakeholder who provided insight into do-
mestic production as a response).

Based on this mapping exercise, we defined four stakeholder groups:
producers (stakeholders involved in the production and initial process-
ing of soy), intermediaries (stakeholders involved in the trade and
transport of soy), consumers (stakeholders who import and rely on soy
from Brazil) and policy and research (individuals established either in
Europe or Brazil, offering an outside perspective on the supply chain as a
whole). We recruited 96 participants in total (see Table 1, and sections
2.2 and 2.3 for recruitment methods). Participants were categorised
based on their position in the supply chain, and geographical location.

Interviews were semi-structured, allowing questions to be adapted to
each stakeholder group and for exploration of topics raised by the par-
ticipants (Adams, 2015). The interview guides are included in the
Supplementary Material.

All participants provided informed prior consent to their involve-
ment and the recording of their data. Ethical approval was granted by
the lead author’s institution.

2.2. Phase A - interviews in Brazil, 2019

Phase A consisted of in-person interviews with stakeholders located
in Brazil, conducted by T.N.P.R. The interviews explored shocks
(including climatic shocks) affecting production and trade relations in
Brazil’s export soy supply chains, as part of a broader scope of research
addressing additional questions of trade relationship stability, soy pro-
duction history and infrastructure decisions (see S.1a, Supplementary
Material; Reis et al., 2023). Between July and November 2019, 70

. Seed Coopera-
Brazil companies tives
Fertilizer/ Soy Soy
other farm —>» producers = L -——---____
inputs
processors
Stakeholder S
groups
Consumers

Intermediaries
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in-person semi-structured interviews were conducted, in Brazilian Por-
tuguese (a further 13 interviews were conducted, but participants chose
not to be recorded, and are therefore excluded from this analysis). Key
soybean trading hubs were visited within a range of regions involved in
the soy supply chain (Reis et al., 2023). Each location was visited for one
to two weeks, and semi-structured interviews were conducted with
various actors in the soy supply chain, using methods outlined by Patton
(2002) and Silverman (2010).

Interviews ranged from 40 to 150 min. Interviewees were identified
through a combination of personal acquaintances, contacts with local
rural unions and associations, the establishment of a network of gate-
keepers and key informants, and snowball sampling (Silverman, 2010).
Interviews were recorded and transcribed by a research assistant.
Transcripts were translated into English and checked by a native Bra-
zilian Portuguese and English speaker.

2.3. Phase B - virtual interviews, 2022

Phase B consisted of 26 semi-structured online interviews with
stakeholders across the whole supply chain (located in both Brazil and
Europe), between June and December 2022, conducted by E.S. Purpo-
sive sampling was used to recruit the initial interview participants in this
phase, with snowball sampling thereafter. Use of multiple starting points
reduced the risk of linearity associated with snowball sampling. In-
terviews took place over Zoom in English, lasting from 30 to 60 min.

Questions were structured into four sections: role and background of
the participant; experience of past shocks on the soy supply chain;
planning for shocks in the future; and policy responses to shocks (see
S.1b, Supplementary Material). Interviews were recorded and
transcribed.

2.4. Analysis of interview transcripts
Interview participants were anonymised at the transcription stage

and given labels representing their stakeholder group (ProX for partic-
ipants in the producer group, IX for intermediaries, CX for consumers,

International

Brokers Soy storage

Grain trading
companies

Soy transport

Feed Livestock Food
manufactu-  —p farmers —» manufactu-
rers rers

v

End- Retailers
consumers <

Fig. 1. Stakeholder mapping diagram for the Brazil-Europe soy supply chain case study. Stakeholders grouped by geographic location; colours indicate stakeholder
group; arrows indicate soy or material flows. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article.)
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and PolX for policy and research; interview codes preceded by ‘A-’ or ‘B-’
to indicate phase).

We conducted thematic analysis (Braun and Clarke, 2006) and coded
transcripts using NVivo version 20.6.1.1137 with both a priori and
emergent codes (Elliott, 2018). Five a priori codes were based on the
original aims and questions (shocks affecting the soy supply chain in the
past; consequences of shocks; responses to shocks; future expected
shocks on soy supply chain; policy issues and recommendations), and 51
emergent sub-codes were developed during the coding process from the
participants’ responses, each categorised within one of the five a priori
codes (see Tables S1 and S2, Supplementary Material, section S.2).
Emergent codes were refined throughout the coding process, selected
based on the recurrence of themes during the interviews, and their
relevance to the research questions. The five a priori codes were
condensed into three to structure the results section (see Section 3).

In addition to the coding analysis, we applied the conceptual
framework for responding to cross-border climate change impacts of
Talebian et al. (2023) to analyse our findings within a broader
non-sector-specific context and consider the potential repercussions of
stakeholders’ responses. In particular, we used the authors’ categories of
response types (based on attributes of the response transmission target
and dynamics) to categorise the responses described by participants and
response effects (reduce, redistribute or exacerbate risk) to analyse their
impacts on other stakeholder groups (see Section 3.3).

3. Results
3.1. Stakeholder perceptions of past and potential future shocks

Participants reported a wide range of different geopolitical, eco-
nomic and weather-related past shocks, the majority occurring in the
past ten years (Fig. 2; Table S3, Supplementary Material, section S.3).
This highlights that weather impacts on the soy supply chain occur
alongside other geopolitical and financial disruptions, and experiences
of all these shocks informed participants’ responses during the in-
terviews. As explained by B-C7 (an aquaculture producer), supply
chains are so ‘tight’ currently, it makes responding to any individual
shock more difficult; if climate shocks occur in the future “there’s not so
much space around to find replacements.”

In terms of past weather shocks, participants mostly reported
drought or excess rain (mentioned by 43 and 35 participants, respec-
tively; see Table 2). The particular timing of weather shocks during the

Price, USD/tonne
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Table 2
Participant perceptions of how weather shocks can affect soy production,
transport and infrastructure. Number of interviewees in brackets.

Shock Impacts on soy production Impacts on soy transport &
infrastructure
Drought Reduces soy yields (43) Reduces waterway transport of soy

(6)
Reduces hydroelectric power
generation (1)

Delays loading at ports (1)
Causes flooding on [unpaved]
roads (10)

Increased sedimentation in rivers,
blocking waterways (1)

Damage to soy in storage (1)

Excess Delays soy planting (3)
rain Delays soy harvesting (6)

Damages soy quality, increases
risk of disease (e.g. soybean
rust) (21)
Unspecified harvest loss (7)
Leaches potassium from soil,
less light for photosynthesis,
lower yields (1)

Storms None mentioned Can damage loading facilities or
boats on the water, divert ships
and delay docking (2)
Can damage railways and bridges
(€D
Extreme Frost can damage plants and None mentioned
cold cold can slow germination (4)
Extreme High temperatures can damage Increase of vermin affecting soy
heat plants (2) storage (1)

growing season matters (A-Pro5): soy is most vulnerable to drought
during the flowering to grain filling stage (B-Pro5), and heavy rainfall
has the most negative impact during planting or harvesting. Participants
also highlighted examples of concurrent or compounding weather
shocks. For example, 10 of the 26 Phase B interviewees mentioned the
2021-2022 growing season, in which southern Brazilian states experi-
enced drought followed by excess rainfall which delayed harvesting and
damaged part of the crop (B-Poll).

The impact of weather on the transport of soy in the past was
mentioned less frequently than impacts to soy yields (see Table 2), or
seen as less important than impacts to production (B-Pol2). Whilst B-I1
and B-I3 recognised that weather could affect waterways, they were
sceptical about its potential to cause large disruption to roads or rail-
ways. B-I1 and B-Pol4 explained that weather disruption may increase
transport costs, but does not generally disrupt the flow of soy because
alternative routes are possible.

Some participants (mostly intermediary and consumer stakeholders)

S trade war, 2018-19;
uin China, 2019

20,000

Brazil Soybeans Yield, hg/ha

10,000

0
2000 2005 2010

Year

= = Brazil Soybeans Yield, hg/ha = Brazil Soybean Producer Price, USD/tonne

2015 2020

International Soybean Prices, Export, US (Gulf), USD/tonne

Fig. 2. Timeline of annual Brazil producer price, mean international export price and Brazil soy yield, 2000-2020. Major shocks mentioned by participants are
labelled. Sources: FAO, 2023a; FAO, 2023b. Data for 2017 unavailable in producer price data.
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struggled to think of any weather-related examples of past shocks on the
soy supply chain (B-C3, B-C4, B-16, B-Pol4, A-113). B-C4 explained: “I
think it’s gonna be very difficult to pinpoint a climate shock that has impacted
the entire industry for such massively produced commodities as soy and palm
oil. ” Whilst B-13 acknowledged historical examples of drought reducing
yields, they stated “it’s not a massive crop failure”, and that other pro-
ducers could step in to fill gaps in supply. Some participants also argued
that soy was less affected by bad weather than crops such as coffee or
fruit (B-Prol), and that other countries (in particular, Argentina) expe-
rienced worse weather and larger soy harvest losses than Brazil (B-Pol4,
B-Cl, B-C6, A-Prol3).

As with past shocks, a wide range of possible future shocks were
described by participants, including geopolitical, economic, demand-
related and climate-related (see Table S4, Supplementary Material,
section S.3, for further detail). Some participants suggested that climate
change may be a bigger risk than other potential shocks, due to its
longevity and irreversibility (B-I3), and the difficulty of finding solu-
tions (B-Pol4). There was generally a strong expectation that climate
change would impact the soy supply chain, but it was not always clear
exactly how (B-16, B-C10, B-C7, B-Pol4, A-116); “we all think we know
what climate change is, but we don’t really understand it” (B-16). However,
some participants gave specific examples, including negative impacts on
transport, storage and processing, often identified by those involved in
grain trading (B-I13, B-14, B-15); “how to move the cargo is going to be
broadly the next big challenge. I am very worried that in 10 years we will not
have this river, or the other river [ ...] Because that implies a complete change
of flow inside the country and of course on the economics behind” (B-14).
Participants at the trader and consumer end of the supply chain also
identified climate-induced legislation and regulation as a risk to the soy
supply chain (B-I3, B-C10, B-C6, B-C8, B-C9, A-I18).

Certain participants portrayed optimism about the supply chain’s
ability to withstand future shocks: “if you ask [Brazilian soy farmers]
about the future shocks and the possibilities that something could break their
harvest, they would say that they are not concerned about this, because now
they are earning a lot of money [ ...] so they will see the future when the
future comes” (B-Pol1). Participants were also optimistic about the future
of soy due to strong persistent demand, such as the rise of Indian demand
for meat (A-I11, A-113, A-I15, B-C2, B-Pro2). However, B-C3 suggested
that optimism may come from the fact that many supply chain actors
“are from a generation where everything was available in large quantities.
And I think we enter a new era, let’s say, where we will face a lot more
disruptions.

Participants had different definitions of a shock and were concerned
by different aspects of supply chain performance. For some participants,
a shock represented a physical disruption to supply, whilst other par-
ticipants were primarily concerned about changes to the price of soy. For
example, participant B-I6 was optimistic about the supply chain’s
ability to withstand shocks due to historical continuity of supply: “we’'ve
never seen the supply chain broken. There’s never been a disruption in the
continuity [ ...] in the pandemic, when we saw negative prices for oil, most
ships were abandoned because there was no demand. Supply of soymeal kept
working like a Swiss clock.” Ultimately, supply and price are closely
related: interruptions in supply cause prices to increase. Some stake-
holder groups ‘suffer’ from a disruption in supply but not from an in-
crease in prices (grain traders, those involved in the transport of soy),
whilst other stakeholder groups are affected by higher prices (those who
buy soy as an input for their industry, and stakeholders who buy their
products).

3.2. Consequences of weather-related shocks for different stakeholders

For soy producers, the consequences of weather-related shocks
mainly relate to harvest losses, which could have direct impacts via loss
of potential income (B-Poll, B-I5, B-Pro4). It is common for soy farmers
to sell 30-70% of their expected harvest in advance, to protect them-
selves from the risk of lower future soy prices (6 participants), but not
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selling 100% in case of a harvest loss or a higher future soy price (12). If
soy farmers are unable to fulfil a contract they have already agreed to,
there are several potential consequences: the contract will be renego-
tiated (11 participants), and soy farmers could face debt (6), pay a fine
or the cost of soy on the market (12), the contract may be rolled over to
the following year (8), or farmers could face a court process (3). Where
the harvest is damaged or fails to meet certain standards, traders pur-
chase the soy with a discount (A-I36, A-Prol17, A-I31, A-Pro16). In some
cases, soy producers may take multiple years to recover financially (A-
Pro3, B-11, A-Pro6, A-141).

The choice of response from the grain trader depends on the size and
type of producer: with a family farm they may roll the contract to the
following year, “because it makes no sense to go against someone who is not
going to be able to solve it” (B-14). However, with a larger corporation,
they would be asked to comply with the commitment or pay the price
difference for buying the same volume of soy on the market. A-Pro16
also stated that due to their good relationship with the trader, they did
not have to pay the required fine when they broke their contract due to a
harvest loss: “it depends on the relationship you have with the company.

Participants specified that the impact on producers also depends on
how widespread the shock is: “depending on the kind of shock, the prices
are going to go back to the producer, or to the client” (B-14). If it affects a
small area, the affected producers are more likely to shoulder the cost
personally (B-Prol, B-14). However, if soy yields decreased over a larger
region, governments may step in to support farmers (B-Prol), and soy
prices will increase (due to reduced soy supply), leading to a slight
balancing effect for producers with a harvest (B-14). B-14 gave the
example of the ongoing drought in Argentina, where a reduction in the
loads soy barges were able to carry increased export costs. Other pro-
ducers of soy (Brazil, US, Paraguay) did not have the same problem,
therefore buyers were not willing to pay the increase in transport costs
and, as a result, Argentinian farmers absorbed the increased freight costs
via lower soy prices.

Multiple participants suggested that shocks to soy production would
not have negative financial consequences for large traders, and that soy
price rises could increase their profitability (B-12, B-Pol2, B-15). How-
ever, other participants stated that, in the case of a drop in production,
traders may absorb costs and wait for the next harvest (A-116, A-130),
and could incur costs for not filling, cancelling or delaying ships (A-I35,
A-18, A-137). B-Pol3 also stated that “any uncertainty on the price [ ...] any
response through crisis adjustments to a shock is creating a situation of un-
certainty where everybody loses”, which specifically included traders.

Shocks to soy transport were highlighted as having clear negative
consequences for traders: by buying soy in advance, traders are
vulnerable if transport costs increase between buying and receiving the
soy (B-I1, B-I3, B-14, A-12). As B-I3 stated, “if there’s a diesel price in-
crease, that’s something we [...] the processors or the movers of physical
goods would have to absorb and there’s only little leeway in fact to price it on
further in the chain.” Transport and logistics costs for grain traders can
also increase indirectly as a result of crop failure: lower yields can mean
having to unexpectedly shift sourcing areas, which leads to an increase
in transport and infrastructure costs (B-13). This normally occurs every
year to some extent as supply shifts from North America to South
America, but it is exacerbated by crop failures (B-13).

Many participants agree that the effects of rising soy prices would be
felt by consumer stakeholders (including intermediate consumers, such
as feed producers and livestock farmers) of the supply chain (B-12, B-C5,
B-Pol4, B-C1). An increase in soy prices leads to a big increase in input
costs for the feed sector. For example, Brazil’s harvest loss in the
2021-2022 season “affected the feed sector because soya prices rose from
£350 a tonne to £500 a tonne”, and droughts affecting the transport of soy
in Argentina led to “a noticeable increase in cost” for the feed producing
sector in the EU (B-C1).

There is considerable heterogeneity in how livestock farmers may be
affected by an increase in feed prices. Depending on the animal, feed can
make up a huge proportion of production costs for livestock farmers: up
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to 70% for chicken (B-C3), and 60-80% for fish (B—C9, B—C7), whereas
sheep and cattle are less dependent on feed as they can be grass-fed
(B-C2). Price-setting mechanisms also vary. For example, B-C10, from
a dairy cooperative, explained that milk prices are set and evaluated
monthly, involving the farmers, and would reflect increases in inputs
such as feed. B-C11 described the contrasting example of the Norwegian
salmon industry where prices are set by the government annually, so
sudden short-term increases in feed costs can negatively impact salmon
farmers as the system is not flexible. A livestock farmer’s ability to
withstand shocks is also partly linked to size, as larger companies have
more power when it comes to contracts: “if you are small [livestock]
farmers and you are alone, you have zero power in terms of with these big
player traders of raw materials, soybean, all around the world” (B-C5).

It is not always possible for livestock farmers to pass on increasing
costs down the supply chain (B-16, B-C3, B-C7, B-C5, B-C11). Several
participants (B-C3, B-C7, B-C11) highlighted that the small number of
large retailers meant they had “huge bargaining power” (B-C7), making it
difficult for poultry producers and the aquaculture industry to pass on
increased costs. The “super fresh” nature of chicken also reduces poultry
producers’ bargaining capacity (B-C5).

B-C4, a UK retailer, suggested that retailers may not feel shocks as
much as feed producers or livestock farmers: “I don’t really see the case
for a shock which would impact us. [... Retailers have] so many thousands of
suppliers who source from all over the world [...] I think that that kind of
flexibility is built into the system, certainly at the far end of the supply chain
that we operate in”. For B-C8, retailers would hardly notice the increase
in the price of soy as a result of a drought: “you just shift your supply [...] if
you calculate what the actual influence is of a rise in the prices for soy in the
end product as sold in retail it’s so marginal that it’s actually negligible [ ...] I
guess the biggest burden there is to be borne by the producers themselves.”
However, other participants disagreed and suggested that retailers and
consumers do see an increase in prices: retail prices for salmon increased
in 2022, likely driven by higher feed and energy costs (B—C9).

The impact of shocks on end-consumers was not explored in detail,
but participants did highlight that the relative wealth of the EU meant
that consumers could afford an increase in the cost of food, and soy
supply would continue even if prices increase (B-16, B-14, B-Pol3, B-
Pol4). In the case of participant B-Pol3, speaking in the context of the
wider EU food system, they were “not sure we have a real shortage or a big
threat to food supply — yes, feed supply, yes, but food supply, [...] I'mnot sure
we are in such a dramatic situation with this kind of thing.”

3.3. Responding to and preparing for weather-related shocks

The topic of climate risk to the soy supply chain for traders and
‘consumer’ stakeholders is still an early internal discussion (B-11, B-C3),
and conversations in the sector are currently more focused on reducing
greenhouse gas emissions (B-I1, B-C9, B-I5, B-C10). Existing policy
addressing shocks in the soy supply chain is rare (B-C5, B-Pol2), and
several participants described a lack of plans for responding to future
climate disruption to the soy supply chain (B-C7, A-I16, A-I18). One
approach of responding proactively to shocks may therefore be to raise
awareness of these risks within the sector(s) (B-C3).

However, many participants did identify responses to potential
shocks, and these are summarised in Table 3, categorised by response
type and response effects as defined by Talebian et al. (2023). Where
responses could fit within multiple types, we have chosen the most
appropriate. In this section, we outline the main responses described by
participants, their response types and response effects. Further detail on
the responses can be found in the Supplementary Material, section S.4.

According to Talebian et al. (2023), the ‘domestic adaptation’
response type is defined as responses at the location of the recipient. In
our study, recipients are located both in Brazil and Europe, and we
divided ‘domestic adaptation’ responses by country. In Brazil, partici-
pants reported multiple ‘domestic adaptation’ responses, though many
require farmers to pay high costs, which can be a barrier to
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Table 3

Potential responses to shocks identified via interviews, and response effects on
stakeholder groups (excluding costs of implementation). Green = reduces risk,
orange = redistributes risk, red = exacerbates risk. ‘X’ represents the main
implementing group, and absence of an ‘X’ indicates it is implemented by
stakeholders outside of the labelled stakeholder groups. Stakeholder groups:
Pro = Soy producers in Brazil; I = Intermediaries; C = Consumer sectors in
Europe. Response type and response effects defined by Talebian et al. (2023).
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implementation. For example, low uptake of soy farmer insurance in
Brazil (uptake varies by region) is in part due to its high costs, but also
due to a perception that weather is relatively stable in some regions
(B-Prol, A-Pro4), and because insurance only covers severe losses
(B-Pro4, B-Pol2). Participants also mentioned responses which the
Brazilian government can implement: export bans (to protect domestic
soy consumption from high prices) and loans for farmers (these tend to
be offered in times of widespread harvest loss, B-Prol).

In Europe, ‘domestic adaptation’ responses mentioned by partici-
pants were mostly government actions. Financial support from govern-
ments and the EU depends on the ‘long-term’ nature of the shock. For
example, the EU would respond differently to an isolated shock,
compared to recurrent shocks which might challenge the idea that
production was viable in the long-term (B-Pol3). This underlines the
importance of monitoring and projecting markets and production under
climate change and other risks (a ‘system-wide adaptation’ response),
which is done by many actors, including the EU, the FAO, the OECD,
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China, the US and the UK (B-Pol3). Planting more soy acreage domes-
tically was also mentioned, though participants warned that lack of
available land and biodiversity in concerns in Europe could limit this
(B-C8, B-C9, B-16).

‘System-wide adaptation’ describes responses which target the entire
risk transmission system, aiming to build system-wide resilience (Tale-
bian et al., 2023). Several responses mentioned by participants fit within
this category, which can be implemented at government level or at
multiple points along the supply chain, such as increasing and
improving storage and transport infrastructure (B-I1, B-I4, B-I5,
B-Pro5). Market and contract-related responses were also mentioned by
participants, such as the use of futures contracts along the supply chain
(protecting against future price fluctuations), the role of the Single
Market in the EU (B-C7), and free trade agreements (B-C5). Many
participants also mentioned the importance of monitoring the supply
chain, as well as climate change mitigation and other sustainability
measures (6 participants).

Participants described several potential ‘substitution’ responses
which can be implemented by stakeholders towards the consumer end of
the supply chain: substituting the origin of soy, substituting soy with
other protein sources for food and feed, and substituting the type of soy
(e.g. relaxing pesticide and genetically modified organism, GMO, regu-
lations). For example, during the Russia-Ukraine war, there was a tem-
porary acceptance of certain previously banned pesticides and
discussions over whether to relax GMO-free rules in the EU (B-Pol3,
B-C3). Substitution responses were frequently described by in-
terviewees, with 20 participants stating their organisation would draw
on flexibility of supply origins, 10 mentioning diversifying protein
sources, and two mentioning substituting the type of soy. This response
type relies on trade flexibility (described above) and the availability of
other sources, which is a concern for current protein alternatives, as
B-C7 summarised: “soya today is irreplaceable, it’s ubiquitous, it’s every-
where [...] it will take decades before these new or these novel raw materials
are able to replace soya in a significant way.”

Table 3 highlights how responses in one part of the soy supply chain
could lead to positive or negative repercussions on other stakeholders. In
particular, some approaches by consumer stakeholder groups could lead
to a reduction in demand for soy, which could exacerbate risk for soy
farmers, whereas some soy farmer responses to increase soy yields
would have positive effects on consumer stakeholders. We also found
several responses redistributed risk within stakeholder groups, rather
than reducing risk overall. We discuss the implications of these response
effects in section 4.2.

4. Discussion
4.1. Stakeholder differences and power in the supply chain

During the interviews, participants identified a range of different
weather-related shocks which have affected the soy supply chain in the
past, and which could affect it in the future under climate change.
Participants reported the various ways in which these weather shocks
could interact with soy production, transport and infrastructure to affect
supply chain performance, including soy quantity and quality, delivery
time, and price. We have found that different stakeholder groups
experience different consequences from weather shocks, are vulnerable
to different types of weather shocks and have different capacities to
respond, with risks from climate change interacting with those from
other sources.

Impacts to producers depend on the relationship with, and response
of, traders, and the contracts set up in advance. Previous research has
also highlighted the financial risks that Brazilian soy producers can face
as a result of a globalised soy market which ties them to a cycle of in-
vestment and debt (Bicudo Da Silva et al., 2020), with increased farmer
indebtedness identified as a consequence of drought (Silva et al., 2023).
Whilst our results show that producer debt is one outcome of harvest
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losses, we also find that farmer experiences can be highly variable and
depend on their adaptive capacity. Some weather variability is accepted
as ‘normal’, and farmers have good capacity to adapt up to a point, by
changing planting dates, selecting cultivars, implementing soil man-
agement techniques, irrigation and storage (some of which requiring
investment). These all depend on the severity and frequency of the
weather shocks; historical observations in Brazil have shown agricul-
tural technologies do not provide adaptation to extreme heat for soy
yields, for example, creating a dependence on irrigation (Silva et al.,
2023).

Traders and retailers see less financial losses from negative impacts
to yield than other supply chain stakeholders. Previous work has also
found traders to be less exposed as they can more easily pass costs on to
their customers (West, 2021) and are able to easily switch suppliers due
to their expansive connectivity (Osterblom et al., 2015). However, our
results show that traders are more vulnerable to shocks to transport. This
underlines the importance of considering a range of different
weather-related shocks, as research so far has been focused on climate
risks to crop production (FAO, 2017). Whilst traders and retailers have a
high capacity to adapt to localised weather shocks, as they are able to
switch sourcing patterns easily, larger or concurrent weather shocks
(Kornhuber et al., 2020; Lunt et al., 2016) may limit this adaptation
capacity.

Our findings suggest the feed sector and livestock farmers are at risk
of absorbing the costs of larger scale shocks since they can find it diffi-
cult to pass costs down the supply chain. Recent events in Europe have
illustrated this finding, where droughts were expected to impact the
livestock sector in particular (Bukhta, 2022), and in Ireland where pig
farmers faced higher feed prices due to drought in South America
(Walsh, 2021). Impacts depend on the local context, the industry, the
availability of alternatives, and the price setting mechanisms. Previous
work focused on the UK has also found the livestock industry to be most
affected by soy supply shocks and, in particular, the poultry sector due to
a lack of available substitutes (West, 2021). Our findings echo this point:
whilst there are lots of alternatives being researched, there are few al-
ternatives available at sufficient scale, availability and price levels,
meaning these stakeholders have limited options to adapt.

However, the ultimate impact to end-consumers is unclear. Retailer
power may prevent the full transmission of higher soy prices to con-
sumers, keeping consumer prices stable during volatile periods (Assefa
et al., 2017; Davis et al., 2021), but at the same time causing livestock
producers to absorb higher feed costs. Previous work has shown that
changes in consumer food prices are much smaller than changes in
producer prices, due to a combination of mark-ups for transport, pro-
cessing, marketing and consumer-level subsidies (IFAD, WFP, FAO,
2013). As highlighted by Assefa et al. (2017), both the transmission and
non-transmission of prices can be undesirable: full transmission would
mean consumers bear the cost of any price shock. Participant B-C10
advocated for all stakeholders to collaborate so that farmers receive a
fair price, and to improve sustainability: “we need everyone in the whole
value-chain to collaborate and, including the consumers, paying for the
products.” However, not all consumers are equal: participants high-
lighted that the EU may be comparatively less at risk since food is not a
large proportion of consumer spending, in contrast to low-income,
food-importing countries where consumers allocate a higher propor-
tion of their spending on food (IFAD, WEP, FAO, 2013).

During the interviews, the ability or inability to pass costs along the
supply chain was highlighted as a key driver of stakeholder vulnera-
bility. This finding supports previous research which asserts that a
company’s climate risk exposure depends on interfirm relationships and
dependencies (Canevari-Luzardo et al., 2020), and underlines the
importance of a supply chain perspective, and stakeholder theory
approach, in assessing climate risk. Some participants explained this in
terms of power: power in price or contract negotiations determines
where the costs of soy supply chain shocks are absorbed. We found that
soy traders and retailers emerged as key nodes of power, with both being
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examples of stakeholder groups with a small number of large actors.
Market consolidation and globalisation have led to the concentration of
market power in the global food system (Davis et al., 2021). In contrast,
individual soy producers have little power, though sectoral and collec-
tive actions (such as associations) can help producers increase their
bargaining power (Bicudo Da Silva et al., 2020). This work underlines
that an awareness of power and stakeholder relationships in the supply
chain is critical to understanding how the impacts of future cross-border
climate shocks might be distributed and could help to identify where
additional support might be needed for particular stakeholder groups.

4.2. Response effects and maladaptation

In contrast to previous research on Australian seafood supply chains,
which found that most potential responses were at the producer end of
the supply chain (Lim-Camacho et al., 2015), we found that all stake-
holders across the Brazil-Europe soy supply chain described response
options they could implement. This could be due to recent examples of
global supply chain disruption causing intermediate and consumer-end
stakeholders to pay more attention to cross-border risk. However,
identifying potential trade-offs and synergies in responses is “crucial to
their success” (Rosenzweig et al., 2020).

Our findings (see section 3.3) suggest that some responses benefit
multiple stakeholders in the supply chain, such as diversifying transport
modes, climate change mitigation and monitoring supply chain risks.
However, our results also highlight examples of trade-offs and imbal-
ances between stakeholders, and responses which might have negative
impacts outside of the supply chain, confirming concerns in the litera-
ture of maladaptation or an unjust redistribution of risk (Barnett and
O’Neill, 2010; Lager et al., 2021). For example, many soy producer level
responses would benefit consumer stakeholders (e.g. irrigation, tech-
nologies for soy production), whereas several consumer responses could
exacerbate risk at the producer end of the supply chain (e.g. diversifying
protein sources, planting domestic soy acreage). Weather shocks could
lead to riskier sourcing of soy from regions where other supply chain
risks may occur (as demonstrated in a Nordic context; Berninger et al.,
2022), and it may encourage expansion of soy into new areas, poten-
tially increasing deforestation risk. Some responses identified in section
3.3 can redistribute risk, which can be beneficial if risk had previously
been unevenly concentrated (for example, farmer insurance helps
spread the cost of harvest losses over time), but close attention must be
paid to the particular context.

Seen through the strategic lens of stakeholder theory, our case study
demonstrates that stakeholders could be affected by other stakeholders’
responses to shocks, and awareness of other stakeholders’ risk exposure
and responses could be of benefit to companies along the supply chain.
Since the emergence of stakeholder theory, stakeholders have increas-
ingly taken a more central position in organisational activities (Wagner
Mainardes et al., 2011), and our study supports a close attention to
stakeholders in the context of cross-border climate risk management.
Previous work has highlighted the need for network-level approaches
for climate risk management systems (Er Kara et al., 2021), and our
findings support this point by highlighting the potential for mutually
beneficial adaptation actions, whilst also revealing the tensions and
imbalances between stakeholders which could inhibit cooperation.

Our results also provide broader guidance on adaptation to cross-
border climate risks. Participants highlighted that the appropriateness
of a response depends on the frequency of the shock over the long-term.
A long-term increase in the frequency of drought, for example, might
require structural changes in the supply chain, whereas temporary
measures would be more appropriate for a one-off occurrence of
drought. Our study confirms previous findings that whilst proactive
adaptation in food supply chains is seen as beneficial, this has not yet
been implemented (Birchall et al., 2021; Ghadge et al., 2019). Only a
few of the responses identified in section 3.3 could be implemented
immediately when a shock occurs, and many would take a year or more
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to implement. Finally, as our participants identified a range of different
and overlapping supply chain risks (see Section 3.1), responses to
climate-related risks must be designed in combination with responses to
other risks (Miller, 2020). This may reveal actions which address mul-
tiple risks at once, and previous research has found that it is easier to
encourage the implementation of adaptation practices that are relevant
for both climate and market risks (Silva et al., 2023).

4.3. Supply chain cooperation, governance and justice

The possibility of maladaptation points to a need to improve supply
chain cooperation (Talebian et al., 2023; United Nations Global
Compact, 2022), and our results show a lack of coordinated responses in
the soy supply chain, despite examples of responses which would benefit
multiple stakeholder groups. This absence of coordinated responses
could in part be due to our chosen system boundaries; we might expect
to find these types of responses in international trade and development
government departments, or global frameworks such as the United Na-
tions Framework Convention on Climate Change, rather than
sector-specific stakeholders. However, previous work also identified a
lack of coordinated business action for climate adaptation, such as in the
orange and sugarcane supply chains in Brazil, where existing adaptation
strategies tend to be at a firm-level rather than supply chain-level (Sa
et al., 2019), and underlined the need for consumer-end businesses to
take responsibility for helping small-scale producers adapt to climate
change as an ethical issue (Thorpe and Fennell, 2012). One way of
improving supply chain coordination on climate adaptation may be to
bring discussion of cross-border risk into existing whole-sector discus-
sions on other risks, such as deforestation.

The competing and contrasting aims and vulnerabilities of different
soy supply chain stakeholders suggests that cooperation may not be
straightforward. Dzebo and Adams (2022) find an absence of established
roles and norms in transboundary (cross-border) climate risk manage-
ment, creating “a space for political contestation with legitimacy at its
center”. They describe five different governance pathways: transnational
governance, development cooperation, international diplomacy, global
markets and domestic policy. The main governance pathways discussed
by stakeholders in the interviews are transnational governance (power
of international grain traders), global markets (belief that lack of
intervention is the best approach), and domestic policy (what can Brazil
and Europe do domestically to address climate risks). However, these
governance pathways can lead to policy contradictions: the global
markets governance pathway and the domestic policy pathway are not
always compatible (for example free trade agreements contradict export
bans).

Dzebo and Adams (2022) argue for greater attention to the concept
of ‘fairness’, currently rarely used as an argument for governance
pathway legitimacy in cross-border risk management. This relates to the
concept of justice in adaptation (or ‘just resilience’; Lager et al., 2021;
Miller, 2020). Lager et al. (2021) conceptualise this with two key
components: procedural justice (who can participate in
decision-making) and distributive justice (how benefits and harms of
adaptation are allocated). In order to achieve globally just resilience, the
authors recommend strengthened multilateral cooperation (as discussed
above), the development of shared principles for adaptation, incenti-
vising just adaptation via policies, and advancing research to support
decision-making. By including a wide range of stakeholder groups
(procedural justice) and considering how consequences of cross-border
impacts differ between groups (distributive justice), our study contrib-
utes to a move towards just resilience.

Whilst carefully considered adaptation will be crucial to reduce the
harms of climate change, effective adaptation relies on urgent and
increased climate change mitigation. Many potential adaptive responses
mentioned by participants will be less effective under more severe
climate change scenarios, such as adapting soy cultivars and relying on
flexibility of supply. The trade-offs between climate mitigation and
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adaptation is also an area of concern for climate justice (IPCC et al.,
2022), and future soy supply chain collaboration could integrate adap-
tation and mitigation.

4.4. Further work and limitations

Further work could expand the scope of our analysis to additional
supply chain stakeholders, including consumer stakeholders in Brazil,
and end-consumers. In particular, attention to the unequal distribution
of impacts across (end) consumer populations is important (Davis et al.,
2021). A different group of participants may lead to different results. For
example, it is likely that stakeholders who agreed to be interviewed were
more aware of, and interested in, climate shocks than average. There
may be high levels of heterogeneity within stakeholder groups which
our sampled participants did not capture, such as differences within
farmer groups, as highlighted in previous work (Stringer et al., 2020).
The timing of the study (some interviews followed the COVID-19
pandemic and occurred during a war between key food exporters) is
also likely to have influenced the results, and our findings should be
understood within this context.

Our findings suggest current awareness of cross-border risks is low:
other supply chain risks dominate industry discussions. In part, this may
be due to uncertainties in projected impacts of climate change on soy
yields in Brazil and on the supply chain (Stokeld et al., 2020; Thorpe and
Fennell, 2012). Further research could provide improved projections of
weather-related shocks affecting the soy supply chain, taking into ac-
count both shocks to the production and transport of soy, and raise
awareness of cross-border climate risks with relevant sectors and
stakeholders (Thorpe and Fennell, 2012). Alongside climate change
projections, a corresponding improvement in supply chain transparency
and traceability (Tenggren et al., 2020), and information-sharing across
the supply chain (Er Kara et al., 2021), would improve supply chain risk
managers’ ability to identify their stakeholders and assess cross-border
risk exposure.

5. Conclusions

Stakeholders in the soy supply chain are already used to managing a
certain level of disruption (harvest losses, fluctuating transport costs,
wider geopolitical and economic stresses), yet climate change is pro-
jected to bring new disruptions. Despite increasing attention to cross-
border climate risk in the literature, few studies have analysed these
impacts at a stakeholder level along an international supply chain, and
guidance on how to adapt is lacking. Our study contributes to the
literature on cross-border climate risks by exploring stakeholder
vulnerability, exposure and potential responses to climate shocks, in a
detailed case study of the Brazil to Europe soy supply chain.

We found that the consequences of climate shocks for stakeholders
along the supply chain are highly influenced by their relationships to
other stakeholders, and their relative power in determining prices. This
points to the importance of a supply chain approach in climate risk
assessment and management, and the value of companies considering
their surrounding stakeholders’ climate risks. Applying Talebian et al.’s
(2023) typologies of responses and response effects at a stakeholder
scale, we found that stakeholders have a range of different potential
responses which could reduce this cross-border climate risk, but which
in some cases could redistribute or exacerbate risk for other stake-
holders. Coordination of responses across stakeholders has the potential
to improve overall supply chain adaptation. However, the differing aims
and vulnerabilities among stakeholders is a potential barrier to supply
chain cooperation. Framed within stakeholder theory, our findings have
implications from strategic and moral perspectives: from a strategic
perspective, companies may benefit from better understanding their
surrounding stakeholders’ exposure, vulnerability and potential re-
sponses to climate risks; and from a moral perspective, the distribution
of risk across stakeholders and repercussions of their responses are
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important to consider as part of efforts towards just resilience.

Through this study, we highlight the need to define the ‘who’ when
discussing cross-border climate impacts. Recognising the different levels
of stakeholder power and response capacity could help policymakers
target adaptation support more effectively, and provide a foundation on
which discussions of fairness and just adaptation can be built. It is also
important to acknowledge that several adaptation strategies require
significant investment, and may be limited in the face of escalating
climate change impacts. As our world experiences increasing climate
shocks, an attention to cross-border risks and the heterogeneity of
stakeholders affected will be critical in order to help avoid maladapta-
tion and offer opportunities for more collaborative adaptation.
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