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ABSTRACT: Recent research has highlighted that adaptation tends to focus exclusively on the local and direct impacts of climate change and misses the crucial dimension of transboundary climate risk, which all countries are likely to face, irrespective
of their level of development. This paper aims to improve the coverage of transboundary climate risk in case-study research
for adaptation. It proposes a protocol to help researchers identify how their case studies can incorporate an analysis of transboundary climate risk, thereby supporting more holistic, effective, and just approaches to adaptation. Existing climate risk
assessment frameworks and supporting guidelines have signiﬁcant strengths but also various challenges when applied to the
novel context of transboundary climate risk. This is illustrated with reference to the impact chain framework. Its opportunities
pertain to both its ﬂexible form and systems-ﬁrst focus while its constraints include an analytic emphasis on linear cause–effect
relationships (that bely the complexity and uncertainty of systemic risk) and its limited applicability to fragmented governance
landscapes (in the absence of an effective consideration of risk ownership). After critically examining the suitability of the
impact chain framework, a new protocol is introduced, which builds on principles for managing complex risk and frameworks
for assessing risk ownership. The protocol is designed to enable case-study researchers to better identify, assess, and appraise
transboundary climate risks, as well as enquire into appropriate risk owners and adaptation options across scales. The paper
argues for more innovation in adaptation research to better reﬂect the complexity and interdependency that characterize
today’s world.
SIGNIFICANCE STATEMENT: This work aims to demonstrate why the transboundary nature of climate risk requires
a distinct analytical approach and proposes a seven-step guide that aims to facilitate the exploration of transboundary
climate risk through case-study-based research for adaptation. Domestic climate risks continue to dominate the ﬁeld of
climate change research, translating into a signiﬁcant blind spot in adaptation planning and action. Without the provision of
practical guidance}to equip researchers with approaches and tools speciﬁcally designed to analyze the transboundary and
systemic nature of climate risk}adaptation action will fail to offer sufﬁcient protection against the full range of risks climate
change presents. This article begins to address this void and ultimately}through greater recognition and understanding of
transboundary climate risk}promote approaches to adaptation that are reﬂective of the interdependency of our world
today and our shared and common future.
KEYWORDS: Adaptation; Climate services; Planning; Policy; Risk assessment

1. Introduction
Despite the degree of global integration that deﬁnes our societies and economies today, a false assumption appears to underpin many of our approaches to climate risk assessment and
adaptation planning, namely, that “the vulnerability of rich
(and poor) countries can be understood independently of their
connections and interdependencies with other countries” (Benzie et al. 2016, p. 32). This central tenet of adaptation praxis has
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had far-reaching consequences (Benzie and Persson 2019); dismantling this false assumption opens up space to redeﬁne our
understanding of climate risk and to ultimately improve the
way we assess vulnerability, govern adaptation responses, and
promote inclusive and sustainable development.
This paper aims to ﬁll an important gap in the current literature with regard to how we explore the existence and signiﬁcance
of transboundary climate risks in case-study research. Ultimately
the protocol is intended to support decision-makers to better
harness opportunities from transboundary climate impacts, while
managing their adverse consequences in effective, equitable, and
enduring ways.
Transboundary climate risk is deﬁned as 1) the adverse
effects of climate change impacts that cross borders1 and
2) the adverse effects of adaptation measures that cross
1
Conceived of as an administrative line separating two decisionmaking spheres.
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borders (Adaptation Without Borders 2021). In our globalized
world, climate impacts in one place can be transmitted to
another via ﬂows of trade, ﬁnance, people, or shared biophysical
resources (Hedlund et al. 2018). And while adaptation responses
at any scale can reduce climate risk, they can also redistribute it
to other groups or places (Atteridge and Remling 2017) or
even amplify risk within complex systems such as international markets (Carter et al. 2021).
We argue that the cross-border nature of climate risk has
been overlooked in existing risk assessment frameworks and
underexplored in adaptation case studies}resulting in what
Moser and Hart (2018) term a “blind spot” in research for
adaptation.2 This creates a “vicious cycle” where fewer attempts
are made to analyze these types of risk, leading to a further
dearth in understanding of their scale or signiﬁcance. Society is
thus left exposed to, and underprepared for, the full range of
threats that climate change poses. This paper aims to provide
an initial contribution to break this cycle}to support researchers to strengthen the coverage of transboundary climate risk in
case-study research and in so doing reveal options that drive
more holistic, effective, and just approaches to adaptation.
The paper begins with a short synopsis of the state of knowledge on transboundary climate risk to illustrate why a distinct
analytical approach to case-study research is required. Drawing
on the behavior model involving capability, opportunity, and
motivation (COM-B) framework of Michie et al. [which is
utilized by Langer et al. (2016) to analyze the determinants of
research uptake in decision-making and thus relevant here], the
paper appraises the extent to which case-study researchers (and
wider stakeholders) could hold the capability and motivation to
assess transboundary climate risk as well as the opportunities and
incentives policy makers and planners have to utilize their ﬁndings. The review substantiates the theoretical, methodological,
and policy context in which the following case-study protocol is
proposed.
The paper goes on to assess the strengths and challenges of
adopting existing climate risk assessment frameworks as a basis
for case-study research into the novel and challenging context
of transboundary climate risk. The impact chain framework and
the broader Vulnerability Sourcebook guidelines within which
it is housed (Fritzsche et al. 2014)}which were then updated in
the 2017 Risk Supplement (Zebisch et al. 2017, 2021) and
applied via the 2018 Climate Risk Assessment for Ecosystembased Adaptation (Hagenlocher et al. 2018)}form the basis of
an illustrative case study in this regard. When we refer to the
“impact chain framework” as our object of analysis throughout
the paper we refer to the framework proposed in each of these
three texts as well as the wider supporting guidelines for effective vulnerability and risk assessments they present. The impact
chain framework}and its conceptualization of the interaction
between hazard, exposure, vulnerability, and risk}is illustrated
in Fig. 1.
A novel case-study protocol for the exploration of transboundary climate risks is then introduced. The protocol has its
2
For further explanation of why this blind spot has occurred,
see Benzie and Persson (2019).
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conceptual roots in systems theory and builds on the impact
chain framework, the Florin and Bürkler (2017) risk governance
framework and the Young et al. (2015) Risk Ownership framework. The paper concludes by arguing for more innovation in
adaptation research in order to better reﬂect the connections and
interdependencies that characterize today’s world.

2. Transboundary climate risk: The state of knowledge
Transboundary climate risks are distinct in many respects from
the direct climate risks that usually form the focus of case-study
research for adaptation. These characteristics affect the capability, motivation, and opportunity of stakeholders}including casestudy researchers}to identify them, understand and assess their
drivers, and appraise options for their effective management
through adaptation plans and actions. The paper considers each
in turn.

a. Capability
The capability of stakeholders to assess and address transboundary climate risk can be intimated by what the literature
reveals in two respects: our theoretical understanding of such
risks and how they propagate, and the availability and accessibility of relevant instruments and capacities to practically
appraise and account for them. The literature reveals a fastevolving ﬁeld. But in both respects, transboundary climate
risks present a challenge to case-study researchers of a different order of magnitude than direct climate risks, which have
been the subject of many years of analytical attention.
In terms of the capability to theoretically understand these
risks, recent studies propose ways to better deﬁne transboundary climate risk}with a focus on the risks that cross national
borders (as opposed to other administrative scales) and offer
broad conceptualizations of the types of events that can catalyze
them (encompassing not only climate hazards but also adaptation responses; see Adaptation Without Borders 2021) and in
some cases mitigation measures (Wei and Chase 2018).
At least three distinct approaches to conceptualizing transboundary climate risks can be identiﬁed: (i) by the nature of the
risk, such as the two categories proposed by the Task Force on
Climate-Related Financial Disclosures and adopted, for example, by Wei and Chase (2018); (ii) by the mode of transmission,
such as the seven categories put forward by Carter et al. (2021),
four mechanisms outlined by Challinor et al. (2018), four pathways conceptualized by Benzie et al. (2016), six classiﬁcations
presented by Hildén et al. (2016), and eight teleconnections
proposed by Moser and Hart (2015); and (iii) by what one
might term the “public policy impact domain,” such as PwC’s
(2013) ﬁve themes. Recent frameworks have further conceptualized transboundary climate risk by identifying the events and
processes that trigger them, the scale and characteristics of the
systems via which impacts are transmitted, and the targets and
dynamics of available responses (Carter et al. 2021; Adaptation
Without Borders 2021). Taylor (2013) and Atteridge and
Remling (2017), among others, have added to the ﬁeld with their
concept of relational vulnerability and analysis of the cross-border consequences of adaptation interventions, respectively.
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FIG. 1. The impact chain framework, structure, components, and elements (source: Zebisch et al.2017).

Various indicators, metrics, and methodologies have been
proposed to either quantitatively or qualitatively assess
transboundary climate risk. Some of these have evolved
from analytical efforts to appraise exposure to these sorts of
risks at the country level, such as the transnational climate
impacts index (Benzie et al. 2016; Hedlund et al. 2018).
Others have been formulated through a growing number of
national assessments3 (and handful of subnational assessments;
see, e.g., Gotangco et al. 2017) focusing either exclusively or in
part on transboundary climate risk (Benzie et al. 2018). These
include the expert-based qualitative review pioneered by PwC
(2013) for the United Kingdom, or the macroeconomic modeling of transboundary risk advanced by Peter et al. (2019, 2020)
for Germany. Yet other methods have evolved for practical
purposes, such as vulnerability assessments of private-sector
supply chains (Wei and Chase 2018).
However, conceptual and empirical research in the ﬁeld of
transboundary climate risk is complicated by a lack of a common
terminology4 and high levels of complexity, ambiguity and
uncertainty (as deﬁned by Florin and Bürkler 2017), which

3
Canada, China, Finland, Kenya, Nauru, Norway, Sweden, the
United Kingdom, and the United States, for example (Benzie and
Persson 2019).
4
A diversity of terms is used to describe these sorts of risk
(“transnational,” “telecoupled,” “teleconnected,” “cross border,”
“cascading,” “indirect,” and “international”); in this paper we use
“transboundary climate risk” exclusively, recognizing that other
framings might resonate more strongly with certain audiences
(Benzie et al. 2016).

characterize these types of risks. Their cross-border and cascading nature can manifest in numerous analytical challenges,
including their potential to develop into systemic risks, deﬁned
by “high levels of connectivity, major uncertainties and ambiguities, and non-linear cause-effect relationships” (Florin and
Bürkler 2017, p. 5). This undermines both the capability of
researchers to assess them (i.e., to deﬁne risk drivers, acquire relevant and reliable data, deploy familiar assessment methods)
and of policy makers and planners to effectively manage them
[given the plurality of interests to which they could be subject
and lack of “routine” legislative or regulatory measures and policy instruments with which to govern them (Florin and Bürkler
2017)].
In part as a consequence of this complexity, analytical frameworks and methodologies to understand and assess transboundary climate risks are at an early conceptual stage}often
presented as innovations to spur discussion rather than
advanced assessments on which to base robust risk assessments
and credible adaptation plans (see Benzie et al. 2016). They
have yet to be adopted by a wide enough number of stakeholders to create a “tipping point” in their uptake or cross a threshold in the likely acceptance of their results. Moreover, the
variety of concepts and approaches is itself a barrier to the
capability of stakeholders to assess these risks: knowledge is
dispersed across a wide ﬁeld and in a variety of languages,
making it difﬁcult to identify and harness best practices. This
perhaps accounts for the dearth of implementable strategies or
plans that outline adaptation responses to reduce transboundary climate risks}which are, to our knowledge, negligible.
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More research into these global risks is therefore needed
(National Academies of Sciences, Engineering, and Medicine
2021).
The complexity of transboundary climate risk and lack of
well-established assessment frameworks clearly inhibits the
capability of case-study researchers to study these risks and
may even provide a disincentive to do so. However, it is these
traits that arguably make case-study research all the more
necessary. A context-speciﬁc case-study approach facilitates
the trialing of bespoke methodological approaches and also
has the beneﬁt of generating results of immediate relevance
to stakeholders with a speciﬁc territorial or sectoral remit.
There has been a concentration of case studies on transboundary water resources (see Munia et al. 2020, for example) and
studies exploring other aspects of transboundary climate risk
are growing in number, from “conduits” such as supply chains
(Haraguchi and Lall 2015; Promchote et al. 2016) to “impact
areas” such as power markets (Hildén et al. 2018) and food
security (Janssens et al. 2020; Zhou et al. 2020). Nevertheless,
research for adaptation is still overwhelmingly dominated by
a focus on domestic risk and domestic capabilities (Benzie
and Persson 2019).

b. Motivation and opportunity
The motivation for researchers to initiate case studies on
transboundary climate risk, and for decision-makers, planners,
and implementers to draw on their ﬁndings, are very different
to those driving research into direct climate risks.
Literature reveals strong “theoretical” motivations to better
understand transboundary climate risk, through the application
of this knowledge to develop more comprehensive risk assessments and thus more rigorous and robust adaptation responses.
A transboundary lens has the potential to reveal hitherto
unknown or underestimated risks that could serve to signiﬁcantly increase vulnerability to climate change (Benzie et al.
2018). In this context, Benzie and Persson (2019, p. 373) argue
“a territorial framing, with nationally or locally scaled adaptation, may even be futile or harmful and serve to ‘inadvertently
increase systemic risk’.”
The literature also reveals a potentially wide array of stakeholders in whose interests it is to better understand these risks:
early research indicates that all countries will be exposed to some
level of transboundary climate risk, including those who may
have previously considered themselves relatively immune to
direct climate change impacts (Benzie et al. 2016; Hedlund et al.
2018). Peter at al. (2021) found that the economic consequences
of transboundary climate risk via trade alone are estimated to
match or exceed those of domestic climate risk in Germany (noting similar ﬁndings for Austria and Switzerland). PwC (2013, p. 1)
also inferred that international threats may be of an “order of
magnitude greater than threats from domestic climate impacts”
for the United Kingdom. Acknowledging the transboundary
nature of climate risk could create opportunities for countries to
extend their contributions to adaptation}and adaptation ﬁnancing}to build regional and even global resilience (Benzie et al.
2018) and, given high levels of global interdependence, reemphasize the collective incentive to do so (Davis et al. 2016).
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However, while there is a clear motivation for adaptation planners and implementers to understand the direct climate risks that
originate in their jurisdictions (i.e., their mandate is clear, responsibility and accountability relatively straightforward to assign,
and they are likely to have better sight of the climate hazards
that trigger such risks), this is markedly different in the context
of transboundary climate risks, which originate (by deﬁnition)
beyond a local or national policy makers’ gaze and where the
question of “risk ownership” becomes much more signiﬁcant but
complex.
As Nadin and Roberts (2018, p. 8) note, the governance of
transboundary climate risk is beset by “fundamental political
barriers, such as questions of sovereignty, jurisdiction and
responsibility.” The inherent cross-border nature of transboundary climate risks, the diversity of ways in which they manifest
and the sheer number (and multistakeholder nature) of potential actors involved make it hard to identify who is the “owner”
(Young et al. 2015) of such risks, both within and across
national contexts. In some cases, transboundary climate risks
may not be “owned” at all; in other cases, there may be a form
of what Young et al. (2015, p. 29) term “unacknowleged ownership”}where some forms of governance exist to manage the
risk, but without being explicitly deﬁned. Even in cases where
transboundary climate risks are known, ownership is likely to
be multilayered: numerous potential “owners” each with their
own agendas, bound by different governance arrangements and
inﬂuenced by disparate practices of risk assessment and management5 [see Young et al. (2015) and Florin and Bürkler
(2017) for further elaboration of the complexity of risk ownership and management].
The lack of clear ownership means there is no one to push for
research on adaptation to transboundary climate risk. This
appears to be a challenge reﬂected in many national adaptation
plans and (intended) nationally determined contributions, which
increasingly recognize transboundary climate risk (Nadin and
Roberts 2018) but rarely attribute ownership or accountability
for designing an adequate response (Benzie et al. 2016).
The wider institutional and political context also plays a role.
As Benzie and Persson (2019) note, the lack of adequate and
integrated functions at the national level to manage long-term
or systemic risks prevents effective oversight of transboundary
climate risk. On the global stage, the backlash from some corners
against the value of multilateralism undermines collaborative
action to identify and manage risks of common concern (Collins
2019). Within the adaptation community, the dominance of what
Benzie and Persson (2019, p. 376) frame a “territorial approach”
translates into few explicit opportunities to identify and account
for such risks. While the ﬁeld of academic literature on adaptation may beneﬁt from the application of (for example) political
ecology and socioecological systems theory, today’s climate risk
assessments (that inform the governance of adaptation planning)
are based on local or national climate projections rather than
5
Risk ownership can also evolve over time, as the composition
of the risk changes or new knowledge is brought to bear, as the
perceptions and interests of concerned parties shift, or as new
institutional arrangements in the policy/regulatory environment
are introduced (Young et al. 2015).
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vulnerability assessments that account for the links and ﬂows to
the countries upon which socioeconomic stability may depend
(Hedlund et al. 2018). National adaptation planning certainly
offers a signiﬁcant opportunity to account for transboundary climate risk, but one that is not automatically realized (Challinor
et al. 2017). And in light of the difﬁculties in “downscaling” transboundary climate risks}to the extent that effective adaptation
responses can be developed at a subnational level}there are
few opportunities for local authorities, the actors most frequently charged with adaptation responsibilities, to manage
them (Aall et al. 2012).
This analysis of the “push and pull” factors affecting stakeholders’ motivations and opportunities to assess and address
transboundary climate risk indicates that current demand for
case-study research is likely to be low. But that there are also
important avenues for researchers focusing on different
aspects of transboundary climate risk to drive demand in the
future. These include case studies that draw out the collective
implications of transboundary climate risks for both high- and
low-income countries, compare and contrast exposure to
domestic and transboundary climate risk, assess national-level
contributions to regional and global resilience, shed light on
questions of transboundary climate risk ownership, and substantiate the cobeneﬁts of adaptation across scales (see Lager
et al. 2021).

3. The application of climate risk assessment frameworks
to case studies on transboundary climate risk
a. Climate risk assessment frameworks and the impact
chain approach
An assessment of the capability, motivation, and opportunity
of researchers to undertake case studies on transboundary climate
risk is not complete without a deeper appraisal of the suitable
application of established climate risk assessment frameworks
(and supporting guidelines) in such contexts.
The impact chain framework aims to support researchers to
“understand, systemise and prioritise the factors that drive
risk in the system of concern” (Zebisch et al.2017, p. 27). It
guides researchers through a series of steps to develop an
impact chain, namely to: scope likely impacts and risks from
climate change; detect “intermediate impacts”; establish the
vulnerability of the system; determine the exposure of the system; and (if desired) appraise adaptation options and
responses (Zebisch et al.2017, p. 27). These series of steps are
integrated within wider guidelines that together function as a
comprehensive methodology for an operational climate risk
assessment.
The impact chain framework’s innovations and strengths}
both as they pertain to the ﬁeld of study (outlined below) and
in relation to more traditional climate risk assessment frameworks (which only account for the direct impacts of a climate
trigger)}as well as its growing uptake and application in
research for adaptation, make it a strong subject for an
appraisal of the degree to which established climate risk
assessment frameworks can be usefully applied in the context
of transboundary climate risk.6 For a comprehensive review of

the iteration and application of the impact chain framework,
and related methods for climate risk assessments, see Menk
et al. (2022).

b. Enablers and constraints of the impact chain
framework for case studies on transboundary
climate risk
This paper ﬁnds that the impact chain framework contains
certain traits that suggest either a strong alignment with a transboundary climate risk perspective or a strong applicability in
the context of a transboundary climate risk assessment:
1) The innovative focus on risk drivers and the “cause–effect
relationships” that deﬁne them (Hagenlocher et al. 2018,
p. 37): the impact chain method creates a speciﬁc space in the
conceptual framework for intermediate impacts generated by
“a function of both hazard and vulnerability factors” (Zebisch
et al.2017, p. 29) that make it conducive to analyzing the
(often cascading) interactions that drive transboundary
climate risks (Aall et al. 2020).
2) The emphasis on a systems-ﬁrst approach: the impact chain
framework proposes a focus on the “system of concern” and
recognizes that such systems are likely to be impacted by
multiple climate risks that ﬁrst need to be recognized before
speciﬁc hazards are identiﬁed or assessed (Hagenlocher et al.
2018); this is conducive to the identiﬁcation of transboundary
climate risks7 and an effective understanding of their drivers’
propagation through interdependent biophysical and social
systems.
3) The opportunities to distil “entry points” for adaptation
responses that strengthen resilience at multiple points in a system (Hagenlocher et al. 2018, p. 24): the impact chain framework facilitates the identiﬁcation of adaptation options that
could produce cobeneﬁts across scales, systems, or social
groups}recognizing that interventions to reduce vulnerability
might occur in the same place as the beneﬁts are realized or
they may not}and that adaptation actions could themselves
have “trade-offs and unintended consequences” (Hagenlocher
et al. 2018, p. 77); such an approach is particularly valuable in a
transboundary context with multiple stakeholders and interests
to account for.
4) The creation of a participatory and ﬂexible process: the
impact chain framework emphasizes stakeholder engagement at all stages and has the ﬂexibility to combine datadriven and expert-informed approaches (Hagenlocher et al.
2018); this approach aligns well with the (explorative and
iterative) needs of a transboundary climate risk assessment}particularly to accommodate new or context-speciﬁc
6
While we are aware of one project utilizing impact chains to
assess transboundary climate risks}a study of Germany’s exposure
to global climate risk via trade (Peter et al. 2019, 2020)}a detailed
consideration of the framework’s suitability in this context has not
been undertaken before, to our knowledge.
7
The identification of a possible impact within an actor’s sphere of
concern might constitute a stronger incentive to commission a transboundary climate risk assessment than a potential cross-jurisdictional
effect of a domestic climate-related hazard.
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methods and account for expert perspectives, local knowledge, and stakeholder experiences.
However, this paper also ﬁnds a number of potential challenges
with the application of the impact chain framework to the study
of transboundary climate risk, or areas where further guidance
may be useful or required:
1) A conceptualization of risk drivers as linear chains of
impact: while the impact chain framework prompts the
researcher to adopt a “systems view,” the conceptualization
of linear chains to characterize the propagation of impacts
(Hagenlocher et al. 2018)}while of clear practical and analytical value}could be reductive in its depiction of cause–
effect relationships and potentially omit or oversimplify
important interactions that constitute key drivers of risk
within a system,8 particularly in a transboundary context. In
this regard, the provision of additional “lines of inquiry”
may support researchers to conceptualize a system in ways
that acknowledge and account for its inherent complexity
and relationships with other systems of concern.
2) A focus on standardized and indicator-based approaches:
the impact chain framework aims to provide guidance for
standardized assessments}promoting “consistent methods
that are proven on the ground” (Fritzsche et al. 2014, p.
12)}and devotes a signiﬁcant section of the guidelines
(stages 3–7) to an indicator-based approach to “quantify
the factors determining the risk” (Hagenlocher et al. 2018,
p. 43);9 in light of the practical challenges associated with
assessing highly complex, dynamic and/or cascading climate
risks,10 where a highly structured and instrumental approach
may not be conducive to the innovation required, a complementary level of detail on the research questions underpinning a more qualitative and iterative assessment could usefully
support researchers in this regard.
3) Implied local and narrow deﬁnitions of system boundaries:
the impact chain framework was not deliberately designed
for application to a transboundary climate risk analysis,
where the scope of the system will arguably be much broader
than conventional assessments, potentially much more complex and conceivably much more exposed to multiple types
of climate hazard}complicating the sequencing of analytical
steps proposed;11 a transboundary climate risk assessment
8
As Hagenlocher et al. (2018) acknowledges, and others such
as Kabisch et al. (2014) note.
9
Although the method facilitates the accommodation of expert
opinion when data are unavailable and in weighing indicators’ relevance and importance.
10
Including difficulties: attaining good-quality, spatially explicit,
and broadly comparable data (when sourced from across countries or
sectors) (Aall et al. 2020); selecting indicators with the potential to
yield what Hagenlocher et al. (2018) articulate as clear, substantive,
and unambiguous results; and quantifying and validating the
“intermediate” effects that Fritzsche et al. (2014) outline.
11
Following analysis of the system of concern, a transboundary
climate risk assessment might opt to focus on a specific hazard (as
the impact chain framework subsequently proposes; Hagenlocher
et al. 2018) or it might proceed to assess the exposure or vulnerability of multiple nodes in a complex system to any kind of hazard.
Drawing on propositions articulated by Florin and Bürkler (2017),
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could beneﬁt from more deliberate ﬂexibility and the option
to combine different analytical approaches for different parts
of the system.
4) Limited applicability to fragmented governance landscapes:
while there is a strong emphasis in the impact chain framework on stakeholder participation, it does not explicitly
explore questions of risk ownership}including mandates
or motivations to manage risk}which could lead to limited
uptake of the ﬁndings, particularly in a fragmented governance landscape; in a transboundary context, there could be
multiple target audiences each with their own needs and
interests and each with a different perspective of whose
role it is to manage the risk}a deeper exploration of risk
ownership is critical if one of the goals in applying the
framework is “to increase political support for identiﬁed
adaptation actions” (Hagenlocher et al. 2018, p. 84).
Through its form (participatory, ﬂexible, and iterative) and
focus (on risk drivers, cause–effect relationships, systems-ﬁrst
approaches, and entry points for adaptation options), the
impact chain framework is far more suited to the effective
identiﬁcation and assessment of transboundary climate risk
than many climate risk frameworks.
However, the study of transboundary climate risk requires
new viewpoints (Challinor et al. 2018; Pescaroli and Alexander
2018; Lawrence et al. 2020). We argue that to overcome some of
the barriers inhibiting the capability, motivation, and opportunity
of stakeholders to assess and account for transboundary climate
risks, it is perhaps not enough to have a climate risk assessment
framework that is “possible” to apply in a transboundary context.
To stimulate much-needed research into this “blind spot,” to
equip and empower case-study researchers to ask the “right”
questions and to overcome some of the challenges in the
application of the impact chain approach, a novel protocol
is required: one designed speciﬁcally for the exploration of
transboundary climate risk.

4. A protocol for case-study research on transboundary
climate risk
This protocol builds on key components of the impact chain
framework, but also adapts and applies new perspectives to support the assessment of transboundary climate risks in ways that
acknowledge their systemic nature12 and puts questions of ownership at the heart of risk analysis and response. Speciﬁcally, it
builds on
• the International Risk Governance Council’s framework,

which was explicitly devised to provide guidance “to cope
with risks in situations of high complexity, uncertainty or

one could argue that identifying the ways in which climate change
might impact an entire system is a better approach in conditions of
deep uncertainty and complexity, and to reveal adaptation options
that strengthen systemic resilience to multiple climate impacts
across jurisdictional and policy domains.
12
For examples and analysis of the conceptualization of risk
within interconnected systems, see Goldin and Mariathasan (2015)
and Renn et al. (2019).
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ambiguity . . . [to] increase the capacity to deal with unanticipated consequences of risk, unknown impacts and social
conﬂicts over trade-offs . . . [and] ﬁnd common denominators for risk handling in a globalised and plural world”
(Florin and Bürkler 2017, 7–8); and
• the Cooperative Research Centre for Bushﬁre and Natural
Hazards’ framework, which aims to “enable more effective
decision-making in relation to the allocation of risk ownership at the institutional scale” (Young et al. 2015, p. 1).
Our protocol provides a modular guide for collecting and
structuring information on transboundary climate risk, with the
objective that case-study researchers will be better able to identify, assess and appraise these sorts of risks, as well as pursue lines
of inquiry to evaluate how well they are governed, managed, and
addressed. Our ultimate aim is to support decision-makers to better harness any opportunities that the transboundary effects of
climate impacts may present, while managing their adverse consequences in effective, equitable and enduring ways. As with any
case-study protocol, or decision support system, the efﬁcacy of
our proposed framework depends on how it is applied and the
context in which it is applied. We acknowledge the limits of such
protocols, while at the same time recommending its adoption
and implementation by researchers in the ﬁeld.

a. Theoretical framing
Given the transmission of transboundary climate risks through
socioecological systems}and the possibility for risks to disrupt
such systems through what Collins (2020, p. 2) terms “exponential
propagation”}this protocol has its theoretical roots in systems
theory, as a means of understanding the systemic nature of climate
risk and the interactions and interdependencies of the systems
within which it is embedded (Helbing 2013). Systems theory
originates from, and has been implemented in, a number of
disciplines, including ecology (von Bertalanffy 1969; Holling
1973); environmental science (Meadows 2008); organizational theory and sociology (Bogdanov 1980; Urry 2003;
Perrow 2011); mathematics, physics, and philosophy (Capra
1996); business and management (Sterman 2000); risk
(Renn 2008; Helbing 2012); and psychology (Bateson 2000).
Earth systems science blends knowledge from these ﬁelds to
analyze combined biophysical and social systems and reveal
particular components that constitute key leverage points
in the ampliﬁcation of risk and/or at which to target response measures (Meadows 2008; Perrow 2011; Helbing
2013). We suggest these insights are underutilized in casestudy research for adaptation and in climate risk assessment
frameworks used to inform adaptation planning.
There are several theoretical strands to draw on for analysis
of complex system components, whether through the lens of
the catastrophic potential of complex and tight couplings
(Perrow 2011), the properties of networks (Lorenz et al. 2009;
Helbing 2013) or the spillover effects within telecoupled systems (Liu et al. 2013). Some of these are elucidated below.
More broadly, we emphasize the need for case-study researchers
to adopt a systems-based approach as a means of recognizing
and accounting for the complexities, uncertainties, ambiguities,
and interdependencies of the structures and networks that

deﬁne our global systems today (Helbing 2013; Pescaroli
and Alexander 2018; Lawrence et al. 2020). As such, our
protocol invites researchers to be explicit in naming and
identifying the boundaries of the systems within which their
case studies are embedded and, in applying the insights of
system literatures referred to above, equips and encourages
them to account for the complex dynamics of these systems
in their adaptation case studies.

b. The protocol
Here we introduce the seven stages of a protocol for incorporating transboundary climate risk in case-study research for
adaptation. These are synthesized in Fig. 2, and Table S1 in the
online supplemental material provides an account of key
research questions that case-study authors may consider at each
stage when operationalizing the protocol.

1) SCOPING13
This stage supports researchers to lay the groundwork for a
focused and impactful case study by developing a preliminary
understanding of the dynamics of the system of concern to
identify one or more transboundary climate risks. The steps
outlined in the impact chain framework (Hagenlocher et al.
2018) provide an essential starting point}of conducting a
context analysis, formulating objectives, deﬁning scope, and
considering practical implementation requirements}but to
these we add a number of exploratory research questions
within ﬁve key areas:
1) Deﬁning and characterizing the system of concern and the
boundaries within which the framework for assessing
transboundary climate risk should be applied.
2) Identifying key actors within the system (and inﬂuencing
the system) and the relationships between them.
3) Scoping possible impacts of climate change on system
components.
4) Identifying and selecting transboundary climate risks, based
on their likely signiﬁcance or feasibility of assessment.
5) Considering risk ownership [the roles and responsibilities
of actors identiﬁed in (ii)].
This protocol calls for strong stakeholder engagement and
coproduction of knowledge from the outset as an important
step in managing the uncertainty and complexity of transboundary climate risk and to highlight paths toward clear risk ownership and effective risk governance.

2) CLASSIFICATION14
This stage encourages researchers to classify where in a
proposed matrix their case study sits. The approach to assessing transboundary climate risks will be inﬂuenced to a high
degree by two factors: when in the process of case-study
design the decision is taken to incorporate a transboundary
Termed “pre-assessment” in Florin and Bürkler (2017) and
“preparing the risk assessment” in Hagenlocher et al. (2018).
14
Authors’ own.
13
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FIG. 2. A protocol for case-study research on transboundary climate risk.

assessment, and whether transboundary climate risks are the only
risks to be explored. Figure 3 outlines this matrix and facilitates
the categorization of case studies into an A–D typology. This
typology supports the determination of different approaches
advised at each stage of the case-study protocol, synthesized in
Table S2 of the online supplemental material. Having classiﬁed
their case study, researchers may wish to revisit some elements
of the scoping stage.

3) ASSESSMENT15
This stage guides researchers through two distinct stages
of an assessment of transboundary climate risk: a technical
risk assessment and a “concern assessment” of stakeholders’
views and interests with regard to the risk}“a systematic
analysis of the associations and perceived consequences
(beneﬁts and risks) that stakeholders may associate with a
hazard, its cause(s) and consequence(s)” (Florin and
Bürkler 2017, p. 13).
Termed “appraisal” in Florin and Bürkler (2017); encompasses modules 2–7 in Hagenlocher et al. (2018).
15

(i) Technical risk assessment
The technical risk assessment should evaluate how exposed
or vulnerable the system components are to the effects of climate impacts, and how likely they are to occur, expanding the
ﬁeld of vision beyond the climate hazards extant or forecast in
the “domestic” realm to the “exogenous” climate hazards originating internationally. Case-study researchers may wish to
adapt the quantitative or qualitative approaches others have
adopted in transboundary climate risk assessments (as outlined
in section 2a), considering the methodologies best suited to the
nature of the risks revealed. Our guidelines are not prescriptive
in this regard. The steps outlined in the impact chain framework
(Hagenlocher et al. 2018) may prove instructive, with some proposed modiﬁcations of
• the risk framework (to account for the exogenous nature of

the hazard);
• the impact chain (to instead assess the exposure and vulnerabil-

ity of relevant system components, such as “nodes”}a location that could be considered the source or origin of an input
into the system}and “links”}the connections, pathways or
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FIG. 3. Case-study classiﬁcation matrix.

ﬂows that connect the nodes in the system to the point of
impact);16 researchers could consider how the nodes and links
relate to each other within the system, as well as interact with
other systems, to support the formation of impact chains or
identify the potential for the creation and propagation of systemic risks; and
• the sequencing of analytical steps as required.
(ii) Concern assessment
The concern assessment should support identiﬁcation of second- or third-order drivers and effects through a system, as well
as analyses of vulnerability (to the risks revealed) for particular

16
Noting that nodes and links in a socioecological system might
not be physical or fixed entities.

stakeholders or the system itself17 (Florin and Bürkler 2017;
Collins 2020). Researchers may wish to consider the relevant
stakeholders to consult to understand different risk perspectives; the use of social or institutional network analysis to build
a picture of the interconnections between them; and the
research questions best suited to drawing out their values, interests, and concerns (Florin and Bürkler 2017; Collins 2020). The
concern assessment is particularly important to the study of
transboundary climate risk, in light of the methodological challenges associated with a technical assessment of complex risk.

17
Researchers may draw on various theoretical frameworks to
assess system vulnerability; for example, Perrow’s (2007) theory of
social risk might suggest that increasingly tight cross-border couplings
and complex levels of global integration increase the vulnerability of
a system to transboundary climate risk.
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This stage will have multiple feedback loops with the risk ownership stage.

4) RISK OWNERSHIP18
This stage supports researchers to identify the allocation or
distribution of “ownership” of the transboundary climate risks
revealed. The concept of risk ownership [as deﬁned by Young
et al. (2015, p. 1)] is an analytical device for identifying the different rights, roles, and responsibilities of state and nonstate
actors in governing risk and assessing the division of labor
between them: an “owned” risk has an attributable person or
entity accountable or responsible for managing its effects,
while an “unowned” risk has no such oversight. Researchers
are prompted to inquire who is accountable and responsible
for managing the transboundary climate risk(s), and through
what mechanisms and instruments governance of the risk(s)
and response(s) is determined (Young et al. 2015; Florin and
Bürkler 2017). Subsequent stages will explore how well these
actors fulﬁl these roles and are in a position to manage the
transboundary climate risks revealed, including questions of
legitimacy, effectiveness, and justice in the assigned or
assumed ownership of each risk.
Young et al. (2015, p. IV) propose three research questions
to consider in light of the transboundary climate risks
revealed: “Who pays for the risk, who manages (is responsible
for) the risk [and] who is accountable for the risk?” We advise
researchers to map the actors involved in the case-study system, and others’ spheres of inﬂuence on the system, in the
above three capacities}identifying owners that are both
acknowledged and default}and the governance arrangements that outline and deﬁne such protocols (Young et al.
2015; Florin and Bürkler 2017).
For each question, researchers might wish to consider ownership: within and across all relevant governance scales,
administrative levels, and jurisdictions; associated with all
studied system components and second- or third-order effects;
operating in all types of institution and spanning all relevant
policy domains (Young et al. 2015). Case-study teams could
also consider whether their answers to the above questions
change in accordance with key variables, such as the type of
hazard that triggers the risk, the stage or task in the risk management process in question, the perceived level or threshold
of the risk (and assumed coping capacity of the owners), and
from whose perspective ownership is allocated (Young et al.
2015; Florin and Bürkler 2017).
Note that the allocation of risk ownership is an inherently
political process, generating what Beck posited as “‘conﬂicts
of accountability’ over how the consequences of risk can
be attributed, controlled, and legitimated” (Bulkeley 2001,
p. 430). Risk ownership in the context of climate change
may infer notions of blame and obligation; allocation of
ownership may therefore serve and reinforce particular
18
Stages 4 and 6 are collectively termed “management” in Florin
and Bürkler (2017); risk ownership is not a standalone module in
Hagenlocher et al. (2018) and represents the entire focus of Young
et al. (2015).
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interests as well as have practical consequences for subsequent liabilities (Bulkeley 2001). These power dynamics
mean that the allocation and distribution of ownership
should be analyzed through a political economy lens (see,
e.g., Lange and Mørck Jensen 2013) that accounts for the
inﬂuence of the wider context in shaping risk perceptions,
priorities, and responsibilities.

5) EVALUATION19
This stage supports researchers to evaluate the signiﬁcance
of the transboundary climate risks revealed (Florin and
Bürkler 2017). Researchers may ﬁrst consider a relatively
simple characterization of the risk(s)20 (Florin and Bürkler
2017) while approaches to evaluate the risk will depend to a
great extent on the methodologies employed to measure the
risk. These can range from complex quantitative calculations
to simple qualitative ratings based on the perceived fragility
or resilience of the system to withstand the disruption that the
risk represents (Collins 2020).
Case studies involving both domestic and transboundary
climate risks may be in a position to compare and contrast
their relative signiﬁcance and assess the extent of “double
exposure” to such risks (Benzie and Persson 2019, p. 375).

6) ADAPTATION OPTIONS21
This stage supports researchers to explore how the risk is managed (if at all), appraise the extent to which the owners of the
risk are in a position to implement measures to manage its
effects, and potentially generate adaptation options and recommendations (Young et al. 2015). The following questions support
researchers to shed light on current practices to manage the risk
and draw general conclusions about their efﬁcacy:22
1) who is managing the risk and why: is ownership actively
exercised and through what governance arrangements are
responsibility and accountability determined?
2) what is being done to manage the risk: are there identiﬁable
adaptation options or response measures?
3) where and when is the risk being managed: is risk ownership
cohesive within the system and comprehensive throughout
the risk management process?
4) how effectively are these measures operated or implemented: what is enabling or constraining management of
the risk (Florin and Bürkler 2017; Young et al. 2015)?
19
Termed “characterisation and evaluation” in Florin and
Bürkler (2017). For further details, see Table S1 in the online
supplemental material.
20
The analytical frameworks developed by Carter et al. (2021)
and Adaptation Without Borders (2021) may prove instructive in
this regard; Florin and Bürkler (2017) also outline useful distinctions
between types of risk.
21
Stages 4 and 6 are collectively termed “management” in Florin
and Bürkler (2017) and as “identifying adaptation options” in
Hagenlocher et al. (2018).
22
This protocol does not seek to equip researchers with the
tools for a detailed evaluation of specific adaptation responses.
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Researchers may subsequently wish to revisit their evaluation,
so that an indication of the risk’s signiﬁcance can account for
ﬁndings on capacities and options to manage the risk.
Researchers are also encouraged to provide their normative
recommendations for how transboundary climate risks might
be better known and managed in the future:
1) What adaptation options can be distilled?23
2) To what extent are current risk assessment and adaptation
planning processes enabling or constraining the identiﬁcation
or management of transboundary climate risks?
3) What sorts of new or differentiated capabilities might
cross-border approaches to adaptation demand, to enable
action across sectors and scales?

7) PRESENTATION AND ITERATION24
This stage supports researchers to present their case study.
An emphasis is placed on conveying research in accessible and
communicable ways to the actors of concern. The clear interpretation and articulation of results, in light of the original aims
of the assessment, is of crucial value to increase research uptake
in policy and practice: the suggestions outlined in the impact
chain framework, including the emphasis on visual illustrations
and representations, provide a good guide in this respect
(Hagenlocher et al. 2018).
We also encourage researchers to, where possible, iterate
the steps of the protocol for a more rigorous approach.

5. Conclusions
This article introduced a new protocol for the exploration
of transboundary climate risk in case-study research for
adaptation.
The article ﬁrst sought to demonstrate the differing capabilities, motivations, and opportunities that stakeholders}including case-study researchers}could possess to both assess and
account for transboundary climate risks when compared with
domestic climate risks. Using the impact chain framework as an
illustrative example, the article then analyzed the potential feasibility and utility of applying existing climate risk assessment
frameworks to the novel context of transboundary climate risk.
The article demonstrated that the advantages of the impact
chain framework for such research include its form (participatory, iterative, and ﬂexible) and focus (on risk drivers, cause–
effect relationships, systems-ﬁrst approaches, and entry points for
adaptation options). Its constraints lie in in the unaddressed area
23
It is too early to theorize about the kinds of adaptation options
that could best manage transboundary climate risks, and their diversity demand a context-specific response; however, drawing on propositions articulated by Florin and Bürkler (2017), one could argue that
high levels of ambiguity and uncertainty clearly necessitate the design
of adaptation options that are resilient in the face of gaps in knowledge and understanding, while deep complexity and interdependency
call for responses that target key risk drivers and raise levels of coping
and adaptive capacity across the systems within which they are
embedded.
24
Termed “presenting and interpreting the outcomes of the risk
assessment” in Hagenlocher et al. (2018).
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of risk ownership and in the trade-offs that it acknowledges}to
sacriﬁce both the management of systemic complexity (for analytic simplicity and linearity) and the accommodation of innovation and iteration (within the broader strive for standardization).
The paper thus built a case}ﬁrst, that transboundary climate risks are distinct (in character and analytical treatment)
from the domestic climate risks that have been the traditional
subjects of case-study research for adaptation, and second,
that the climate risk frameworks that have evolved to assess
direct climate risks have signiﬁcant strengths but also various
challenges when applied to transboundary climate risks. This
laid the groundwork for the introduction of a new case-study
protocol, one speciﬁcally designed to equip and empower
researchers to identify, assess, and appraise transboundary climate risk. The protocol aims to stimulate explorative and iterative research, in part by structuring case studies into four
different classes (A–D), and accounts for critical new perspectives on the management of complex risk and the exploration
of risk ownership.
There is clearly a need to go beyond assessment frameworks that have evolved on the assumption that all climate
impacts are local. The impact chain framework takes a step in
this direction; it is hoped that the protocol introduced here
advances us further. Its challenges and limitations}particularly as a decision-support tool}are acknowledged: we do
not (currently) have well-established quantitative methods
that could drive and assure credible and comparable assessments of transboundary climate risks. But if we continue to
apply a territorial approach to case-study research for adaptation we will fail to develop responses that adequately reduce
the full range of climate risks facing society in a globalized
world. The consequence would be that our climate risk assessments underestimate levels of risk exposure, fail to identify
actors who may be vulnerable to climate risk, and neglect to
motivate the necessary investments in}and cooperation
on}adaptation, especially at national and international
scales. Meeting the challenge of adaptation in the context of
transboundary climate risk requires us to experiment and to
learn. We call for more innovation in adaptation research to
better reﬂect the complexity and interdependency that characterize today’s world and our common future.
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