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Current scientific discourse on the assessment of loss and damage from

climate change focuses primarily on what is straightforwardly quantifiable,

such as monetary value, numbers of casualties, or destroyed homes. However,

the range of possible harms induced by climate change is much broader,

particularly as regards residual risks that occur beyond limits to adaptation.

In international climate policy, this has been institutionalized within the Loss

and Damage discourse, which emphasizes the importance of non-economic

loss and damage (NELD). Nevertheless, NELDs are often neglected in loss

and damage assessments, being intangible and di�cult to quantify. As a

consequence, to date, no systematic concept or indicator framework exists

that integrates market-based and non-market-based loss and damage. In this

perspective, we suggest assessing risk of loss and damage using a climate

change risk and vulnerability assessment (CRVA) framework: the Impact Chain

method. This highly adaptable method has proven successful in unraveling

complex risks in socio-ecological systems through a combination of engaging

(political) stakeholders and performing quantitative data analysis. We suggest

expanding the framework’s logic to include not only the sources but also

the consequences of risk by conceptualizing loss and damage as harm to

nine domains of human well-being. Our approach is consistent with the

risk conceptualization by the Intergovernmental Panel on Climate Change

(IPCC). Conceptualization and systematic assessment of the full spectrum

of imminent loss and damage allows a more comprehensive anticipation of

potential impacts on human well-being, identifying vulnerable groups and

providing essential evidence for transformative and comprehensive climate

risk management.
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Need for a holistic and human
needs-oriented approach for
assessing loss and damage

It is projected that climate change will have increasingly
harmful impacts on the natural environment, as well as on
human society and individuals (Field, 2014). These impacts are
discussed under the umbrella term Loss and Damage. Policy
and decision-makers worldwide are urged to act against climate
change through mitigation and adaptation, to keep loss and
damage from residual climate-related risks to a minimum.
Nevertheless, current mitigation and adaptation trajectories
indicate that residual risks are occurring and will become
increasingly common globally (Nachmany and Mangan, 2018;
Watson et al., 2019). Accordingly, decisions will increasingly
be accompanied by the question: What is at stake once risks
manifest into actual impacts? Therefore, there is a clear need
for risk assessments of loss and damage beyond the limits
of adaptation.

Assessing (potential) loss and damage is not a trivial task, as
experienced harm can be intangible and not clearly quantifiable
(Serdeczny et al., 2018; Chiba et al., 2019; McNamara and
Jackson, 2019). Assessments, whether ex ante risk assessments
or ex post impact assessments, are the much-needed base
of evidence of what is at stake when climate risks manifest.
However, existing assessments tend to focus on monetary
valuation or other tangible aspects of loss and damage, such as
the number of destroyed homes or casualties (Gall, 2015; Gawith
et al., 2016). Such evaluations are heavily produced by, for one
thing, the disaster risk community and secondly the insurance
industry (Gall, 2015), whose interests lie in the first response
to disasters and in resulting monetary damages respectively.
Nevertheless, the straightforwardly quantifiable aspects alone
do not reflect the full spectrum of harm experienced by those
affected (Gawith et al., 2016; Serdeczny et al., 2018).

Climate risks and impacts may, for example, also entail
mental health disorders, inaccessible sanitation, reduced
mobility, disrupted school service, impaired collaboration
between governments and communities and all its implications
(Chiba et al., 2019), involuntary relocation (Pill, 2020), a
lost sense of belonging to a place (Morrissey and Oliver-
Smith, 2013). Moreover, it spans harm to cultural heritages,
biodiversity, ecosystems or to indigenous and local knowledge
(Fankhauser et al., 2014; Tschakert et al., 2019).

These consequences are referred to as non-economic loss

and damage (NELD) or non-market based, as opposed to

market-based loss and damage, and are regularly defined as

harm to goods and services that are not commonly traded in

markets (McShane, 2017; Serdeczny et al., 2018; McNamara and
Jackson, 2019; van der Geest andWarner, 2020). NELD are often

assessed explorative through first hand experiences, surveys and

narratives and less often measured through indicators (Vincent
and Cull, 2014; Van der Geest and Warner, 2015).

Neglect of NELDs in quantitative indicator-based
assessments due to their intangibility and their resistance
to systemization and quantification has led to the current lack
of a systematic conceptualization of them. However, there is
growing evidence of loss and damage in this category (Cissé
et al., 2022). While some approaches have been developed to
categorize and derive typologies from the loss and damage
literature (Fankhauser et al., 2014; Tschakert et al., 2017,
2019; Boda et al., 2021), no holistic conceptualization exists
at present. However, without a conceptual and applicable
framework that overcomes the divide between market- and
non-market-based loss and damage, much of it, especially in the
non-market-based domain, might go unnoticed by authorities
and remain unaddressed.

The indicator-based climate change risk assessment
method “Impact Chain method” (Fritzsche et al., 2014;
GIZ, 2017; Zebisch et al., 2021) became popular due to
its ability to dismantle climate risks into its components
vulnerability, exposure and hazard, to translate them into
quantifiable indicators and to identify adaptation measures.
The method employs a mixed-method approach that combines
close stakeholder-researcher collaboration with operational,
quantitative data analysis. The workflow is described step-
by-step in the “Vulnerability Sourcebook” and the “Risk
Supplement to the Vulnerability Sourcebook” (Fritzsche et al.,
2014; GIZ, 2017). The method spans a set of tools to assess
integrated risks within complex socio-ecological systems, and
it is explicitly designed to consider locally specific conditions
and needs. Further, it can raise awareness and foster risk
ownership among policy- and decision-makers (Kabisch
et al., 2014; Greiving et al., 2015; Kienberger et al., 2016).
Especially important in this regard is that it provides strategies
to systematize, weight and prioritize indicators that do not
require monetary quantifications and, thus, enables weighting
and combining straightforwardly quantifiable and less tangible
factors into a single assessment.

In the Impact Chain framework, risk is, in line with
IPCC framings, conceptualized as a function of vulnerability,
hazard and exposure factors (IPCC, 2022). We argue that this
logic can be extended to: Once risk manifests into impacts,
loss and damage occurs. Loss and damage, in turn, needs to
be conceptualized into its constituents, similar to risk being
conceptualized as hazard, exposure and vulnerability.

Therefore, in this perspective we first discuss a possible
conceptualization of loss and damage that supports indicator
definition and does not require separating market from non-
market based loss and damage. To this end, we build on reports
and studies of occurred loss and damage and systemize them
based on concepts of human well-being, which correspond to
the evidence of already occurred loss and damage (Annex I).
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Second, we explain how this conceptualization is integrable with
the Impact Chain method and the wider IPCC risk framing.

A systematic conceptualization, integrable with an effective
assessment method may enable better prioritization and
systematic monitoring of what is worth protecting from
potentially escalating loss and damage and at what cost. If we
fail to prioritize and protect what we value, we may learn that
“what is important, yet not sufficiently valued, may only become
apparent when it is lost, at times irretrievably” (Tschakert et al.,
2017).

Bringing loss and damage from
climate change and human
well-being together

The concept of human well-being is concerned with the
question of what humans require to lead good lives, no matter
the context, culture, or time. Human well-being is generally
understood to consist of a range of non-substitutable or
constitutively incommensurable determinants that must all be
fulfilled to some degree (Fankhauser et al., 2014). While no one
claims to have found the definitive set of these determinants, the
concept is largely accepted and widely discussed. In fact, human
well-being is considered by some as a promising candidate to
replace economic growth as the new overall aim for sustainable
development (Verma, 2017; Lutz et al., 2021). This concept is
already influencing important development programs, such as
the Human Development Index (UNDP, 1990), the Millennium
Development Goals (UN, 2015), Sustainable Development Goal
3: Good health and well-being (UNDP, 2016), and more
recently, the vividly discussed well-being indicator “Years of
good life” (YoGL) (Lutz et al., 2021) and Project Drawdown
(Jameel et al., 2022), which seeks to find synergetic solutions at
the intersection between planetary and human well-being.

Table 1 presents a synthesis of well-being domains drawn
from two central publications to systematically assess loss and
damage from climate change. From a systematic assessment of
more than 100 published case studies that “make visible and
concrete what matters most to people and what is at stake,”
Tschakert et al. (2019) presents evidence for 18 NELD domains.
Similarly, a working paper by Fankhauser et al. (2014) for the
United Nations Framework Convention on Climate Change
(UNFCCC), which is typically cited when referencing NELD
domains, lists eight domains; however, these are only examples
of a list of undefined length.

In addition to these two core pieces of literature, we
build our conceptualization on two central concepts of human
well-being. The first, the gross national happiness (GNH)
index, is one of the best-known indicator frameworks for
holistic assessment of human well-being. The GNH is known
for its regular use in the Royal Kingdom of Bhutan as an
alternative development indicator (Verma, 2017), and is used

with modifications around the world at the national and
sub-national levels. It challenges development framings based
on gross domestic product (GDP) growth, which is in line
with other recent tendencies to pull focus away from GDP
and toward sustainable development framings in measuring
human well-being (Costanza et al., 2014). The other human
well-being concept we rely on for this study is laid out in
Gough (2017): “Heat, Greed and Human Need–Climate change,
capitalism and sustainable wellbeing.” In this book, Gough
defines domains of universal human need based on eudemonic
psychology (autonomy, competence, and relatedness). These
universal needs relate to a set of basic and intermediate needs
and are sharply distinct from their respective satisfiers, which
do differ by context, culture, and time (Gough, 2017; Max-Neef,
2017).

Assessing loss and damage with the
impact chain method and
conceptual embedding with the
IPCC’s risk framework

We propose to link these categories of loss and damage to
the IPCC’s risk framework, which is undergoing heavy use in
assessments of current and future climate-related risk.

First introduced in the IPCC’s Special Report on Extreme
Events (Field et al., 2012) the risk framework has been further
developed in recent years to include the concept of adaptation
limits, which is of crucial importance for the discourse on loss
and damage from climate change. The IPCC’s 5th Assessment
Report (Field, 2014) identified important biophysical, financial,
social, institutional, and cultural barriers to adaptation, which
can lead to soft and hard adaptation limits (Dow et al., 2013;
Klein et al., 2015). The Special Report on Global Warming
of 1.5◦C (SR1.5) collected scientific evidence related to these
limits for the first time (Roy et al., 2018). Moreover, the
SR1.5 synthesis presented the first evidence that relates loss
and damage to adaptation limits and residual climate-related
risk (after adaptation), which has been substantiated by the
contribution of WG II to the AR6 (IPCC, 2022c).

With the SROCC (Pörtner et al., 2019), the concept of
adaptation limits has been embedded into the IPCC’s risk
framework (see Figure 1). The risk framework has been updated
to explicitly consider limits to adaptation in these three risk
domains (Mechler et al., 2020).

We embed our conceptual extension of a human well-
being based categorization of loss and damage into this
wider theoretical framing (Figure 1). Residual risks are
risks that cannot be eliminated through actions to reduce
hazard, exposure and vulnerability, i.e., they lie beyond
the limits to adaptation. Once residual risks manifest we
speak of impacts, which in turn cause loss and damage.
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TABLE 1 Consolidated domain suggestions based on well-being and loss and damage domains as identified in Fankhauser et al. (2014), Gough

(2017), Verma (2017), and Tschakert et al. (2019).

Loss and damage domain based on

consolidated human well-being

Description

Physical and mental health - Being alive (Fankhauser et al., 2014)

- Getting through daily activities without fatigue or physical stress (Verma, 2017)

- Being able to experience life satisfaction (Verma, 2017)

Material living standards - Access to nutritious food and water (Gough, 2017)

- Protective housing, asset ownership (Gough, 2017)

- Income-generating activities (Tschakert et al., 2019)

- Economic security (Verma, 2017)

Functioning ecosystems - Supporting, provisioning, and regulating cultural functions (Costanza et al., 2014; Fankhauser et al.,

2014; Tschakert et al., 2019)

Functioning communities and primary

relationships

- Social cohesion between individuals, family, and community members (Tschakert et al., 2019)

- Volunteering, solidarity, informal safety nets (Verma, 2017; Tschakert et al., 2019)

- Sense of belonging to a place (Morrissey and Oliver-Smith, 2013)

Cultural heritage and identity - Shared practices, narratives, and customs that provide meaning and structure to people’s everyday

lives (Tschakert et al., 2019)

- Historic buildings (Fankhauser et al., 2014)

- Traditional knowledge, festivals, norms, and creative arts (Fankhauser et al., 2014; Verma, 2017)

- Help individuals to understand themselves and what is expected of them (Gough, 2017)

- Language and socially specific skills (Gough, 2017)

Knowledge and education - Local, indigenous, and community knowledge (Tschakert et al., 2019)

- Formal education (Verma, 2017)

- Values and skills (Gough, 2017)

- Often strongly linked to the environment, and spiritual and cultural customs

- Contribute to social cohesion and identity (Fankhauser et al., 2014)

Governance and participation - Human dignity (Shultziner, 2004)

- Being able to lead legal and just lives (Tschakert et al., 2019)

- Being able to participate in government decisions (Verma, 2017)

- Capacity to self-govern in a sovereign manner under the jurisdiction of a state (Fankhauser et al.,

2014; Tschakert et al., 2019)

- The “critical autonomy” to “compare cultural rules, to reflect upon the rules of one’s own culture, to

work with others to change them and, in extremis, to move to another culture” (Gough, p. 44).

- Mobility, travel, no involuntary displacement (Fankhauser et al., 2014).

Self-determination and time-use - Having the capacity to lead autonomous lives, have control over their lives (Gough, 2017)

- Be valued, respected, and treated equally (Tschakert et al., 2019)

- Balance between time spent on work, non-work and sleep (Verma, 2017)

A desirable futurea - Not having to apply “erosive coping strategies” such as selling productive assets or taking children

out of school for additional household income (Van der Geest and Warner, 2015)

- Having reason to believe that the future will be better than the present, that one’s children will have

it better, or that a life full of hardship will be compensated by a rewarding afterlife/rebirth

aDuring an exercise of assigning real-world loss and damage examples from Alston and Kent (2004) to the well-being domains, it became apparent that some examples were not
satisfactorily assignable. In particular, these were the ones that are related to concerns about how the future will unfold and situations that require coping strategies that entail adverse future
implications. Van der Geest and Warner (2015) call these “erosive coping strategies”: Coping strategies with negative implications for future livelihood security, such as selling productive
assets or taking children out of school for additional household income. To cover the impacts that take away from ‘belief in a secure future’, we have added the domain “A desirable future”.
The description column gives examples explicitly mentioned in the literature. The full table of domains given in the literature can be found in Annex I.
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FIGURE 1

Human well-being as an approach to identify market-based and non-market-based loss and damage from climate-related risks.
Climate-related risks manifest through a combination of three domains: hazard, exposure, and vulnerability. In all three dimensions, risk
reduction measures may be taken, but simultaneously there may be limits to adaptation.

Loss and damage causes harm to human well-being. We
propose to assess loss and damage and their respective

relationships with domains of human well-being in an
indicator-based manner.

Frontiers inClimate 05 frontiersin.org

https://doi.org/10.3389/fclim.2022.1032886
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Menk et al. 10.3389/fclim.2022.1032886

In an operational risk assessment this could mean that
instead of, or in addition to, identifying and quantifying risk
contribution factors i.e., indicators to quantify hazard, exposure
and vulnerability, the consequences of risk manifestations are
identified and, where possible, quantified as well. Naturally,
this is not a trivial task and requires a robust and extensive
set of methods and tools. However, risk assessment strategies
are continuously evolved and are becoming more sophisticate.
Existing risk assessment methods, such as the Impact Chain
method (Fritzsche et al., 2014; GIZ, 2017; Zebisch et al.,
2021) offer ways to systemize tangible and intangible factors
that contribute to a particular risk and provide quantification
strategies away from monetary evaluations.

The Impact Chain method integrates the IPCC’s risk
framework and has proven that it can produce relevant and
actionable insights for policy- and decision-making and is
applicable in a broad range of contexts (Menk et al., 2022;
André et al., forthcoming). The loss and damage related
results produced by this method would in turn be integrable
with comprehensive climate risk management approaches such
as those given by Schinko et al. (2019) and Hagen et al.
(forthcoming).

Discussion and conclusions

We proposed a systematization of loss and damage
that builds on nine categories of human well-being. We
understand loss and damage as harm caused by manifestations
of residual risks beyond limits to adaptation. We propose
this systematization to be operationalized within the context
of climate-related risk assessments, in particular the Impact
Chain method, building on the IPCC’s risk framework. One
of our aims was to lay out a path to narrow the gap between
monetary assessments of loss and damage and qualitative NELD
assessments. This is, because there is a need to synthesize
both realms into one effective monitoring framework (Kurian
et al., 2019). We argue that loss and damage indicators can
be developed and monitored by the methods and tools already
available to the Climate Change Adaptation, Disaster Risk
Reduction and related communities. The indicators may be
developed under nine “umbrella” categories that are for loss
and damage what “hazard, vulnerability and exposure” is for
risk. Through a close collaboration between decision makers
and researchers, actionable, locally specific decision-support
may be provided, aiming to reduce possible harm to human
well-being. We draw on studies that describe loss and damage
and studies that propose determinants of human well-being
to systematize values shared by humans throughout space
and time.

To pay due respect to planetary boundaries, we suggest that
conceptualizing well-being is only possible between the planet’s
ecological ceiling and socially negotiated foundations that no

one should fall below. Resilient and well-functioning ecosystems
are an indispensable foundation to human well-being. Although
the contribution of a component to the functioning of an
ecosystem might not be scientifically understood yet, its
disappearance can severely impact human well-being and must
be avoided (Rockström et al., 2009). Thus, we argue that the
disturbance of ecosystems be restricted to a degree that would
foster well-being while not exceeding any planetary boundaries
(Rockström et al., 2009; Steffen et al., 2015). This entails
remaining within the “safe and just space for humanity to
thrive” as indicated by Raworth’s idea of “doughnut economics,”
bordered by the social foundation that must be ensured and
the ecological ceiling that should not be exceeded (Raworth,
2017).

Taking this extended understanding of loss and damage
based on human well-being, we aim to shift the discourse away
from domination by monetary evaluation. Using simply cost-
benefit considerations, poor and less-privileged communities
tend to be deprioritized, and unjust or unsustainable structures
tend to be reestablished (Preston et al., 2013). Furthermore,
monetary evaluations provide the false impression that all
loss and damage can be reversed if only enough money
is allocated.

The well-being determinants presented herein are to be
understood as a starting point for discussion, not a definitive
answer to what universally defines human well-being. Harmed
human well-being and social consequences in general through
loss and damage from climate change are heavily underexplored,
and detailed empirical studies are lacking.

We see three main challenges with this operationalization
that need to be addressed by future research. The first
is to determine a clear cause-effect relationship between
a climate impact and an experienced impairment of
well-being. Chiba et al. (2019) managed to attribute
decreased mental health or trust in government to climate
change loss and damage. However, the causal chain from
climate impact to impaired well-being to adaptive action
can be challenging to untangle, particularly for slow-
onset/medium-onset processes, such as droughts. Future
research efforts should therefore seek a way to attribute
a clear cause-effect relationship between climate impact,
harmed human well-being, and adaptive decision-making
to explore other techniques to express decisions and their
influencing factors.

The other conceptual challenge concerned thresholds and

how to integrate them. We suggest that human well-being has a

lower threshold, which we, in accordance with Raworth (2017),
term the social foundation. When someone falls below the social
foundation in any of the well-being domains, they experience
loss and damage. To the contrary, the planet dictates a certain
boundary to humanity: the ecological ceiling. At some point
as we strive for well-being, we must reach a certain material
living standard that we deem sufficient that is still well within
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the holding capacity of our environment. However, specifying
such thresholds in actual real-world examples is challenging,
as what should be considered above the social foundation
is perceived differently between individuals and across
cultures, and is continuously negotiated in society. Further
research should seek a pragmatic means of conceptualizing
the two thresholds for the purpose of assessing loss
and damage.

The third challenge is the availability of data. While
discussions about risk factors and their relationships can be
solely based on expert or stakeholder knowledge, quantifying the
indicators is heavily reliant on data. The absence of appropriate
data has been found to be, to date, a major challenge in the
application of the Impact Chainmethod (Menk et al., 2022). This
challenge would be equally present when aiming to populate
loss and damage indicators with data. However, the participatory
awareness-building steps can be conducted even in the absence
of quantitative data. To some extent, lacking data might be
compensated through data-light approaches, such as utilizing
expert knowledge to derive indicator weights or to integrate
uncertainty (Melo-Aguilar, forthcoming; Kurian and Kojima,
2021). However, for a comprehensive indicator quantification,
more research in the direction of utilizing citizen science,
socioeconomic modeling or agent-based modeling would be
necessary (Biggs et al., 2021; Kurian and Kojima, 2021).

We consider this perspective an opportunity to raise
awareness for the widespread absence of data and knowledge
about the possible consequences of residual risks manifesting.
Some scholars warn that attempts to formalize and quantify
harm in an indicator-like manner will lead to overshadowing
factors that cannot easily be quantified (Tschakert et al., 2017).
We do not challenge this, but we argue that attempting a
quantification has the potential to increase awareness, and it
also provides the opportunity to raise awareness for gaps in
knowledge and data. We furthermore argue that collecting
qualitative and quantitative data on harms to well-being could
support sustainable development and decarbonization efforts,
offering an evidence base for decision-making in addition to
monetary valuations. Evidence of avoided loss and damage
through mitigation and adaptation could also function as a
performance indicator that could complement GDP. A robust
and structured evidence base is crucial for policy and decision
makers who seek to justify transformative risk management
strategies that are not limited to gradual adjustments, but
which seek to fundamentally alter systemic structures that
lead to loss and damage (Kates et al., 2012; Deubelli and
Mechler, 2020; Roberts and Pelling, 2020). Transformational
risk management is moving away from adaptation practices that
reconstruct vulnerable states of being and instead foster well-
being and development (Wrathall et al., 2015). Viewed through
this lens, prospective assessments of potential market- and non-
market-based loss and damage from climate change constitute
“an opportunity to scrutinize and address the root causes of
vulnerability” (Roberts and Pelling, 2020).
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