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The Role of the Physical Sciences in Loss
and Damage Decision-Making
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Abstract This chapter reviews the implications of Loss and Damage (L&D) for
decision-making with a special focus on the role of the physical sciences for deci-
sion support. From the point of view of climate science, the question regarding the
estimation of losses and damages associated with climate change can be thought of
in terms of two temporal scales: the present and the future. In both cases the aim is to
establish the links between human-induced changes in climate and climate variabil-
ity, the probability of occurrence of extreme meteorological events (e.g., rainfall),
and the resulting hazard that causes losses and damages (e.g., flood). We review the
approaches used to assess the hazard component of risk, with a special emphasis
on identifying sources of uncertainty and the potential for providing robust infor-
mation to support decision-making. We then discuss tools and approaches that have
been developed in the context of Climate Change Adaptation (CCA) to deal with
uncertainty from climate science in order to avoid a ‘wait and see’ mentality for
decision-making. We argue that these can be applied to some parts of L&D decision-
making, in the same way as suggested for CCA, since the challenges presented by
the need to reduce and manage climate change losses and damages are not very dif-
ferent from the ones presented by the need to adapt to climate change and variability.
However additional challenges for decision-makers, particularly in the context of the
underlying science, are posed by the compensation and burden-sharing components
of L&D for climate impacts that are beyond mitigation and adaptation’s reach.
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11.1 Introduction

Article 8 of theParisAgreement calls for action on ‘averting,minimising and address-
ing Loss and Damage associated with the adverse effects of climate change, includ-
ing extreme weather events and slow onset events.’ In response, decisions need to
be made—on a wide range of topics and at various levels of governance ranging
from the global level, where UNFCCC negotiators need to decide how to take this
topic forward, how to allocate funding and to establish possible institutional frame-
works around Loss and Damage (L&D), all the way through to the local level, where
communities need to understand and manage changing risks.

Despite significant progress in scientific understanding and methodological
advances, decision makers face key constraints when making those decisions: lim-
ited data, uncertainty about climatic and socio-economic trends, and the complex
interplay between climate and human behaviour may seem as insurmountable and
lead to inactivity if not addressed properly.

These challenges are well known to those tasked with climate change adaptation
and disaster risk management (Watkiss 2015), and a range of decision-support tools
have been developed in response. However, assessing and addressing L&D suffers
from a further level of complexity: it is a politically charged concept, with blurred
conceptual boundaries (e.g., where do climate change adaptation efforts stop and
where does the L&D remit start?) and amoral and ethical dimension (see introduction
by Mechler et al. 2018; chapters by Wallimann-Helmer et al. 2018; Schinko et al.
2018; James et al. 2018; Botzen et al. 2018 in this book).

The L&D of climate change officially entered the UNFCCC discussions in 2007,
but the concept itself has a far longer history. Growing awareness of the projected
negative impacts of climate change has been at the core of the emerging mitigation
and adaptation efforts. In the early adaptation literature, there was reference to the
residual impacts after mitigation and adaptation were carried out. In this context, the
idea of L&D associated with extreme events appeared as a consequence of the limits
to current levels of adaptation (Smit et al. 2000; Smithers and Smit 1997).

While L&D under the UNFCCC is foremost a political concept determined by
legal considerations around climate change, the technical dimension of L&D has its
roots in the general risk management methodology, based on a terminology widely
applied originally in Disaster Risk Reduction (DRR) and later on in Climate Change
Adaptation (CCA). UNFCCC (2012a) explores the terminology in detail—highlight-
ing different approaches toL&Das currently applied toDRRandCCA.Most broadly,
‘damage’ is seen as the physical impact and ‘loss’ as monetized values, which could
be direct or indirect (economic follow on effects) (UNFCCC 2012a). Here the focus
is on categorising, assessing and projecting impacts of events—mainly in the context
of disasters, but also in the context of climate change implications for sudden-onset
and slow-onset impacts, over a range of time-scales, and including direct and indirect
economic losses, as well as so-called non-economic losses such as losses of lives and
of eco-system services. In the broader climate change context L&D is often described
as the third cost element of climate change, as outlined by Klein et al. (2007) (see
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also van Vuuren et al. 2011): mitigation costs, adaptation costs and residual damage.
In this context addressing L&D is seen as addressing those losses that are likely to
occur despite adaptation and mitigation efforts.

This academic exercise of framing L&D (see also chapters byMechler et al. 2018
and James et al. 2018 in this book) is replicated amongst policy makers—where
different interpretations of scope and concept are apparent amongstUNFCCCParties,
as highlighted by Kreft (2012): “Some Parties suggest that L&D is the residual risk
when mitigation is insufficient, and when the full potential of adaptation is not met
(Norway)while others frameL&Das the residual losses and damages aftermitigation
and adaptation choices have been made (Gambia). Ghana proposes that the concept
of Loss and Damage from the adverse effects of climate be viewed as additional to
adaptation focusing on challenges of both identifying and addressing the instances
when adaptation is no longer possible. However, Bolivia maintains that Loss and
Damage from the adverse effects of climate change concept is beyond adaptation,
and as such is additional to adaptation, focusing on challenges of both identifying
and addressing the instances when adaptation is no longer possible” (Kreft 2012).

This discourse highlights that stakeholders have different priorities and ambitions
for action on L&D. Those can be broadly summarised in three categories of decision
goals for L&D (Surminski and Lopez 2014):

• To create awareness about the sensitivity of human and natural systems to climate
and the need to respond with appropriate mitigation, adaptation and DRR policies
(UNFCCC 2012b).

• To develop risk reduction and riskmanagement responses, with the goal to enhance
adaptation to reduce vulnerability and build resilience; in this case the evaluation
of climate risk is a necessary component of any adaptation options appraisal. This
category has many analogies with CCA and DRR, addressing the assessment of
and response to risks.

• To inform discussions on fair burden-sharing and compensation arrangements
for L&D. While discussions around compensation underlined debates on L&D
particularly in their beginning, they have lost immediate relevance in the official
discussions since the Paris decision that stated that L&Dwould not provide a basis
for compensation or liability.

In this chapter we consider how climate science can support those three goals and
howuncertainties and limitations arising from the analysis of the climate hazard affect
L&D decision-making. In particular, we discuss the role that existing approaches to
decision making could play when addressing each of the policy goals embedded in
the climate change L&D discussion. We conclude with a commentary and outlook
for the on-going discussions about L&D.
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11.2 L&D from a Physical Science Point of View—The
Challenges of Assessing the Risk

Risk is a function of hazard, exposure and vulnerability. Therefore, any attempt of
assessing the risk of losses and damages from climate change needs to incorporate
two key components and illustrate their interplay: data on vulnerability and exposure,
as well as information on the climatic hazard, including current climatic variability
and future, long-term projections of climate change (UNFCCC 2008, 2012a). From
a physical science perspective the focus is traditionally on the hazard side of risks,
but there is a clear recognition that data needs and limitations for vulnerability and
exposure assessments are equally important for understanding climate change risks.

The information about the climate hazard1 relates to the physical phenomena,
such as large cyclonic storms or long-term reductions in precipitation, and their
consequences, such as flooding or drought. This hazard information contains the
input to estimate the magnitude and frequency of damaging meteorological events
in DRR approaches, or to project changes in climate risks to inform CCA. From the
physical sciences point of view, there are challenges to estimate the hazard part of
the total risk common to all interpretations of L&D.

IPCC’s SREX concluded with high confidence that increasing exposure of people
and economic assets has been the major cause of long-term increases in economic
losses from weather- and climate-related disasters, arguing that the development
pathways of a country or community do influence exposure and vulnerability (IPCC
2012). But understanding the ‘multi-faceted nature’ (IPCC 2012) of both exposure
and vulnerability is still a challenge, due to data limitations and the inherent uncer-
tainty in socio-economic trends (GAR 2011). The data required for assessing vulner-
ability and exposure varies, depending on scope and context. It can include historical
loss information, property databases, demographic data, macroeconomic data such
as debt and fiscal budgets (UNFCCC 2012a). In addition there are the intangibility
aspects of L&D, which are not valued by markets and therefore are often left out of
any assessments. The ability to capture direct and indirect losses is also identified
as a key challenge as highlighted at the 36th Subsidiary Body for Implementation
meeting in May 2012, where it was noted that available estimates on losses typi-
cally lack numbers on non-economic losses such as culture and heritage (UNFCCC
2012b). Government asset databases or sectorial disaster loss data are not available
in all countries, or they may be very limited in scope, not capturing those intangible
impacts (Mechler et al. 2009). This makes assumptions and extrapolations neces-
sary, which add to the degree of uncertainty for L&D assessments. The chapter by
Bouwer (2018) in this book discusses in more detail the interplay between exposure
and vulnerability and observed and expected losses due to anthropogenic climate
change.

1We note that, while the IPCC AR5 refers to ‘physical impacts’ as the impacts of climate change
on geophysical systems, including floods, droughts, and sea level rise, we use the term ‘hazard’
instead to refer to the physical impacts.
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To evaluate the current and changing likelihood of climatic hazards different
sources of information are employed (IPCC 2012, 2013, 2014a, b). Historical records
of climate variables, such as temperature or precipitation, are used to estimate the
hazard probability under historical climatic conditions. Climate models are used
to estimate changes of these variables in the future under different scenarios of
greenhouse gasses’ emissions or concentrations. Hazard and impact models are then
employed to evaluate how changes in climatic variables will produce changes in
natural or human systems, e.g., how changes in precipitation patterns will affect
flood regimes in a given catchment.

In the rest of this section we briefly describe the information and tools utilised to
estimate the current observed hazard probability and its projected changes.

11.2.1 Observed Hazard

Historical records of climate variables must be accurate, representative, homoge-
neous and of sufficient length if they are to provide robust estimates of current
hazard probability. The robustness of the inferred probabilities depends for instance
on the record length; short records of precipitation in a particular location do not
provide enough information about the extreme precipitation events that might have
occurred in the past. Poor quality of data (incorrect records or missing data) can
induce large uncertainties in the estimation of current climatic hazards. While data
for temperature and precipitation is more widely available, other variables such as
soil moisture are poorly monitored, or extreme wind speeds are not monitored with
sufficient spatial resolution.

Paleoclimatology can provide information about rare, large magnitude hydro-
meteorological events in places where long enough observational records are not
available and good proxies to estimate the magnitude of past events such as floods or
droughts can be found. For instance, instrumental records of floods at gauge stations
are limited in spatial coverage and time, with only a small number of gauge stations
spanningmore than 50 years. Pre-instrumental flood data can provide information for
longer periods, however the current availability of this data is scarce particularly in
spatial coverage (IPCC 2012). Paleoclimate data can then provide information about
a range of climate hazards that have occurred in the remote past, often illustrating
the fact that, in many cases, the recent observational records provide very limited
information about the range of the unforced natural variability in a particular location
(Benito et al. 2004; IPCC 2012). However, paleoclimatology can only provide infor-
mation in cases where adequate proxies exist, as for instance tree-ring temperature
and rainfall reconstructions, paleo coastal surges, etc.; but it is not a viable option
for some other variables such as high resolution wind speed.
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11.2.2 Projected Changes in Hazard

Projections of changes in future climate are generally derived using General Circula-
tionModels (GCMs) which simulate the response of the climate system to a scenario
of future emissions or concentrations of greenhouse gases and aerosols. Even though
the physical and chemical processes in the climate system follow known physical
laws, its complexity implies that many simplifications and approximations have to
be made when modelling them. The choice of approximations creates a variety of
physical climate models (IPCC 2013).

There are different sources of uncertainties in climate model simulations, includ-
ing (anthropogenic and natural) forcing, initial conditions, and model imperfections
(both model uncertainty and model inadequacy) (Stainforth et al. 2007). Climate
forcing or scenario uncertainty is introduced by the fact that, to simulate future cli-
mate, the models are run using different scenarios of anthropogenic forcings that
either represent plausible but inherently unknowable future socioeconomic develop-
ment,2 or could arise as the result of multiple pathways of socioeconomic develop-
ment (Meinshausen et al. 2011). Climate model imperfections and initial conditions
uncertainties are due to our incomplete knowledge of the climate system, the lim-
itations of computer models to simulate it, and the system’s non-linearity (Knutti
et al. 2007; Stainforth et al. 2007). To quantify climate model uncertainty a variety
of climate models have been developed around the world. For instance, the IPCC
AR5 report (IPCC 2013) includes projections from 42 climate models.

The uncertainty in projections of future climate variability is quantified by con-
structing, for a given climate model, a set of projections that are initialised in slightly
different ways (see for instance Deser et al. (2012a, b) for the effect of initialisation
in long term projections for a single climate model, and Kirtman et al. (2013) for
near term or decadal projections). For each possible forcing scenario, ensembles of
different climate models that include various approaches to implementing the com-
ponents of the climate system, and, within each model, different parameterisations
and initialisations, are used to estimate the effect of climate model imperfections and
initial conditions uncertainties in the projections of climate change.

The relative contributions to the total uncertainty from these different sources
depend on the spatial scale, the lead-time of the projection, and the variable of
interest. For instance for precipitation, at spatial scales of the order of 1000 km,
internal variability is the main source of uncertainty in climate model projections for
many regions in the world for lead times up to three decades ahead, while forcing
uncertainty dominates thereafter (Kirtman et al. 2013; Booth et al. 2013; Hawkins
and Sutton 2009).

While GCMs simulate the entire Earth with a relatively coarse spatial resolu-
tion (e.g. they can capture features with scales of a hundred kilometres or larger),
regional climate projections downscaled from GCMs have a much higher resolution

2This is the approach used prior to the IPCC AR5 report, see for instance IPCC (2000), Moss et al.
(2008).
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(simulating features with scales as small as a few kilometres). Downscaling can be
accomplished through one of two techniques: ‘dynamical’ or ‘statistical’ downscal-
ing (Wilby et al. 2009). ‘Dynamical’ downscaling refers to the process of nesting
high resolution Regional Climate Models (RCMs) within a global GCM (Hewitson
et al. 2014; Giorgi et al. 2015) while ‘statistical’ downscaling relies on using sta-
tistical relationships between large-scale atmospheric variables and regional climate
(often at meteorological station level) to generate projections of future local climatic
conditions. Statistical methods may also include weather generators that simulate
weather events and their extremes. Downscaling approaches do not provide magical
fixes to possible limitations in the data being downscaled (Kerr 2011). In cases where
the large scale GCM signal accurately represents the observed one, downscaling can
add value by incorporating features that are absent in GCMs, such as the effect of
coastlines and complex orography (Hall 2014). However, when for instance differ-
ent RCMs driven by the same GCM show a wide range of responses in precipitation
(Hewitson et al. 2014), the generation of climate projections using downscaling tech-
niques will often increase the level of uncertainty in the original GCM projections,
having significant effects in the estimation of probabilities of occurrence of damaging
events in DRR models and climate change risk assessments.

Climate model projections (and their downscaled versions) provide information
about climate variables such as temperature, precipitation, sea level, etc. The next
step in a climate risk assessment involves understanding how changes in the climate
variables will affect natural or human systems. Hazard models are computational
models that take as inputs observed or simulated climate variables such as tempera-
ture, precipitation, soil moisture content, wind speed, etc., and use them to simulate
the variables that are relevant to analyse a particular weather or climate hazard (IPCC
2012, 2014a, b). For instance, extreme rainfall events can cause floods. But to esti-
mate the extent of the flooded area, hydrological and hydraulic models are used to
generate the flood footprint for each particular event (Ranger et al. 2011; Jha et al.
2012). Some of the limitations of hazard models are similar to those of climate mod-
els: poor representation of the physical processes involved, calibration issues and
computational constraints all contribute to compounding the uncertainties in the cli-
mate inputs with the uncertainties in the hazard model outputs. This is illustrated,
for example, by multi-model assessments of water availability and flood potential,
where a large ensemble of global hydrological models is forced by an ensemble of
GCMs to estimate climate change impacts on water resources. These studies show
that climate and hydrological models contribute to a similar extent to the spread in
relative river flows’ changes globally (Schewe et al. 2014; Dankers et al. 2014).

An alternative approach to estimate the physical impacts of climate change used
when model projections are not available, is the use of ‘analogies.’ Two types of
analogies are possible: spatial analogies whereby another part of the world experi-
encing similar conditions to those expected to occur in the future is used as a proxy
to estimate future impacts in the region of interest; and temporal analogies whereby
changes in the past (sometimes obtained from paleo-records) are used to make infer-
ences about changes in the future. This approach has two limitations. Firstly, expert
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judgment is required to estimate the uncertainty of the projected impacts (Bos et al.
2015; IPCC 2014a, b). Secondly, the applicability of the approach depends on the
climate variable and the location; for example Dahinden et al. (2017) show that it is
often not possible to find analogues in temperature and precipitation simultaneously.
The above discussion refers specifically to the estimation of the hazard component
of risk. As already mentioned, the risk is, however, the probability of occurrence of
the hazard multiplied by the impacts if these events occur. In the IPCC AR5 ‘cli-
mate change impacts’ refer to “the effect on lives, livelihoods, health, ecosystems,
economies, societies, cultures, services, and infrastructure due to the interaction of
climate changes or hazardous climate events occurring within a specific time period
and the vulnerability of an exposed society or system” (IPCC 2014a).

Therefore, the study of ‘climate change impacts’ requires impacts models that
combine projections of climate change with socio-economic scenarios. To this end,
the Inter-Sectorial Impact Model Intercomparison Project (ISI-MIP) aims to study
the impacts of climate change on flood hazard, food and water availability, health,
ecosystems and coastal infrastructure, together with their interactions and uncer-
tainties in order to provide a comprehensive picture of climate change risks (see
Schellnhuber et al. (2014) and references therein).

When considering the risk, including exposure and vulnerability, at shorter time
scales, in many cases the current natural variability of the climate system and other
non-climatic drivers of risks will have a higher impact than the climatic changes
driven by changes in atmospheric concentrations of greenhouse gases. For example,
in the near term, changes in exposure such as urbanization and building housing
developments on flood-prone areas could increase significantly the risk of flooding
and damage to the aforementioned infrastructure, independently of climate change.
Over longer time scales, it is expected that anthropogenic climate change will often
play a more significant role (Oppenheimer et al. 2014).

The above discussion about the estimation of the climate hazard is closely related
to, and based on similar discussions in the context ofCCA.However, L&Dalso brings
something distinctly unique to the discussion: embedded in the political concept of
L&D, at least according to some, is the element of burden sharing and compensation,
which could require the estimation of the attributable fraction of losses and damages
to human induced climate change. From the physical sciences point of view, and
focusing on the question of attribution of the climate hazard or physical impact, it is
clear that estimations of changes in its likelihooddonot, a priori, have any information
about whether or not the changing probability can be attributed3 to human induced
climate change. Approaches that attempt to quantify the attributable component of
the changes in the probability of occurrence of meteorological hazards rely heavily
on climate models to compare the likelihood of the weather event with and without
the influence of anthropogenic emissions of greenhouse gases. However, as already

3As defined by the IPCC, detection of climate change is the process of demonstrating that climate
has changed in some defined statistical sense, without providing a reason for that change. Attribution
of causes of climate change is the process of establishing the most likely causes for the detected
change, either natural or anthropogenic, with some defined level of confidence (source: IPCC 2012).
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Fig. 11.1 The uncertainty cascade in the modelling chain from climate model forcings to the
estimation of the climate hazard (the physical impact of climate change). An estimation of the
total risk should include vulnerability and exposure scenarios that, in combination with the climate
hazard as inputs for an impact model, outputs the total impact on, for instance, lives, livelihoods,
health, ecosystems, economies, societies, cultures, services, and infrastructure

discussed, climate models have significant limitations to simulate the climate system
at the scales relevant for extreme meteorological events (Trenberth 2012; Trenberth
and Fasullo 2012). Therefore, an evaluation of the climate model skill (Stott et al.
2017) and the statistical reliability of the model-based probabilities (Bellprat and
Doblas-Reyes 2016; Weisheimer et al. 2017) should be carried out to ensure robust
estimates of attributable changes in climate hazards. For a detailed discussion on
attribution we refer the reader to the chapter by James et al. (2018) in this book.

In summary, a comprehensive modelling approach to assess climate change
induced hazards requires the combined simulation of all the domains. For flood risk,
for instance, it requires the modelling of the atmosphere and ocean, catchment river
network, flood plains and indirectly affected areas. As discussed above, and illus-
trated in Fig. 11.1, considerable uncertainty is introduced in each of the modelling
steps involved, including uncertainties about the greenhouse gas concentrations’
scenarios, the representation of physical processes in the global climate model, the
characterisation of natural variability, themethod of downscaling to catchment scales
and the hydrological and inundation models’ structures and parameterizations.
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As a result, the uncertainty associated with a complete modelling chain, from
climate forcing and simulation to estimation of hazard probability, is likely to increase
in each step, and become particularly large at local scales. In addition, uncertainty
estimates are always conditional on the modelling approaches used to obtain them,
and do not capture the full uncertainty (Smith and Stern 2011; Stainforth et al. 2007),
especially at local scales, where current modelling tools to generate projections
cannot produce reliable and robust estimates of future changes (Oreskes et al. 2010;
Risbey and O’Kane 2011). This is particularly important in the case of catastrophic
changes in the climate system that might occur due to non-linear feedbacks and
processes that are not known, or have not been adequately incorporated in the climate
models yet.

Nonetheless, the presence of uncertainties in the estimation of hazards, and the
fact that in some cases these uncertaintiesmight not decrease in time,4 should not stop
decisions being made. In the next section we discuss some of the decision-making
approaches utilised for CCA to deal specifically with this issue.

11.3 Challenges for L&D Decision-Making

L&D—both as a political concept but also in its technical dimension requires deci-
sions to be made at different scales from local to global, and by a range of stakehold-
ers with differing priorities and agendas. These can be broadly grouped into three
categories of L&D decision making goals (Surminski and Lopez 2014): creating
awareness about the sensitivity of human and natural systems to climate change;
developing risk reduction and risk management approaches to enhance adaptation,
reduce vulnerability and build resilience; and informing compensation and burden
sharing mechanisms.

All three require an understanding of the current and future scale and distribution
of climate related L&D.As noted above, decisionmakers are facedwith uncertainties
related to hazard, exposure and vulnerability: projections of future weather patterns
from different climate models often disagree (Heal and Milner 2014), while socio-
economic trends, which influence the impact of climate change, also suffer from
inherent uncertainty (IPCC 2012). For some, this may prove as a potentially welcome
excuse for inaction, for others this might lead to heated, almost unresolvable disputes
about the underlying science. Can this potential paralysation (Dessai et al. 2009) be
avoided?

4For instance, Knutti and Sedlacek (2013) show that the projected global temperature change
from the IPCC AR5 models is very similar to the one reported by the IPCC AR4 models after
taking into account the different underlying scenarios. Similarly, spatial patterns of temperature
and precipitation change and local model spread are also very consistent despite substantial model
development. These authors argue that model improvements often imply more confidence in their
projections, but do not necessarily narrow uncertainties.
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The ability to make L&D decisions depends on skills and know-how for assess-
ing the risks, and institutional capacity as well as funding to address those risks
(UNFCCC 2012a). But given the large uncertainties inherent to the estimation of
risk, the use of a decision-making framework that can make the best use of the
available information to develop strategies to reduce L&D is also key. Two widely
recognised decision-making frameworks have been discussed in the context of CCA:
the ‘top down or science-driven’ and the ‘bottom up or policy-driven’ frameworks.

In the first framework, the process starts with the generation of climate projec-
tions, often downscaled and corrected for possible biases, followed by an analysis
of their physical impacts that, combined with vulnerability assessments, are used
to design policies and adaptation options to mitigate those impacts. Application of
the ‘science-driven’ approach include, for instance, the Stern Review and the IPCC
risk assessments. This approach has been criticised for its heavy reliance on cli-
mate projections that are limited in their ability to represent key drivers of extreme
events and not generally fit for purpose for decision support (IPCC 2012; Smith
and Stern 2011; Stainforth et al. 2007), and for the potential lack of robustness of
the projected impacts due to different methodological issues (Hall 2007; Merz et al.
2010; Tebaldi and Knutti 2007). Uncertainty is clearly one of the key challenges
for decision-makers, especially when competing with concerns about daily lives.
But the uncertainty that comes with this approach does not only stem from climate
change; in fact the climate dimension just adds to the uncertainty derived from the
wide range of socio-economic and environmental factors considered, often referred
to as the ‘cascade of uncertainty’ (Schneider 1983) or the ‘uncertainty explosion’
(Henderson-Sellers 1993). Few science-first assessments have been used to evaluate
real adaptation options, since the ‘uncertainty explosion’ often renders the appraisal
of adaptation options impracticable (Dessai and Hulme 2007; Wilby and Dessai
2010).

The second framework starts with the adaptation problem itself rather than with
climate projections. It is based on risk management approaches that begin by defin-
ing the policy or adaptation goal to be addressed (Ranger et al. 2010a, b; Willows
et al. 2003). This includes delineating the objective or decision criteria, identifying
present and future climatic5 and non-climatic risks that make the system vulnerable,
identifying institutional and regulatory constraints, identifying the possible options,

5Modelling capabilities can be used to generate climate projections that, in combination with socio-
economic scenarios, result in suitable tools to assess vulnerabilities in different regions including,
where possible, the study of vulnerability to changes in frequency of occurrence of extreme events.
In the framework of scenario planning as an approach to support strategic decision-making, sce-
narios are intended to be challenging descriptions of a wide range of possible futures. Therefore,
the combination of climate and socio-economic scenarios we refer to cannot be, by construction,
representative of the full range of possible futures. On the climate modelling side for example,
missing feedbacks and unknown uncertainties in climate models limit the ability to represent all
plausible futures. Notwithstanding these constraints, scenarios can still be used as tools to consider
a range of possible futures, and their associated consequences. Then, an analysis of the options
available could be carried out, and feedback can be provided on what information about the likely
futures would be most valuable for decision makers.
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and only then (if necessary) appraising their appropriateness against a detailed set of
climate projections. In this context, the evaluation of climate risks is just one com-
ponent of the estimations of all the environmental and social stressors and changes
in socio-economic conditions that can induce system failures. Therefore the deci-
sion maker is encouraged to think broadly about the interactions of other risks and
priorities with the adaptation problem and look for strategies that have co-benefits
with other areas such as development and DRR. This approach was adopted in the
Thames 2100 Estuary project (Haigh and Fisher 2010) and includes, for instance,
community-based adaptation approaches.

Due to the complex, diverse, and context-dependent nature of CCA, it is cur-
rently recognised that there is no single approach to adaptation planning, with some
evidence suggesting that the links between adaptation planning and implementation
are strengthened when both, the science-driven and the policy-driven approaches are
combined (Mimura et al. 2014).

The topic of decision-making under uncertainty has received significant attention
in the context ofCCA (Dessai andHulme2007;Gilboa 2009; Lempert 2002; Lempert
and Collins 2007; Ranger et al. 2010a, b; and see McDermott 2016 and Heal and
Milner 2014 for overviews). Despite the fact that in some cases reliable and robust
projections are not possible (in somecases even the signof change is not known), there
are now several decision-making tools that, recognising the inherent uncertainties,
are used to develop public policy, particularly in the context of adaptation and flood
risk management. See Appendix 1 for an overview of some of the main tools.

Examples include adaptive management and scenario planning. Adaptive man-
agement allows for continuous modification of a policy or a strategy to take into
account new learning about future trends and impacts. This involves a high degree
of learning, experimenting and evaluation throughout the lifetime of the strategy or
policy. Scenario planning provides decision makers with a range of different, plau-
sible future scenarios. Policies and strategies can be tested against those scenarios
to assess how they may perform. For adaptation decision-making these approaches
have been developed into options analysis (Haigh and Fisher 2010; Ranger et al.
2010a, b; Dittrich et al. 2016) and portfolio analysis (Watkiss and Hunt 2016;
Dittrich et al. 2016).

Real options analysis was used in the Thames 2100Estuary project, with extensive
sensitivity testing of sea level rise assumptions (i.e. incorporating some elements of
robustness-based analyses) (Reeder and Ranger 2010). Gersonius et al. (2013) also
applied the real options analysis to urban drainage infrastructure in West Garforth,
England.
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Alternatively, decisionmakers can use these different scenarios to identify ‘robust’
strategies that would work well under most of these scenarios (Lempert and Collins
2007; Hallegatte 2009; Ranger et al. 2010a, b; Fankhauser et al. 2013; Weaver et al.
2013). Robust decision-making was applied to water supply management in Califor-
nia (Groves et al. 2008) and Flood risk management in Ho Chi Minh City Vietnam
(Lempert et al. 2013) (see chapter by Botzen et al. 2018).

Other examples of how these strategies have been applied in different countries
and sectors include the Dutch Delta Programme, the Louisiana Master Plan for a
Sustainable Coast, and the Colorado River Basin Supply and Demand Study (see
Lempert and Haasnoot 2017).

Even though these decision-strategies can be of value for L&D decision-making,
their application has remained relatively under-explored in this context.

In a broad sense there is clear merit in both science-driven and policy-driven
approaches for L&D decision making: scientific assessments are important for all
three L&D goals and should underpin and inform the decision process. This is par-
ticularly evident for the first L&D goal: identifying the risks and raising awareness
heavily relies on the underlying science and the socio-economic scenarios and cli-
mate and impacts models used. A top-down or science-driven approach appears most
relevant for this, but the adaptation and mitigation pathways are somewhat locked
by the climate scenario chosen.

However, planning any policies and measures in response will require from deci-
sion makers the need to design flexible adaptation and risk management pathways
that allow for periodic adjustments as new information becomes available, and the
possibility of changing to new routes when or if incremental adjustments are no
longer considered sufficient according to the evidence available at the time (Halle-
gatte 2009; Hulme et al. 2009; Lopez et al. 2010; Wilby and Dessai 2010; Bhave
et al. 2016). Moreover, the planning process will have to consider the fact that the
future might involve climate change events that are not predicted, combined with
unforeseen technological and societal developments. The ‘policy-driven’ approach
encourages the use of measures that are low regret, reversible, build resilience into
the system, incorporate safety margins, employ ‘soft’ solutions, are flexible, and
deliver multiple co-benefits (Hallegatte 2009; Hulme et al. 2009). In this context the
second L&D goal shows a strong parallel with climate adaptation planning: how
to minimise the climate change risk to tolerable levels, and what are the options to
manage what cannot be minimised? Consequently, the challenges presented by the
need to reduce and manage climate change losses and damages are not very different
to the ones presented by the need to adapt to climate change and variability, and the
tools described above seem adequate to address these challenges.

For the third L&D goal of informing discussions on fair burden-sharing and com-
pensation arrangements it is also clear that both approaches are needed.
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The estimation of precise information on attribution of damages to the incremen-
tal risk caused by anthropogenic climate change requires an estimate of the change
in hazard probability that is attributable to anthropogenic climate change. From the
point of view of the decision-making frameworks discussed above, this falls within
the ’science-driven’ approach.Climate simulations are used to estimate the likelihood
of the event under current conditions, with the extra requirement of a simulation of
the counterfactual world, i.e., an estimation of the likelihood of the event had green-
house gas concentrations not increased during the last 100 years or so. Some climate
scientists argue that the science of attribution of climate events could support deci-
sions related to obtaining compensation for damages caused by attributable natural
disasters, since it potentially allows to distinguish between genuine consequences of
anthropogenic climate change from climate events that are a result of internal climate
variability (Hoegh-Guldberg et al. 2011; Peterson et al. 2012). On the other hand,
Hulme et al. (2011) challenges the idea that the science of weather event attribution
has a role to play in this context, in particular due to the fact that the estimated
changes in attributable risks are based on climate modelling experiments that cannot
provide robust answers. However, Huggel et al. (2015, 2016) argue that even though
attribution is not necessarily a requirement for L&D policies, it is potentially useful
for facilitating a more thematically structured, and constructive policy and justice
discussion. The chapter by Wallimann-Helmer (2018) in this book discusses these
issues in detail.

For the design and implementation of burden sharing or compensation instruments
(technical, financial and capacity building) an estimation of the costs for managing
losses and damages is needed. This would rely on a “policy-driven” approach, taking
as a starting point what are the societal goals (which values to protect), and then an
estimation of the resources needed to do so. Principles to distribute the burden of
managing losses and damages include principles that take into consideration the
causation of outcomes that need to be managed (e.g. the polluter pays principle) and
principles that do not take causation into account (e.g. the ability to pay principle).
The information gained through a science-driven approach can help to approximate
the portion of the hazard that is of anthropogenic origin, which would inform the
discussion on these compensation principles. Importantly, this information may not
need to be precise or event-linked: the growingunderstandingof theoverall likelihood
of anthropogenic footprint in L&D could be enough to justify burden-sharing, for
example if big emitters recognise an overall higher responsibility to provide support
than low emitters, irrespective of precise event-attribution (see also the chapter by
Simlinger and Mayer (2018) on legal issues).
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11.4 Conclusions

The different dimensions of L&D of climate change make this a complex topic, with
a range of interpretations, approaches and responses being considered, while the
political negotiations are in full flow. Reflecting on the current state of discussion we
draw the following conclusions.

To date there are no easy answers to the L&D challenges. This is not only due
to technical and science limitations, but also due to the political dimension and the
uncertainties inherent in this process.

L&D of climate change remains a political concept, developed during the
UNFCCC negotiations (see chapter by Calliari et al. 2018), but with its technical
roots in CCA and DRR. The 2015 Paris Agreement of the UNFCCC recognises “the
importance of averting, minimizing and addressing Loss and Damage associated
with the adverse effects of climate change, including extreme weather events and
slow onset events” (UNFCCC 2015). This aligns with three goals embedded in the
L&D discussion:

• To create awareness about the sensitivity of human and natural systems to climate,
and the need to respond with appropriate mitigation, adaptation and DRR policies.

• To plan risk reduction and risk management, with the goal to enhance adapta-
tion to reduce vulnerability and build resilience.

• To inform burden sharing for the costs of managing L&D and compensation
arrangements.

Clearly, existing tools and approaches from the fields of CCA and DRR can help
responding to L&D.

The first two goals are common to the CCA and DRR discussions, and lessons
learnt in those areas can be shared here. The lack of data and knowledge should
not be seen as a reason for delaying action—in fact there are a range of existing
instruments and tools that can be applied to assess and manage current and future
L&D. As described above, within the CCA community, tools and approaches have
recently been developed to deal with uncertainty from climate science in order to
avoid a ‘wait and see’ mentality for decision making. In this context, the challenges
presented by the need to reduce and manage climate change losses and damages are
not very different to the ones presented by the need to adapt to climate change and
variability.

The compensation component of L&D, however, offers a different dimension to
the climate change discussion. While not explicitly outlined in the official UNFCCC
language, this is an underlying aim that has been driving the L&D debate since its
beginnings. The focus on compensation for those climate impacts that are beyond
mitigation and adaptation’s reach poses some additional challenges for decisionmak-
ers—particularly in the context of the underlying science, as seen in the discussion
of attribution (see also chapter by James et al. 2018 in this book).

Importantly, the majority of climate change experts (as reflected by the last chap-
ters of IPCC 2012) seem to have come to the conclusion that the onlyway to deal with
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climate change is to take a holistic approach to risk management, using a wide range
of approaches to evaluate expected risks and benefits (IPCC 2014a, b). This there-
fore underlines the importance of comprehensive approaches, incorporating hazard,
vulnerability and exposure elements of risk. It also opens up the question of the
specific role of L&D under the United Nations Framework Convention on Climate
Change, alongside the institutional set up for adaptation under the UNFCCC and for
DRR under UNISDR’s Sendai Framework. As there are many thematic and techni-
cal overlaps between these areas, it is important for those bodies administering this
at the UN level to recognize the synergies and avoid duplication. This also applies
to other governance levels, from national to local, where far too often disaster risk
management and climate adaptation are kept institutionally apart.

Overall, the physical sciences play a key role in informing all aspects of climate
change L&D discussions. Climate data is important throughout, while there are some
clear shortcomings in terms of accessibility, availability and quality of it. The recog-
nition of limitations and uncertainties in this information is important, particularly
for those who will make decisions around L&D. The recognition of these limitations
should also extend to the information on exposure and vulnerability, which plays a
significant role in determining the eventual losses and damages. Progress is being
made with regards to loss assessments and accounting for indirect consequences as
well as estimating socio-economic risk drivers (IPCC 2012).

However, the idea of L&D for compensation and burden sharing might trigger
increased efforts to dissect the human induced climate change part of the risk. Inform-
ing the discussions on how to share the costs formanagingL&Drelies on two separate
steps: (1) estimating the costs of managing L&D, and (2) informing the causation-
based principles of the debate. Clearly, the caveats and scientific challenges of attri-
bution that have been outlined here need to be part of such discussions. However,
this should not put on hold the efforts to integrate adaptation to climate change with
wider development aims and disaster risk reduction, and the search for innovative
approaches to share the financial burden of current and future losses and damages.
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